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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

2 Distribution Statement A: Approved for Public Release; Distribution is Unlimited. PA# 19299



3-Phase IMHM A&S Approach OTTTIOr SRR

DATA - INFORMATION - KNOWLEDGE - INTELLEGENTACTION

PHASE I: Failure Mode Consideration PHASE II: Testing & Analysis PHASE III:
: : Service Life
System Requirements Capture and Allocation Choose test & analysis tools Prediction
Subjective Previous Finite Elem. » Appropriate test specimens
Judgment Experience Analysis + Best possible constitutive laws
| | v Preliminary
y Determine aging service life
Identify all potential mechanisms estimate (SLE
failure modes (FMs) - Acquire aging data — ( )
: e
i Rank criticali ¥
Previously i Validation Update SLE
e of potential FMs ‘ N at
- v Prediction Verification of critical a_s needed_,
failure R FMs with surveil-
A and Validation
modes Define and select . Simbl lance data
critical FMs for Impie Uondated
further study * Complex . Sl Updated
3 . Subscetlle motor-like aging service
eome .
Recommend test . Igull-scarlye e models & life
plans based on parameters estimate
prioritized FMs v
Special studies '

Surveillance testing continually updates the 3 phases of predictive aging
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Defined System Engineering Approach
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— S Failure Effectss
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for Requirements Capture /

Divies Eleslth and States Telessetry=

Allocation and
Verification/ Validation (V&V).1?

Bpoope

Criticality Rating

Risk Management and
Mitigation Processes

Active System Engineering Processes to Capture Requirements,

ldentify and Rank Failure Modes, and Manage Program Risk

1. Derek R. De Vries, Bryan De Hoff, et.al, “Systems Engineering approach to IMLM DAAS goal achievement,” JANNAF 615t 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.
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Munition Health Management
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Ability to Link Munition Environments to Munition Health is Key
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Munition Health Management

Portable NDE F1ight
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Ability to Link Munition Environments to Munition Health is Key

Distribution Statement A: Approved for Public Release; Distribution is Unlimited. PA# 19299



NORTHROP GRUMMAN

Munition Health Management Images
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Difference Between SHM and ISHM

g Data h [ Historically \ f Currently \

+ Requires subject matter expertise - Manual data capture and * Integrated system-level
» Gathered from many sources solution

. Utilize'COTS techpologies da-taSpI(r)(\)/\(/:(iSrSr:ggths lyears e Automated software
\_ * Establish sources if necessary ) enabling near real-time

v e Labor intensive — :
costly . gl__Etslt | |
/Information / Knowledge\ « Managed fleet not igital twin an

: _ _ individual assets augmented reality
» Requires subject matter expertise

C : * Prone to errors enabling efficient _
* Historically people convert data into processes / cost savings

information / knowledge * Human » Improved accuracy
. « Typos/transpose
» Automated processes are desired - Duplicate e |Individual munition
» Enable real-time visual analysis « Interpretation management

» Sophisticated data processing

) * Lost paper « Automated data capture
\ algorithms / \ . Complacency J \ pJ
4 N

| Ac_:tiQn SHM is labor intense and costly.
 Focus Is on applying risk management NGIS ISHM automates most of the

* Historically labor intense & error prone
» Automated algorithms
» Decision support

process lowering cost and
\_ * Riskmanagement ) Improving response and efficiency
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Identification and Reduction of Uncertainty

Is Key to MHM Effectiveness

Input
Parameters

P (). 6(e(py))
P2 6(p2), 6(e(py))
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MHM Methods DL
ldentify, Track and
Reduce Uncertainties [
Throughout the 50+ [tssAs;

Pa (o) 5(“'(!’4))
P 6(ps). o(e(py)

Evolution Model A

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

Historical Methods —
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Conversion Model B

Performance Model C
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Output
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MHM Enables the Near Real-time SLE of Individual Assets to Bme— '
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Munition Service Life Estimates
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Determined And Culled If Necessary To Maintain Fleet Reliability
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Munition Service Life Estimates

Py Fleet Uncertainty ,
1.0 Spans Significant Time 3
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0.2 history”
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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
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e Munition’s exposure to diverse environments affects

performance over time

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 facllitates a level buying strategy:.

Benefits of CBM+/IMHM versus Legacy
Approaches from AFRL Study
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Without Integrated
Munitions Health
Management

With Integrated
Munitions Health
Management

04 05 06 07 08 09 1

Age of Motor Replaced (non-dimensinal)

Defined System Engineering Approach

Vee Model

Component V&V Plan and Critical
Monitor Definition

System V&V Plan and Critical
Monitor Definition
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M:.‘t\,ements Material Properties
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V&V Plan
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I\

Empirical Model Integrate
and Physics-Based Physics Model Empirical and
Model Definitions, Development Physics- Based
Development Plan Models

and V&V Plan

System Engineering Methods for
Requirements Capture / Allocation and
Verification/ Validation (V&V).1?

Active System Engineering Processes to Capture Reguirements,
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Detection-Method-Remarks:]  |Software-Response-Remarks:
Device Health-and-Status Telemetry=

............................
--------
Comporent e |

Failure Modes
Assessment and
Criticality Rating

Risk Management
and Mitigation
Processes

ldentify and Rank Failure Modes and Manage Program Risk
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DOD Systems and comp

... Atits core, CBM+ Is |
evidence of need ...

CBM+ uses a systems €
system acquisition, mod
operations.

CBM+/IMHM Approe
Strategy and Reductiol
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=35 20
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CBM+/IMHM Approe

Strategy and Reductio!

Data

Requires subject matter expertise
Gathered from many sources

o Utilize COTS technologies

o 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

e Sophisticated data processing
algorithms

Action

Focus Is on applying risk
management
Historically labor intense & error
prone

e Automated algorithms
e Decision support
* Risk management
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NGIS three Phase IMHM Approach

DATA — INFORMATION - KNOWLEDGE —» INTELLEGENT ACTION

PHASE I. Failure Mode Consideration
System Requirements Capture

and Allocation

Subjective Previous Finite Elem.
Judgement @ Experience Analysis

Previously
Unknown
Failure
Modes

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

Determine Aging

Mechanisms

* Acquire aging data

e Quantify aging
mechanisms

and Validation
e Simple
« Complex

geometry
e Full-scale motors
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Probability of Failure
o
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PHASE |I: Testing and Analysis

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

Prediction Verification

e Subscale motor-like

Special Studies

PHASE llI:
Service Life
Prediction

Preliminary
Service Life
Estimate
(SLE)

Update SLE
as Needed,
with
Survelllance
DEIE]

Validation
of Critical
FMs

Updated
Aging
Models Upglatec_l
and Serw_ce Life
Parameters Estimate

Surveillance Testing Continually Updates the 3 Phases of Predictive Aging

Performance Assessment

Munition Service Life Estimates

Past|Future

Motor 1
Motor 2

0O 10 20

30 40 50

Years

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

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)

Past History | Future Predictions
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Track and Reduce
Uncertainties Throughout
the Life-Cycle of the
Munition at Less Cost
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Than Historical Methods
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