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(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.

[Amdt. 33-6, 39 FR 35466, Oct. 1, 1974, as
amended by Amdt. 33-10, 49 FR 6852, Feb. 23,
1984]

§33.72 Hydraulic actuating systems.

Each hydraulic actuating system
must function properly under all condi-
tions 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.

[Amdt. 33-6, 39 FR 35467, Oct. 1, 1974]

§33.73 Power or thrust response.

The design and construction of the
engine must enable an increase—

(@) From minimum to rated takeoff
power or thrust with the maximum
bleed air and power extraction to be
permitted in an aircraft, without over-
temperature, surge, stall, or other det-
rimental factors occurring to the en-
gine whenever the power control lever
is moved from the minimum to the
maximum position in not more than 1
second, except that the Administrator
may allow additional time increments
for different regimes of control oper-
ation requiring control scheduling; and

(b) From the fixed minimum flight
idle power lever position when pro-
vided, or if not provided, from not more
than 15 percent of the rated takeoff
power or thrust available to 95 percent
rated takeoff power or thrust in not
over 5 seconds. The 5-second power or
thrust response must occur from a sta-
bilized static condition using only the
bleed air and accessories loads nec-
essary to run the engine. This takeoff
rating is specified by the applicant and
need not include thrust augmentation.

[Amdt. 33-1, 36 FR 5493, Mar. 24, 1971]

§33.74 Continued rotation.

If any of the engine main rotating
systems will continue to rotate after
the engine is shutdown for any reason
while in flight, and where means to
prevent that continued rotation are
not provided; then any continued rota-
tion during the maximum period of
flight, and in the flight conditions ex-
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pected to occur with that engine inop-
erative, must not result in any condi-
tion described in §33.75 (a) through (c).

[Doc. No. 28107, 61 FR 28433, June 4, 1996]

§383.75 Safety analysis.

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

(a) Catch fire;

(b) Burst (release hazardous frag-
ments through the engine case);

(c) Generate loads greater than those
ultimate loads specified in §33.23(a); or

(d) Lose the capability of being shut
down.

[Amdt. 33-6, 39 FR 35467, Oct. 1, 1974, as
amended by Amdt. 33-10, 49 FR 6852, Feb. 23,
1984]

§33.76 Bird ingestion.

(a) General. Compliance with para-
graphs (b) and (c) of this section shall
be in accordance with the following:

(1) All ingestion tests shall be con-
ducted with the engine stabilized at no
less than 100-percent takeoff power or
thrust, for test day ambient conditions
prior to the ingestion. In addition, the
demonstration of compliance must ac-
count for engine operation at sea level
takeoff conditions on the hottest day
that a minimum engine can achieve
maximum rated takeoff thrust or
power.

(2) The engine inlet throat area as
used in this section to determine the
bird quantity and weights will be es-
tablished by the applicant and identi-
fied as a limitation in the installation
instructions required under §33.5.

(3) The impact to the front of the en-
gine from the single large bird and the
single largest medium bird which can
enter the inlet must be evaluated. It
must be shown that the associated
components when struck under the
conditions prescribed in paragraphs (b)
or (c) of this section, as applicable, will
not affect the engine to the extent that
it cannot comply with the require-
ments of paragraphs (b)(3) and (c)(6) of
this section.

(4) For an engine that incorporates
an inlet protection device, compliance
with this section shall be established
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with the device functioning. The en-
gine approval will be endorsed to show
that compliance with the requirements
has been established with the device
functioning.

(5) Objects that are accepted by the
Administrator may be substituted for
birds when conducting the bird inges-
tion tests required by paragraphs (b)
and (c) of this section.

(6) If compliance with the require-
ments of this section is not estab-
lished, the engine type certification
documentation will show that the en-
gine shall be limited to aircraft instal-
lations in which it is shown that a bird
cannot strike the engine, or be in-
gested into the engine, or adversely re-
strict airflow into the engine.

