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• A Brief History of Health 
Management in Aerospace

• Introduction to IVHM and SAE’s 
Involvement in its Development

• Current Status of ARP5987A and 
ARP7122

• Relationship to IP-180

• Next steps



Health Management in Aerospace – A Rich History
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Health Management in Aerospace – A Rich History
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Analog vibration 
monitoring 

(accelerometers)

Mandated by the FAA 
25.1305 (D) (3) 

Early 1970s



Health Management in Aerospace – A Rich History
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Advanced Military 
Prognostics and Health 

Management (PHM) 
Systems

F-35 Joint Strike Fighter
2000s



Integrated Vehicle Health Management
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• An end-to-end capability that uses sensors, electronics, & 
analytics both on-board and off-board to accomplish:

• Diagnostics: Determining the current health condition

• Prognostics: Predicting the future state

• Health management: Managing the asset based on this 
(and related) information

• IVHM systems comprise of:

• Sense, Acquire, Transfer, Analyze, 
Act/Display (The SATAA Model)

• IVHM systems manage assets while

• Delivering guaranteed performance

• Increasing availability

• Lowering life-cycle costs

• And without compromising system safety
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SAE’s History with Aerospace and Involvement in IVHM

• In addition to aerospace, SAE 
covers spacecraft, automobiles, 
commercial vehicles, and 
produces standards in diverse 
topics such as multi-modality, 
infrastructure, power, data 
access, sharing, and ownership.

• SAE has produced over 2,500 
unique standards for ground 
vehicles and over 7,800 unique 
standards for aerospace.
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“The work covered by the SAE 
is of such value that everybody 

identified with the industry 
should take out membership.”

Orville Wright, 1918



Current Work Across Different SAE Committees
Related to the Broad Area of Continued Airworthiness
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IVHM Steering Group

E-32: Propulsion Health Management

HM-1: Integrated Vehicle Health 
Management

AISC-SHM: Aerospace Industry Steering 
Committee on Structural Health

G11: Probabilistic Methods &Uncertainty 
Quantification / Maintainability

• Steering group initiative on Airworthiness Credits
• Liaisons with FAA / EASA / MPIG / etc. 

In addition, many documents discuss requirements, design, V&V, etc., related to IVHM systems

• ARP6461A: Guidelines for Implementation of Structural Health Monitoring on 
Fixed Wing Aircraft

• JA6268:  Design & Run-Time Information Exchange for Health-Ready Components
• ARP7122: Utilizing Aircraft IVHM Systems for Airworthiness Credit
• JA1013:  Condition Based Maintenance (CBM) Recommended Practices

• JA1010:  Maintainability Program Standard
• JA1011:  Evaluation Criteria for RCM Processes
• JA1012:  A Guide to the RCM Standard

• ARP5987A: A Process for Utilizing Aerospace Propulsion Health Management 
Systems for Airworthiness Credit (being updated)

Documents in bold already published 



Regulatory Developments in the Recent Past Regarding IVHM

• FAA AC29-2C / MG15 (2003)
• Related to rotorcraft health & usage monitoring systems 

(HUMS).
• Restricted to DAL B or lower.
• Discusses COTS systems and how to verify them 

independently.

• MPIG Modified MSG-3.2009
• Mention of scheduled structural health management 

systems (S-SHM).

• MPIG IP-180 (2018)
• Introduces the concept of Level 3 analysis (as a flowchart) 

which determines how AHM can be used.
• Restricted to FEC 6 (Ev Op), FEC 7 (Ev Ec), FEC 9 (Hd Ec) 
• Will be incorporated into MSG guidance soon.

• FAA AC43-218
• Guidance for the certification of IAHM systems for fixed wing.
• Currently being reviewed by FAA legal. 
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ARP5987A
A Process for Utilizing Aerospace Propulsion Health Management Systems for Airworthiness Credit

• First version published in 2018.

• New version incorporates major terminology change: 
Airworthiness Credits replacing Maintenance Credits, 
to emphasize both initial airworthiness and continued 
airworthiness.  

• Has input from major engine OEMs and regulators.

• First ballot in Feb 2022; final ballot expected by end of 
Jul 2022. 

• Basis for ARP7122.

• Emphasizes the end-to-end nature of the HM function 
involving onboard and offboard elements.

