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B-2 System Description

172 Ft

�High Subsonic Speed
�More Than 40,000 Lb 

Payload
�Altitudes to 50,000 Ft

�Four F-118-GE-100 
Engines

�Greater Than 6000 NM 
Range

�Two Person Crew

Presenter
Presentation Notes
Large fuel tanks.  Wet wings (integral tanks), not bladdersLanding gear is a derivative of the Boeing 757 gear.Engines, by GE, are similar to F-16 and B-1 engines, but without afterburners.Stealth requirements dictate all internal payload, resulting in the large weapon bays.Crew consists of two people, but have flown with only one certified pilot on board.  Provisions have been designed and tested for a third seat (for crew rest and crew training) but have not been implemented at this time.Crews really don’t want it…need the space for a foldable lounge chair and their picnic coolers!
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Role of the B-2

CONUS

DEPLOYED

DEPLOYED

Covers Global Land Mass with One Refueling

Presenter
Presentation Notes
Provide long range strike capabilityGlobal coverage with just a single refuelingOur mission is to penetrate dense threat environments and to deliver near-precision weapons with pinpoint accuracy—we help ‘kick down the door’
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B-2 Weapons
(Current and Future)

Presenter
Presentation Notes
How do we kick down the door?Can carry a wide variety of weapons, both guided and unguided, for soft or hard targetsJoint Air to Surface Standoff Missile (JASSM)Several variants of Joint Direct Attack Munition (JDAM)Joint Standoff Weapons (JSOW)The number of weapons carried depends on the type/size…Can carry as many as 80 MK-82 JDAM or as few as 8 B-61
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Stealth Features

SMOOTH SHAPE
LOW PROFILE

ATTENTION TO DETAIL

SPECIAL COATINGS BURIED ENGINES

STEALTH INCLUDED IN EVERY ASPECT OF B-2 DESIGN

Presenter
Presentation Notes
Attention to detail Shape of doors, entry panels When & how the avionics operate Movement of control surfaces



Why Stealth

Conventional Bomber B-2
(Notional Detection Zones)

B-2 Stealth Technology Shrinks Defense
Engagement Effectiveness

Presenter
Presentation Notes
Allows us to penetrate deeper into enemy territory & strike key targets…kick down the door for fighters and other bombers



Aircrew at Risk 
The Value of Range, Payload, Precision, and Stealth

Bomb
Droppers

Air
Escort

Air Defense
Suppression

Tankers

Total Aircrew
At Risk

Standard Package

132

Precision Weapons

116

Precision
and Stealth

40

Precision, Stealth, 
Global Range and

Large Payload

6

Presenter
Presentation Notes
Net benefit of precision weapons, stealthiness, range capability & large payload:  fewer aircrews in harm’s wayStandard package:  32 fighters, 16 escort, 12 air defense suppression & 15 tankers – 75 aircraft, 132 crew membersAdd precision weapons:  Eliminate 16 fighters, 1 tanker—16 crew Add Stealth: Eliminate 16 more fighters and all support aircraft except 2 tankers—gets down to 40 crew membersAdd long range & large payload:  Just need one B-2 and one tanker to cover the same target set, putting only 6 air crew members in harm’s way
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SMOOTH SHAPE
LOW PROFILE

ATTENTION TO DETAIL

SPECIAL COATINGS BURIED ENGINES

Adequate air 
flow to the 

engine?

Routing the 
exhaust air?

Exhaust 
temperatures

?

SE Challenges with Initial Design
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SMOOTH SHAPE
LOW PROFILE

ATTENTION TO DETAIL

SPECIAL COATINGS BURIED ENGINES

SE Challenges with Initial Design

Locating air 
data system 

probes?

Withstanding 
exhaust 

temperatures
?

Opening 
weapons bay 

doors?