(b) Large birds. Compliance with the
large bird ingestion requirements shall
be in accordance with the following:

(1) The large bird ingestion test shall
be conducted using one bird of a weight
determined from Table 1 aimed at the
most critical exposed location on the
first stage rotor blades and ingested at
a bird speed of 200-knots for engines to
be installed on airplanes, or the max-
imum airspeed for normal rotorcraft
flight operations for engines to be in-
stalled on rotorcraft.

(2) Power lever movement is not per-
mitted within 15 seconds following in-
gestion of the large bird.

(3) Ingestion of a single large bird
tested under the conditions prescribed
in this section may not cause the en-
gine to:

(i) Catch fire;

(ii) Release hazardous
through the engine casing;

(iii) Generate loads greater than
those ultimate loads specified under
§33.23(a); or

(iv) Lose the ability to be shut down.

(4) Compliance with the large bird in-
gestion requirements of this paragraph
may be shown by demonstrating that
the requirements of §33.94(a) constitute
a more severe demonstration of blade
containment and rotor unbalance than
the requirements of this paragraph.

fragments
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TABLE 1 TO 8§ 33.76—LARGE BIRD WEIGHT
REQUIREMENTS

Engine Inlet Throat Area
(A)—Square-meters (square-
inches)

Bird weight kg. (Ib.)

1.35(2,092)> A oo 1.85 (4.07) minimum, unless
a smaller bird is deter-
mined to be a more severe
demonstration.

2.75 (6.05)

3.65 (8.03)

1.35 (2,092)< A< 3.90 (6,045)
3.90 (6,045)< A ..o

(c) Small and medium birds. Compli-
ance with the small and medium bird
ingestion requirements shall be in ac-
cordance with the following:

(1) Analysis or component test, or
both, acceptable to the Administrator,
shall be conducted to determine the
critical ingestion parameters affecting
power loss and damage. Critical inges-
tion parameters shall include, but are
not limited to, the effects of bird speed,
critical target location, and first stage
rotor speed. The critical bird ingestion
speed should reflect the most critical
condition within the range of airspeeds
used for normal flight operations up to
1,500 feet above ground level, but not
less than Vi minimum for airplanes.

(2) Medium bird engine tests shall be
conducted so as to simulate a flock en-
counter, and will use the bird weights
and quantities specified in Table 2.
When only one bird is specified, that
bird will be aimed at the engine core
primary flow path; the other critical
locations on the engine face area must
be addressed, as necessary, by appro-
priate tests or analysis, or both. When
two or more birds are specified in Table
2, the largest of those birds must be
aimed at the engine core primary flow
path, and a second bird must be aimed
at the most critical exposed location
on the first stage rotor blades. Any re-
maining birds must be evenly distrib-
uted over the engine face area.

(3) In addition, except for rotorcraft
engines, it must also be substantiated
by appropriate tests or analysis or
both, that when the full fan assembly
is subjected to the ingestion of the
quantity and weights of bird from
Table 3, aimed at the fan assembly’s
most critical location outboard of the
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primary core flowpath, and in accord-
ance with the applicable test condi-
tions of this paragraph, that the engine
can comply with the acceptance cri-
teria of this paragraph.

(4) A small bird ingestion test is not
required if the prescribed number of
medium birds pass into the engine
rotor blades during the medium bird
test.

(5) Small bird ingestion tests shall be
conducted so as to simulate a flock en-
counter using one 85 gram (0.187 Ib.)
bird for each 0.032 square-meter (49.6
square-inches) of inlet area, or fraction
thereof, up to a maximum of 16 birds.
The birds will be aimed so as to ac-
count for any critical exposed locations
on the first stage rotor blades, with
any remaining birds evenly distributed
over the engine face area.

(6) Ingestion of small and medium
birds tested under the conditions pre-
scribed in this paragraph may not
cause any of the following:

(i) More than a sustained 25-percent
power or thrust loss;

(ii) The engine to be shut down dur-
ing the required run-on demonstration
prescribed in paragraphs (c)(7) or (c)(8)
of this section,;

(iii) The conditions defined in para-
graph (b)(3) of this section.

