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Introductor_y Note

This manual contains Civil Air Regulations Part 10 dated March 28, 1955,
the editorial changes required by Special Regulation SR-430 effective Decem-
ber 31, 1958, and two appendizes: Appendix A is a list of the countries with
which the United States has reciprocal trade agreements for aeronautical
products, and Appendix B contains the Special Civil Air Regulations which
affect Part 10. _

This manual supersedes Civil Aeronautics Manual 10 dated June 1959.
As amendments and other pertinent materials pertaining to Part 10 are issued,

they will be included in this manual,
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Certification and Approval of Import Aircraft and |
| Related Products

Applicability and Definitions

10.0 Applicability of this part. This part
establishes administrative requirements for
the issuance of type and airworthiness cer-
tificates for aireraft, and of type certificates
and approvals for related products, when
stich aireraft or products is manufactured
in a foreign country with which the United
States has concluded an agreement concern-
ing the acceptance thereof for the purpose
of export and import. In addition, this part
establishes administrative requirements for
the issuance of approvals for materials,
parts, and appliances other than those sold
in conjunction with a type certificated air-
craft or related product when such material,
part, or appliance is manufactured in a for-
eign country.

10.1 Definitions. As used in this part,
terms are defined as follows:

(a) Admirnistration.

(1) Administrator. The Administrator
is the Administrator of the Federal Aviation
Agency.

(2) Approved. Approved, when used
alone or as modifying terms such as means,
devices, specifications, etc., shall mean ap-
proved by the Administrator.

{(b) Design.

(1) Aircraft. An aircraft means any
contrivance now known or hereafter in-
vented, used, or designed for navigation of
or flight in the air.

{2) Aircraft engine. An aircraft engine
means an engine used, or intended to be used,
for propulsion of aireraft and includes
all parts, appurtenances, and accessories
thereof other than propellers,

(3) Appliances. Appliances means in-
strumentis, equipment, apparatus, parts, ap-
purtenances, or accessories, of whatever
description, which are used, or are capable of
being or intended to be vsed, in the naviga-
tion, operation, or contrel of aireraft in
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flight . (including paraéhuteé and including -

commiunication equipment and any other
mechanism or mechanisms installed in or
attached to aireraft during fight), and
which are not a part or parts of aircrafi, air-
craft engines, or propellers.

(4) Product. The term product, as used
in this part, means:

(i) Anaireraft,

(ii) Anaircraftengine,

(iii) A propeller, or

(iv) Any appliance specified in the
Civil Air Regulations as eligible for a type
certificate.

(5) Propeller. A propeller includes

all parts, appurtenances, and accessories
thereof.

Type Certificates

1010 Eligibility. A produet which is
manufactured in a foreign country with
which the United States has concluded an
agreement concerning the acceptance thereof
for the purpose of export and impori, is
eligible for the issuance of a type certificate
under this part. The application for a type
certificate for a specified product shall be
made upon a form and in a manner pre-
scribed by the Administrator.

10.131 Requirements for issuance. A type
certificate for a product shall be issued to an
applicant when the government of the coun-
try in which the product was manufactured
certifies that the product has been examined,
tested, and found to comply with either
paragraph (a) or paragraph (b) of this
section.

(a) The airworthiness requirements pre-
scribed in the Civil Air Regulations applica-
ble to the product involved.!

1 Separate airworthiness requirements are effective for various
categories of aircraft, for aireraft engines, and for propellers in
different parts of the Civil Air Regulations. When any one part
is applicable all provisions therein including the administrative
provisions are applicable.
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2 CERTIFICATION AXND APPROVAL OF IMPORT AIRCRAFT AND RELATED PRODCC;E_‘S

(b) The applicable airworthiness require-
ments of the government of the country in
which it was manufactured together with
such other requirements as may be prescribed
by the Administrator to provide a level of
safety equivalent to the requirements pre-
seribed in paragraph (a) of this section.

Airworthiness Certificates and Other
Approvals

10.20 Airworthiness certificates. The re-
quirements for the original issuance of air-
worthiness certificates for aircraft shall be
in accordance with section 1.67(c¢) of this
chapter,

1021 Approval of materials, parts, and
appliances.

(a) Materials, parts, and appliances man-
ufactured in a foreign country shall be ap-
proved upon a basis and in a manner found
necessary by the Administrator to implement
the pertinent provisions of the Civil Air Reg-
ulations. The Administrator may adopt and
publish such specifications as he finds neces-
sary to administer this regulation, and shall
incorporate therein such portions of the avia-
tion industry, Federal, and military specifi-
cations respecting such materials, parts, and
appliances as he finds appropriate.
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Note: The provisions of this paragraph are intended
to allow approval of materials, parts, and appliances
under the system of Technical Standard Orders, or in
conjunction with type certification procedures for an
aircraft, or by any other form of approval by the Ad.
ministrator.

{b) Any material, part, or appliance shall
be deemed to have met the requirements for
approval when the government of the coun-
try of manufacture certifies that the mate-
rial, part, or appliance meets the pertinent
specifications adopted by the Administrator,
unless the Administrator finds, on the basis
of data submitted in accordance with section
10.31, that the material, part, or applianece
is otherwise inconsistent with the intent of
the pertinent Civil Air Regulations.

Applicable Requirements

10.30 Designation. All aireraft, prod-
ucts, materials, paris, and appliances cer-
tificated or approved in accordance with this
part shall be designated as “impert” and
elearly labeled as such.

10.31 Data required. Such technical data
respecting the aireraft, product, material,
part, or appliance, for which certification or
approval is sought, shall be submitted as the
Administrator finds necessary.



Appendix A

Countries With Which the United States Has Reciprocal
Import-Export Agreements for Aeronautical Products

The United States has concluded agreements for reciprocal recognition of
certificates of airworthiness for imported aircraft and for the export and import

of other aeronautical products.

An aireraft, engine or propeller manufactured

in the countries listed below are eligible for an FAA tvpe certificate under the

requirements of Part 10.

revised.

Australia-
[Austria] -
Belgium
Canada
Denmark
Fréance
Italy

- Netherlands

CAM 10
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As new agreements are concluded, this list will be

Norway
Spain

‘Sweden

Union of Seuth Africa
United Kingdom:
West Germany
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Special Civil Air Regulations
Which Affect Part 10
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SPECIAL CIVIL AIR REGULATION NO. SR—422

Effective: August 27, 1957
Adopted: July 23, 1957

Turbine-Powered Transport Category Airplanes of Current Design

Part 4b of the Civil Air Regulations contains rules governing the
design of transport category airplanes. For a number of years, this part
has established airworthiness requirements for this category of airplanes
by preseribing detailed provisions to be met for the issuance of a type
certifieate. However, the advent of turbine-powered airplanes (jets, turbo-
props, ete.) has brought about operations at considerably higher speeds
and altitudes than those involving reciprocating engine airplanes.
These higher speeds and altitudes as well as certain inherent character-
istics of turbine engines have introduced numerous new technical and
design problems and have necessitated re-evaluation and amendment of
many provisions in Part 4b.

In recent years the Board has amended Part 4b by infroducing numer-
ous technical provisions more specifically applicable to turbine-powered
airplanes. These were included in amendments pertaining to structural,
flight characteristic, powerplant installation, and other provisions. It is
believed that Part 4b as now written is applicable to turbine-powered air-
planes with but one exception; namely, airplane performance. In the
future, further amendments to this part, other than those relating to
performance, will be comparatively minor in nature mainly reflecting the
latest experience in the certification and operation of these airplanes,

The performance requirements presently in Part 4b were first pro-
mulgated almost twelve years ago. They are now considered by the Board
to be in a form not suitable for direct application to turbine-powered
airplanes. _

The administrator of Civil Aeronautics is in receipt of a large number
of applications for type certification of turbine-powered airplanes. How-
ever, the so-called “non-retroactive”clause of section 4b.11(a) of Part
4b does not make applicable to a particular airplane type any amendment
which is adopted after an application is filed by the manufacturer for type
certification of that airplane. Thus, most of these airplanes are not now
required to meet some of the latest effective provisions of Part 4b unless
the Board prescribes otherwise. With so0 many applications for type
certificates pending, it is essential that the Board establish adeguate
requirements which will effectively apply to the type certification of
turbine-powered transport category airplanes. This Special Civil Air
Regulation is being promulgated for that purpose.

This Special Civil Air Regulation is being made effective with respect
to all turbine-powered transport category airplanes not yet certificated.
In essence, it preseribes a revised set of performance requirements for
turbine-powered airplanes and incorporates such of the receni amend-
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APPENDIX

ments to Part 4b as the Administrator finds necessary to insure that the
level of safety of turbine-powered airplanes is equivalent to that generally
intended by Part 1b.

The performance requirements contained herein include not only the
performance requirements necessary for the certification of an airplane,
but also the complementary performance operating limitations as appli-
cable wnder Parts {0, 11, and 42 of the Civil Air Regulations. In pro-
mulgating this new performance code, the Board intends that the resulting
level of safety will be generally similar to the level of safety established
by the performance code as expressed by the provisions now contained in
Parts 4b and 10 (or 11 or {2 as appropriate) for reciprocating engine air-
planes. To aitain this, many of the performance provisions have been
modified for better applicability to turbine-powered airplanes, some in the
direction of liberalization, others in the direction of improvement in the
required performance,

A significant change being made is the introduction of full tempera-
ture accountability in all stages of performance, except the landing
distances required. The introduction of full temperature accountability
wiil insure that the airplane’s performance is satisfactory irrespective of
the existing atmospheric ftemperature. The performance regquirements
heretofore applicable did not give sufficient assurance in this respect.

The reason for omitting the direct application of temperature account-
ability in the requirement for landing distances is that this stage of
performance always has been treated in a highly empirical fashion
whereby temperature effects are taken inte account indireetly together
with the effects of other operational factors. Long range studies on
rationalization of airplane performance so far have not yielded a satisfac-
tory solution to the landing stage of performance. The Board hopes,
however, that continued studies will resuit in a solution of this problem
in the near future.

The introduction of full temperature accountability has necessitated
a complete re-evaluation of the minimum climb requirements. Since the
preseribed climb must now be met at all temperatures rather than to be
associated with standard temperature, the specific values of climb have
been altered. In each instance, the change has been in the downward
direction because, although the previous values were related to standard
temperature, a satisfactory resultant climb performance was attained at
temperatures substantially above standard. While values of minimum
climb performance specified in the new code will tend to increase the
maximom certificated weights of the airplane for the lower range of
temperatures, they will limit these weights for the upper range of tem-
peratures, giving adeguate assurance of satisfactory climb performance
at all temperatures.

In considering the various stages of flight where minimum values
of climb have been heretofore established, the Board finds that in two
of the stages (all-engines-operating en route and one-engine-inoperative
en route) the establishment of minimum values of climb is unnecessary
because, in the case of the all-engines-operating stage, it has been found
not to be critical and the case of the one-engine-inoperative stage is now
more effectively covered by the en route performance operating limitations.
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Considering that the minimum climbs being prescribed affect mainly
the maximum certificated weights of the airplane but not the maximum
operating weights, the Board, in adopting the new performance code,
places considerable emphasis on the ability of the airplane to clear ob-
stacles on take-off and during flight. To this end, criteria for the take-off
path, the en route flight paths, and the transition from take-off to the
en route stage of flight have been prescribed to reflect realistic operating
procedures. Temperature is fully accounted for in establishing ail flight
paths and an expanding clearance between the take-off path and the
terrain or obstacles is required until the en route stage of flight is reached.

In order to insure that the objectives of the prescribed performance
are in fact realized in actual operations, the manufacturer is required
to establish procedures to be followed in the operation of the airplane in
the various conditions specified in the regulation. These procedures, each
designed for a specific airplane, will permit the operator to utilize the
full performance capabilities of the airpiane more readily than if the
regulations prescribed all-inclusive procedures. The use of these pro-
cedures in determining compliance with the requirements governing take-
off, en route, and landing stages, will also add considerable flexibility
to the regulation.

The new performance requirements established more clearly than
heretofore which of the performance limitations are conditions on the
airworthiness certificate of the airplane. In addition to the maximum
certificated take-off and landing weights, there are included limitations
on the take-off distances and on the use of the airplane within the ranges
of operational variables, such as altitude, temperature, and wind. Since
these limitations are in the airworthiness certificate, they are applicable
1o all type operations conducted with the airpiane.

The new performance code contains values for minimum c¢limb ex-
pressed as gradients of climb, in percent, rather than as rates of climb,
in feet per minute, as has been the case heretofore. The Board believes
that the gradient of climb is more direct in expressing the performance
margins of the airplane. Use of the gradient eliminates the influence
of the stalling speed on the required climb. Heretofore, higher rates of
climb were required for airplanes with higher stalling speeds. The only
differentiation in the new code with respect-to the required climb is be-
tween two and four-engine airplanes. This type of differentiation is of
long standing in the regulations, being applicable to the one-engine-
inoperative stage of flight. It is now being expanded to the take-off and
approach stages.

The new performance requirements contained herein are based on the
best information presently available to the Board. It is realized, how-
ever, that due to the present limited operating experience with turbine-
powered transport airplanes, improvement in the requirements can be
expected as a result of the direct application of the code to specific designs
of new airplanes. There are certain areas in the new requirements
where additional refinement of details might be advisable. This is so
particularly in the case of the requirements pertaining to the landing stage
of flight, It is anticipated that, after further study of the regulation
and especially after its application in the design, certification, and opera-
tion of forthcoming turbine-powered airplanes, the desirability of changes
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may become more apparent. It is the intent of the Board to consider
without delay such changes as might be found necessary. Only after
the provisions of this Special Civil Air Regulation are reasonably veri-
fied by practical application wili the Board consider incorporating them
on a more permanent basis into Parts 4b, 40, 41, and 42 of the Civil Air
Regulations.

