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SECTION 2



JAR-23



SECTION 2 – ACCEPTABLE MEANS OF COMPLIANCE AND INTERPRETATIONS – ACJ



1.



GENERAL



1.1 This Section contains Flight Test Guide, Acceptable Means of Compliance and Interpretative Material that has been agreed for inclusion into JAR.



2.



PRESENTATION



2.1 The Flight Test Guide, Acceptable Means of Compliance and Interpretative Material are presented in full page width on loose pages, each page being identified by the date of issue and the Amendment number under which it is amended or reissued. 2.2 A numbering system has been used in which the Flight Test Guide, Acceptable Means of Compliance or Interpretative Material uses the same number as the paragraph in JAR to which it is related. For the Acceptable Means of Compliance and Interpretative Material the number is introduced by the letters ACJ (Advisory Circular – Joint) to distinguish the material from the JAR. 2.3 Explanatory Notes not forming part of the Flight Test Guide and ACJ text appear in smaller typeface. 2.4



New, amended and corrected text is enclosed within heavy brackets.
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ACJs FOR SUBPARTS C, D(1) AND APPENDIX A



ACJ 23.307 Proof of structure In deciding the need for and the extent of testing including the load levels to be achieved the following factors will be considered by the Authority. a. The confidence which can be attached to the constructors' overall experience in respect to certain types of aeroplanes in designing, building and testing aeroplanes. b. Whether the aeroplane in question is a new type or a development of an existing type having the same basic structural design and having been previously tested, and how far static strength testing can be extrapolated to allow for development of the particular type of aeroplane. c. The importance and value of detail and/or component testing including representation of parts of structure not being tested, and d.



The degree to which credit can be given for operating experience.



Analyses including finite element models used in place of tests must be demonstrated to be reliable for the structure under evaluation and the load levels that have to be covered. This would normally be provided by correlation with experimental results on the same structure or through comparison with other known and accepted methods and results or through a combination of both. If the structure or parts thereof are outside the manufacturer's previous experience, the manufacturer should establish a strength test programme. In the case of a wing, wing carry through, fuselage and empennage this will usually involve ultimate load testing. . When ultimate load static tests are conducted it is recommended that preliminary tests to limit load and back to zero are performed first, in order to demonstrate that no detrimental permanent deformation has taken place. During the ultimate test however, the limit load need not be removed provided that continuous readings of strains and deflections of the structure are measured at an adequate number of points, and also provided that a close examination of the structure is maintained throughout the tests with particular emphasis being placed upon close observation of the structure at limit load for any indications of local distress, yielding buckles, etc. Static testing to ultimate load may be considered an adequate substitute for formal stress analysis where static loads are critical in the design of the component. In cases where a dynamic loading is critical, dynamic load tests may be considered equivalent to formal stress analysis. An example of components on which dynamic loading is usually critical is the landing gear and the landing gear structure of an aeroplane. The same yield criteria apply to dynamic tests as to static tests. Where proof of structure is being shown by an ultimate load test, the test article should conform to the same design specifications as the production article. The manufacturer should ensure through his quality assurance organisation that the strength (e.g. material properties and dimensions) of the component tested conservatively represents the strength of the components used in production aeroplanes. Test correction factors should be used to allow for process and material variability during production. This may be expected particularly when wood or composite-material is used. This factor may be varied according to the coefficient of variation that the manufacturer is able to show for his product (see Table 1 ).
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ACJ 23.307 (continued)



TABLE 1 Test factor [Tf] vs. Coefficient of Variation [Cv%]



5 1·00



Cv% Tf



6 1·03



7 1·06



8 1·10



9 1·12



10 1·15



12 1·22



14 1·30



15 1·33



20 1·55



Definition of Coefficient of Variation



)RU D SRSXODWLRQ ZLWK PHDQ 0 DQG VWDQGDUG GHYLDWLRQ  WKH FRHIILFLHQW RI YDULDWLRQ H[SUHVVHG DV D percentage, Cv%, is defined by –



&Y



  0



ACJ 23.321(c) Flight loads – General For aeroplanes with an Md less than 0.5 the effects of compressibility are unlikely to be significant.



ACJ 23.341(b) Gust loads factors The gust alleviation factor Kg as specified in JAR 23.341(c) will not provide the conservatism required by 23.341(b). Using a gust alleviation factor of K g = 1.2 in the calculation of the gust load of canard or tandem wing configuration may result in conservative net loads with respect to the gust criteria of JAR 23.333(c).



ACJ 23.343(b) Design fuel loads Fuel carried in the wing increases the inertia relief on the wing structure during manoeuvres and gusts which results in lower stresses and deflections. However, if the wing fuel tanks are empty the inertia load of the wing is reduced which, depending on the particular design, may lead to an increase of the bending stresses in the wing structure itself and in the wing attachments. In order not to over stress the aeroplane's structure the maximum weight of the aeroplane without any fuel in the wing tanks should therefore be established, taking into account the applicable manoeuvre and gust loadings.



ACJ 23.345(d) High lift devices The effect of propeller slipstream on the extended flaps may be limited to the flap area behind the propeller circle area.
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ACJ 23.347(b) Unsymmetrical flight conditions In establishing loading due to flick manoeuvres (snap roll), consideration should be given to the aircraft response to full elevator and rudder deflection in combination. In the absence of better data the air load resulting from an unchecked manoeuvre at V a should be distributed as follows: On one wing the aerodynamic load corresponding to CLmax, on the opposite wing no air load, (100/0 percent of the semi-span wingload). On the horizontal tail the unsymmetrical distribution of the balancing load as defined in JAR 23.423(a) shall be obtained by multiplying the air load on one side of the plane of symmetry by (1+X) and on the other side by (1–X). The value of X shall be 0.5 for point A of the V–n envelope and for all points representing aerodynamic stall. The unsymmetrical load acting on the wing and on the horizontal tail are assumed to be turning the aeroplane in the same direction around the roll (X–X) axis. The unbalanced aerodynamic loads (forces and moments) should be considered in equilibrium with inertia forces.



ACJ 23.371(a) Gyroscopic and aerodynamic loads The aerodynamic loads specified in JAR 23.371 include asymmetric flow through the propeller disc. Experience has shown that the effects of this asymmetric flow on the engine mount and its supporting structure are relatively small and may be discounted, if propellers are installed having diameters of nine feet or less.



ACJ 23.393(a) Loads parallel to hinge lines On primary control surfaces and other movable surfaces, such as speedbrakes, flaps (in retracted position) and all-moving tailplanes the loads acting parallel to the hinge line should take into account the effect of wear and axial play between the surface and its supporting structure. Compliance may be shown by analysis or by test.



