federal re

R——

gister

~ Volume 39 ® Number 191

TUESDAY, OCTOBER 1, 1974
WASHINGTON, D.C.

PART 1l

DEPARTMENT OF

" TRANSPORTATION

Federadl Aviation
Administration

AIRCRAFT ENGINES

Airworthiness Standards for Installation
and Type Certification



35452

Title 14—Aeronautics and Space

CHAPTER |—FEDERAL AVIATION ADMIN-
ISTRATION, DEPARTMENT OF TRANS-
PORTATION

[Docket No. 11010; Amdt. Nos. 1-23; 21-40;
23-15; 25-36; 27-9; 29-10; 33-6}

AIRCRAFT AND AIRCRAFT ENGINES—
CERTIFICATION PROCEDURES AND
TYPE CERTIFICATION STANDARDS

The purpose of these amendments is
to change the procedural requirements
relating to the type certification of air-
craft and aircraft engines, to update and
improve the airworthiness standards ap-
plicable tq the type certification of air-
craft engines, and to incorporate new
standards applicable to engines used on
supersonic airplanes. In addition, other
new airworthiness standards are made
applicable to aircraft on which engines
type certificated to previous standards
are to be installed.

These amendments are based on the
notice of proposed rulemaking (Notice
No. 71-12) published in the FEDERAL
REGISTER on May 5, 1971 (36 FR 8383).
Except for minor editorial changes, and
except as specifically discussed herein-
after, these amendments and the reasons
therefor are the same as those proposed
i1. Notice 71-12. Numerous comments
relating to these proposals were received
in response to the notice and except for
those indicating agreement or merely
repeating issues discussed and disposed
of in the notice, the FAA’s disposition of
the significant comments is discussed be-
low. In general, comments received that
were beyond the scope of the notice are
not discussed but will be retained for
consideration in connection with other
rulemaking projects as appropriate.
Based on the relevant comments and
upon further review within the FAA, a
number of changes have been made to
the proposed rules. In addition, various
non-substantive changes of a clarifying
and editorial nature have been made.
Since these changes impose no additional
burden on any person, they may be
adopted without further notice and
public procedure.

Interested persons have been afforded
an opportunity to participate in the
making of these amendments, and due
consideration has been given to all mat-
ter presented.

Two of the proposals of the original
notice concerning engine rotor system
unbalance (§§25.1305 and 33.29) have
been implemented by a separate rule-
making action, Amendments 25-35 and
33-5, effective March 1, 1974, that were
published in the FEDERAL REGISTER on
January 15, 1974 (33 FR 1831).

The following discussion is keyed to
the like~numbered proposals contained
in Notice No. 71-12:

PART 1-——~DEFINITIONS AND ABBREVIATIONS

Proposal 1—One commentator objected
to the inclusion of a turbosupercharger
as part of the engine in the proposed
definition of aircraft engines in §1.1,
asserting that in some instances it should
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be classified as an accessory. However,
the intent of the proposal was that
turbosuperchargers be included as part
of the engine whether or not they are
additionally classifled as accessories. The
definition as adopted has been revised to
clarify that a turbosupercharger is part
of an engine whether or not it is also an
appurtenance or an accessory.

Proposal 2—=Several commentators sug-
gested that the term ‘“stop” be deleted
from the definition of “idle thrust” as
proposed in § 1.1 since a stop is normally
associated with the power control lever
or throttle, rather than with the engine
fuel control device as suggested in the
notice. The FAA agrees with the com-
ment to the extent that the term “idle
thrust” should be related to the power
control lever and has changed the defini-
tion by replacing the term “fuel control
device” with “power control lever.” Since
the term “stop” is appropriate with this
revision, it need not be deleted.

One commentator pointed out that
several of the proposed amendments used
the term “type” in reference to engines
and that the word “type” was defined in
relation to aircraft in § 1.1 but not to
engines, For internal consistency, the
definition of “type’” has been amended
to include the meaning of the term with
respect to the certification of aircraft
engines.

PART 21—CERTIFICATION PROCEDURES FOR
PRODUCTS AND PARTS

Proposal 1—Several commentators sug-
gested that the stress analysis called for
in proposed §21.15(¢) for the engine
rotor, spacer, and rotor shaft would not
normally be available at the time of ap-
plication for a type certificate, but would
be available before actual certification.
The FAA agrees and, upon further con-
sideration, has determined that inclusion
of the requirement under the type certifi-
cation standards will allow an applicant
to complete and submit a stress analysis
after application for a type certificate
and before certification. The require-
ment for a stress analysis has therefore
been removed from § 21.15(¢) and relo-

cated in a new § 33.62 under the design-

and construction requirements for tur-
bine aircraft engines, .

Proposal 2—Several commentators rec-
ommended deletion of that portion of
the proposed §21.35(f) which requires
300 hours of flight test operations for air-
craft incorporating engines of a type not
previously used in a type certificated air-~
craft. They contended that the rule dis-
criminated against new engine types, and
that unnecessary economic hardships
and delays in the aircraft certification
program would be imposed. However, ex-
perience with newly certificated engine
types has demonstrated to the FAA that
there is a need for more thorough flight
testing of newly certificated engine types,
and the regulation with respect to hours
of operation is adopted as proposed. Fur~
thermore, the suggestion of one com-
mentator that allowance be made for the
use of experimental engines that differ

only in minor ways from the type certif-
lcated engine has not been adopted be-
cause the FAA believes it could lead to
uneven administration of the rule.

One commentator questioned whether
the phrase “engines that conform to a
type certificate” in subparagraph (f) (1)
required just one or a full complement
of the newly type certificated engines in
a multi-engine aircraft. As indicated in
the explanation in the Notice, the intent
of the FAA is that “engines” means all
the engines in the aircraft. To eliminate
any ambiguity, the wording has been
changed to specifically call for a full
complement of engines.

Proposal 3—No public comment was
received on the proposal to amend § 21.97
and the section is adopted as proposed.

PART 23—AIRWORTHINESS STANDARDS:
NorMAL, UTILITY, AND ACROBATIC CAT-
EGORY AIRPLANES

Proposal 1—One commentator ques-
tioned whether proposed § 23.951(b)
would prohibit several fuel tanks from
gravity feeding through non-return
valves to a single collector box from
which the fuel pumps would draw fuel.
Such an arrangement is not prohibited
and the rule would allow any combina-
tion of tanks to be used so long as
means are taken to prevent air from
being introduced into the system.

In response to the suggestion contained
in several comments, the icing require-
ment of paragraph (¢) of proposed § 23.-
951 has been reworded to clarify that it
is applicable solely to turbine engine air-
craft, since fuel icing is peculiar to tur-
bine fuels. Additionally, since the re-
quirement is intended to preclude inter-
rupted functioning of the fuel system
rather than to require operation for an
indefinite time, the rule has been re-
vised to require “sustained” operation
rather than “continuous” operation.

Proposal 2—Several commentators
questioned whether an applicant would
have to comply with amended § 23.997
as proposed, if the similar rule in § 33.67
had already been complied with by the
engine manufacturer. The FAA proposed
the new requirements to assure that
newly certificated aircraft would meet
the standards prescribed in § 33.67. Thus,
if the aircraft manufacturer incorpo-
rated an engine which had been type
certificated under new § 33.67 the fuel
system would already conform to the
rule and nothing further would be re-
quired. If, however, the aircraft manu-
facturer incorporated an engine which
had not been certificated under the new
§ 33.67 he would have to take the neces-
sary action to comply with new § 23.997.

Several commentators questioned
whether the proposed rule would require
that each and every filter in the fuel
system, including small screens and so-
called “last chance filters,” meet the re-
quirements of paragraph (a) through
(d) of proposed § 23.997. The FAA in-
tended that at least one filter upstream
of the fuel metering device and the en-

gine driven displacement pump meeb
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these requirements, and the section has
been clarified accordingly.

In response to a question raised by one
commentator concerned with the avail-
ability of heat for the reguired filter or
strainer, the FAA wishes to point out
that the requirement for icing protection
in turbine engine fuel systems, set forth
In §23.951, applies to the entire fuel
system.

As proposed, § 23.997(b) would require
a drain. Upon further consideration it
has been determined that an equivalent
of the drain could be provided by having
the strainer or filter easily removable for
drain purposes and this alternative has
been incorporated info the regulation.

Proposal 3—One commentator ques-
tioned whether the oil sump of a dry
sump engine would be consldered as ex-
pansion space under the proposal. If
the sump is in fact part of the oil tank,
then the sump provides the expansion
space specified in § 23.1013(b) (1). Fur-
ther amendment. of the requirement is
not considered necessary and § 23.1013
(b) (1) is adopted as proposed.

One commentator requested clarifica-
tion of the phrase “that might reduce the
flow of oil,” used in proposed §23.1013

(e). Several other commentators sug-.

gested that the phrase was inconsistent
with, but should be identical to, proposed
§ 25.1013. The FAA agrees with these
comments and has revised the section to
make it consistent with § 25.1013 in this
respect, by specifying that any oil tank
outlet screen or guard may not reduce
the flow of oil below a safe value at any
operating temperature.

Proposal 4—One commentator sug-
gested that the more technically correct
term “differential pressure™ be used in
place of “pressure,” in paragraph (c¢) of
§ 23.1015. The FAA believes, however,
that the present term is adequately un-
derstood in the industry, and has not
caused any misunderstanding in the past.
The paragraph is therefore adopted as
proposed.

Proposal 5—Several commentators ex-
pressed the heliet that the proposed
§ 23.1019 might be interpreted to require
each and every oil strainer or filter in
the system including small so-called “last
chance” filters to conform to all the re-
quirements of paragraph (a). The in-
tent of the FAA is to require at least one
oil strainer or filter that will filter all
the oil that passes through the lubri-
cating system while conforming to the
requirements of the section. The rule as
adopted has been reworded to make this
clear. Another commentators objected to
the word “conveys” as inappropriate in
the lead-in sentence of paragraph (a).
The FAA agrees and has changed the
wording to refer to a strainer or filter
through which all of the engine oil flows.

Several commentators interpreted the
requirement of subparagraph (a) (1) for
normal oil flow through the bypass as
possibly requiring identical flow and pro-
posed the word “adequate” in place of
“normal.” The FAA does not agree that
the word “normal” means identical and
used the word normal to mean normal for
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the system within its operating range.
Therefore, the wording as proposed has
been retained.

One commentator stated that filters
should be serviced on a routine and nor-
mal maintenance basis rather than re-
lying upon an indicator as proposed in
subparagraph (a) (3). In this connection
it should be noted, however, that the rule
does not call for relaxing of any main-
tenance procedures but adds an addi-
tional item which will contribute to
safety by providing a quick means of in-
specting for possible filter contamination.

It was assumed in one comment that
the standard engine oil pressure gauge
would qualify as an “indicator” as re-
quired in proposed subparagraph (a) (3).
While it was considered that a separate
indicator would be provided, neverthe-
less, if the applicant can demonstrate
that the oil pressure gauge would ade-
quately perform the function of the indi-
cator, a separate indicator would not be
required. Upon further consideration, the
function of the indicator in terms of con-
tamination of the screen has been re-
worded for clarity.

Several commentators questioned
whether the wording of subparagraph
(a) (4) was realistic in requiring that no
contaminants be released through the
filter bypass. As proposed, the require-
ment stated an sabsolute prohibition
against release of contaminants. The
FAA agrees that the intended purpose

may be met by requiring the bypass -

to be designed to minimize release of
contaminants, and the requirement is
reworded accordingly.

Proposal 6—Several commentators
objected to the requirement in proposed
§ 23.1093 for operation in falling and
blowing snow on the basis that no stand-
ard is specified as to the intensity or the
amount of falling snow or the degree of
blowing involved. They further point out
that no uniform means are provided for
demonstrating compliance with the sec~
tion and that a small or even minute
amount of snow might satisfy the letter
of the law of this section. One com-
mentator offered detailed standards that
could be adopted. However, it was not
the intent that specifications for all pos-
sible conditions be Included in the reg-
ulation but, rather, that an applicant
select the limitations desired for his air-
plane and then demonstrate the ability
to operate within those limitations.

Several commentators asserted that
the specified liquid water content of 2
grams per cubic meter was not repre-
sentative of actual conditions and would
result in more stringent requirements
for ground operation than for flight,
while another suggested that the re-
quirement for icing protection at idle
should be applicable “on the ground”
rather than at sea level. Upon further
consideration, the FAA agrees that a
reduction to 0.6 grams would provide an
adequate and safe standard for icing
protection at idle conditions on the
ground and the requirement has been

changed accordingly,
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Omne commentator objected to the re-
quirement for icing protection for 30
minutes at idle, stating that there was
insufficient bleed air to adequately meet
the requirement for this period of time.
However, experience has demonstrated
that it is practical- and necessary for
safety of flight, and that protection for
the engine during prolonged idle prior
to takeoff is essential to safety of opera-
tion. The proposal does not restrict the
means for icing protection to engine
bleed air, as suggested by the commenta-
tor, but allows any means or combina-
tion of means which the applicant
chooses. With respect to bleed air, the
intent of the requirement is that icing
protection at idle be provided when the
bleed air available for icing protection
is at its critical condition. The section
has been reworded to make this clear.

Proposal 7—Amendment 23-14, effec-
tive December 20, 1973, published in the
FEDERAL REGISTER on November 19, 1973
(38 FR 31816), amended § 23.1183(a) to
require that lines and fittings and com-
ponents carrying gas, air, or flammable
fluids in any area subject to engine fire
conditions must be at least fire resistant.
That amendment also amended the
heading of the section, while retaining
the requirement that flexible hose as-
semblies must be approved. Therefore,
the section as amended by this Amend-
ment, contains the provisions made ef-
fective by amendment 23-14 in addition
to those proposed in Notice 71-13, in-
cluding the revision of the latter dis-
cussed below. Inasmuch as the heading
proposed in Notice 71-12 is inappropri-
ate to the section as amended by
Amendment 23-14, the heading adopted
by the amendment is retained.

Stating that proposed § 23.1183, which
concerns engine fire protection, is in=
appropriately included with aircraft air-
worthiness standards, one commentator
suggested that it more correctly belongs
In Part 33 relating to engine airworthi-
ness requirements. However, while this-
and other sections do relate to engine
airworthiness, they are included also in
Part 23 and the other aircraft certifica-
tion parts since it 1s the intent that air-
craft certificated wunder applications
made after the adoption of these amend-
ments conform to the new updated sec-
tions of Part 33, whether or not they
incorporate engines type certificated
under the updated Part 33. Thus, to
cover cases where such aireraft incorpo-
rate engines certificated under applica-
tions made before adoption of these
amendments, the new engine standards
that are appropriate are made effective
as to the aircraft by being incorporated
in the aircraft airworthiness sections.

One commentator questioned whether
integral oil sumps on smaller reciprocat-
ing engines were considered to come
within the meaning of flammable fuid
tanks as that term was used in proposed
§ 23.1183. The FAA did not intend that
they be included, and the rule as adopted
specifically provides that integral oil
sumps of less than 20 quart capacity need
not be fireproof nor be enclosed by a fire-
proof shield.
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Proposal 8—As a result of the issuance
of Amendment 23-14 (38 FR 31816),
which contains new paragraphs, § 23.-
1305 (@) and (r), the proposed para-
graphs (q), (r), (s), and (t) are re-
designated (s), (1), (W), and (v), respec~
tively. The following discussion is keyed
to the new designations.