This Special Civil Air Regulation is not intended to compromise the
aunthority of the Administrator under section 4h.10 to impose such special
conditions as he finds necessary in any particular case to avoid unsafe
design features and otherwise to insure equivalent safety.

Interested persons have been afforded an opportunity to participate
in the making of this regulation (21 F.R. 6091), and due consideration has
been given to all relevant matter presented.

In consideration of the foregoing, the Civil Aeronautics Board hereby
makes and promulgates the following Special Civil Air Regulation, eifec-
tive August 27, 1957.

Contrary provisions of the Civil Air Regulations notwithstanding, all
turbine-powered transport category airpianes for which a type certifiecate
is issued after the effective date of this Speecial Civil Air Regulation shall
comply with the following :

1. The provisions of Part 4b of the Civil Air Regulations, effective on
the date of application for type certificate; and such of the provisions of all
subsequent amendments to Part 4b, in efiect prior to the effective date of
this special regulation, as the Administrator finds necessary to insure that
the level of safety of turbine-powered airplanes is equivalent to that gen-
erally intended by Part ib.

2. In lieu of sections 4b.110 through 4b.125, and 4b.743 of Part 4b of
the Civil Air Regulations, the following shall be applicable:

PERFORMANCE

4T110 General.

{(a) The performance of the airplane shall be determined and
scheduled in accordance with, and shall meet the minima prescribed by,
the provisions of sections 4T.110 through 4T.123. The performance limi-
tations, information, and other data shall be given ir accordance with
section 4T.743.

{b) Unless otherwise specifically prescribed, the performance
shall correspond with ambient atmospheric conditions and still air. Hu-
midity shall be aceounted for as specified in paragraph (c) of this section.

(¢) The performance as affected by engine poewer and/or thrust
shzall be based on 2 relative humidity of 80 percent at and below standard
temperatures and on 34 percent at and ahove standard temperatures plus
50° F. Between these two temperatures the relative humidity shall vary
lineariy.

(d) The performance shall correspond with the prepulsive
thrust available under the particular ambient atmospheric conditions, the
particular flight conditions, and the relative humidity specified in para-
graph {¢) of this section. The available propulsive thrust shall corre-
spond with engine power and/or thrust not exceeding the approved power
and/or thrust less the installational losses and less the power and/or
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equivalent thrust absorbed by the accessories and services appropriate to
the particmlar ambient atmospheric conditions and the particular flight
condition.

4T.111 Airplane configuration, speed, power, and/or thrust;
general.

(a) The airplane configuration (setting of wing and cowl flaps,
air brakes, landing gear, propeller, etc.), denoted respectively as the take-
off, en rouie, approach, and landing configurations, shall be selected by
the applicant except as otherwise prescribed.

(b} It shall be acceptable to make the airplane configurations
variable with weight, altitude, and temperature, to an extent found by the
Administrator to be compatible with operating procedures required in
accordance with paragraph (¢) of this section.

(¢) In determining the accelerate-stop distances, take-off flight
paths, take-off distances, and landing distances, changes in the airplane’s
configuration and speed, and in the power and/or thrust shall be in accord-
ance with procedures established by the applicant for the operation of the
airplane in service, except as otherwise prescribed. The procedures shall
comply with the provisions of subparagraphs (1) through (3) of this
paragraph.

(1) The Administrator shall find that the procedures can be
consisiently executed in service by crews of average skill.

(2) The procedures shall not involve methods or the use of
devices which have not been proven to be safe and reliable.

(3) Alowance shall be made for such time delays in the exe-
cution of the procedures as may be reasonably expected to occur during
service. : o :
4T.112 Stalling speeds.
the minimum steady flicht speed at which the airplane is controllable, in

(2) The speed V,  shall denote the calibrated stalling speed, or
knots, with : .
{1) Zero thrust at the stalling speed, or engines idling and
throttles closed if it is shown that the resuitant thrust has no appreciable
effect on the stalling speed;

(2) If applicable, propeller pitch conirols in the position
necessary for compliance with subparagraph (1) of this paragraph;

(3) The airplane in the landing configuration;

(4) The center of gravity in the most unfavorable position
within the allowable landing range;

(5} The weight of the airplane equal to the weight in con-
nection with which V, is being used to determine compiiance with a par-
ticular requirement.

(b) The speed V,, shall denote the calibrated stalling speed,
or the minimum steady flight speed at which the airplane is controllable,
in knots, with:

(1} Zero thrust at the stalling speed, or engines idling and
throttles closed if it is shown that the resultant thrust has no appreciable
effect on the stalling speed;

{2) If applicable, propeller pitch controls in the position nec-
essary for compliance with subparagraph (1) of this paragraph; the air-

525115 O—359——2
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plane in all other respects (flaps, landing gear, ete.) in the particular
configaration corresponding with that in connection with which V,, is
being used;

{3) The weight of the airplane equal to the weight in connee-
tion with which V., is being used to determine compliance with a par-
ticular regairement.

{c) The stall speeds defined in this section shall be the min-
imum speeds obtained in flight tests conducted in accordance with the
procedure of subparagraphs (1) and (2) of this paragraph.

(1) With the airplane trimmed for straight flicht at a speed
of 1.4 V, and from a speed sufficiently above the stalling speed to insure
steady conditions, the elevator conirel shall be applied at a rate such
that the airplane speed reduction does not exceed one knot per second.

(2) During the test prescribed in subparagraph (1) of this
paragraph, the flight characteristics provisions of section 4b.160 of Part
4b of the Civil Air Regulations shall be complied with.

4T.113 Take-off; general,

(a) The take-off data in sections 4T.114 through 4T.117 shall
be determined under the conditions of subparagraphs (1) and (2) of this
paragraph,

{1) At all weights, aliitudes, and ambieni temperatures
within the operational limits established by the applicant for the airplane.

(2) In the comfiguration for take-off (see see. 4T.111).

{b) Take-off data shall be based on a smooth, dry, hard-surfaced
runway, and shall be determined in such a manner that reproduction of
the performance does not require exceptional skill or alertness on the
part of the pilot. In the case of sezplanes or float planes, the take-off
sarface shall be smooth water, while for skiplanes it shall be smooth
dry snow. In addition, the take-off data shall be corrected in accordance
with subparagraphs (1) and (2) of this paragraph for wind and for run-
way gradients within the operational limits established by the applicant
for the airplane.

(1) Not more than 50 percent of nominal wind components
along the take-off path opposite to the direction of take-off, and neot less
than 150 percent of nominal wind componenis along the take-oif path in
the direction of take-off.

(2) Effective runway gradients.

AT.114 Take-off speeds.

{a) The critical-engine-failure speed V., in terms of calibrated
air speed, shall be selected by the applicant, but shall not be less than
the minimum speed at which centrollability by primary aerodynamie con-
trols alone is demonstrated during the take-off run to be adequate to per-
mit proceeding safely with the take-off using average piloting skill, when
the ecritical engine is suddenly made inoperative.

(b) The minimum take-off safety speed V., in terms of cali-
brated air speed, shall be selected by the applicant so as to permit the
gradient of climb reqaired in section 4T.120 (a) and (b), but it shall not
be less than:

(1) 1.2 V,, for two-engine propeller-driven airplanes and for
airplanes without propellers which have no provisions for obtaining a sig-
nificant reduction in the one-engine-inoperative power-on stalling speed.
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(2) 1.15 Vs, for propeller-driven airplanes having more than
two engines and for airplanes without propellers which have provisions
for obtaining a significant reduction in the one-engine-inoperative power-
on stalling speed;

(3) 110 times the minimum control speed ¥y, established in
accordance with section 4b.133 of Part 4b of the Civil Air Regulations.

(c¢) If engine failure is assumed to occur at or after the attain-
ment of V,, the demonstration in which the take-off run is continued to
include the take-off climb, as provided in paragraph (a) of this section,
shall not be required.

4T.115 Accelerate-stop distance.
: {a) The accelerate-stop distance shall be the sum of the
following:

(1) The distance required to accelerate the airplane from
a standing start tothe speed V,;

(2) Assuming the critical engine to fail at the speed ¥V, the
distance required to bring the airplane to a full stop from the point
corresponding with the speed ¥,.

(b) In addition to, or in lieu of, wheel brakes, the use of other
braking means shall be acceptable in determining the accelerate-stop dis-
tance, provided that such braking means shall have been proven to be
safe and reliable, that the manner of their employment is such that con-
sistent results can be expected in service, and that exceptional skill is not
required to control the airplane.

{¢) The landing gear shall remain extended throughout the
accelerate-stop distance.

4T.116 Take-off path. The take-off path shall be considered to
extend from the standing start to a point in the take-off where a height
of 1,000 feet above the take-off surface is reached or to a point in the
take-off where the transition from the take-off to the en route configura-
tion is completed and a speed is reached at which compliance with
section 4T.120(¢) is shown, whichever point is at a higher altitude. The
conditions of paragraphs (a) through (i) of this section shall apply in
determining the take-off path.

(a) The take-off path shall be based upon procedures prescribed
in accordance with section 4T.111(e¢).

(b) The airplane shall he accelerated on or near the ground
to the speed V. during which time the eritical engine shall he made in-
operative at speed V, and shall remain inoperative during the remainder
of the take-off.

{c¢) Landing gear retraction shall not be initiated prior to reach-
ing the speed V,.

(d) The slope of the airborne portion of the take-off path shail
be positive at all! points.

(e) After the V, speed is reached, the speed throughout the
take-off path shall not be less than ¥V, and shall be constant from the
point where the landing gear is completely retracted until a height of
400 feet above the take-off surface is reached.

(f) Except for gear retraction and propeller feathering, the
airplane configuration shall not be changed before reaching a height of
400 feet above the take-off surface.

-
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(g) At all poinis along the fake-off path starting at the point
where the airplane first reaches a height of 400 feet above the take-off
surfaee, the available gradient of climb shall not be less than 1.4 percent
for two-engine airplanes and 1.8 percent for four-engine airplanes.

(h) The take-off path shall be determined either by a contin-
uous demonstration take-off, or alternatively, by synthesizing from seg-
ments the complete take-off path.

(i) If the take-off path is determined by the segmental method,
the provisions ¢of subparagraphs (1) through (4) of this paragraph shall
be specifically applicabie.

{1) The segments of a segmental take-off path shall be clearly
defined ard shall be related to the distinct changes in the configuration
of the airplane, in power and/or thrust, and in speed.

{2) The weight of the airplane, the configuration, and the
power and/or thrust shall be constant throughout each segment and shall
correspond with the most critical condition prevailing in the particular
segment.

(3) The segmental flight path shall be based on the airplane’s
performance without ground effect.

{4) Segmental take-off path data shall be checked by con-
tinuous demonstrated take-offs to insure that the segmental path is
conservative relative to the continzous path.

AT.117 Take-off distance. The take-off distance shall he the hori-
zontal distance along the take-off path from the start of the take-off to the
point where the airpiane attains a height of 35 feet above the take-off
surface as determined in accordance with 4T.116.

1T.118 Climb; general. Compliance shall be shown with the
climb requirements of sections 4T.119 and 4T.120 at all weights, altitudes,
and ambient {emperafures, within the eperational limi{s established by
the applicant for the airpiane. The airplane’s center of gravity shall be
in the most unfavorable position corresponding with the applicable
configuration. )

4T.119 All-engine-operating landing climb. In the landing con-
figuration, the steady gradient of elimb shall not be less than 4.0 per cent,
with:

(a) All engines operating at the available take-off power and/or
thrast;

(b) A climb speed not in excessof 14 V_,

4T.120 One-engine-inoperative elimb.

(a) Take-off; landing gear extended. In the take-off configura-
tion at the point of the flight path where the airplane’s speed first reaches
V,,in accordance with section 4T.116 but without ground effect, the steady
gradient of ¢limb shall be positive with:

(1) The critical engine inoperative, the remaining engine(s)
operating at the available take-off power and/or thrust existing in accord-
ance with seetion 4T.116 at the time the airplane’s landing gear is fully
retracted;

(2) The weight equal to the airplane’s weight existing in
accordance with section 4T.116 at the time retraction of the airplane’s
landing gear is initiated;

(3) The speed equal to the speed V,.
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(b) Take-off; landing gear retracted. In the take-off configura-
tion at the point of the flight path where the airplane’s landing gear is
fully retracted, in accordance with section 4T.116 but without ground
effect, the steady gradient of climb shall not be less than 2.5 percent for
two-engine airplanes and not less than 3.0 percent for four-engine air-
planes, with:

(1) The critical engine inoperative, the remaining engine(s)
operating at the take-off power and /or thrust available at a height of 100
feet above the take-off surface and existing in aceordance with section
1iT.116;

(2) The weight equal to the airplane’s weight existing in
accordance with section 4T.116 at the time the airpiane’s landing gear is
fully retracted;

(3) The speed equal to the speed V.

(¢) Final take-off. In the en route configuration, the steady
gradient of climb shall not be less than 1.4 percent for two-engine air-
planes and not less than 1.8 percent for four-engine airplanes, at the end
of the take-off path as determined by section 4T.116, with :

(1) The critical engine inoperative, the remaining engine(s)
operating at the available maximum continuous power and/or thrust;

(2) The weight equal to the airplane’s weight existing in
accordance with section 4T.116 at the time retraction of the airplane’s
flaps is initiated ;

(3) The speed equal tonot lessthan 125V, .

