
23-2y

r_ _ .Is ThursdayFebruary 23, 1984

f i "

m

t

Part II
I

Department of

" r_ Transportation
_- Federal Aviation Administration

i 14 CFR Parts 23, 25, 27, 29, and 33

Airc_ Ermine Regulatory Review

_ Program; Aircraft Engine and RelatedPowerplant Installation Amendments;
Final Rule

i



6832 Federal Register / Vol. 49, No. 37 / Thursday, February 23, 1984 / Rules and Regulations

DEPARTMENT OF TRANSPORTATION held a week-long Regulatory Review conditions of takeoff and flight idle are
Conference in January 1978, attended by added to the rule as adopted.

Federal Aviation Administration over 100 industry and public One commenter recommends that the
representatives, specified liquid water content be

14 CFR Parts 23, 25, 27, 29, and 33 Based on information received during compared to engine induction airflow
tDocket No. 16919;Amdt. Nos.23-29; 25- the review program and conference, the rate. It is the intent of the regulation to
57; 27-20; 29-22; and 33-10] Administrator issued Notice of Proposed proportion the ingested liquid water

Rulemaking (NPRM} 80--21, Aircraft content in relation to the induction
Aircraft Engine Regulatory Review Engine Regulatory Review Program; airflow, and this recommendation would
Program; Aircraft Engine and Related Aircraft Engine and Related Powerplant afford clarification. Therefore, the
Powerplant Installation Amendments Installation Proposals [45 FR 76872; proposed rule is revised by adding the
AGENCV:Federal Aviation November 20, 1980}, which proposed to phrase "4 percent of engine'airflow by

Administration (FAA}, DOT. upgrade the airworthiness standards weight."
applicable to the type certification of A commenter recommends that the

ACTION:Final rule. aircraft engines and of aircraft with requirement for 3 minutes of operation
SUMMARY:This amendment updates the respect to engine installations, at flight idle in rain be deleted. The FAA
airworthiness standards applicable to Comments on the proposals were disagrees. Satisfactory operation of an
the type certification of aircraft engines invited until February 18, 1981. engine for 3 minutes at flight idle in the
and of aircraft with respect to engine Interested persons now have been rain conditions specified will provide
installations. The changes implement given an opportunity to participate in assurance that it will satisfactorily
the President's Regulatory Reform the making of these amendments, and operate throughout the rain conditions
Program by simplifying a number of due consideration has been given to all likely to occur in service, The 3-minute
technical requirements, by eliminating matters presented. The proposals and time period is therefore retained.
unnecessary rules where appropriate, comments are discussed below. A commenter recommends that the
and by removing administrative burdens Substantive changes and changes of an regulations be clarified by removal of
on regulated persons and the FAA editorial and clarifying nature have been words such as "safe" and "hazardous,"
through amendment of regulations from made to the proposed rules based upon which are considered ambiguous. The
which exemptions have been granted, relevant comments received and further FAA believes that these words have a
The regulations update and modernize review within the FAA. Except for minor common interpretation in aviation and
technical requirements to reflect editoral and clarifying changes and the that § 23.901 is sufficiently clear without
engineering advances in the state-of-the- substantive changes discussed below, further change.
art and take into account accumulated these amendments and the reasons for Proposal 2. This amendment to
service experience and them are the same as those proposed § 23.903{a} permit the installation of an
recommendations of the National and explained in Notice 80-21. engine approved under standards other
Transportation Safety Board {NTSB}. Discussion of comments than those of 14 CFR Part 33, such as

EFFECTIVEDATE:March 28, 1984. The following discussion summarizes Part 13 of the Civil Air Regulations
FORFURTHERINFORMATIONCONTACT." the comments received from the public, (CAR) or Part 21 of the Federal Aviation
George F. Mulcahy, Engine and Propeller from industry, and from foreign Regulations {FAR}. In addition,
Standards Staff, ANE-110, Aircraft authorities. Proposals are numbered as provision is made for approving
Certification Division, New England in Notice 80-21. installation of a type certificated engine
Region, Federal Aviation Proposal 1. This amendment clarifies on the basis of satisfactory service
Administration, 12 New England § 23.901(d}, which calls for a experience if the engine has not
Executive Park, Burlington, determination that installation effects specifically complied with § 33.77.
Massachusetts 01803; telephone: (617} do not cause any deterioration of Proposed § 23.903{b) also will require
273-7330. powerplant rain ingestion tolerance as that precautions be taken in the design
SUPPLEMENTARYINFORMATION: demonstrated by the engine in of aircraft to protect vital components

compliance with the engine certification from the effects of uncontained rotor
Background standards of § 33.77, failures and engine fires.

Following recodification in 1965, the One commenter advises that it is not Four commenters request that
first significant revision to the Code of clear whether a specific determination § 23.903(a} be revised to include
Federal Regulations {CFR) Title 14, Part for deterioration of powerplant rain reference to § 21.29(a}(1}(ii), which
33--Airworthiness Standards: Aircraft ingestion tolerance is required for the pertains to certification of import
Engines, was made late in 1974 by intake-engine combination or whether products, To be eligible for installation
Amendment 33-6. The amendment the test of Part 33 would suffice. The in a U.,S. type certificated aircraft, an
sought to accommodate the increasing intent of the proposed rule is to ensure engine must have a U,S. type certificate.
complexity of airframes and engines and that installation effects do not result in Engines imported from a foreign country
their interfaces and the further impact of any deterioration of powerplant rain type certificated in accordance with
supersonic flight. During ensuing years, ingestion tolerance. This requires a § 21.29 are covered by the amended
as the industry became even more separate determination for the engine wording of § 23,903(a), and no further
complex and specialized, the need for installation, other than that required by action is required.
clarification and elimination of 14 CFR Part 33. One commenter advises that under
redundancies in test and design A commenter recommends that flight the proposed wording of § 23.903(a}(2){i}
requirements became evident, idle be included in the evaluation of existing engines could be disqualified

Responding to these needs, the FAA operation in rainfall conditions. The each time § 33.77 was amended, a
in mid-1977 announced an Aircraft FAA agrees that the regulation, as condition which would be unreasonable.
Engine Regulatory Review Program, proposed, does not specify operating The intent of this ru]e change is to
solicited rule change proposals from the conditions for the rain ingestion ensure an acceptable level of safety for
aviation and general community, and investigation and the operating all engine installations with relation to
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foreignobjectingestion(FOl].A does notconsiderturbineenginerotor spillageshouldbe allowedduringa
certificatedenginewhich has shown failureorcasingburn-througha problem wheels-uplanding.Anothersuggests
compliancewithan approved standard forsmallaircraftengines.Turbine thata specifiedamount ofspillage

and has had a satisfactoryFOI service /enginerotorfailurehas been reportedin would be more appropriate.The FAA
historywhen installedina similar smallturbineengines,although agreesthatitwould be desirableto
aircraftlocationwillcontinuetobe problemshave not been notedinrecent preventany fuelspillageduringa
eligibleforinstallationinan aircraft years.As longasthepotentialforfailure wheels-uplandingon any typeof
under.paragraph{a}{2}(ii}.Therefore,no continuestoexist,however,theproblem landingsurface,butitalsorecognizes
furtherchangetotheproposedruleis should.remainunderconsideration, thatreleaseofminutequantitiesoffuel
necessary. Measures takentoprotectaircraftfrom would notbe likelytopresenta fire
A commenter advisesthatthe effectsofrotorburstalsoareexpected hazardand thatcompleteavoidanceof

proposedwordingof§ 23.903(a](2](ii] toresistbum-through.Proposed fuelspillageorapprovalofa specific
would deny an applicanttherightto § 23.903{b}asdraftedensuresprotection amount would be verydifficult.
applyserviceexperiencefrom a appropriatetotheriskinvolvedand is Therefore,theregulationisadoptedas
particularaircraftengineinstallationto thereforeadoptedasproposed, proposed.
justify certification at a different Proposal 3. This amendment revises Proposal 6. This amendment adds a
location on the aircraft. The commenter existing § 23.905 to allow installation of new § 23.995(g) specifying that fuel tank
states that there is no proof that some a propeller approved under standards selector valves must take a separate and
installation locations have a higher " other than 14 CFR Part 35. Commenters distinct action to place the selector in
frequency of ingestion than others, wing agree with this rule change. Therefore, the "OFF" position and that the selector
mounted versus aft mounted, for except for deletion of the qualifier must not pass through the "OFF"
example, nor has frequency of ingestion "approved," which is not applicable in position when changing from one tank to
been found to be related to engine reference to a type certificate, the rule is another.
capability to withstand ingestion of adopted as proposed. One commenter recommends that the
objects. FAA policy is to certify engines "Proposal 4, This amendment to proposed wording be changed to read
independently of installation location § 23.975{b} requires that each fuel "The valve shall be designed so that it is
and/ornumber ofenginesperaircraft, injectionengineemployingvaporreturn notnecessarytomove theselector
Nevertheless,when satisfactoryservice provisions,aswellascarburetorengines through'OFF'positionwhen switching
experienceisused as a basisof havingsuch provisions,have a separate tanks."The FAA believesthatthe

approvalofan engineinstallation,the ventlinetoreturnvapor tothevapor proposedphrasingismore positive,and
location of the engine during the time space in one of the fuel tanks. Four the rule is adopted in this form. This
this experience was accumulated must commenters recommend that the change is in accordance with National
be considered to determine whether the proposed regulation be revised to
new installation is more or less subject require fuel vapor to be returned to the Transportation Safety Board {NTSB}
to FOI, and whether similar results may fuel tank but not specifically to the Safety Recommendation No. A-79-72.Proposal 7. Part of the proposed
be expected in the proposed installation, vapor space, provided the return line amendment to § 23.997 was intended to
This policy is adequately expressed in location is carefully selected. However, make it clear that an aircraft
the proposal, and no further change is carburetors with vapor elimination manufacturer need not duplicate
necessary, features currently in service have a very

One commenter recommends low return fuel pressure with which to equipment or tests of fuel strainers or
clarifying § 23.903{a} with a third overcome flow resistance in the line, so filters if they were provided and
qualifying condition: that the engine be that the static fuel pressure head at a approved as part of a certificated engine
shown to comply with § 33.77 in effect at particular location might be sufficient to and if they also meet the requirements
the time of engine type certification. The prevent proper venting of the carburetor, of this subpart. The proposed wording,
FAA has determined that addition of a Also, discharging the vapor return line however, inadvertently exempted such
third alternative might result in an into the fuel tank at a location near the provided equipment from the latter
unacceptable level of safety under FOI fuel tank outlel could result in vapors requirement. The intended relief is
conditions. Section 33.77 in effect being reintroduced to the engine with already provided as an option to aircraft
October 1, 1974, or thereafter is subsequent loss of power. The proposed and engine manufacturers under the
specifically referenced to preclude this amendment is changed in accordance current rule. Therefore, the portion of
eventuality, with these comments to specify that the the proposed rule exempting engine-

A commenter recommends that vapor be returned to the top of one of supplied devices is withdrawn.
§ 23.903(b} be revised to specify the the fuel tanks. The rule also corrects terminology and
areas needing protection from rotor One commenter recommends that it relieves design requirements for
burst, such as fuel systems, flight control would be preferable to return the vapor mounting fuel strainers or filters.
systems, and occupied areas of the to the selected tank {the tank being Commenters question the meaning of
fuselage.The FAA notesthatareas used}.The FAA agreesbutconsiders thewords "fuelmeteringdevice,"
which may be criticalinone aircraft thisrequirementtobe a substantial recommend thatfiltrationstandardsbe
withrespecttotheeffectsofrotorburst changewhich would add significant includedforthefilters/strainers,and
may notbe criticalinanother, complexityand costtothefuelsystem recommend thatthefuelfilterbe placed
Accordingly,itislefttothedesignerto ofairplanescertificatedunderPart23 ahead ofany otherfuelsystem
determinewhich areasmust be withouta commensurate increasein component subjecttocontamination.
protectedand how toprotectthem,and safety. The FAA has determinedthata fuel
theproposedgenerallanguageprovides Proposal5.Thisamendment to meteringdeviceiscommonly
suchlatitude.However, theFAA will § 23.994redefinestherequired understoodtobe one which regulatesor
evaluateeach designforcompatibility protectionagainstfuelspillageinterms "meters"fuelflow and thatfuel
with the intent of this regulation, of that occurring after wheels-up landing filtration standards should not be

One commenter objects to the on a pave d runway. One commenter included in the regulation but covered
wording of the proposed regulation and questions whether any amount of fuel by policy material. The rule, in

L
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conjunction with § 23.977, assures that compromised. On icy runways, the Proposal 14. This amendment revises
filters and strainers are properly located decision to use momentary power or § 23.1163[a) to make it clear that it is the
to prevent contaminants from blocking thrust to remove induction ice would ultimate responsibility of the aircraft
components other than pumps and remain with the flightcrew. The first manufacturer who installs an engine to
controls. In some installations the comment addresses part of the current assure proper sealing of engine oil
suggested locations would in fact be regulation not raised under Notice 80-21 lubricated accessories.
unfeasible, and therefore is outside the scope of the Three commenters request

Proposals 8 and 9. The proposed proposed change, clarification of paragraph {a}(3} to define
changes to §§ 23.1013 and 23.1015, One commenter recommends a what is to be sealed. The FAA concurs
which deal with oil tanks approved and referenced military specification, MIL-- that the intent is unclear and proposed
provided as part of an engine, are E--5007D, which would be a somewhat paragraph (a}(3} is changed to define the
withdrawn for the same reasons given in more severe requirement (25"F, mean extent of sealing.
Proposal 7 for withdrawing the portion effective drop diameter 30 microns, and Proposal 15. The amendment to
of the wording exempting engine- .4 grams per cubic meter liquid water § 23.1183 would raise the limiting
supplied devices, content}. Actual meteorological data, as capacity of reciprocating engine oil

Also, a commenter questions whether presented a.t the Aircraft Engine sumps from 20 to 25 quarts before
an equivalent provision originally Regulatory Review Conference, does not fireproofing or shielding is required.
proposed for Part 25 applies to engines support this severe requirement. It is Also, the regulation exempts
certificated to the standards of Part 33 considered that the revised test criteria components, as well as lines and fittings
before Amendment 33--8 and suggests take into consideration actual ground that have been approved as part of the
that this be clarified. The commenter icing conditions, including an adequate engine, from these requirements. These
asserts that the oil tanks may be unsafe margin of safety, and that compliance changes remove unjustified engine
if not substantiated under Amendment with MIL--F,-5007D is not warranted, design limitations and afford increased
33-8. The concern expressed by the Therefore, § 23.1093 is adopted as range capabilities.
commenter has been taken into account proposed. One commenter recommends that the
by withdrawing the proposal. • Proposal 13. This proposed change 20-quart capacity limit required by

Proposal 10. This change to § 23.1019 would add a new § 23.1143(e} to: (1} paragraph [a} be retained. The proposal
corrects terminology and is intended to state engine control requirements not is seen as an arbitrary accommodation
relieve the airplane manufacturer from only for antidetonant injection {ADI} of a particular application for type
duplicating compliance with oil systems, but for other fluid injection certification, but the commenter does
strainer]filter design requirements if systems {other than fuel} as well; {2} not supply specific information or data
they are provided and approved as part make it clear that any. fluid injection to support this claim. A search of FAA
of the engine to be installed. The system and its controls provided and records has not disclosed such an
proposed rule, except for that portion approved as part of the engine need not application.
which corrects terminology, is be duplicated by the aircraft Neither service with 20-quart capacity
withdrawn for the reasons given in manufacturer; and {3} specify a separate oil systems nor any other evidence hasProposal 7. control for fluid injection pumps.

One commenter recommends that oil Five commenters object to proposed shown that there would be any
filtration standards be included in the § 23.1143(e}(1} on the grounds that it compromise of safety associated with a
regulations. The FAA believes that restricts design of fluid control to one of sump capacity of 25 quarts of oil as
filtration standards would be more a number of satisfactory types. It is their opposed to 20 quarts in the case of a
appropriately covered by an advisory view that fluid injection requirements powerplant fire. The amendment is
circular or equivalent advisory are influenced by other factors which adopted as proposed.
information, may not relate to the amount of power Proposal 16. The amendments to

Proposal I1. This proposal amends produced by an engine in service. In § 23.1189(a}{1} and (b}(2} clarify the
§ 23.1021 to permit the use of multiple oil some cases, the engine installations requirements for shutoff means for
system drains, if necessary, to provide have fluid systems that do not vary the flammable fluids in multiengine aircraft
more efficient drainage. All commenters fluid flow with power. Fluid is injected and for turbine engine oil systems.
agree with the change, and the in a fixed amount, and power is varied One commenter recommends that this
regulation is adopted as proposed, by the engine fuel control via the power rule be cross-referenced to 14 CFR Part

Proposal 12. The proposed change of lever. The proposed paragraph is 33. Another commenter suggests
§ 23.1093 brings the ground idle rephrased to permit more flexibility in addition of the word "installation" to
induction system icing test conditions design, paragraph {a}(1} for the sake of clarity.
into conformance with Appendix C of 14 One commenter requests that the The FAA does not consider a cross
CFR Part 25 and permits periodic regulations be clarified so that separate reference to Part 33 necessary since the
operation at increased power or thrust control for fluid injection pumps is emphasis of this section is upon the
higher than ground idle as an ice required regardless of whether or not aircraft manufacturers' responsibility to
protection measure, the injection system is approved as part ensure a fireproof engine installation. "

One commenter questions whether of the engine. Another suggests deletion Adding the word "installation,"
"momentary operation at takeoff power" of this paragraph as some current however, will provide additional
is adequate. Another commenter systems do not use pumps, The FAA clarification. The proposed regulation is
questions whether allowing engine agrees with the commenters, and the adopted with this change.
runup on an icy taxiway would be a safe proposed regulation is revised Other comments contain proposals _or
condition. The FAA agrees that the accordingly. Part 23 which were not on the agenda of
second comment may have merit under The portion of the proposed rule the Aircraft Engine Regulatory Review
certain conditions. However, the exempting engine-supplied devices from Program. These include the addition of a
relaxatory nature of this part of the the requirements of this section is new § 23.907 concerning acceptable
regulation need not be denied withdrawn for the reason given for propeller stress levels and addition of a
applications where safety is not § 23.997. rule requiring that positive pressure be
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maintained within fuel tanks to prevent proposed amendemt to § 25.997, see the requirement as irrelevant. Another-
vapor formation. These. proposal for § 23.997. commenter suggests the following
recommendations are outside the scope Proposa125. The proposed revision of rewording: " . . the most unfavorable
of the proposed amendment and are not § 25.1001 removes the distinction center of gravity position at which the
addressed by this rulemaking, between fuel jettisoning systems for airplane can be flown safely."