One commentator questioned whether
the fuel strainer or filter indicator re-
ferred to in § 23.1305(t) were required
on all filters, even “last chance” filters.
Consistent with the requirements appli-
cable to the strainers or filters them-
selves, § 23.1305(t) has been revised to
make clear that the indicator required is
for a fuel strainer or filter required under
$ 23.997. Similarly, § 23.1305(t) and (u)
have been reworded in order to be con-
sistent with §8§ 23.997 and 23.1019, re-
spectively, in regard to the degree of con-
tamination that must be indicated. In
response to a further comment, § 23.1305
(t) has been reworded to clarify that the
desired indication is of the occurrence of
contamination rather than the more
stringent requirements of the degree of
contamination as suggested in the
Notice. This change achieves consistency
between paragraphs (t) and ().

One commentator questioned whether
other presently installed gauges for other
- functions could be used as “indicators”
to indicate the functioning of a heater as
required in paragraph (v). As discussed
above, in connection with the indicators
required for oil strainers or filters, the
FAA anticipates that the requirement
will be met by installation of gauges to
indicate the functioning of heaters.
However, if a clear and positive indica-
tion can be obtained from other gauges
used to portray functions different than
direct heater functioning, the require-
ments of the section are met.

PART 25-—AIRWORTHINESS STANDARDS:
TRANSPORT CATEGORY ATRPLANES

Proposed changes to §§25.951 (Pro-
posal 1), 25.997 (Proposal 3), 25.1015
(Proposal 5), 25.1019 (Proposal 6), and
25.1093 (Proposal T) were the subject of
comments substantially the same as sub-
mitted for the proposed like-numbered
sections of Part 23. As adopted, these
Part 25 sections set forth the same re-
quirements as proposed in Notice 71-12
except as they have been modified for
the reasons given in the preamble discus-
sion of the like-numbered Part 23
sections.

Proposal 2—No comments were received
in response to the proposed deletion of
§ 25.977(b). That paragraph is accord-
ingly revoked and marked reserved.

Proposal 4—The exemption contained
in the last sentence of § 25.1013(a), con-
cernihg fireproofing of an integral oil
sump of less than 20-quart capacity on a
reciprocating engine, has been removed
from this section and placed in § 25.1183
(a). This action involves no substantive
change and achieves consistency with the
parallel Part 23 section.

Proposal 8—Section 25.1183(a) has
been further amended in connection with
changes to § 25.1013(a) as noted under
Proposal 4.
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Proposal 9—Section 25.1305(¢) has
been amended so that it is substantively
the same as the parallel provision of
§ 23.1305, The related Part 23 preamble
discussion is applicable. The proposed
new subparagraph 25.1305(d) (3), con-
cerning an indicator to indicate rotor
system wunbalance, has already been
adopted by a separate rulemaking action
(Amdt. 25-35, 39 FR 1831).

One'commentator stated that aircraft
fuel systems have been designed without
cockpit controlled fuel heat; therefore
there is no need in proposed subpara-
graph (¢) (8) for an indicator to indicate
the proper functioning of any fuel heater.
The section, however, only requires an
indicator if a heater is used and the FAA
believes it would supply necessary infor-
mation to indicate heater functioning.

PART 27—AIRWORTHINESS STANDARDS
NORMAL CATEGORY ROTORCRAFT

Proposed changes affecting §§ 27.951
(Proposal 1), 27.997 (Proposal 2), 27.1013
(Proposal 3), 27.1015 (Proposal 4),
27.1019 (Proposal 5), 27.1093 (Proposal
6), 27.1183 (Proposal 7), and 27.1305
(Proposal 8) were the subject of com-
ments substantially the same as sub-
mitted for the proposed like-numbered
sections of Part 23. The proposed amend-
ments set forth in Notice 71-12 have
been adopted except as explained in the
preamble discussion of the like-num-
bered Part 23 sections.

PART 29—AIRWORTHINESS STANDARDS:
TRANSPORT CATEGORY ROTORCRAFT

Proposed changes affected §§29.951
(Proposal 1), 29.997 (Proposal 2), 29.1013
(Proposal 3), 29.1015 (Proposal 4),
29.1019 (Proposal 5), 29.1093 (Proposal

- 6), 29.1183 (Proposal 7)), and 29.1305

(Proposal 8) were the subject of com-
ments substantially the same as sub-
mitted for the proposed like-numbered
sections of Part 23. The proposed
amendments set forth in Notice T71-12
have been adopted except as explained
in the preamble discussion of the like-
numbered Part 23 sections.

PART 33-—AIRWORTHINESS STANDARDS:
AIRCRAFT ENGINES

Proposal 1—~The comments received in
response to proposed § 33.5 focused prin-
cipally on the overhaul instructions that
would be required by paragraph (e). The
comments revealed widespread. misun-
derstanding of the effect of requiring the
engine manufacturer to set out the fre-
quency of overhauls. In this connection,
the FAA wishes to point -out that over-
haul instructions are necessary upon
type certification because an engine
might require overhaul at any time
thereafter, and the ability to perform an
overhaul should not be limited by lack
of instructions. Furthermore, the manu-
facturer’s statement of overhaul fre-
quency is not established as an operating
limitation but operates merely as a
recommendation; it does not preclude
the establishment of different overhaul
intervals, nor does it preclude the “piece-
meal” overhaul practice followed by op-
erators using contfinuous airworthiness

maintenance programs. It should be
noted, however, that the initial overhaul
time established under § 33.90 and re-
ferred to in § 33.7(c) (17) is an operating
limitation that must be complied with
regardless of the adoption of any other
practice; the initial overhaul, whether
accomplished “piecemeal” or otherwise,
must be completed within the time
established. :

With regard to a question raised by
one commentator concerning the re-
quirements in § 33.5(e) (2) that certain
component life limits be specified in the
required instructions, the FAA wishes to
call attention to the fact that no sep-
arate requirement is thus established
that would have any effect on operators
of the engines. The life limits of all com-
ponents requiring replacement are es-
tablished under other sections of. Part
33 as operating limitations that must be
complied with, and their publication in
the required instructions is a conven-
ience to operators.

Upon further review, § 33.5(a) (1) is
revised to include a requirement that the
installation instructions contain the
maximum allowable loads for engine
mounting attachments and related
structure, which are required to be de-
termined in complying with § 33.23.
Similarly, § 33.5(a) (2) is revised to in-
clude a requirement for description of
the pipes, wires, cables, ducts, and cowl-
ing covered by that section. That infor-
mation is considered essential for in-
stallation, and FAA practice has been to
require it for compliance with prior
§ 33.5.

Proposal 2—The effect of proposed
§ 33.7 was misunderstood by a number
of commentators who objected to various
ratings and limitations listed therein.
Contrary to the apparent belief of those
commentators, no ratings or limitations
would be established independently un-
der § 33.7; the section merely contains a
list of ratings and limitations established
either under applicable requirements of
Part 33 that predate the Notice, or under
proposed new requirements contained in
the Notice. Consideration was thus given
to the substance of the comments as they
related to substantive requirements pro-
posed in the Notice. Discussion of com-
ments directed to § 33.7 but relating to
proposed new requirements is found with
other comments under the appropriate
section. However, as a result of such
comments, one substantive change has
been made that affects § 33.7; no rating
or limitation need be established for tur-
bine engine internal cooling air flow, and
proposed § 33.7(c) (12) has therefore
been deleted, with attendant necessary
renumbering of the succeeding subpara-
graphs. Other changes of an editorial
nature have been made for internal con-
sistency between § 33.7 and other Fed-
eral Aviation regulations.

Proposal 3—No public comment was
received on the proposed deletion of
§ 33.13, and the section has been revoked
and marked “reserved.”

Proposal 4—Several comments were
received that contained objections to the
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start-stop stress oycle described in pro-
posed § 33.14 as not being representative
of a typical operating cycle that would
produce the stresses to be accounted for
by the requirement. In particular, there
was objection to the requirement that
disc and spacer temperatures be stabi-
lized after stopping the engine in order
to complete a cycle. The FAA agrees that
final temperature stabilization should
not be necessary where an applicant can
show that the components experience
the complete stress range without such
stabilization, and the definition of a
start-stop stress cycle as adopted in-
cludes a provision to allow for such a
showing.

Another commentator suggested that
the operating limitation be defined as
the number of cycles to a detectable
crack rather than to failure. The FAA
regards a crack as a failure and the rule
as adopted applies nat only to cracks but
to other types of failures which may
occur prior to the occurrence of a de-
tectable crack.

A commentator recommended that
spacers be deleted from the section be-
cause they would not normally be critical.
The FAA disagrees; spacers are a eritical
item in low cycle fatigue, and the re-
quirement, in this regard, is adopted as
proposed.

One commentator stated the belief
that the establishment of component life
limits would result in a complicated and
time-consuming process for extending
component life. The FAA points out that
the listing of this limit on the type cer-
tificate as required by this section pro-
vides only an initial limit and will not in
any way complicate the procedure for
extending the limit. In this connection,
the section as adopted is revised to clarify
that the required operating limitations
and the provision for increasing them
apply individually to each rotor disc and
spacer. ’

Proposal 5-—Several commentators
objected to the new standard of protec-
tion proposed in § 33.17(b) for external
lines, fittings, and components as un-
necessary because the matter is ade-
quately covered in paragraphs (a) and
(c) of that section, while another com-
mentator asserted that, due to consider-
ations of airflow and venting, the re-
quirement should be imposed only on the
airframe. The FAA does not agree with
these positions. The new requirement in
(b) for protection against ignition of
leaking flammable fluids is necessary to
deal with possible impingement of such
fluids on hot surfaces. Furthermore,
since engine design necessarily includes
considerations of airflow and venting,
this requirement in Part 33 will assure
that those considerations take account
of possible ignition of leaking flammable
fluid that could result from its impinge-
ment on engine components.

In response to comments questioning
the applicability of proposed § 33.17(c) to
integral oil sumps on the smaller recip-
rocating engines, the requirement as
adopted is revised to exclude such sumps
having less than a 20-quart capacity. The
requirement is thus made consistent
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- with the parallel requirements in the

aircraft airworthiness parts.

One commentator believed that a clear
definition of “fireproof” and “fire re-
sistant” was lacking in the regulations
and suggested that temperature, dura-
tion and flame intensity should be speci-
fied as part of any definition. The defini-
tions in § 1.1 of the regulations include
both “fireproof” and “fire resistant” and
any further changes to these definitions
would be outside the scope of the Notice.

One commentator questioned whether
under paragraph (e), the accumulation
of fluid is interpreted as occurring inside
of the engine and suggested that the sec-
tion should specify unwanted flammable
fluid. The FAA agrees that the section
is intended to refer to unwanted flam-
mable fluid and is directed to areas in-
ternal to the engine. The requirement as
adopted is reworded accordingly.

Proposal 6—~The comments received in
response to proposed § 33.25 expressed
general agreement with the intent of the
requirement as understood by the com-
mentators. However, several of the com-
ments indicated a need for clarification
regarding the applicability of limit loads
to accessory drives and mounting attach-
ments. The FAA agrees that the intent
of the proposal was that the limit load
requirement apply to accessory drives
and mounting attachments and the sec-
tion as adopted is reworded to make this
clear.

In addition, as suggested by one com-~
mentator, a provision has been added to
make clear that the use of engine oil
for lubrication of accessory drives and
mounting attachments is permitted,
with appropriate sealing provisions.

Proposal 7—It was pointed out that
reference to “excessive speed, tempera-
ture, and vibration” in proposed § 33.27
(a) was vague in view of the very specific
requirements in proposed paragraph (d).
Since it was the intent of the proposal
to relate the two requirements, § 33.27(a)
as adopted is revised to clearly refer to
the specific tests included in the section.

Several commentators objected to the
speeds proposed in the overspeed tests
required in § 33.27. They expressed the
opinion that the rotor speed strength
demonstrations which are currently ac-
cepted by the FAA and which are 5 per-
cent lower in all cases than the proposed
requirements demonstrate an adequate
margin of strength. In this connection,
one commentator pointed to 6 million
hours of service experience with no disc
bursts. The FAA finds compelling merit
in these comments and upon further con-
sideration the overspeed requirements as
adopted are 5 percent less than those
proposed.

Several commentators believed that
the proposal to use a test article fabri-
cated with minimum qualities allowed by
the specification was an impractical re-
quirement. They expressed the opinion
that to conform to the proposal as writ-
ten would require a component made
with all the minimum properties of the
specifications, a condition which could
not be met. The FAA agrees with these

33455

comments and upon further considera-
tion has deleted the proposal.

Several commentators objected to the
proposed paragraph (c) of § 33.27 re-
garding cooling airflow as being too re-
strictive. They pointed out that in
designs where there is more than one
cooling passage, one passage could be
blocked and still allow passage of an
adequate flow of cooling air. While this
might be less than normal cooling air-
flow it might still ensure adequate cool-
ing. The FAA agrees that the proposed
requirement would not accomplish the
intended purpose and, in connection with
the deletion of other proposed require-
ments relating to cooling airflow that
were determined to be impracticable (see
discussion relating to §§ 33.7 and 33.87),
the section is adopted without the pro-
posed paragraph (¢).

Proposal 8—One commentator ex-
pressed the opinion that the instrument
connection markings required in pro-
posed § 33.29 would be unnecessary if it
could be shown that there was no possi-
bility of an instrument being connected
to the wrong connection. The FAA agrees
that this would satisfy the requirements
of the rule and, accordingly, the section
as adopted is revised to specifically allow
this. In addition, the section has been
revised by deletion of the word “new”
which was inadvertently included in the
proposal, to clarify that it applies to all
engine limitations. )

The proposed requirement relating to
rotor system unbalance contained in
proposed § 33.29(b), as noted previously
in this preamble, has heen adopted in
a separate rulemaking action (Amdt. 33—
5; 39 FR 1831).

Proposal 9—The only public comment
received in response to the proposed new
§ 33.42 recommended deletion of the re-
quirement but gave no reason for the rec-
ommendation. The section is adopted as
proposed.

Proposal 160—A comment was received
that questioned the speed range that
would be applicable to the proposed re-
quirement in § 33.43(a) for a vibration
survey with a cylinder not firing. As pro-
posed, the requirement implies the same
speed range that is applicable to the en-
gine with all cylinders firing. The FAA
agrees that this would be impractical
and the requirement is revised to specify
that the applicable speed range is from
idle to maximum desired takeoff speed
rating.

Several commentators questioned
whether the vibration test survey speci-
fied in paragraph (a) required the same
propelier used for the endurance test or a
propeller of the same configuration. The
FAA intended that the same configura-
tion of propeller could be used for the
tests and the rule as adopted is revised
to clarify the intent for both propellers
and loading devices.

One commentator recommended that
§ 33.43(a) be revised to exclude the pro-
peller shaft or other output shafts from
the vibration survey. The FAA does not
agree that they should be excluded since
they are the most vital components re-
quiring vibration measurements and
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tests. However, this does not include any
accessory drive shafts, which are re-
quired to be loaded under § 33.43(c) in
order to assess the effects of such loads
on the propeller or other output shaft.

One commentator regarded that the
number of cycles to demonstrate com-
pliance for fatigue testing of steel shafts
specified in § 33.43(b) should be 10 mil-
lion rather than 10 million cycles: The
FAA agrees that 10 million cycles repre-
sents an accepted standard and the re-
quirement is revised accordingly.