(d) Approach. In the approach configuration such that Vs,
does not exceed 1.10 V,_ the steady gradient of climb shall not be less than
2.2 percent for two-engine airpianes and not less than 2.8 percent for
four-engine airplanes, with:

(1) The critical engine inoperative, the remaining engine(s)
operating at the available take-off power and/or thrust;

{2) The weight equal to the maximum landing weight;

(3) A climb speed in excess of 1.5 ¥, ;

4T.121 En rouie flight paths. With the airplane in the en route
configuration, the flight paths prescribed in paragraphs (a) and (b) of
this section shall be determined at all weights, altitudes, and ambient
temperatures within the limits established by the applicant for the
airpiane.

(a) One engine inoperative. The one-engine-inoperative net
flight path data shall be determined in such a manner that they represent
the airplane’s actual climb performance diminished by a gradient of climb
equal to 1.4 percent for two-engine airplanes and 1.8 percent for four-
engine airplanes. It shall be acceptable to include in these data the
variation of the airplane’s weight along the flight path to take into ac-
count the progressive consumption of fuel and oil by the operating
engine(s).

(b) Two engines inoperative. For airplanes with four engines,
the two-engine-inoperative net flight path data shall be determined in
such a2 manner that they represent the airplane’s actual climb perform-
ance diminished by a gradient of climb equal to 0.6 percent. It shall be
acceptable to include in these data the variation of the airplane’s weight
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along the flight path to take into account the progressive consumption
of fuel and oil by the operating engines.

(¢) Conditions. In determining the flight paths prescribed in
paragraphs (a) and (b) of this section, the conditions of subparagraphs
(1) through (4) of this paragraph shall apply.

(1) The airplane’s center of gravity shall be in the most un-
favorable position.

(2) The critical engine(s) shall be inoperative, the remaining
engine(s) operating at the available maximum continuous power and/or
thrust.

(3) Means for controlling the engine cooling air supply shall
be in the position which provides adequate cooling in the hot-day condition.

(4) Thespeed shall be selected by the applicant.

4T.122 Landing distance. The landing distance shall be the
horizontal distance required to land and to come to a complete stop (fo a
speed of approximately 3 knots in the case of seaplanes or float planes)
from a point at a height of 50 feef above the landing surface. Landing
distances shail be determined for standard temperatures at all weights,
altitudes, and winds within the operational limits established by the ap-
plicant for the airplane. The conditions of paragraphs (a) through (f)
of this section shall apply.

{a) The airplane shall be in the landing configuration. Dur.
ing the landing, changes in the airplane’s configuration, in power and/or
thrust, and in speed shall be in accordance with procedures established
by the applicant for the operation of the airplane in service. The pro-
cedures shall comply with the provisions of section4T.111(c).

(b) The landing shall be preceded by a steady gliding approach
down to the 50-foot height with a calibrated air speed of not less than 1.3
V., .

(¢) The landing distance shall be based on 3 smaeth, dry, hard-
surfaced renway, and shall be determined in such a manner that repro-
duction does not require exceptional skill or alertness on the part of the
pilot. In the case of seaplanes or float planes, the landing surface shall
be smooth water, while for skiplanes it shall be amooth dry snew. Dauring
landing, the airplane shall not exhibit excessive vertical acceleration, a
tendency to bounce, nose over, ground loop, porpoise, or water loop.

{d) The landing distance shall be corrected for not more than
50 percent of nominal wind components along the landing path opposite
to the direction of landing and not less than 150 percent of nominal wind
components along the landing path in the direction of landing.

{e) During Ianding, the operating pressures on the wheel brak-
ing system shall not be in excess of those approved by the manufacturer
of the brakes, and the wheel brakes shall not be used in such a manner
as taproduce excessive wear of brakes and fires.

(f) If the Administrator finds that a device on the airplane other
than wheel brakes has a noticeable effect on the landing distance and if
the deviee depends upon the operation of the engine and the effect of such
3 device is not compensated for by other devices in the event of engine
failure, the landing distance shall be determined by assuming the crit-
ical engine to be inoperative.
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4T.123 Limitations and information.

(a) Limitations. The performance limitations on the operation
of the airplane shall be established in accordance with subparagraphs (1)
through (4) of this paragraph. (Seeaisosec.4T.743.)

(1)} Take-off weights. The maximum take-off weights shall
be established at which compliance is shown with the generally applicable
provisions of this regulation and with section 4T.120 (a), (b), and (¢) for
altitudes and ambient temperatures within the operational limits of the
airplane (see subparagraph (4) of this paragraph).

(2) Landing weights. The maximum landing weights shalil
be established at which compliance is shown with the generally applicable
provisions of this regulation and with sections 4T.11% and 4T.120{d) for
altitudes and ambient temperatures within the operational limits of the
airpiane (see subparagraph (4) of this paragraph).

(3) Take-off and accelerate-stop distances. The minimum
distances required for takeoff shal! be established at which compliance is
shown with the generally applicable provisions of this regulation and with
sections 4T.115 and 4T.117 for weights, altitudes, temperatures, wind com-
ponents, and runway gradients, within the operational limits of the air-
plane (see subparagraph (4) of this paragraph).

(4) Operdational limits. The operational limits of the airplane
shall be established by the applicant for all variable factors required in
showing compliance with this regulation (weight, altitude, temperature,
etc.). (See secs. 4T.113(a) (1) and (b), 4T.118, 4T.121, and 4T.122.)

(b) Information. The performance information on the opera-
tion of the airplane shall be scheduled in compliance with the generally
applicable provisions of this regulation and with sections 4T.116, 4T.121,
and 4T.122 for weights, altitudes, temperatures, wind components, and
runway gradients, a8 these may be applicable, within the operational limits
of the airplane (see subparagraph (a)(4) of this section). In addition,
the performance information specified in sabparagraphs (1) through (3)
of this paragraph shall be determined by extrapolation and scheduled for
the ranges of weights between the maximum landing and maximum take-
off weights established in accordance with subparagraphs (a){l) and
(a)(2) of this section. (Seealso sec.4T.743.)

(1) Climb in the landing configuration (see sec. 4T.119);

(2) Climb in the approach configuration (see sec. 4T.120(d));

(3) Landing distance (see sec.4T.122).

AIRPLANE FLIGHT MANUAL

4T.743 Performance limitations, information, and other data.
-(a) Limitations. The airplanes’ performance limitations shall
be given in accordance with section 4T.123(a),

(b) Information. The performance information prescribed in
section 4T.123(b) for the application of the operating rules of this regula-
tion shall be given together with descriptions of the conditions, air speeds,
etc., under which the data were determined.

(¢} Procedures. For all stages of flight, procedures shall be
given with respect to airplane configurations, power and/or thrust set-
ings, and indieated air speeds, te the extent such procedures are related
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to the limitations and information set forth in accordance with paragraphs
(a) and (b) of this section.
(d) Miscellaneous. An explanation shall be given of significant
or unusual flight or ground handling charaecteristics of the airpiane.
3. In lieu of sections 10.70 through 40.78, 41.27 through 41.36(d), and
42,70 through 12.83, of Parts 40, 41, and 42 of the Civil Air Regulations,
respectively, the following shall be applicable:

OPERATING RULES

40T.80 Transport category airplane operating limitations.

{a) In operating any passenger-carrying transport category
airplane certificated in accordance with the performance requirements of
this regulation, the provisions of sections 40T.80 through 40F.84 shall
be complied with, unless deviations therefrom are specifically authorized
by the Administrator on the ground that the special circumstances of a
particular case make a literal observance of the requirements unnecessary
for safety.

(b) The performance data in the Airplane Flight Manual shal!l
be applied in determining compiiance with the provisions of sections 407T.81
through 40T.84. Where conditions differ from those for which specific
tests were made compliance shail be determined by approved interpolation
or computation of the effects of changes in the specific variables if such
interpolations or computations give results substantially equalling in ac-
curacy the resulis of a direct test.

40T.81 Airplane’s certificate limitations.

{a) No airplane shall be taken off at a weight which exceeds
the take-off weight specified in the Airplane Flight Manual for the eleva-
tion of the airport and for the ambient temperature existing at the time of
the take-off. (See secs. 4T.123(a)(1) and 4T.743(a).)

(b) No airplane shall be taken off at a weight such that, allow-
ing for normal consumption of fuel and oil in flight to the airport of des-
tination, the weight on arrival will exceed the landing weight specified in
the Airplane Flight Manual for the elevation of the airport of destination
and for the ambient temperature anticipated there at the time of landing.
{See secs. 4T.123(a)(2) and 4T.743(a).)

(¢) No airpilane shall be taken off at a weight which exceeds
the weight shown in the Airplane Flight Manual to correspond with the
minimum distance required for take-off on the runway to be used. The
take-off distance shall correspond with the elevation of the airport, the
effective runway gradient, and the ambient temperature and wind compo-
nent existing at the time of take-off. (See secs. 4T.123(2)(3) and 4T.743
(a).} '

‘ {d) No airplane shall be operated outside the operational limits
specified in the Airplane Flight Manual. (See secs. 47.123(a)(4) and
4T.743(a).)

49T 82 Take-off obstacle clearance limitations. No airplane shall
be taken off at a weight in excess of that shown in the Airplane Flight Man-
ual to correspond with a take-off path which clears all obstacles either by
at least a height equal to (354 0.01D) feet vertically, where D is the distance
out along the intended flight path from the end of the runway in feet, or
by at least 200 feet horizontally within the airport boundaries and by at
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least 300 feet horizontally after passing beyond the boundaries. In de-
termining the ailowable deviation of the flight path in order to avoid ob-
stacles by at least the distances prescribed, it shall be assumed that the
airplane is not banked before reaching a height of 50 feet as shown by the
take-off path data in the Airplane Flight Manual, and that a maximum
bank thereafter does not exceed 15 degrees. The take-off path considered
shall be for the elevation of the airport, the effective runway gradient, and
for the ambient temperature and wind component existing at the time of
take-off. (Seesecs,1T.123(b) and 4T.743(b).)
40T.83 FEnroutelimilations.

(a) One enginé inoperative. No airplane shall be taken off at
a weight in excess of that which, according to the one-engine-inoperative
en route net flicht path data shown in the Airplane Flight Manual, will
permit compliance with either subparagraph (1) or subparagraph (2) of
this paragraph at all points along the route. The net flight path used shall
be for the ambient temperatures anticipated along the route. (See secs.
4T.123(b) and 4T.743(b).)

(1) The slope of the net flight path shall be positive at an alti-
tude of at least 1,000 feet above all terrain and obstructions along the
route within 5 miles on either side of the intended track.

(2) The net flight path shall be such as to permit the airplane
to continue flight from the cruising altitude to an alternate airport where
a landing can be made in aceordance with the provisions of section 407T.84
(b), the net flight path clearing vertically by at least 2,000 feet al] terrain
and obstructions along the route within 5 miles on either side of the in-
tended track. The provisions of subdivisions (i) through (vii) of this
paragraph shall apply.

(i) The engine shall be assumed to fail at the most critical
point along the route.

(ii) The airplanes shall be assumed to pass over the critical
obstruction following engine failure at a point no closer to the ecritical
obstruction than the nearest approved radio navigational fix, except that
the Administrator may authorize a procedure established on a different
basis where adequate operational safeguards are found to exist.

(ifi) The net flight path shall have a positive slope at 1,000
feet above the airport used as the alternate.

(iv) An approved method shalil be used to acceunt for winds
which would otherwise adversely aifect the flight path.

(v) Fuel jettisoning shall be permitted if the Administrator
finds that the operator has an adequate training program, proper instruec-
tions are given to the flight crew, and all other precautions are taken to
insure a safe procedure.

{vi) The alternate airporf shall be specified in the dispatch
release and shall meet the prescribed weather minima.

(vii) The consumption of fuel and oil after the engine be-
comes inoperative shall be that which is accounted for in the net flight
path data shown in the Airplane Flight Manual.

(b) Two engines inoperative. No airplane shall be flown along
an intended route except in compliance with either subparagraph (1) or
subparagraph (2) of this paragraph.

{1) No place along the intended track shall be more than 90
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minutes away from an airport at which a landing can be made in accord-
ance with the provisions of section 40T.84(bh), assuming all engines to
be operating at cruising power, )

(2) No airplane shall be taken off at a weight in excess of
that which, according to the two-engine-inoperative ent route net flight
path data shown in the Airplane Flight Manual, will permit the airplane
to continue flight from the point where iwo engines are assumed to fail
simultaneously to an airport where a landing can be made in accordance
with the provisions of section 10T.84(b), the net flight path having a
positive slope at an altitude of at least 1,000 feet sbove all terrain and
obstructions along the route within 5 miles on either side of the intended
irack or at an altitude of 5,000 feet, whichever is higher. The net fight
path considered shall be for the ambient temperatures anticipated along
the route. The provisions of subdivision (i) through (iii) of this subpara-
graphshallapply. (Seesecs.4T.123(b) and 4T7.743(b).)

(i) The two engines shall be assumed to fail at the most
critical point along the route.

(ii) If fuel jettisoning is provided, the airplane’s weight at
the point where the two engines are assumed to fail shall be considered
to be not less than that which would include sufficient fuel to proceed to
the airport and to arrive there at an altitude of at least 1,000 feet directly
over the landing area.

(tii) The consumption of fuel and oil after the engines be.
come inoperative shall be that which is accounted for in the net flight path
data shown in the Airplane Flight Manual.

$0T.84 Landing limitations.

(a) Airport of destination. No airplane shall be taken off at a
weight in excess of that which, in accordance with the landing distances
shown in the Airplane Flight Manual for the elevation of the airport of
intended destination and for the wind conditions anticipated there at the
time of tanding, would permit the airpiane to be brought to rest at the air-
port of intended destination ‘hin 60 percent of the effective length of
the runway from a point 50 =2t directly above the intersection of the
obstruction clearance plane ara the runway. The weight of the airplane
shall be assumed to be reduced by the weight of the fuel and oil expected
to be consumed in flight to the airport of intended destination. Compli-
ance shall be shown with the conditions of subparagraphs (1) and (2) of
this paragraph. (See secs. 4T.123¢(b) and 4T.743(b).)

