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1.  PURPOSE.

     a.  This advisory circular (AC) provides guidance for the design approval of parts manufacturer approval (PMA) under test and computation for turbine engine and auxiliary power unit (APU) parts.  These parts are certified to the airworthiness requirements of 14 CFR parts 33 and 34 and Technical Standard Order (TSO) C77.   
     b.  This AC supports the regulatory requirements and the approval processes defined by PMA Order 8110.42 by providing the following guidance:

· Setting the appropriate level of FAA office involvement utilizing engine part categorization.
· Developing technical data, including Instructions for Continued Airworthiness (ICA), and substantiation data.

· Developing a continued operational safety (COS) plan.

· Controlling manufacturing processes and related inspections.

     c.  Throughout this AC, the term “engine” represents a turbine engine and an APU, and the term “engine part” represents a turbine engine part and an APU part.  The term “type certificate (TC) holder” also refers to supplemental type certificate (STC) and TSO holders.

     d.  Although this guidance is specifically focused on compliance to parts 33 and 34 and the minimum standard defined by TSO C77, the applicant is responsible to show a part’s design meets all regulations applicable to the product on which the part is to be installed.  For certain parts that may affect other powerplant rules (such as part 25, Subpart E), the Designated Engineering Representative (DER) or Aircraft Certification Office (ACO) engineer should coordinate with the appropriate Certificate Management Aircraft Certification Office (CMACO) to ensure the applicant has addressed all applicable rules. 

2.  APPLICABILITY.

     a.  The guidance contained in this AC applies to ACO engineers, DERs, and applicants seeking PMA for turbine engine parts.

     b.  This guidance is neither mandatory nor regulatory in nature and does not constitute a regulation.  It describes acceptable means, but not the only means, for demonstrating compliance with the applicable regulations.  The FAA will consider other methods of demonstrating compliance that an applicant may elect to present.  Terms such as “should,” “shall,” “may,” and “must” are used only in the sense of ensuring applicability of this particular method of compliance when the acceptable method of compliance in this document is used.  While these guidelines are not mandatory, they are derived from extensive FAA and industry experience in determining compliance with the applicable regulations.  On the other hand, if we become aware of circumstances that convince us that following this AC would not result in compliance with the applicable regulations, we will not be bound by the terms of this AC, and we may require additional substantiation as the basis for finding compliance.
     c.  This document does not change, create any additional, authorize changes in, or permit deviations from, existing regulatory requirements.

3.  DISCUSSION.     

     a.  The designs of many turbine engine parts require the use of advanced computer-aided modeling, design and test methodologies, as well as refined materials and manufacturing techniques, to achieve the highest levels of safety, reliability and performance possible.  To achieve that goal, PMA applicants must have a thorough understanding of part design, operational environment, failure mode(s), effects of failure, and operating requirements for the part they propose for PMA.  Therefore, this AC provides guidance to: 

         (1)  Set the appropriate level of FAA office involvement utilizing engine part categorization. 

         (2)  Develop:

· Technical data, including ICA.

· Substantiation data to show compliance with affected regulations of parts 33 and 34, and the minimum standard defined by TSO C77. 

· A COS plan.

         (3)  Control manufacturing processes, which can affect the design intent, function, and continued airworthiness of the engine part; and related inspections.
4.  RELATED DOCUMENTS.  The following documents provide additional guidance related to this AC:

     a.  AC 21-9A, Manufacturers Reporting Failures, Malfunctions, or Defects.

     b.  AC 21-1B, “Production Certificates.
     c.  AC 33-75-1A, Guidance Material for 14 CFR 33.75, Safety Analysis, dated September 26, 2007.

     d.  AC 39-8, “Continued Airworthiness Assessments of Powerplant and Auxiliary Power Unit Installations of Transport Category Airplanes.
     e.  Order 8110.37D, Designated Engineering Representative (DER) Handbook, dated August 10, 2006.

     f.  Order 8110.42B, Parts Manufacturer Approval Procedures, dated September 9, 2005.

     g.  Order 8110.54, Instructions for Continued Airworthiness Responsibilities, Requirements, and Contents, dated July 1, 2005.

     h.  Order 8120.2, Production Approval and Certificate Management Procedures.
     i.  Order 8150.1B, Technical Standard Order Program, dated May 12, 2002.
5.  PART CATEGORIZATION. 

     a.  We recommend the categorization of parts to

         (1)  Set the appropriate level of FAA involvement, through notification and coordination as described in FAA Orders 8110.42 and 8110.37. 

         (2)  Establish the level of documentation and data to show the proposed PMA part complies with the affected regulations of parts 33 and 34, or the minimum safety standard defined by TSO C77.  
     b.  One way to categorize an engine part is to determine its failure outcomes through a failure modes and effects analysis (FMEA).  Outcomes can be determined using § 33.75 for engines or Section 5.1 for APUs and aviation industry conventions for hazards to aircraft.  Engine parts with similar functions from two different engine manufacturers or engine models from the same manufacturer, may have different failure outcomes.  
     c.  A FMEA is a qualitative process independent of failure rates and probabilities by which each failure mode of the type design part in a system is analyzed.  The effects of each failure mode on the system are classified according to severity.  Some of the functions typically considered in a FMEA are:

· Maintaining structural integrity.

· Providing thrust or power.

· Operating in inclement weather.

· Providing customer bleed, power extraction, or both.

· Meeting fuel consumption, exhaust gas temperature, vibration, emission or noise limits.

         (1)  When applied to an engine part, the FMEA is based on an understanding of the part’s failure modes, the outcomes of the failure on the part, and the consequence of the part’s failure on the next higher assembly and on the engine. 

