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Objectives of Munition Health Management

• Dramatically Reduce Cost  through use of “Internet of Things”
(IoT), Augmented Reality (AR), Digital Twin,  and advanced data
analysis and management

• Assure Safe and Reliable Performance  by monitoring
environments and using Advanced Mechanistic Models to link
environmental exposure to munition degradation

• Reduce Risk  by detecting degradation early allowing for removal of
the munition from service

Technology Development Over the Past 20+ Years Enables Integrated 
System Health Management (ISHM) of Munitions
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System Requirements Capture and Allocation

3-Phase IMHM A&S Approach
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Defined System Engineering Approach
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1. Derek R. De Vries, Bryan De Hoff, et.al, “Systems Engineering approach to IMLM DAAS goal achievement,” JANNAF 61st JPM, Charleston, SC, May 2014.
2. SE Handbook Working Group International Council on Systems Engineering (INCOSE), INCOSE Systems Engineering Handbook v. 3.2.2, Oct 2011. 

Risk Management  and 
Mitigation Processes

System Engineering Methods 
for Requirements Capture / 

Allocation and 
Verification/ Validation (V&V).1,2

V Model

Failure Modes Assessment and 
Criticality Rating

Active System Engineering Processes to Capture Requirements, 
Identify and Rank Failure Modes, and Manage Program Risk



Munition Health Management

Ability to Link Munition Environments to Munition Health is Key 
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Munition Health Management

Ability to Link Munition Environments to Munition Health is Key 
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Munition Health Management Images

Ability to Link Munition Environments to Munition Health is Key
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http://www.thedrive.com/t
he-war-zone/11871/the-u-
s-air-force-wants-to-buy-
more-reliable-bunker-
buster-bombs

http://www.osan.af.mil/News/Artic
le-Display/Article/640053/no-
mission-without-ammo-muns-
airmen-epitomize-fight-tonight-
readiness/

https://hardenedstructures.blogspot.com/20
13/07/hardened-structures-military.html

https://military-
photoshops.blogspot.com/2012/0
4/f-35-joint-strike-fighter-for-raf-
uk.html

http://www.tanks-
encyclopedia.com/coldwar/US/M270-
MLRS.php

http://armyrecognition.com/march
_2018_global_defense_security_ar
my_news_industry/lockheed_marti
n_s_pac-
3_successfully_intercepted_2_balli
stic_missile.html
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Difference Between SHM and ISHM

Information / Knowledge
• Requires subject matter expertise
• Historically people convert data into

information / knowledge
• Automated processes are desired

• Enable real-time visual analysis
• Sophisticated data processing

algorithms

Action
• Focus is on applying risk management
• Historically labor intense & error prone
• Automated algorithms

• Decision support
• Risk management

Data
• Requires subject matter expertise
• Gathered from many sources

• Utilize COTS technologies
• Establish sources if necessary

Historically
• Manual data capture and

data processing
• Slow – months/years
• Labor intensive –

costly
• Managed fleet not

individual assets
• Prone to errors

• Human
• Typos/transpose
• Duplicate
• Interpretation

• Lost paper
• Complacency

Currently
• Integrated system-level

solution
• Automated software

enabling near real-time
SLE’s

• Digital twin and
augmented reality
enabling efficient
processes / cost savings

• Improved accuracy
• Individual munition

management
• Automated data capture

SHM is labor intense and costly. 
NGIS ISHM automates most of the 

process lowering cost and 
improving response and efficiency

8
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Identification and Reduction of Uncertainty 
Is Key to MHM Effectiveness

MHM Methods 
Identify, Track and 

Reduce Uncertainties 
Throughout the 50+ 

Year Life-Cycle of the 
Munition at Less 
Cost and Higher 
Reliability Than 

Historical Methods
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Munition Service Life Estimates
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Fleet Uncertainty 
Spans Significant Time

Individual SRM 
Uncertainty Much Less 
Than Fleet Uncertainty

MHM Enables the Near Real-time SLE of Individual Assets to Be 
Determined And Culled If Necessary To Maintain Fleet Reliability

Age Out Options
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Munition Service Life Estimates

11

Fleet Uncertainty 
Spans Significant Time

Individual SRM 
Uncertainty Much Less 
Than Fleet Uncertainty

Retire
the
fleet
at 13 yrs
(if not 
tracking 
individual 
motors)