(1) It shall be assumed that the airplane is landed on the most
faverable runway and direction in still air.

{2) It shall be assumed that the airplane is landed on the
most snitable runway considering the probable wind veloeity and direc-
tion and taking due account of the ground handling characteristics of
the alrplane and of other conditions (i.e., landing aids, terrain, ete.). If
full compiiance with the provisions of this subparagraph is not shown,
the airplane may be taken off if an alternate airport is designated which
permits compliance with paragraph (b) of this section.

{b) Alternate airport. Ne airport shall be designated as an
alternate airport in a dispatch release unless the airplane at the weight
anticipated at the time of arrival at such airport can comply with the
provisions of paragraph (a) of this section, provided that the airplane can
be broaght to rest within 70 percent of the effective length of the runway.
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SPECIAL CIVIL AIR REGULATION NO. SR—422A

Adoptéd: July 2, 1958
Effective: July 2, 1958

Turbine-Powered Transport Category Airplanes of Current Design

On July 23, 1957, the Board adopted Special Civil Air Regulation No.
SR—122 which sets forth airworthiness requirements applicable to the type
certification and operation of turbine-powered transport category air-
planes for which a type certificate is issued after August 27, 1957. In-
cluded in that regulation was a new set of performance requirements,
with respect to which the Board indicated that consideration would be
given to any changes found necessary as a result of further study and
experience. The preamble to SR-122 contains the relevant considerations
leading to its promulgation and is considered to provide the basic back-
ground for this regulation.

Since the adoption of SR-422, considerable study has been devoted
io the new performance requiremenis by all inierested parties. As a
result of these studies and of further experience gained in the design,
certification, and operation of turbine-powered airplanes, certain issues
with respect to SR-122 require re-evaluation. This regulation reflects the
resolution of most of the outstanding issues in the light of the best in-
formation presently available to the Board.

The following provisions of this regulation differ from, or are addi-
tional to, the provisions of SR-422; Introductory paragraph; item 1;
sections 4T.111(¢) ; 4T.112; 4T.114 (b), (b)(1), (b)(4), and (c); introductory
paragraph of 4T.116; 4T.116 (b), (¢), (e), and (g); 4T.117; 4T.117a; 4T.119;
4T.120 (a), (a)(1), (b), (b)(1), (e}, (¢} (2), (e)(3), (d), and (d)}(3); 4T.121
(a) and (b); introductory paragraph of 4T.122; 4T.122 (b), (f), and (g);
4T.123 (a)(1), (a)(2), (a)(3), and (b); 4T.743(c); 40T.81 (b) and (¢);
40T 82; 40T.83 (a)(2)(iii), (b)(2), and (b)(2)(ii); item 4; and item 5. Of
these provisions, the following differ from those proposed in Civil Air
Regulations Draft Release No. 58-6: sections 4T.111(c); 4T.112{(a)(4);
4T.114 (b){4), (e), (c)}(2), (c)(8), and (c)(4); 4T.116 (c) and (e); 4T.117
(b)(1) and (b)(2); 4T.119(a); 4T.120(a); 40T.81(c) and 43T.11(¢).

With respect to the applicability of this regulation, experience with
certification under SR—422 indicates that a lead time of about two months
between the date of adoption of the regulation and the date of issuance
of the type certificate should provide a reasonable period of time within
which to show compliance with this regulation. In view of this, and
in the interest of having uniform regulations applicable to most of the
turbine-powered airplanes, it is considered advisable to have this reg-
ulation apply to all such airplanes for which a type certificate is issued
after September 30, 1958, Turbine-powered transport category airplanes
for which a type certificate is issued on or prior to September 30, 1958,
may comply with the provisions of this regulation in lieu of SR—422. If
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this option is exercised, it is intended that compliance be shown with all
the provisions of this regulation and it is not intended to permit a show-
ing of compliance with portions of this regulation and portions of SR-{22.

The provisions of this regulation involve the following technical
issues:

A substantive change is made by introducing an all-engines-operating
take-off in establishing the take-off distance. Presently, the take-off dis-
tance is based only on a one-engine-out take-off. To insure that an ade-
quate margin of safety will exist for day-in and day-out operations, the
minimum take-off distance is being related to both the one-engine-
inoperative distance now prescribed and to the distance with all engines
operating, with a factor of 1.15 being applied to the latter.

There are also included important changes with respect to the speeds
applicable to the take-off path. The provisions of SR-~122 prescribe that
the airplane shall be accelerated on or near the ground to the speed
V.. This provision has been subject to varying interpretations having
a marked difference in effect on the resultant level of performance. The
issune in this matter is whether or not the airplane should be permitted
to lift off the runway at some speed below V,. Because of the increased
acceleration of turbine-powered airplanes, the tendency to overshoot the
lift-off speed will be greater than on piston-engine airplanes and this ten-
dency increases with the reduction in weight of the airplane. To restrict
lift-off to the minimum take-off safety speed V., would unduly extend
the take-off distance in cases where such overshooting of speed occurs.
Snch a restriction would be unnecessarily conservative and would not
reflect realistic take-off procedures. For these reasons this regulation
permits the airplane to lift off the ground at a speed lower than the V.
speed, but prescribes certain limiting conditions. The lifi-off speed is
related to a rotational speed ¥V which must not be less than 95 percent
of the minitnam V. speed and must be 10 percent greater than z speed
at which no hazardous characteristics are displayed by the airplane, such
as a relatively high drag condition or a ground stall, The V. speed has
been re-defined to take into account the increment in speed arising from
overshoot tendencies. Under the new definition, the minimum V, speed
corresponds with the minimum take-off safety speed as now defined in
SR-122. With respect to the take-off path, the V., speed is required to
be attained prior to reaching a height of 35 feet above the take-off surface
and thusis related to the selection of the rotational speed. Further, there
is a revigsion which requires V. to be maintained as close as practicable
at a constant value from the 35-foot point to a height of 400 feet above
the take-off surface. This speed is the speed at which the prescribed
minimom take-off gradients must be met,

There is introduced in this regulation the concept of unbalanced take-
off-field lengths. SR-422 does not preclude unbalancing of field lengths,
prewided that the nnbalancing is within the length of the runway. Other
countries have employed unbalancing with respect to so-called “stopways”
and “clearways.” It appears that United States operators ultimately
will find it advantageous to resort to the use of unbalancing, but probably
not to the same extent as practiced in other countries. On the premise
that only clearways will be utilized, the amendments have been formu-
lated accordingly. Clearways, as defined herein, are areas not suitable
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for stopping the airplane in the event of an aboited take-off, but ade-

quate to provide additional take.off distance for climb-out. To safeguard
operations utilizing clearways, there is introduced the concept of a take-
off run which operationally relates to the determination of the minimum
runway length required. The take-off run is defined as the greater of
the horizontal distances along the take-off path to a given point with one
engine inoperative or with all engines operating, with a margin of 13
percent being added to the latter. The take-off run is measured from
the beginning of take-off to a point equidistant between the point where
the airplane lifts off and the point where a height of 35 feet is reached,
The required runway length must not be less than the take-off run nor
less than the accelerate stop distance.

According to the definition given, a clearway is subjected to the con-
trol of the airport authorities. It is not intended, however, that there he
ownership by the airport authorities of the area in which the clearway
lies. The objective for requiring confrol by the airport authorities is
to insure that no flight will be initiated using a clearway unless it is de-
termined with certainty that no movable obstacle will exist within the
clearway when the airplane flies over.

It is anticipated that the introduction of clearways will offer further
possibilities of inereasing the utility of existing airport facilities in this
country. When such areas can be integrated into existing facilities, eco-
nomical benefits will accrue to the community and the operators. In
addition, since clearways are presently available at some of the airports
in other countries, United States operators will have the opportunity of
taking advantage of such facilities.

There are included changes with respect to the prescribed minimum
aititude of 1,000 feet relative to the take-off path and to the one-engine-
inoperative and two-engine-inoperative requirements applicable to the vi-
cinity of the airport. Heretofore, the Civil Air Regulations have incor-
porated the reference altitude of 1,000 feet in respect of performance
criteria over the airport. Obscure as is the significance of this altitude
operationally, the altitude of 1,500 feet has worldwide precedent of being
used as the altitude above the airport at which, generally, IFR approaches
are initiated and go-around procedures executed. For this reason, the
changes made exiend the take-off path to a minimum altitude of 1,500
feet and make this altitude applicable to the prescribed performance cri-
teria above the airport for the one- and two-engine-inoperative en route
requirements. It is not anticipated that these changes will create any
problems with respect to the en route stages of flight; however, it is real-
ized that a further extension of the take-off path might add to the problem
of obtaining accurate data on obstacles relatively distant from the air-
port. The Board finds that the extension of the flight path to 1,500 feet
is warranted in light of the operational significance of this altitude and
because the extended flight paths will provide more fully for adequate
terrain clearance at the end of the take-off path.

There is included a change with respect to the take-off path whereby
the take-off flight path is established as starting from a 35-foot height
at the end of the take-off distance and a net take-off flight is prescribed
for operational use. This latter change is for consistency with the speci-
fication of net flight paths for the en route stages of flight and to simplify
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determination of obstacle clearances operationally. The net flight path
is specified to be the actual flight path diminished by a gradient of 1.0
percent. It is intended that the net flight path be obtained from the
gross flight path by simple geometric means.

The change in the altitude from 1,000 to 1,500 feet previously mentioned,
as well as a re-evaluation in other respects of some of the climb gradients
in SR-422, justify certain changes. The gradients of 1.4 and 1.8 applicable
to the take-off path and the final take-off climb are being reduced to
1.2 and 1.7 for two-engine and four-engine airplanes, respectively. In
addition, the gradients of 1.1 and 1.3 in the one-engine-inoperative en route
case are being reduced to 1.1 and 1.6, respectively.

Changes are made with respect to the one-engine-inoperative take-off
climb by interrelating more realistically the preseribed airplane config-
uration, weight, and power. These changes, in effect, permit meeting the
prescribed gradients of climb at slightly higher airplane weights than
would be possible under the presently effective provisions.

There is included a change to the provisions applicable to the one-
engine-inoperative take-off climb with landing gear extended which in-
creases the preseribed minimum gradient from substantially zero to 0.5
percent for four-engine airplanes. This change is made to attain cousist-
ency in the difference between gradients applicable to twins and fours,

Changes are incorporated in connection with the two-engine-inopera-
tive en route requirement. Representations have been made that the
gradient of 0.6 percent now prescribed is unduly conservative, On the
other hand, it has been pointed out that the fuel requirements for this
case are not realistically covered. Both of these contentions warrant
consideration and changes are included which reduce the margin gradient
from 0.6 to 0.5 percent, reduce the preseribed altitude from 5,000 to 2,000
feet, and require scheduling the flight so that there is sufficient fuel on
board to reach the airport and subsequently to fly for 15 minutes at cruise
power or thrust.

Changes are also made relative to the approach and landing stages of
flight, There i a new provision which requires the establishment of
procedures for the execution of missed approaches and balked landings.
A question has been raised as to whether the speed limitation of 1.5 V,
applicable to the approach coendition is realistically related to the normal
day-in and day-out landing procedures. To insure that it will be so
related, it is required that the speed used for demonstrating the approach
climb be established consistent with the landing procedures, but that it
not exceed 1.5 V,. In addition, the approach gradient of 2.8 percent pre-
scribed for four-engine airplanes is being reduced to 2.7 percent to obtain
consistency in the differences between gradients applicable to twins and
fours.. -

A change is made to the “all-engines-operating landing climb” pre-
visiemg which now require a 1.0 percent gradient of climb in the landing
configuration. On the premise that requiring the landing configuration
during the climb after a balk is unduly conservative, consideration was
given to a proposal 10 permit showing of compliance with the 4.0 percent
gradient of climb in the configuration which would exist 5 seconds after
the initiation of the ¢limb. Further study of this proposal indicated that
such a rule would tend to introduce complications in design and lead to
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' less favorable operating pfoi:edures which ultimatfely would not contribute

to safety. One of the most important factors in connection with this
configuration is the response of the engines to throttle movement. There-
fore, there is a provision which requires that the power used in showing
compliance with the climb gradient be that power or thrust attained 8
seconds after initiation of movement of the power controls to the take-off
position from the minimum flight idle position. In addition, for con-
sistency with the procedures used for determining the landing distance,
the speed limitation of 14 ¥, is reduced to 1.3 ¥,. Concern has been
indicated to the effect that any reduction in the prescribed gradient of
4,0 percent might not insure in all cases the ability of the airplane to
continue a safe c¢climb after a balk. To provide a further safeguard, the
take-off weight-altitude-temperature limitations (WAT limitations stem-
ming from the application of the one-engine-inoperative take-off climb
requirements) are being made applicable to the maximum landing weight
at the airport of landing. In the past, the landing weight limitations
were applicable to the airport of destination but not to the weather alter-
nates. This regulation makes both the take-off weight and landing weight
limitations equally applicable to the airport of destination and the weather
alternates. In view of the aforementioned changes, a reduction of the
required climb gradient from 4.0 to 3.2 percent is justified and included
in this regulation.