A commentator recommended that
§ 33.43(c) which requires accessories to
be loaded during the vibration tests be
deleted as being unnecessary for tor-
sional surveys. The FAA does not agree;
the purpose of the test is to disclose pos-
sible adverse vibration effects, including
any that might be contributed by acces-
sories.

Proposal 11—Several commentators
objected to the proposed § 33.45(b) re-
quirement for a recalibration after the

endurance test as being impracticable,

and unnecessarily adding to the endur-
ance test. They suggested that the intent
of the section, to ensure that any power
loss during the endurance test be deter-
mined, could be met by modifying the
rule to require a “power check” in place
of a recalibration. The FAA agrees that
g full recalibration is not required to
determine power loss and the section is
revised to require a power check in place
of a recalibration. In addition, since the
section permits use of measurements
taken during the final portion of the
endurance test, reference to the finish of
that test has been deleted.

Proposal 12—Upon further considera-~
tion, the parenthetical statement in the
first sentence of paragraph (a) of pro-
posed § 33.49 is revised to clarify that the
additional testing requirements that ap-
ply to a turbosupercharger are com-
pletely covered in § 33.49(e) (1) (iii) (pro-
posed § 33.49(e) (1) (iv)). An applicant
may elect to run the engine-turbosuper-
charger combination an additional 50
hours in complying with-that require-
ment, but it is not necessary to do so.

One commentator feit that in § 33.49,
the accessory loading provision referred
to In paragraph (a) could be interpreted
to require the limit load to be applied
during all operations. The intent of this
rule is to require limit loads only during
operation at rated maximum continuous
power and rated takeoff power, and the
section is revised accordingly.

One commentator recommended that
instead of requiring maximum cylinder
temperatures during all of the endurance
running at maximum and takeoff powers
that a shorter time period would ade-
quately demonsfrate cylinder assembly
integrity. The FAA agrees with the rec-
ommendation and the rule as adopted
requires testing with cylinder and oil
inlet temperatures specified, for 35 hours,
the time currently used in certification
practice. Furthermore, the FAA agrees
with another commentator that as long
as the cylinder temperatures are moni-
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tored the intent of the section will be
met, and the requirement is revised to
refer to cylinder temperature, deleting
reference to the cylinder barrel and head.

A commentator recommended that the
altitude testing requirements for turbo-
supercharged engines be deleted and the
tests be run at sea level condition. The
FAA does not agree. The altitude test-
ing requirements are necessary. How-
ever, the section as adopted is revised
by rewording the lead-in sentence of
§ 33.49(e) to allow as an alternative that
altitude tests may be simulated, and by
deleting proposed § 33.49(e) (1) (il).

Proposal 13—Several commentators
objected that the proposed requirement
in § 33.55(b) that all adjustment settings
and functioning characteristics that can
be established independent of installa-
tion on the engine be unchanged at tear-
down is unnecessarily restrictive. The
FAA agrees that the intent of the pro~
posal would be satisfied if those func-
tioning characteristics remain within
limits established at the beginning of
the endurance test, and the requirement
is revised accordingly.

Several commentators believed that
the requirement proposed in § 33.55(¢)
that components conform to the type de~
sign after the endurance test was too
severe, especially since this would require
parts to remain within drawing toler-
ances. The FAA ddes not agree. The
type design includes dimensions within
which a component may change in serv-
ice. A component that sustains wear be-
yond those limits during a 150-hour en-
durance test has not met minimum air-
worthiness standards.

Proposal 14—The last sentence of
§ 33.57(b) as proposed is amended to
require the engine “or” its parts to be
subjected to additional tests if required
instead of the engine “and” its parts.

As discussed in connection with Pro-
posal 1 of Part 21, new § 33.62 is added
to require stress analysls of certain en-
gine parts.

Proposal 15—A commentator recom-
mended revision of proposed § 33.65 to
include reference to the allowable engine
operating limitations in order to clarify
that there could not be a finding of non-
compliance if any of the undesired effects
resulted from operations beyond those
limitations. The section is intended to
apply only to operations that are within
allowable operating limitations as set
forth In the manufacturer’s operating
instructions and the requirement is re-
vised to make this clear.

In addition, the section is revised to
delete the reference to inlet air distor-
tion caused by cross-wind, which is ade-
quately covered by the manufacturer’s
specification of llmiting inlet air distor-
tion, and to ice ingestion, which is ade-
quately covered by other requirements.

Proposal 16—Several commentators
recommended that § 33.66 be clarified to
avoid the interpretation that a reduction
in engine performance due to bleed air
would be an “adverse effect on the en-
gine.” To preclude this possible misin-

terpretation, the section s revised ac-
cordingly.

Proposal 17—Several commentators
suggested that paragraph (a) of § 33.67
be revised to allow for the use of seals
and locking devices as alternatives to
making the fuel control adjusting means
inaccessible. The FAA agrees that these
alternative means may be used to achieve
the desired intent and the section is re-
vised accordingly. :

Several commentators expressed doubt
that it should be necessary to add any
water to saturated fuel since upon cool-
ing the saturated water would precipitate
out, thus representing the most critical
condition. The FAA does not agree that
the amount of water which may precipi-
tate out properly represents the most
critical amount of free water possible in
the system. The added water is necessary
to simulate critical conditions.

Several commentators expressed doubt
that §33.67(b)(6) could be literally
complied with and suggested that the
aim of the rule was that all means be
taken to prevent the release of contami-
nants, and that an insignificant amount
of conteminant release should not violate
the rule. The FAA agrees with this
comment and the rule as adopted re-
quires design of the bypass to minimize
release of contaminants.

Other revisions to the section have
been made for the reasons set forth in
the discussion relating to § 23.997, which
contains like requirements.

Proposal 18—The comments received
in response to proposed § 33.68 were sim-
ilar to those received In connection with
the substantively similar provisions con-
tained in proposal 6 of Part 23, § 23.1093.
The section is revised in accordance with
the discussion pertaining to revisions of
that section.

Proposal 19—Several commentators
objected to the requirement in § 33.69 for
two igniters; however, this is the re-
quirement of the present rule and the
only proposed change to the rule is the
requirement for a single igniter for fuel
augmentation systems. No objections
were received to this provision.

Proposal 20—Several commentators
objected to the requirement in § 33.71(b)
(6) for cockpit indication of oil filter
contamination, where no bypass is in-
corporated. However, the FAA considers
the addition of a cockpit indicator to be
necessary in the interest of safety in
order to enable the flight crew to pre-
vent engine failure due to oil starvation,
that might occur if all required filters in
the lubrication system do not incorporate
the protection of a filter bypass.

As indicated by other commentators,
the words “extreme temperature” as used
in proposed § 33.71(c) (9) could be taken
to require compliance at temperatures
beyond the intended operating range.
Such a result would be contrary to the
intent of the requirement and the sec-
tion as adopted is revised to refer to
maximum operating temperature. In re-
sponse to other comments the differen-
tial pressure requirement in subpara-
graph (c) (9) 1s reworded to clarify that
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it may not be less than 5 p.s.i. above the
maximum operating pressure of the
tank.

One commentator considered that the
lack of a requirement for a bypass was &
serious deficiency in the proposal. The
FAA has considered this question many
times including extensive discussion
at government-industry airworthiness
meetings and has determined that due to
the serious divergence of opinion the use
of a bypass should at present be op-
tional. If no bypass s used, however, the
applicant must comply with other safe-
guards contained in the section to en-
sure safe operation of the lubrication
system.

The remainder of the comments were
similar to those made in response to pro-~
posals 3, 4, and 5 of Part”23 and have
been responded to in discussion of those
proposals. The section has been reworded
in part to conform with the changes
made to the sectlons involved in those
proposals. .

Proposal 21—One commentator rec-
ommended that § 33.72 should refer to a
“main> filter only. The FAA does not
agree; the requirements are meant to
apply to each filter or screen incorpo-
rated in the system.

Proposal 22—Several commentators
believed that § 33.75 as written was con-
fusing and ambiguous. The printed no-
tice was incorrectly worded and the
section is rewritten to read correctly.

Several commentators suggested that
the word “burst” in subparagraph (b)
was ambiguous and needed further defi-
nition. The FAA agrees and, accord-
ingly, & further descriptive phrase,
“penetrate its case,” is added.

One commentator suggested that the
phrase “improper operations” be sub-
stituted for “bad operation”. The FAA
agrees with the suggestion and the sec-
tion incorporates this change.

One commentator objected to con-
sideration of multiple failures, to avoid
consideration of an infinite number of
possible failures. The analysis however
does not require that all possible multiple
failures be considered, but uses the ac-
cepted standard of consideration of only

“the probable single or multiple failures.

Proposal 23 ne commentator sug-
gested that § 33.77(a) (2) be clarified to
ensure that a burst meant uncontained
burst that penetrates the case. The FAA
agrees that this is the intent of the sec-
tion and it is revised accordingly.

Several commentators suggested that
the footnote to the table be modified to
permit the option of demonstrating con-
tainment on a component basis for all
the test items. The FAA does not agree
that this would adequately account for
secondary effects except in the case of
blade containment in fan engines as
noted.

Several commentators expressed doubt
that the proposed rate of ingestion of
1% pound birds was supported by
orntthological data or actual flight ex-
perience. They suggested that a lesser
rate be used. The FAA, after further
study and consideration, agrees. Accord-
ingly, the ingestion rate for 1% pound
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birds is established at one for the first
300 square inches of inlet area and at
one for each 600 additional square inches
or fraction thereof, of up to & maximum
of 8 birds.

The practical reality of a 4-inch hail-
stone was questioned in some of the
comments. The FAA, after further
study, has determined that this size will
probably not be encountered in actual
flight conditions and the section is
amended to delete the requirement.

Several commentators believed that
the amount of sand and gravel specified
was excessive and not representative of
actual conditions. After further consid-
eration, the FAA agrees that the
amount proposed should be reduced and
the section is revised accordingly.

The FAA agrees with the point raised
by several commentators that, in § 33.77
(c), some power or thrust loss should be
permitted since the ingestion of these
objects will certainly cause a temporary
power loss. Accordingly, the requirement
is revised to permit power or thrust loss
that is not “sustained.” In addition,
§ 33.77(f) is revised, upon further con-
sideration, to require testing for water
ingestion to take place under takeoff
operating conditions rather than the
proposed “maximum cruise.” This re-
flects current practice in engine certifi-
cation.

The Y2 by 1 inch bolt test is deleted
since the test for the broken rotor blade
is & more stringent test and will ade-
gt;aétely account for the effects of the

1t. :

A comment was received that objected
to the provision in proposed § 33.77(d)
(3) relating to obstruction of induction
airflow by foreign objects that are
stopped by a protective device. The FAA
wishes to point out that the subject
provision does not state a requirement
that must be met by all applicants.
Rather, it provides an alternative to test-
ing for the effects of objects that can
be stopped by a protective device and
prevented, by deflection out'of the air-
flow path or by some other means, from
obstructing the induction airflow in any
way.

In addition, a new paragraph (e) is
included in § 33.77 to incorporate the
suggestion offered by some commenta-~
tors that the effects of ingestion of some
foreign objects can be accounted for by
the effects of others. Thus, in showing
compliance with §33.77(a) the appli-
cant is required to test only for that ob-
Jject that Is shown to have the most severe
effect. Similarly, for compliance with
(b), testing Is required for sand and
gravel and either the 3 ounce or 1%
pound birds, depending on the size of
the engine inlet, as designated in
§ 33.77(D).

Proposed paragraph (e) is redesig-
nated as paragraph ().

Proposal 24—One commentator rec-
ommended that in § 33.79(a) an accept-
able means of compliance to demonstrate
cooling be provided for the guldance of
the applicant. The FAA, upon further
consideration agrees that the section
does not adequately establish a definable
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objective and the proposal is withdrawn
for further study. Proposed paragraphs
(b) through (f) are redesignated (a)
through (e), respectively.

One commentator believed that para-
graph (e) of the proposed rule could be
misinterpreted as allowing a loss of
thrust to the unaugmented engine in an
amount equal to that added by the aug-
mentor. To avoid possible misinterpreta-
tion, the requirement, adopted in § 33.79
(d), is reworded to clarify that the loss
of thrust mentioned means only the
thrust that is provided by augmenta-
tion. Furthermore, upon further consid-
eration, the FAA has revised the re-
quirement to refer only to failure or mal-
function of augmentor combustion,
since the effects of other possible aug-
mentor failures on engine thrust can-
not be reliably predicted.

One commentator recommended clari-
fication of proposed paragraph () to
ensure, that the rotational speed men-
tioned be the minimum rotational speed
at which the thrust augmentation func-
tions. This is the original intent of the
paragraph and it is modified accordingly.

Proposal 25 — One commentator
pointed out an error in the explanation
of proposed changes to § 33.81. Instead
of referring to § 33.43, it should have
referred to § 33.87. No change to the
adopted rule itself is necessary, however.

Proposal 26—No comments were re-
ceived on the proposed new § 33.82, and
the section is adopted as proposed.

Proposal 27—Several commentators
recommended that the requirement in
§ 33.83 for testing to 110 percent of the
desired maximum continuous speed
rating be deleted because certain high
performance turbine engines may not be
capable of achieving this overspeed con-
dition. Upon further consideration, the
FAA agrees with the commentators’ po-
sition and the requirement is deleted.

Other revisions to the section have
been made for the reasons set forth in
the discussion relating to § 33.43, which
contains like requirements.

Proposal 28—Revislons have been
made to § 33.85 for the reasons set forth
in the discussion relating to § 33.45,
which contains like requirements,

Proposal 29—Several commentators
requested that the surface temperature
requirement be deleted from proposed
§ 33.87(a) (3) as belng difficuit to simu-
late on a test stand. The section is in- '
tended by the FAA to require that if an
engine external temperature limit be
specified by the applicant as being criti-
cal, then the applicant must demonstrate
satisfactory operation at that tempera-
ture. It is pointed out that only those
temperatures specified by the applicant
need be held at their specified values and
the requirement is reworded to clarify
this. In addition, the section is revised
to provide allowance for more than one
test run if all parameters eannot be held
at the required values simultaneously.

Several commentators objected to sub-
paragraph (a)(4) of § 33.87 which had

‘called for fuels, lubricants, and hydraulic

fluids with the lowest thermal breakdown
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temperatures allowed by their specifica-
tions to be used during the tests. They
felt that this was practically an impos-
sible requirement because of the unavail-
ability of fluids and lubricants with all
the minimum properties called for. The
FAA agrees, and the requirement is
revised to call for specified fluids and
lubricants used during the endurance
tests to conform fto their respective
specifications.

One commentator suggested that
§ 33.87(a) (6) be amended to require that
only shear and overload loads be tested
and that the requirement for other
loading during the endurance tests be
deleted. The FAA does not agree, but
intended that the endurance test simu-
late actual operation and include testing
of the accessories drives themselves as
well as other portions of the engine, This
requires loading of those drives, and the
rule is adopted as proposed.

Several commentators questioned
whether the limit load for accessories
specified in subparagraph (a) (6) should
apply only during maximum power op-
eration. This i1s the intended construc-
tion of the section, and it is amended to
reflect this intent.

One commentator expressed concern
that compliance with § 33.87(a)(8)
which calls for cooling air simulation
could not be demonstrated since in a
particular engine there may be many
divisions of cooling air-flow which might
make it virtually impossible to individ-
ually regulate each separate cooling air-
flow path. The FAA agrees with the com-
mentator’s position and the proposal is
withdrawn for further study.