Proposal 17. This revision of reciprocating and turbine engine- Reference to the most unfavorable
§ 25.33(a}{2} corrects and updates an powered airplanes, deletes obsolete center of gravity was carried over from
obsolete reference to the rules and does sections, and corrects references to deleted § 25.67, which governed
not constitute a substantive change. No climb performance sections. Other demonstration of one engine inoperative
unfavorable comments were received, changes are editorial in nature, climb. Section 23.121(c} is the new
and the proposal is adopted, eliminate redundancies, and clarify the reference, and it has no requirement for

Proposal 18. No unfavorable text. center of gravity position. In any case,
comments were received with respect to No unfavorable comments on the the airplane must be flown within the
revising § 25.697(a} to correct reference proposed change of § 25.1001 were airplane limitations.
to obsolete rules. The proposal is received. However, two commenters The FAA agrees that for this cooling
therefore adopted without change, recommend rephrasing the requirement test the effect of center of gravity

Proposal 19. For a discussion of of paragraph {b}(3}to specify that fuel or position is negligible and does not affect
comments on the proposed amendment fumes do not enter any part of the the outcome. The proposed amendment
to § 25.903[a}, see the proposal for airplane in sufficient quantity to is revised and adopted.
§ 23.903(a). constitute a fire or explosion hazard, Proposal 31. This amendment to

Proposal20. This proposal revises maintaining that not all fuel or fumes § 25.1091(e) requires the foreign object
§ 2.5.905{a} to allow installation of a necessarily constitute a fire or explosion ingestion criteria of § 33.77 to be applied
propeller type certificated under the hazard. A third commenter recommends to vulnerable portions of induction
procedures of CAR Part 14 or § 21.29 of revising paragraph (b} to rectify a systems.
the FAR, as well as Part 35 of the FAR. condition in which the intended Comments received were generally
No unfavorable comments were reduction in airplane weight cannot be favorable. Two commenters recommend,
received with respect to revising achieved when jettisoning is initiated however, that additional wording be
§ 25.905(a}. Therefore, except for with the fuel quantity and distribution included to specify the air induction
deletion of the qualifier "approved," associated with takeoff at maximum system parts or components to be
which is not applicable in reference to a zero fuel weight (that is, for short range considered under this rule.
type certificate, the rule is adopted as with high cabin load}. The FAA believes that the proposedproposed. Fuel or fumes should not be allowed

Proposal21. Six commenters object to to reenter any part of the airplane during change adequately states the
and recommend deleting the proposed an emergency condition such as performance objectives of the airplane
change to § 25.939{b}. The consensus is jettisoning. It would be difficult to air induction system and the criteria to
that determination of surge and stall establ_sh the amount of fuel or fumes be applied. Listing specific components
margins in quantitative terms is beyond that does constitute a hazard. Regarding to be protected would ignore possible
the current state-of-the-art and that the wording in paragraph (b}, the FAA future developments. The change to
adequate investigation of engine stall, agrees that the comment has merit; § 25.1091{a) therefore is adopted as
surge, and flameout characteristics is however, it is outside the scope of the proposed.
currently covered by the requirements of proposed change. The rule is adopted as Proposal 32. For a discussion of
§ 25.939(a}. Therefore, the proposed proposed, comments on and disposition Of the
change to § 25.939(b} is withdrawn. The Proposals 26 and 27. No unfavorable proposed amendment to § 25.1093(b}{2},
comparable proposal to amend § 33.65 comments were received in response to see the proposal for § 23.1093{b}(2}.
also is withdrawn, the proposed changes to §§ 25.1013 and Proposal 33. For a discussion of

Proposal 22. This amendment to 25.1015. However, the portion of the comments on and disposition of the
§ 25.961 restores test conditions for hot proposals dealing with oil tanks proposed amendment to § 25.1143[d},
weather fuel system operation provided and approved as part of an see the proposal for § 23.1143{e}.
previously deleted, engine is withdrawn for the reasons Proposal 34. For a discussion of .

One commenter recommends deleting stated for § 23.997. For a discussion of comments on and disposition of the
proposed paragraph (a}(4)(i}(D}, arguing reciprocating engine oil sump capacity proposed amendment to § 25.1163(a},
that the center of gravity is not relevant in relation to fireproofing requirements see the proposal for § 23.1163(a}.
to hot fuel tests. This reference to the in § 25.1013, see the proposal for Proposal35. For a discussion of
most unfavorable center of gravity was § 23.1183. comments on and disposition of the
continued over from the deleted Proposal 28. No adverse comments proposed amendment to § 25.1183(b}_1},
§ 25.65{a}{4} as one of the conditions for were received on the proposal to amend see the proposal for § 23.1183(b}(1}.
demonstrating all engine climb in § 25.1019, and the change is adopted as Proposal 36. For a discussion of
cruising configuration. The FAA agrees proposed. For a discussion of this comments on and disposition of the
that unfavorable center of gravity is not change, see the proposal for § 23.1019. proposed amendments to § 25.1189{a} (1)
relevant to the hot fuel test, and Proposa]29. No adverse comments and {2},see the proposals for
paragraph (a}(4)(i}(D] of the proposed were received on the proposal for § 23.1189(a)(1} and (b}(2}.
change is deleted. The proposed § 25.1021, and it is adopted as proposed Proposal 37. This amendment would
amendment is adopted as revised. (See the proposal for § 23.1021}. have deleted § 25.1305(d}{3}, which calls

Proposal 23. For a discussion of Proposal 30. This amendment to for a rotor system unbalance indicator
comments on and disposition of the § 25.1045(d} corrects references to in each turboject installation.
proposed amendment to § 25.994, see the performance requirements which have One commenter disagrees, stating that
proposal for § 23.994. become obsolete. In addition, a the requirement should be retained and

Proposal24. For a discussion of commenter would delete the cooling test arguing that foregoing the monitoring of
comments on and disposition of the configuration center of gravity airborne vibration would be a

L_
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retrograde step. The commenter claims Therefore, in this case, compliance amendments to §§ 27.1189 and 29.1189,
that well developed systems have would be assured by reference to § 33.5 see the proposal for § 23.1189.
shown more than adequate reliability in § 27.901(c)(1) and the requirements in Proposals 49, 50, 51, 52, and53. For
and are considered capable of giving § 27.977 (§ § 29.901(b)(1)(i) and 29.977 for discussion and disposition of the
advance warning of impending failures. Part 29). proposed amendments to §§ 29.997,

Service experience has not shown that Proposals 40, 41, 42 and 43. For 29.1013, 29.1015, 29.1019, and 29.1021, see
installation and use of airborne discussion and disposition of the the corresponding proposals for Part 23.
vibration monitor (AVM) systems are proposed amendments to §§ 27.1013, Proposal 59. This amendment to § 33.7
universally beneficial, as they are not 27.1015, 27.1019, and 27.1021, see the revises the engine operating limit
totally effective in providing advance proposals for §§ 23.997, 23.1019, and requirements for fuel and oil
warning of all hazardous engine failure 23.1021. temperature and pressure, overhaul, and
modes. However, recent experience, Proposals 44 and 54. These proposals windmilling r.p.m.
since this amendment was proposed, would delete §§ 27.1093(b)(2) and All comments support adoption of this
has demonstrated the potential of an 29.1093(b](2), which are the current proposal. Additionally, two commenters
AVM to provide a safety improvement requirements for demonstrating propose changing Appendix A of Part 33
as discussed by the first commenter, satisfactory powerplant operation when to be compatible with deleting the word
Therefore, the proposal to delete exposed to atmospheric icing during "overhaul," as proposed in the
§ 25.1305(d)[3) is withdrawn pending ground operating conditions. The basis . amendments to §§ 33.7[c)[17) and 33.90.
further study, for deletion is the contention that engine However, reference to the term

Proposal 38. No unfavorable induction system icing during ground "overhaul" is still appropriate to many
comments were received regarding the idle operation has not been a significant turbine and basically all reciprocating
proposed change to § 25.1323(b)(2), problem with rolorcraft, assuming they engines. While the FAA believes there is
which deletes an obsolete reference to are not required to queue up for takeoff merit in considering a restructuring of
§ 25.59, and it is adopted without as are airplanes. Subsequent FAA Appendix A, it goes beyond the scope of
change, review of rotorcraft utilization discloses the Notice 80-21. Accordingly, the

Nonsubstantive changes are made to that extended ground operation of amendment is adopted as proposed.
§§ 25.1359 and 25.1521 which were not rotorcraft during icing conditions, Proposal60. This amendment to
included in the Regulatory Review although infrequent, must be expected. § 33.14 revises and clarifies the rules
Conference Agenda or in Notice 80-21. The proposals to delete §§ 27.1093(b)(2] establishing engine low-cycle fatigue
These amendments correct and 29.1093(b)(2) therefore are limits.
typographical errors and references, withdrawn and the sections are One commenter suggests that the

Proposals 2 and 19 modify reworded as in § § 23.1093(b)(2) and definition of start-stop cycle fails to
§§ 23.903(a} and 25.903(a}, respectively, 25.1093(b)(2).
to require an "approved type certificate" For further discussions on this account for reduced power takeoff andtherefore should be modified to read
for each engine installed, rather than a amendment, see Proposal 75 for § 33.68 ,, accelerating to takeoff thrust levels
type certificate issued under Part 33 and Proposal 12 for § 23.1093. " " "
only. The discussion presented for the Proposals 45 and 55. These . . ." rather than "... accelerating to
proposal for § 23.903(a) also applies to amendments add new §§ 27.1143(d) and maximum rated power or thrust .... "
§§ 27.903[a) and 29.903(a). Therefore, 29.1143 (d) and (e) specifying that fluid Reduced power takeoff is an operational
substantively identical changes to these injection (other than fuel) controls be in procedure determined by prevailing
sections are adopted, the throttle controls and eliminating factors such as aircraft weight, runway

A commenter suggests that in duplicate certification requirements, as length, and density altitude. The FAA
connection with the revised wording, in §§ 23.1143 and 25.1143. However, the believes the fatigue life used for
turbine engines installed in rotorcraft term "throttles" is a misnomer for certification should be the minimum
should be required to comply with the modern turbine engines installed in service life based on maximum ratings
foreign object ingestion requirements of rotorcraft. Changes needed to rectify the since the engine operational
§ 33.77, which is now the case for terminology would be beyond the scope characteristics will vary for each
engines type certificated after October 1, of this review. The proposals to amend aircraft installation. Both cyclic and
!974. For engines for which application §§ 27.1143 and 29.1143 are withdrawn hourly life credits for reduced stress
for type certificate was made before that and will be referred to the Rotorcraft levels experienced by some discs during
date, this suggestion constitutes a Regulatory Review Program for reduced power takeoff can be adjusted
substantive change beyond the scope of consideration, by the use of approved methodology,
this rulemaking and is not adopted. Proposals 46 and 56. For a discussion One engine manufacturer has done so

Proposal 39. For a discussion and and disposition of the proposed by creating "disc life factors" to apply to
disposition of the proposed amendment amendments to §§ 27.1163(a) and those cycles or hours of operation under
to § 27.997, see also the proposal fr,r 29.1163(a), see the proposal for required conditions. The established life
§ 23.997. § 23.1163(a). thus has a certain conservative bias, as

One commenter questions the Proposals 47 and 57. These it is based on maximum ratings.
rationale behind deleting the phrase amendments to § § 27.1183 and 29.1183 Another commenter objects to the
"and the mesh" and claims that without establish a new capacity limit of 25 proposed wording of this section
this phrase only filter capacity is quarts instead of 20 quarts for because it eliminates the distinction
addressed by the rule. The term "mesh" reciprocating engine integral oil sumps between maximum predicted and initial
is not applicable to filters or filter before requiring the sumps to be service life and suggests that a part
elements. However, fuel filtration fireproof or have fireproof shielding. For could continue in service up to its
requirements, including mesh, particle a discussion of comments on and maximum predicted life without
size, and density, if not satisfied by the disposition of the proposals, see the undergoing the specified sampling
engine manfacturer, will be prescribed proposal for § 23.1183. program. The commenter suggests that
in the instruction manual for installing Proposals 48 and 58. For a discussion some fixed percentage of the predicted
and operating the engine (§ 33.5). and disposition of the proposed life be established as the initial service
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life. The FAA does not agree that a lack Two commenters object to the last The FAA believes that the primary
of distinction will exist between initial word of § 33.19{a) in that it is unduly structural requirements of § 25.305 are
and predicted life. The predicted life of a restrictive. The commenters state that appropriate where a variety of designs
disc is evaluated by the applicant using the requirement that fragment energy serving the many structural needs of an
approved low-cycle fatigue methodology levels and trajectories be "defined" can aircraft must be evaluated under a
involving factors such as material be interpreted to mean precisely defined single rule. Engine mounting attachment
properties, engine thermodynamics, etc., by tests, whereas in practice they may structure represents a much narrower
which when used in the analysis result be determined by engine tests, range of design for which the additional
in a confidence level for the predicted component tests, and/or analysis. The provisions of § 25.305 are not needed.
life. Based on this confidence level, the FAA disagrees that use of the word Current practice and service experience
service life may vary from one-third to "defined" is unduly restrictive. It is the support this opinion. Therefore, the
three-fourths or more of the predicted FAA's intent that the boundary wording "permanent deformation" is
life. To require the initial service life to condition for possible fragments be set retained.
be a fixed proportion of the predicted and therefore defined. The method used One commenter would also specify
life, i.e., 50 percent for instance, would may include engine tests or other means that the engine mounting attachments
place an undue burden on the applicant acceptable to the Administrator. and structure withstand repeated
with no commensurate safety benefit. Another commenter suggests that a application of normal loads; that is,
Any program to increase the initial corresponding change be made to § 33.5 there should be fatigue substantiation of
service life must include sampling or to provide for the location of the data on critical structural components. Although
inspection procedures. For these fragment energy levels and trajectories, not currently required, engine mounting
reasons, the rule, except for some However, a change to § 33.5 is not attachments and structures are in fact

editorial changes, is adopted as required since the actual location of this being confirmed under repetitive
proposed, data will be referenced on the engine loading. Adopting this requirement

Proposa! 61. No unfavorable comment data sheet, would, however, add regulatory
was received on the proposal to amend Another commenter suggests a demands beyond those of the proposal.
§ 33.15(b] by deleting the phrase "or clarification of the rule is required to The question of requiring substantiation
Technical Standard Orders," given specify that only where fragments leave of mounting attachments and structures
erroneously as a standard for engine the engine through the inlet or turbine under cyclic loads will be considered for
materials, and the proposal is adopted exhaust should the energy and future rulemaking action.
without change, trajectories be defined. The FAA One commenter suggests inserting the

Proposal 62. This amendment to believes this clarification is word "engine" in § 33.23 {a} and {b} to
§ 33.17 increases the limiting oil unnecessary. The first portion of the modify "structure" and thus avoid
capacity for reciprocating engine current rule requires containment of implying that aircraft structure is meant.
integral oil sumps from 20 to 25 quarts damage from blade failures. The new The FAA agrees, and the proposal is
before fireproofing is required, sentence would require definition of the

One commenter takes exception to the boundary conditions for debris adopted with the wording changed
wording of § 33.17(a], which implies that generated by the blade failure and accordingly.
any structural failure or overheating in ejected by the engine. It is this possible Proposal 65. No unfavorable comment
turbine engines would represent a secondary damage due to debris exiting was received on the proposal to amend
hazardous condition. The same language the inlet, fan, or core exhaust that is § 33.25 to delete an unnecessary
has been carried under deleted § 33.17(f} pertinent. Accordingly, the proposal is sentence relating to load requirements
and has presented no problems in adopted without change, already specified in § 33.49(a} and
interpretation. Proposal 64. This revision of § 33.23 § 33.87{a}{6} for reciprocating and

A commenter recommends that the refines definitions and load limits for turbine engines, respectively. The
present 20-quart oil limit be retained, engine mounting attachments and amendment permits a minute amount of
implying that it was established by fire structure, oil leakage from the engine interior and
testing. The FAA has no records which Several commenters suggest changing assigns ultimate responsibility for
show that the 20-quart limit was derived § 33.23(b} to make the wording similar to engine/accessory drive sealing to the
from fire test data. Its original intent the aircraft primary structural aircraft manufacturer. Accordingly, the
was to exclude the integral oil tanks of requirements of §§ 23.305 (a} and (b} amendment is adopted as proposed.
small reciprocating engines from and 25.305 [a) and (b). It is suggested Proposal 66. This amendment to
fireproofing requirements, and it was that "permanent deformation" in § 33.27 revises overspeed test conditions
based on years of satisfactory service § 33.23(b}(1} be changed to "detrimental and strength requirements for turbine,
experience. The FAA does not believe permanent deformation." This change compressor, and turbosupercharger
that raising this limit to 25 quarts as would recognize the slight deformations rotors and extends these criteria to fan
proposed will violate the original intent associated with structural hysteresis rotors.
(see also the proposal for § 23.1183]. which do not adversely affect the Two commenters object to the
Since the 25-quart limit was proposed structure, proposed wording of the posttest
over 4 years ago, the FAA has received It is further suggested that any acceptability criteria in the last
no evidence that would indicate this deformation at limit load which sentence, stating that it is unnecessarily
change would compromise safety, interferes with engine operation should loose and subject to varied
Therefore, the amendment is adopted as not be permitted, although § 33.23 does interpretation. The FAA disagrees. The
proposed, not so state, and that the § 25.305, 3- intent of the test is to ensure that