ACJ 23.393(b) Loads parallel to hinge lines For control surfaces of a wing or horizontal tail with a high dihedral angle and of a V-tail configuration the K-factor may be calculated as follows:



3   K = 12 x 4 −   2  1 + Tan ν  where : ν = dihedral angle measured to the horizontal plane As a simplification the following K-factors may be assumed: for dihedral angles up to ±10°



K = 12



and for dihedral angles between 80° and 90°



K = 24
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ACJ 23.405 Secondary control system Hand and foot loads assumed for design of secondary control systems and engine controls should not be less than the following: 1



Hand loads on small hand-wheels, cranks, etc., applied by finger or wrist-force; P = 150 N



2



Hand loads on levers and hand-wheels applied by the force of an unsupported arm without making use of the body weight; P = 350 N



3



Hand loads on levers and hand grips applied by the force of a supported arm or by making use of the body weight; P = 600 N



4



Foot loads applied by the pilot when sitting with his back supported (e.g. wheel-brake operating loads); P = 750 N



ACJ 23.423 Manoeuvring loads – Horizontal surfaces a. For unpowered control surfaces, if a manoeuvre analysis is used to predict the manoeuvring loads on the pitch control surfaces the time for sudden deflection from neutral position to the stops or vice-versa may be assumed as: for aerobatic category aeroplanes 0.1 sec for stick controlled surfaces 0.2 sec for wheel controlled surfaces for normal, utility and commuter category aeroplanes 0.2 sec for stick controlled surfaces 0.3 sec for wheel controlled surfaces b.



For power-controlled surfaces the deflection time should be measured.



ACJ 23.441 Manoeuvring loads – Vertical surfaces a. For unpowered control surfaces, if a manoeuvre analysis is used to predict the manoeuvring loads on the yaw control surfaces the time for sudden deflection from neutral position to the stops or vice-versa may be assumed as: for aerobatic category aeroplanes 0.2 sec for pedal controlled surfaces; for normal, utility and commuter category aeroplanes 0.3 sec for pedal controlled surfaces. b.



For power-controlled surfaces the deflection time should be measured.
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ACJ 23.441 (continued)



c. For aeroplanes where the horizontal tail is supported by the vertical tail, the tail surfaces and their supporting structure including the rear portion of the fuselage should be designed to withstand the prescribed loadings on the vertical tail and the rolling moment induced by the horizontal tail acting in the same direction. d. For T-tails, in the absence of a more rational analysis, the rolling moment induced by sideslip or deflection of the vertical rudder may be computed as follows: Mr = 0 ⋅ 3Sh



ρo βV 2bh 2



where: Mr = induced rolling moment at horizontal tail (Nm) Sh. = area of horizontal tail (m2) bh. = span of horizontal tail (m)







= effective sideslip angle of vertical tail (radians)



ACJ 23.443 Gust loads – Vertical surfaces For aeroplanes where the horizontal tail is supported by the vertical tail, the tail surfaces and their supporting structure including the rear portion of the fuselage should be designed to withstand the prescribed loading on the vertical tail and the rolling moment induced by the horizontal tail acting in the same direction. For T-tails, in the absence of a more rational analysis, the rolling moment induced by gust load may be computed as follows:



ρ Mr = 0 .3S h o VUb hK gt 2 where: Mr = induced rolling moment at horizontal tail Sh = area of horizontal tail Bh = span of horizontal tail U



= gust velocity (m/s) as specified in JAR 23.333(c)



Kgt = gust alleviation factor of vertical tail as specified in JAR 23.443(c) In computing ‘Sh’ and ‘bh’ the horizontal tail root has to be assumed on a vertical plane through the centreline of the aeroplane fuselage.



ACJ 23.455(a)(2) Ailerons a. For unpowered control surfaces, if a manoeuvre analysis is used to predict the manoeuvring loads on the lateral control surfaces the time for sudden deflections from neutral position to the stops or vice-versa may be assumed as : for aerobatic category aeroplanes 0.1 sec for stick controlled surfaces 0.2 sec for wheel controlled surfaces
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ACJ 23.455(a)(2) (continued)



for normal, utility and commuter aeroplanes 0.2 sec for stick controlled surfaces 0.3 sec for wheel controlled surfaces b.



For power-controlled surfaces the deflection time should be measured.



ACJ 23.562 Emergency landing dynamic conditions FAA Advisory Circular No. 23.562–1 provides additional information and guidance concerning an acceptable means of demonstrating compliance with the requirements of JAR 23 regarding dynamic tests of seat/restraint systems.



ACJ 23.571 Fatigue evaluation Metallic pressurised cabin structures ACJ 23.572 Fatigue evaluation Metallic wing, empennage and associated structures In assessing the possibility of serious fatigue failures, the design should be examined to determine probable points of failure in service. In this examination, consideration should be given, as necessary, to the results of stress analysis, static tests, fatigue tests, strain gauge surveys, test of similar structural configurations, and service experience. Locations prone to accidental damage or to corrosion should also be considered. Unless it is determined from the foregoing examination that the normal operating stresses in specific regions of the structure are of such a low order that serious damage growth is extremely improbable, repeated load analysis or tests should be conducted on structure representative of components or sub-components of the wing (including canard and tandem wings, winglets and control surfaces), empennage, their carry-through and attaching structures, fuselage and pressurised cabin, landing gear, and their related primary attachments. Test specimens should include structure representative of attachment fittings, major joints, changes in section, cut-outs and discontinuities. Service experience has shown that special attention should be focused on the design details of important discontinuities, main attachment fittings, tension joints, splices, and cut-outs such as windows, doors, and other openings. Any method used in the analyses should be supported, as necessary, by tests or service experience. The nature and extent of tests on complete structures or on portions of the primary structure will depend upon evidence from applicable previous design and structural tests, and service experience with similar structures. The scope of the analyses and supporting test programmes should be agreed with the Authority.
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ACJ 23.573(a)(1)&(3) Damage tolerance and fatigue evaluation of structure – composite airframe structure In addition to the guidance material described in ACJ 23.603 the following procedure may be adopted for residual strength tests of structure with built-in barely visible damages (BVID) and visible damages. Tests should be performed up to limit load level, then the visible damages may be repaired without substantially exceeding the original strength or characteristics of the type design and the test should be continued up to at least1 ultimate load level in order to validate the BVID in the unrepaired structure.



ACJ 23.573(b) Damage tolerance and fatigue evaluation of structure – Metallic airframe structure The damage-tolerance evaluation of structure is intended to ensure that, if serious fatigue, corrosion, or accidental damage occur within the operational life of the aeroplane, the remaining structure can withstand reasonable loads without failure or excessive structural deformation until the damage is detected. Design features which should be considered in attaining a damage-tolerant structure include the following: –



Multiple load path construction and the use of crack stoppers to control the rate of crack growth, and to provide adequate residual static strength;



–



Materials and stress levels that, after initiation of cracks, provide a controlled slow rate of crack propagation combined with high residual strength. For single load path discrete items, such as control surface hinges, wing spar joints or stabiliser pivot fittings the failure of which could be catastrophic, it should be clearly demonstrated that cracks starting from material flaws, manufacturing errors or accidental damage including corrosion have been properly accounted for in the crack propagation estimate and inspection method;



–



Arrangements of design details to ensure a sufficiently high probability that a failure in any critical structural element will be detected before the strength has been reduced below the level necessary to withstand the loading conditions specified in JAR 23.573(b) so as to allow replacement or repair of the failed elements.