. Several commentators suggested that
the references to supersonic engines be
deleted because of the lack of foreseeable
need for such engines. The FAA does not
agree. One of the purposes in formulating
these new amendments is to establish
standards for that new generation of
engines, especially since the FAA is in
the process of presently certificating
such engines.

One commentator pointed out that the
proposal did not include the false start
tests of the present rule. This was an
inadvertent omission and those false
start tests are included in the "adopted
rule. :

Proposal 30—The phrase “for installa-
tion in an engine” is deleted from § 33.88
as being surplusage.

Proposal 31—One commentator re-
quested that a better definition be used
in § 33.89(b) for the term “extreme am-
bient temperature and altitude.” The
FAA agrees that, taken literally, the re-
quirement could be unnecessarily bur-
densome. Accordingly, the wording is
modified to read “maximum and mini-
mum operating ambient temperature”
and “maximum operating altitude.” In
addition, upon further consideration, the
last sentence of the proposed require-
ment is deleted as unnecessary.

Proposal 32—Ome commentator be-
lieved that for the overhaul test of
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§ 33.90 two starts per hour was unneces-
sarily severe and suggested that a num-
ber representative of intended operation
might be substifuted for the stated re-
quirement. The FAA agrees that if the
applicant could show that a lesser num-
ber of starts would be more representa-
tive of intended operation for the parti-
cular engine that this would adequately
comply with the intent of the section, and
the section is revised accordingly. Fur-
thermore, since this revision eliminates
the distinction in the section between
airplane and rotorcraft engines, the re-
quirement is expressed in a single para-
graph, rather than in (a) and (b) as
proposed.

In response to several comments,
§ 33.90 as adopted is revised to clarify
that the requirement applies only to en-
gines being originally type certificated;
it does not apply to engines being cer-
tificated through amendments to exist-
ing type certificates or through supple-
mental type certification procedures.

Several commentators recommended
deleting the entire section as proposed.
They expressed the opinion that it it was
unreasonable to require the completion
of an overhaul test in addition to the
endurance test as a condition of type
certification and believed that past prac-
tices were adequate to establish an ini-
tial overhaul period. One commentator
stated that the 150 hour endurance test,
because of its accelerated nature, should
be equivalent to a 1000 hour overhaul
period. The FAA does not agree. This ad-
ditional overhaul test is necessary since
experience on certain engines has shown
that the endurance test has not been
equivalent to longer service operations,
especially for periods as long as 1000
hours.

Proposal 33—Several commentators
pointed out that the oil tank require-
ment in paragraph (¢) of proposed
§ 33.91 was redundant with a similar pro-
posed requirement in proposed § 33.71
(¢) (9). The specified test requirements
for oil tanks are covered under § 33.71
() (9) and reference to oil tanks is,
therefore, not included in § 33.91(c) as
adopted. References to “extreme tem-
perature” and “the sum of 5 p.si. and
the maximum operating pressure” in the
requirements specified in § 33.91(¢) have
been revised for reasons discussed in
connection with Proposal 20, this Part
(§ 33.71). In addition, and for the same
reason, references to “extreme temper-
ature” in § 33.91(d) have been replaced
by “maximum and minimum operating
temperature”, and the requirement to
test while cycling operating conditions
from “one extreme to another” has been
rewritten to require cycling between
maximum and minimum operating
conditions.

Proposal 34—Several commentators
expressed the opinion that the tests re-
quired under § 33.92 are unnecessayy for
engines that are to be used in single en-
gine aircraft. One commentator further
suggested that the time périod of 3 hours
may not be appropriate to a practical

situation but rather, the time period and
r.p.m. should be based upon the condi-
tions arising from a recommended flight
technique following an engine failure at
a critical point in the flight path. An-
other commentator expressed doubt that
windmilling for 3 hours without oil was a
normal expectancy. The FAA does not
agree. It is not possible, at the time of
certification, to know the end use or
particular intended flight conditions for
each engine. It is therefore necessary to
establish a general criterion which will
adequately demonstrate a degree of
safety for conditions that a turbine en-
gine would likely encounter on a typical
and usual route structure. The 3 hour
time period specified does represent a
time period representative of an expected .
route structure and windmilling for 3
hours without oil is a reasonable
possibility. ’

One commentator recommended that
the proposed rule be clarified to specifi-
cally allow for the engine windmilling
speed to either decrease or stop due to
freezing of bearings. The proposal as
written does not specifically mention this
condition. However, the FAA agrees that
this would be a satisfactory means of ac-
complishing the intent of the section and
the rule is revised to allow for this
condition.

One commentator recommended dele-
tion of the entire section because he be-
lieved there was insufficlent experience
pointing out & need for these tests and
because the proposal implies a flight test
as a condition of engine certification. The
FAA finds that experience establishes
the need for these tests and points out
that flight tests are not specifically re-
quired by the rule.

Proposal 35—The changes to § 33.93
are similar to those made for § 33.55,
which was the subject of similar com-
ments. The changes and comments are
discussed in connection with Proposal 13,
this Part.

Proposal 36—The changes to § 33.99
are similar to those made for § 33.57,
which was the subject of similar com-
ments. The changes and comments are
discussed in connection with Proposal 14,
this Part.

Finally, it should be noted that a num-
ber of the rule changes contained in this
Amendment deal with subjects for which
proposals were received for inclusion in
the 1974-75 Airworthiness Review Pro-
gram (Notice 74-5; 39 FR 5785). As in-
dicated in that Notice and in Notice 74—
5A (39 FR 18662), inviting comment on
the proposals received, rule making pro-
cedures separate from the Airworthiness
Review could result in removal of pro-
posals from further consideration during
the Airworthiness Review Program. The
FAA was determined that the following
FAA proposals presently being processed
in the 1974-75 Airworthiness Review re-
late to issues that are covered by the
rules adopted by these Amendments, and
need not, and will not, be given further
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consideration during the 1974-75 Aflr-
worthiness Review:

Proposal No. FAR'S “Suabject
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These amendments are made under
the authority of sections 313(a), 601, and
603 of the Federal Aviation Act of 1958
(49 U.S.C. 1354(a), 1421, and 1423), and
of section 6(c) of the Department of
Transportation Act (49 U.S.C. 1655(c)).

In consideration of the foregoing,
Parts 1, 21, 23, 25, 27, 29, and 33 of the
Federal Aviation regulations are
amended as follows, effective October 31,
1974:

PART 1—DEFINITIONS AND
ABBREVIATIONS

1. Section 1.1 is amended to change the
definition of “Aircraft engine” and by
adding new definitions “idle thrust”,
“rated takeoff augmented thrust”, and
*“rated maximum continuous augmented
thrust”; by amending the definitions of
“rated takeoff thrust”, “rated maximum
continuous thrust”; and by adding a new
paragraph (3) to the deﬁnltlon of “type”
to read as follows:

§ 1.1 General definitions.

L ] . L » -

“Aircraft engine” means an engine
that 1s used or intended to be used for
propelling saircraft. It includes turbo-
superchargers, appurtenances, and ac-
cessories necessary for its functioning,
but does not include propellers.

* L d L Ld *

“Idle thrust” means the jet thrust ob-
talned with the engine power control
level set at the stop for the least thrust
position at which it can be placed.

* * L] * L

“Rated maximum continuous thrust”,

with respect to turbojet engine type cer- .

tification, means the approved jet thrust
that is developed statically or in flight,
in standard atmosphere at a specified
altitude, without fluld injection and
without the burning of fuel in a separate
combustion chamber, within the engine
operating limitations established under
Part 33 of this chapter, and approved
for unrestricted periods of use.

* * * * .

“Rated maximum continuous aug-
mented thrust”, with respect to turbo-
jet engine type certification, means the
approved jet thrust that is developed
statically or in flight, in standard atmos-
phere at a specified altitude, with fluid
injection or with the burning of fuel in
a separate combustion chamber, within
the engine operating limitations estab-
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lished under Part 33 of this chapter, and
approved for unrestricted periods of use.

L - * s *

“Rated takeoff thrust”, with respect to
turbojet engine type certiﬁca.tion, means
the approved jet thrust that is developed
statically under standard sea level con-
ditions, without Aluid injection and with-

out the burning of fuel in a separate .

combustion chamber, within the engine
operating limitations established under
Part 33 of this chapter, and limited in
use to periods of not over 5 minutes for
takeoff operation.

* *® » » *

“Rated takeoff augmented thrust”,
with respect to turbojet engine type cer-
tification, means the approved jet thrust
that Is developed statically under stand-
ard sea level conditions, with fluid injec-
tion or with the burning of fuel in a sep-
arate combustion chamber, within the
engine operating limitations established
under Part 33 of this chapter, and limited
in use {o perfods of not over 5 minutes for
takeoff operation.

- » L d * *

“Type" » %0

(3) As used with respect to the cer-
tification of aircraft engines means those
engines which are similar in design. For
example, JT8D and JT8D-7 are engines
of the same type, and JTYD-3A and
JT9D-7 are engines of the same type.

PART 21-—CERTIFICATION PROCEDURES
FOR PRODUCTS AND PARTS

2. Section 21.15 is amended by adding
a new paragraph (¢) fo read as follows:

§ 21.15 Application for type certificate.

. * . * L]

(¢) An application for an aircralft en-
gine type certificate must be accompa-
nied by a description of the engine
design features, the engine operating
characteristics, and the proposed engine
operating limitations.

3. Section 21.35 is amended by adding
& new paragraph (f) to read as follows:

§ 21.35 Flight tests.

L d » » » L

(f) The flight tests prescribed in para-
graph (b) (2) of this section must in-
clude—

(1) For aircraft incorporating turbine
engines of a type not previously used in
a type certificated aircraft, at least 300
hours of operation with a full comple-
ment of engines that conform to a type
certificate; and

(2) For all other alrcraft, at least 150
hours of operation.

4, Section 21.97 is amended to read as
Tfollows:

§21.97 Approval of major changes in
type design.,

(a) In the case of a major change in
type design, the applicant must submit
substantiating data and necessary de-
scriptive data for inclusion in the type
design.

(b) Approval of a major change in the
type desizn of an aircraft engine is lim-
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ited to the specific engine configuration
upon which the change is made unless
the applicant identifies in the necessary
descriptive data for inclusion in the type
design the other configurations of the
same engine type for which approval is
requested and shows that the change is
compatible with the other configurations.

PART - 23—AIRWORTHINESS STAND-
ARDS: NORMALITY, UTILITY, AND
ACROBATIC CATEGORY AIRPLANES

5. Section 23.951 is amended to read as
follows:

§23.951 General.

(a) Each fuel! system must be con-
structed and arranged to insure a flow
of fuel at a rate and pressure established
for proper engine functioning under each
likely operating condition, including any
maneuver for which certification is re-
quested.

(b) Each fuel system must be arranged
50 that—

(1) No fuel pump can draw fuel from
more than one tank at a time; or

(2) There are means to prevent in-
troducing air into the system.

(¢) Each fuel system for a turbine
engine must be capable of sustained
operation throughout its flow and pres-
sure range with fuel initially saturated
with water at 80° F and having 0.75¢cc of
free water per gallon added and cooled
to the most critical condition for icing
likely to be encountered in operation.

6. Section 23.997 is amended to read
as follows:

§ 23.997 Fuel strainer or filter.

There must be a fuel strainer or filter
between the fuel tank outlet and the
inlet of elther the fuel metering device
or an engine driven positive displace-
ment pump, whichever is nearer the fuel
tank outlet. This fuel strainer or filter
must—

(a) Be accessible for draining and
cleaning and must Incorporate a screen
or element which is easily removable;

(b). Have a sediment trap and drain
except that it need not have a drain if
the strainer or filter is easily removable
for drain purposes;

(c) Be mounted so that its weight is
not supported by the connecting lines
or by the inlet or outlet connections of
the strainer or filter itself; and

(d) Have the capacity (with respect
to operating limitations established for
the engine) and the mesh to ensure that
engine fuel system functioning is not im-
paired, with the fuel contaminated to a
degree (with respect to particle size and
density) that is greater than that estab-
lished for the engine in Part 33 of this
Chapter,

7. Section 23.1013 is samended by
amending paragraph (b) (1), paragraph
(¢), paragraph (e) and by adding new
paragraph (g), to read as follows:

§ 23.1013 Oil tanks.
. . . * .

(b) * % #

(1) Each oil tank used with a recipro-
cating engine has an expansion space of
not less than the greater of 10 percent
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space of not less than the greater of 10
percent of the tank capacity or 0.5 gallon,
and each oil tank used with a turbine
engine must have an expansion space of
not less than 10 percent of the tank
capacity.

* * * - *

(e) Outlet. There must be means to
prevent entrance into the tank itself, or
into the tank outlet, of any object that
might obstruct the flow of oil through
the system. No oil tank outlet may be en-
closed by any screen or guard that would
reduce the flow of ofl helow a safe value
at any operating temperature. There
must be a shutoff valve at the outlet of
each oil tank used with a turbine engine,
unless the external portion of the oil
system (including the oil tank supports)
is fireproof.

16. Section 25.1015 is amended by re-

vising paragraph (b)(1) to read as
follows:
§ 25.1015 Oil tank tests.
* * * * *
(b) * > *

(1) The test pressure—

(1) For pressurized tanks used with a
turbine engine, may not be less than 5
p.sl plus the maximum operating pres-
sure of the tank Instead of the pressure
specified in § 25.965(a); and

(1) For all other tanks may not be
less than 5 p.s.i. instead of the pressure
specified in § 25.965(a) ; and

* * * * L]

17. Section 25.1019 is"amended to read
as follows:

§ 25.1019 Oil strainer or filter.

(a) Each turbine engine installation
must incorporate an oil strainer or filter
through which all of the engine ofl flows
and which meets the following require-
ments:

(1) Each oil strainer or filter that has
a bypass must be constructed and in-
stalled so that oil will flow at the normal
rate through the rest of the system with
the strainer or filter completely blocked.

(2) The 0il strainer or filter must have
the capacity (with respect to operating
limitations established for the engine)
and the mesh to ensure that engine oil
system functioning is not impaired when
the oil is contaminated to a degree (with
respect to particle size and density) that
is greater than that established for the
engine under Part 33 of this chapter.

(3) The oil strainer or filter, unless it
Is installed at an oll tank outlet, must
incorporate an indicator that will indi-
cate contamination of the screen before
it reaches the capacity established in ac-
cordance with paragraph (a)(2) of this
section.

(4) 'The bypass of a strainer or filter
must be constructed and installed so that
the release of collected contaminants is
minimized by appropriate location of the
bypass to ensure that collected contami-
nants are not in the bypass flow path.

(5) An oll strainer or filter that has no
bypass, except one that is installed at an
oll tank outlet, must have a means to
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connect it to the warning system re-
quired in § 25.1305(c) (7).

(b) Each oil strainer or filter in a
powerplant installation using reciprocat-
ing engines must be constructed and in~
stalled so that oil will flow at the normal
rate through the rest of the system with
the strainer or filter element completely
blocked.