Presenter
Presentation Notes
Attention to detail Shape of doors, entry panels When & how the avionics operate Movement of control surfaces
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Integrated Operations
• Radar Upgrade

Interoperability
• Comm Upgrades
• EHF/SHF
• FM Immunity
• PRC-117
• GATM

Supportability
• Arrowhead Panels
• Improved Tiles
• CLOVerS/LOVE
• Deployable Shelters
• DEC
• SFIIU
• OGADS
• Windshields
• Aft Deck
• FMCP

Weapons
• JASSM
• JSOW
• EGBU-28
• SBRA/Mk-82 JDAM

Mission Management
• Center Instrument Display
• In-Flight Replanner

B-2 Modernization Initiatives

Presenter
Presentation Notes
Underlying challenge to modernization is to maintain and/or improve signature while expanding overall weapon system capabilitiesMust flow down signature requirements to all modifications
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Upgrade Program SE Challenges

• Built-in design constraints of current design
– Electrical power
– Cooling
– Processing capacity
– Weight/center of gravity

• Functional integration with existing systems
– New weapons with existing launchers & stores 

management processor
– Comm/nav systems with cockpit instruments

Presenter
Presentation Notes
Developed an approach to manage the built-in constraints:  Weapon System Resource Management
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Enterprise
Approval

Engineering
Approval

IPT 
Approval

Technical 
Analysis

Weapon System Resource Management

Weapons
System

Capacity

New Allocations
Existing Allocations
Remaining Budget

Presenter
Presentation Notes
Key attributes:  -  Approval process forces visibility from overall weapon system perspective  -  Allocation process provides a documented baseline
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System Budget Request

Margin Available    ≥ 5%

Surpassed Spec
Approaching Spec < 5%

Was Is

Air Loop Location
P5 Baseline Remaining 

Budget (k-watts)
EHF Additions 

(k-watts)

Left Forward Rack Left Radar Bay X X

Right Forward Rack
Right Radar Bay and Crew 
Station X X

Wingbox Rack
Center Carry Thru Box 
and Left Crew Station X X

Aft Rack
Aft Equip Bay (Aft of 
Weapons Bay) X X

Total X X

Cooling System

Presenter
Presentation Notes
Breaking the spec forces the overall program to develop approach to “fix” it.Not necessarily forced on he who breaks it!More conscious management of resources—enables us to plan increase resource capacity before it becomes a crisis.
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Unique SE Challenges of Stealth

• Maintaining signature of current configuration
– Primarily a maintainability issue

• Ensuring upgrade programs do not degrade 
baseline signature performance

• Improving signature performance to survive 
future threats 

Presenter
Presentation Notes
Being an low observable platform adds another dimension to the systems engineering challenges—maintaining a baseline signature is yet another constraint & perhaps the most challenging constraintMaintenance improvement programs also require sound systems engineering.  
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LO Impact on B-2 Maintenance

• Major driver on MMH/FH and 
NMC rates

• Primarily driven by signature 
performance
– Re-LO after other maintenance 

also drives maintenance action

LO

Suppt Gen

Airframe
Ldg Gear

Flt Ctrl
Engines

Fuels
Wpns

Air Cond

MMH/FH FY05

Presenter
Presentation Notes
Just how significant is LO maintenance?  When designing for stealth, the “ilities” are extremely important—reliability, maintainability, & supportability.



Goal: Increase shelf life to allow 
greater combat capability

Increase Shelf Life

Goal: Reduce cure times of materials to 
allow quicker turn of aircraft

Cure Time Reductions

Storage Conditions
Goal:  Ambient storage conditions

Tackling LO Maintainability

CAUTION:  No such thing as ‘just a material substitution’!

Presenter
Presentation Notes
Cure time reductions:  Decrease maintenance manhours by reducing the timeline to accomplish repairs or maintenance.  Has benefits to all maintenance actionsShelf life:  Supply management issueStorage conditions:  Reduced logistics footprint both at our home base and at forward operating locationsCaution:  Material substitution not always straight-forward!  Besides the usual durability & electrical performance,  must consider how the material will interact within the stack-up…how producible is it…how hard is it to apply…how hard is it to removeStray thought:  Think of the B-2 the next time you eat your Wheaties!  The iron that is in some of our LO coatings is the same iron that the cereal manufacturers use to fortify cereal!
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Keys to SE Success

• Well-defined & documented SE process
• Join forces with the prime contractor

– Common processes & metrics
• Incentivize the prime contractor 

– Award fee plans
– Contractual language

• Measure the effectiveness of SE
– Metrics & leading indicators
– Technical performance measures

• Maintain visibility into the health of SE process
– Include in program management reviews (PMR)

Presenter
Presentation Notes
Shifting gears to some general thoughts & observations on systems engineeringDocumented processes:  Decreases reliance on a few experts
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SE Leading Indicators

Requirements Design & 
Integration Verification Validation Production Integrated 

Logistic Support

Maturity  
Volatility 

Traceability

TPMs, PROCAS, 
H/W & S/W 

Compatibility

V & V Plan 
Compliance: % 

H/W & S/W 
Test Compl.