ACJ 23.603 Material and workmanship Composite Aeroplane Structure (Acceptable Means of Compliance) See JAR 23.603 1 Purpose. This ACJ sets forth an acceptable means, but not the only means, of showing compliance with the provisions of JAR–23 regarding airworthiness type certification requirements for composite aeroplane structures, involving fibre-reinforced materials, e.g. carbon (graphite), boron, aramid (Kevlar), and glass-reinforced plastics. Guidance information is also presented on associated quality control and repair aspects. This ACJ material is identical, apart from minor editing, to the structural content of FAA Advisory Circular AC 20.107A, dated 25 April 1984. The individual JAR paragraphs applicable to each ACJ paragraph are listed in Table 1 of this ACJ. 1



Experience has shown that continuation of testing to rupture should be considered in order to identify failure modes. Extrapolation by analysis of residual strength tests would not normally be acceptable for further development of the aeroplane.
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2



Definitions



2.1 Design Values Material, structural element, and structural detail properties that have been determined from test data and chosen to assure a high degree of confidence in the integrity of the completed structure (see JAR 23.613(b)). 2.2 Allowables. Material values that are determined from test data at the laminate or lamina level on a probability basis (e.g. A or B base values). 2.3 Laminate level design values or allowables. Established from multi-ply laminate test data and/or from test data at the lamina level and then established at the laminate level by test validated analytical methods. 2.4 Lamina level material properties. Established from test data for a single-ply or multi-ply single-direction oriented lamina layup. 2.5 Point design. An element or detail of a specific design which is not considered generically applicable to other structure for the purpose of substantiation (e.g. lugs and major joints). Such a design element or detail can be qualified by test or by a combination of test and analysis. 2.6 Environment. External, non-accidental conditions (excluding mechanical loading) separately or in combination, that can be expected in service and which may affect the structure (e.g. temperature, moisture, UV radiation and fuel). 2.7 Degradation. The alteration of material properties (e.g. strength, modulus, coefficient of expansion) which may result from deviations in manufacturing or from repeated loading and/or environmental exposure. 2.8 Discrepancy. A manufacturing anomaly allowed and detected by the planned inspection procedure. They can be created by processing, fabrication or assembly procedures. 2.9



Flaw. A manufacturing anomaly created by processing, fabrication or assembly procedures.



2.10 Damage. A structural anomaly caused by manufacturing (processing, fabrication, assembly or handling) or service usage. Usually caused by trimming, fastener installation or foreign object contact. 2.11



Impact Damage. A structural anomaly created by foreign object impact.



2.12 Coupon. A small test specimen (e.g. usually a flat laminate) for evaluation of basic lamina or laminate properties or properties of generic structural features (e.g. bonded or mechanically fastened joints). 2.13 Element. A generic element of a more complex structural member (e.g. skin, stringers, shear panels, sandwich panels. joints, or splices). 2.14 Detail. A non-generic structural element of a more complex structural member (e.g. specific design configured joints, splices, stringers, stringer runouts, or major access holes). 2.15 Subcomponent. A major three-dimensional structure which can provide complete structural representation of a section of the full structure (e.g. stub-box, section of a spar, wing panel, wing rib, body panel, or frames). 2.16 Component. A major section of the airframe structure (e.g. wing, body, fin, horizontal stabiliser) which can be tested as a complete unit to qualify the structure.
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3



General



3.1 This ACJ is published to aid the evaluation of certification programmes for composite applications and reflects the current status of composite technology. It is expected that this ACJ will be modified periodically to reflect technology advances. 3.2 The extent of testing and/or analysis and the degree of environmental accountability required will differ for each structure depending upon the expected service usage, the material selected, the design margins, the failure criteria, the data base and experience with similar structures, and on other factors affecting a particular structure. It is expected that these factors will be considered when interpreting this ACJ for use on a specific application. 4



Material and Fabrication Development



4.1 To provide an adequate design data base, environmental effects on the design properties of the material system should be established. 4.2 Environmental design criteria should be developed that identify the most critical environmental exposures, including humidity and temperature, to which the material in the application under evaluation may be exposed. This is not required where existing data demonstrate that no significant environmental effects, including the effects of temperature and moisture, exist for material systems and construction details, within the bounds of environmental exposure being considered. Experimental evidence should be provided to demonstrate that the material design values or allowables are attained with a high degree of confidence in the appropriate critical environmental exposures to be expected in service. The effect of the service environment on static strength, fatigue and stiffness properties should be determined for the material system through tests (e.g. accelerated environmental tests, or from applicable service data). The effects of environmental cycling (i.e. moisture and temperature) should be evaluated. Existing test data may be used where it can be shown directly applicable to the material system. 4.3 The material system design values or allowables should be established on the laminate level by either test of the laminate or by test of the lamina in conjunction with a test-validated analytical method. 4.4 For a specific structural configuration of an individual component (point design), design values may be established which include the effects of appropriate design features (holes, joints, etc.). 4.5



Impact damage is generally accommodated by limiting the design strain level.



5



Proof of Structure – Static



5.1 The static strength of the composite design should be demonstrated through a programme of component ultimate load tests in the appropriate environment, unless experience with similar designs, material systems and loadings is available to demonstrate the adequacy of the analysis supported by subcomponent tests, or component tests to agreed lower levels. 5.2 The effects of repeated loading and environmental exposure which may result in material property degradation should be addressed in the static strength evaluation. This can be shown by analysis supported by test evidence, by tests at the coupon, element or subcomponent level, or alternatively by relevant existing data. 5.3 Static strength structural substantiation tests should be conducted on new structure unless the critical load conditions are associated with structure that has been subjected to repeated loading and environmental exposure. In this case either :
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a. The static test should be conducted on structure with prior repeated loading and environmental exposure, or b. Coupon/Element/Subcomponent test data should be provided to assess the possible degradation of static strength after application of repeated loading and environmental exposure, and this degradation accounted for in the static test or in the analysis of the results of the static test of the new structure. 5.4 The component static test may be performed in an ambient atmosphere if the effects of the environment are reliably predicted by subcomponent and/or coupon tests and are accounted for in the static test or in the analysis of the results of the static test. 5.5 The static test articles should be fabricated and assembled in accordance with production specifications and processes so that the test articles are representative of production structure. 5.6 When the material and processing variability of the composite structure is greater than the variability of current metallic structures, the difference should be considered in the static strength substantiation by : a. Deriving proper allowables or design values for use in the analysis, and the analysis of the results of supporting tests, or b. Accounting for it in the static test when static proof of structure is accomplished by component test. 5.7 Composite structures that have high static margins of safety may be substantiated by analysis supported by subcomponent, element and/or coupon testing. 5.8 It should be shown that impact damage that can be realistically expected from manufacturing and service, but not more than the established threshold of detectability for the selected inspection procedure, will not reduce the structural strength below ultimate load capability. This can be shown by analysis supported by test evidence, or by tests at the coupon, element or subcomponent level.