18. Section 23.1093 is amended by
amending paragraph (b). to read as
follows:

§ 25.1093 Induction system deicing and
anti-icing provisions.
* * * * *

(b) Turbine engines. Each turbine
engine must—

(1) Operate throughout its flight power
range (including idling) without adverse
effect on engine operation or serious loss
of power or thrust under the icing condi-
tions specified in Appendix C of this part,
and in snow, both falling and blowing,
within the limitations established for the
airplane; and

(2) Idle for 30 minutes on the ground
with the air bleed available for engine
icing protection at its critical condition,
without adverse effect, in an atmosphere
that is at a temperature of 29°F and has
a liquid water content of 0.6 grams per
cubic meter in the form of drops having a
mean effective diameter of 40 microns,
followed by a momentary operation at
takeoff power or thrust.

19. Section 25.1183 is amended by
amending the heading and paragraph
(a) to read as follows:

§25.1183 Flammable
components.

(a) Except as provided in paragraph
(b) of this section, each line, fitting, and
other component carrying flammable
fluid in any area subject to engine fire
conditions, and each component which
conveys or contains flammable fluid in
designated fire zone must be fire
resistant, except that flammable fluid
tanks and supports In a designated fire
zone must be fireproof or be enclosed by
a fireproof shield unless damage by fire
to any non-fireproof part will not cause
leakage or splllage of flammable fluid.
Components must be shielded or located
to safeguard against the ignition of
leaking flammable fluid. An integral oil
sump of less than 20 quart capacity on a
reciprocating engine need not be fire-
pliioolfi nor be enclosed by a fireproo?
shield.

* . » » *

20. Section 25.1305 1s amended by add-
ing new paragraphs (¢) (5) through (8)
to read as follows:

§ 25.1305 Powerplant instruments,
» * » * *

(¢) For turbine engine powered air-
planes.
® * * * *

(5) An indicator to indicate the func-
tioning of the powerplant ice protection
system for each engine.

(6) An indicator for the fuel strainer or
filter required by § 25.997 to indicate the

fluid-carrying
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occurrence of contamination of the
strainer or filter before it reaches the
capacity established in accordance with
§ 25.997(d). )

(7 A warning means for the oil
strainer or filter required by § 25.1019, if
it has no bypass, to warn the pilot of the
occurrence of contamination of the
strainer or filter screen before it reaches
the capacity established in accordance
with § 25.1019(a) (2).

(8) An indicator to indicate the proper
functioning of any heater used to prevent
ice clogging of fuel system components.

* * * * *

PART 27—AIRWORTHINESS STANDARDS:
NORMAL CATEGORY ROTORCRAFT

21. Section 27.951 is amended by add-
ing a new paragraph (¢) to read as
follows: '

§27.951 General.

* * * * -

(¢) Each fuel system for a turbine en-
gine must be capable of sustained opera-
tion throughout its flow and pressure
range with fuel initially saturated with
water at 80* F. and having 0.75cc of free
water per gallon added and cooled to the
most critical condition for icing likely to
be encountered in operation.

22, Section 27.997 Is amended to read
as follows:

§ 27.997 Fuel strainer or filter.

There must be a fuel stralner or filter
between the fuel tank outlet and the
inlet of either the fuel metering device
or an engine driven positive displace-
ment pump, whichever is nearer the fuel
tank outlet. This fuel stralner or filter
must—

(a) Be accessible for draining and
cleaning and must incorporate a screen
or element which is easily removable;

(b) Have a sediment trap and drain
except that it need not have a drain if
the strainer or filter is easily removable
for drain purposes;

(¢) Be mounted so that its weilght is

- not supported by the connecting lines or

by the inlet or outlet connections of the
strainer or filter itself; and

(d) Have the capacity (with respect to
operating limitations established for the .
engine) and the mesh to ensure that en-
gine fuel system functioning is not im-
paired, with the fuel contaminated to a
degree (with respect to particle size and
density) that is greater than that estab-
lished for the engine in Part 33 of this
Chapter.

23. Section 27.1013 is amended by re~
voking paragraph (b) and marking it
“reserved,” and by amending paragraph
(c) to read as follows: )

§ 27.1013 Oil tanks.

* * * * *

(b) [Reserved}

(c) Where used with a reciprocating
engine, it has an expansion space of not
less than the greater of 10 percent of
the tank capacity or 0.5 gallon, and
where used with a turbine engine, it has
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an expansion space of not less than 10
percent of the tank capacity.
* * * * »

24. A new §27.1015 is added to read
as follows:

§ 27.1015 Oil tank tests.

Each oil tank must be designed and in-
stalled so that it can withstand, without
leakage, an internal pressure of 5 p.s.i.,
except that each pressurized oil tank
used with a turbine engine must be de-
signed and installed so that it can with-
stand, without leakage, an internal
pressure of 5 p.s.i., plus the maximum
operating pressure of the tank.

25. Section 27.1019 is amended to read
as follows:

§ 27.1019 Oil strainer or filter.

(a) Each turbine engine installation
must incorporate an oil strainer or filter
through which all of the engine oil flows
and which meets the following require-
ments:

(1) Each oil strainer or filter that has
a bypass must be constructed and instal-
led so that oil will flow at the normal
rate through the rest of the system with
the strainer or filter completely blocked.

(2) The oil strainer or filter must have
the capacity (with respect to operating
limitations established for the engine)
and the mesh to ensure that engine oil
system functioning is not impaired when
the oil is contaminated to a degree (with
respect to particle size and density) that
is greater than that established for the
engine under Part 33 of this chapter.

(3) The oil strainer or filter, unless it
is installed at an oil tank outlet, must
incorporate an indicator that will indi-
cate contamination of the screen before
it reaches the capacity established in ac-
cordance with paragraph (a) (2) of this
section.

(4) The bypass of a strainer or filter
must be constructed and installed so
that the release of collected contami-
nants is minimized by appropriate loca-
tion of the bypass to ensure that col-
lected contaminants are not in the by-
pass flow path.

(5) An oil strainer or filter that has
no bypass, except one that is installed at
an oil tank outlet, must have a means
to connect it to the warning system re-
quired In § 27.1305(r).

(b) Each oil strainer or filter in a
powerplant installation using reciprocat-
ing engines must be constructed and in-
stalled so that oil will flow at the normal
rate through the rest of the system with
the strainer or filter element completely
blocked.

26. Section 27.1093 is amended by
f,mending paragraph (b) to read as fol-
OWS:

§ 27.1093 Induction system icing pro-
tection.
* * * * *

(b) Turbine engines.
engine must—

(1) Operate throughout 1its flight
power range (including idling) without
adverse effect on engine operation or

Each turbine
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serious loss of power or thrust, under
the icing conditions specified in Ap-
pendix C of Part 25 of this chapter, and
in snow, both falling and blowing, with-
in the limitations established for the
rotorcraft; and

(2) Idle for 30 minutes on the ground
with the air bleed available for engine
icing protection at its critical condition,
without adverse effect, in an atmosphere
that is at a temperature of 29°F and has
a liquid water eontent of 0.6 grams per
cubic meter in the form of drops having
a mean effective diameter of 40 microns,
followed by a momentary operation at
takeoff power or thrust.

27. Section 27.1183 is amended by
amending the heading and paragraph
(a) to read as follows:

§27.1183 Flammable

components.

fluid-carrying

(a) Except as provided in paragraph.

(b) of this section, each line, fitting, and
other component carrying flammable
fluid in any area subject to engine fire
conditions must be fire resistant, except
that flammable fluid tanks and supports
which are part of and attached to the
engine must be fireproof or be enclosed
by a fireproof shield unless damage by
fire to any non-fireproof part will not
cause leakage or spillage of flammable
fluid. Components must be shielded or
located so as to safeguard against the
ignition of leaking flammable fluid. An
integral oil sump of less than 20 quart
capacity on a reciprocating engine need
not be fireproof nor be enclosed by a
fireproof shield.

* * * * *®

28. Section 27.1305 is amended
adding new paragraphs (p), (@),
and (s) to read as follows:

§ 27.1305 Powerplant instruments.
*® * * * *

(p) For each turbine engine, an indi-
cator to indicate the functioning of the
powerplant ice protection system.

(q) For each turbine engine an indi-
cator for the fuel strainer or filter re-
quired by § 27.997 to indicate the occur-
rence of contamination of the strainer

by
(r),

-of filter before it reaches the capacity

e(sitaabhshéd in accordance with § 27.997
((+))

(r) For each turbine engine, a warn-
ing means for the oil strainer or filter
required by § 27.1019, if it has no bypass,
to warn the pilot of the occurrence of
contamination of the strainer or filter
before it reaches the capacity established
in accordance with § 27.1019(a) (2).

(s) An indicator to indicate the propér
functioning of any heater used to prevent
ice clogging of fuel system components.

PART 29—AIRWORTHINESS STANDARDS:
TRANSPORT CATEGORY ROTORCRAFT
29, Section 29.951 is amended by add-
ing a new paragraph (c) to read as
follows:

§ 29.951 General.
L ] * *® * *

(¢) Each fuel system for a turbine

engine must be capable of sustained op-

eration throughout its flow and pressure
range with fuel initially saturated with
water at 80° F and having 0.75cc of free
water per gallon added and cooled to the
most critical condition for icing likely
to be encountered in operation.

30. Section 29.997 is amended to read
as follows: .

§ 29.997 Fuel strainer or filter.

There must be a fuel strainer or filter
between the fuel tank outlet and the
inlet of either the fuel metering device
or an engine driven positive displacement
pump, whichever is nearer the fuel tank
outlet. This fuel strainer or filter must—

(a) Be accessible for draining and
cleaning and must incorporate a screen
or element which is easily removable;

(b) Have a sediment trap and drain,
except that it need not have a drain if
the strainer or filter is easily removable
for drain purposes;

(c) Be mounted so that its weight is
not supported by the connecting lines or
by the inlet or outlet connections of the
strainer or filter itself; and

(d) Have the capacity (with respect
to operating limitations established for
the engine) and the mesh to ensure
that engine fuel system functioning is
not impaired, with the fuel contami-
nated to a degree (with respect to particle
slze and density) that is greater than
that established for the engine in Part
33 of this Chapter.

31. Section 29.1013 is amended by de-
leting the second sentence in paragraph
(a) and by amending paragraph (b) (1)
and paragraph (e) to read as follows:

§29.1013 Oil tanks.

* * * * *

(b) * £ %

(1) Each oil tank used with a recipro-
cating engine has an expansion space of
not less than the greater of 10 percent
of the tank capacity or 0.5 gallon, and
each oil tank used with a turbine engine
has an“expansion space of not less than
10 percent of the tank capa,g:ity,

* * * * *

(e) Outlet. There must be means to
prevent entrance into the tank itself, or
into the tank outlet, of any object that
might obstruct the flow of oil through
the system. No oil tank outlet may be
enclosed by a screen or guard that would
reduce the flow of oil below a safe value
at any operating temperature. There
must be a shutoff valve at the outlet of
each oil tank used with a turbine engine
unless the external portion of the oil
system (mcluding oil tank supports) is
fireproof.

& * * L] *

32. Section 29.1015 is amended by
amending paragraph (b) to read as
follows:

§29.1015 Oil tank tests.
* x * * *
(b) It meets the requirements of § 29.-

965, except that instead of the pressure
specified in § 29.965(b) —
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(1) For pressurized tanks used with a
turbine engine, the test pressure may not
be less than 5 p.si. plus the maximum
operating pressure of the tank; and

(2) For all other tanks, the test pres-
sure may not be less than 5 p.s.i.

33. Section 29.1019 is amended to read
as follows:

§ 29.1019 Oil strainer or filter.

(a) Each turbine engine installation
must incorporate an oil strainer or filter
through which all of the engine oil flows
and which meets the following require-
ments:

(1) Each oil strainer or filter that has
a bypass must be constructed and in-
stalled so that oil will flow at the normal
rate through the rest of the system with
the strainer or filter completely blocked.

(2) The oil strainer or filter must have
the capacity (with respect to operating
limitations established for the engine)
and the mesh to ensure that engine oil
system functioning is not impaired when
the oil is contaminated to a degree (with
respect to particle size and density) that
is greater than that established for the
engine under Part 33 of this chapter.

(3) The oil strainer or filter, unless it
is installed at an oil tank outlet, must
incorporate an indicator that will indi-
cate contamination of the screen before
it reaches the capacity established in
accordance with paragraph (a)(2) of
this section.

(4) The bypass of a strainer or filter
must be constructed and installed so
that the release of collected contami-
nants is minimized by appropriate loca-
tion of the bypass to ensure that col-
lected contaminants are not in the by-
pass flow path.

(5) An o0il strainer or filter that has
no bypass, except one that is installed at
an oil tank outlet, must have a means
to connect it to the warning system re-
quired in § 29.1305(a) (18).

(b) Each oil strainer or filter in a
powerplant installation using reciprocat-
ing engines must be constructed and in-
stalled so that oil will flow at the normal
rate through the rest of the system with
the strainer or filter element completely
blocked.

34. Section 29.1093 is amended by
amending paragraph (b) to read as
follows:

§ 29.1093 Induction system icing pro-
tection.
€ * * - * *

(b) Turbine engines. Each turbine en-
gine must—

(1) Operate throughout its flight
power range (including idling), without
adverse effect on engine operation or
serious loss of power or thrust, under the
icing conditions specified in Appendix C
of Part 25 of this chapter, and in snow,
both falling and blowing, within the limi-
tations established for the rotorcraft;
and N

(2) Idle for 30 minuies on the ground,
with the air bleed available for engine
icing protection at its critical condition,
without adverse effect in an atmosphere
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that is at a temperature of 29°F and has
a liquid water content of 0.6 grams per
cubic meter in the form of drops having
a mean effective diameter of 40 microns,
followed by a momentary operation at
takeoff power or thrust.

35. Section 29.1183 is amended by
amending the heading and paragraph
(a) to read as follows:

£29.1183 Flammahble
components.

(a) Except as provided in paragraph
(b) of this section, each line, fitting, and
other component carrying flammable
fluid in any area subject to engine fire
conditions and each component which
conveys or contains flammable fluid in

fluid-carrying

‘a designated fire zone must be fire resist-

ant, except that flammable fluid tanks
and supports in a desighated fire zone
must be fireproof or be enclosed by .-a
fireproof shield unless .damage by fire
to any non-fireproof part will not cause
leakage or spillage of flammable fluid.
Components must be shielded or located
s0 as to safeguard against the ignition of
leaking flammable fluid. An integral oil
sump of less than 20 guart capacity on
a reciprocating engine need not be fire-
proof nor be enclosed by a fireproof
shield.

* * * * *

. 36. Section 29.1305(a) is amended by
deleting the word “and” at the end of
paragraph (14), by changing the period
to a semicolon at the end of paragraph
(15), and by adding new paragraphs
(18, (17, (18), and (19) to read as fol-
lows:

§29.1305 Powerplant instruments.

¢ta) For each rotorcraft—
* * * * *

(16) For each turbine engine, an in-
dicator to indicate the functioning of the
powerplant ice protection system;

(17) An indicator for the fuel strainer
or filter required by § 29.997 to indicate
the occurrence of contamination of the
strainer or filter before it reaches the
capacity established in accordance with
$ 29.997(d) ;

(18) For each turbine engine, a warn-
ing means for the oil strainer or filter
required by § 29.1019, if it has no bypass,
to warn the pilot of the occurrence of
contamination of the strainer or filter
before it reaches the capacity established
in accordance with § 29.1019(a) (2) ; and

(19) An indicator to indicate the
proper functioning of any heater used to
prevent ice clogging of fuel system com-
ponents.