(iv) Unacceptable deterioration of en-
gine handling characteristics.

(7) Except for rotorcraft engines, the
following test schedule shall be used:

(i) Ingestion so as to simulate a flock
encounter, with approximately 1 sec-
ond elapsed time from the moment of
the first bird ingestion to the last.

(ii) Followed by 2 minutes without
power lever movement after the inges-
tion.

(iii) Followed by 3 minutes at 75-per-
cent of the test condition.

(iv) Followed by 6 minutes at 60-per-
cent of the test condition.

(v) Followed by 6 minutes at 40-per-
cent of the test condition.

(vi) Followed by 1 minute at ap-
proach idle.

(vii) Followed by 2 minutes at 75-per-
cent of the test condition.

(viii) Followed by stabilizing at idle
and engine shut down.

(ix) The durations specified are times
at the defined conditions with the
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power being changed between each con-
dition in less than 10 seconds.

(8) For rotorcraft engines, the fol-
lowing test schedule shall be used:

(i) Ingestion so as to simulate a flock
encounter within approximately 1 sec-
ond elapsed time between the first in-
gestion and the last.

(ii) Followed by 3 minutes at 75-per-
cent of the test condition.

(iii) Followed by 90 seconds at de-
scent flight idle.

(iv) Followed by 30 seconds at 75-per-
cent of the test condition.

(v) Followed by stabilizing at idle
and engine shut down.

(vi) The durations specified are times
at the defined conditions with the
power being changed between each con-
dition in less than 10 seconds.

(9) Engines intended for use in multi-
engine rotorcraft are not required to
comply with the medium bird ingestion
portion of this section, providing that
the appropriate type certificate docu-
mentation is so endorsed.

(10) If any engine operating limit(s) is
exceeded during the initial 2 minutes
without power lever movement, as pro-
vided by paragraph (c)(7)(ii) of this sec-
tion, then it shall be established that
the limit exceedence will not result in
an unsafe condition.

TABLE 2 TO § 33.76—MEDIUM FLOCKING BIRD
WEIGHT AND QUANTITY REQUIREMENTS

Engine Inlet Throat Area (A)— Bird Bird weight
Square-meters (square-inches) quantity kg. (Ib.)
0.05 (77.5)> A oo
0.05 (77.5)< A <0.10 (155) .. 0.35 (0.77)
0.10 (155)< A <0.20 (310) ... 0.45 (0.99)
0.20 (310)< A <0.40 (620) ... 0.45 (0.99)
0.40 (620)< A <0.60 (930) ... 0.70 (1.54)
0.60 (930)< A <1.00 (1,550) .... 0.70 (1.54)
1.00 (1,550)< A <1.35 (2,092) ......... 0.70 (1.54)
1.35 (2,092)< A <1.70 (2,635) ......... 1.15 (2.53)
0.70 (1.54)
1.70 (2,635)< A <2.10 (3,255) ......... 1.15 (2.53)
0.70 (1.54)
2.10 (3,255)< A <2.50 (3,875) ......... 1.15 (2.53)
0.70 (1.54)
2.50 (3,875)< A <3.90 (6045) .......... 1.15 (2.53)
0.70 (1.54)
3.90 (6045)< A <4.50 (6975) .....cccc.. | 3 e 1.15 (2.53)
4.50 (6975)S A oo PR 1.15 (2.53)
TABLE 3 TO 8§ 33.76—ADDITIONAL INTEGRITY
ASSESSMENT
Engine Inlet Throat Area (A)— Bird Bird weight
square-meters (square-inches) quantity kg. (Ib.)
1.35(2,092)> A ooiieee none .....
1.35 (2,092)< A <2.90 (4,495) ......... 1o, 1.15 (2.53)