Proposal 63. This amendment to second criterion for demonstration of compressor and turbine rotors have
§ 33.19(a} requires an applicant for an ultimate load is also appropriate for sufficient structural strength to provide
engine type certificate to define the § 33.23{b}(2}; otherwise, the rule could reliability and safety during an inservice
trajectories of rotor blade fragments be interpreted to require the structure to overspeed situation. The acceptability
exiting outside compressor or turbine withstand ultimate load for an indefinite criterion is that parts show no evidence
rotor cases, period of time. of incipient failure or distortion which
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co uld na.m_ b.azards. _ evidence -¢_ill com_l_m_e vcith _va_i_tx-sFAiR Pa_t ,a3 q'l,m _s_ ted _bSe _i_e of _ propo_s e_l
differ f_u'.e.ach _ngh_e type Aesdga, anda (and laa_rt2_) _qui_ament_ as :part Of the c,h_rtge _s _ a_Aew _l_igahtceew,sl'o
determima_ion ma.trd he made for _e,ach basic _e_giae 4ype design. Reeemt tr_al_ettet_, a_zoi,d s_vge and a,ta4'l
case. Al_Taoq_ [he warding _Jf the expariamae :has demon_rated that in c_ndi_tm severe emammghto cause
currenl rtde is cex, ised. it con_tinae_ to same _astanoes A%'M can provide a enghae nrdlfm_ction _or da_a_ge.
state that _or ear,h type design a _laro_-e6 safety improvement as ,discussed by_ the One mmme_at'_r _grees w_th the
acceptable condition must be met .mad first _om_enter. The_ffore, the prolausal'with no amFlifyin, g sta_tenveeats.
demtm, strated, requiremen_ is being netained in Part 33 A_oth_r commemter, a rotarcraft

Two commen_ers _e_nd tl"mt to _ro.vid_e an engine c_rme_tion for mam_act, uner, ,e_:_s t_s tar_posed
§ 33:Z7{c_(2.}Iv} and _v_ need not apply AVM. Re_ntion of _ Pequireme_ does wmXld _SUlaphyurgently meeded
if the Ta;ibareeven_ de_r/bed m'e not _nk_e a _ignifi_',mt 'burdem nn the qum'ttita,five _pe_a_g marghas.
considered impmt-_able. The FA,A engine manufacturer. _cc_rdingly, the Co_ider_ng _ ims_lla_ti_a effects of
disagrees. "Service experience sh_ws propor_'l ,to ,delete § '33.29(b} is ro_r_rafl :apc_ieatio=s. the FAA d_es
that most severe engine failures, withdrawn, not _elie_,e ,'liftsproposal w:ill alleviate
including "those caused by disc and ,sha[t Prq_,sa_ r 68. This amendment adds the _ot_,rcrafl _mu_cturerS'
failures, would I-_avebeen judged requireraems for fluid _r_ject_n '{other requiremma_ [or in,fligh_ inve_t, iga_ti_n
improb,_ble beforehand, Attempts to tha_ fuel} system COT_rols uader a new of s_ll aad _ge c_h,aracteristios
apply lambaba'Sty'to this rule wou],d not §,3K3_(e_. (§§ 27._9 _d29.g39).
be in the ir_erest of _irwor_ness. A _a_z_en_er .su_ests the proposal be The tmmbined :comments ,_om the

Two _anvmen, ters request that changed "to react: "_ i_w of floe other resgondonts can be summarized
maximum permissi_ole r.p.m. _bede?i.ned injected fluid J$ _a_eqtrately c_tr_l].ed." as follow_:
as _e highest ,steady s'tale T.p,m. at and l_a_ _tr_g_a:ph ,'{e_[2}be deleted. {1} The _ecfive :of the laroposed
which ari engine shaft can rotate in The _nm_e._l_r e:q_l_iaas fl_ere exi_ change is commendable; however,
servioe. _ ¥/kA disagrees. If an engine systems which inject fluid at a _'ixad _ate _2_Tedhnelogy or state-of:_he-art does
has a transient r_tor speed limitation independeu_ _:ffp=wer lever pension, not allow attainment af the ob_e_]_e as
higher thaia the _eady sta_te :limitation, ]'he r,,ommenter _dds _tha,ta_me systems stated;
maxirrmm permi_ble r.p._a, wou, ld be d_ n_t use pumps _out_ti_ze en_ae
the ma.ximum _ansient speed limit, bleed air _[ovpre_m'_a_ion a,_adcontrol (3} The ms,rude of teslLng, just interms zff _ar.i_bles ,that _,_aald need _o be

Another eaum_nCe_r _ug_e_ts it manually or sutoma,tic.a_ly wi,_ 9ower investigated, would be fornfidahle and
rearranging § aa_7_c_z_for ,_larification lever or t_ax_tle m_tion. The _FAA agrees costly w_ _ _r no _0oompanymg
and allowi_ roe,or discs with sootions with the commenter, a_d _ _ec_m ,is increase h__ty;
thianer _ha_ ty_e ,design $o t_e na_ _¢o revisad aoc_cd_ng_y. (4) The FAA I_as _u_te_t_lL_had
produc_e eq._iv.al_at r_re_s at ,lower Prt._po_aJ69. Thins axnen_nt t*0 doc.a,mer_ta,fi_ _a _ast_fy _aoh a rule
r.p.m. The _'A.A does _at :t:_ Shal the § 33_t3 r_ove_ .the ve_uireme_ _o change;
protmsed rear_geme_t _f,l_a_ralah c_ml_y _v_h e_t_l_:.iChed s_af,t
[c)(2) would :significaa_tly _laxi_y the _5_/_ _ia_e adviam_ cixc_larendurance s,tre_s _m_s when _!aera_l_g
requirements of the section. While the an engine wi_ one c54_i¢_-.r_at _iri,'n.g. sda_k:l be _ma_[ _ c,am'¢lii_a_d with
use of thinned rotor discs as _test artidles _he _ie_e ¢ommerrter _eu_ wi,th ind_ast-ry iar_ar _ t_as_.s _ flxis
nmy be jtmtified unsler _e_ the ,in_n:"t of _IVispreffosal _ reelueSVs regulatiom
circumsto.nces, the pra.cti_-'e _xt not [_ _Fm,ms _h _ "_,_e_ _r,e
be considered typical t_r nora., The that shaft cpi_ical _peeds f_r _e
conditions under which _he _Xlmdient cyFcmik_--e_t _:tmdi_ia_m_aei_]_ed i'n the sm,g_ m-_ _ta_l" ave amb_ a_
might be acceptable mtt_t _e _*va_lua_ted operating instruclior_s. The FA_ _ unamemta._l_ _ q_anti_ _,e_tiag;

con_d_rs hh'at _'_fi_g _owe _der fi_is andon an i_dividual basis _md a
determination of eq_iwale_cy ma_e. secfi_m,wiI19rovid_ saf_ _perating (7] _e _u_ve_,_ ve.gal_iem _eq_a¢_ly
Accordingly, the amandan_nt is adr_ted informatiem, it,_l,_d, iavgcri_icnl speeds, prov_de_ _ _ived _in_oa,ma_tm.
as proposed, which must appear in the engine _ _ time. _he F'AA _maem-s with the

Proposal 67. This amendment o_era_r_ irtsta_ac_imm in accordance firset _fix il'evrrs abo_e. Vt f'tn_er curators
pr_posestodele_ §33.E9(_,},_v,h,ich v¢it_ .§33.5. The p'rcrposed amendment is ' tha't_em¶_ma, yb_1_aef-irst:a:pproadh
requires that each turb_act ee_ia_e be adopted wi_zaont chmage, to c_ _ FA_x disagramrre_*_
provided with a cormecl_an k_ a r_,tor P_af _. No _s were with _ *(7),
system unbalarme indicalar, received _n the progosa] _o correct a As stated under _he "Explanation " of

A commenter objects to deletixm of typographical errtrr "in'§ 33._/_1.and it is the proposed rule, lixe current rn]e i_
the requirement for a connection for a_ _ c]amage, objecled _ _xrr no'_'beh_g able t_ define
rotor system unbalarme indication. The Pr_poso1:7I. Nt_aanSavora;ble cormnent an acceptable _r reje_ta_le d_gree ot
commenter states that a well-developed was received on qae proposal to amend compliance-/k'fler far_er rev_e_,, i:t is
system ha_ more than adequate § 33.b"3by deleting l'he word _normal," concluded 1._aIl.hia _ame Objection
reliability and has .capability of giving which tended to tmdUly restrict the might ,apply Io _the_ropased ru_
advance waraing o,f failures w:bich could operating range o_ rotational speeds Furthermore, 1_e ragula_tion as proposed
lead to hazardous events. Two when corrsidering v_r-_l't_r¥ Torce and will no1 meet the _'mted oly_eclive. The
commenters agree to the deletion of the stress _n engine and _tructm_e.. The proposed regulal_on won_d st_iTl'be
requirement for rotor system u.ffba]ance proposal ,is adopted w:ffhoLa c]aan_e, sub_ec/'to 15ae,fialerp_e'five pr_ess _ed
indication, However, one ofthe Proposal 72, Tb2m pr_osed r_.hange to to determine comp1'iance during
commenters adds thalt airborne § 33.65 is based on a similar pr_a,pt_sal certification. Yamw_[e oomman_
vibration monitoring _VM) could be deferred frt>m NoIir_ 75-_31 _I] YR 29410; and othex intou, aafian rac.aivad an Ibis
applicable to some ertg'mes and 't_uat in July itl_ lgTb'_ and was in'_ad_w, ad _a_a proposal make i't do_bff_ flint the
cases where reliable AVM systems have the _ after the Aircra_ft Eagine objectives can be met at _ time.
been developed, credit could be cta_med Regulatory Review e_n_er_ace held in Co_ia_ _ above, _ FAA is _¢
for the AVM systen, in showing lanuary 1978. this time deleting this proposed v,han_.
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Proposal 73. This amendment to provide experience or alternative contamination to provide a consistent
§ 33.06 clarifies standards for bleed air means, other than testing, for showing unambiguous requirement which can be
system performance and for indication compliance. The FAA agrees that the applied fairly and consistently. Two
of the functioning of ice protection word "demonstrate" as used in this commenters suggest the proposal be
systems, if bleed air is used and can be paragraph would mean to prove by canceled and the present wording be
controlled, operation of the device, which was not retained since engine control system

There were no dissenting comments, intended as the only acceptable method malfunctions due to fuel contamination
However, one commenter objects to the of substantiation. Therefore, the are not a service problem.
words "aircraft powerplant" in proposal is modified accordingly. Proposed §33.67(b}(5} is clarifying;
connection with the ice protection Ref§ 33.67(b](4}(ii}. A commenter however, the rule for engine certification
system, as the reader might confuse the suggests deleting proposed should not relate to ambiguous aircraft
engine anti-icing system with the § 33.67(b)(4]{ii} and replacing § 33.67(a) flight requirements, but rather to the
aircraft anti-icing or ice protection with the sentence: "Each fuel system time of continued satisfactory engine
system provided for the powerplant. The must be capable of sustained operation operation in the mode of partial filter
FAA concurs with the comment to use throughout its flow and pressure range blockage.
the word "engine" in place of "aircraft with fuel initially saturated with water Also, there is merit to the comment
powerplant," and the proposal is at 80°F and having 0.75 cc of free water relative to quantifying the degree of
modified accordingly, per gallon added and cooled to tire most contamination; but, further research is

Proposal 74. This amendment to critical conditions for icing likely to be required before such limits can be
§ 33.67 brings engine fuel system encountered in operation." The established. Accordingly, proposed
standards into conformity with commenter adds that manufacturers § 33.67(b)(5) is revised as discussed.
corresponding sections of the aircraft should be allowed to show that the total Ref§ 33.67[c). Two commenters
rules. It also adds new fuel control fuel system is capable of operation suggest the proposal be changed to read:
standards, under those conditions without "{1) The flow of the injected fluid is

Since a large number of comments establishing any specific design criteria adequately controlled," and one of the
were received on the various sections of such as use of heaters or additives. The two commenters further suggests
the proposed rule, the following commenter further states that some deletion of (2}. The commenters explain
discussion has been subdivided into current successful systems use neither there exist systems which inject fluid at
segments for simplicity of discussion, anti-icing additives nor fuel heaters.

Ref§ 33.62"(o). Although no Another commenter states that a fixed rate independent of power lever
position. The second commenter adds

unfavorable comment was received on although it may be reasonable to accept that some systems do not use pumps but
the proposal to amend § 33.67 by that a fuel heater can cope with water
deleting all but the first se_ntence of saturated fuel, the effectiveness of anti- use engine bleed air for pressurization
§33.67(a), the dropping of proposed icing additives should be evaluated, and control it manually or automatically
§ 33.67(d} introduces the need to restore, The commenter suggests that the with power lever or throttle motion. A
in § 33.67(a}, the requirements for proper second sentence of § 33.67(b](4}(ii} be third commenter suggests that the flow
fuel control system functioning, amended to read: "This requirement of injected fluid must be controlled in
adjustment, locking, and sealing, may be met by showing the relation to the design requirements of
Therefore, the proposal is modified by effectiveness of specified approved fuel the engine since power produced by an
deleting only the last sentence of anti-icing additives or that the fuel engine can be influenced by a number of
§ 33.67[a}. system is fitted with a fuel heater which factors. The FAA agrees with the

Rof§ 33.67{b). A commenter states the is capable of maintaining the fuel commenters and has revised the section
proposed revision should specify that temperature at the fuel strainer or fuel accordingly.
the fuel strainer or filter be installed inlet above 32°F (0°C] under the most Ref§ 33.fiT{d). A commenter suggests
ahead of the first engine fuel system critical conditions." that the proposal should provide for
component which is susceptible to The FAA does not agree with the first consideration of electric/electronic

e restricted fuel flow due to contaminants, commenter since the proposed change components which have a documented
The commenter adds that this would does not restrict the manufacturer to satisfactory service history. Two
assure that the complete engine fuel specific design criteria, but rather commenters state that it seems
system is protected from fuel flow provides for recognized equivalent unnecessary to apply the proposed rule
interruption due to contamination, means of compliance, to other than full-authority control

While there is merit to considering The FAA substantially agrees with the systems with electrical or electronic
amending § 33.67(b), it goes beyond the suggestion of the second commenter input.
scope of lhe present NPRM. These which rectifies the objections raised and Ref§ 33.67(d)(1}. One commenter
comments should properly be handled which editorially corrects the proposed suggests deletion of this section of the
by a future NPRM to allow other changes. Accordingly, the second proposed rule on the basis that
interested persons time to submit their sentence of proposed § 33.67(b)(4)(ii} is definition of reliability level would be
views. Therefore, the proposal is revised except that the words "... subjective. Two commenters state that a

:l adopted without change, which is capable of maintaining .... " comparative reliability level should not
Ref§33.67(b}(3}. No comment was are further changed to "... which be imposed, the first since it was never

received on the proposal to amend maintains .... " required to hydromechanical units and
t § 33,67(b}{3). Accordingly, the proposal, Ref§33.flT(b)(5). A commenter the second since a comparable

with respect to § 33.67(b)(3}, is adopted strongly supports the substance of the hydromechanical control for a given
without change, proposed revision to § 33.67{b}{5} to engine type may not exist. One of the

l:lef§ 33.67{b}{4}. A commenter require demonstration of filter capability commenters suggests that electronic
suggested that the last sentence of that is related to fuel contamination control system reliability should be
proposed § 33.67(b}(4] be amended to "... likely to be encountered in based on in-flight shutdown rate. The
read: "The applicant must provide service... " Another commenter same commenter questions the meaning

,. evidence .... "This is intended to suggests quantifying the degree of of "... combined level."
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A_tJmsr,cemmenter _eta,tes _ reevalual_a, :anvt_er _/gPRMWill _oe recorded ,meteorological de'_a, fl'om the
_de_uacy_ff the _ond_rysy_ems 4n puhlitth_, _mad_he _ubgc _w_ll:be'given most severe ground icing experience
con_r.o_,g,_,e¢_ fforc_mi_d an_pl_ _ c_m-_mlt, d_rin_gc.i'_1_peration,doesnot.mlpport
flight:cma _r_l_¢?oe_letermime_d ds,y Pr_m_ml 2.5. _ _h_ent tbo more ,#tria_gent cri_r_a. Therefore,the
eva_uati_n o_ the _spec,i_ aiv.cmdt ha § 33.08 m,vi_s t_he_reqUhmmen_s _ich FAA dxms a_ot agree .wi_'[he -proposal to
con_unct_n _vJ_ _m ,or_w b,_anmm_:forma_ m_d_r i_ng adopt the military specifications.
requirements. _t _ r_ted lflmt the _mm_ia_. _n response to the comment to state
requirement for x;onti_ued _afe A number_nf non_memers support the 6m requirements in broad terms, the
opez_ma eft_he _ta, l_ed engine after propos_ ex_nnrpti_n of mt_rc_aft from proposed regulation as _tated presents
.fa4iure or snalgn_tkm is sdda_s_ed in the bn_md idling iCing a_quirements, minimum atmospheric parameters for all
§_ 23._5, 2_._l_a, _,_ad,29:95_. t-_w_ver, basing their jmstCfinatiom,on 'the unique engirms to meet. A lack of specific
the 17AA,a_ges that the pml_se_l Cha_c_e_sti_s of rotomr_t _artd requirem_n_ could lead to a generation
wer_ing.is _ao__ampletely _nsi._'tent rot m_m_t e_er_ioms. Others who _,ish af.engines gll meeting _ifferent
with emgine _.m_ifi.c,athan mqmr_ements, t_ inr.lm_ _ m_der :this r_e atmospheric conditions.This wou_d not

Another eommenter submits _ Im_int_, for imtance, :that.oil rig lead to .uniformity, in the certification
counterprt_posal x_kinh _t .is claimed will _m_imas _ay inClr_le _engthy'hmding process.
permitczantmlf_mctio_snot_histaricallyoFc/m_i__:i_ _o_.di_irmsw_iflarotors One comment was re,dived_pposed
availalJle with h¥chome_al _nrm_g. to allowing periodic engine,run-up to
controls and _wa'llaKvw cUspatsh of an O,_ _mmrrent_:la_ims out that vcheel- shed ice. The eormnent was based on
airplanewi_ one ebannel,oLadtml equippedr_omra_t awaitingdeparture theposgibilil_of icy _taxiways,andrun-
systemirtopera.lS_e, cle_emme _an:be_sub_ected_to_e same up@ads naalai_this_raced_e risky.