PART 33—AIRWORTHINESS STANDARDS:
AIRCRAFT ENGINES

37. Section 33.5 is amended to read as
follows:

§ 33.5 Instructions,

Each applicant must prepare and make
available to the Administrator prior to
the issuance of the type certificate and to
the owner at the time of delivery of the
engine, instructions for installing, oper-
ating, servicing, and maintaining the
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engine. The instructions must include at
least the following:

(a) Installation instructions. (1) The
location of engine mounting attachments,
the method of attaching the engine to
the aircraft, and the maximum allowable
load for the mounting attachments and
related structure.

(2) The location and description of
engine connections to be attached to ac-
cessories, pipes, wires, cables, ducts, and
cowling.

(3) An outline drawing of the engine
including overall dimensions.

(b) Operation instructions. (1) The
operating limitations established by the
Administrator.

(2) The power or thrust ratings and
procedures for correcting for nonstand-
ard atmosphere.

(3) The recommended procedures, un-
der normal and extreme ambient con-
ditions for—

(i) Starting;

(ii) Operating on the ground; and

(iii) Operating during flight.

(e¢) Service instructions. (1) The tech-
niques and methods of service.

(2) The frequency of service.

(3) The fuel, lubricant, and hydraulic
fluid that may be used in the engine.

(d) Maintenance and inspection in-
structions. (1) The techniques and meth-
ods for performing inspections.

(2) The frequency of checking, clean-
ing, lubricating, and adjusting.

(e) Overhaul and replacement instruc-
tions. (1) The frequency of the over-
hauls.

(2) The life limits of components re-
quiring replacement.

(3) The techniques and methods of re-
placing components which have life
limits.

(4) The techniques and methods of
disassembly and reassembly.

(5) The fits and clearances of each
component.

(6> The fechniques for testing each
component after overhaul or replace-
ment of the component.

38. Section 33.7 is amended to read as

“ follows:

§ 33.7 Engine ratings and operating lim-
itations.

(a) Engine ratings and operating limi-
tations are established by the Adminis-
trator and included in the engine cer-
tificate data sheet specified in § 21.41 of
this chapter, including ratings and limi-
tations based on the operating conditions
and information specified in this section,
as applicable, and any other information
found necessary for safe operation of the
engine.

(b) For reciprocating engines, ratings
and operating limitations are established
relating to the following:

(1) " Horsepower or torque, r.p.m.,
manifold pressure, and time at critical
pressure altitude and sea level pressure
altitude for—

1) Rated maximum continuous power
(relating to unsupercharged operation
or to operation in each supercharger
mode as applicable) ; and
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(il) Rated takeoff power (relating to
unsupercharged operation or to opera-
tion in each supercharger mode as ap-
plicable).

(2) Fuel grade or specification.

(3) Oil grade or specification.

(4) Temperature of the—

(i) Cylinder;

(ii) Ofl at the oil inlet; and

(iii) Turbosupercharger turbine wheel
Inlet gas.

(5) Pressure of—

(i) Fuel at the fuel inlet; and

(ii) Oil at the main oil gallery.

(6) Accessory drive torque and over-
hang moment.

(1) Component life.

(8) Turbosupercharger turbine wheel
r.p.m.

(¢) For turbine engines, ratings and
operating limitations are established re-
lating to the following:

(1) Horsepower, torque, or thrust,
r.p.m., gas temperature, and time for—

d) Rated maximum continuous power
or thrust (augmented) ;

(i) Rated maximum continuous power
or thrust (unaugmented) ;

(i) Rated takeoff power or thrust
(augmented) ;

(iv) Rated takeoff power or thrust (un-
augmented) ;

(v) Rated 30 minute power; and

(vi) Rated 2% minute power.

(2) Fuel designation or specification.

(3) Oil grade or specification.

(4) Hydraulic fluld speclﬁcatlon

(5) Temperature of—

(1) O1l at the oil inlet;

(ii) Induction air at the inlet face of
& supersonic engine, including steady
state operation and transient over-tem-
perature and time allowed;

(iii) Hydraulic fluid of a supersonic
engine;

(1v) Fuel at a location on a supersonic
engine that is specified by the applicant;
and

(v) External surfaces of the engine,
if specified by the applicant.

(6) Pressure of —

() Fuel at the fuel inlet;

(ii) Oil at the main oil gallery; -

(dil) Induction air at the inlet face
of a supersonic engine, including steady
state operation and transient overpres-
sure and time allowed; and

(v) Hydraulic fluld.

(7) Accessory drive torque and over-
hang moment.

(8) Component life.

(9) Fuel filtration.

(10) Ofl filtration.

(11) Bleed air.

(12) The number of start-stop stress
cycles approved for each rotor gisc and

SPaceT.
(13) Inlet air distortion at the engine
inlet.

(14)  Transient rotor shaft overspeed

r.p.m., and number of overspeed occur-
rences.

(15) Transient gas overtemperature,
and number of overtemperature occur-
rences. :

(16) Engine rotor windmilling rota-
tional r.p.m.

(17) Time for first overhaul.
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§ 33.13 [Revoked]

39. Section 33.13 is revoked and marked
“reserved.” :

40. A new § 33.14 is added to read as
follows:

§ 33.14 Start-stop cyclic
cycle fatigue).

An operating limitation must be estab-
Hshed that specifies as a service life the
number of start-stop stress cycles for
each rotor disc and each rotor spacer of
the compressor and the turbine. A start-
stop stress cycle consists of starting the
engine, accelerating it to its maximum
rated power or thrust and maintaining
the power setting until the disc and
spacer temperatures are stabilized, after
which the engine is stopped and disc
and spacer temperatures are again sta-
bllized or reduced to a value which can
be shown to produce the same stress
range as stabilization. The number of
start-stop stress cycles nitially estab-
lished as an operating limitation for any
spacer or disc may not exceed one-third
of the number of cycles determined to
be the maximum number of cycles that
can be sustained without failure for that
disc or spacer. The initial limitation may
be increased for any disc or spacer by
testing at least three samples of that disc
or spacer, that have been operated
through the limiting number of cycles
in actual service, through an additional
number of cycies equal to at least twice
the number of cycles comprising the
increase In the limit.

41, Section 33.17 is amended to read
as follows:

§ 33.17 Fire prevention.

(a) The design and construction of
the engine and the materials used must
minimize the probabilily of the occur-
rence and spread of fire.

(b) Except as provided in paragraphs
(c), (d), and (e) of this section, each ex-
ternal line, fitting, and other component,
which oontains or conveys flammable
fluid must be fire resistant. Components
must be shielded or located to safeguard
ggg(iinst the ignition of leaking flammable

uid.

(¢) Flammable fluld tanks and sup-
ports which are part of and attached to
the engine must be fireproof or be en-
closed by a fireproof shield unless dam-
age by fire to any non-fireproof part will
not cause leakage or spillage of flammma-
ble fluid. For a reciprocating engine hav-
ing an integral oil sump of less than 20-
quart capacity, the oil sump need not be
fireproof nor be enclosed by fireproof
shield.

(d) For turbine engines type certifi-
cated for use in supersonic aircraft, each
external component which conveys or
contains flammable fluid must be fire-
proof.

(e) Unwanted accumulation of flam-
mable fluld and vapor must be prevented
by draining and venting.

42, Section 33.25 1s amended to read as
follows:

stress (low-

§ 33.25 Accessor); attachments.

The engine must operate properly with
the accessory drive and mounting at-
tachments loaded. Each accessory drive
and mounting attachment used only for
an aircraft service must be loaded with
the limit load specified by the applicant
for the engine drive or attachment point
during rated maximum continuous power
and higher output. Each engine acces-
sory drive and mounting attachment
must be sealed to prevent contamination
of or leakage from the engine interior.
A drive and mounting attachment requir-
ing hibrication of external drive splines
or coupling by engine oil must be sealed
to prevent loss of oil and to prevent con-
tamination from sources outside the
chamber enclosing the drive connection.
The design of the engine must allow for
the examination, adjustment, or removal
of each accessory required for engine op-
eration.

43. Section 33.27 is amended to read as
follows:

§ 33.27 Turbme, compressor, and turbo-
supercharger rotors.

(a) Turbine, compressor, and turbo-
supercharger rotors must have sufficient
strength to withstend the rotor speed,
temperature, and vibration test condi-
tions specified in paragraph (¢) of this
section.

(b) The design and functioning of en-
gine control devices, systems, and instru-
ments must give reasonable assurance
that those engine operating limitations
that affect turbine, compressor, and
turbosupercharger rotor structural integ-
rity will not be exceeded In service.

(¢) The turbine rotor, the compres-
sor rotor, and the turbosupercharger
rotor sustaining the highest operating
stress at the maximum limiting r.p.m., of
all such rotors, respectively, in an engine
or turborsupercharger, must each be
tested-—~

(1) At its maximum operating tem-
perature, except as provided in para-
graph (c) (3) (v) of this section;

(2) For a period of 5 minutes; and

(3) At a speed of—

(1) 120 percent of its maximum limit-
ing r.p.m. if on a rig and the rotor disc
is equipped with either blades or blade
weights;

(i1) 115 percent of its maximum limit-
ing r.p.m. if on an engine;

(iii) Maximum limiting r.p.m. if on an
engine and the rotor dise section is thin-
ner than specified in the type design so
that the operating stress induced at
maximum limiting r.p.m. is the same as
for a rotor conforming to type design at
115 percent of its maximum limiting
r.p.m.;

(iv) 115 percent of its maximum limit-
ing rp.m. if on a turbosupercharger
driven by a hot gas supply from g special
burner rig; or

(v) 120 percent of the r.p.m. at which,
white cold spinning, the disc is subject to
the same operating stresses that are in-
duced at the maximum limiting tempera-
ture and r.p.m.: Provided, That disc tem-
perature survey data from operating en-
gines and data on hot strength properties
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of the disc material establish the effect of
temperature on stress.

Following the test, each rotor must be
within the dimensional limits allowed by
the type design, for installation in an
engine and may not be cracked.

44, A new § 33.29(a) is added to read as
follows:

§ 33.29 Instrument connection.

(a) Unless it is constructed to prevent
its connection to an incorrect instrument,
each connection provided for powerplant
instruments required by aircraft air-
worthiness regulations or necessary to
insure operation of the engine in compli-
ance with any engine limitation must be
marked to identify it with its correspond-
ing instrument.

* * * * *

45. A new § 33.42 is added to read as
follows: :

§ 33.42 General.

Before each endurance test required by
this subpart, the adjustment setting and
functioning characteristic of each com-
ponent having an adjustment setting and
a functioning characteristic that can be
established independent of installation
on the engine must be established and
recorded.

46. Section 33.43 is amended to read as
follows:

§ 33.43 Vibration test.

(a) Each engine must undergo a vibra-
tion survey to establish the torsional and
bending vibration characteristics of the
crankshaft and the propeiler shaft or
other output shaft, over the range of
crankshaft speed and engine power,
under steady state and transient condi-
tions, from idling speed to either 110 per-
cent of the desired maximum continuous
speed rating or 103 percent of the maxi-
mum desired takeoff speed rating, which-
ever is higher. The survey must be re-
peated with that cylinder not firing that
has the most adverse vibration effect,
except that the speed range need be only
from idle to the maximum desired take~
off speed rating. The survey must be con-
ducted using, for airplane engines, the
‘same configuration of the propeller type
which is used for the endurance test, and
using, for other engines, the same con-
figuration of the loading device type
which is used for the endurance test.

(b) The torsional and bending vibra-
tion stresses of the crankshaft and the
propeller shaft or other output shaft
may not exceed the endurance limit
stress of the material from which the
shaft is made. If the maximum stress in
the shaft cannot be shown to be below
the endurance limit by measurement,
the vibration frequency and amplitude

must be measured. The peak amplifude
must be shown to produce a stress below
the endurance limit; if not, the engine
must be run at the condition producing
the peak amplitude until, for steel shafts,
10 million stress reversals have been
sustained without fatigue failure and,
for other shafts, until i is shown that
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fatigue will not occur within the endur-
ance limit stress of the material.

(¢) Each accessory drive and mount-
ing attachment must be loaded, with the
loads imposed by each accessory used
only for an aircraft service being the
limit load- specified by the applicant for

- the drive or attachment point.

47. Section 33.45 is amended by delet-
ing the final period and adding to the
last sentence of the present rule the
words “with only those accessories in-
stalled which are essential for engine
functioning.”; by designating the pres-
ent rule as amended as paragraph (a);
and by adding a new paragraph (b) to
read as follows:

§ 33.45 Calibration tests.

* * * * *

(b) A power check at sea level condi-
tions must be accomplished on the en-
durance test engine after the endurance
test. Any change in power characteristics
which occurs during the endurance test
must be determined. Measurements
taken during the final portion of the
endurance test may be used in showing
compliance with the requirements of this
paragraph.

48. Section 33.49, paragraph (a) and
the headings and lead-in sentences of
paragraphs (b) and (c) are amended,
and a new paragraph (e) is added, to
read as follows: .

§ 33.49 Endurance test.

(a) General. Each engine must be
subjected to an endurance test that in-
cludes a total of 150 hours of operation
(except as provided in paragraph (e) (1)
(iii) of this section) and, depending
upon the type and contemplated use of
the engine, consists of one of the series
of runs specified in paragraphs (b)
through (e) of this section, as applicable.
The runs must be made in the order
found appropriate by the Administrator
for the particular engine being tested.
During the endurance test the engine
power and the crankshaft rotational
speed must be kept within +3 percent
of the rated values. During the runs at
rated takeoff power and for at least 35
hours at rated maximum continuous
power, one cylinder must be operated at
not less than the limiting temperature,
the other cylinders must be operated at
a temperature not lower than 50 degrees
F below the limiting temperature, and
the oil inlet temperature must be main-
tained within =+-10 degrees F of the limit-
ing temperature. An engine that is
equipped with & propeller shaft must be
fitted for the endurance test with a pro-
peller that thrust-loads the engine to
the maximum thrust which the engine
is designed to resist at each applicable
operating condition specified in this sec-
tion. Each accessory drive and mounting
attachment must be loaded. During op-
eration g} rated takeoff power and rated

maximdin continuous power, the load
imposed by each accessory used only for
an aircraft service must be the limit load
specified by the applicant for the engine
drive or attachment point.
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(b) Unsupercharged engines and en-
gines incorporating a gear-driven single-
speed supercharger. For engines nct
incorporating a supercharger and for
engines incorporating a gear-driven
single-speed supercharger the applicant
must conduct the following runs: * * *

(¢). Engines incorporating a gear-
driven two-speed supercharger. For
engines incorporating a gear-driven two-
speed supercharger the applicant must
conduct the following runs: * * *

* * * * *

(e) Turbosupercharged engines. For
engines incorporating a turbosuper-
charger the following apply except that
altitude testing may be simulated pro-
vided the applicant shows that the en-
gine and supercharger are being sub-
jected to mechanical loads and operating
temperatures no less severe than if run
at actual altitude conditions:

(1) For engines used in airplanes the
applicant must conduct the runs speci-
fied in paragraph (b) of this section, ex-
cept—

(i) The entire run specified in para-
graph (b) (1) of this section must be
made at sea level altitude pressure;

(ii) The portions of the runs specified
in paragraphs (b) (2) through (7) of
this section at rated maximum continu-
ous power must be made at critical alti-
tude pressure and the portions of the
runs at other power must be made at
critical altitude pressure and the por-
tions of the runs at other power must be
made at 8,000 feet altitude pressure; and

(iii) The turbosupercharger used dur-
ing the 150-hour endurance test must be
run on the bench for an additional 50
hours at the limiting turbine wheel inlet
gas temperature and rotational speed for
rated maximum continuous power opera-
tion unless the limiting temperature and
speed are maintained during 50 hours of
the rated maximum continuous power
operation.

