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Managing The Extended Supply Chain

* Strategic Trends Shaping Industry and Government
* Growing Specialization and Focus on Core Competencies;
* OQOutsourcing 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,
Assemblers & Business Managers;

°* Hundreds of Companies and Organizations Now Work Together
to Deliver Value to the Customer;

* Critical Need for Integrated Management, Visibility,
Coordination and Collaboration 5
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The Boeing 787: An Example of a Global Supply Chaln
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The NASA Ares | Enterprise

CEV
N * 198 in. (5 m) diameter

o Stack Integration
4 P ‘/L ockheed - ~25-mT payload capacity

« 2-MIb gross liftoff weight
_ / - 320 ft in length First Stage
< ) )

- NASA-led

= Derived from current
Shuttle RSRM/B

- Five segments/Polybutadiene
Acrylonitride (PBAN) propellant

= Recoverable

- New forward adapter

- Avionics upgrades

ATK Thiokol

Upper Stage

« 280-klb LOX/LH2 stage

« 216.5-in. (5.5 m) diameter

* Aluminum-Lithium (Al-Li) structures

* Instrument unit and interstage

* Reaction Control System (RCS) / roll
control for 1st stage flight

* Primary ARES | avionics system

* NASA Design / Contractor Production

Upper Stage Engine

I « Saturn J-2 derived engine (J-2X
Boeing  Eenitic gine (J-2X)
+ Pratt and Whitney Rocketdyne
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Challenges & RISkS
in Enterprise Supply Chain Management

* Rapidly Changing Customer Requirements and Demands

* Fast Moving Technologies and Competitors

* 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 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
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Four Important Trends in Aerospace
Supply Chain Management

* Detailed Mapping of Extended Supply Chains

* Use of Push-Pull Boundaries & Optimization
for Cost Effective Responsiveness

°* Modeling and Simulation of Dynamic
Performance

°* Track and Trace for Supply Chain Visibility,
Material and Parts Assurance, and
Configuration Management



UAHuntsville

THE UNIVERSITY OF ALABAMA IN HUNTSVILLE

Offece for Enterprise Tunsvation and Sustainability

Supply Chain Maps

ldentifying Waste, Bottlenecks & Risks
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Overview of Global Enterprise Supply Cha
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Example Maps of Multi-Tier,
Multi-Channel Supply Chains
for Aerospace Parts
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Detailed Supply Chain Map for Blade Assembly (1 of 2)

Anodize

/ (M)‘_ Nose Cap

Titanium Company C v

490 (M)

A 4

M)
P 56 (PA)

Company A
100 (M) 165(M) Lower Tip

96 (PA
Magnesium Company G Company DU, OEM
56 (P 180(M)
Weigh
100 (M) Final

A 4

57 (M) : Heat Treat &
eat Treat
Metals Company H Company E Mag Part Assembly
14 () | /56 (PA)
Company F
A 4
1 130 (M) Tube
Notes: 00 (M) . 1 0 (A) Assembly

(A) — Administrative Lead Times provided by supplier (calendar days) Company B
(M) — Manufacturing Lead Times provided by supplier (calendar days) 10

(PA) — Prime Administrative Lead Times including dock to stock time (calendar days)
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Detailed Supply Chain Map for Blade Assembly (2 of 2)

Me;a:]-s E:I\c;lrr)lpany X 81 (M)
g 7 (A) End
Company Z cap
Metals Company 56 (PA)
J 98 (M
14 (M) ” 7((A)) Bracket
Company W
J 107 (M)|_Tie Down Prime
42 (M) 5 (A) 6. (PA) =+ 180 (M)
Company T Company V oo Final
T? Assembly
112 (M)] /96 (PA)
28 (M) 1T 7(A
Titanium Company U Company Y  Strip
Notes:
(A) — Administrative Lead Times provided by supplier (calendar days)
(M) — Manufacturing Lead Times provided by supplier (calendar days) 11

(PA) — Prime Administrative Lead Times including dock to stock time (calendar days)
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Retainer
50 (PA)
35 (M) Retainer
10 (M 90 (M) 50 (PA) 150 100/mo

Adapter

Shaft Assembly
Supply Chain(1 of 2)