Another commenter,s_ptmrts the _al_y_ _ _[in_vd-,,_iag _ir_.a_t _n _gy The FAA v2j'ees that this commemt _as
substanceo_'theproposal and :ml_gests weat]_nr_ ttema_er_tures _m_tt_ve te merit under certain conditions.
't_e req_r_maenl he _xte=ded t_ ol_er induction _ ichag. The F_'a_ees Ho_,_eve_,/.hem axleinsta]J, ati_ns where
componertts _susc,e_tib_le lo eXterna_ _t, m a _er_r_d_prneltice, rotorcra_t .this.p_e co_ald _e @erfec&ly
electromagnetic interferences. The _AA _ _ _l_e_l _itimg _r acceptal_e tmaler adverse ,gz_tm_l
agrees _rat _flaerdle shatdd he so to a-,_zid_tlmmin_ up _at_un_a_. cond_ti_ma. _torar_ft _em_an iis one
extended;howev:er.since_ st_ggestion Ft_zkmm_m. _ae_W_e_ _fa suchapp_ca_i_a.T_ae'relax_ryma,mre
is beymad't*ne scope dr'this re_iew,'the heli_plmr _lmr:s_._tem cma _elf, wffhba of this part _f the _gu_tion _aeed not_e
eommer_ter _s _nv/_ed to sffbmiI it in the pro_ee_t_m_dmpe: denied _lal_a_aa_ w_here ._a_fetyis _t
prr.rposM_forrn _or _ulure consideration, i{1;}_inimg_nditimas _ comprtx_sed._lt _hmald k_e noted tl_t

Ref§ _.trT(@lf2]. Two commenters gr_m:l _ _a x_ree_m_ d_izz,le umber the manaer _f,this protmdure ma.y be
sugg_t xevising l_-oposed § _3;6_{d_2} _la_ke _lmm:hlm_/s is _r_s_; and contmll_ _y ]imai,ta.tions in,tlm engine
to read'"grovide a means to monitor the {2)_ _ezi_gr_mnd ge_ _he_ data sheet _ad,/_r,ol_era'ting instructions
opern*ti_m'm_s'ta_s _f eac_ function atmo_J_ mm_liti_as are dasa _t_ if apl_pri_te. _.t,is em_iai_ned _a_ _un-
crWi_al,_r s-a_e _e crperatton?' fonm_mt_mmltma_,tk_e_mg fog. up power,e_xnur, siarr_ _ a_e exoessi_e
Ar_ther_mmmr_-r _n_es flis_a-ot_lear Ofl_r_s cmatmad_tl_t,no oroper_ _ame_ak_le_'_tl be
how memi_orirrg _be a_perat'ionarl status rotorcraft ha_ _imma_ertif_a_ed _mr
_m a_sm_e vedum_macy. The x:ommenter _ _igh, t_ilai_mg_. The dia,_ll_v_ed.There_'_e, a_'ith :the _eX-_l:dSma'of "the
'_dd_ Cn_t t_e _e_gner shoed be FAA vmm_l_rs tt_ _rm.tentio_
permitt_ t_,esta_li_h emnp}iance in a _ _dte_,amt in_cm_ide_g change to § 33.68[b) discussed _,
memrmr _cms_t_,Pt_t _e _his _rticular ground i_tm_ima'icing'cm_timas. As _ pr_tmmd is adol_ed _"l_t c_nnge.
design, memtiomed_nbo_e,_madaOer,_m can Prapa_al_. This_

_ef_;_3,_7(._1][3). Orm _mme_lmr prod_ac_ _tmfima _st_m icimg_hout § 33..'71a_s,vi_e_ _m sta_lm_ts _m_rm_ine
sugge_s @_et_'_e _erm '.'independent the existence of conditions ctmdamive to lubrk_a'iam sF_tems _md ms_k_ _e_a
powe_r__,e _'he,vla,r_ied to,me_e im,_i$_lt k:i_ _s _kffimed _n _dix C consismmt withpr_m_sed§_ 7.a.l@:tg,and
cl_m_ _ _he _nterrt. Two of iP,m'_,_i _ _1_ _Fa_,R. 2_330221_ _ _l_mlli_ _l_am_s "re
commemltem _e_ _ proposal _e Cma_ _me_aba_e, am=l_a_e_r Parts,_i, Z7,_md _.
revised sbme _t is tm_e_essmT_te _ve further mev_#v_ _te F._ _es m_ A __@vses .'_ the
_a im_emt l_wer straroe _n._e justifi_ _ em_m_g _or_t propo_l _to_ie_ote _e ve_-pemes_t _r a
engine _ _ _ from § 33.68{b} and _atts re_ms_l _'ae strainer or _ _head _e_ach ec,av_ge
hyd_c_l _n_rr_ol4s .used _ _he _rrtq_nml_m_diz_g. pur-n_,_ _ _#tec_in$
event of power supplyfailure. It _ds_ m_gmaed_ela,c_ion scazvem_e4mar__mes_e_t_ _a_

Ref_._Z(_(_. P_eemmem_r _stet_s _f,less thma _he:_mim_e _ltle operat_m.The__ _ads _a't't.he
th_ _tlm lm_tm_ml i_ t_ .Wmoffic an_t _ Sl_C_l in the _ _t rute :_e_ly _lo,_ _e _rl_a'm _o s_,
the engine_mam_.m_t_'er _h_td 6e could b_ =qz[=ii_!to a_tor,_'.a_mn_mes, the stra_s woe_ledl_t_pr_evt _he
pemmi_m_l_I__}mh _he.por_er_upply T_iis _m_ mm_,_ _t, _ut it is ptmap. T'-_ FAA be_e_es @_'m'tdeSi_
and _r__ _m_cl_i_= believed flm't md_l_m_l _per_$ d_ta flexibili_ #hm_d _e v,a_ evem frrr_er
eherm_'t_rMtim, irn=bading 'l_m_g,or are re_uieed _1__ a _e_er test and that the need _or _,s_averrge
ott_er _levtrama_m_tic _=tedterence, in time. _Fhisquestion _1 be _m_i_ered in stramer[_lter end _s sizixrg sWemld be
wt_oh _lm _ _ _1 future rulemaking, detern#im_d by _tbe emgdr_ed_ "Sigrm,r.
satisfacton_y,epm'em. Concerninglhe_mrdk_z_e_to:ase '_or i_l_r _mm_rrter _m,ggegt__a_

Tim _c_ pe _ t_mm_ m_s_ § :Saab7,{dt} te s_l_g, _tmec.omrrmm,ter _s_s _aEng §_13'71_i__e f_/qher mmerrd_d_° re_d:
has ,k_m_ _ermi_ ttr_ raK-,_ed_,,_ma'al more _em&_ti _loma_ to d_v, ribe _he icing "There must be an oil s'tra_mer _r o_l
valid_ms en_ engge_tiom. _ae _.othe _a_dxkue, while _n_ther,mrg_ests filter, ot_er than'at _.e _il tarr.k _let,
exte_f _aeae o_mrne_ts, it is ,believed adola_i_m efa _mew_,_t _nore severe throu_ w_ieh a}l of_the engine vii
a mal_r _ _ _._his:l_sed military _pe_ific,_on. flows7 Howe_er. _is oharrge _odld _ot

_ _llmsed. Tbe_, ,lm_sed As w_sprese_ted :during the _ircraft provide add'tlional clarity aad would
§ 33.67{d} is wit'_da_.awn. After Engine ItegulatorylReview Corfference, add an "unnecessary re_rictkm.
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A commenter suggests that burst limits and corrects a reference to suggests that bird ingestion certification
§ 33.71{c}{5} be amended or deleted to allowable loads in amended § 33.23. requirements should be made stricter.
permit marking the word "oil" on They submit that an engine The accident cited involved an engine
adjacent cowlings instead of the engine manufacturer is not in a position to certificated before the current
oil tank oil filler and that the judge what is hazardous at the time of requirements were adopted at a time
corresponding aircraft rule be amended engine certification. The commenters when less demanding tests were the
to conform. Sections 23.1557, 25.1557, recommend using "release of fragments rule, so that the commenter's remarks
27.1557, and 29.1557 already specify having significant residual energy" as may not be currently relevant. The FAA
exterior markings as suggested by the the burst criterion, is continually reviewing bird ingestion
commenter. The proposed oil tank filler The FAA disagrees. Released incident data in terms of possible
marking drops the capacity requirement fragments are important because they rulemaking action.
from the current rule but retains the may represent a hazard to the aircraft.

A commenter objects to deletion of
"oil" marking in the interest of safety. The hazard may be related to residual the sand and gravel ingestionA commenter suggests that proposed energy, but even fragments which have
§ 33.71[c){12){ii) call for provision of a low residual energy may constitute a requirement, stating that the absence of
makeup oil equivalent to that expected hazard. Judgment must be used under sand/gravel ingestion problems in
to leak from a deteriorated engine. The either definition by the manufacturer service is due to the presence of the
FAA believes that this requirement is and the FAA during certification to requirement in the current rule. The
implicit in the proposed rule and would determine what is hazardous. Section commenter points out that in addition to
have to be met by airworthy engines 33.75{b), therefore, except for the blade erosion, adverse effects on engine
under § 33.19 and 33.75. descriptive parenthetical statement, is seals, bleed ports, and oil sumps may

A eommenter suggests that proposed adopted as proposed. Reference to lead to in-flight operating abnormalities.
§ 33.71(f} be deleted because loss of § 33.23(b}(2} in proposed paragraph (c} is Although it is recognized that sand and
lubrication during "negative g" corrected by substituting § 33.23{a}. gravel ingestion may adversely affect
operation has not been a problem in Proposal 79. This amendment adds a various turbine engine mechanisms,
commercial service. Another commenter new § 33.76, which applies the service experience has shown that
suggests deleting the reference to standards of § 25.933, airplane reversing ingestion of these materials does not
§ 25.333 in this section since engines for systems, to engine airworthiness, possess the potential for causing sudden
general aviation fixed-wing and rotary- Two commenters object to the loss of engine power as does other

•. wing applicationsdo notnecessarily proposed amendment on thegrounds ingestedmatter.On thisbasis,the
complywithit,The commenter further thatcompliancerequiresan evaluation requirementiswithdrawn.
suggeststhattheamendment requirethe oftheenginethrustreverseras a partof A commenter pointsoutthatthe

applicanttodefinethemaximum a particularaircraftreversingsystem, specified4percentwater toairratiois
appliedloadsasin§ 33.23formounting The enginemanufacturercannot lessthan thatwhich may be
attachments. The FAA has no records to anticipate or have available the aircraft encountered in the atmosphere and also
indicate the extent of the problem with design and performance data necessary suggests conducting water ingestion
engine lubrication during negative g to comply with § 25.933 {a} and {b}. The tests at altitude conditions. The FAA
operation, and it is correctly noted that FAA agrees, and this proposal is agrees that in some severe rain
a Part 25 requirement should not be withdrawn, conditions, the water to air ratio
imposed on an engine not intended for Proposal 80. This amendment to exceeds 4percent but considers that
Part 25 application. The present § 33.77 updates the engine foreign object such occurrences represent an
regulations covering lubrication system ingestion requirements. For comments environmental extreme rarely
design for both reciprocating and on the amendment to § 33.77 {a}{2} and encountered in service. Incorporating an
turbine engines have been found {a}(3}, see the proposals for § 33.75 (b} increased water-to-air ratio or imposing
adequate. The proposed new paragraph and (c}, respectively, altitude conditions on the water

_1 {f} is withdrawn as recommended, and A eommenter expresses the opinion ingestion requirements are beyond the
the remainder of the proposal is adopted that ingestion tests should be conducted scope of this review. The FAA will
without change, with simulated engine installation continue to review ingestion tests

Proposal 77. This amendment adds a hardware and gearbox loading. The
new § 33.74 which defines thrust or FAA finds merit in these comments hut requirements for possible rulemaking
power augumentation systems for considers the suggested changes beyond action in the future.
transport category airplanes, the scope of the NPRM. The FAA will Several Commenters question the

After further consideration, the FAA review these suggestions for future requirement to maintain a 4 percent
,e has found it to be impractical for an rulemaking action, water-to-air ration during acceleration

engine manufacturer to comply with A commenter questions whether an and deceleration of the engine. Two of
§ 25.945 as referenced in the new section engine running for 5 minutes following these commenters also question how
since this paragraph requires detailed the bird ingestion event is adequate. In evaporative effects are to be accounted

_.r knowledge of the aircraft engine the absence of an obviously dangerous for in the water-to-air ratio. It is
installation, aircraft flight envelope, and condition, however, the 5-minute run suggested that the wording of § 33.77lc)
power augmentation system hardware time is sufficient to demonstrate engine be changed to "while ingesting water
supplied by the manufacturer for each integrity. This commenter also suggests following stabilized operation .... "
aircraft type. This information is seldom that in addition to the other The FAA intends that the 4 percent
available to the engine manufacturer at requirements, any potentially hazardous water-to-air ratio be maintained during
the time of engine certification. The physical damage following the bird test transients to simulate actual conditions.
proposed amendment therefore is be considered a failure. The FAA has It is not expected that this ratio will be
withdrawn, made this a practice in the past, and the maintained exactly but that a minimum

_t Proposal78.Two commenters object sectionischanged accordingly, of4percentwater-to-airratiowillbe
totheword "hazardous"asproposedfor A commenter submitsinformation used duringtransients.The practicality
§ 33.75,which amplifiesand redefines from an actualaircraftaccidentwhich ofsuchtestinghas been demonstrated,
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T_ :g_l cffw_Jer i_ges_ion _e_s .'is to is ,12kely_o be s_rlack on ava, lae rafimr loaded in the same maimer as during _ne
sim_4e :llight Jz tma_ rata _ _afiV,h thane blade, and the wne damage will en&ur_ance test.
satm_ima,tdtd_e a_iris assmmed. _f _tze increase with increasing bird velocity,. The amendment to § 33_3 is adot_ed
engine air a_it_d_le _ka,ing/he The proposed w_arding ,is retained. The as pmpoeed .except for the change
cert_ic_ion test _ _t sBamratted, FAA will oontimue to study the bird described.
addi .timaal water ,must _eeadded to ingestion hazard, _roposal '82. This amendment to
ensare a 4,pm,c.ent liquid w_ter4o-_r- tgmposol 81. This amendment to § 33_87 Clarifies the 150-hour endurance
re, tie _at _ _ _rdet. The _t_t_po_al § 35_3 broadens the vibration test test procedttre, provides al_erna'five
for _ _t3.7,7(,c}.is _lumged to clarify _his requirements and affords added mea__s _Tcompliance, and adjusts the
intent, flexibility _o the test methods, test schedule for helicopters.