6



Proof of Structure – Fatigue/Damage Tolerance



6.1 The evaluation of composite structure should be based on the applicable requirements of JAR 23.573(a). The nature and extent of analysis or tests on complete structures and/or portions of the primary structure will depend upon applicable previous fatigue/damage tolerant designs, construction, tests, and service experience on similar structures. In the absence of experience with similar designs, approved structural development tests of components, sub components, and elements should be performed. The following considerations are unique to the use of composite material systems and should be observed for the method of substantiation selected by the applicant. When selecting the damage tolerance or safe life approach, attention should be given to geometry inspectability, good design practice, and the type of damage/degradation of the structure under consideration. 6.2



Damage Tolerance (Fail-Safe) Evaluation



6.2.1 Structural details, elements, and subcomponents of critical structural areas should be tested under repeated loads to define the sensitivity of the structure to damage growth. This testing can form the basis for validating a no-growth approach to the damage tolerance requirements. The testing should assess the effect of the environment on the flaw growth characteristics and the no-growth validation. The environment used should be appropriate to the expected service usage. The repeated loading should be representative of anticipated service usage. The repeated load testing should include damage levels (including impact damage) typical of those that may occur during fabrication, assembly, and in service, consistent with the inspection techniques employed. The damage tolerance
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test articles should be fabricated and assembled in accordance with production specifications and processes so that the test articles are representative of production structure. 6.2.2 The extent of initially detectable damage should be established and be consistent with the inspection techniques employed during manufacture and in service. Flaw damage growth data should be obtained by repeated load cycling of intrinsic flaws or mechanically introduced damage. The number of cycles applied to validate a no-growth concept should be statistically significant, and may be determined by load and/or life considerations. The growth or no growth evaluation should be performed by analysis supported by test evidence, or by tests at the coupon, element or sub component level. 6.2.3 The extent of damage for residual strength assessments should be established. Residual strength evaluation by component or sub component testing or by analysis supported by test evidence should be performed considering that damage. The evaluation should demonstrate that the residual strength of the structure is equal to or greater than the strength required for the specified design loads (considered as ultimate). It should be shown that stiffness properties have not changed beyond acceptable levels. For the no-growth concept, residual strength testing should be performed after repeated load cycling. 6.2.4 An inspection programme should be developed consisting of frequency, extent, and methods of inspection for inclusion in the maintenance plan. Inspection intervals should be established such that the damage will be detected between the time it initially becomes detectable and the time at which the extent of damage reaches the limits for required residual strength capability. For the case of no-growth design concept, inspection intervals should be established as part of the maintenance programme. In selecting such intervals the residual strength level associated with the assumed damage should be considered. 6.2.5 The structure should be able to withstand static loads (considered as ultimate loads) which are reasonably expected during the completion of the flight on which damage resulting from obvious discrete sources occur (i.e. uncontained engine failures, etc.). The extent of damage should be based on a rational assessment of service mission and potential damage relating to each discrete source. 6.2.6 The effects of temperature, humidity, and other environmental factors which may result in material property degradation should be addressed in the damage tolerance evaluation. 6.3 Fatigue (Safe-Life) Evaluation. Fatigue substantiation should be accomplished by component fatigue tests or by analysis supported by test evidence, accounting for the effects of the appropriate environment. The test articles should be fabricated and assembled in accordance with production specifications and processes so that the test articles are representative of production structure. Sufficient component, subcomponent, element or coupon tests should be performed to establish the fatigue scatter and the environmental effects. Component, subcomponent and/or element tests may be used to evaluate the fatigue response of structure with impact damage levels typical of those that may occur during fabrication, assembly, and in service, consistent with the inspection procedures employed. The component fatigue test may be performed with an asmanufactured test article if the effects of impact damage are reliably predicted by sub component and/or element tests and are accounted for in the fatigue test or in analysis of the results of the fatigue test. It should be demonstrated during the fatigue tests that the stiffness properties have not changed beyond acceptable levels. Replacement lives should be established based on the test results. An appropriate inspection programme should be provided.



7 Proof of Structure – Flutter. The effects of repeated loading and environmental exposure on stiffness, mass and damping properties should be considered in the verification of integrity against flutter and other aeroelastic mechanisms. These effects may be determined by analysis supported by test evidence, or by tests of the coupon, element or subcomponent level.
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8



Additional Considerations



8.1 Impact Dynamics. The present approach in airframe design is to assure that occupants have every reasonable chance of escaping serious injury under realistic and survivable impact conditions. Evaluation may be by test or by analysis supported by test evidence. Test evidence includes, but is not limited to, element or sub component tests and service experience. Analytical comparison to conventional structure may be used where shown to be applicable. 8.2



Flammability. (See appropriate JAR requirements in Table 1 of this ACJ.)



8.3



Lightning Protection. (See appropriate JAR requirements in Table 1 of this ACJ.)



8.4 Protection of Structure. Weathering, abrasion, erosion, ultraviolet radiation, and chemical environment (glycol, hydraulic fluid, fuel, cleaning agents, etc.) may cause deterioration in a composite structure. Suitable protection against and/or consideration of degradation in material properties should be provided for and demonstrated by test. 8.5 Quality Control. An overall plan should be established and should involve all relevant disciplines (i.e. engineering, manufacturing and quality control). This quality control plan should be responsive to special engineering requirements that arise in individual parts or areas as a result of potential failure modes, damage tolerance and flaw growth requirements, loading, inspectability, and local sensitivities to manufacture and assembly. 8.6 Production Specifications. Specifications covering material, material processing, and fabrication procedures should be developed to ensure a basis for fabricating reproducible and reliable structure. The discrepancies permitted by the specifications should be substantiated by analysis supported by test evidence, or tests at the coupon, element or subcomponent level. 8.7 Inspection and Maintenance. Maintenance manuals developed by manufacturers should include appropriate inspection, maintenance and repair procedures for composite structures. 8.8 Substantiation of Repair. When repair procedures are provided in maintenance documentation, it should be demonstrated by analysis and/or test, that methods and techniques of repair will restore the structure to an airworthy condition.
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TABLE l



ACJ Paragraphs



ACJ Paragraphs and related JAR texts JAR–23 Paragraphs



1



Purpose



No relevant JAR paragraph



2



Definitions



No relevant JAR paragraph



3



General



No relevant JAR paragraph



4



Materials and Fabrication Development



23.603 23.605 23.613 23.619



5



Proof of Structure Static



23.305 23.307(a)



6



Proof of Structure – Fatigue/Damage Tolerance



23.573(a)



7



Proof of Structure – Flutter



23.629



8 8.1



Additional Considerations Impact Dynamics



8.2



Flammability



8.3



Lightning Protection



8.4



Protection Structure



8.5 8.6



Quality Control Production Specifications
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ACJ 23.607(b) Fasteners Locking devices of fasteners installed in engine compartments or other compartments affected by temperature and/or vibration should be of a type and material which is not influenced by such temperatures encountered under normal operating conditions.