V & V Plan 
Compliance

Product & 
Process 
Quality 

Measures 

R & M: Spec. vs 
Actual

Proposed Systems Engineering Leading Indicators and Metrics

System 
Performance

Life Cycle - Risk Management Profile and TPMs

Reserved

Presenter
Presentation Notes
Choose indicators or metrics that are relevant to the stage of the program.  No such thing as “one size fits all”
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Risk Management Over Time

Risk Management Profile
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Presenter
Presentation Notes
Strong emphasis on risk management.This is a top level metric.Every risk has a risk handling plan to drive it down to low risk.  The risk management plans for all high risks are briefed in our program management reviews.
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SE Visibility: PMR Format
Operational Requirements agreed with ACC/DRA2; NG concurrence; PCCB if applicable B

SORAD signed by B2SG/CC and ACC/DRA2
Acquisition Requirements (SSRD) agreed with NG; DRA2 concurrence; PCCB completed B

SSRD coordinated with NG, ACC and PCCB completed.  SSRD under formal configuration control.
Operational & Acquisition Trade Space identified and current; Trade studies on track B

Required system modifications coordinated with ACC and incorporated into NG proposal.  Sensor 
Concepts, Inc. completing non-recurring effort to modify system configuration.

G
No formal interface control (SCI-2k to RF Diagnostics).  Interface to RF data management system is part 
of Tier II RF S/W Integration ETA (ETA E3073X).  

B
Requirements entered in SLATE & traceability issues with Procurement Spec. resolved by NG.

B
Key ILS requirements still need to be documented in SSRD -- Plan is to resolve by 10 - 12 May TIM

G
Risk assessment completed by NG in Jun 2005 -- production effort assessed as low risk.  Need to re-
accomplish risk assessment for sustainment elements.

N/AAoA Plan in place (CR efforts) / Technology Development Strategy in place (TD efforts)

External / Internal interfaces established and under configuration control

Requirements are traceable at all levels with no widows or orphans

ILS Requirements documented in operational requirements documentation and SSRD

Program risks identified, prioritized, and handling plans in place
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SE Visibility: PMR Format (cont’d)
G

This requirement addressed in the production contract
G

This requirement will be addressed in the production contract
G

N/A
Procurement of the SCI-2k radar system has no effect on the EMB

G
SORAD signed by ACC/DRA2 in June 2005.  

G
DT & OT requirements being addressed within Phase 1 & 2 RF Diagnostics test program at WAFB

N/A
Support Equipment program that has no EMB impact.  

G
SPO, NG, test range and 509th part of integrated team conducting Phase 2 RF Diagnostics 

G
Production contract requires that 509th provide the 2 prototypes to NGC & Sensor Concepts, Inc. so that 
they can be upgraded after the first 2 units are delivered.  No issues at this time.  

G
Acceptance criteria (Procurement Spec) for SCI-2k production units finalized -- awaiting NG TPRB 
approval.  

Plan for SPO / NG participation in Pre & Post FDE validation reviews on track

Government-Furnished Property on Track

For all suppliers, acceptable performance established & maintained; specs under document control

Program Integration in the B-2 Enterprise Management Baseline up to date

ACC/DRA2 expectations current

Collaborations with DT and OT ongoing; considerations addressed in program & design reviews

Planning for next program phase on track using the B-2 Enterprise Management System

Production Readiness Plan on track / current; Production Readiness Reviews in IMP & IMS

Producibility 

ILS Plan on track / current; System Supportability Demo in IMP & IMS
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New SE Initiative: Opportunity Management

• Risk (per CERP & B-2 SEMP)
– An aspect of a project/program that “could” result in the 

inability to achieve one or more program objectives
within defined cost, schedule, and/or performance 
constraints.