774



Federal Aviation Administration, DOT

TABLE 3 TO § 33.76—ADDITIONAL INTEGRITY
ASSESSMENT—Continued

Engine Inlet Throat Area (A)— Bird Bird weight
square-meters (square-inches) quantity kg. (Ib.)
2.90 (4,495)< A <3.90 (6,045) ......... 2 1.15 (2.53)
3.90 (6,045)S A oooeoeeeeeeeeeen 1o 1.15 (2.53)
plus 6 0.70 (1.54)

[Doc. No. FAA-1998-4815, 65 FR 55854, Sept.
14, 2000, as amended by Amdt. 33-20, 68 FR
75391, Dec. 31, 2003]

§33.77 Foreign object ingestion—ice.

(a)-(b) [Reserved]

(c) Ingestion of ice under the condi-
tions of paragraph (e) of this section
may not—

(1) Cause a sustained power or thrust
loss; or

(2) Require the engine to be shut-
down.

(d) For an engine that incorporates a
protection device, compliance with this
section need not be demonstrated with
respect to foreign objects to be in-
gested under the conditions prescribed
in paragraph (e) of this section if it is
shown that—

(1) Such foreign objects are of a size
that will not pass through the protec-
tive 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 with a resultant sus-
tained reduction in power or thrust
greater than those values required by
paragraph (c) of this section.

(e) Compliance with paragraph (c) of
this section must be shown by engine
test under the following ingestion con-
ditions:

(1) Ice quantity will be the maximum
accumulation on a typical inlet cowl
and engine face resulting from a 2-
minute delay in actuating the anti-
icing system; or a slab of ice which is
comparable in weight or thickness for
that size engine.

(2) The ingestion velocity will simu-
late ice being sucked into the engine
inlet.

(3) Engine operation will
imum cruise power or thrust.

be max-
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(4) The ingestion will simulate a con-
tinuous maximum icing encounter at
25 degrees Fahrenheit.

[Doc. No. 16919, 49 FR 6852, Feb. 23, 1984, as
amended by Amdt. 33-19, 63 FR 14798, Mar. 26,
1998; 63 FR 53278, Oct. 5, 1998; Amdt. 33-20, 65
FR 55856, Sept. 14, 2000]

§33.78 Rain and hail ingestion.

(a) All engines. (1) The ingestion of
large hailstones (0.8 to 0.9 specific grav-
ity) at the maximum true air speed, up
to 15,000 feet (4,500 meters), associated
with a representative aircraft oper-
ating in rough air, with the engine at
maximum continuous power, may not
cause unacceptable mechanical damage
or unacceptable power or thrust loss
after the ingestion, or require the en-
gine to be shut down. One-half the
number of hailstones shall be aimed
randomly over the inlet face area and
the other half aimed at the critical
inlet face area. The hailstones shall be
ingested in a rapid sequence to simu-
late a hailstone encounter and the
number and size of the hailstones shall
be determined as follows:

(i) One 1-inch (25 millimeters) diame-
ter hailstone for engines with inlet
areas of not more than 100 square
inches (0.0645 square meters).

(ii) One 1-inch (25 millimeters) di-
ameter and one 2-inch (50 millimeters)
diameter hailstone for each 150 square
inches (0.0968 square meters) of inlet
area, or fraction thereof, for engines
with inlet areas of more than 100
square inches (0.0645 square meters).

(2) In addition to complying with
paragraph (a)(1) of this section and ex-
cept as provided in paragraph (b) of
this section, it must be shown that
each engine is capable of acceptable op-
eration throughout its specified oper-
ating envelope when subjected to sud-
den encounters with the certification
standard concentrations of rain and
hail, as defined in appendix B to this
part. Acceptable engine operation pre-
cludes flameout, run down, continued
or non-recoverable surge or stall, or
loss of acceleration and deceleration
capability, during any three minute
continuous period in rain and during
any 30 second continuous period in
hail. It must also be shown after the
ingestion that there is no unacceptable
mechanical damage, unacceptable
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