         (2)  The FMEA provides, at a minimum, an assessment of failure modes and outcomes that: 

· Considers the part’s function and the interface functions with the next higher assembly and on the overall engine system.
· Considers the effect of characteristics, processes, or inspections when there is a failure, omission, or non-conformance.
· Considers the effect of operating the part outside its intended operating conditions, such as overspeed or overtemperature.
· Identifies potential part failure modes and failure consequences on the part, the next higher assembly, and the overall engine system.
· Is used to categorize the part.

         (3)  Additional information on the FMEA is in Appendix 1 of this AC.

     d.  Three part categories, as defined in the Tables 1, 2, and 3 of this AC, cover the potential outcomes resulting from the FMEA of the part.  Detailed knowledge and experience is required for an accurate categorization of a part.  Tables 1, 2, and 3 in this AC provide outcomes associated with failures that result in a hazardous, major, or minor engine effect and establish the three categories of engine parts.  Tables 1, 2, and 3 also provide examples of engine parts whose failure would result in one or more of the associated outcomes. 

Table  1:  Category 1 Engine Parts – Outcomes and Examples

	Engine Part Categories
	Potential Outcomes
	Examples

	Category 1:

A product or part(s) thereof whose failure could prevent continued safe flight and landing; resulting consequences could reduce safety margins, degrade performance, or cause loss of capability to conduct certain flight operations.
	(1) Non-containment of high-energy debris;

(2) Concentration of toxic products in the engine bleed air intended for the cabin, and sufficient to incapacitate crew or passengers;

(3) Significant thrust in the opposite direction to that commanded by the pilot;

(4) Uncontrolled fire;

(5) Failure of the engine mount system leading to inadvertent engine separation;

(6) Release of the propeller by the engine, if applicable; and

(7) Complete inability to shut the engine down.


	Life-limited parts.
Main Engine Mounts, with no redundant load carrying features.
High Pressure Vessels (for example, casings subject to compressor discharge pressure & combustor pressure).
Containment structures.
Fan blades.
Fuel system shut-off.
Primary structures (for example, structures that provide support and rigidity of the main engine backbone and for attachment of engine to airframe).
Thrust reverser control component if thrust reverser is part of the engine type certificate.


Table 2:  Category 2 Engine Parts – Outcomes and Examples

	Engine Part Categories
	Potential Outcome
	Examples

	Category 2:  

A product or part(s) thereof whose failure would not prevent continued safe flight and landing; resulting consequences may reduce the capability of the aircraft or the ability of the crew to cope with adverse operating conditions or subsequent failures.
	(1) Controlled fires (that is, those brought under control by shutting down the engine or by onboard extinguishing systems).

(2) Case burn-through where it can be shown there is no propagation to hazardous engine effects.

(3) Release of low-energy parts where it can be shown there is no propagation to hazardous engine effects.

(4) Vibration levels that result in crew discomfort.

(5) Concentration of toxic products in the engine bleed air for the cabin sufficient to degrade crew performance.

(6) Thrust in the opposite direction to that commanded by the pilot, below the level defined as hazardous.

(7) Loss of integrity of the load path of the engine supporting system without actual engine separation.

(8) Generation of thrust greater than maximum rated thrust.

(9) Significant uncontrollable thrust oscillation.

(10) Loss of protection such as loss of overspeed protection or loss of containment case capability.

(11) Effect or influence on a Category 1 part.
	Rotating parts that are not life-limited (for example, compressor and turbine airfoils) 

Accessory gearbox and internal components.
Engine bearings.
Spinners.
Main engine mounts with redundant load carrying features.
Gas path (static & variable nozzle guide vanes, stationary seal, thrust reverser parts).
Control system actuators.
Combustion liners.
Fuel nozzles.


Table 3:  Category 3 Engine Parts – Outcomes and Examples

	Engine Part Categories
	Potential Outcomes
	Examples

	Category 3: 

A product or part(s) thereof whose failure would have no effect on continued safe flight and landing of the aircraft.
	An engine failure in which the only consequence is partial or complete loss of thrust or power (and associated engine services) from the engine.  For single engine applications, consider changing part categorization to category 1 or 2
	In general, if a part is not a category 1 or 2 part, it is a category 3 part.


6.  CATEGORY 1 AND 2 ENGINE PARTS – GENERAL.  Categorization of parts sets the appropriate level of FAA involvement, through notification and coordination.  Proposed PMA projects on engine parts the applicant or the FAA classify as Category 1 and 2 require notification and coordination with the CMACO and the Engine and Propeller Directorate (E&PD) Standards Staff.  
7.  CATEGORY 1 ENGINE PARTS. 

     a.  Applicants who consider applying for a PMA for Category 1 engine parts should meet with the Project ACO (PACO) to develop a substantiation plan before submitting a data package.  The PACO must coordinate the substantiation plan with the CMACO and the E&PD Standards Staff.

     b.  The PACO transfers applications proposing a PMA for life-limited parts to the appropriate CMACO for processing and follow-on responsibility.  The PACO evaluates, on a case-by-case basis, all non-life-limited Category 1 PMA applications for transfer to the CMACO.  Transference of the project will be determined by consensus between the CMACO, the PACO and the E&PD.  The decision will be based on the failure effects of the engine part and the complexity of the design and manufacturing.  For those projects determined to remain with the PACO, coordination with the CMACO is still required.  For all projects transferred to the CMACO, the FAA recommends coordination with the PACO when the PACO has an established relationship with the applicant.