A commenter recommends that Two commenters s_ggest tl_at the 'title One commenter questions,the validity
§ 33,77[d,) he further amended _o require be Changed in order'to bvtter describe of conducting the endurance test of an
protection frompieces o'f ob.jects Which, the purpose_fthe test and avoid accessory drive and mounting
although tmab],e to pass the,ouch the corrftmitm with § § 33,33 and 33._3. _e attaclamerd on a separate r_g, as
protective devi_e when whole, may FAA-disagrees. Section 33.33 is a provided by proposed ,§ 33.87(a,}(6_. The
break aaaart upon _triking .the protective reqnirerrrent f_r 1"he design of commenter suggests that rig testtag be
device and enter _he engine. This reciproca_.hvg t_gines, _j 33,.63 is a supplemented by running _h_e
protec_itm is-already provided'under similar reqr_dremerrt _f_rdesign and accessories on-an engine. The FAA has
proposed § 3_,77[d} since it _toes n_ construction to _trrbine a-ircraTt _r_nes, found that when properly conducted, the
ewem_ from,demorm'trafion _foreign while § 33._3 relates to'fhe block _testing gearbox rig tests with accessory leading
objects ,Of`a size _vhic_ wffi _ass through of aircraft turbine calcines. Section 33.63 provide sufficient data for endurance
the p_ xleviee, is a design consideration for turbine certificaticm. In addition, such _m_ts,are

31",_o,ommmmtmrs recommend fm'ther engines, whereas § 33183 is a often a more practical sohathan 1o ,the
amendi_ § 33:77{@)(_'}_o _,ead substantiation _u_eans. problem of enviromnental can_ol _md
"... ,sustained reduction in pore,at-or Two commenters object to the use of data coIlection,,encauntered during
thrust _roat_r than Cboee v_/tues ,re_t_uired the term "maximum .permissible ,takeoff endurance engine run_ing. The
by paragr_l_S:_q.,77 {b_)and,{cr}:"'l_he speed" since takeoff speed may notbe acoessory weights a_d overhsmg
FAA agrees. _t_e _tent is nal to ,reqUire the ma×inuam permissible speed for moments anust.be sraubated,during full
greater _thrusa ,rookery _or engines _,ith certain engines. The FAA agrees, and engine testing, but power,e_r_ctian
protecti_ d_*_ioe_ l_aan _or _hoae the word "takeoff" is deleted from the effect_ may be substanti_,tett by rig test.
without them. T_prapoeed ru)e _is first sentence Of § 33.83(a}. A commenter waggests el4mirrating
changed_as-reeammended. Three commenters object 1o the operation at rated 2½-minute @ower

One commaezater _i_agrees with the wording of § 33.83(b} concerning during .the third and _i_th lakeoff power
wording of § ,_.77(eJ nndar ice _test
quanti_y. Tlae wards "tydaical &slat ,cowl" acceptable mefhods for sho_ing port.is her mae of the t_v_my-._ive 14sour
are ir_ended _o _a_emu,an 4nlet _aex_l compliance. One commerrter _ag_ests set_lamnces rapec,ified,by _rrer_t
typical _ff,an _irn_]_lartion of tbe,_ug_ne that _tress mains which _re § 33.87_d)01}. The oortm_n_er argues that
being tested, The "slab of ice" is appropria,te to the components being prapased § 33:87{d}{2}increat_es _theevaluated be recognized, while_ the cumuhrtive endurance test time at the
intended .to be tff a size and _,eight others maintain that coml_l_e _an be 2V_--,min_e power ,condition,and that the
which provides.a test of at least e_tual
severity to the.inlet cowl and engine aho_a b_ engine test as-,we_l.as b_ increase should,be _compensated _[orin
face ice accammlation. The meaning of annie, sis. The FAA agrees wJ,th both § _.87{d)(a}. The FAA does _at agree.
these ._rnses is _lear, and/he proposed comments but believes the _ropoaed One reagan for including,proposed
wording is adulated, wet&rig is adeqmate. Each _ra_had off § 33.87(d_2} iaio egta_tidh a :margin of

One commenter Objects to the showing compliance _rith ,this section sa_fety .,,for_the 2Va-mim_ lao_rer rating.
proposed distinction in § 33.77(e} during the certifioation ,proaeas _s Comlaertsa_ion ,for -the iacneased time at
between er_giaes w_,th inlet guide vanes reviewed by the FAA. 2Vz-minute power would cancel, to some
and engines w[thou_ inletguide vanes in Another commenter staggers insertion extent, the intent of the proposal. The
the 4-paund bird injection test of the _rd '*hazardous" b ._a_e FAA reco_izes 'that ,the total time
conditions. The commenter_tates that "f_i_ur.e" in § 3_.83{a}. Tahetadmme_er required at 2a_-aninum power will be
service records do not justify sudh a points out that fhere could .be ma_nor increased by 5 rrri_utes but does not
distinCtion aizd that bird injection is an failures during flats ,test. The FAA consider this _aorease t$ be significantly
envirmament_] condition n_t related to considers that all failures shouldbe burdensome. However. the wording of
fan]inlet,design. ]4owever, 1"here is evaluated in terms of each engine propo_aed § 33.87,_d){2) is ,revised to make
reason ta distmgn_s_h between turbine desi_, as the zti_tinction between minor it cle_ that the 5-mirmte _e_t at 2%-
engirres wCth and without inlet guide and _hazardous conditions cannot minute ,power i_ te be inclndted within.
vanes in order _t_test each design under al_:ays be pre-established for a new rather .than in add'rl,itm :to, the 30-minute
its most critical _bdrdingestion condition, design, test purist.
Tl'ris does x_ _a_ply a di,fference -in A cemmaenter _u_ests that _ome Ome _commenter _reque_ts ,lg'm_tan
environmem but _ belie.red ere l_ovide clmSfic_,tion of the 'term "l_ading "Emergency Pealer Re'ring_' (EPR} be
the best test .f_r each design type. _AA de_4ce" w,o_d be of assistance. As used established for rotorcraft. The E-PR
report No. FAA-4_-77-55, "Improved in this regulation, the _term "loading would ,be _a,poser gre_ter ,thmn 2%-
Resistance to Engirm _ird Ingestion." device" (i.e., dynamometer} applies m_aute power and used Cur.one engine
da_ed Marxfla 1_977,:indicates that prkmari4y ._ogurJaoshaft and turboprop inoper,atwe 'takeoff in _ul ,tier_gine
ro_ling _b_ _damaage_s inver_sely engines. _urboffan _nd turbojet engines rotorcra_,t. _he EPR would :be permitted
pr_ortiumal to the entering a_dtocity of ave not ,nsnally loaded externally.during for up to a 30-second duration.'The
the laird _due ,Iofdae _d_tLtion,_f the bird the endurmace test. The intent of 1his commenter proposes that _be 30-second
veitw_Sty _veotmr a.ud _he blade velocaty regulation is to assure ithat the EPR :be included in the 150-,hottr
veotor. An engine with inlet guide vanes turlaoshe-ft and turboprop engines are endurance test in this seofien. The YAA
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finds that although this proposal has necessary, throughout the operating question deleting the windmilling test
merit, it is beyond the scope of the envelope of the engine, requirement for subsonic engines. The
Engine Review. Therefore, the A commenter complains that the tests commenters suggest that existence of
amendment to § 33.87 is adopted as do not demonstrate that rapid throttle the current requirement may account for
proposed except for the changes movement does not constitute an the lack of service problems associated
described, operational hazard. It should be noted with windmilling engines. The FAA

Proposal 83. This amendment to that § 33.89(a}, through reference to disagrees. Most engines currently in
§ 33.88 relieves the overtemperature test § 33.73, requires demonstrating rapid service have a certification basis which
requirements by reflecting actual throttle movement from minimum to predates the windmilling test
conditions more realistically, maximum position. This commenter also requirement of § 33.92 but, nevertheless,

One commenter recommends less considers it unreasb*nable to expect have accumulated years of service with
reduction in test time than that proposed flight crewmembers to monitor engine no reported incidents of windmilling
and suggests that such a reduction be controls during emergency conditions, hazards. It has not been demonstrated
made based on analysis of service The FAA, on the contrary, considers it that an engine test of windmilling
experience that shows this to be reasonable to expect pilot monitoring capability is required for all subsonic
acceptable. The commenter also and appropriate manipulation of engine engines.
recommends that the second sentence controls within the context of the One commenter recommends adding a
be revised to state that the turbine operational situations addressed by this requirement that the applicant provide
assembly be within dimensional limits comment, evidence to show that the engine
established for allowing it to remain in One commenter objects that the windmilling without lubricating oil
continued service, proposed change has the same meaning would not result in a oondition which

The FAA does not agree that the time as the current regulation while being would jeopardize the aircraft. The FAA
reduction is drastic since engines less explicit. However, the proposed agrees but believes that § 33.75 provides
certified before Amendment 33-6 were amendment contains all of the previous this assurance. Proposed § 33.92
in fact tested for the 5-minute condition, considerations implicitly within the new therefore is adopted with the addition of
Service experience with these engines, wording and at the same time has been the reference to mount load limits as
with regard to overtemperature expanded to include the entire operating proposed for § 33.75.
capability is excellent. Additionally, all envelope of the engine. Accordingly, the Proposal 87. No comment was
post-Amendment 33-5 certified engines proposed rule is adopted without received on the proposal to amend
have been granted exemptions from the change. § 33.93(b} by substituting the word

Proposal 85. This amendment to
existing 30-minute requirement and § 33.90 discontinues use of the word "part" for "component" to preclude
were tested for 5 minutes as is now "overhaul" and recognizes the validity ambiguity, and the proposal is adoptedwithout change.
proposed. The dimensional limits quoted of alternative maintenance programs. Proposal 88. This amendmentr in the proposal are in fact service limits One commenter suggests that the rule
as suggested by the commenter, which approve the process of reconditioning provides a new § 33.94 which adds

t are determined during the certification after test and inspection if it is blade failure containment testing of
process. Therefore, the FAA finds determined that such process is engines for certification.
further clarification to be redundant, required. The FAA agrees that if the test Several commenters object to the

_. Another commenter objects that the results show that maintenance action is requirement of § 33.94(a} that the engine
engine overtemperature test required, it should be so specified, run for at least 15 seconds before
requirements inherently involve blade Another commenter suggests that initiating shutdown after the event,
creep life, which is considered an substituting "initial maintenance claiming that it is unduly restrictive.
economic item rather than an inspection" for "overhaul test" merely They state that an engine which shuts
airworthiness item. The commenter replaces one contentious phrase with down in less than 15 seconds would be

: states that the true need is to evaluate another and trrges that § 33.90 be acceptable, provided it does not burst,
_e rotor disc integrity under conditions of deleted as being unnecessary to safety, catch fire, or generate excessive mount

possible overtemperature due to disc The FAA does not agree since not all loads. The same commenters propose
cooling system failure which might Part 33 turbine engines come under the that § 33.94[a}[1} be changed to permit
result in temperatures higher than the regimen of a structured reliability use of component rig containment tests
specified 75°F above maximum rated, program. Recent experience with two to supplement the engine test whenever

y The FAA position is that the regulation new engine certification programs under facility limitations prevent attaining
will ensure that the turbine assembly current rules has shown the need for an maximum permissible speed on a

_e can satisfactorily withstand an initial inspection interval of certain hot complete engine.
overtemperature of 75°F above the section components. Significant The FAA agrees that certain engines
maximum operating temperature for a deterioration of engine operating and may not be able to operate for 15

_ period of time consistent with what performance characteristics would exist seconds after the failure event.
could reasonably be expected in service, without the specified inspection and Accordingly, § 33.94(a} is modified to
The test is designed to evaluate gross repair requirements. Accordingly, the allow for instances where the resulting
effects of a 5-minute overtemperature proposed amendment is adopted with damage prevents the engine running for
condition on the engine turbine the change noted above, the required 15 seconds.
assembly, which includes blades, discs, Proposal 88. This amendment to The FAA agrees that rig tests are
drums, spacers, shafts, seals, stators, § 33.92 deletes the windmilling test valid, as reflected in proposed
nozzles, and support structure, requirement for subsonic turbine § 33.94(b}, and in fact manufacturers' rig
Therefore, § 33.88 is adopted as engines and amplifies the rotor burst tests are being used to supplement
proposed, and load limitations as in the proposal complete engine blade containment tests

Proposal 84. This amendment to for § 33.75(b]. for certification proposes. It is
§ 33.89 broadens the operational test In addition to comments previously concluded, however, that such
requirements by calling for testing, if discussed for § 33.75, two commenters determinations will be made on a case-
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by-case basis under the autharit_ Sixace it was assumed the Aircraft The current rule is unduly restrictive,
provided by proposed § _:94{,b). Engine Regulatory Review initiative becatme it.prescribes onty,a _ixed

Another,oommmat_r suggests that _wouqd become final rule in 1983, the reduction _actor for determining the
§ 33.94(a_{2)shor3d,be changed so ,that FAA adjusted the cost estimates to 1983 initial service life and only one method
the engine test is based on the most dollar values and then discounted these for increasing these lives based on
critical engine casing ,temperature xather va:lues for the years 1984 and 1992 to testing of parts removed from service.
than the _a_ost cri_fical turbine blade, arrive at a range of values for the _0- Estimated discounted test cost savings
Ana'lysis leading to determining the yeaT period of 1983-1992. The FAA did ;in terms of 1983 dollars are $16.15 to
most critically operating turbine blade this because it was not known in which $38.69 million for the period of CY 1983-
would ,be expected ._o¢tnchlde analysis _ofthese years the costs and benefts 1992.
offcase malarial ,properties at critical associated with the _roposats would 3. _ction 33.68--This proposal
tem_r_tuPes in ma engine.operating at occur; 'therefore, by discounting the relaxes Ihe _O-minute ,idle with freezing
maximum permissible r,p_m. Therefore, values in 1984 i(assuming,all benefits and fog_equirement.test criteria, permits
additional clarifica_on is not considered costs occur iaathis year wout_l result in perio_c engine rumaps, and permits
necessaI'y, and the :amendment to the highest possible discounted values} tempera_ture varia'tion, all with regard to
paragraph {a){2} is adopted as proposed, mad in 1992 (assuming all benefits and induction system icing. The current test

costs occur in this year would result in reeluirement is unnecessarily severe
tRegula/lory Evaluation _he lowest possible discounted values), became it is outside the maximum icing

The FAA conducted a detailed a representative range is developed. The emcelope of Appendix C of Part 25, and
regula_tor2¢ evaluat_xn which is included discotmt rate for 1984 is 0.91 and the because no tolerances are permitted on
in the regulatory docket. ,Based on a _scount rate for 1992 'is 0.38. This range the temperature and li_luid water
review of a_ailable FAA data, cost,data was .conducted for all beneficial qr cost content. Program _nd production cost
supplied _by the Aerospace Industries imposing proposals except § 23.903(b) savings will be achieved through
Association,(/_.A} and the General where FAA was a_ble to obtain more reduced arrti-icing system hardware and
:Aviation Mamlfacutnrers Association _efined data. installation costs and .through
_13AMA}, and data from the National Major Benef.its_Regula_ory skmplifiCation of the engine design and
Transportation Safety t_oard {NTSB) zmendments that are expected to yield manufacturing process. Specifically, this
accident data file, FAA determined that major benefits nre summarized below araendment elimirmtes in almost all
this overall rule provides cost savings {first-order discounted :cost savings are cases the design and installation of
that smbstantially otPtwe.igh the stated in 1963 dollars and represent the oomponer_ts .for a supplementary heating
additional costs imposed on _octety. range _T savings for the lO-yearperiod system. ,Estimated discounted sa_,ings in

The amendments in this final rule of C'_"1963 through CY 1992): terms _of1_183dollars are $214.02 to
provide benefits in the aggregate to the 1. Section 23.903_Tl_e proposal $517.17 milI_ion for the period of CY
aviation public, most specifically to allows the use of satisfactory foreign 1_83-1_92.
airframe "and engine manufacturers, object ingestion (FOIl service _1.Section 33.71_Th_ amendment

"l_hese amendmerrts pro_ide general exl_erience for turbine engines as an depletes the requirement for scavenge nit
bened_its by deleting obsolete alternate _ meeting § 33.77 in effect on strainers and marking oil tank _iller
requirements and clarifying the text, by October Sl, 1974, or as subseeluently
upda_ng and modernizing technical ,amended, to be eligible ,for ia_a_,lation, capacity. Service experience shows that
_inemen?s _o reflect engi_ering Gura,enffy, an airframe ma.mr_act, erer scavenge oil s_ainers do not necessarily
advanoes in ,ila_ state-of-the-art, by would have to condoct FOI t_sts,on any improve safe_y but do tend to restrict
reflecting the chnnging interface inservice :turbine engine that is installed design of (he oil system. There is no
bet',ween the _ir_rame a_d _ngine on a new airplane even th_u_h the safety need to mark tank capacity on theoil tank filler. Estimated discounted
ma_uf_/_urers, _ar',zt19ytaking into engine may have a sati_faotory FOI
atmomat ,F_ _o_ot/lated ser-eice service experience. Estimated comtmnent, installation, and labor cost
experience. _his male imposes :no costs discouraged test east savings from savings in'terms of 1983 dollars are $2.1_t
am _e _edersl _vernment. eli_in_ti_ this requirement in terms of to $5;05 million for the oemod _f CY

hndus:try es_a_aC_es _f costs _nd 1983 d_r_ are $2.11 tm$5.05 rail lion for 1988--1_92.
beme_ _o:eified 4_ _ FAA for th_ @erie_l ,orgY 1_J83-I992. 5. Section 33.77--This proposal
Slm_iz _mae.mtmmat_ w_re a_grega_ Considera.ble o_sts oould be ,imposed on elimia_es 'the fire, sand, and gravel FOI
tmdim=mmted lO-_,_nr e_imates stated in airfraxne xnarmfacturere that choose ,to test _requirmnents. The tire _st
1981 dollars. "Phe FAA-was unable to inst_ll _ngines ce_fified 4o Part 33 lzOI requirement is deleted because servicer
break clown IJaese aggregate estimates re_ttrh,ements prior _oOctober 31, 1974, experience'has shown that hazardous
into annual estimates because of the on,_tar_ ,type certificated airplarres that consequenoes from ingestion of a piece
u_ertamt,y 6f _ nmuber .of row t_,pe have a b_d FOI servkm experience. FAA of tire are _o greater tha_a ?hose
certifica_ed ,engines ,amd _ircraft models considers that those instances weald be assoomted with ingestion of,a 4-pound
in a given _ _s _etl a_ _he r_re £r_m a technological stab-of-the-art bird, F.urthermore, service experi_.rtce
suh_ue_ t_o_a_tmn af _ese engines standpoint, h_s shown that ingestion of sand and
am:l aSrcr._ft _ • _gi_en year. 2. Section 33,14--This proposal gravel &oes not possess the poten?ial for
F_'thermore, _aadtrstry was unwilling to provides engine manufacturers with causing sudden loss of engine power as
supply information pertaining to the more latitude in ,tubet_pe of procedures does other ingested matter. Eliminating
number of cmr_arfies impacted by each they ca_ use for establishing low-cycle these _re_luirements will resul? in some
of these amendments, or specific fatigue eervice lives _or rotating test cost snv_ngs and reduced hardware
i_onnm.ti_n on the number of estimated components and for increasing these (engine) burnup. Estimated discounted
new ty_ cer_fic.al_d engines and lives. T_is propo_al':ulso ]nureases the test cost savings in terms of _983 dollar.,
_kr_ra,ft in _ _i_ pear _s well as al_tica_bi_tity of,_he :rule, redefines the are $9.62 to $23.02 million for the period
subsequertt_od_otion_esiimates, for term "start-stop stress cycle?' and of CY te383-I992.
reasons ofir_ivichaal.compmay per'mi, ts an alternative to l_arts 6.Secfion 33.83_This proposal allow._
co_idambi_lity, temperature stabi'lization ,ffjustified, the use in certain _ases offa modified
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version of the endurance test loading impose major costs are summarized the complexity of the issues and the
configuration for the required vibration below (first-order discounted costs are amount of time it would take to compile
survey which would enable the use of a stated in 1983 dollars and represent the estimates. Additionally, the extent of
modified configuration if that loading range (except § 23.903) of new costs specific design changes to future type
device is incompatible with the imposed for the lO-yearperiod of CY certificated airplanes was not
necessary vibration instrumentation. 1983 through CY 1992): immediately known.
The current regulation is unduly 1. Section 23.903--This amendment One industry organization estimates
restrictive because it requires that the requires that design precautions be that the cost to the manufacturer of
vibration survey must be conducted incorporated in Part 23 certified compliance per airplane could easily
using the same configuration of the airplanes to protect these airplanes from reach $20,000, including increased
loading device which is used for the uncontained rotor failure events. As the engine price, cost of materials, design,
endurance test. A comparable test on use of turbine engines on Part 23 development, testing, tooling expense,
the engine will serve the same results, certified airplanes increases, especially
Estimated discounted labor cost savings in for-hire operations, airplanes certified labor, and normal factory overhead.
in terms of 1983 dollars are $4.18 to under Part 23 should be afforded the Specifically, this organization stated