Notes: (A) — Supplier Admin Lead Times
(M) — Supplier Mfg Lead Times
(PA) — Prime Administrative Lead Times
Red denotes Prime Lead Times
Purple denotes monthly capacity without N/A
impact to normal through put
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Shaft Assembly Supply Chain (2 of 2)

50 (PA 100/mo

Support Assembly
30 (M)

50 (PA) 50/mo
Bearing

10 (M) w/LTA 20 (PA 150/

Tube
20 (M) 260

(PA
100-150/mo

Washer

15 (A) 50 (PA
® 2500/mo

Mount

10 (A) 150
48 (M) 50 (PA) N/A
Notes: (A) — Supplier Admin Lead Times

(M) — Supplier Mfg Lead Times Plate Assembly

(PA) — Prime Administrative Lead Times
Red denotes Prime Lead Times - 110 (M) 160
Purple denotes monthly capacity without 30 (PA) N/A

impact to normal through put

13
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Summary Comments:
Mapping the Supply Chain

* |dentifies Bottlenecks and Constraints
* Reveals Wastes at the Interfaces

* Serves as Foundation for Supplier
Conferences and Collaborative Planning

° Enables Creation of Lean Supply Chains

* Highlights Risks and Opportunities for Risk
Management

14
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Use of Push-Pull Boundaries and
Optimizaton for Cost Effective
Responsiveness
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A Key Supply Chain Strategy:
Establishing a Push-Pull Boundary

The Supply Chain Time Line

Suppliers Customers

PUSH STRATEGY PULL STRATEGY

Low Uncertainty High Uncertainty

Push-Pull Boundary

16
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ILLE

Raw Material

Supplier

PUSH — PULL SUPPLY CHAINS

Manufacturers

| Assemblers

End-Users

Shipbuilders = \|/ <gm—

Boeing

Dell

HP

Barilla

4

Denotes a Stockholding
Decoupling Point

Buy to Order
(manufacturing
postponement high)

Make to Order

Assemble to Order

Make to Stock

Ship to Stock
(manufacturing
postponement low)

Source: Towill (2005) “Decoupling for Supply Chain Competitiveness”
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Line &, Push Sl:rategv >
we_______________PushPullin Distribution____ _ ____
Supplier Tiers R Ordering Process L2emandinf o,
a 21 i y {
Component One - o ¥ c' Parisin i :
E [—»fimventoryl o | Useat | i
ComponentTwo 1 HO R | New N A RegionA | E
®  Spares —n T ; ;
ComponentThree 1 RO ™ E Partsln | :
Invertory|____, | Useat | :
Componant Four - sl na J _ L — B Region 8 "!. ..... o
_ Commercial | '
Component Five{ H HO ™ Overhaul N — e :
Comp onent Six - 'l/il'_l'b | e M R:’;l:,:tc -
c 5 ?-'—_|— Depot "N '
» Overhaul 1
ompenent Seven 19 verhau -B — ’L‘m'? _’i
- & u = [ LY. |
Component Eight Q 5 — D " ReglonD|
Compnnant Nina 1 [ “E’ T !
Component Ten lell ™

Retumsfor Overhaul

Pu sh-Pull Boundary in Manufacturing
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Move to New Performance Curve Through Optimization

] Optimization Approach:
Readiness  Move to a New Curv

or
Supply A
Availability |
+=-=-=-=-=>Current Approach:

Increase $ to Increase Readiness

$ Investment 1o
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Dollars Invested versus ReadlnessISuppIy Avallablllty

Readiness or

Supply
Availability

A

A

Curve B, Push-Pull Approach as Implemented
in the Distribution Portion of the Supply Chain:
Involves Strategically Distributing Safety Stock
(and thus Requiring Some Financial
Investment) to Increase Readiness

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

Entails Substantially Increasing Safety Stock
(and therefore Increase Funding) to Increase

73 Curve A, Push Approach:
|

[

I

I Readiness

|

»
|

S Investment 20
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Push-Pull in Distribution



UAHuntsville

THE UNIVERSITY OF ALABAMA IN HUNTSVILLE

Offece for Enterprise Tunsvation and Sustainability

Demand Variability for Typical Product

Sample Plot of Each SKU by Volume and By Demand Variability

5,000 -

»

o

S

S
|

Avg Weekly Sales
= N w
o o o
o o o
o o o
| | |

o

0.0 0.2 0.4 0.6 0.8 1.0
Demand Variability

22
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Inventory Optimization Can Even Determine Specific