8.  CATEGORY 2 ENGINE PARTS.  The FAA identified a number of typical Category 2 engine parts for which we and members of the Aerospace Industry Association developed templates.  The templates are included as Appendix 2 of this AC.  The templates identify the considerations and requirements needed to develop the substantiation plan and show compliance with parts 33 and 34.  The templates are intended to guide the applicant and the FAA.  The applicant is responsible for reviewing the templates and assessing the adequacy and applicability of the guidance provided.  For Category 2 engine parts, the applicant should discuss any questions regarding the templates with the PACO.  If a template is not available, the applicant can use the template format to document the applicable requirements and necessary substantiation data and obtain concurrence from their PACO.  

9.  TEST AND COMPUTATION – COMPARATIVE TEST AND ANALYSIS.
a.  This method may be used by the applicant to show the functional design of the proposed part is at least equal to that of the original TC, STC, or TSO part.  This showing validates the original findings of compliance to the airworthiness requirements for the engine are still applicable with the proposed PMA part installed.  The certification basis of the engine establishes the applicable airworthiness requirements.  Applicants must first understand the functional design of their part in an engine to identify affected airworthiness requirements.  Then the applicant develops technical data and substantiation data for all affected airworthiness requirements.  
     b.  Technical data consists of drawings and specifications, including a list of drawings and specifications needed to define the configuration and design features of the part.  Technical data includes information on materials, dimensions, and processes necessary to define structural strength and airworthiness limitations, if required.  It also includes any data necessary to determine the airworthiness, noise characteristics, fuel venting, and exhaust emissions, related to the engine on which the proposed PMA part is installed.  Technical data can include test data, engineering analyses, engineering handbooks, and approved military or industry specifications.  It may include operational and service experience, maintenance and alteration experience, reliability data, and other documented factual information that directly applies to the airworthiness of the part.           

         (1)  Applicants typically develop technical data for this method through reverse engineering the part (see paragraph 11 for further details).  Functional design is the form, fit and function of the part in the engine:  

· The shape, size, dimensions, and other physical measurable parameters that uniquely characterize a part.
· The ability of a part to interface or interconnect, physically and functionally at the common boundaries with another part or system of the engine.
· The actions the part is designed to perform in the engine. 
         (2)  The applicant must understand the environment the part operates in, and its contribution to the engine’s performance and operation.  For example, the functional design of a turbine blade could include the following attributes: 

· An airfoil design to extract energy from a hot gas stream.

· A blade platform section to provide the proper gas path sealing.

· A root section that interfaces with the disk.

· Cooling, materials, and other design features that ensure the blade is: 
· Durable (resistant to oxidation, corrosion, erosion, creep, fatigue, fracture), 

· free of destructive vibratory response; and 

· reliable.

     c.  Substantiation data is technical data used to show the proposed PMA part complies with the affected regulations.   

         (1)  Once the applicant identifies the affected regulations, then compliance is demonstrated by comparative tests or analyses, or both.  

         (2)  Applicants must show through testing, the proposed part is at least equal to the type design part, or that any changes they introduced do not appreciably affect the airworthiness of the engine on which their proposed PMA part is to be installed.  Testing must be designed to test the proposed PMA part back-to-back with the type design part to the extent required by the affected regulations.    

10.  TEST AND COMPUTATION - GENERAL TEST AND ANALYSIS.

     a.  When an applicant introduces design changes that cannot be adequately assessed using comparative test and analysis, the applicant would use the general test and analysis method of compliance.  Using general test and analysis, the applicant should provide new data to show the engine with the proposed PMA part installed meets the minimum standards of the affected regulations.  The applicant will need to submit technical data and substantiation data (see paragraphs 9.b. and 9.c.), to show compliance.
     b.  General test and analysis can be used with comparative test and analysis as a combined test and computations approach  to show compliance.

11.  REVERSE ENGINEERING CONSIDERATIONS.

     a.  Reverse engineering a complex engine part is far more extensive and difficult than creating a computer-aided-design model of that part.  Therefore, the applicant should have, or obtain multi-discipline, technical personnel to support the design, manufacturing, and continued airworthiness of PMA engine parts.

     b.  When reverse engineering is used to develop the technical data for a proposed part, applicants must make physical observations of the type design part.  Measurements and material characterization from multiple samples may be necessary to create drawings and specifications for a proposed part.  

         (1)  Errors can occur when developing the drawings through reverse engineering.  For example, if the applicant does not require the flatness of a datum be qualified, a drawing reviewer could miss this feature entirely.  Therefore the applicant will need a rigorous design and review process to minimize errors. 

              (a)  We recommend applicants use specifications such as American Society of Mechanical Engineers ASME Y14.5M Dimensioning and Tolerancing, or an equivalent specification, for data collection techniques.  This method is superior to limit dimension methods and reduces ambiguity in feature definition and acceptance criteria.  The design team performing the dimensional analysis should be trained and proficient in this area. 

              (b)  Since the tolerances of the type design part are not known to the applicant before starting the project, the applicant must determine the measurement method to obtain the required accuracy.  Accuracy is defined as the maximum amount by which the measured result differs from the true value.  A general rule of thumb is the measurement accuracy should be at most 10 percent of the expected tolerance.  Experience plays a major role in understanding what types of tolerances are used on specific products and features.  National standards provided by organizations such as the American Gear Manufacturer’s Association (AGMA) or the American Bearing Manufacturer’s Association (ABMA) or drawings of similar parts are useful starting points.  Also, the surface finish of a feature can provide guidance for the measurement accuracy required.  Examples of acceptable measurement accuracies are:

· Measuring elements of a typical roller or ball bearing used in gas turbine engines requires the use of precision measuring equipment capable of measuring to an accuracy of 0.00001 inch or better not the use of a micrometer with an accuracy of 0.001 inch.  