$10.01 million for the period of C¥ 1983- same level of safety from uncontained that the typical engine would require a
1992. rotor failures as airplanes certified containment shield [using a Kevlar

7. Section 33.87mThis section allows under Part 25. The FAA obtained fabric which is believed to be the most
separate, more convenient rig testing of information pertaining to two cases in weight efficient installation) and that
accessory drives and mounting the past 10 years involving uncontained design adjustments would be reqt, ired to
attachments. The FAA has found that rotor failures in Part 23 certified provide for proper cooling, assurance of
gearbox rig tests with accessory loading airplanes. In terms of 1983 dollars, the cowling drainage, and access to service
provide comparable data to endurance cost of these accidents (injuries and points. Furthermore, the organization
certification tests. The current regulation aircraft damage) is approximately $1.1 stated that considerable engineering and
requires that load testing of accessory million based on values contained in the flight test development would be
drives and mounting attachments must Economic Values for Evaluation afFAA involved in assuring that maintenance
be performed on the engin e. The FAA Investment and Regulatory Programs. could be accomplished on the engine,
has found this to be too stringent a Assuming that this praposed rule would and the development of ballistic
requirement. There will be possible protect against all uncontained rotor confirmation tests and certification
small cost savings in equipment to failure events, $0.93 to $2.2 million is the would be extensive. The FAA

operate the accessory drive. Estimated discounted exposure adjusted benefit ascertained through discussions with
discounted cost savings in terms of 1983 (cost savings} range for a 10-year period industry that an estimated 10 new
dollars are $1.17 to $2.80 million for the beginning CY 1983. These estimates turbine-powered airplane models would
period of CY 1983-1992. include the projected increase in the be eligible to be certified to Part 23

8. Section 33.88---This proposal number of hours flown by turbine-
reduces the duration of the powered general aviation airplanes. It is standards during the next decade.
overtemperature test from 30 minutes to noted in both cases that uncontained Because it is not certain in what years
5 minutes. The current rule has been rotor failure was _e secondary cause of these airplane models will be certified,
found unnecessarily severe since service these accidents {incidents}, both of the FAA assumes that one airplane will
experience has shown that none of the which were precipitated by worn be certified each year from 1083 through
turbine engines subjected to 5-minute components in the gear assemblies 1992. Furthermore, the projected
overtemperature tests have experienced according to the NTSB. It is aLso noted production levels for each of these
inservice rotor disc primary failure due that this rule is proposed in order to models in future years is not known.
to overtemperature. Significantly prevent a future problem in certain Part Based on past production levels of
reducing the duration of the 23 airplanes because installation of certain Part 23 turbine-powered

1 overtemperature test adequately turbine engines in these airplanes is airplanes, the FAA assumes an average
demonstrates the integrity of rotor discs expected to increase significantly in the annual production of 75 airplanes for
without subjecting them to next 10 years. Furthermore, a significant each newly-certified model in each year
unnecessarily hazardous conditions and increase in the number of Part 23 following the year of certification.

l saves development of hardware for certified turbine-powered airplanes used Using this assumption, 3,375 airplanes
blades, discs, drums, etc. Estimated in air taxi and corporate operations is will be manufactured between 1983-
discounted test and hardware cost expected, and the FAA believes that
savings in terms of 1983 dollars are $9.0"$ protection comparable to that required 1992 of models which were newly-
to $21.62 million for the period of CY under Part 25 is needed when carriage of certified to Part 23 during this period.
1983-1992. passengers is involved. The following table shows that the

9, Section 33.92wThis amendment This requirement places an economic discounted value of costs over the 10-
deletes the windmilling without oil test burden on the manufacturers of these year period of 1983-1992 in 1983 dollars
for subsonic turbine engines. There have small airplanes. This requirement may - of requiring design precautions to

_r been no reported incidents involving influence.future airframe design in areas minimize rotor failure events is $37.8
: windmilling hazards to aircraft resulting such as armor protection and engine million. It assumes that the cost of

from loss of engine oil; and it has not location, compliance per airplane is $20,000.

been demonstrated that an engine test In an attempt to derive cost estimates, These are first-,order costs which are
_. of windmilling capability is required, the FAA contacted GAMA and various initially borne by the airframe

Estimated discounted test cost savings airframe manufacturers. Most of these manufacturers, and the costs do not take

"_ in terms of 1983 dollars are $0.96 tD $2.30 organizations indicated that the into account the effect of increased
_1 million for the period of CY 1983-1992. proposed regulation would impose prices with respect to the impact on

Major Costs--Regulatory significant costs, but they were.not able domestic sales and foreign competition
1_ amendments that are expected to to provide specific estimates because of implications.
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DISCOUNTED VALUE OF COSTS OF PROPOSED conditions but does not require any TABLE It--AIRCRAFT ENGINE REVIEW BENE-

RULE demonstration of the ability to FIT/COST MATRIX BY MAJOR AMENQMENT,

accelerate or decelerate safely under FOR THE IO-YEARPERIODOF CALENDAR
Cost of Discounted

Airlalane compli- Present value O1 water ingestion conditions. Such ability YEAR 1983 THROUGH CALENDAR YEAR
Year produc- worth

fion anceper discount costof is essential for safe flight in heavy rains. 1992--Continued
airplane rule, . The FAA obtained information [oo,ars inm,,ons]

1983 ............ ----o $2o,ooo 1.oo o pertaining to one case in the past 10 aenefit* " costs
1984............ 75 20,000 .91 81.365,OO0years involving turbine engine failures FAn ' '1985............! lS0 20,000 .a3 2,490,000 I
1986............ 228 20,000 .75 3,375,000 due to water ingestion during transients, , ,
1987 ............ 300 20,000 .68 4,o8o,oooa Southern Airways accident in 1977, Subtotal ...................... _ = _ I 2.11 5.05
1985............ 375J 20,ooo .82 4,sso,ooo The NTSB reported that the probable 27 none...................................
1989 ............ 450 ! 20,000 .56 5,040,00G

1990............ 528 20,0oo .61 s,355,00c cause of the accident was a loss of Subtotal...................... _ _ I -- ---

I_I............Boo: 20,0Do ,47 5,_0,00cthrustofboth engineswhilepenetrating 29 ,one.............................-- ....
1992 ............ 675 20,000 .43 5,805,00{_ _ I " -severethunderstorms.The NTSB also Subtot=........................
Total........ 3,375 37,800,OOC reportedtheaccidentresultedfrom a i

loss of thrust caused by ingestion of 33 33.14..........................lS.15 as.so I -- --an.ca..............................214.02 517.131 --
This rule would also impose certain massive amounts of water and hail 33.71(b).........................2., 5.05I ....

second-order costs on purchasers of which, in combination with thrust lever s3.77................................48.91 ,117., i 1.06 2.5033.93(a) .......................... 4,18 10.01 I --

theseairplanesintermsofincreased movement, inducedseverestallingin 33,67(a)(b)......................_,17 2.60 -- --
inspectioncosts(removingand and major damage totheengine aa,_................:..............s.oa _1.62 -- --
installingthesystemateach inspection compressors, aa.92(q)..........................o.96 2.no -- --
interval}and decreased airplane In terms of 1983 dollars, the cost of Subtotal...................... 296.53 714.75 1.o5 2.50
performance due to a maximum 100- this case {injuries and aircraft,damage} Total............................ 299.57J722.02 40.96 45.35
pound increase in airplane empty based on values contained in the IBenefit and cost values are stated in 1983 dollars.

weight. The benefit/cost considerations Economic Values for Evaluation of FAA =of thisamount,$39.29millionto S94.05millionis the
may improve because increased use of Investment ond Regulatory Programs is benefitattributedto anaccidentcausedbywateringestion,

turbine engines inPart 23 certified approximately $47.0 million. Assuming
airplanes will increase the risk of rotor that this proposed rule would protect List of Subjects
failure accidents, against all accidents and incidents I4 CFR Part 23

2. Section 25.1091_This amendment involving turbine engine water ingestion,
requires that the FOI criteria of § 33,77 $39.29 to $94.09 million is the discounted Air transportation, Aircraft, Aviation
be applied to vulnerable portions of the exposure adjusted benefit range {cost safety, Safety, Tires.
air induction system such as inlet savings} for the period of CY 1983-1992. 14 CFR Part 25
splitter vanes, duct-mounted This estimate includes the projected
instrumentation, and annular rings, increase in the number of hours flown Air transportation, Aircraft, Aviation
Parts of the air induction system such as by turbine powered aircraft, safety, Safety, Tires.
annular rings and splitter vanes are This amendment would require engine 14 CFR Part 27
physically located in front of the engine, manufacturers to conduct a more precise
These parts were installed to reduce water ingestion test and to collect more Air transportation, Aircraft, Aviation
engine inlet noise in a limited number of test data to verify engine performance safety, Safety, Tires.
airplanes. If these components are as its relates to water ingestion. It could 14 CFR Part 29
included, they should be subject to the require the engine manufacturer to
same FOI requirements as the engine purchase additional test equipment. The Air transportation, Aircraft, Aviation
because of their possible breakoff into estimated additional discounted cost to safety, Rotorcraft, Safety, Tires.
the engine. Most aircraft induction the engine manufacturers to perform this 14 CFR Part 33
systems do not use splitters, etc., and test in terms of 1983 dollars is $1.05 to
therefore most aircraft designs would $2.50 million for the period of CY 1983- Air transportation, Aircraft, Aviation
not be affected by this rule. This 1992. safety, Engines, Safety.
requirement was inadvertently left out The first-order discounted benefit and Adoption of Amendment
of Amendment 33-6 in 1974. The cost ranges of these major proposals are
estimates of the discounted cost range of summarized in Table 1, This table Accordingly, Parts 23, 25, 27, 29, and
improved materials and testing for these shows that the most conservative 33 of the Federal Aviation Regulations
specific items to meet the criteria of benefit/cost ratio for the entire {14 CFR Parts 23, 25, 27, 29, and 33} are
§ 33.77 in terms of 1983 dollars are $2.11 evaluation is $299.57 to $45.35 million of amended as follows, effective March 26,
to $5.05 million for the lO-year period of 6.61 to 1.00. 1984.
CY 1983-1992. However, the actual cost
of compliancewill be much lower TABLE11--AIRCRAFTENGINEREVIEWBENE- PART 23--AIRWORTHINESS
because compliance with FOI standards FIT/COSTMATRIXBY MAJORAMENDMENT, STANDARDS: NORMAL, UTILITY, AND
may be shown by analysis as well as FOR THE 10-YEAR PERIODOF CALENDAR ACROBATIC CATEGORY AIRPLANES
testing, and the FAA sees little YEAR1983 THROUGHCALENDARYEAR1992 1. By revising _ 23,901(d} to read as
application of such devices in the future. [DolI_sinmilliOnS] follows:

3. Section 33.77_This amendment seaef_ costa
requires that a 4 percent water-to-air FAR I § 23.901 Installation.

ratio be maintained during transients in I * * * * *order to simulate actual flying 23 23.aoa(a)(a)............... $2.11 $5.05 .......................... (d} Each turbine engine powerplant
maneuvers in heavy rain. The current 23_oa(b)........................0.93, 222 $37.60SaZa0 must be constructed, arranged, and
rule requires that the ratio be s_tomJ......................a.04! 7_7 37.89 -- installed to provide continued safe
maintained only for takeoff and idle 25 2S.loot(e)..................... 2.11 50_ operation without a hazardousloss of
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power or thrust for a period of 3 minutes § 23.994 Fuel system components, not less than 2,0 microns, followed by
each at rated takeoff power or thrusl Fuel system components in an engine momentary operation at takeoff power
and flight idle in rainfall with an nacelle or in the fuselage must he or thrust. During the 30 minutes of idle
ambient liquid water content of not less protected from damage which could operation, the engine may be run up
than 4 percent of engine airflow by result in spillage of enough fuel to periodically to a moderate power or
weight, constitute a fire hazard as a result of a thrust setting in a manner acceptable t,
..... wheels-up landing on e paved runway, the Administrator.

2. By revising § 23.903 Ca) and {b] to 6. By adding a new § 23.995(g) to read .....
read as follows: as follows: 11. By amending § 23.1143 by

redesignating present paragraph (e) as
§23.903 Engittes. §,23.995, Fuel,valves, anti, controilk paragraph (f} and by.adding a new

Ca) Engine type certificate. (g} Fuel tank selector valves must-- paragraph (e} to read as follows:
(1} Each engine mast have a type {1) Require a separate and distinct § 23.1143 Engine controls.

certificate, action to place the selector in the "OFF" * ....

(2] Each turbine engine must either-- position; and (e} For each fluid injection (other that
(i} Comply with § 33.77 of this chapter (2) Have the tank selector positions fuel) system and its controls not

in effect on October 31, 1974, or as later located in such a manner that it is provided and approved as part of the
amended; or impossible for the selector to pass engine, the applicant must show that the

{it)Be shown to have a foreign object through the "OFF" position when flow of the injection fluid is adequately
ingestion service history in similar changing from one tank to another, controlled.
installation locations which has not 7. By amending § 23.997 by removing .....
resulted in any unsafe condition, the term "and the mesh" from paragraph

(b) Turbine engine installations. For (d) and by revising paragraph (c] to read 12. By revising § 23.1163(a] to read as
turbine engine installations--- as follows: follows:

(I}Designprecautions must he taken § 23.997 Fuel strainer or filter. § 23.1163 Powerplantaccessories.

to minimize the hazards to the airplane ..... (a) Each engine mounted accessory
in the event of an engine rotor failure or {c) Be mounted so that its weight is must--
of a fire originating inside the engine
which burns through the engine case. not supported by the connecting lines or (1} Be approved for mounting on the

by the inlet or outlet connections of the engine involved;
(2} The powerplant systems strainer or filter itself, unless adequate (2) Use the provisions on the engine

associated with engine control devices, strength margins under all loading for mounting; and
systems, and instrumentation must be conditions are provided in the lines and {3}Be sealed to prevent contamination
designed to gave reasonable assurance connections; and
that those operating limitations that • • • • , of the engine oil system and the
adversely affect turbine rotor structural accessory system.
integrity will not be exceeded in service. § 23.1019 [Amended] .....

..... 8, By removing the phrases "and the 13. By amending § 23.1183 by revising
3. By revising § 23.905(a) to read as mesh" and "of the screen" flare the title; by removing "20 quart" in

follows: § 23.1019{a){2)and (a){3},respectively, paragraph (a)and inserting, inits place,
9.By revising§23.1021toread as "25-quart";and by revisingparagraph

§23.905 Propellers. follows: (b)(1} to read as follows:
(a} Each propeller must have a type

certificate. § 23.1021 011sysgemdrains. § 23.1183 Lines,fittings, and components.
..... A drain [or drains] must be provided .....

4. By revising § 23.9751b} to read as to allow safe drainage of the oil system. {b} * r* *
follows: Each drain must-- (1} Lines, fittings, and components

Ca}Be accessible;, and which are already approved as part of a
§ 23.975 Fuel tank _ and _tor (b) Have manual or automatic means type certificated engine; and
vapor vents, for positive locking in the closed * * * * *

....... position. 14. By amending § 23.1189 by adding
(b} Each carburetor with vapor 10. By revising § 23.1093[b){2) to read the phrase "'or located in areas not

elimination connections and each fuel as follows: subject to engine fire conditions" at the

injection engine employing vapor return § 23.101)3 Induction system _ end of paragraph {b)(2} and by revising
provisions must have a separate vent protection, paragraph (a}{1} to read as follows:
line to lead vapors back to the top of • . • • •

one of the fuel tanks. If there is more (b) .... § 23.1189 Shutolt means.
than one tank and it is necessary to use {2) Each turbine engine must idle for (a) * * *
these tanks in a definite sequence for 30 minutes on the ground, with the air {1) Each engine installation must have
any reason, the vapor vent line must bleed available for engine icing means to shut off or otherwise prevent
lead back to the fuel tank to he used protection at its critical condition, hazardous quantities of fuel, oil, deicing
first, unless the relative capacities of the without adverse effect, in an atmosphere fluid, and other flammable liquids from
tanks are such that return to another that is at a temperature between 15" and flowing into, within, or through any
tank is preferable. 30*F {between -9* and -I°C) and has a engine compartment, except in lines,

.... liquid water content not less than 0.3 fittings, and components forming an
5. By revising § 23.994 to read as grams per cubic meter in the form of integral part of an engine.

follows: drops having a mean effective diameter .....
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PART 25--AIRWORTHINESS §25.994 Fuel system components. {3) Level flight at 1.4 Vs,; if the results
STANDARDS: TRANSPORT Fuel system components in an engine of the tests in the conditions specified in
CATEGORY AIRPLANES nacelle or in the fuselage must be paragraphs {c) {1) and (2) of this section

protected from damage which could show that this condition could be
15. By revising § 25.33(a][2) to read as result in spillage of enough fuel to critical.

follows: constitute a fire hazard as a result of a {d) During the flight tests prescribed in

§ 25.33 Propeller speed and pitch limits, wheels-up landing,on a paved runway, paragraph {c} of this section, it must be
21. By amending § 25.997 by removing shown that--

{a) * * * the term "and the mesh" from paragraph (1} The fuel jettisoning system and its
(2) Compliance with the performance [d} and by revising paragraph {c) to read operation are free from fire hazard;

requirements of § § 25.101 through as follows:
25.125. [2) The fuel discharges clear of any
..... part of the airplane;

§ 25.997 Fuel straineror filter. [3) Fuel or fumes do not enter any
§ 25.697 [Amended] , .... parts of the airplane; and

16. By revising § 25.697(a) by removing (c) Be mounted so that its weight is {4) The jettisoning operation does not
the phrase "established under § 25.47." not supported by the connecting lines or adversely affect the controllability of
at the end of the first sentence and by the inlet or outlet cofinections of the the airplane.
inserting, in its place, the phrase strainer or filter itself, unless adequate * ....