Hub and Spoke Strategies by SKU

Inventory Optimization
determines that 90% of
these SKU’s are stored

mple Plot of Each SKU by Volume and By Demand Variability

Inventory Optimization

at the spokes

w >
(@) o )
() ) )
o o o
\ \ \

g Weekly Sales
N

Z 1.000 |

determines that 80% of these
SKU'’s are stored at the hubs

Inventory Optimization

determines that 55% of

these SKU'’s are stored
at the hubs

1.0

Demand Variability

This is for a product family of SKU’s within the 40,000 SKU'’s.
Each circle represents a SKU 23
Other drivers include supplier lead time, lead time variability, review period
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Inventory Optimization for
Performance Based Logistics

Inventory Maintained at Central Hub
Distribution Center



UAHuntsville

THE UNIVERSITY OF ALABAMA IN HUNTSVILLE

Offece for Enterprise Tunsvation and Sustainability

Base Assumptions for Operations

* Unit is installed on 98 aircraft;

* 41 Flight Hours per Month;

* 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 (o) is Equal to Monthly Demand.

25
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Optimum Inventory for Alternative Cases

Higher Demand Value

Low Medium High
Table A
MTBF (hours) 800 700 569
Fill Rate (%) 80 85 95
Optempo (hours) 25 41 50
Cost (M) 200 225 265
CONUS Demand o 2.98 5.69 8.56
{Demand o/u 1 1 1 |
RRLT (weeks) 6 10 12
Working Capital (M)  $1.94 $6.50 $14.86
Safety Stock 4.83 14.7 31.41
Base Inventory 3.04 5.81 8.56
WIP Repair 1.83 8.38 16.09

Lower Demand Value

Low Medium High
Table B
MTBF (hours) 800 700 569
Fill Rate (%) 80 85 95
Optempo (hours) 25 41 50
Cost (M) 200 225 265
CONUS Demand o 1 3.75 8.56
[Demand o/u 0.33 0.66 1 |
RRLT (weeks) 6 10 12
Working Capital (M)  $1.14 $5.37 $14.86
Safety Stock 0.83 9.7 31.41
Base Inventory 3.04 5.81 8.56
WIP Repair 1.83 8.38 16.09

26
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Sensitivity Analysis for Demand Forecast Error (o)

41

Working Capital (Millions)

Change in Working Capital with
Demand Uncertainty

$9.00
$8.00
$7.00
$6.00
$5.00 o
$4.00 e

$3.00
$2.00

1.45 2.9 4.35 5.81

Demand Forecast Error

Demand Forecast Error Working Capital (M) Safety Stock Base Inv

85

1.45
2.9
4.35
5.81

$2.72 2.06 5.81
$3.47 5.06 5.81
$4.22 8.06 5.81
$4.97 11.06 5.81
Key Assumptions
700 6 weeks $20K $250K

WIP Repair

3.02
3.02
3.02
3.02

10%

27
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Push-Pull in Manufacturing
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Key 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)

* All other items are categorized as “Remaining ltems”

* The cost of the blade is $175,790

°* 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
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
to assemble their products

29
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Committed Service Time: 750 days
Nose Cap: 0 16.2 0.127 0.127

1
16.2 0.127 0.127

[ ] [ ] [ ]
RMI — Ducommun o--0 Ducommun B Boeing
Nose Cap RM Nose Cap RM Nose Cap Nose Cap ¢

v o iz o

Weights: 0 0 0 197

1.27

0 0 0
[ J [ J [ J [ ]
Jamco Supplier — Jamco Aerospace C--0 Jamco Aerospace — Boeing
T T Weight RM Weight Weight <

Tube Assy: 0.254 0.127 0.127

iR 0

0.127 0.127

Lol
| wepamce

e 0 0.254
| ] [ ] [ ] [
Bodine Supplier — Bodine (?- -C Bodine — Boeing ¢
Tube Assembly-Aft RM Tube Assembly-Aft RM . Tube Assembly-Aft Tube Assembly-Aft 3 O
\
\
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Committed Service Time: 240 days