· A spool valve used in a fuel control would require pneumatic gauging to determine dimensional requirements.  

· A precision ground surface that is used as a land for a carbon seal would probably have to be measured using optical flats to get the required flatness.

         (2)  Purely statistical methods cannot be used to determine sample sizes for developing PMA part drawings due to the difficulties and cost associated with measuring numerous part features.  The applicant must understand the determination of sample size is a complex engineering decision in which part function, failure modes, and interfaces must be considered. 

              (a)  The drawing tolerances determined by reverse engineering for the proposed PMA part should not exceed the measured data (unless substantiated).  The measured tolerance bands tend to be tighter than those of the type design if based on a limited sample size.  The applicant should perform process capability studies on the proposed prototype part during the verification phase to ensure the proposed PMA part can be manufactured to these tighter tolerances.  If tighter tolerances cannot be manufactured then the applicant may either:

· Analyze more type design parts to expand the reverse-engineered tolerances, change the drawing requirements, and support the manufacturing process; or 

· Use a more precise manufacturing method (for example, grinding versus milling) to bring the proposed manufactured part within observed levels, rather than opening the tolerance and changing the drawing. 

     c.  Reverse engineering a part or an assembly is not limited to copying the type design part.  A reverse-engineered proposed PMA part should duplicate the form, fit, and function of the type design part or assembly.  The initial research and reverse engineering data may form the basis on which improvements to features or characteristics of the proposed PMA part are introduced.  Intentional deviation from the type design part can raise concerns regarding configuration management issues and unintended consequences of the design change.

         (1)  The applicant must clearly identify all intentional changes and discuss these with the ACO engineer responsible for the design approval of the PMA.  The applicant should consider intentional changes to the type design part only after completing a detailed examination and design substantiation.  
         (2)  Configuration management issues could occur because the TC holder can make changes to their engine parts and assemblies without considering alternate PMA approved configurations.  For instance, if a PMA part added a disassembly aid feature, such as a tab, and the TC holder made a design change to the mating part that created an interference with the tab on the PMA part, then the PMA part would not be upwardly compatible with the TC holder’s design change.
         (3)  Unintended consequences may occur when the PMA holder makes intentional design changes to the proposed PMA part.  For example, if a turbine blade is changed to make the dovetail stronger, this could change the “weak link” in the system from the blade to the disk post.  Consequently, a disk post failure of the proposed PMA part could result in the release of at least two blades and a disk post instead of a single blade, which was the type design intent.  A detailed assessment of the containment system capability must be done to ensure the airworthiness of the engine is not compromised with the proposed PMA part installed.  

     d.  Specific manufacturing process controls, material melting practices, and inspection requirements cannot be revealed through physical observation of the type design parts.  The applicant may need to choose from the most rigorous approaches in these areas to ensure the part meets the functional design. 

     e.  Order 8110.42 states that reverse engineering alone may be adequate to duplicate simple parts.  However, category 1 and category 2 engine parts are not simple parts.  Thus, the technical and substantiating data to show the proposed PMA part is at least equal to the type design part is more than just data obtained through the reverse engineering process.  An outline of a suggested reverse engineering design process for category 1 and category 2 engine parts, as applicable, is shown in Appendix 3 of this AC, with details for each step.
12.  INSTRUCTIONS FOR CONTINUED AIRWORTHINESS.  

     a.  The applicant is required to provide ICA for their PMA part.  Therefore, applicants must either provide their own instructions or show the ICA for the applicable engine(s), for multiple model installations, are still valid with the PMA part installed.

     b.  The applicant must account for any differences between the proposed PMA part and the type design part when assessing the applicability of the existing engine ICA including repair processes.  When the proposed PMA part can be installed in multiple engine models, the applicant should consider the conditions for the model that has the most influence.  These conditions may include:

· Engine operating conditions.
· Installation applications, such as single engine versus multi-engine aircraft.
· Extended Operation (ETOPS) engine.
· Recommended operating limitations, such as Time Between Overhaul, Hot Section Inspection Interval, or other inspection intervals that are periodically increased during the product’s life cycle.

     c.  If existing ICA are not applicable, then the applicant must provide ICAs, using validated analyses, tests, or a combination of tests and analyses, as required.  

13.  CONTINUED OPERATIONAL SAFETY. 
     a.  PMA holders are responsible for the continued operational safety of their designs.  Continued Operational Safety is a closed-loop technical and logistical support system that ensures the continued safety of a part and subsequently the product on which it is installed, throughout its lifetime.  This support system includes three fundamental elements:

· Prevention.
· Data Collection and Monitoring.
· Response and Resolution.
Note that Appendix 4 of this AC provides guidance on how to develop a successful COS plan.  Applicants should consider providing a COS plan during the design approval phase of the PMA process. 

     b.  To establish an effective COS plan, an applicant should have the ability to assess design, manufacturing, and maintenance issues related to the operation of the product on which their proposed PMA part is installed.  As part of their COS plan, the applicant develops a suitable management plan that includes continuous assessment of the parts performance in-service relative to the applicant’s design assumptions.  If a failure, malfunction, or defect in-service is identified, the applicant reports it as required by § 21.3.  As part of COS, an applicant would have appropriate methods and resources to identify the cause, develop corrective actions, and implement those actions in a timely manner.  The applicant would also validate that the corrective actions, when implemented, mitigate the risk to the fleet and restore the product back to an acceptable level of safety.
14.  MANUFACTURING PROCESS VALIDATION.  

     a.  Certain manufacturing processes can affect the design intent of the part and impact the part’s continued airworthiness.  Many of these manufacturing processes cannot be evaluated by non-destructive inspection techniques, and therefore, must be carefully controlled to ensure the proposed PMA part remains at least equal to the functional design of the type design part throughout manufacture.  One way to determine if a controlled manufacturing process is required is through the FMEA.  Table 4 provides examples of manufacturing processes that may require control.
     b.  For PMA parts that have controlled manufacturing processes, the applicant should provide source substantiation requirements.  ACOs should coordinate approval of these requirements with the MIDO.