(2) For engines used in helicopters the
applicant must conduct the runs speci-
fied in paragraph (d) of this section, ex-
cept—

(i) The entire run specified in para-
graph (d) (1) of this section must be
made at critical altitude pressure;

(i) The portions of the runs specified
in paragraphs (d) (2) and (3) of this
section at rated maximum continuous
power must be made at critical altitude
pressure and the portions of the runs at
other power must be made at 8,000 feet
altitude pressure;

(iii) The entire run specified in para-
graph (d) (4) of this section must be
made at 8,000 feet altitude pressure;

(iv) The portion of the runs specified
in paragraph (d) (5) of this section at 80
percent of rated maximum continuous
power must be made at 8,000 feet alti-
tude pressure and the portions of the
runs at other power must be made at
critical altitude presgure;

(v) The entire run specified in para-
graph (d)(6) of this section must be
made at critical altitude pressure; and

(vi)- The turbosupercharger used dur-
ing the endurance test must be run on
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the bench for 50 hours at the limiting
turbine wheel inlet gas temperature and
rotational speed for rated maximum con-
tinuous power operation unless the limit-
ing temperature and speed are main-
tained during 50 hours of the rated
maximum continuous power operation.

49, Section 33.55 is amended to read
as follows:

§ 33.55 'Teardown inspection.

After completing the endurance test—

(a) Each engine must be completely
disassembled;

(b) Each component having an ad-
justment setting and a functioning char-
acteristic that can be established inde-
pendent of installation on the engine
must retain each setting and function-
ing characteristic within the limits that
were established and recorded at the be-
ginning of the test; and

(¢) Each engine component must con-
form to the type design and be eligible
for incorporation into an engine for con-
tinued operation, in accordance with
information submitted in compliance
with § 33.5(e).

50. Section 3357 is amended by
amending paragraph (b) to read as
follows:

§ 33.57 General conduct of block tests.

* b d * . &

(b) The applicant may service and
make minor repairs to the engine during
the block tests in accordance with the
service and maintenance instructions
submitted In compliance with § 33.5. If
the frequency of the service is excessive,
or the number of stops due to engine
malfunction 1s excessive, or a major re-
pair, or replacement of a part is found
necessary during the block tests or &s the
result of findings from the teardown in-
spection, the engine or its parts may be
subjected to any additional test the Ad-
ministrator finds necessary.

51. A new § 33.62 is added to read as
follows:

§ 33.62 Stress analysis,

A stress analysis must be performed
on each turbine engine showing the de-
sign safety margin of each turbine en-
gine rotor, spacer, and rotor shaft.

52. Section 33.65 is amended to read as
follows:

§ 33.65 Surge and stall characteristics.

When the engine is operated in accord-
" ance with operating instructions required
by § 33.5(b), starting, a change of power
or thrust, power or thrust augmentation,
limiting inlet air distortion, or inlet air
temperature may not cause surge or stall
to the extent that flameout, structural
failure, overtemperature, or fallure of
the engine to recover power or thrust will
occur at any point in the operating en-
velope.

53. A new § 33.66 1s added to read as
follows:

§ 33.66 Bleed air system.

‘The engine must supply bleed alr with-
out adverse effect on the engine, exclud-

RULES AND REGULATIONS

ing reduced output, at the discharge flow
condition established as a Hmitation. If
bleed air used for engine anti-icing can
be controlled, provision must be made
for connecting the bleed air system to a
means to indicate the functioning of the
alrcraft powerplant ice protection sys-
tem.

54, Section 33.67 is amended to read as
follows:

§ 33.67 Fuel system.

(a) With fuel supplied to the engine
at the flow and pressure specified by
the applicant, the engine must function
properly under each operating condition
required by this Part. Each fuel control
adjusting means that may not be ma-
nipulated while the fuel control device 1s
mounted on the engine must be secured
by a locking device and sealed, or other-
wise be inaccessible, All other fuel con-
trol adjusting means must be accessible
and marked to indicate the function of
the adjustment unless the function 1s
obvious. Each fuel system must be cap-
able of sustained operation throughout
its flow and pressure range with fuel ini-
tially saturated with water at 80 degrees
F and having 0.75cc. of free water per
gallon added and cooled to the most criti-

cal condition for icing likely to be en-.

countered in operation. ‘

(b) There must be a fuel strainer or
filter between the engine fuel inlet open-
ing and the inlet of either the fuel meter-
ing device or the engine-driven positive
displacement pump whichever is nearer
the engine fuel inlet. In addition, the fol-
lowing provisions apply to each strainer
or filter required by this paragraph (b):

(1) It must be accessible for drain-
Ing and cleaning and must incorporate
a screen or element that 1s easily
removable.

(2) It must have a sediment trap and
drain except that it need not have a drain
if the strainer or filter is easily removable
for drain purposes.

(3) It must be mounted so that its
weight 1s not supported by the connect-
ing lines or by the inlet or outlet connec-
tions of the strainer or filter.

(4) It must have the type and degree
of fuel filtering specified as necessary for
protection of the engine fuel system
against foreign particles in the fuel. The
applicant must demonstrate that foreign
particles passing through the specified
filtering means do not impair engine
fuel system functioning.

(5) It must have the capacity (with
respect to operating limitations estab-
lished for the engine) and the mesh to
ensure that engine fuel system function-
ing is not impaired with fuel contami-
nated to a degree (with respect to par-
ticle size and density) that is greater
than that established for the engine in
paragraph (b) (4) of this section.

(6) Any strainer or filter bypass must
be designed and constructed so that the
release of collected contaminants is mini-
mized by appropriate location of the
bypass to ensure that collected con-
ta,rtxilinants are not In the bypass flow
path.

(7) The fuel system must incorporate

means to indicate the occurrence of con-
tamination of the sirainer or filter before
it reaches the capacity established in
accordance with paragraph (b)(5) of
this section.

.55. A new § 33.68 is added to read as
follows:

§ 33.68 Induction system icing.

Each engine, with all icing protection
systems operating, must—

(a) Operate throughout its flight
power range (including idling) without
the accumulation of ice on the engine
components that adversely affects engine
operation or that causes a serious loss
of power or thrust in continuous maxi-
mum and intermittent maximum icing
conditions as defined in Appendix C of
Part 25 of this chapter; and

(b) Idle for 30 minutes on the ground,
with the available air bleed for engine
icing protection at its critical condition,
without adverse effect, in an atmosphere
that is at a temperature of 29 degrees F
and has a liquid water content of 0.6
grams per cubic meter in the form of
drops having a mean effective diameter
of 40 microns, followed by & momentary
operation at takeoff power or thrust.

57. Section 33.69 is amended to read
as follows:

§ 33.69 Ignitions system.

Each engine must be equipped with an
ignition system for starting the engine
on the ground and in flight. An electric
ignition system must have at least two
igniters and two separate secondary elec-
tric eircuits, except that only one igniter
is required for fuel burning augmentation
gystems.

57. Section 33.71 is amended to read as
follows:

§ 33.71 Lubrication system.

(8) General. Bach lubrication system
must function properly in the flight at-
titudes and atmospheric conditions in
which an aircraft is expected to operate.

(b) Oil strainer or filter. There must
be an oil strainer or filter through which
all of the engine oil flows and there must
be a separate strainer or filter ahead of
each scavenge pump. In addition:

(1) Each strainer or filter required
by this paragraph that has a bypass must
be constructed and installed so that oil
will flow at the normal rate through the
rest of the system with the strainer or
filter element completely blocked.

(2) The type and degree of filtering
necessary for protection of the engine
oll system against foreign particles in the
oil must be specified. The applicant
must demonstrate that foreign particles
passing through the specified filtering
means do not impair engine oil system
functioning.

(3) Each strainer or filter required by
this paragraph must have the capacity
(with respect to operating limitations
established for the engine) and the mesh
to ensure that engine oil system func-
tioning is not impaired with the oil con-
taminated to a degree (with respect to
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particle size and density) that is greater
than that established for the engine in
paragraph (b) (2) of this section.

(4) The oil system must incorporate
means, for each strainer or filter required
by this paragraph except the strainer or
filter at an oil tank outlet or for a scav-
enge pump, to indicate contamination
of the screen before it reaches the ca-
pacity established in accordance with
paragraph (b) (3) of this section.

(5) Any filter bypass must be designed
and constructed so that the release of
collected contaminants is minimized by
appropriate location of the bypass to
ensure that the collected contaminants
are not in the bypass flow path. .

(8) Each strainer or filter required by
this paragraph that has no bypass, ex-
cept the strainer or filter at an oil tank
outlet or for a scavenge pump, must have
provisions for connection with a warning
means to warn the pilot of the occur-
rence of contamination of the screen be-
fore it reaches the capacity established in
accordance with paragraph (b)(3) of
this section.

(7) Each strainer or filter required by
this paragraph must be accessible for
draining and cleaning.

(¢) Oil tanks. (1) Each oil tank must
have an expansion space of not less than
10 percent of the tank capacity.

(2) It must be impossible to inad-
vertently fill the oil tank expansion
space.

(3) Each recessed oil tank filler con-~
nection that can retain any appreciable
quantity of oil must have provision for
fitting a drain.

(4) Each oil tank cap must provide an
oil-tight seal.

(5) Each ofl tank filler must be
marked with the word “oil” and the tank
capacity.

(6) Each oil tank must be vented from
the top part of the expansion space, with
the vent so arranged that condensed
water vapor that might freeze and ob-
struct the line cannot accumulate at any
point.

(7) There must be means to prevent
entrance into the oil tank or into any oil
tank outlet, of any object that might
obstruct the flow of oil through the
system.

(8) There must be a shutoff valve at
the outlet of each oil tank, unless the ex-
ternal portion of the 0il system (includ-
ing oil tank supports) is fireproof.

(9) Each unpressurized oil tank may
not leak when subjected to maximum
operating temperature and an internal
pressure of 5 p.s.l., and each pressurized
oil tank may not leak when subjected to
maximum operating temperature and an
internal pressure that is not less than 5
p.si. plus the maximum operating pres-
sure of the tank.
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(10) Leaked or spilled oil may not ac-
cumulate between the tank and the re-
mainder of the engine.

(11) Each oil tank must have an oil
quantity indicator.

(d) Oil drains. There must be an ac-
cessible oil drain that will drain the en-
tire oil system. The drain must have a
manual or automatic means for positive
locking in the closed position.

(e) Oil radiators. Each oil radiator
must withstand, without failure, any
vibration, inertia, and oil pressure load
to which it is subjected during the block
tests. .

58. A new § 33.72 is added to read as
follows:

§ 33.72 Hydraulie actuating systems.

Each hydraulic actuating system must
function properly under all conditions in
which the engine is expected to operate.
Each filter or screen must be accessible
for servicing and each tank must meet
the design criteria of § 33.71. .

59. A new § 33.75 is added to read
follows:

§ 33.75 Safety analysis.

It must be shown by analysis that any
probable malfunction or any probable
single or multiple failure, or any prob-
able improper operation of the engine
will not cause the engine to—

(a) Catch fire;

(b) Burst (penetrate its case);

(¢) Generate loads greater than those
specified in § 33.23; or

(d) Lose the capability of being shut
down. :

60. A new § 33.77 is added to read as
follows:

§ 33.77 Foreign object ingestion.

(a) Ingestion of a 4-pound bird, a
piece of tire tread, or a broken rotor
blade, under the conditions set forth in
paragraph (f) of this section, may not

(1) Caftch fire;

(2) Burst (penetrate its case);

(3) Generate loads greater than those
specified in § 33.23; or

(4) Lose the capability of being shut
down.

(b) Ingestion of 3-ounce birds, 11%-
pound birds, or mixed gravel and sand,
under the conditions set forth in para-
graph (f) of this section, may not cause
more than a sustained 25 percent power
or thrust loss or require the engine to be
shut down.

(c) Ingestion of water, ice, or halil,
under the conditions set forth in para-
graph (f) of this section may not cause
a sustained power or thrust loss or re-
quire the engine to be shut down.

(d) Por an engine that incorporates
8, protective device, compliance with this
section need not be demonstrated with
respect to foreign objects sought to be
ingested under the conditions set forth
in paragraph (f) of this section, if it is
shown that—

(1) Such foreign objects are of a size
that will not pass through the protective
device;

(2) The protective device will with-
stand the impact of the foreign objects;
and

(3) The foreign object or objects
stopped by the protective device will not
obstruct the flow of induction air into
the engine.

(¢) In showing compliance with
paragraphs (a) and (b) of this section,
the engine need be tested by ingesting
only that foreign object specified in
paragraph (a) of this section which the
applicant shows has the most severe
effect on the engine and by ingesting the
mixed gravel and sand specified in para-
graph (b) of this section and either the
3-ounce birds or the 1% -pound birds, as
specified in paragraph (f) of this section.

(f) The prescribed foreign object in-

cause the engine to— gestion conditions are as follows:
Foreign object Test quantity 8peed of forelgn object Engine operation Ingestion
Birds: o
3-0z slz€. cemeomnn. One for each 50in 2 of Liftoff speed of typical Takeoff......_____ In rapld sequence to
inlet area or fraction  aircraft. simulate a flock
thereof up to a maxi- encounter.

mum of 16 birds. 3-
oz bird ingestion not
required if a 1}4.1b
bird will pass the in-
let guide vanesinto
the rotor blades.

ofinlet area, if it can
enter the inlet, plus
one for each addi-
tional 600 in? of inlet
area or fraction
thereof up to maxi-
mum of 8 birds.

inlet.

) 07 D Maximum accumula-

. tion on inlet cowl

and engine face re-
sulting from 3 30-
second delay in ac-
tuating anti-icing
system.

One for the first 300in? Initia! elmb speed of ... do
typical aircraft.

One if it can enter the Maximdum climb

Maximum cruise.. Aimed at critical area.

speed.
Bucked fn. ... .._...c stui--do...tiiz.z To simulate an fater-

mittent maximum
icing encounter at
25° F;
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Foreign object Test quantity Speed of foreign object Engine operation Ingestion

Hail (o 8 to 0.9 specifie For subsonic and Rough air flight Maximum cruise In a volley to simu

gravity). supersonic engines: speed of typical at 15,000 it late & hallstone
With inlet areas of aireraft, altitude. encounter, One half
not more than 100 the number of hail-
in% one 14n hail- stones aimed at
stone. With inlet random areas over
area of more than the face of the inlet
100 in2: one 1in | aresa and the other
and one 2-in. hail- half aimed at the
stones for each 150 critical face arca.
in? of inlet area of
fraction thereof. .

For supersonic Supersonic cruise Maximum cruise.. Almed for critical
engines (in addi- velocity. Alter- engine face area.
tion): 3 hailstones natively use sub-
each having a sonie velocities
diameter equal to with larger hail-
that in a straight stones to give
line variation from equivalent kinetie
11in at 35,000 ft to energy.

1{ in at 60,000 ft
using diameter
corresponding to
the lowest super-
sonic cruise altitude
expected.