- OO 537 0427 0427

I a a 4z | ‘ ‘ | ‘ |
T
m - m RMI — Ducommun -0 Ducommun — Boeing
Nose Cap RM Nose Cap RM Nose Cap Nose Cap ¢
o |7 mr o

- 1 ] 1
— HEETTEE - T — TR
| s sty an o | Tt Rt AL EM. b csamety ar ¥

I N Weights: 197 0 0 142

1

. 197 0 0 142 |
’ [ \ | | | | |
Jamco Supplier - Jamco Aerospace -0 Jamco Aerospace — Boeing
TN Weight RM Weight RM Weight Weight Q@
? |

Tube Ass’y: 28.2 20.7 0.127

28.2 207 0.127

n - - Rodine oo 220 - ... 2000 Wy 0 .0 |
Tube Assembly-Aft RM Tube Assembly-Aft RM Q\f Tube Assembly-Aft Tube Assembly-Aft ¢

Hemanng Rome KM
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Committed Service Time: 30 days
Nose Cap: 0

53.7 0.127 23.1

53.7 0.127 231

[ I [ ] [ I
RMI — Ducommun o--C Ducommun — Boeing
Nose Cap RM Nose Cap RM Nose Cap Nose Cap Q

Weights: o7 0 0 214

197 0 0 214
[ ] [ ] [ ] [ ]
Jamco Stupplier — Jamco Aerospace O -0 Jamco Aerospace — Boeing
Weight RM Weight RM Weight Weight Q
4

1

28.2 0.127 25.6

282 0127

0 26.6
[ ] [ J [ ] [
Bodine Supplier — Bodine $— -0 Bodine — Boeing
Tube Assembly-Aft RM Tube Assembly-Aft RM . Tube Assembly-Aft Tube Assembly-Aft
5
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Working Capital Vs. Cusomer Serwce Tlme

$50
$40

&L R R
= N O
o O O

A
o

Working Capital (Million)

’ No stocking

Demand Forecast Error =6

200 400 o600 800 1000 1200

B stocking

Maximum CST
(Days)

A\ stocking, OEM PLT = 120 days

33
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Inventory 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 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
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.

34
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Use of Dynamic Models to
Evaluate Supply Chain Strategies
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Base Case Simulation: Blade Inventorles

Inventories
80
60
40
20
Z ’
S ///
0 7

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Year
Serviceable Inventory Region C Inventory
Region A Inventory Region D Inventory

Region B Inventory 36
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Alternative Slmulatlon
Inventories With Optimum Manufacturing Stocking Policy

Inventories
100
75
50
25
- e 5/{///74_/\

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Year
Serviceable Inventory Region C Inventory
Region A Inventory Region D Inventory

Region B Inventory 37
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Alternative Simulation B: Inventories W|th Stocklng
Policy & OEM PLT Reduction

Inventories

100

75

50

25

0 I

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Year

Serviceable Inventory Region C Inventory
Region A Inventory Region D Inventory 38

Region B Inventory
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Summary & Conclusmns

* Forecasts Are Always Wrong;

* The Longer the Forecast Horizon, the
Worse the Forecast;

°* Holding Inventory of Final Goods is a
Very Expensive Way of Dealing with
Uncertainty;

°* Push-Pull Boundaries Enhance Abilities
to be Adaptive and Responsive and
Efficiently Mitigate Risks of Forecast
Errors

39
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Track and Trace for
Supply Chain
Visibility,
Material & Parts
Assurance, and
Configuration
Management

"V | THEMOST
POWERFUL
PEOPLE IN
\ | SPORTS

A BUSINESSWEEK
INVESTIGATION

40
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Overview of Approach

° Two Pronged Attack Builds On IUID;
e 2D Barcode Data Matrix and/or RFID;
°* Track and Trace System with Search Capability;

* ePedigree for Backup Assurance of Historical
Path.