Table 4:  Typical Controlled Manufacturing Processes
1.
Abrasive finishing, for example, tumbling and machining

2.
Anodizing and hardcoat 

3.
Brazing 

4.
Case hardening (case carburizing) 

5.
Casting processes 

6.
Chemical cleaning 

7.
Cold working, for example, bending, straightening, and hammering

8.
Conventional machining (feeds, speeds, and tool wear)

9.
Diffusion coating (aluminizing) 

10.
Dry film lube (application of) 

11.
Electron beam (EB) weld 

12.
Electro discharge machining (EDM) 

13.
Forging processes 

14.
Grit and abrasive blasting (wet or dry) 

15.
Heat treatment 

16.
Hot forming 

17.
Laser drilling (cutting and marking) 

18.
Plating 

19.
Rust inhibiting 

20.
Shot peening 

21.
Spot and seam welding 

22.
Spark grinding 

23.
Titanium chemical cleaning 

24.
Tungsten inert gas (TIG) welding 

25.
Tooling design, for example, dies and grip fixtures

26.
Vapor degreasing 

27.
Electro chemical machining (ECM) 

28.
Composite material manufacturing processes

29.
Media (Mass) finish 

30.
Plasma spraying 

31.
Titanium welding 

32.
Bi-metallic welding

33.
Electrochemical marking

34.
Laser shock peening

35.
Elastomeric material processes, for example, curing and mixing

36.
Ultrasonic and eddy current inspection (ECI)

37.
Inertia welding

38.
Translational friction welding

39.
Friction stir welding

40.
Hole drilling of high length over diameter (L/D) holes

41.
Broaching

42.
Material removal in general for rotating parts

15.  PART NUMBERING.

     a.  The applicant must assign a part number that distinguishes the proposed PMA part number from the corresponding type design part number.  As described in Order 8110.42, adding a prefix or suffix to the type design part number is enough, provided the prefix or suffix does not conflict with the TC holder’s part marking practices.
     b.  Engine TC holder part numbering (P/N) practices often employ a single letter prefix or suffix.  For example, P/Ns 123456A and 123456B, or A123456 and B123456, designate certain changes to the type design part.  Since applicants generally do not have complete knowledge of the type design part number evolution, they should use care when selecting the proposed PMA part number.  The use of a single letter prefix or suffix to the type design engine part number may result in confusion between the PMA and type design parts.  Therefore, if the applicant chooses to use a prefix or suffix to distinguish their proposed PMA part from the type design part number, we strongly recommend that a two, three or more letter prefix or suffix be used.  For example, if the type design part number is 123456, the applicant may use P/N 123456XYZ or XYZ123456.     
16.  GUIDANCE FOR CHANGE CONTROL.  
     a.  Applicants should take special care when defining minor changes to engine PMA parts.  What may appear to be a minor dimensional change may lead to a non-buildable condition at a higher assembly level or may significantly affect the structural strength or life of the part.  All changes to the approved configuration must be evaluated and substantiated to ensure the changes have no adverse effects on other parts or the operation of the end assembly.  As part of the evaluation, the applicant must evaluate fits and clearances, load paths, cooling requirements and characteristics, electrical bonding requirements, thermal effects, dissimilar material interactions, and environmental affects.  
     b.  A thorough understanding of the relationship between the change of the part and the assembly is needed before making any changes.  For example, an applicant considering changes to a turbine blade shroud (outer flowpath) needs to consider that some, but not all, TC holders include all hardware in the radial path of a blade release as part of the containment system.  
17.  PMA OF DETAIL PARTS.   

     a.  The applicant is responsible for identifying the products on which the proposed PMA part is eligible for installation.  Illustrated Parts Catalogs (IPCs) are often used in support of establishing the installation eligibility TC holders commonly include part numbers in their IPCs for detail parts that are used in TC Holder’s repairs.
     b.   Detail parts are not stand-alone replacements for engine parts or engine subassembly parts.  They lose their identity when they are used in a repair.  For example, a TC holder may make a turbine nozzle segment outer band and associated vane sections for replacement in a repair of a turbine nozzle.  The TC holder assigns each detail a part number and adds it to the IPC to make it available for purchase.  The details can then be purchased and used to restore a non-serviceable part to an approved condition.        
     c.  Applicants have previously sought and obtained FAA approval for detail parts.  Many of these PMAs were approved through comparative analysis under test and computations comparing the proposed detail part to the TC-holder detail part, which is not the type design part.  Thus, to obtain a PMA for an engine detail part, the applicant should evaluate the repaired part with the detail part incorporated to either the type design part or the TC holder’s repaired part design.  
     d.  If the applicant uses a FMEA for categorizing parts, they must evaluate the FMEA of the complete part with the detail part incorporated and not on the detail part separately.  The FAA will use this to set the proper FAA coordination.
SIGNATURE BLOCK
APPENDIX 1:  FAILURE MODES AND EFFECTS ANALYSIS

1.  Some top-level functions typically considered in a failure modes and effects analysis are:

· Maintaining structural integrity

· Providing thrust or power

· Operating in inclement weather

· Providing customer bleed, power extraction, or both; and

· Meeting fuel consumption, exhaust gas temperature, vibration, emission or noise limits.