"established under § 25.101(d}." strength margins under all loading § 25.1013 [Amended]
17. By revising § 25.903Ca) to read as conditions are provided in the lines and

follows: connections; and 23. By amending § 25.1013 by
..... removing "20-quart" in paragrph Ca}and

§25.903 Engines. 22. By amending § 25.1001 by inserting "25-quart" in its place.
Ca}Engine type certificate, removing present paragraphs Ca}through § 25.1019 [Amended]

(1) Each engine must have a type _g) and inserting in place thereof new 24. By removing the phrases "and the
certificate, paragraphs Ca) through Cd)as follows mesh" and "of the screen" from

{2}Each turbine engine must either-- and by redesignating present paragraphs
{i) Comply with § 33.77 of this chapter {h) through (1}as paragraphs Ce) through §§ 25.1019 [a)(2} and {a}(3},respectively.

in effect on October 31, 1974, or as (i}: 25. By revising the title and text of
subsequently amended; or § 25.1021 to read as follows:

Cii}Be shown to have a foreign object § 25.1001 Fuel jettisoning system. § 25.1021 011system drains.
ingestion service history in similar (a) A fuel jettisoning system must be A drain [or drains] must be provided
installation locations which has not installed on each airplane unless it is to allow safe drainage of the oil system.
resulted in any unsafe condition, shown that the airplane meets the climb Each drain must--
..... requirements of § 25.119 and § 25.121{d}

18. By revising § 25.905(a) to read as at maximum takeoff weight, less the Ca) Be accessible; and
follows: actual or computed weight of fuel (b] Have manual or automatic means

necessary for a 15-minute flight for positive locking in the closed
§ 25.905 Propellers. comprised of a takeoff, go-around, and position.

Ca}Each propeller must have a type landing at the airport of departure with 26. By amending § 25.1045Cd) by
certificate, the airplane configuration, speed, removing the reference to § 25.67Cd} and
..... power, and thrust the same as that used inserting § 25.121(c} in its place and by

19. By revising § 25.961{a}C4)Ci}to read in meeting the applicable takeoff, adding the following material to the end
as follows: approach, and landing climb of paragraph Cd):

§ 25.961 Fuelsystem hot weather performance requirements of this part. § 25.1045 Coolingtest procedures.
operation. Cb}If a fuel jettisoning system is .....

, , , required it must be capable of Cd)* * * The airplane must be in the
{a) jettisoning enough fuel within 15 following configuration:
{4) * * * minutes, starting with the weight given
(i} For reciprocating engine powered in paragraph {a) of this section, to {1}Landing gear retracted.

airplanes, the maximum airspeed enable the airplane to meet the climb (2J Wing flaps in the most favorable
established for climbing from takeoff to position.requirements of §§ 25.119 and 25.121{d},
the maximum operating altitude with the assuming that the fuel is jettisoned (3) Cowl flaps (or other means of
airplane in the following configuration: under the conditions, except weight, controlling the engine cooling supply) in

{A) Landing gear retracted, found least favorable during the flight the position that provides adequate
CB)Wing flaps in the most favorable tests prescribed in paragraph Co}of this cooling in the hat-day condition.

position, section. (4} Critical engine inoperative and its
(C) Cowl flaps (or other means of (c} Fuel jettisoning must be propeller stopped.

controlling the engine cooling supply) in demonstrated beginning at maximum {5}Remaining engines at the
the position that provides adequate takeoff weight with flaps and landing maximum continuous power available
cooling in the hot-day condition, gear up and in-- for the altitude.

{D) Engine operating within the (1] A power-offglide at 1.4 Vs_; .....
maximum continuous power limitations. {2) A climb at the one-engine 27. By revising § 25.1o91Ce} to read as

(E) Maximum takeoff weight; and , inoperative best rate-of-climb speed, follows:
..... with the critical engine inoperative and

20. By revising § 25.994 to read as the remaining engines at maximum § 25.1091 Air induction.
follows continuous power; and .....
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{e} If the engine induction system §25.11_ Flammableflukl-carrying §27.1019 [Amended]

contains parts or components that could comlmnents. 38. By removing the phrases "and the
be damaged by foreign objects entering ..... mesh" and "of the screen" from
the air inlet, it must be shown by tests (b) * * * § 27.1019 (a)(2] and (a)(3], respectively,

or, if appropriate, by analysis that the [1} Lines, fittings, and components 39. By revising § 27.1021 to read as
induction system design can withstand which are already approved as part of a follows:
the foreign object ingestion test type certificated engine; and
conditions of § 33.77 of this chapter * * * * * § 27.1021 Oil system drains.

without failure of parts or components 32. By amending § 25.1189 by inserting A drain [or drains] must be provided
that could create a hazard, the word "installation" after "engine" in to allow safe drainage of the oil system.

28. By revising the title of § 25.1093 paragraph {a) and by revising Each drain must--
and by revising paragraph (b](2} to read paragraphs (a) {1) and (2) to read as (a] Be accessible; and
as follows: follows: [b} Have manual or automatic means

§ 25.1093 Induction system icing § 25.1188 Shutoffmeans, for positive locking in the closed
protecl_on. [a) * * * position.

40. By revising § 27.1093(b)(2} to read
...... {1) Lines, fittings, and components as follows:

(b} * * * forming an integral part of an engine;

{2) Each turbine engine must idle for and § Z7.1093 induction system icing
30 minutes on the ground, with the air (2) Oil systems for turbine engine protection.
bleed available for engine icing installations in which all components of .....
protection at its critical condition, the system in a designated fire zone, {b] * * *
without adverse effect, in an atmosphere including oil tanks, are fireproof or {2) Each turbine engine must idle for
that is at a temperature between 15 ° and located in area not subject to engine fire 30 minutes on the ground, with the air
30°F [between -9 ° and -I°C) and has a conditions, bleed available for engine icing
liquidwatercontentnotlessthan0.3 ..... protectionatitscriticalcondition.

withoutadverseeffect,inan atmospheregrams per cubic meter in the form of §25.1_ [Amended]
drops having a mean effective diameter that is at a temperature between 150 and
not less than 20 microns, followed by 33. By removing the phase "§ 25.59 or" 30*F [between -9* and -I°C) and has a
momentary operation at takeoff power from § 25.1323(b}{2}. liquid water content not less than 0.3
or thrust. During the 30 minutes of idle § 25.1359 [Amended] gram per cubic meter in the form of

operation, the engine may be run up 34. By removing "§ 25.1205" in drops having a mean effective diameter
periodically to a moderate power or § 25.1359[a} and inserting "§ 25.867" in not leas than 20 microns, followed by

momentary opera_ at takeoff power
thrust setting in a manner acceptable to its place.
the Administrator. or thrust. During tim 30 minutes of idle

29. By revising § 25.1143{d) to read as § 25.1521 [Amended] operation, the engine may be run up
follows: 35.By removing thephrase periodicallytoa moderatepower or

"paragraphs{a}[I}through(3}ofthis thrustsettingina manner acceptableto
§ 2S.1143 Engine controls, section" in § 25.1521(b](4} and inserting the Administrator.

...... paragraphs (b) {1] through [3] of this .....
{d) For each fluid injection (other than section" in its place. 41. Byrevising § Z7.1163{a} to read as

fuel] system and its controls not follows:
provided and approved as part of the PART 27mAIRWORTHINESS
engine, the applicantmust show that the STANDARDS: NORMAL CATEGORY § 27.1183 Powerplent_ee_ories.
flow of the injection fluid is adequately ROTORCRAFT (a} Each engine-mounted accessory

nlust-- !

controlled. 36. By revising § 27,903(a) to read as (1) Be approved for mounting on the• * * * * follows:
engine involved;

30. By revising § 25.116_a} to read as
follows: § 27.903 Engines. (2)Use theprovisionson theengine

(a} Ezzgine type certification. Each for mounting; and
§ 25.1163 Powecpl_ __. engine must have a type certificate. (3) Be sealed in such a way as to

(a] Each engine mounted accessory , , , , , prevent contamination of the engine oil
must-- 37. By amending § 27.997 by removing system and the accessory s_stem.

{1}Be approved for mounting on the the term "and the mesh" from paragraph .....
engine involved; {d) and by revising paragraph {c} to read ,t2. By amending § 27.1183 by revising

{2) Use theprovisionson theengine asfollows: thetitle',hy removing"20quart"inparagraph(a}and inserting"25-quart"in
formounting;and §27._7 Fuelstrair_rorfilter, itsplace;and by revisingparagraph
[3)Be sealedtopreventcontamination ..... {b){1)toreadasfollows:

oftheengineoilsystemand the [c}Be mounted sothatitsweightis
accessory system, not supported by the connecting lines or § 27.1183 Linea, fittings, and componemts.

• * * * by the inlet or outlet connections of the .....

31. By amending § 25.1183 by strainer or filter itself, unless adequate {b} * * *
removing "20 quart" in paragraph (a) strength margins under all loading {1) Lines, fittings, and components
and inserting "25-quart" in its place and conditions are provided in the lines and which and are already approved as part
by revising paragraph [b){1} to read as connections; and of a type certificated engine; and
fOl}OWS: * * * * * * * " *
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43. By amending § 27.1189 by 30°F (between -9 ° and -1°C} and has a (i) Oil at a location specified by the
redesignating (a}(2} as (a)(3} and by liquid water content not less than 0.3 applicant;
revising (a}(1} and adding a new (a'}{2}to grams per cubic meter in the form of .....

read as follows: drops having a mean effective diameter (i_;)Fuel at a location specified by the
not less than 20 microns, followed by applicant; and

§ 27.1189 Shutoff means, momentary operation at takeoff power • . • . •(a}* * * or thrust. During the 30 minutes of idle
(1) Lines, fittings, and components operation, the engine may be run up (6)* * *

forming an intergral part of an engine; periodically to a moderate power or {it) Oil at a location specified by the
(2} For oil systems for which all thrust setting in a manner acceptable to applicant;

components of the system, including oil the Administrator ......
tanks, are fireproof or located in areas .....
not subject to engine fire conditions; and (16} For engines to be used in
..... 49. By revising § 29.1163(a) to read as supersonic aircraft, engine rotor

follows: windmilling rotational r.p.m.

PART 29mAIRWORTHINESS § 29.1163 Powerplentaccessories. 53. By revising § 33.14 to read as
STANDARDS: TRANSPORT follows: "J
CATEGORY ROTORCRAFT (a} Each engine mounted accessory

mustm § 33.14 Start-stop cyclicstress (low-cycle
44. By revising § 29.903(a} to read as (1) Be approved for mounting on the fatigue).

follows: engine involved; By a procedure approved by the FAA,
§ 29.903 Engines. (2] Use the provisions on the engine operating limitations must be

(a) Engine type certification. Each for mounting; and established which specify the maximum
engine must have a type certificate. (3} Be sealed in such a way as to allowable number of start-stop stress
, , , , , prevent contamination of the engine oil cycles for each rotor structural part

45. By amending § 29.997 by removing system and the accessory system. (such as discs, spacers, hubs, and shafts
the term "and the mesh" from paragraph ..... of the compressors and turbines}, the
(d} and by revising paragraph (c) to read 50. By amending § 29.1183 by revising failure of which could produce a hazard
as follows: the title; by removing "20 quart" in to the aircraft. A start-stop stress cycle

paragraph (a] and inserting "25--quart" consists of a flight cycle profile or an
§29.997 Fuel strainer or filter, in its place; and by revising paragraph equivalent representation of engine
• * * * * {b)(1} to read follows: usage. It includes starting the engine,

(c} Be mounted so that its weight is accelerating to maximum rated power or
not supported by the connecting lines or § 29.1183 Lines,fittings, and thrust, decelerating, and stopping. For
by the inlet or outlet connections of the components, each cycle, the rotor structural parts
strainer or filter inself, unless adequate .... must reach stabilized temperature
strengh margins under all loading (b} * * * during engine operation at a maximum
conditions are provided in the lines and (1} Lines, fittings, and components rate power or thrust and after engine
connections;_and which are already approved as part of a shutdown, unless it is shown that the
..... type certificated engine; and parts undergo the same stress range

• * * * * without temperature stabilization.§29.1019 [Amended]

46. By removing the phrases "and the 51. By revising § 29.1189 (a)(1} and 54. By revising § 33.15(b} to read as
mesh" and "of the screen" from (a)(2} to read as follows: follows:

§ 29.1019(a}(2} and (a}(3}, respectively. § 29.1189 Shutoffmeans. § 33.15 Materials.
47. By revising § 29.1021 to read as

follows: (a} * * * * ....
(1} For lines, fittings, and components (b} Conform to approved

§ 29.1021 Oil system drains, forming an integral part of an engine; specifications (such as industry or
A drain [or drains] must be provided (2} For oil systems for turbine engine military specifications} that ensure their

to allow safe drainage of'the oil system, installations in which all components of having the strength and other properties
Each drain mustm the System, including oil tanks, are assumed in the design data.

{a}Be accessible; and fireproof or located in areas not subject 55. By amending § 33.17 by removing
(b} Have manual or automatic means to engine fire conditions; or

for positive locking in the closed ..... the term "20-quart" in paragraph (c} and
position, inserting the term "25-quart" in its place;

48. By revising § 29.1093(b)(2} to read PART 33_AIRWORTHINESS by removing paragraph (f}; and by
as follows: STANDARDS: AIRCRAFT ENGINES revising paragraph (a} to read as _

follows:

§ 29.1093 Inductionsystem Icing 52. By amending § 33.7 by removing
protection, paragraph (c}(17} and by revising § 33.17 Fire prevention.
..... paragraphs (c}(5}(i}, (c}(5}(iv), (c}(6}(ii}, (a} The design and construction of the

{b} * * * and (c}{16} to read as following: engine and the materials used must
{2}Each turbine engine must idle for minimize the probability of the

30 minutes on the ground, with the air § 33.7 Engine ratings and operating occurrence and spread of fire. In
bleed available for engine icing limitations, addition, the design and construction of• * * * t

protection at its critical condition, turbine engines must minimize the
without adverse effect, in an atmosphere (c} * * * probability of the occurrence of an
that is at a temperature between 15 ° and (5} * *. * internal fire that could result in
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structural failu_'e,overheating, or other {c) The most critically stressed rotor be operated safely in that abnormal
hazardous conditions, component [except blades) of each state. However, for this vibration
...... turbine, compressor, and fan, including survey, the engine speed range need

integral drum rotors and centrifugal only extend from idle to the maximum
§ 33.19 i_] compressors in an engine or desired takeoff speed, and compliance

56. By amending § 33.19[a) by turbosupercharger, as determined by with paragraph {b)of this section need
inserting after the last sentence a new analysis or other acceptable means, not be shown.
sentence as follows: "Energy levels and must be tested for a period of 5 62. By revising § 33.49(e)(1}(ii)to read
trajectories of fragments resulting from minutes-- as follows:
rotor blade failure that lie outside the (1) At its maximum operating
compressor and turbine rotor cases must temperature, except as provided in § 33.49 Enduttmcatest.
be defined." para_aph (c}(2)(iv}of this section: and .....

r_, 57. By revising § 33.23 to read as {2)At the highest speed of the (e} " * *
follows: following, as applicable: (1} * * _

_i}120 percent of its maximum {it)The portions of the runs specified
§ 33.23 Enginemountingatts_am and permissible r.p.m, if tested on a rig and in paragraphs (b) (2) through (7} of this

_,_. structure, equipped with blades or blade weights, section at rated maximum continuous
, (a} The maximum allowable limit and (it) 115 percent of its maximum power must be made at critical altitude

ultimate loads for engine mounting permissible r.p.m, if tested on an engine, pressure, and the portions of the runs at
attachments and related engine {iii) 115 percent of its maximum other power mast be made at 8,000feet
structure must be specified, permissible r.p.m, if tested on altitude pressure; and

(b) The engine mounting attachments turbosupercharger driven by a hot gas .....
and related engine structure must be supply from a special burner rig.
abte to withstand-- (iv) 126 percent of the r.p.m, at which, § 33.63 I/Vntmd_l

(1) The specified limit loads without while cold spinning, it is subject to 63. By removing the word "normal"
permanent deformation; and operating stresses that are equivalent to from § 33.63.

(2}The specified ultimate loads those induced at the maximum operating 64. By revising § 33.66 to read as
without failure, but may exhibit temperature and maximum permiss/ble follows:
permanent deformation, r.p.m.