ACJ 23.611 Accessibility provisions 1 Non-destructive inspection aids may be used to inspect structural elements where it is impracticable to provide means for direct visual inspection if it is shown that the inspection is effective and the inspection procedures are specified in the Maintenance Manual required by JAR 23.1529. 2 For inspections repeated at short intervals (such as pre-flight or daily inspections) the means of inspection should be simple, e.g. visual with the aid of easily removable or hinged access panels. However, for inspections required only a few times, for example once or twice in the lifetime of the aeroplane some disassembly of structure, e.g. deriveting a small skin panel may be acceptable.



ACJ 23.613 Metallic strength properties and design values Material specifications should be those contained in documents accepted either specifically by the Authority or by having been prepared by an organisation or a person which the Authority accepts has the necessary capabilities. Such specifications are for example: 1



Mil–HDBK–5 ‘Metallic Materials and Elements for Flight Vehicle Structure’



2



Mil–HDBK–17 ‘Plastics for Flight Vehicles’



3



Mil–HDBK–23 ‘Composite Construction for Flight Vehicles’



4



ANC–18 ‘Design of Wood Aircraft Structures’



In defining design properties the material specification values must be modified and/or extended as necessary by the designer to take account of manufacturing practices (e.g., methods of construction, forming, machining and subsequent heat treatment ). For composite structure JAR–23 ACJ 23.603 contains guidance information relevant to the requirements of JAR 23.613.



ACJ 23.629 Flutter Flight flutter testing is the most satisfactory way of demonstrating freedom from flutter. Therefore JAR 23.629 requires for new designed aeroplanes a rational flutter analysis, based on the results of a ground vibration test, or a simplified analysis of rigidity and mass balance criteria (for specially defined small aeroplanes), and flight flutter tests performed with well instrumented aeroplanes.
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Unless the rational analysis or simplified analysis using Airframe and Equipment Engineering Report No. 45, as specified in JAR 23.629, and the model and assumption used therein have been verified by some flight flutter tests, the validity of such analysis is unknown. The extent of flight flutter testing depends on the analysis prepared and the experience with similar designs and should be agreed with the Authority. To show compliance with JAR 23.629(g) and JAR 23.629(h) needs an analysis using a verified basic analysis. Full scale flight flutter test should be carried out when the adequacy of flutter analysis has not been confirmed by previous experience with aeroplanes having similar design features, and when modifications to the type design have such a significant effect on the critical flutter modes that only limited confidence could be given to rational analysis alone. For modifications to the type design which could effect the flutter characteristics, and for derivatives of existing aeroplanes freedom from flutter, control reversal and divergence may be shown by rational analysis alone, if this analysis (including any Finite Element Model used) has been Verified during the certification of the basic aeroplane model. Aeroplanes showing compliance with the damage-tolerance criteria of JAR 23.573 with the extent of damage for which residual strength is demonstrated may alter their stiffness and their natural frequencies of main structural elements; for composite structures this can also happen due to environmental conditions (temperature and humidity). If no exact measurements are available a variation in stiffness of at least +/– 20% should be assumed. FAA Advisory Circular AC 23.629–1A and in addition for composite structures JAR–23 ACJ 23.603, provide additional information and guidance concerning an acceptable means of demonstrating compliance with the requirements of JAR 23.629.



ACJ 23.671 Control systems – General In designing and manufacturing control systems attention should be given to minimise friction in the systems and to avoid jamming and interference with other parts in operation, due to vibration and accelerations.



ACJ 23.683 Operation tests One method, but not the only one, for showing compliance with the requirements of JAR 23.683 is as follows: Conduct the control system operation tests by operating the controls from the pilot's compartment with the entire system loaded so as to correspond to the limit control forces established by the regulations for the control system being tested. The following conditions should be met: (1) Under limit load, check each control surface for travel and detail parts for deflection. This may be accomplished as follows: (i)



Support the control surface being tested while positioned at the neutral position.



(ii) Load the surface using loads corresponding to the limit control forces established in the regulations. (iii)



Load the pilot's control until the control surface is just off the support.
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(iv) Determine the available travel which is the amount of movement of the surface from neutral when the control is moved to the system stop. (v)



The above procedure should be repeated in the opposite direction.



(vi) The minimum control surface travel from the neutral position in each direction being measured should be 10 percent of the control surface travel measured with no load on the surface. Regardless of the amount of travel of the surface when under limit load, the aircraft should have adequate flight characteristics as specified in section 23.141. Any derivative aircraft of a previous type certificated aircraft need not exceed the control surface travel of the original aircraft; however, the flight characteristics should be fight tested to ensure compliance. (2) Under limit load, no signs of jamming or of any permanent set of any connection, bracket, attachment, etc., may be present. (3) Friction should be minimised so that the limit control forces and torques specified by the regulations may be met.
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APPENDIX A – SIMPLIFIED DESIGN LOAD CRITERIA FOR CONVENTIONAL, SINGLE-ENGINE AEROPLANES OF 6000 POUNDS OR LESS MAXIMUM WEIGHT A23.1 General Definition of aspect ratio of wing, horizontal and vertical tail, and of the tail volume factor. The design load criteria in Appendix A are limited to conventional aeroplanes of which wing and tail surfaces do not exceed certain aspect ratio and of which the horizontal tail configuration has a tail volume of not less than a specified value. The aspect ratio of the wing and of the horizontal tail as specified in A23.1(c) and (d) is defined as follows:



AR =



b2 S



where: b = span of the particular surface S = area of the particular surface The aspect ratio of the vertical tail as specified in A23.1(e) is defined as follows: AR =



h2vt 2Svt



where: hvt = height of vertical tail Svt = area of vertical tail The tail volume is defined herein as:



Vt =



S ht 1ht S w MAC



where: Sht Sw 1ht MAC



= = = =



area of horizontal tail area of wing distance between neutral point of horizontal tail and the cg-point of the aeroplane mean aerodynamic chord of the wing



As a simplification 1ht can be chosen as distance between 25% C of the wing and 25% C of the horizontal tail. Values for spans, areas and heights to be inserted in the formulae should be agreed with the Authority in respect to the limits of applicability in Appendix A.
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A23.11(c) Control surface loads Load distribution on tail surfaces To ensure adequate bending and torsional strength of the tail structure, the most severe loads should be considered in association with the most critical centre of pressure position for that structural part. In most cases three centre of pressure positions may result in the most critical loads for the main parts of the structure: 1



To cover the torsion load case select the centre of pressure at the leading edge.



2 To cover the bending load case for the main spar select the centre of pressure at the main spar position. 3 To cover the bending load case for the auxiliary spar select the centre of pressure at the auxiliary spar position.
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ACJ 23.729(g) Equipment Located in the Landing Gear Bay In showing compliance with this requirement applicants’ consideration should include the effects that likely damage from hazards arising from other items of equipment such as high brake temperature and external sources such as slush, water and tyre burst/loose tyre tread will have on equipment/systems located on the landing gear or in the landing gear bay that are essential to continued safe flight and landing.