2.  Each system and subsystem of the engine is broken down into its basic functions using a functional block diagram consistent with the Air Transport Association policy for identification and definition of systems.  

3.  The functional block diagram defines each system and subsystem, and all their functions, in the turbine engine.  The experienced safety engineer performing the analysis then determines the part-to-part and part-to-system influences in both directions (input and output).  The process flow is shown in Figure 1.1 below:

Figure 1.1:  FMEA Process Flow Diagram
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4.  The part categorization process is built around the fundamental understanding of the part function and its potential effects on physically or functionally mating parts or both.  The fundamental premise in the categorization process, and in the physical operation and function of the turbine engine, is system interactions.

         (1)  System interactions are influences a part, or a set of parts, can have on the turbine engine, propulsion system, or aircraft through form, fit, or function.  These influences may extend beyond the component being classified, maybe direct or indirect, and may develop immediately or over time. Characteristics of these influences include:

· Direct influences are form and fit.  These influences are based on physical contact or interface clearances between adjacent parts.

· Indirect influences are functional in nature.  These influences are not based on physical contact, but for example, may be aerodynamic, thermal, or vibratory.

5.  The interactions where the consequence of failure is the furthest from the cause are the most difficult to identify.  There are many fundamental relationships in part interactions and subsequent system effects.  Figure 1.2 below provides four examples.

Figure 1.2:  Part Interaction Considerations

APPENDIX 2:  TEMPLATES

1.  This appendix provides 17 templates, listed in the table below.  The FAA selected them based on what we found were typically submitted for turbine engine part PMA approval.  These templates will aid the applicant in identifying the technical elements and regulatory requirements they should consider when developing their substantiation plan.     

The applicant must ensure that any additional technical criteria or regulatory requirements are met for their specific proposed PMA part.  Each template is subdivided into the following sections:

· Section 1 covers the part’s functional capability, which is the action the part is designed to perform in the engine.

· Section 2 covers the part’s shape, size, dimensions and other physical, measurable parameters; interconnectivity with an engine integral part or system; or both.

· Section 3 covers the part’s materials and processes properties.

· Section 4 covers the part’s materials and processes processing.

· Section 5 outlines applicable analyses. 

· Section 6 outlines applicable testing.

· Section 7 outlines the applicable regulatory requirements.

2.  Sections 1 through 5 are divided into the following five columns:

· Column 1 is the section number.

· Columns 2 and 3 identify part characteristics required to be evaluated to support the functional design intent of the type design part.

· Column 4 identifies areas the applicant should evaluate as part of the FMEA.  For each item in column 4, there must be an entry in column 5.
· Column 5 identifies a combination of actions and criteria for risk mitigation and control.  

3.  Section 7 of the templates identifies the part 33 (Amendments 1-20 inclusive) and part 34 regulations applicable to engines.  The applicant must provide substantiation to show the proposed PMA turbine engine part does not result in a major change to the type design.
4.  The applicant should review every item on the template and provide substantiation for all items considered applicable.  The templates are not complete guidance to re-engineer a part, since that level of detail is not provided.  For example, the specific boundary conditions for a part as it operates in the engine environment, such as speeds, loads and temperatures, cannot be derived directly from the template.5.  If a template is not available for a particular part, the applicant can create on or modify another as necessary.  For example, although templates specific to APU parts are not provided, the applicant may use the templates for similar APU parts and revise the regulatory section to reflect the requirements of TSO C77.

	List of Available Templates

	1
	O-Rings

	2
	Imbedded elastomer seals

	3
	Combustor

	4
	Low pressure turbine blade

	5
	Turbine vane cooled

	6
	Turbine vane un-cooled

	7
	Shaft

	8
	Roller bearing

	9
	Ball bearing

	10
	Gear

	11
	Compressor vane

	12
	Compressor blade

	13
	Static air seal

	14
	Variable stator vane lever arms

	15
	Bushings

	16
	Turbine blade cooled

	17
	Fuel filter


NOTE:  The actual templates noted above are located in a second file named “33XX-PMA-Appendix 2.doc”.

APPENDIX 3:  REVERSE ENGINEERING DESIGN PROCESS

Reverse engineering requires comprehensive technical and substantiating data to show the proposed PMA part complies with the applicable requirements of parts 33 and 34, or the minimum standard defined by TSO C77.  An outline of a suggested reverse engineering design process for complex engine parts is provided below, with details provided at each step.  While not all proposed PMA parts require all of these steps, the more complex parts should use most of them.