In addition {o the substantive changes which have been discussed,
there are three significant changes of a clarifying nature. The first deals
with the determination of the landing distance as affected by devices or
mezans other than wheel brakes., There is included a provision similar
to the one applicable to the accelerate-stop distance for application to the
landing distance. This provision permits the use of means other than
wheel brakes in the determination of the landing distance. Additionally,
there is a change to the provision which requires in some cases the deter-
mination of the landing distance with one engine inoperative. It is be-
lieved that the new requirement expresses the intent more clearly. One
of the more obvious applications of this provision is in respect of turbo-
propeller airplanes. Such airplanes usually are tanded with the pro-
pellers in a relatively high drag pesition. If one of the engines becomes
inoperative, its propeller would be expected to be in a relativly low drag
position with the consequence of a longer landing distance than with all
engines operating. In such a case it is required that the landing distance
be determined with one engine inoperative unless use could be made by
the crew of other means (e.g., reverse thrust not otherwise considered in de-
termining the landing distance) which would reduce the landing distance
at least to that determined for all-engine operation.

The second clarification being included deals with the provision set-
ting forth the procedures which must be included in the Airplane Flight
Manual. This provision in SR-422 does not make clear what procedures
are involved and whether the procedures are considered to be limitations
on the operation of the airplane. The clarification in language specifies
that the procedures which are included with the performance limitations
shall be considered only as guidance material.

The third clarification concerns the applicability of the performance
limitations prescribed in SR—422, These consist of the “certificate limita-
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tions” and the “operating limitations.” The former relate to maximum
take-off and landing weights, minimum take-off distances, accelerate-stop
distances, and the operational limits imposed upon the airplane. These
limitations, being part of the conditions of the type and airworthiness
certificates, must be complied with at all times irrespective of the type
of operation being conducted (e.g., air carrier, private, cargo). The “op-
erating limitations,” distinct from the “certificate limitations,” are only
applicable when required by the operating parts of the regulations (Parts
40, 11, and 42 require compliance for passenger operations). Although
it appeared that previous Board pronouncements regarding this general
principle as well as the explanation eontained in the preamble to SR-422
would make the issue quite clear, it has come to the Board’s attention
that there is still some misunderstanding of this matter. Apparently this
misunderstanding stems from the fact that SR~422 prescribes operating
rules for air carrier operations which contain both the “certificate lim-
itations” and the “operating limitations” while no prescription is given
to non-air-carrier operations; thus giving an impression that not even
the “certificate limitations” are applicable to non-air-carriers. The in-
clusion of *eertificate limitations” for air carrier operations with the “op-
erating limitations®™ was meant only to provide the operators with the
convenience of having together the complete prescription of the applicable
performance limitations, notwithstanding that such an inclusion, in fact,
duaplicates the general requirement of compliance with the “certificate 1im-
itations” contained in the Airplane Flight Manual. In view of the possible
misunderstanding which might exist from the aforementioned inclusion,
there are ineluded in this regulation the same “certificate limitations”
for application to all operations under the provisions of Part 43 of the
Civil Air Regnlations.

In addition, other changes of a minor nature are included herein, the
most significant of which is the generalization of the stall speed V,,
eliminating referenceto V., and V,,.

Of the changes to SR—422 made in this regulation, there are a number
which might require further consideration as studies continue and as
additional experience is gained with the application of these new rules.
Several of these involve new concepts with which U.S. operators have had
little or no experience. These entail the requirements relative to unbal-
anced field lengths with respeet to clearways, to the rotational speed, and
to the all-engine take-off distance. Strong representation has been made
to the Board to the effect that the numerical factors applicable to the afore-
mentioned rules are too high and should be reduced pending further ex-
perience. The Board considers that it would not be in the public interest
to rednce any of these factors until such time as further experience indi-
cat,gS.,f.hat they are in fact overly conservative. Realizing, however, that
these issues are of considerable importance in prescribing a practicable
leveYof performance, the Board stands ready to reconsider the relevant
provisions of this regunlation at such time as substantiating information is
received.

There are areas other than those previously mentioned where addi-
tional refinement of details may be advisable. This is so particularly in
the case of the requirements pertaining to the landing stage of Right, to
the take-off lateral clearances, and to the two-engine-inoperative en route
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gradient margin. It is anticipated that, after further study of the regula-
tion and especially after its application in the design, certification, and
operation of forthcoming turbine-powered airplanes, the desirability of
changes may become more apparent. It is the intent of the Board to con-
sider without delay such changes as might be found necessary. Only after
the provisions of this Special Civil Air Regulation are reasonably verified
by practical application will the Board consider incorporating them on a
more permanent basis into Parts 4b, 40, 41, 42, and 43 of the Civil Air
Regulations.

This Special Civil Air Regulation is not intended to compromise the
authority of the Administrator under section 4b.10 to impose such special
conditions as he finds necessary in any particular case to avoid unsafe
design features and otherwise to insure equivalent safety.

Interested persons have been zfforded an opportunity to participate
in the making of this regulation (23 F.R. 2139), and due consideration has
been given to ali relevant matter presented,

In consideration of the foregoing, the Civil Aeronautics Board hereby
makes and promulgates the following Special Civil Air Regulation, effec-
tive July 2,1958:

Contrary provisions of the Civil Air Regulations notwithstanding, all
turbine-powered tfransport category airplanes for which a type certificate
is issued after August 27, 1957, shall comply with Special Civil Air Regu-
lation No. SR-422 or, alternatively, with the following provisions, except
that those airplanes for which a type certificate is issued after September
30, 1958, shall comply with the foilowing provisions:

1. The provisions of Part 4b of the Civil Air Regulatiens, effective on
the date of application for type certificate; and such of the provisions of
all subsequent amendments to Part 4b, in effect prior to August 27, 1957,
as the Administrator finds necessary to insure that the level of safety of
turbine-powered airplanes is equivalent to that generally intended by
Part 4b.

2. In lieu of sections 4h.110 through 4b.125, and 4b.743 of Part 4b of the
Civil Air Regulations, the following shall be applicable:

PERFORMANCE

4T.110 General.

(a2) The performance of the airplane shall be determined and
scheduled in accordance with, and shall meet the minima prescribed by,
the provisions of sections 4T.110 through 4T.123. The performance limi-
tations, information, and other data shall be given in accordance with
section 4T.743.

(b) Unless otherwise specifically prescribed, the performance
ghall correspond with ambient atmospheric conditions and still air.
Humidity shall be accounted for as specified in paragraph (c¢) of this
section, .
(c) The performance as affected by engine power and/or thrust
shall be based on a relative humidity of 80 percent at and below standard
temperatures and on 34 percent at and above standard temperatures plus
50° F. Between these two temperatures the relative humidity shall vary
linearly.
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(d) The performance shall correspond with the propulsive
thrust available under the particular ambient atmospheric conditions,
the particular flight condition, and the relative humidity specified in para-
graph (c) of this section. The available propulsive thrust shall corres-

. pond with engine power and ‘or thrust not exceeding the approved power

and/or thrust less the installational losses and less the power and/or
equivalent thrust absorbed by the accessories and services appropriate to
the particular ambient atmospheric conditions and the particular flight
condition.

4T.A11 Airplane configuration, speed, power, and/or thrust;
general.

(a) The airplane configuration (setting of wing and cowl flaps,
air brakes, landing gear, propeller, etec.), denoted respectively as the take-
off, en route, approach, and landing configurations, shail be selected by
the applicant except as otherwise prescribed.

(b) It shall be acceptable to make the airplane configurations
variable with weight, altitude, and temperature, to an extent found by the
Administrator to be compatible with operating procedures required in
accordance with paragraph (¢) of this section.

{(¢) In determining the accelerate-stop distances, take-off flight
paths, take-off distances, and landing distances, changes in the airplane’s
configaration and speed, and in the power and or thrust shall be in ac-
cordance with procedures established by the applicant for the operation
of the airplane in service, except as otherwise prescribed. In addition,
procedures shall he established for the exeeution of balked landings and
missed appreaches associated with the conditions preseribed in sections
4T.119 and 4T.120(d), respectively. All procedures shall comply with the
provisions of subparagraphs (1) through (3) of this paragraph.

(1) The Administrator shall find that the procedures can be
consistently executed in service by crews of average skill.

(2) The procedures shall not involve methods or the use of
devices which have not been proven to be safe and reliable.

{3) Allowance shall be made for such time delays in the execu-
tion of the procedures as may be reasonably expected to occur during
service.

4T112 Stalling speeds.

{a) The speed V¥, shall denote the calibrated stalling speed, or
the minimum steady flight speed at which the airplane is conirollable, in
knots, with:

(1) Zero thrust at the stalling speed, or engines idling and
throttles closed if it is shown that the resultant thrust has no appreciable
effééfon the stalling speed ;

o= (2) If applicable, propeller pitch controls in the position
u‘&u‘ry for compliance with subparagraph (1) of this paragraph; the
airplape in all other respecis (flaps, landing gear, efe.) in the particular
configuration corresponding with that in connection with which V, is
being used;

(3) The weight of the airplane equal to the weight in connec-
tion with which V. is being used to determine compliance with a particular
requirement;
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(4) The center of gravity in the most unfavorable position

within the allowable range.

{b) The stail speed defined in this section shall be the minimum
speed obtained in flight tests conducted in accordance with the pro-
cedure of subparagraphs (1) and (2) of this paragraph.

(1) With the airplane trimmed for straight flight at a speed
of 1.4 V, and from a speed sufficiently above the stalling speed to insure
steady conditions, the elevator control shall be applied at a rate such
that the airplane speed reduction does not exceed one knot per second.

(2) During the test prescribed in subparagraph (1) of this
paragraph, the flight characteristies provisions of section 1b.160 of Part
ib of the Civil Air Regulations shall be complied with.

4T.113 Take-off ; general.

(a) The take-off data in sections 4T.114 through 17T.117 shall
be determined under the conditions of subparagraphs (1} and (2) of this
paragraph.

(1) At all weights, altitudes, and ambient temperatures
within the operational limits established by the applicant for the airplane.

(2) In the configuration for take-off (see sec. 4T.111).

(b) Take-off data shall be based on a smooth, dry, hard-sur-
faced runway and shall be determined in such a manner that repreduc-
tion of the performance does not require exceptional skill or alertness on
the part of the pilot. In the case of seaplanes or float planes, the take-
off surface shall be smooth water, while for skiplane it shall be smooth
dry snow. In addition, the take-off data shall be corrected in accordance
with subparagraphs (1) and (2) of this paragraph for wind and for run-
way gradients within the operational limits established by the applicant
for the airplane.

(1) Not more than 50 percent of nominal wind components
along the take-off path opposite to the direction of take-off, and not less
than 150 perceni of nominal wind components along the take-off path in
the direction of take-off.

(2) Effective runway gradients.

4T.114 Take-off speeds.

{a) The critical-engine-failure speed V, , in terms of calibrated
air speed, shall be selected by the applicant, but shall not be less than
the minimum speed at which contrellability by primary aerodynamic
controls alone is demonstrated during the take-off run to be adequate
to permit proceeding safely with the take-off using average piloting skill,
when the critical engine is suddenly made inoperative.

{b) The take-off safety speed V., in terms of calibrated air
speed, shall be selected by the applicant so as to permit the gradient of
climb required in section 4T.120 (a) and (b), but it shall not be less than:

(1) 1.2 ¥, for two-engine propeller-driven airplanes and for
girplanes without propellers which have no provisions for obtaining a
gignificant reduction in the one-engine-inoperative power-on stalling
speed; .

(2) 115 V, for propeller-driven airplanes having more than
two engines and for airplanes without propellers which have provisions
for obtaining a significant reduction in the one-engine-inoperatve power-on
stalling speed;
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{3) 1.10 times the minimum control speed ¥y, established in
accordance with section 1b.133 of Part b of the Civil Air Regulations:

(1) The rotation speed ¥ plus the increment in speed at-
tained in compliance with section 1T.116(e).

{¢) The minimum rotation speed Vp, in terms of calibrated air
speed, shail be selected by the applicant. except that it shall not be less
than:

(1} The speed V.,

{2) A speed equal to 95 percent of the highest speed obtained
in compliance with subparagraph (1) or (2), whichever is applicable, and
with subparagraph (3) of paragraph (b) of this section;

(3) A speed which permits the aitainment of the Speed V.
prior to reaching a height of 35 feet above the take-off surface as deter-
mined in accordance with section 4T.116(e);

(4) A speed equal to 110 percent of the minimum speed above
which the airpiane, with all engines operating, can be made to lift off
the ground and to continue the take-off without displaying any hazardous
characteristics.

ATA15 Accelerate-stop distance.

(a) The accelerate-stop distance shall be the sum of the
following:

(1) The distance required to accelerate the airplane from
a standing start to the speed V,;

{(2) Assuming the critical engine to fail at the speed V,, the
distance requaired to bring the airplane to a full stop from the point cor-
responding with the speed V, .

(b) In addition te, or in liea of, wheel brakes, the use of other
braking means shall be acceptable in determining the accelerate-stop dis-
tance, provided that such braking means shall have been proven to be
safe and reliable, that the manner of their employment is such that con-
sistent results can be expected in service, and that exceptional skill is
not required to confrol the airplane.

(¢) The landing gear shall remain extended threughout the
accelerate-stop distance.

4T.116 Take-off path. The take-off path shall be considered to
extend from the standing start to a point in the take-off where a height
of 1,500 feet above the take-off surface is reached or to a point in the
take-off where the transition from the take-off to the en route configura-
tion is completed and a speed is reached at which compliance with sec-
tion 4T.120(¢) is shown, whichever point is at a higher altitude. The
conditions of paragraphs (a) through (i) of this section shall apply in
determining the take.off path.

-U-‘ (a) The take-off path shall be based upon procedures prescribed
i ‘dceordance with section 4T.111(ec).
Wi (b) The airplane shall be accelerated on the ground to the speed

¥, at which point the critical engine shall be made inoperative and shall
remain inoperative during the remainder of the take-off. Subsequent
to attaining speed V,, the airplane shall be accelerated to speed V. dur-
ing which time it shall be permissible to initiate raising the nose gear off
the ground at a speed not less than the rotation speed V..
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(c) Landing gear retraction shall not be initiated until the air-
plane becomes airborne.