41
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The basic concept is for every object in the program to be
uniquely identified and maintained

Widget #110056
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Enterprise Operating Model
Master Scenarlios

An object BOM (Bill of Object BOM @
Material) is a

compilation of all the
activities and materials
relevant to the object

Widget #110056

An Information
Information BOM  BOM is the

compilation of all
the relevant
Certification
documents
II related to an
Training .
Materials ObjeCt
Every activity and movement II Testing

relevant to the object generates an Outputs

information document II=
II Equipment
Plans
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System Structu re With Nodes at Suppllers

Data Vault

s‘"ﬁ
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Supplement Track & Trace With Secure Digital
ePedigree
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ePedigree Is Built Up As Part Moves
Through Supply Chain
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Product Information

Transistor

Sample
Pedigree

Terrific Transistors
3 Prong, 100, Test
MDCE42 33344477771

History

Seller:

1 Terrific Transistors, Lid.

TRANSACTE

Sale

Pedigree Serial Mumber

urn:uuid: 47bal802-c716-4659-b3e0-5fdb1 aedc7 bE

TRANSACTION IDENTIFIER | TRANSACTION DATE

247906670004 02 Oct 2007

N BUYER

Quality Missile Parts

Terrific Transistors, Ltd. EBuyer:

1 Elm Street, Sun Lakes, &Z B5248 USA,

License Mumber: 00:00001 RC License Mumber:
Transaction Identifier. 247906670004 InvoiceMumber Date Received:
02 Oct 2007 Certified By:
Authentication Contact: Jinseok Behr
Boss

B00-555-1365
JinseokBehr@terrific.com
http:ffwnaen terrific. com

dennis fryer

Certifier User

B00-555-1234
dfryer@supplyscape.com

Thu Oct 23 17:21:49 EDT 2008
ITEMS IN TRAMNSACTION

Cerified By

Lot DM_20081023_153742 Expiration: 01 Jul 2010 Quantity: 1

B800-555-1365
JinseokBehn@aguality. com
hittp: Aty uality. com

dennis fryer

Certifier User

800-555-1234
dfryer@supplyscape.com

Thu Oct 23 17:24:01 EOT 2008
ITEMS IN TRAMNSACTICN

Certified By

Lot: DM_20081023_153742 Expiration: 01 Jul 2010 Quantity: 1

SELLER

3 Missile R Us

Seller:

TRANSAGTION BUYER

Missile R Us

Transfer

Missile R Us
1 Schoal Street, Acton, hA 01720 USA

00:00001 WC

247807320001 InvoiceMumber
03 Sep 2007

Jinseok Behr

Boss

600-555-1365
JingeokBehn@mru.com
http:{funen mru.com

dennis fryer

Certifier User

B00-555-1234
dfryerf@supplyscape. com
Thu Oct 23 17:25:53 EDT 2008

Buyer:

License Mumber: License Mumber:

Transaction ldentifier:

Authentication Contact:

Certified By:

Certifier User

800-555-1234
dfryer@supplyscape.com

Thu Oct 23 17:22:50 EDOT 2008

SELLER TRANSAGTION BUYER TRANSAGTION IDENTIFIER  TRANSAGTION DATE
2  Quality Missile Parts Sale Missile RUs 247906990001 29 Sep 2007
Seller: QGuality Missile Parts EBuyer. Missile R Us
1 Spring Street, Portland, ME 04035 USA 1 School Street, Acton, bA 01720 US4
License Mumber. 00:00001 MNC License Mumber: 00:00002 FL
Transaction [dentifier. 247906990001 InvoiceMurmber Date Received: 23 Oct 2008
29 Sep 2007 Certified By: dennis fryer
Authentication Contact. Jinzeok Behr Certifier User
Boss 800-555-1234

Quality Missile Parts
1 Spring Street, Portland, ME 04035 USA

00:00002 FL
23 Oct 2008
dennis fryer

dfryer@supplyscape. com
Thu Oct 23 17:26:12 EDT 2008

TRANSAGTION IDENTIFIER

247907320001

Missile R Us
1 Main Street, Woburn, hA 01801 USA

00:00002 FL

TRANSAGTION DATE

03 Sep 2007
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Summary Comments on
Serialization and Track & Trace

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

* Global ePedigree standard offers potential for
additional security; and

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

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

° There 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 and
Simulation.
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Contact Information

Dr. William R. Killingsworth

Director, Office for Enterprise Innovation and Sustainability
University of Alabama in Huntsville
William.Killingsworth@uah.edu

256.824.4434

Executive Director, MIT Forum for Supply Chain Innovation
Massachusetts Institute of Technology
billk@mit.edu
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