Retire the
“severe-
history”
motor
at 22 yrs

Retire the
“benign-
history”
motor
at 41 yrs

MHM Enables the Near Real-time SLE of Individual Assets to Be 
Determined And Culled If Necessary To Maintain Fleet Reliability
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IMHM Asset Monitor Panel Example





Integrated Munitions Health Management (IMHM)
Objectives

• Dramatically Reduce Cost through use of Internet of 
Things (loT), Augmented Reality (AR), Digital Twin and 
advanced data analysis and management

• Assure Safe and Reliable Performance through 
monitoring environments and using Advanced 
Mechanistic Models to link environmental exposure to 
munition degradation

• Reduce Risk by detecting degradation early allowing 
for removal of the munition from service

BENEFITS TO THE U.S. AIR FORCE
Background

• U.S. military requires high reliability of its munitions to 
meet mission requirements

• This necessitates a greater understanding of hot 
environmental and storage conditions impact the 
munitions’ useful lifetime/reliability

• Munition’s exposure to diverse environments affects 
performance over time

U.S. Department of Defense Instruction
Condition-Based Maintenance+ (CBM+) is the application 
and integration of appropriate processes, technologies, 
and knowledge-based capabilities to achieve the target 
availability, reliability, and operation and support costs of 
DoD systems and components across their life cycle.

…  At its core, CBM+ is maintenance performed based on 
evidence of need …

CBM+ uses a systems engineering approach … for 
system acquisition, modernization, sustainment and 
operations.

Benefits of CBM+/IMHM Approach
• Retirement of less assets due to greater understanding 

of aging mechanisms: Predictive uncertainty reduced by 
20% to 50%

• Reduction in procurement cost by over 20% over the 
system life facilitates a level buying strategy.

Benefits of CBM+/IMHM versus Legacy 
Approaches from AFRL Study 

CBM+/IMHM Approach Results in Level Buying 
Strategy and Reduction of Procurement Costs > 20%
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Defined System Engineering Approach CBM+/IMHM Approach Results in Level Buying 
Strategy and Reduction of Procurement Costs > 20%

Currently
• Integrated system-level 

solution
• Automated software 

enabling near real-time 
SLE’s

• Digital twin and 
augmented reality 
enabling efficient 
processes / cost 
savings

• Improved accuracy
• Individual munition 

management
• Automated data capture

Munition System Health Management 
MHM is labor intense and costly. 

NGIS IMHM automates most of the 
process lowering cost and improving 

response and efficiency

Historically
• Manual data capture and 

data processing
• Slow – months/years
• Labor intensive –

costly
• Managed fleet not 

individual assets
• Prone to errors
• Human

• Typos/transpose
• Duplicate
• Interpretation

• Lost 
paper/Complacency

Data
• Requires subject matter expertise     
• Gathered from many sources

• Utilize COTS technologies
• Establish sources if necessary

Information Knowledge
• Requires subject matter expertise
• Historically people convert data 

into information / knowledge
• Automated processes are desired

• Enable real-time visual analysis
• Sophisticated data processing 

algorithms

Action
• Focus is on applying risk 

management
• Historically labor intense & error 

prone
• Automated algorithms

• Decision support
• Risk management

Empirical Model 
and Physics-Based 
Model Definitions, 
Development Plan 

and V&V Plan

Physics Model 
Development

Integrate 
Empirical and 

Physics- Based 
Models

Material Properties 
V&V Plan

Subcomponent V&V Plan & 
Critical Monitor Definition

System V&V Plan and Critical 
Monitor Definition

Component V&V Plan and Critical 
Monitor Definition

Risk Management  
and Mitigation 

Processes

System Engineering Methods for 
Requirements Capture / Allocation and 

Verification/ Validation (V&V).1,2

Failure Modes 
Assessment and 
Criticality Rating

Active System Engineering Processes to Capture Requirements, 
Identify and Rank Failure Modes and Manage Program Risk

Vee Model
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NGIS three Phase IMHM Approach Identification and Reduction of Uncertainty Is 
Key to IMHM Effectiveness