737 S, 4 percent of engine Suckedin. ... ... Takeoff and For 3 minutes at each

airflow by weight. flight idle. engine operation
condition as spray
to simulate rain

Mixed gravel and sand 1 oz for each 100In? ... _. £ [ T Takeoff . _______.__ Over s 15-minute
{one part stones of inlet area or period.
with dlameter not Iractlon thereof.
less than ${e—nor
more than }{ in and
7 parts sand.)

Broken rotor blade: L ————— =P s |« S Release from rotor
(The heaviest com- ’ followed by 15-
pressor or turbine second delay prior
blade, broken at the to initiating
outermost ntion shutdown.l
groove or member
or at least 80 percent
of an in
blade.)

Tire tread (having ... do. el 5 L -
width and length
equal to full width of

tread).

1 Blade containment must be demonstrated with a complete engine to evaluate secondary effects of blade loss and

to determine

trajectories, except that in fan engines, the fan assembly may be

ely for

blade fragment tra} tested separate)
biade oontainment if it 1s demonstrated that fan blade or vane debris Would not enter the compressor after a fan blade

failure.

61. A new § 33.79 is added to read as
follows:

§ 33.79 Fuel burning thrust augmentor.

Each fuel burniig thrust augmentor,
including the nozzle, must—

(a) Provide cutoff of the fuel burning
thrust augmentor;

(b) Permit on-off cycling;

(¢) Be controllable within the in-
tended range of operation;

(d) Upon a failure or malfunction of
augmentor combustion, not cause the
engine to lose thrust other than that
provided by the augmentor; and

(e) Have controls that function com-
patibly with the other engine controls
and automatically shut off augmentor
fuel flow if the engine rotor speed drops
below the minimum rotational speed at
which the augmentor is intended to
function.

§33.81 [Amended]

62. Section 33.81 is amended by delet-
ing the second sentence of the text.

63. A new § 33.82 is added to read as
follows:

§ 33.82 General.

Before each endurance test required
by this subpart, the adjustment setting
and functioning characteristic of each
component having an adjustment setting
and a functioning characteristic that can
be established independent of installa-
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tion on the engine must be established
and recorded.

64. Section 33.83 is amended to read
as follows:

§ 33.83 Vibration test.

(a) Each engine must undergo a vibra-
tion survey to establish the vibration
characteristics of the rotors, rotor shafts,
and rotor and stator blades at the maxi-
mum inlet air distortion limit, over the
range of rotor shaft speeds and engine
power or thrust, under steady state and
transient conditions, from idling speed
to 103 percent of the maximum desired
takeoff speed rating. The survey must be
conducted using, for turbopropeller en-
gines, the same configuration of the pro-
peller type which is used for the endur-
ance test, and using, for other engines,
the same configuration of the loading
device type which is used for the
endurance test.

(b) The vibration stresses of the
rotors, rotor shafts, and rotor and stator
blades may not exceed the endurance
limit stress of the material from which
these parts are made. If the maximum
stress in the shaft cannot be shown to
be below the endurance limit by measure-
ment, the vibration frequency and am-
plitude must be measured. The peak
amplitude must be shown to produce a
stress below the endurance limit; if not,
the engine must be run at the condition
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producing the peak amplitude until, for
steel parts, 10 million siress reversals
have been sustained without fatigue
failure and, for other parts, until it is
shown that fatigue failure will not occur
within the endurance limit stress of the
madterial.

(c) ERach accessory drive and mount-
ing attachment must be loaded, with the
load imposed by each accessory used
only for an aircraft service being the
limit load specified by the applicant for
the engine drive or attachment point.

65. Section 33.85 is amended by de-
leting the period and adding to the last
sentence of paragraph (a) the words
“with no airbleed for aircraft services
and with only those accessories installed
which are essential for engine function-
ing.”, and by amending paragraph (b)
to read as follows:

§ 33.85 Calibration tests.
* L ] ] ] *

(b) A power check at sea level con-
ditions must be accomplished on the en-
durance test engine after the endurance
test and any change in power character-
istics which occurs during the endurance
test must be determined. Measurements
taken during the final portion of the
endurance test may be used in showing
compliance with the requirements of this
paragraph.

66. Section 33.87 is amended by de-
leting paragraphs (b) (D, () (7), and
(d)(3), and by amending paragraph (a)
and adding a new paragraph (e) to read
as follows:

§ 33.87 Endurance test.

(a) General. Each engine must be sub-
jected to an endurance test that in-
cludes a total of 150 hours of operation
and, depending upon the type and con-
templated use of the engine, consists of
one of the series of runs specified in
paragraphs (b) through (e) of this sec-
tion, as applicable. The following test
reguirements apply:

(1) The runs rust be mage in the or-
der found appropriate by the Adminis-
trator for the particular engine being
tested.

(2) Any automatic engine control that
is part of the engine must control the
engine during the endurance test except
for operations where automatic control
is normally overridden by manual control
or where manual control is otherwise
specified for a particular test run.

(3) Power or thrust, gas temperature,
rotor shaft rotational speed, and, if
limited, temperature of external surfaces
of the engine must be at least 100 percent
of the value associated with the par-
ticular engine operation being tested.
More than one test may be run if all
parameters cannot be held at the 100
percent level simultanheously.

(4) The runs must be made using fuel,
lubricants and hydraulic fluid which
conform to the specifications specified
in complying with § 33.7(c).

(5) Maximum air bleed for engine and
aircraft services must be used during
at least one-fifth of the runs.
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(6) Each accessory drive and mount-
ing attachment must be loaded. The
load imposed by each accessory used only
for an aircraft service must be the limit
load specified by the applicant for the
engine drive or attachment point during
rated maximum continuous power or
thrust and higher output.

(7) During the runs at any rated
power or thrust the gas temperature and
the oil inlet temperature must be main-
tained at the limiting temperature ex-
cept where the test periods are not longer
than 5 minutes and do not allow stabili-
zation. At least one run must be made
with fuel, oil, and hydraulic fluid at the
minimum pressure limit and at least one
run must be made with fuel, oil, and
hydraulic fluid at the maximum pres-
sure limit with fluid temperature re-
duced as necessary to allow maximum
pressure to be attained.

(8) If the number of occurrences of
either transient rotor shaft overspeed or
transient gas overtemperature is limited,
that number of the accelerations re-
quired by paragraphs (b), (¢), (d), and
(e) of this section must be made at the
limiting overspeed or overtemperature.
If the number of occurrences is not
limited, half the required accelerations
must be made at the limiting overspeed
or overtemperature. B

(9) For each engine type certificated
for use on supersonic aircraft the follow-
ing additional test requirements apply:

(1) To change the thrust setting, the
power control lever must be moved from
the initial position to the final position
in not more than one second except for
movements into the fuel burning thrust
augmentor augmentation position if ad-
ditional time to confirm Iignition is
necessary. :

(i1) During the runs at any rated aug-
mented thrust the hydraulic fluid tem-
perature must be maintained at the
limiting temperature except where the
test periods are not long enough to allow
stabilization.

(iii) During the simulated supersonic
runs the fuel temperature and induction
air temperature may not be less than the
limiting temperature.

(iv) The endurance test must be con-
ducted with the fuel burning thrust aug-
mentor installed, with the primary and
secondary exhaust nozzles installed, and
with the variable area exhaust nozzles
operated during each run according to
the methods specified in complying with
§ 33.5(b).

(v) During the runs at thrust settings
for maximum continuous thrust and per-
centages thereof, the engine must be
operated with the inlet air distortion at
the limit for those thrust settings,

£ * * * L

(e) Supersonic aircraft engines. For
each engine type certificated for use on
supersonic aircraft the applicant must
conduct the following:

(1) Subsonic test under sea level am-
bient atmospheric conditions. Thirty
runs of one hour each must be made,
consisting of—

RULES AND REGULATIONS -

(1) Two periods of 5 minutes at rated
takeoff augmented thrust each followed
by 5 minutes at idle thrust;

(ii) One period of 5 minutes at rated
takeoff thrust followed by 5 minutes at
not more than 15 percent of rated takeoff
thrust;

(iii) One period of 10 minutes at rated
takeoff augmented thrust followed by 2
minutes at idle thrust, except that if
rated maximum continuous augmented
thrust is lower than rated takeoff aug-
mented thrust, 5 of the 10-minute periods

must be at rated maximum continuous -

augmented thrust; and

(iv) Six periods of 1 minute at rated
takeoff augmented thrust each followed
by 2 minutes, including acceleration and
deceleration time, at idle thrust.

(2) Simulated supersonic test. Each
run afigthe simulated supersonic test must
be preceded by changing the inlet air
temperature and pressure from that at-
tained at subsonic conditions to the tem-
perature and pressure attained at super-
sonic velocity, and must be followed by
a return to the temperature attained at
subsonic condition. Thirty runs of 4
hours each must be made, consisting of—

(i) One period of 30 minutes at the
thrust obtained with the power control
lever set at the position for rated maxi-
mum continuous augmented thrust fol-
lowed by 10 minutes at the thrust ob-
tained with the power control lever set
at the position for 90 percent of rated
maximum continuous augmented thrust.
The end of this period in the first five
runs must be made with the induction
air temperature at the limiting condi-
tion of transient overtemperature, but
need not be repeated during the pe-
riods specified in paragraphs (e) (2) (ii)
through (iv) of this section;

(il) One period repeating the run
specified in subdivision (1) of this sub-
paragraph, except that it must be fol-
lowed by 10 minutes at the thrust ob-
tained with the power control lever set at
the position for 80 percent of rated maxi-
mum continuous augmented ‘thrust;

(iii) One period repeating the run
specified in subdivision (1) of this sub-
paragraph, except that it must be fol-
lowed by 10 minutes at the thrust ob-
tained with the power control lever set
at the position for 60 percent of rated
maximum continuous augmented thrust
and then 10 minutes at not more than
15 percent of rated takeoff thrust;

(iv) One period repeating the runs
specified In paragraphs (e)(2) {d) and
(i1) of this section; and

(v) One period of 30 minutes with 25
of the runs made at the thrust obtained
with the power control lever set at the
position for rated maximum continuous
augmented thrust, each followed by idle
thrust and with the remaining 5 runs at
the thrust obtained with the power con-
trol lever set at the position for rated
maximum continuous augmented thrust
for 25 minutes each, followed by subsonic
operation at not more than 15 percent
or rated takeoff thrust and accelerated to
rated takeoff thrust for 5 minutes using
hot fuel.
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(3) Starts. One hundred starts must
be made, of which 25 starts must be pre-
ceded by an engine shutdown of at least
2 hours. There must be at least 10 false
engine starts, pausing for the applicant’s
specified minimum fuel drainage time
before attempting a normal start. At
least 10 starts must be normal restarts,
each made no later than 15 minutes after
engine shutdown. The starts may be
made at any time, including the period
of endurance testing.

67. A new § 33.88 is added to read as
follows:

§ 33.88 Rotor tests.

Each engine must be run for 30 min-
utes at maximum rafted r.p.m. and with
the gas temperature 75 degrees F. higher
than the maximum operating limit. Fol~
lowing the run each rotor must remain
within the dimensional limits allowed by
the type design and may not be cracked.

68. The present text of § 33.89 is des~
ignated as paragraph (a), present para~-
graphs (a), (b), () (1), (¢)(2), () (3),
and (d) are redesignated (1), (2), (3) 1),
(3) i), (3)dil) and (4) of paragraph
(a) respectively, the references in redes-
ignated paragraph (a)(4) are amended
to read “paragraphs (a) (3) (ii) and dii)
of this section,” and a new paragraph
(b) is added to read as follows:

§ 33.89 Operation test.
* * * = L]

(b) The operation test must include all
testing found necessary by the Adminis-
trator to demonstrate the effect of maxi-
mum and minimum operating ambient
temperature and maximum operating al-
titude on the engine. The operation test
must include several power changes and
the operation of the fuel burning thrust
augmentor through several complete cy-
cles from ignition to shutoff.

69. A new § 33.90 is added to read as
follows:

§ 33.90 Overhaul test.

Each engine, except engines being type
certificated through amendment of an
existing type certificate or through sup-
plemental type certification procedures,
must undergo a test run simulating the
conditions in which the engine is expect-
ed to operate in service, including start-
stop cycles typical of expected service
for the period of time established as the
limitation on operation prior to the first
overhaul under § 33.7. The test run must
be accomplished on an engine which sub-
stantially conforms to the final type
design.

70. New paragraphs (c¢) and (d) are
added to § 33.91 to read as follows:

§ 33.91 Engine component tests.
* * » * *

(¢) Each unpressurized hydraulic fluid
tank may not fail or leak when subjected
t0 maximum operating temperature and
an internal pressure of 5 ps.i., and each
pressurized hydraulic fluid tank may not
fail or leak when subjected to maximum
operating temperature and an internal
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pressure not less than 5 p.s.i. plus the
maximum operating pressure of the tank.

(d) For an engine type certificated for
use in supersonic aircraft, the systems,
safety devices, and external components
that may fail because of operation at
maximum and minimum operating tem-
peratures must be identified and tested at
maximum and minimum operating tem-
peratures and while temperature and
other operating conditions are cycled
between maximum and minimum operat-
ing values.

71. A new § 33.92 is added to read as
follows:

§ 33.92 Windmilling tests.

(a) Unless means are incorporated in
the engine to stop rotation of the engine
rotors when the engine is shut down in
flight, each engine rotor must either seize
or be capable of rotation for 3 hours at
the limiting windmilling rotational r.p.m.
with no oil in the engine system, without
the engine—

(1) Catching fire;

(2) Bursting (penetrating the case) ; or

(3) Generating loads greater than
those specified in $§ 33.23.

RULES AND REGULATIONS

(b) A turbojet or turbofan engine in-
corporating means to stop rotation of the
engine rotors when the engine is shut
down In flight must be subjected to 25
operations under the following con-~
ditions:

(1) Each engine must be shut down
while operating at rated maximum con-
tinuous thrust.

(2) For engines certificated for use on
supersonic aircraft, the temperature of
the induction air and the external sur-
faces of the engine must be held at the
maximum limit during the tests required
by this paragraph.

72. Section 33.93 is amended to read as
follows: .

§ 33.93 Teardown inspection.

After completing the endurance test
each engine must be completely disas-
sembled, and—

(a) Each component having an adjust-
ment setting and a functioning char-
acteristic that can be established inde-
pendent of installation on the engine

must retain each setting and functioning '

characteristic within the limits that
were established and recorded at the be-

ginning of the test; and

W

(b) Each engine component must con-
form to the type design and be eligible
for incorporation into an engine for con-
tinued operation, in accordance with in-
go;;nation submitted in compliance with

5.

73. Section 33.99 is amended by amend-~
ing paragraph (b) to read as follows:

§ 33.99 General conduct of block tests.

* x® * - *

(b) Each applicant may service and
make minor repairs to the engine during
the block tests in accordance with the
service and maintenance instructions
submitted in compliance with § 33.5. If
the frequency of the service is excessive,
or the number of stops due to engine mal-
function is excessive, or a major repair,
or replacement of a part is found neces-
sary during the block tests or as the re-
sult of findings from the teardown in-
spection, the engine or its parts must be
subjected to any additional tests the Ad-
ministrator finds necessary.

Issued in Washington, D.C., on Sep-
tember 20, 1974,
James E. Dow,
Acting Adminisirator.

[FR Doc.74-22582 Filed 9-30-74;8:45 am]
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