ACJ 23.735(c) Brakes As specified in the requirement, the pressure on the wheel brake must not exceed the pressure that is specified by the brake manufacturer. The requirement does not specify how the force that is applied to the brake pedals is transmitted to the brakes. This means may be mechanical, hydraulic or some other system, such as an electronic control system. By clarifying the applicability of the requirements to the force applied to the wheel brake assembly, it can be applied to any braking system that is included in the aeroplane design.



ACJ 23.773 Pilot compartment view See JAR–23 Flight Test Guide Section 23.773 Pilot Compartment View.



ACJ 23.775(f) Windshields and windows For windshields and windows that include a transparency heating system, compliance with JAR 23.775(f) should include the use of JAR 23.1309. Compliance with 23.1309 should be established by identifying all of the probable malfunctions or single failures that may occur in the system. Any of the identified malfunctions or failures that would result in an increase of the windshield temperature should be corrected so that the temperature rise will not occur, or there should be a means to limit the temperature rise to a value that is less than the value where the windshield, or the materials around it, will ignite and burn. The importance of avoiding overheat conditions for acrylic materials must be strongly emphasised particularly for stretched acrylics in relation to the relaxation temperature for the material. It should be shown that there will be no occurrences of temperature rise that will reduce the structural integrity of the windshield or the structure around it below the requirements of 23.775.



ACJ 23.775(g) Windshields and windows To comply with this requirement, side panels and/or co-pilot panels may be used, provided it can be shown that continued safe flight and landing is possible using these panels only, whilst remaining seated at a pilot(s) station. The requirement to safeguard the aeroplane against a bird strike with a relative velocity up to the ‘maximum approach flap speed’ is intended to represent the most critical approach situation. For clarification the speed to be applied should be the maximum VFE for normal operation.
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ACJ 23.783(b) Doors When considering door location, potential hazards should be taken to include hot surfaces or sharp objects a person is likely to contact when entering and exiting the aeroplane.



ACJ 23.851(c) Fire extinguishers Proposed acceptance of existing FAA AC 20-42C as ACJ to 23.851(c) pending the results of research into Halon replacement.



ACJ 23.865 Fire protection of flight controls, engine mounts and other flight structure Engine mounts or portions of the engine mounts that are not constructed of fire proof material should be shielded to provide an equivalent level of safety to that provided by the use of fireproof materials. Care should be taken that any shielding does not invalidate the type certification of the engine.



ACJ 23.1303(a)(5) Flight and navigation instruments The following text will also be included in future JAA Flight Test Guide proposals:– ‘In considering the requirement to ‘minimise nuisance warnings’ manufacturers should endeavour to reduce, lessen, or diminish such an occurrence to the least practical amount with current technology and materials. The least practical amount is that point at which the effort to further reduce a hazard significantly exceeds any benefit, in terms of safety, derived from that reduction. Additional efforts would not result in any significant improvements in reliability.’ As the above text is simply an extract from FAA AC 23.1309, its acceptance as ACJ material in the JAR–23 Flight Test Guide will be deferred, pending a review of the whole of FAA AC 23.1309.



ACJ 23.1323(g) Airspeed indicating system The following text will also be included in future JAA Flight Test Guide proposals:– ‘Pitot tubes for duplicate airspeed indicators are usually located on opposite sides of an aircraft fuselage but may be situated on the same side provided that they are separated vertically by at least 30 centimetres.’



ACJ 23.1351(a)(2) Electrical Systems and Equipment, General If for normal, utility or aerobatic category aeroplanes compliance is shown by electrical measurements, the procedures should include sufficient testing to show that the electrical systems meet the requirements of Paragraph 23.1351. When laboratory tests of the electrical system are conducted – (1) The tests may be performed on a mock-up using the same generating equipment used in the aeroplane;
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(2) The equipment should simulate the electrical characteristics of the distribution wiring and connected loads to the extent necessary for rated test results; and (3) Laboratory generator drives should simulate the actual prime movers on the aeroplane with respect to their reaction to generator loading, including loading due to faults.’



ACJ 23.1351(b)(5)(iv) Electrical Systems and Equipment, General ‘Throwover switching’ refers to the means used for the selection of an alternative independent supply to ensure the continued operation of equipment or systems. This system can be achieved by manual or automatic means.



ACJ 23.1353(h) Storage battery design and installation The following text will also be included in future JAA FTG proposals:– When ascertaining that the installed aeroplane battery capacity is adequate for compliance with 23.1351(h) account should be taken of any services or equipment essential for the continued safe flight and landing of the particular aeroplane in accordance with the approved emergency procedures and in any approved condition of operation. Account should also be taken of those services which cannot readily be shed. In order to ensure that services will function adequately for the prescribed period, the duration of battery supply should normally be based on a battery capacity of 75% of the ‘nameplate’ rated capacity at the one hour rate. This figure takes into consideration the battery state of charge, the minimum capacity permitted during service life and the battery efficiency, and is based on a battery capacity of 80% of the nameplate rated capacity, at the one hour rate, and a 90% state of charge.



ACJ 23.1419 Ice protection Proposed acceptance of FAA AC 23.1419-2 as ACJ to JAR 23.1419.



ACJ 23.1431 (e) Electronic equipment For those installations where all warnings are not provided through the radio/audio equipment, consideration should be given to the pilot(s) ability to hear and recognise warnings when headsets are used, including noise cancelling headsets.



ACJ 23.1459(b) Flight Recorders The phrase ‘as far aft as practicable’ should be interpreted as a position sufficiently aft as to be consistent with reasonable maintenance access and in a position to minimise the probability of damage from crash impact and subsequent fire.
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ACJ 23.903(a)(1) Engines and auxiliary power units Acceptance of the original type certificate of the engine by other Airworthiness Authorities will depend upon the basis of its type certification as follows : a.



Engines Type Certificated to JAR–E: An engine type certificated to the applicable issue of JAR–E will be acceptable to other Participating Authorities in accordance with the provisions of the Arrangements Document.



b.



Engines not Type Certificated to JAR–E: An engine type certificated to a code other than JAR–E will need to be found acceptable to each Airworthiness Authority in accordance with its national regulations. This may include showing compliance with the applicable issue of JAR–E.



ACJ 23.903(f) Engines and auxiliary power units Incorporated into the JAR 23 Flight Test Guide paragraph 190(c).



ACJ 23.905(a) Propellers Acceptance of the original type certificate of the propeller by other Airworthiness Authorities will depend upon the basis of its type certification as follows : a.



Propellers Type Certificated or Otherwise Approved to JAR–P: A propeller type certificated or otherwise approved to the applicable issue of JAR–P will be acceptable to other Participating Authorities in accordance with the provisions of the Arrangements Document.



b.



Propellers not Type Certificated or Otherwise Approved to JAR–P: A propeller type certificated or otherwise approved to a code other than JAR–P will need to be found acceptable by each Airworthiness Authority in accordance with its national regulations. This may include showing compliance with the applicable issue of JAR–P.