Initial State
DATA WAREHOUSE / DATA MANAGER

Conversion ModelsEvolution Models Probability of Mission SuccessPerformance Assessment
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Portable NDE
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IMHM Asset Monitor Panel ExampleMunition Service Life Estimates

IMHM Enables the Near Real-time SLE of Individual 
Assets to Be Determined And Culled If Necessary 

To Maintain Fleet Reliability

IMHM Methods Identify, 
Track and Reduce 

Uncertainties Throughout 
the Life-Cycle of the 

Munition at Less Cost 
and Higher Reliability 

Than Historical Methods

p1, σ(p1), σ(σ(p1))
p2, σ(p2), σ(σ(p2)) 
p3, σ(p3), σ(σ(p3)) 
p4, σ(p4), σ(σ(p4)) 
p5, σ(p5), σ(σ(p5))  

q1, σ(q1), σ(σ(q1))
q2, σ(q2), σ(σ(q2)) 
q3, σ(q3), σ(σ(q3)) 
q4, σ(q4), σ(σ(q4)) 
q5, σ(q5), σ(σ(q5))  

Input
Parameters

Output
Quantities

MODEL

Model A 
Input

Model A Output;
Model B Input

Model B Output
Model C Input

Model C 
Output

p1, σ(p1), σ(σ(p1))
p2, σ(p2), σ(σ(p2)) 
p3, σ(p3), σ(σ(p3)) 
p4, σ(p4), σ(σ(p4)) 
p5, σ(p5), σ(σ(p5))  

q1, σ(q1), σ(σ(q1))
q2, σ(q2), σ(σ(q2)) 
q3, σ(q3), σ(σ(q3)) 
q4, σ(q4), σ(σ(q4)) 
q5, σ(q5), σ(σ(q5))  

r1, σ(r1), σ(σ(r1))
r2, σ(r2), σ(σ(r2)) 
r3, σ(r3), σ(σ(r3))
r4, σ(r4), σ(σ(r4)) 
r5, σ(r5), σ(σ(r5))  

s1, σ(s1), σ(σ(s1))
s2, σ(s2), σ(σ(s2)) 
s3, σ(s3), σ(σ(s3))
s4, σ(s4), σ(σ(s4)) 
s5, σ(s5), σ(σ(s5))  

Ev
ol

ut
io

n 
M

od
el

 A

Co
nv

er
si

on
 M

od
el

 B

Pe
rf

or
m

an
ce

 M
od

el
 C

u1, σ(u1), σ(σ(u1))
u2, σ(u2), σ(σ(u2)) 
u3, σ(u3), σ(σ(u3)) 

v1, σ(v1), σ(σ(v1))
v2, σ(v2), σ(σ(v2)) 
v3, σ(v3), σ(σ(v3)) 

Other Input to 
Model B

Other Input to 
Model C

PHASE I: Failure Mode Consideration

Identify all Potential 
Failure Modes (FMs)

Rank Criticality of 
Potential FMs

Define and Select 
Critical FMs for 
Further Study

Recommend Test 
Plans Based o 
Prioritized FMs

PHASE III: 
Service Life 
Prediction

Update SLE 
as Needed, 

with 
Surveillance 

Data

Preliminary 
Service Life 

Estimate 
(SLE)

Updated 
Service Life 

Estimate

Previously 
Unknown 

Failure 
Modes

PHASE II: Testing and Analysis

Chose Test and Analysis Tools
• Appropriate test specimens
• Best possible constitutive laws

Validation 
of Critical 

FMs

Updated 
Aging 

Models 
and 

Parameters

Determine Aging 
Mechanisms
• Acquire aging data
• Quantify aging 

mechanisms

Prediction Verification 
and Validation
• Simple
• Complex
• Subscale motor-like 

geometry
• Full-scale motors

Special Studies

Surveillance Testing Continually Updates the 3 Phases of Predictive Aging

DATA → INFORMATION → KNOWLEDGE → INTELLEGENT ACTION

Fleet-wide estimate 
has a large 
uncertainty, leading to 
early withdraw of 
service (red dotted 
line); individual 
motors still have 
uncertainty but stay in 
service longer before 
reaching minimum 
probability of failure 
(orange dotted line)

IMHM ConOps

System Requirements Capture 
and Allocation

Finite Elem. 
Analysis

Previous 
Experience

Subjective 
Judgement
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