· Research and Background Processes:
· Visual and dimensional inspection of sample parts (new).
· Service history review (for example, service bulletins, service difficulty reports (SDRs) and Airworthiness Directives (ADs)).
· Review of field returned parts (for example, for wear, cracking and erosion).
· Define interfaces (such as datum structure and fits and clearances).
· Patent review (consider unique, novel, or subtle design features not detected through the typical reverse engineering process).
· ICA review (such as cleaning, inspection, key features, repairs and fits and clearances).
· Similar part drawing review (PMA holder or public domain).
· Public domain material specification (such as Aerospace Material Specifications and Mil Handbooks).
· International standards for drawings (such as the American Society of Mechanical Engineers).
· Standard part drawings (such as gears, fasteners and bearings).
· Manufacturing technology and sources available to produce the part.
· Discrepancy review versus available data (outside serviceable limits).
· Quality evaluation report (quality differences related to the type design suppliers).
· Technical Data Generation Processes: 

· Dimensions and tolerances (part and mating parts as required).
· Interface definition.
· Surface finish.
· Break edges and chamfers.
· Stack-up Analysis.
· Hidden features (those features lost during assembly or processing of the detail parts).
· Materials.
· Micro and macrostructure.
· Coatings.
· Plating.
· Material forms (such as bar stock, forging and casting).
· Material chemistry including trace element requirements.
· Performance specifications (such as loads, fatigue life and duty cycle).
· Testing specifications (acceptance tests, functional tests).
· Non-destructive testing requirements (such as fluorescent penetrant inspection and ultrasonic).
· Surface enhancements (such as shot peening).
· Non-conventional machining assessment (such as EDM, laser drilling and chemical milling).
· Quality requirements (creation of the preliminary inspection plan).
· Manufacturing process control requirements (substantiated and controlled processes such as material melt practices, plating, heat treat, welding and brazing).
· Design Verification Processes:

· Final independent design review.
· Conformity inspection of prototypes.
· Testing (functional, operational, and system tests).
· Inspection and quality assurance requirements.
· Complete technical data package with test results.
· Dimensional comparison of prototype with drawing and type design part.
· Visual comparison or prototype with type design part.
· Fit-check comparison with type design part.
· Weight comparison with type design parts.
· Part marking review.
· Project Implementation including:

· Define procurement requirements (for example, special quality clauses).
· Supplier selection and approval.
· Delivery of first articles and conformity inspections.
APPENDIX 4:  CONTINUED OPERATIONAL SAFETY

1.  14 CFR 21.3 requires a PMA holder to report any failure, malfunction, or defect in any product, part, process, or article , if it resulted in the list of occurrences identified within the rule.  Section 21.3 is a reporting requirement.  

2.  COS is a closed-loop technical and logistical support system that ensures the continued safety of a part and subsequently the product on which it is installed, throughout its lifetime.  This support system includes three fundamental elements:

· Prevention.
· Data collection and monitoring.
· Response and resolution.
3.  The closed-loop system and the relationship between the three fundamental elements are shown in Figure 4.1 below:

Figure 4.1:  Fundamental Elements of Continued Operational Safety
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4.  The prevention element is intended to preclude in-service problems before they have a chance to occur.  The prevention element includes those activities and processes that are applied during the part design, certification and manufacturing stage to ensure the design is adequate; the certification is thorough; and the manufacturing is controlled.  PMA holders are responsible for the continued operational safety of their designs.  A PMA applicant establishing a COS plan to support this responsibility would include the procedures that address the following: 

     a.  Internal Audits.  Internal audits are used to monitor compliance with required airworthiness standards and procedures to ensure production of airworthy components.  The audit must include detailed reviews of all Aircraft Certification Systems Evaluation Program (ACSEP) and Principal Inspector (PI) audit results and any reports made to satisfy § 21.3.  The auditing procedures should have a feedback reporting system to the accountable manager to ensure that proper and timely corrective action is taken in response to reports resulting from the independent audits.  Another organization or person with appropriate technical knowledge and experience is often used to conduct the audit.
     b.  Part Field Experience.  The following sources are available to evaluate part field experience:

· Service difficulty reports (SDRs) (located at:  http://av-info.faa.gov/iSDR/). 
· Pertinent airworthiness bulletins.  
· Available ICA (including overhaul instructions, illustrated parts catalogs, and service bulletins (SB)) should also be reviewed.  
Also, operators and maintenance providers may have service experience with the part or next higher assembly, or both.  This survey is useful to confirm the findings of any SDR, Alert SB, SB, or AD review.  

     c.  Design Review and Safety Analysis Process.  The process is a systematic review of the PMA design at appropriate stages.  The process can identify any potential failure, malfunction or defect and considers the impact on the part, the next higher assembly, interface features, airworthiness characteristics, manufacturing controls, and inspection plans.  This information should be used to establish preventative action.  The process also evaluates the effectiveness of the preventative action through follow-on reviews.  Participants in these reviews should include representatives of functions concerned with the design under review.  
            (1)  Records of review and subsequent actions must be maintained and should include: 

· A review of the available ICA and service history evaluation. 

· A safety assessment of the PMA part.  AC 33-75-1A can be used as guidance for engine products. 

          (2)  Proper part classification should be agreed to during the design review to establish the extent of quality and manufacturing control by Order 8120.2, Production Approval and Certificate Management Procedures. 

     d.  Part Development Planning Process.  For complex parts, the process focuses on structuring the design effort into significant elements to ensure part safety and reliability.  The elements include: 

· A Design and development plan.
· A Review, verification and validation process appropriate to each design and development stage.
· The responsibilities and authorities for design and development.

· A means to record project communication.
· Recording of design and development inputs related to part requirements (inputs should include functional and performance aspects, statutory and regulatory requirements, and information gathered from similar designs).

     e.  Manufacturing Process Change Control and Substantiation.  To ensure part safety and reliability, consider a system to control manufacturing processes.  Such a system requires that each process be performed by qualified personnel in accordance with approved specifications containing definitive quality standards.  Certain part categories may need engineering source approval (controlled or frozen manufacturing processes) of changes to the manufacturing process or inspection system, or both.  Substantiation for a proposed process change may include functional or destructive testing, or both. 

     f.  Safety Management System.  A safety management  system is a process used to identify engine hazards, evaluate of risk, to understand the urgency of the corrective action, and restore product safety.  The safety management system should employ a structured, disciplined, data-driven and focused approach to understanding and mitigating hazard risk.  Key elements to an effective safety management system are shown in the following Figure 4.2.