ACJ 23.905(e) Propellers Ice shed from the forward fuselage and the wings may cause significant damage to pusher propellers that are very close to the fuselage and well back from the aeroplane nose. Simlarly, ice shed from the wing may cause significant damage to wind mounted pusher propellers. Account should be taken of these possibilities. The term ‘during any operating condition’ may require tests also for intentional, or temporary unintentional entry into icing conditions. This may also be shown by analysis or a combination of both.
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ACJ JAR 23.905(g) Propeller In most pusher propeller installations, the engine exhaust gases pass through the propeller disc. Many factors affect the temperature of these gases when they contact the propellers and propeller tolerance to these gases varies with propeller design and materials.



ACJ JAR 23.907(a) Propeller Vibration The definition of a conventional fixed pitch wooden propeller should be taken to include a propeller with a wooden core and a simple cover of composite material, but not a propeller where the load carrying structure is composite and the wood simply provides the form.



ACJ JAR 23.909(d)(1) Turbo charger systems Intercooler mounting provisions should have sufficient strength to withstand the flight and ground loads for the aeroplane as a whole in combination with the local loads arising from the operation of the engine.



ACJ JAR 23.929 Engine installation ice protection Incorporated into the JAR 23 Flight Test Guide, paragraph 193.



ACJ JAR 23.933(a)(1)(ii) Reversing systems Incorporated into the JAR 23 Flight Test Guide, paragraph 194.



ACJ JAR 23.933(b)(2) Reversing systems Will be proposed for incorporation into the requirement text.



ACJ JAR 23.943 Negative acceleration Incorporated into the JAR 23 Flight Test Guide, paragraph 196
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ACJ 23.959(a) Unusable fuel supply The term ‘most adverse fuel feed condition’ is not intended to include radical or extreme manoeuvres not likely to be encountered in operation. Judgement should be used in determining what manoeuvres are appropriate to the type of aeroplane being tested. A tank that is not needed to feed the engine under all flight conditions should be tested only for the flight regime for which is was designed (e.g. cruise conditions). Tests for this kind of tank should include slips and skids to simulate turbulence. Suitable instructions on the conditions under which the tank may be used should be provided in a placard or in the Aeroplane Flight Manual. Analyse the fuel system and tank geometry to determine the critical manoeuvres for the specific tanks being considered, e.g. main, auxiliary, or cruise tanks and conduct only those tests considered applicable to the aeroplane being tested. Particular attention should be directed towards the tank or cell geometry and orientation with respect to the longitudinal axis of the aeroplane and location of supply ports. Care should be taken in planning how the critical altitude manoeuvres are tested so that the test procedure does not result in unconservative unusable fuel. The test manoeuvres should be selected using good judgement with regard to the kind of manoeuvres the aeroplane under test will be subjected to in operation. Ground tests using equipment which accurately simulate the aeroplane fuel system and inflight inertial effects may be considered acceptable. The quantity of fuel to be used for the tests should be chosen by the applicant. The selected quantity should be sufficient for determination of unusable fuel by allowing the manoeuvres described herein to be performed. The manoeuvres are to be repeated until first evidence of engine malfunction. Repeated manoeuvres may result in fuel refilling some bays or tanks; therefore, minimum fuel should be used. For the tests, a malfunction will be considered when engine roughness, partial or total loss of power, fuel pressure loss of below minimum, or fuel flow fluctuations are experienced. To assure the most conservative unusable fuel supply value for each tank, another tank should be selected at the first indication of fuel interruption. The fuel remaining in the test tank at the time of malfunction should be drained, measured and recorded as unusable fuel. If header tanks (small tanks that accumulate fuel from one or more fuel tanks and supply the engine directly) are utilised, the fuel remaining in the header tank should be added to the unusable fuel but would not be shown on the fuel gauge marking. All tests should be conducted at a minimum practical weight or weight determined to be critical for the aeroplane being tested. The flight testing of a single-engine aeroplane with a one-tank system requires a separate temporary fuel system to supply the engine after fuel starvation occurs. The flight tests for the unusable fuel determination should be conducted as follows : a.



Level flight at maximum recommended cruise – –



Maintain straight co-ordinated flight or bank angles not exceeding 5°, until a malfunction occurs.



–



Simulate turbulent air with ± half-ball width oscillations at approximately the natural yawing frequency of the aeroplane, until a malfunction occurs.



–



Skidding turns with 1-ball skid. Hold for 30 seconds and then return to co-ordinated flight for 1 minute.
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Repeat until malfunction occurs. Direction of skidding turn should be in the direction most critical with respect to fuel feed. b.



Climb with maximum climb power and at a speed in accordance with JAR 23.65 – –



Straight co-ordinated flight or bank angle should not exceed 5°, until a malfunction occurs.



–



Simulate turbulent air with ± half-ball width oscillations at approximately the natural yawing frequency of the aeroplane, until a malfunction occurs.



–



Skidding turns with 1-ball width skid or full rudder if 1-ball width cannot be obtained. Hold for 30 seconds and then return to co-ordinated flight for 1 minute. Repeat until a malfunction occurs.



Direction of skidding turn should be in the direction most critical with respect to fuel feed. c.



Descent and Approach.



Make a continuous power-off straight descent at VFE with gear and flaps down or follow emergency descent procedures contained in the Aeroplane Flight Manual (AFM). Continue the test until the first indication of interrupted fuel flow is observed. Make a continuous power-off glide at 1.3 VSO until first indication of interrupted fuel flow is observed. Simulate turbulent air or smooth air condition, whichever is most critical. Verify that with the unusable fuel quantity established with critical tests no interruption of fuel flow will occur when simultaneously making a rapid application of MCP and a transition to a speed in accordance with JAR 23.65 from a power-off glide at 1.3 VSO. Establish a power-off 1.3 VSO descent in a landing configuration. Maintain a 1½ ball sideslip in direction found to be critical for fuel system design with sufficient aileron to maintain constant heading (or utilise the maximum side slip anticipated for the type of aeroplane). The test should be conducted by slipping for 30 seconds. Continue the test until the first indication of interrupted fuel flow is observed. Verify that with the unusable fuel quantity established with critical tests no interruption of fuel flow will occur when slipping for 30 seconds, followed by a maximum power straight ahead baulked landing climb for 1 minute. If there are any other conditions which will result in higher unusable fuel quantities, these conditions should also be examined.