• Opportunity
– An aspect of a project/program that “could” result in the 

ability to exceed one or more program objectives by 
reducing defined cost, completing tasks ahead of 
schedule, and/or exceeding performance thresholds.
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Maximum Significant Moderate Minor Negligible Negligible Minor Moderate Serious Critical

Level 5
90 - 100%

Level 4
61 - 89%

Level 3
40 - 60%

Level 2
11 - 39%

Level 1
1 - 10%

Maximum Moderate Minimum Low Moderate High

Maximum Significant Moderate Minor Minimum

Level 5
90% - 100%

Level 4
61% - 89%

Level 3
40% - 60%

Level 2
11% - 39%

Level 1
1% - 10%

Maximum Moderate = Minimum

Opportunity 
Management 5 x 5 Matrix

Y 
A

xi
s 

= 
Pr

ob
ab

ili
ty

X Axis = Benefit

Note: The x-axis, y-axis, and color allocation shown is 
Mirrored From the Risk 5 x 5 Matrix
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Opportunity Analysis Criteria

Benefit Scale
Criteria - 1 - 2 - 3 - 4 - 5

Cost
(Can Vary)

Less Than 
5% 

Decrease

5-10% 
Decrease

10-15% 
Decrease

15-20% 
Decrease

Greater 
Than 20% 
Decrease

Schedule
Task(s)

Less Than 
1 Week 
Early

1 to 2 
Weeks 
Early

2 to 4 Weeks 
Early

4 to 6 Weeks 
Early

Greater 
Than 6 

Weeks Early

Performance
Negligible or 

No 
Improvement

Minor 
Improvement

Moderate 
Improvement with 
One or More 
Performance 
Requirements 
Improved

Significant 
Improvement 
with One or 
More “Key” 

Performance 
Requirements 

Improved

Significant 
Improvement 
with Two or 
More “Key” 
Performance 
Requirements 
Improved

Probability Scale
Criteria -1 - 2 - 3 - 4 - 5

0-10% 
Not 

Likely

11-39%
Low 

Likelihood

40-60% 
Just as Likely 

as Unlikely

61-89% 
Highly Likely

90-100% 
Near 

Certainty
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B-2 Combat Operations

• Operation ALLIED FORCE
– 6 aircraft used
– 48 combat sorties over 35 days

• Flew less than 1% of total sorties, destroyed 11% of 
targets

– Delivered 656 near precision weapons
• 2,000 lb Joint Direct Attack Munitions (JDAMs)
• 5,000 lb GBU-37 “Bunker Busters”
• 1,324,000 lbs of weapons delivered

– Missions approximately 33 hours long
• Flown round trip out of Whiteman AFB



Presenter
Presentation Notes
Finished a job that the fighters couldn’t handle!



Precision
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B-2 Combat Operations

• Operation ENDURING FREEDOM
– Flew 6 sorties from Whiteman AFB

• Crews struck targets in Afghanistan
• Flew to Forward Operating Location, landed after about 44 

hours
• Performed engine running crew change
• Second crew flew 29 hour flight back to Whiteman AFB

– Aircraft operating for over 3 days!
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B-2 Combat Operations

• Operation IRAQI FREEDOM
– Flew combat sorties from Forward Operating Location 

for first time!
• 4 aircraft forward deployed, flew 20 sorties from FOL

– 9 aircraft at Whiteman AFB also flew 27 sorties
– Delivered 676 weapons

• 1,271,000 pounds of weapons
• Delivered JDAMS, GBU-37, and 500 lb Mk-82 unguided 

weapons
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• High valued asset, performing to expectations
• Worth the LO price tag!

• Systems Engineering important throughout the 
weapon system life cycle
• Applies to modification programs & sustainment 

efforts
• Systems Engineering requires continued emphasis 

& visibility

Closing Thoughts

Presenter
Presentation Notes
Operational successes have paved the way for further enhancementsEnhancements are directed towards: Maintaining/improving the overall capability of the weapon system, to include signature Reducing the burden of LO maintenance
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Questions

Questions?
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