• Presents guidelines for HM systems that are certified 
during initial type certification and for systems that are 
approved for retrofit.
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Health Management & 
Airworthiness Credits 

Retrofit design
(modify existing ICA)

New design
(develop novel ICA)

Examples

• Replace a manual task 
with automated one.

• Reduce/remove a 
scheduled task.

• Make tasks condition-
based.

• Support in-service issue 
with monitoring instead 
of mandated inspections.

• AMOC for an airworthi-
ness directive (AD).

Examples

• Reduce design 
conservatism with health 
management.

• Use data to drive new 
maintenance procedures.



Airworthiness Credits

• To gain approval for a Health Management 
function that is designed to support continued 
airworthiness, or one that adds to, replaces, or 
intervenes in accepted maintenance practices 
required for continued airworthiness. 

• This is distinct from health management 
functions supporting supplemental maintenance 
(i.e., economic benefit) only.

• The concept of Airworthiness Credits includes 
that of Maintenance Credits which has 
traditionally been used to define benefits that 
accrue when a traditional manual maintenance 
task is replaced with an automated one involving 
a health management function.
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ARP7122: An Extension of ARP5987 to the Vehicle

• Complements IP-180 Level 3 analysis to add a Level 3A 
analysis that includes FEC 5 and FEC 8 failure effect 
categories.

• As a high-level guidance, walks the applicant through a 
series of process steps to determine applicability.

• Is not prescriptive in its approach. Refers the applicant 
to other documents for specific approval guidance 
(ARP4761, DO 178C, etc.).

• Covers the end-to-end system including on-board and 
off-board elements.

• Points to industry accepted processes for dealing with 
commercial off the shelf (COTS) elements in the IVHM 
system.

• Includes examples (target: 5) to help the applicant 
understand what steps are needed to get approval.

12



Decision Logic in IP-180 and Checklist in 5987 / 7122
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ARP7122 is Working on a Complementing IP-180 Analysis
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• IP-180’s Level 3 logic applies to maintenance items 
associated with FEC 6, 7, 9 failure effects (non-
safety related).

• ARP5987 / ARP7122’s focuses on FEC 5, 8 items.

• Analysis output is a go/no-go decision on including 
an AHM/IVHM item in the MRBR.

• Once the decision is made, the rest of the ARP7122 
process deals with high-level guidance about the 
design, the safety analysis, and the sustainment 
steps associated with the AHM solution. 

• It is not prescriptive in its approach.

Proceed 
with AHM?

Conduct IP-180 analysis
Determine applicability of 

AHM (7122 process)

Conduct safety and criticality analysis and 
design end-to-end system at appropriate level of 
criticality. Ensure requirements and acceptance 

criteria are met.

Identify mitigation actions

Produce the necessary documentation and evidence 
to gain approval for the AHM function (including ICA 

and MMEL if necessary)

Develop sustainment plans

Associated 
with FEC 5, 8? 

no yes

Make and implement AHM solution

Monitor continually and ensure it validates 
requirements. Continue using, redesign, or discard

Identify AHM 
candidate



Boeing B737 application – Aft Pressure Bulkhead (APB)
Inspection complicated due to aft galley covering inspection area

• 20 aircraft equipped with 
Structural Monitoring 
Systems’ CVM sensors SMS.

• AMOC, which is in progress 
at Boeing.

• Two aircraft have Acellent
PZT Sensors installed in 
addition.

• Two technologies can be 
compared.

• CVM is specific, but PZT is 
widespread.

Airworthiness Directive (AD) requires crack inspections which the operator is replacing with S-SHM systems: 
Comparative Vacuum Monitoring (CVM) and Piezoelectric Transducers (PZT)-based.
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Applying 7122 Process to Delta’s B737 APB Application
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Next Steps for ARP7122
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• Solicit examples from the IVHM community and 
incorporate into draft.

• Finish the ARP7122 draft and circulate it within 
HM-1 (Aug 2022).

• Incorporate feedback and ballot (Sep 2022).

• In parallel, develop CIP (with suggested changes 
to MSG) for IMRBPB review.

• Reconcile ballot comments and re-ballot 
(Jan 2022).

• Assuming favorable outcome, get Aerospace 
Council approval to publish (Mar 2023).

• Present CIP for review by IMRBPB and MPIG 
(Mar 2023).



THANKS!

Questions?
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