ACJ 23.961 Fuel system hot weather operation Any fuel system that uses aviation gasoline is considered conductive to vapour formation. However a fuel system having a fuel pump with suction lift, is more critical with respect to vapour formation. Critical operating conditions which need to be considered during evaluation of hot weather tests should include at least the maximum fuel flow, high angles of attack, maximum fuel temperature, etc. The weight of the aeroplane should be the weight with critical fuel level, minimum crew necessary for safe operation, and the ballast necessary to maintain the centre of gravity within allowable limits. The critical fuel level in most cases would be low fuel; however, in some cases, full fuel may be critical. A flight test is normally necessary to complete the hot weather operation tests, however, if a ground test is performed, it should closely simulate flight conditions.
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Several methods of heating the fuel are available, such as circulating hot water or steam through a heat exchanger placed in the fuel tank to increase the fuel temperature, placing black plastic or other material on the fuel tanks in bright sunlight, or blowing hot air over the fuel tank. The fuel should not be agitated or handled excessively during the heating operation. The heating process should be completed in the shortest time period possible without causing excessive local temperature conditions at the heat exchanger. Raise the temperature of the fuel to the critical value as follows : –



For aviation gasoline, 110° F – 0 to + 5° F



–



For turbine fuel, 110° F – 0 to + 5° F



–



For automobile gasoline, 110° F – 5 to + 0° F



Testing should commence immediately after the fuel temperature reaches its required value. The desirable outside air temperature measured 4 to 6 feet above the runway surface should be at least 85° F. If tests are performed in weather cold enough to interfere with the test results, steps should be taken to minimise the effects of cold temperature. This may be accomplished by insulating fuel tank surfaces, as appropriate, fuel lines, and other fuel system components from the cold air to simulate hot-day conditions. The take-off and climb should be made as soon as possible after the fuel in the tank reaches the required test temperature, and the engine oil temperature should be at least the minimum recommended for take-off. The airspeed in the climb should be the same as that used in demonstrating the requirements of JAR 23.65, except the aeroplane should be at minimum weight with a critical quantity of fuel in the tanks. Power settings should be maintained at the maximum approved levels for take-off and climb to provide for the maximum fuel flow. The climb should be continued to the maximum operating altitude approved for the aeroplane. If a lower altitude is substantiated, appropriate limitations should be noted in the Aeroplane Flight Manual. The following data should be recorded : –



Fuel temperature in the tank



–



Fuel pressure at the start of the test and continuously during climb noting any pressure failure, fluctuation, or variations



–



Main and emergency fuel pump operation, as applicable



–



Pressure altitude



–



Ambient air temperature, total or static as applicable



–



Airspeed



–



Engine power, i.e. engine pressure ratio, gas generator speed, torque, rpm, turbine inlet temperature, exhaust gas temperature, manifold pressure, and fuel flow, as appropriate



–



Comments on engine operation



–



Fuel quantities in the fuel tank(s) during take-off



–



Fuel vapour pressure (for automobile gasoline only), determined prior to test



–



Fuel grade or designation, determined prior to test
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A fuel pressure failure is considered to occur when the fuel pressure decreases below the minimum prescribed by the engine manufacturer or the engine does not operate satisfactorily. The emergency fuel pump(s) should be inoperative if being considered for use as backup pump(s). This test may be used to establish the maximum pressure altitude for operation with the pump(s) off. If significant fuel pressure fluctuation occurs during testing of the critical flight condition but pressure failure does not occur, additional testing should be considered to determine that pressure failure may not occur during any expected operating mode. Also, the fuel system should be evaluated for vapour formation during cruise flight at maximum approved altitude in smooth air at low to moderate power setting and low fuel flow and idling approach to landing. The hot weather tests may have to be repeated if the critical tank cannot be positively identified. Any limitations on the outside air temperature as a result of hot weather tests should be included in the Aeroplane Flight Manual.



ACJ 23.1011(b) Oil System – General The minimum allowable usable oil capacity can be determined from the endurance and the maximum allowable oil consumption. For either wet or dry sump engines, the maximum allowable fuel/oil supply ratio is equal to the minimum obtainable fuel/oil consumption ratio. This is expressed mathematically as follows: Maximum Allowable Usable Fuel Capacity (lbs) Minimum Allowable Usable Oil Capacity (lbs)



≤



Minimum Obtainable Specific Fuel Consumptio n Maximum Allowable Specific Oil Consumptio n



Therefore, for both wet and dry sump engines, fuel/oil supply ratio equal to or less than the minimum obtainable fuel/oil consumption ratios are considered acceptable. For twin engine installations, unless an adequate oil reserve is provided, the endurance of a twinengined aeroplane employing a fuel crossfeed system or common fuel tank should be established on the basis that 50% of the specific total initial fuel capacity provided for a shutdown engine will be available to the other engine. The engine power levels to be considered for a twin engine aeroplane having a crossfeed system are those that will allow maximum published endurance with both engines operating and adjusted as necessary (including mixture setting) to complete safely the flight with one engine inoperative after 50% of the fuel supply is consumed.



ACJ 23.1041 Cooling – General Incorporated into the JAR 23 Flight Test Guide paragraph 245. ACJ 23.1043(a)(3) Cooling tests Incorporated into the JAR 23 Flight Test Guide paragraph 246



ACJ 23.1045(a) Cooling test procedures for turbine engine-powered aeroplanes Incorporated into the JAR 23 Flight Test Guide paragraph 246
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ACJ 23.1045(b) Cooling test procedures for turbine engine-powered aeroplanes Incorporated into the JAR 23 Flight Test Guide paragraph 246 et seq. For the cooling tests, a temperature is ‘stabilised’ when its rate of change is less than 2° F per minute.



ACJ 23.1047 Cooling test procedures for reciprocating engine-powered aeroplanes Incorporated into the JAR 23 Flight Test Guide paragraph 246 et seq.



ACJ 23.1141(g)(2) Powerplant controls: general The required means to indicate the valve position may be of – –



a system which senses directly that the valve has attained the position selected, or



–



other indications in the cockpit which give the flight crew a clear indication, that the valve has moved to the selected position.



Although a continuous display indicator would enable compliance with these requirements the alternative use of lights showing the fully open and fully closed position or transit of the valves are also acceptable means of compliance.



ACJ 23.1143(g) Engine controls When throttle linkage separation occurs, the fuel control should go to a setting that will allow the pilot to maintain level flight in the cruise configuration.



ACJ 23.1147(b) Mixture controls When mixture linkage separation occurs, the mixture control should go to a full rich setting.
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ACJ 23.1182 Nacelle areas behind firewalls For each affected area that contains a retractable landing gear, compliance need only be shown with the landing gear retracted.



ACJ 23.1189(a)(5 Shut-off means The hazardous amount of flammable fluid for this requirement is established as one quart.
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ACJ 23.1543(b) Instrument Markings: General FAA Advisory Circular (AC) 20-88A provides guidance on the marking of powerplant instruments.



ACJ 23.1555(e)(2) Control markings Reciprocating engine mixture control and turbine engine condition levers incorporating fuel stopcocks, or fuel stopcocks themselves, are considered to be emergency controls since they provide an immediate means to stop engine combustion.



ACJ 23.1581(a)(3) Aeroplane flight manual – General TO BE DRAFTED This ACJ is pending a review of GAMA Spec. 1, and a final review of the JAA aeroplane operating regulations (JAR-OPS Part One).



ACJ 23.1585(a) Operating procedures A detailed explanation of ‘Abnormal Procedures’ will be found in the Flight Test Guide, Item 412, which refers to GAMA Spec. 1 (section 3A).
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