(d) The slope of the airborne portion of the take-off path shall

be positive at all points.

{(e) The airplane shall attain the speed V. prior to reaching a
height of 35 feet above the take-off surface and shall continue at a speed
as close as practical to, but not less than, V. until a height of 100 feet
above the take-off surface is reached.

(f} Except for gear retraction and propeller feathering, the
airplane configuration shall not be changed before reaching a height of
400 feet above the take-off surface.

(g) At all points along the take-off path starting at the point
where the airplane first reaches a height of 400 feet above the take-off sur-
face, the available gradient of ¢limb shall not be less than 1.2 percent for
two-engine airplanes and 1.7 percent for four-engine airplanes.

{h) The take-off path shall be determined either by a continu-
ous demonstrated take-off, or alternatively, by synthesizing from segments
the complete take-off path.

(i) If the take-off path is determined by the segmental method,
the provisions of subparagraphs (1) through (4) of this paragraph shalil
be specifically applicable.

(1) The segments of a segmental take-off path shall be clearly
defined and shall be related to the distinet changes in the configuration
of the airplane, in power and/or thrust, and in speed.

(2) The weight of the airplane, the configuration, and the
power and/or thrust shall be constant throughout each segment and shali
correspond with the most critical condition prevailing in the particular
segment.
' (3) The segmental flicht path shall be based on the airplane’s
performance without ground effect.

(4) Segmental take-off path data shail be checked by con-
tinuous demonstrated take-offs to insure that the segmental path is con-
servative relative to the continuous path.

4T.117 Take-off distance and take-off run.

(a) Take-off distance. The take-off distance shall be the
greater of the distances established in acecordance with subparagraphs (1)
and (2) of this paragraph.

(1) The horizontal distance along the take-off path from the
start of the take-off to the poirt where the airplane attains a height of 35
feet above the take-off surface, as determined in accordance with section

(2) A distance equal to 115 percent of the horizontal distance
along the take-off path, with all engines operating, from the start of the
take-off to the point where the airplane attains a height of 35 feet above the
take-off surface, as determined by a procedure consistent with that estab-
lished in accordance with section 4T.116.

(b) Take-off run. If the take-off distance is intended to include
a clearway (see item 5 of this regulation), the take-off run shall be deter-
mined and shall be the greater of the distances established in accordance
with subparagraphs (1) and (2) of this paragraph.
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{1) The horizontal distance along the take-off path from the
start of the take-off to a point equidistant between the point where the air-
piane first becomes airborne and the poirt where it attains a height of 35
feet above the take-off surface, as determined in accordance with section
1T.116.

(2) A distance equal to 115 percent of the horizontal distance
along the take-off path, with all engines operating, from the start of the
take-off to a point equidistant between the point where the airplane
first becomes airborne and the point where it attains a height of 35 feet
above the take-off surface, as determined by a procedare consistent with
that established in accordance with section 4T.1186,

iT.117a Take-off Aight path.

(a) The take-off flight path shail be considered to begin at a
height of 35 feet above #he take-off surface at the end of the take-off dis-
tance as determined in accordance with section 4T.117(2).

(b} The net take-off flight path data shall be determined in such
a manner that they represent the airplane’s actual take-off flizht paths,
determined in accordance with paragraph (a) of this section, diminished
by a gradient of climb equat to 1.0 percent.

iT.118 Climb; general. Compliance shall be shown with the
climb requirements of seetions iT.119 and 4T.120 at all weights, altitudes,
and ambient temperatures, within the operational limits established by
the applicant for the airplane. The airplane’s center of gravity shall be
in the meost unfavorable position corresponding with the applicable con-
figuration.

4T.119 All-engine-operating landing climb. In the landing con-
figuration the steady gradient of e¢limb shall not be less than 3.2 percent,
with:

{(a) All engines operating at the power and/or thrust which is
available 8 seconds after initiation of movement of the power and/or
thruost controls from the minimum flight idle to the take-off position;

(b) A climb speed not in excessof 1.3 V,.

4T.120 One-engine-inoperative climb.

(a) Take-off; landing gear extended. In the take-off configu-
ration existing at the point of the flight path where the airplane first be.
comes airborne, in accordance with section 4T.116 but without ground
effect, the steady gradient of climb shall be positive for two-engine air-
planes and shall not be less than 0.5 percent for four-emgine airplanes,
with :

(1) The critical engine inoperative, the remaining engine(s)
operating at the available take-off power and/or thrust existing in ac-
cordance with section {T.116 at the time reiraction of the airplane’s landing

ar is initiated, unless subsequently a more critical power operating con-
oh exists along the flight path prior to the point where the landing gear
is retracied;

(2) The weight equal to the airplane’s weight existing in ac-
cordance with section 4T.116 at the time retraction of the airplane’s landing
gearisinitiated;
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(3) The speed equal to thespeed V,.

(b) Take-off; landing gear retracted. In the take-off con-
figuration existing at the point of the flight path where the airplane’s
landing gear is fully retracted, in accordance with section 4T.116 but
without ground effect, the steady gradient of climb shall not be less than
2.5 percent for two-engine airplanes and not less than 3.0 percent for
four-engine airplanes, with:

{1) The critical engine inoperative, the remaining engine(s)
operating at the available take-off power and,/or thrust existing in accord-
ance with section IT.116 at the time the landing gear is fully retracted,
unless subsequently a more critical power operating condition exists
along the flight path prior to the point where a height of 400 feet above
the take-off surface is reached;

(2) The weight equal to the airplane’s weight existing in
accordance with section 41.116 at the time the airplane’s landing gear is
fully retracted;

(3) The speed equal to the speed V..

{c} Final take-off. In the en route configuration, the sfeady
gradient of climb shall not be less than 1.2 percent for two-engine air-
planes and not less than 1.7 percent for four-engine airplanes, at the end
of the take-off path as determined by section 4T.116, with:

(1) The critical engine inoperative, the remaining engine(s)
operating at the available maximum continuous power and/or thrust;

(2) The weight equal fo the airplane’s weight existing in ac-
cordance with section 4T.116 at the end of the {ake-off path;

(3) The speed equal to not less than 1.25 ¥,.

{d) Approach. Inthe approach configuration such that the cor-
responding ¥V, for this configuration does not exceed 110 percent of the
¥V, corresponding with the related landing configuration, the steady gradi-
ent of climb shall not be less than 2.2 percent for two-engine airplanes and
not less than 2.7 percent for four-engine airplanes with;

{1) The critical engine inoperative, the remaining engine(s)
operating at the available take-off power and/or thrust;

(2) The weight equal to the maximum landing weight ;

{3) A climb speed established by the applicant in connection
with normal landing procedures, except that it shall not exceed 1.5 V,
(seesec.4T.111(¢)).

4T.121 En route Right paths. With the airplane in the en route
configuration, the flight paths prescribed in paragraphs (a) and (b) of
this section shall be determined at all weights, altitudes, and ambient
temperatures within the limits established by the applicant for the
airplane.

(a) One engine inoperative. The one-engine-inoperative net
flight path data shall be determined in such a manner that they represent
the airplane’s actual climb performance diminished by a gradient of climb
equal to 1.1 percent for two-engine airplanes and 1.6 percent for four-
engine airplanes. It shall be acceptable to include in these data the varia-
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tion of the airptane’s weight along the flight path {o take into account the
progressive consumption of fuel and oil by the operating engine(s).

{b) Two engines inoperative. For airplanes with four engines,
the two-engine-inoperative net flight path data shall be determined in such
a manner that they represent the airplane’s actual climb performance

- diminished by a gradient of climb equal to 0.5 percent. It shall he accepit-
able to include in these data the variation of the airplane’s weight along
the flight path to take into account the progressive consumption of fuel
and oil by the operating engines.

{¢) Conditions. In determining the flicht paths preseribed in
paragraphs (a) and (b) of this section, the conditions of subparagraphs
{1) through (1) of this paragraph shall apply.

(1) The airplane’s center of gravity shall be in the most
unfavorable position.

{2) The critical engine(s) shall be inoperative, the remaining
engine(s) operating at the available maximum coniinuous power and or
thrust,

(3) Means for controlling the engine cooling air supply shall
be in the position which provides adequate cooling in the hot-day condition.
{1) The speed shall be selected by the applicant.

1T.122 Landing distance. The landing distance shall be the
horizontal distance required to iand and to come to a complete stop (to a
speed of approximately 3 knots in the case of seaplanes or float planes)
from a point at a height of 50 feet above the landing surface. Landing
distances shall be determined for standard temperatures at all weights,
altitudes, and winds within the operational limits established by the

applicant for the airplane. The conditions of paragraphs (a) through (g)
of thissection shall apply.

(2) The airplane shall be in the landing configuration. During
the landing, changes in the airplane’s configuration, in power and/or
thrust, and in speed shall be in accordance with procedures established by
the applicant for the operation of the airplane in service. The procedures
shall comply with the provisions of section4T.111(¢).

{b) The landing shall be preceded by a steady gliding approach
down to the 30-foot height with a calibrated air speed of not less than
13 V,.

{¢) The landing distance shall be based on a smooth, dry, hard-
surfaced runway, and shaill be determined in such a manner that reprodue-
tion does not require exceptional skill or alertness on the part of the
pitot. In the case of seaplanes or float planes, the landing surface shall
be smooth water, while for skiplanes it shall be smooth dry snow. During
lantding, the airplane shall nof exhibit excessive vertical acceleration, a
teddency to bounce, nese over, ground loop, porpoise, or water loop.

(d) The landing distance shall be corrected for not more than
50 percent of nominal wind components along the landing path opposite
to the direction of landing and not less than 150 percent of rominal wind
components along the landing path in the direction of landing.

(e) During landing, the operating pressures on the wheel brak-
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ing system shall not be in excess of those approved by the manufacturer
of the brakes, and the wheel brakes shall not be used in such 2 manner as
to produce excessive wear of brakes and tires.

{f) In addition to, or in lieu of, wheel brakes, the use of other
braking means shall be acceptable in determining the landing distance,
provided such braking means shall have been proven to be safe and re-
liable, that the manner of their employment is such that consistent results
can be expected in service, and that exceptional skill is not required to
control the airplane,

(g) If the characteristics of a device (e.g., the propellers) de-
pendent upon the operation of any of the engines noticeably increase the
landing distance when the landing is made with the engine inoperative,
the landing distance shall be determined with the eritical engine inopera-
tive unless the Administrator finds that the use of compensating means
will result in a landing distance not greater than that attained with all
engines operating.

iT.123 Limitations and information.

(a) Limitations. The performance limitations on the opera-
tion of the airplane shall be established in accordance with subparagraphs
(1) through (4) of this paragraph. (Seealsosec.1T.743.)

(1) Take-off weights. The maximum take-off weights shall be
estabiished at which compliance is shown with the generally applicable
provisions of this regulation and with the take-off climb provisions pre-
scribed in section 4T.120 (a), (b), and (c¢) for altitudes and ambient tem-
peratures within the operational limits of the airplane (see subparagraph
(4) of this paragraph).

(2) Landing weights. The maximum landing weights shall
be established at which compliance is shown with the generally applicable
provisions of this regulation and with the landing and take-off elimb pro-
visions prescribed in sections 1T.119 and 4T.120 for altitudes and ambient
temperatures within the operational limits of the airplane (see subpara-
graph (4) of this paragraph).

(3) Accelerate-stop distance, take-off distance, and take-off
run. The minimum distances required for take-off shall be established at
which compliance is shown with the generally applicable provisions of this
regulation and with sections 4T.115 and 4T.117(a), and with 4T.117(b) if
the take-off distance is intended to include a clearway, for weights, alti-
tudes, temperatures, wind components, and runway gradients, within the
operational limits of the airplane (see subparagraph (4) of this para-
graph).

(4) Operational limits. The operational limits of the airplane
shall be established by the applicant for all variable factors required in
showing compliance with this regulation (weight, aliitude, temperature,
ete.). (See secs. 4T.113 {(a)(1) and (b}, 4T.118, 47T.121, and 4T.122,)

{b) Information. The performance information on the opera-
tion of the airplane shall be scheduled in compliance with the generally ap-
plicable provisions of this regulation and with sections 4T.117a(b), 4T.121,
and 4T.122 for weights, altitudes, temperatures, wind components, and
runway gradients, as these may be applicable, within the operational limits
of the airplane (see subparagraph (a)(4) of this section}. In addition, the
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performance information specified in subparagraphs (1) through (3) of
this paragraph shall be determined by extrapolation and scheduled for the
ranges of weiz 18 between the maximum landing and maximum take-off
weights estabi.-ned in accordance with subparagraphs (a)(1) and (a)(2)
of this section. (Seealsosec.1T.743.)

{1) Climbin the landing configuration (seesec.47T.119);

(2) Climb in the approach configuration (see sec. 4T.120(d));

(3) Landing distance (see sec. {T.122).

AIRPLANE FLIGHT MANUAL

1T.743 Performance limitations, information, and other data.

{a) Limitations. The airplane’s performance limitations shall
he given in aceordaznce with section 4T.123(a).

{b) Information. The performance information prescribed in
seetion 4T.123(b) for the application of the operating rules of this regu-
lation shall be given together with descriptions of the conditions, air
speeds, etc, under which the data were determined.

() Frocedures. Procedures established in accordance with
section 4T.111{c) shall be given to the extent such procedures are related
to the limitations and information set forth in accordance with para-
graphs (a) and (b) of this section. Such precedures, in the form of
guidance material, shall be included with the relevant limitations or in-
formation, as applicable.

(d) Miscellaneous. An explanation shall be given of significant
or unusual flicht or ground handling characteristics of the airplane.