Figure 4.2:  Elements of an Effective Safety Management System
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5.  The data collection and monitoring element includes those activities and processes focused on the collection, assimilation and interpretation of data related to in-service part performance, for example, reliability, trending and usage. 

     a.  Data Collection and Monitoring Element.  The data collection and monitoring element consists of the following procedures: 

          (1)  Closed Loop Process for all Field Inquiries.  This closed loop process is used to review, evaluate and respond to any inquiries or notifications of potential service problems from aircraft operators, maintenance service providers, or the FAA.  This process includes a list of individuals or organizations within the company with defined responsibilities for responding to all inquiries and notifications.  The process is used to identify appropriate methods and resources to investigate service problems, identify the cause of any service difficulties, develop corrective actions, and implement those actions in a timely manner.  The process should also define how the resolution and corrective action would be transmitted to the reporting entity, other entities potentially impacted, and the FAA.

          (2)  Part-Specific Performance Data Trend Analysis.  The data trend analysis process is based on part-specific performance.  This process is for a PMA part that is determined during the design phase to have a potential adverse effect on the operational safety of the product if it does not perform as intended.  This process should include, at a minimum, a means for the PMA holder to track their parts, and receive inspection and qualitative feedback from the part user after the part is removed for any reason, including routine maintenance.  When possible, the applicant will develop an in-service plan with the product operator to assess part performance relative to the design assumptions.

          (3)  Part Delivery Statistics.  This process records the quantity of parts shipped, the shipping date and customer.  The records should contain sufficient information to accurately link each shipped part to its lot number or to a manufacturing order.

          (4)  Continuing ICA Review.  Continuing ICA review is a procedure to review all available new and revised TC holder’s maintenance instructions and service bulletins, as well as ADs that pertain to each TC holder’s part replaced by a PMA part.  This procedure may use periodic searches of new or revised TC holder ICAs for referencing a TC holder part number replaced by a PMA part number.  This procedure should include a list of qualified individuals or organizations within the company that can determine if any new or revised ICA could potentially affect the performance of their PMA part.  The procedure should define the steps needed when it is determined the PMA part is affected by new or revised ICA. 

7.  The COS plan response and resolution element must include those activities and processes that focus on investigating and analyzing part failures, both actual and precursor; assessing the risks associated with continued operation; identifying and implementing any actions necessary to mitigate an unsafe condition; and implementing corrective actions necessary to restore part safety.  These activities and processes are:
     a.  Reporting required under § 21.3.  Applicants already have this requirement within their FAA-approved Fabrication Inspection System (FIS).  AC 21-9A, “Manufacturers Reporting Failures, Malfunctions, or Defects,” and AC 21-1B, “Production Certificates” provide further guidance for reporting under § 21.3. 

     b.  Customer Notification Process.  This process should include a procedure for the release and control of technical information that is issued to ensure all necessary parties are aware of a field problem.  The notification system may include FAA review.  The notification system should include detailed technical instructions for the end user to complete the necessary corrective action. 

     c.  Response Team.  A response team can be used to resolve manufacturing, technical or in-service issues.  Response teams should be able to evaluate field issues, facilitate the investigation, and provide resolution to the customer and the FAA. 

     d.  Ability to Identify, Develop, and Implement Field Corrective Action Plans.  This activity should direct the development and implementation of corrective action plans based on input from the response team.  This activity should include a process to communicate with the supply chain and customers so that issues can be tracked and corrective actions implemented.  A good reference for this process is AC 39-8, “Continued Airworthiness Assessments of Powerplant and Auxiliary Power Unit Installations of Transport Category Airplanes.”  

     e.  Failure Analysis Capability.  To accomplish a failure analysis, the PMA holder should be capable of providing a failure analysis of any in-service or manufacturing difficulty.  Failure analysis capability demonstrates the applicant understands the part, its interaction with mating parts, its manufacturing processes, and the product and engine.  The company should have a policy that demonstrates its understanding of who should complete the failure analysis and how it is disseminated and presented to the FAA, if required.
     f.  Customer Support.  The applicant should have the ability to source and manufacture replacement parts to ensure that reliability and safety issues are satisfactorily managed to meet FAA and customer expectations.  

     g.  Feedback into Preventative Systems and Procedures.  The final step in resolving service difficulties pertains to the lessons learned.  Feedback into the existing engineering, quality, manufacturing, and safety systems must be established.  The objective of feedback is to prevent recurrence of these and similar problems, and or at a minimum, resolve them before an unsafe condition occurs.  Feedback can occur through means such as a lessons learned library, training activities, continuous monitoring, and refinement of company processes.  The applicant’s management, engineering, manufacturing and quality departments should be aware of service information that requires changes regardless of the level of safety impacted.  The key is to develop, implement, and monitor solutions to resolve problems and prevent future ones from occurring. 

Figure 4.3:  Unsafe Condition Identification and Root Cause
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     b.  An applicant’s COS system should provide for  evaluating actual or potential unsafe conditions identified on the applicant’s parts.  It is crucial for the applicant to understand the part’s function within the system, design features, manufacturing processes, and maintenance and operational influences to be able to assess whether the condition is related to design, manufacturing, maintenance, or operations so relevant action is taken. 
     c.  An applicant is responsible for their own part and component design, design substantiation, part and component manufacture, and the development and implementation of a field management plan for its fleet should a problem be revealed.  
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