56. By revising § 33.'25to read as [v}106 percent of the highest speed § 33.f_ Ble_l t_t sytttem.
follows: that would result from failure of the The engine must supply bleed air
§ 33.25 _ tttt_lmmv_t, most critical component or system in a without adverse effect on the engine,

representative installation of the engine, excluding reduced thrust or power
The engine must operate properly (vi) The highest speed that would output, at all conditions up to the

with the accessory drive and mounting result from the failure of any component discharge flow conditions established as
attachments loaded. Each engine or system in a representative a limitation under § 33.7(c){11}.If bleed
accessory drive and mounting installation of the engine, in air used for engine anti-icing can be
attachment must include provisions for combination with any failure of a controlled, provision must be made for a
sealing to prevent contamination of, or component or system that would not means to indicate the functioning'of the
unacceptu_ble leakage from, the engine normally be detected during a routine engine ice protection system.
interior. A drive and mounting preflight check or during normal flight 65, By amending § 33.67 by removing
attaclunent requiring lubrication for operation, the last sentence of paragraph (a); by
external :drive sptines, or coupling by Following the test, each rotor must be removing paragraph (b)[7};by revising
engine oil, must include provisions for within approved dimensional limits for paragraphs {b)[3}, _)[4), and Co)(5);,and
sealing to prevent unacceptable loss of an overspeed condition and may not be by adding a new paragraph {c}to read
oil and to prevent contamination from cracked, as follows:
sourcesoutsidethechamberenclosinR 60.By addinga new §33.,q_(e)toread
the drive connection. The design of the as follows: § 33.67 FuMayldmn_
engine must allow for the examination, , ....

adjustment, orremoval of each §33.35 Fuelandinductionsystem.

accessoryrequiredforengineoperation., .... (b)* * *

59. By revising § 33.27 to read as (e) If provided as part of the engine, (3) It must be mounted so that itsweight it not supportedby thefollows: the applicant must show for each fluid
injection(otherthanfuel)systemand its connectinglinesorbytheinletoroutlet

§33.27 Turbit_ ¢,ompr_go¢,_ amJ controls that the flow of the injected connections of the strainer or filter,unless adequate strength marginsunder
• J " turb_ehacg_r rotm_ fluid is adequately controlled, all loading conditions are provided in(a} Turbine, compressor, fan. and 6L By amending § 33.43by removing
. the lines and connections., turbosuperchargerrotorsmusthave thesecondsentenceofparagraphCa)

:" sufficient strength to withstand the test and by adding a new paragraph {d) to (4) It must have the type and degree of
conditions specified in paragraph (c) of read as follows: fuel filtering specified as necessary for
this section, protection of th_engine fuel system
(b}The designandfunctioning.of §33.43 Vlbratlon1_t. againstforeignparticlesinthefuel.The

enginecontroldevices,systems,and * * * * * applicantmustshow:
instrumentsmustgivereasonable {d]The vibrationsurveydescribedin (i}Thatforeignparticlespassing
assurance that those engine operating paragraph (a) of this section must be through the specified filtering means do
limitations that affect turbine, repeated with that cylinder not firing not impair the engine fuel system
compressor, fan, and turbosupercharger which has the most adverse vibration functioning; and
rotorstructuralintegritywillnotbe effect,inordertoestablishthe (ii)Thatthefuelsystemiscapableof
exceededin- service, oonditions under which the engine can sustained operation throughout its flow
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and pressure range with the fuel initially paragraphs {b)(4}, (c}(5}, (c}(11},and {d}; § 33.77 Foreignobject Ingestion.
saturatedwithwaterat80°F{27"C}and andby addinganew paragraph{c}{12} (a}Ingestionofa4-poundbird,under
having0.025fluidouncespergallon{0.20 toreadasfollows: theconditionsprescribedinparagraph
millilitersperliter}offreewateradded (e}ofthissection,may notcausethe
andcooledtothemostcriticalcondition §33.71t.ebrlcaUonsystem. engineto--
foricinglikelytobeencounteredin ..... {1}Catch fire;
operation. However, this requirement {b}Oilstrainer or filter. There must {2}Burst {release hazardous fragments
may be met by demonstrating the be an oil strainer or filter through which through the engine case};
effectiveness of specified approved fuel all of the engine oil flows. In addition: {3}Generate loads greater than those
anti-icing additives, or that the fuel * .... ultimate loads specified in § 33.23(a};or
system incorporates a fuel heater which {4}For each strainer or filter required {4}Lose the capability of being shut
maintains the fuel temperature at the by this paragraph, except the strainer or down.
fuel strainer or fuel inlet a.bove 32°F filter at the oil tank outlet, there must be {b}Ingestion of 3'ounce'birds or 1I/s-
{0°C}under the most critical conditions, means to indicate contamination before pound birds, under the conditions

{5}The applicant must demonstrate it reaches the capacity established in prescribed in paragraph {e}of this
that the filtering means has the capacity accordance with paragraph {b}{3}of this section, may notw +
{with respect to engine operating section. {1}Cause more than a sustained 25
limitations} to ensure that the engine * * * * * percent power or thrust loss;will continue to operate within approved
limits, with fuel contaminated to the {c}* * * {2}Require the engine to be shut down
maximum degree of particle size and {5}Each oil tank filler must be marked within 5 minutes from the time of
density likely to be encountered in with the word "oil." ingestion; or

• * * * * (3} Result in a potentially hazardousservice. Operation under these
conditions must be demonstrated for a {11}Each oil tank must have an oil condition.
period acceptable to the Administrator, quantity indicator or provisions for one. {c} Ingestion of water, ice, or hail,
beginning when indication of impending {12)If the propeller feathering system under the conditions prescribed in
filter blockage is first given by either: depends on engine oil-- paragraph {e}of this section, may not

{i}Existing engine instrumentation; or {i}There must be means to trap an cause a sustained power or thrust loss
{it}Additional means incorporated amount of oil in the tank if the supply or require the engine to be shut down. It

into the engine fuel system, becomes depleted due to failure of any must be demonstrated that the engine
.... • part of the lubricating system other than can accelerate and decelerate safely

(c) If provided as part of the engine, the tank itself; while inducting a mixture of at least 4
the applicant must show for each fluid {it)The amount of trapped oil must be percent water by weight of engine
injection {other than fuel} system and its enough to accomplish the feathering airflow following stabilized operation at
controls that the flow of the injected opeation and must be available only to both flight idle and takeoff power
fluid is adequately controlled, the feathering pump; and settings with at least a 4 percent water-to-air ratio.

66. By revising § 33.68{b}to read as {iii}Provision must be made to {d}For an engine that incorporates afollows: prevent sludge or other foreign matter
from affecting the safe operation of the protection device, compliance with this

§ 33.68 Inductionsystemicing, propeller feathering system, section need not be demonstrated with• * * * * respect to foreign objects to be ingested
{d}Oil drains. A drain {or drains} under the conditions prescribed in

(b} Idle for 30 minutes on the ground, must be provided to allow safe drainage paragraph (e} of this section if it is
with the available air bleed for icing of the oil system. Each drain must--protection at its critical condition, shown that--
withoutadverseeffect,inanatmosphere {1)Be accessible;and (1}Suchforeignobjectsareofasize
thatisata temperaturebetween15"and {2}Have manualorautomaticmeans thatwillnotpassthroughtheprotective
30*F{between-9* and -I°C)andhasa forpositivelockingintheclosed device;
liquidwatercontentnotlessthan0.3 position. {2}Theprotectivedevicewill
gramspercubicmeterintheformof withstandtheimpactoftheforeign
dropshavingamean effectivediameter 68.By revising§33.75{b}and{c}to objects;and
notlessthan20microns,followedbya readasfollows- {3}Theforeignobiect,orobiects,

momentary operation at takeoff power § 33.75 Safety analysis, stopped by the protective device will not
or thrust. During the 30 minutes of idle , .... obstruct the flow of induction air into
operation the engine may be run up the engine with a resultant sustained
periodically to a moderate power or (b} Burst {release hazardous fragments reduction in power or thrust greater than
thrust setting in a manner acceptable to through the engine case}; those values required by paragraphs (b}

the Administrator. (c} Generate loads greater than those and {c}of this section. !t
67. By amending § 33.71 by removing ultimate loads specified in § 33.23(a};or {e}Compliance with paragraphs {a),

the phrase "and the mesh" from ..... {b), and {c}of this section must be
paragraph {b}{3};by revising paragraph 69. By revising § 33.77 to read as shown by engine test under the
{b}introductory text; by revising follows: following ingestion conditions:

Foreign object I Test quantify ] Speed of foreign object Engine operation Ingestion

Birds_:e size .............. I One for each 50 square Inches of inlet area or Iractlon I LJftoff speed of b/pica aircraft .......... _......... Takeoff ........................... n rapid sequence to simulate a flock

• thereof up to a mmamu_ of ',S bird_ Throe-ounce lo_d encounter and aimed at selected
ingestion not required if II 1_=-pound bird wilt p_SS the caJ areas.
inlet guide vanes into the rotor blades.
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Foreign Object Test quantity Speed of foreign object Engine operation Ingestion
1 V_-pound size .......... Otto tot the first 300 square inches of inlet area, it it can 1tnitisl c_imb speed of _pica_ e_rc_aft .......... Takeoff......i .................. in rapid sequence to simulate • flock

enter the inlet, Ptus one for each additional 600 square _ encounter and aimed at selected criti.
inches of inlet area or fraction thereof up to a maximum [ cal areas.

of S birds. I
4-pourM size .............. One, if it can enter t_e inlet ................................................... Maximum climb speed of typical aircraft Maximum crutse ........... /umed at criticat area,

if the engine has inlet guide veetes.
Liftoff speed of typical aircraft, if the Takeoff ........................ Aimed at eritlcal area.

i engine does not have inlet guide

I vaoes.tce ................................... Maximum accumulation On a typical inlet cowl and engine Sucked in ................................................... Maximum cruise .......... To simulate a coetinuoue maximum

face resulting from a 2-minute delay in actuating anti- i icing encounter at 25"F.
icing system, or a s_,abot tee which is comparabte in I
weight or thickness for that size engine, I

Hai_ (0.8 to 0.9 For all engines: With inJet area of not more than 100 t Rough art flight speed of typical aircraft... Maximum cruise at in a volley to samulete a hailstone en-
spe_fic gravity), square inches: one 1-inch hadstone. With intet area of _ 15,000 feet altitude, counter. One-haft the number Of hsil-

more than 100 square inches: One 1-inch and One 2- stones aimed at random area over

inch hailstone for each 150 square inches of inlet area I F the face of the inlet end the other
or fraction thereof i half aimed at the critical face area.

For supersonic engines (in addition): 3 hailstones each t Supersonic Cruise velocity, Alternatively, Maximum crtase ........... Aimed at critical engine face area.
having a diameter equal to that in a straight line{ use subsonic velocities with larger

- ._ _ variation from 1 inch at 35,000 feet to ¼ inch at 60,000 I hailstones to give equivalent kinetic

Water .............................. sonicfeetusingcruisediameteraititudeexpected.C°rresp°ndingto the lowest super- , energy.At least 4 percent of engine airflow by weight ...................... Sucked in ...................... : ......................... Flight idle, For 3 minutes each at idle arm takeoff.

' I acceleration, end during acceleration and decelera-takeeft, t_n inspray tO simulate rain.

I deceleration.

NOTE.--The terra "inlet area" as used in this section means the engine inlet projected area at the front face of the engine, it includes the projected area of any spinner or bullet nose that
_s provided.

70. By revising § 33.83 {a} and {b} to and, depending upon the type and and mounting attachment under load
read as follows: contemplated use of the engine, consists may be accomplished on a separate rig

of one of the series of runs specified in if the validity of the test is confirmed by
§33,83 Vibration test. paragraphs {b} through (el of this an approved analysis.

{a} Each engine must undergo a section, as applicable. For engines .....
vibration survey to establish the tested under paragraph {b}, {c}, or (d} of
vibration characteristics of the rotor this section, the prescribed 6-hour test (d} * * *
discs, rotor blades, rotor shafts, stator sequence must be conducted 25 times to {2}In each 6-hour test sequence
blades, and any other components that complete the required 150 hours of specified in paragraph {c}of this sects _n,
are subject to vibratory exciting forces operation. The following test 30 minutes must be run at rated 30-
which could induce failure at the requirements apply: minute power except that the last 5
maximum inlet distortion limit. The ..... minutes of one rated 30-minute powm
survey is to cover the range of rotor test period must be run at 2V2-minute
speeds and engine power or thrust, {3) Except as provided in paragraph
under steady state and transient {a)(5} of this section, power or thrust, power.
conditions, from idling speed to 103 gas temperature, rotor shaft rotational {3}The tests required in paragraphs
percent of the maximum permissible speed, and, if limited, temperature of (c){3} through (c}(6} of this section.
speed. The survey must be conducted external surfaces of the engine must be .....
using the same configuration of the at least 100 percent of the value 72. By revising the title and text of
loading device which is used for the associated with the particular engine § 33.88 to read as follows:
endurance test, except that the operation being tested. More than one
Administrator may allow the use of a test may be run if all parameters cannot §a3.88 Engine overtemperaturetest.
modified configuration if that loading be held at the 100 percent level Each engine must be run for 5 minutes
device type is incompatible with the simultaneously, a¢ maximum permissible r.p.m with the
necessary vibration instrumentation, gas temperature at least 75"F {420Cl

(b} The vibration stresses {or strains} [SLMaximum air bleed for engine and higher than the maximum operating
of rotor and stator components aircraft services must be used during at limit. Following this run, the turbine
determined under paragraph {a}of this least one-fifth of the runs. However, for assembly must be within serviceable
section must be less, by a margin these runs, the power or thrust or the limits.

acceptable to the Administrator, than rotor shaft rotational speed may be less 73. By revising § 33.89(b} to read as
,,. the endurance limit of the material from than 100 percent of the value associated

which these parts are made, adjusted for with the particular operation being follows:
• . the most severe operating conditions, tested if the Administrator finds that the § 33.89 Operation test.

" . .... • validity of the endurance test is not .....

71. By amending § 33.87 by revising (a} compromised.
introductory text; by revising {6}Each accessory drive and {b} The operation test must include all
paragraphs {a}{a), {a)(5), {a}(6}, and mounting attachment must be loaded, testing found necessary by the
{d}(2}; and by adding a new paragraph The load imposed by each accessory Administrator to demonstrate that the
{d}(3) to read as follows; used only for aircraft service must be engine has safe operating characteristics

the limit load specified by the applicant throughout its specified operating
§33.87 Endurancetest. for the engine drive and attachment envelope.

(a) General. Each engine must be point during rated maximum continuous 74. By revising the title and text of
subjected to an endurance test that power or thrust and higher output. The § 33.90 to read as follows:
includes a total of 150 hours of operation endurance test of any accessory drive
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§ 33.90 Initial maintenanceInspection. §33.94 Blade containment and rotor tests prescribed in paragraphs (a)(1] and

Each engine, except engines being unbalance tests. (a)(21 of this section ifN
type certificated through amendment of (a] Except as provided in paragraph (1] That test, of the two prescribed,
an existing type certificate or through [b) of this section, it must be produces the least rotor unbalance; and
supplemental type certification demonstrated by engine tests that the [2) The analysis is shown to be
procedures, must undergo an approved engine is capable of containing damage equivalent to the test.
test run that simulates the conditions in without catching fire and without failure (Secs. 313(a), 601,and 603,Federal Aviation
Which the engine is expected to operate of its mounting attachments when Act of 1958 (49 U.S.C. 1354Ia), 1421, and 14231;and 49 U.S.C. 106(g)Revised, Pub. L. 97-449.
in service, including typical start-stop operated for at least 15 seconds, unless January 12, 19831
cycles, to establish when the initial the resulting engine damage induces a Note.--The FAA has determined that this
maintenance inspection is required. The self shutdown, after each of the amendment yields overall cost benefits by
test run must be accomplished on an following events: eliminating unnecessarily stringent design
engine which substantially conforms to (1) Failure of the most critical requirements and by simplifying and
the final type design, compressor or fan blade while operating clarifying existing rules without reducing thelevel of safety of engine installations. The

75. By amending § 33.92 by inserting at maximum permissible r.p.m. The amendment simplifies a number of technical
an intital phrase at the beginning of [a] blade failure must occur at the requirements and removes administrative
and by revising (a)(2) and (a)(31 to read outermost retention groove or, for burdens on regulated persons and the FAA
as follows: integrally-bladed rotor discs, at least 80 through amendment of regulations from

percent of the blade must fail. which exemptions have been granted.Therefore, it has been determined that this is
§ 33.92 Windmilling tests. (2] Failure of the most critical turbine not a major regulation under Executive Order

Ca]For engines to be used in blade while operating at maximum 12291. In additiom the FAA has determined
supersonic aircraft, * * * permissible r.p.m. The blade failure that this amendment is not significant under
• * * * * must occur at the outermost retention the Department of Transportation Regulatory

(2] Bursting (releasing hazardous groove or, for integrally-bladed rotor Policies and Procedures 144FR 11034;
uncontained fragments]; or discs, at least 80 percent of the blade February 2e, 1979l. The evaluation preparedfor this action is contained in the regulatory

(3] Generating loads greater than must fail. The most critical turbine blade docket. A copy of it may be obtained by
those ultimate loads specified in must be determined by considering contacting the person identified under the
§ 33.23(a]. turbine blade weight and the strength of caption "FORFURTHERINFORMATION

the adjacent turbine case at case CONTACT."
§ 33.93 [Amended] temperatures and pressures associated Issued in Washington, D.C., on December

76. By amending § 33.93(b) by with operation at maximum permissible 16, 1983.
removing the word "component" and r.p.m. Michael J.Fenello,
inserting the word "part" in its place. (b) Analysis based on rig testing, Acting Administrator.

77. By adding a new § 33.94 to read as component testing, or service experience [n_Doe.84--4577Filed2..-22-84:8:45an;]
follows: may be substitute for one of the engine e,-,i,G COOE_IO-I_-U
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