3. In lien of sections 40.70 through 40.78, 41.27 through 41.36(d), and
4270 through 42.83, of Paris 40, 41, and 42 of the Civil Air Regulations,
respectively, the following shall be applicable:

OPERATING RULES

10T.80 Transport category airplane operating limitations.

{a) In operating sny passenger-carrying transport category air-
plane certificated in accordance with the performance requirements of
this regnlation, the provisions of sections 40T.80 through 40T.34 shall
be complied with, unless deviations therefrom are specifically authorized
by the Administrator on the ground that the special circumstances of a
particular case make a literal observance of the requirements unneces-
sary for safety.

(b) The performance data in the Airplane Flight Manual shall
be applied in determining compliance with the provisions of sections 40T.81
through 407.84. Where conditions differ from those for which specific
tests were made, compliance shall be determined by approved interpola-
tion or computation of the effects of changes in the specific variables
if such interpolations or computations give results substantially equalling
in aséuracy the results of a direct test.

40T .81 Airplane’s certificate limitations.

(2) No airplane shall be taken off at a weight which exceeds
the take-off weight specified in the Airplane Flight Manual for the ele-
vation of the airport aad for the ambient temperature existing at the
time of the take-off. (See secs. 4T.123(a)(1) and 4T.743(a).)
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(b) No airplane shall be taken off at 3 weight such that, al-
lowing for normal econsumption of fuei and oil in flight to the airport
of destination and to the alternate airports, the weight on arrival will
exceed the landing weight specified in the Airplane Flight Manual for
the elevation of each of the airports involved and for the ambient tem-
peratures anticipated at the time of landing. (See secs. 4T.123{a)(2)
and 4T.743(a).

(¢) No airplane shall be taken off at a weight which exceeds
the weight shown in the Airplane Flight Manual to correspond with the
minimum distances required for take-off. These distances shall corre-
spond with the elevation of the airport, the ranway to be used, the effec-
tive runway gradient, and the ambient temperature and wind component
existing at the time of take-off. (See secs. 1T.123(a)(3) and 4T.743(a).) If
the take-off distance includes a clearway as defined in Item 3 of this
regulation, the take-off distance shall not include a clearway distance
greater than one-half of the take-off run.

{d) No airplane shall be operated outside the operational limits
specified in the Airplane Flight Manual. (See sees. 4T.123(a){(4) and
42.743(a).)

40T.82 Take-off obstacle clearance limitations. No airplane shall
be taken off at a weight in excess of that shown in the Airplane Flight
Manuzal to correspond with a net take-off flight path which clears all
obstacles either by at least a height of 35 feet vertically or by at least
200 feet horizontally within the airport boundaries and by at least 300
feet horizontally after passing beyond the boundaries. In determining the
allowable deviation of the flight path in order to aveid obstacles by at
least the distances prescribed, it shall be assamed that the airplane is
not banked before reaching a height of 50 feet as shown by the fake-off
path datia in the Airplane Flight Manual, and that a maximum bank there-
after dees not exceed 15 degrees. The take-off path comsidered shall be
for the elevation of the airport, the effective runway gradient, and for
the ambient temperature and wind component existing at the time of take-
off. (See secs. 4T.123(b) and 4T.743(b).)

40T.83 En route limitations.

(a) One engine inoperative. No airplane shall be taken off at
a weight in excess of that which, according to the one-engine-inoperative
en route net flight path data shown in the Airplane Flight Manual, will
permit compliance with either subparagraph (1) or subparagraph (2) of
this paragraph at all points along the route. The net flight path used
shall be for the ambient temperatures anticipated along the route. (See
secs, 4T.123(b) and 4T.743(h).)

(1) The slope of the net flicht path shall be positive at an
altitude of at least 1,000 feet above all terrain and obstructions along
the route within 5 miles on either side of the intended track.

{2) The net flight path shall be such as to permit the air-
plane to continue flight from the cruising altitude to an alternate airport
where a landing can be made in accordance with the provisions of section
40T.84(b), the net flight path clearing vertically by at least 2,000 feet
all terrain and obstructions along the route within 5 miles on either
side of the intended track. The provisions of subdivisions (i} through
(vii) of this subparagraph shall apply.
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(i) The engine shall be assumed to fail at the most critical
point along the route.

(ii) The airplane shall be assumed to pass over the criti-
cal obstruction following engine failure at a point ne closer to the criti-
cal obstruction than the nearest approved radio navigational fix, except
that the Administrater may authorize a procedure established on a dif-
ferent basis where adequate operational safeguards are found to exist.

(iii) The net flight path shall have a positive slope at 1,500
feet above the airport used as the alternate.

(iv) Anapproved method shall be used to account for winds
which would otherwise adversely affect the flight path.

{v) Fuel jettisoning shall be permitted if the Administrator
finds that the operator has an adequate training program, proper in-
structions are given to the flight ecrew, and all other precautions are taken
to insure a safe procedure.

{vi} The alternate airport shall be specified in the dispatch
release and shall meet the prescribed weather minima.

(vii) The consumption of fuel and oil after the engine be-
comes inoperative shall be that which is accounted for in the net flight
path data shown in the Airplane Flight Manual.

{b) Two engines inoperative. No airplane shall be flown along
an intended route except in compliance with either subparagraph (1) or
subparagraph (2) of this paragraph.

(1) No place along the intended track shall be more than
90 minutes away from an airport at which a landing can be made in
accordance with the provisions of section 40T.84(b), assuming all engines
to be operating at cruising power.

{2) No airplane shall be taken off at 2 weight in excess of
that which, according to the two-engine-inoperative en route net flight
path data shown in the Airplane Flight Manual, will permit the airplane
to continue flight from the point where two engines are assumed to fail
simultaneously {o an airport where a landing can be made in accordance
with the provisions of section 40T.84(b), the net flight path having a
positive slope at an altitude of at least 1,000 feet above all terrain and
obstructions along the route within 5 miles on either side of the intended
track or at an altitude of 2,000 feet, whichever is higher. The net flight
path considered shall be for the ambient temperatures anticipated along
the route. The provisions of subdivisions (i) through (iii) of this sub-
paragraph shall apply. (See secs. 4T.123(b) and 4T.743(b).)

(i) The two engines shall be assumed to fail at the most
critical point along the route.

(if) The airplane’s weight at the point where the two engines
are assumed to fail shall be considered to be not less than that which would
include sufficient fuel to proceed to the airport and to arrive there at an
altitude of at least 1,500 feet directly over the landing area and thereafter
to fly for 15 minutes at cruise power and/or thrust.

(iii) The consumption of fuel and oil after the engines be-
come inoperative shall be that which is accounted for in the net flight path
data shown in the Airplane Flight Manual.

10T.84 Landing limitations.
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(a) Airport of destination. No airplane shall be taken off at a
weight in excess of that which, in accordance with the landing distances
shown in the Airplane Flight Manual for the elevation of the airport of
intended destination and for the wind conditions anticipated there at the
time of landing, would permit the airplane to be brought to rest at the air-
port of intended destination within 60 percent of the eiffective length of the
runway from a peint 50 feet directly above the intersection of the obstrue-
tion clearance plane and the runway. The weight of the airplane shall be
assumed to be reduced by the weight of the fuel and oil expected to be con-
sumed in flight to the airport of intended destination. Compliance shall
be shown with the conditions of subparagraphs (1) and (2) of this para-
graph. (Seesecs.1T.123(b) and 4T.743(b).)

(1) Itshall be assumed that the airplane is landed on the most
favorable runway and direction in still air.

(2) It shall be assumed that the airplane is landed on the most
suitable runway considering the probable wind velocity and direction and
taking due account of the ground handling characteristics of the airplane
and of other conditions (i.e., landing aids, terrain, etc.). If full compliance
with the provisions of this subparagraph is not shown, the airplane may be
taken off if an alternate airport is designated which permits compliance
with paragraph (b) of this section.

(b) Alternate girport. No airport shall be designated as an al-
ternate airport in a dispatch release unless the airplane at the weight
anticipated at the time of arrival at such airport can comply with the
provisions of paragraph (a) of this section, provided that the airplane
can be brought to rest within 70 percent of the effective length of the

- runway.

4, In lieu of section 13.11 of Part 43 of the Civili Air Regulations, the
following shali be applicable:
43T.11 Transport category airplane weight limitations. The per-
formance data in the Airplane Flight Manual shail be applied in determin-
ing compliance with the following provisions:

{(a) No airplane shall be taken off at a weight which exceeds the
take-off weight specified in the Airplane Flight Manual for the elevation
of the airport and for the ambient temperature existing at the time of the
take-off. (Seesecs.4T.123(a)(1) and 4T.743(a).)

(b) No airplane shall be taken off at a weight such that, allow-
ing for normal consumption of fuel and oil in flight to the airport of des-
tination and to the alternate airports, the weight on arrival will exceed the
landing weight specified in the Airplane Flight Manual for the elevation
of each of the airports involved and for the ambient temperatures antici-
pated at the time of landing. (See secs, 4T.123(a)(2) and 4T.743(a).)

{¢) No airplane shall be taken off at a weight which exceeds the
weight shown in the Airplane Flight Manual to correspond with the mini-
mum distances required for take-off. These distances shall correspond
with the elevation of the airport, the runway to be used, the effecfive run-
way gradient, and the ambient temperature and wind component existing
at the time of take-off. (See secs. 4T.123(a)(3) and 4T.743(a).) If the
take-off distance includes a clearway as defined in Item 5 of this regu-
lation, the take-off distance shall not include a clearway distance greater
than one-half of the take-off run.
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{d) No airplane shall be operated outside the operational limits
specified in the Airplane Flight Manunal. (See secs. 4T.123(a)(4) and
1T.743(a).)

5. The following definitions shall apply:

Clearway. A clearway is an area beyond the airport runway not less
than 300 feet on either side of the extended center line of the runway, at
an elevation no higher than the elevation at the end of the runway, clear of
all fixed obstacles, and under the control of the airport authorities.
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- SPECIAL CIVIL. AIR REGULATION NO. SR-422B

Effective: July 9, 1959
Issued: July 9, 1959

Turbine-Powered Transport Category Airplane of Current Design

Special Civil Air Regulation No. SR-122, effective August 27, 1957,
prescribes requirements applicable to the type certification and operation
of turbine-powered transport category airplanes for which a type cer-
tificate is issued after August 27, 1957. Special Civil Air Regulation No.
SR-122A, effective July 2, 1958, included substantive changes to SR-122
and was made applicable to all turbine-powered transport category air-
planes for which a type certificate is issued after September 30, 1958,

This Special Civil Air Regulation makes further changes to the air-
worthiness rules for turbine-powered transport category airplanes to bhe
applicable to all such airplanes for which a type certificate is issued after
August 29, 1959. These changes were proposed in Draft Release No. 58-
iC (24 F.R. 128) by the Civil Aeronautics Board in connection with the
1958 Annual Airworthiness Review. The amendments herein have been
adopted after careful consideration of all the discussion and comment
received thereon,

Substantive and minor changes have been made to the provisions of
SR-422A. For ease in identification they are listed as follows:

(a) Substantive changes: introductory paragraphs: 4T.114 (b),
{(¢), (d), (e), and (f); 4T.115(d); 4T.117a(b); 4T.120 (a)(3), (b), and
{d); 40T.81(e); 43T.11(c); and item 5 (a) and (b).

{(b) Minor changes; item 2; {T.112 (title), (b)(1), (¢), (d), and
(e); 4T.113(b); 4T.116(i)(4); 4T.117(b) (1) and (2); 4T.120¢a); 4T.121;
4T.122(d) : 4T.123(a) ; 407.82; and 40T .83.

Pertinent background information to this regulation is contained in
the preambles to SR—422 and SR-422A. Following is a discussion of im-
portant issues relevant to the changed provisions contained herein.

One of the most important changes being introduced concerns the
rotation speed V; of the airplane during takeoff (4T.114). Experience
gained in the certification of airplanes under the provisions of SR—422
and SR-422A indicates that relating ¥V to the stall speed is not essential
and might unduly penalize airplanes with superior flying qualities. It
has been found that the primary limitations on ¥V should be in terms of a
margin between the actual lift-off speeds V., and the minimum unstick
speed Vyy at which the airplane can proceed safely with the takeoff. The
provisions contained herein reguire that ¥, speeds be established to be
applicable to takeoffs with one engine inoperative as well as with all
engines operating, The V. speeds can be established from free air data
provided that the data are verified by ground takeoff tests. Certain safe-
guards are included in conjunction with the establishment of Vp speeds
to ensure that takeoffs in service can be made with consisient safety.
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A change is being introduced to the provision in 4T.117a(b) concerning
the manner in which the net takeoff flight path is obtained. In accordance
with this provision as contained in SR—122A, the net takeoff flight path
would have a negative slope throughout the acceleration segment. Since
this segment usually represents level flight easily controlled by reference
to the normal flight instruments. a significant reduction in the flight path’s
gradient would not te expected. Fuor these reasons, the provision is being
changed fo permit an equivalent reduction in acceleration in lieu of a
reduction in gradient,

Section 1T.117a(b) is being amended additionally by changing the
value of gradient margin in the net flight path for two-engine airplanes
from 1.0 percent to 0.8 percent. The value for four-engine airplanes re-
mains 1,0 percent. Differentiation in gradient values in the net flight
path between two and four-engine airplanes is consistent with the differen-
tiation in the climb gradients for the takeoff, enroute, and approach stages
of flight, Statistical analysis substantiates the specific reduction of the
net flight path gradient to a value of 0.8 percent. Correlafively, a re-
evaluation of the climb gradients for iwin-engine airplanes in the second
segment takeoff and in the approach climb indicates that the respective
values should be 2.4 percent and 2.1 percent and these changes are being
made in £T.120 (b) and (d).

A change is introduced in the conditions prescribed for meeting the
climb gradient in the first segment takeoff climb (4T.120(a)), by changing
the speed V. to the speed V. or. The inten{ of this requirement is to use the
speed at which the airplane lifts off the ground. In SR-122 this speed was
considered to be V.; however, in SR—-122A and in this regulation the speed
V. is a higher speed which is reached at the end of the takeoff distance and
no longer reflects the conditions pertinent to the first segment ¢limb. In
making this change consistent with relevant changes in SR-122A and in
this regulation, no consideration has been given to the appropriateness of
the minimum elimb gradient values prescribed for the first segment climb.
These are subject to aiteration if results of further studies so indicate.

There is being introdaced in this regulation the concept of “stopways,”
the definition of which is contained in item 5(b). Stopways have been used
outside the United States in meeting the accelerate-stop distances in case
of aborted takeoffs. They are considered to result in more practical op-
erations. In order to ensure that they can be used without detrimental
effecis on safety, a provision is being included in 4T.115(d) requiring taking
into account the surface characteristics of the stopways to be used in
scheduling the accelerate-stop distances in the Airplane Flight Manual.

In conjunction with the introduction of stopways, there are changes
being made in the definition of a “clearway™ (item 5(a)). Omne of the
changes is to specify that a clearway begins at the end of the runway
wlﬂgther or not a stopway is being used. Of the other changes, the most
significant one expresses the clearway in terms of a clearway plane and
permifs this plane to have an upward slope of 1.25 percent. In effect, this
change will allow, in some cases, use of clearways which would not be al-
lowed under the definition in SR-122A because of relatively small obstacles
or slightly sloping terrain. (See also 40T.81(e) and 43T.11(c).)

There are also included in this regulation a number of minor, editorial,
or clarifying changes.
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Draft Release No. 58-1C included a proposal for expanding lateral ob-
stacle clearances in the takeoff flight path. Studies indicate that some ex-
panding lateral clearances are necessary for safety in operations with all
turbine-powered airplanes. It appears, therefore, that .an appropriate
rule should be made applicable not only to airplanes certificated in accord-
ance with this regulation, but also to those certificated in accordance with
SR—{22 and SR—1{22A. Accordingly, no change is being made in this regu-
lation to the lateral obstacle clearance provisions, instead, a Notice of
Proposed Rule Making is now being prepared to amend SR-122, SR-1324,
and this regulation, to require expanding lateral obstacle clearances for
all airplanes certificated thereunder.

This Special Civil Air Regulation is not intended to compromise the
authority of the Administrator under section 1b.10 to impose such special
conditions as are found necessary in any particular case to avoid unsafe
design features and otherwise to ensure equivalent safety.

Interested persons have been afforded an opportunity to participate in
the making of this regulation (24 F.R. 128), and due consideration has been
givento all relevant matter presented.

This regulation does not require compliance until after August 29,
1959; however, since applicants for a type certificate for turbine-powered
transport category airplanes may elect to show compliance with this regu-
lation before that date, it is being made effective immediately.

In consideration of the foregoing, the following Special Civil Air Reg-
uiation is hereby promulgated to become effective immediately:

Contrary provisions of the Civil Air Regulations notwithstanding, all
turbine-powered transport category airplanes for which a type certificate
is issued after August 29, 1959, shall comply with the following require-
ments. Apbplicants for a type certificate for a turbine-powered transport
category airplane may elect and are authorized to meet the requirements
of this Special Civil Air Regulation prior toe August 29, 1959, in which case
however, all of the following provisions must be complied with.

1. The provisions of Part 4b of the Civil Air Regulations, effective
on the date of application for type certificate; and such of the provisions
of all subsequent amendments to Part 4h, in effect prior to August 27,
1957, as the Administator finds necessary to ensure that the level of safety
of turbine-powered airplanes is equivalent to that generally intended by
Part 4b.

" 2. Inlieu of sections 4b. 110 through 4b.125, 4b.183, and 4b.743 of Part
4b of the Civil Air Regulations, the following shall be applicable:

PERFORMANCE
4T.110 General. . -

(a) The performance of the airplane shall be determined and
scheduled in accordance with, and shall meet the minima prescribed by, the
provision of sections 4T.110 through 4T.123. The performance limitations,
information, and other data shall be given in accordance with section
4T.743. _ _

(b) Unless otherwise specifically preseribed, the performance
shall correspond with ambient atmospheric conditions and still air.

525115 O—56—4

43



APPENDIX

Huamidity shall be accounied for as specified in paragraph {(¢) of this
section.

(¢) The performance as affected by engine power and,or thrust
shall be based on a relative humidity of 80 percent at and below standard
temperatures and on 31 percent at and above standard temperatures plus
50° F. Between these two temperatures the relative humidity shall vary
linearty.

{d) The performance shall correspond with the propulsive
thrust available under the particular ambient atmospherie conditions,
the particular flight condition, and the relative humidity specified in para-
graph (c¢) of this section. The available propulsive thrust shall cor-
respond with engine power and or thrust not exceeding the approved
power and or thrust less the installational losses and less the power
and or equivalent thrust absorbed by the accessories and services appro-
priate to the particular ambient atmospheric condifions and the particular
Bight condition.

AT.111 Airplane configuration, speed, power, and/or thrust;
general,

{(a) The airplane configuration (setting of wing and cowl flaps,
air brakes, landing gear, propetler, etc.), denoted respectively as the take-
off, en route, approach, and landing configurations, shall be selected by
the applicant except as otherwise preseribed.

(b) It shall be acceptable to make the airplane configurations
variable with weight, altitude, and iemperature, to an extent found by the
Administrator to be compatible with operating procedures required in
accordance with paragraph (e) of this section.

(¢) In determining the accelerate-stop distances, takeoff flight
paths, takeoff distances, and landing distances, changes in the airplane’s
configuration and speed, and in the power and thrust shall be in accord-
ance with procedures established by the applicant for the operation of
the airplane in service, except as otherwise prescribed. In addition, pro-
cedures shall be established for the execution of balked landings and
missed approaches associated with the conditions prescribed in sections
4T.119 and 4T.120(d), respectively. All procedures shall comply with the
pro ‘igsions of subparagraphs (1) through (3) of this paragraph.

(1) The Administrator shall find that the procedures can be
congsistently executed in service by crews of average skill.

(2) The procedures shall not involve methods or the use of
devices which have not been proven to be safe and reliable.

(3) Allowance shall be made for such time delays in the
execution of the procedures as may be reasonably expected to occur during
service.

4T.112 Stalling and minimum control speeds.

(a) The speed ¥, shall denote the calibrated stilling speed, or
the minimum steady flight speed at which the airplane is controilable, in
knots, with:

(1) Zero thrust at the stalling speed, or engines idling and
throttles closed if it is shown that the resultant thrust has no appreciable
effect on the stalling speed ;

(2) If applicable, propeller pitch controls in the position
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.necessary for compliance with subparagraph (1) of this paragraph; the

airplane in all other respects (flaps, landing gear, etc.) in the particu-
lar configuration corresponding with that in connection with which V,
is being used; :

(3) The weight of the airplane equal to the weight in connee-
tion with which V. is being used to determine compliance with a particular
requirement; _
(1) The center of gravity in the most unfavorable position
within the the allowable range.

(b) The stall speed defined in this section shall be the mini-
mum speed obtained in flicht tests conducted in accordance with the
procedure of subparagraphs (1) and (2) of this paragraph,

(1) With the airplane trimmed for straight flight at a speed
chosen by the applicant, but not less than 1.2 ¥V, nor greater than 1.4
V.. and from a speed sufficiently above the stalling speed to ensure
steady conditions, the elevator control shall be applied at a rate such
that the airplane speed reduction does not exceed 1 knot per second.

(2) During the test preseribed in subparagraph (1) of this
paragraph, the flight characteristics provisions of section 4b.160 of Part
4b of the Civil Air Regulations shall be complied with.

(¢} The minimum control speed Vyc, in terms of calibrated
air speeed, shall be determined under the conditions specified in this para-
graph so that, when the critical engine is suddenly made inoperative at
that speed, it is possible to recover control of the airplane with the engine
still inoperative and to maintain it in straight flight at that speed, either
with zero yaw or, at the option of the applicant, with an angle of bank not
in excess of 5 degrees. V. shall not exceed 1.2 V, with:

(1) Engines operating at the maximum available takeoff
thrust and/or power;

(2) Maximum sez level takeoff weight or such lesser weight as
might be necessary to demonstrate Vyc.

(3) The airplane in the most critical takeoff configuration
existing along the flight path after the airplane becomes airborne, except
that the landing gear is retracted;

{4) The airplane trimmed for takeoff;

(5) The airplane airborne and the ground effect negligible:

{(6) The center of gravity in the most unfavorable position;

(d) In demonstrating the minimum speed specified in paragraph
{c) of this section, the rudder force required to maintain control shail not
exceed 180 pounds and it shall net be necessary to reduce the power and/or
thrust of the operative engine(s).

(e) During recovery from the maneuver specified in paragraph
(c) of this section, the airplane shall not assume any dangerous attitude,
nor shall it require exceptional skill, strength, or alertness on the part of
the pilot to prevent a change of heading in excess of 20 degrees before re-
covery is complete.

4T.113 Takeoff; general.

(a) The takeoff data in sections 4T.114 through 4T.117 shall be
determined under the conditions of subparagraphs (1) and (2) of this
paragraph.
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(1) At all weights, altitudes, and ambient temperatures,
within the operational limits established by the applicant for the airplane.

(2) In the configuration for takeoff (see sec. 4T.111).

(b) Takeoff data shall be based on 2 smooth, dry, hard-surfaced
runway and shall be determined in such a manner that reproduction of
the performance does not require exceptional skill or alertness on the part
of the pilot. In the case of seaplanes or float planes, the takeoff surface
shall be smooth water, while for skiplane it shall be smooth, dry snow. In
addition. the takeoff data shall include operational correction factors in
accordance with subparagraphs (1) and (2) of this paragraph for wind and
for runway gradients, within the operational limits established by the
applicant for theairplane.

(1) Not more than 50 percent of nominal! wind components
along the takeoff path opposite to the direction of takeoff, and not less than
150 percent of nominal wind components aiong the takeoff path in the
direction of takeoff.

(2} Effective runway gradients.

iT.114 Takeoff speeds.

{a)} The critical-engine-failure speed V, in terms of calibrated
air speed, shall be selected by the applicant, but shall not be less than the
minimum speed at which controllability by primary aerodynamic controls
alone is demonstrated during the takeoff run to be adegquate to permit
proceeding safely with the takeoff using average piloting skill, when the
eritical engine is suddenly made inoperative.

(b) The minimum takeoff safety speed V; ..., in terms of cali-
brated air speed, shall not be less than:

(1) 12 V, for two-engine propeller-driven airplanes and for
airplanes without propellers which have no provisions for obtaining a
significant reduction in the one-engine-inoperative power-on stalling speed;

{(2) 1.15 ¥, for propeller-driven airplanes having more than
two engines and for airplanes without propellers which have provisions for
obtaining a significant reduction in the one-engine-inoperative power-on
stalling speed ;

{3) L.10 times the minimum control speed ¥V y..

{c) The takeoil safety speed V., in terms of calibrated air speed,
shall be selected by the applicant so as to permit the gradient of climb re-
quired in section 4T.120(b), but it shall not be less than:

(1) The speed V. mix,

(2) The rotation speed Vi (see paragraph (e) of this section)
plus the increment in speed attained prior to reaching a height of 35 feet
above the takeoff surface in compliance with section 4T.116(e).

(d) The minimum unstick speed Vy,, in terms of calibrated
air speed, shall be the speed at and above which the airplane can be made
to lift off the ground and to continue the takeoff without displaying any
hazardous characteristics. Vy, speeds shall be selected by the applicant
for the all-engines-operating and the one-engine-inoperative conditions.
It shall be acceptable fo establish the Vyr speeds from free air data: Pro-
vided, That these data are verified by ground takeoff tests,

NOTE: In certain cases, ground takeoff tests might involve some takeoffs at the Vur
speeds.
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{e) The rotation speed V5, in terms of calibrated air speed, shall
be selected by the applicant in compliance with the conditions of subpara-
graphs (1) through (4) of this paragraph.

{1) The Vjspeed shall not be less than:

(i) The speed V,;

(ii) A speed equal to 105 percent of Vyc:

(iii) A speed which permits the attainment of the speed V,
prior to reaching a height of 35 feet above the takeoff surface as deter-
mined in aceordance with section 4T.116(e):

(iv) A speed which, if the airplane is rotated at its maxi-
mum practicable rate, will result in a lift-off speed V.,r (see paragraph (f}
of this section) not less than 110 percent of Vy. in the all-engines-operating
condition nor less than 105 percent of V. in the one-engine-inoperative
condition.

(2) For any given set of conditions (weight, configuration,
temperature, etc.), a single value of V' speed obtained in accordance with
this paragraph shali be used in showing compliance with both the one-
engine-inoperative and the all-engines-operating takeoff provisions.

{3) It shall be shown that the one-engine-inoperative take-
off distance determined with a rotation speed 5 knots less than the V.
speed established in accordance with subparagraphs (1) and (2) of this
paragraph does not exceed the corresponding one-engine-inoperative take-
off distance determined with the established ¥V speed. The determina-
tion of the takeoff distances shall be in accordance with section
4T.117(a)(1).

(4) It shall be demonstrated that reasonably expected varia-
tions in service from the takeoff procedures established by the applicant
for the operation of the airplane (see sec. 4T.111{¢)) (e.g., over-rotation
of the airplane, out of trim conditions) will not result in unsafe flight
characteristics nor in marked increases in the scheduled takeoff distances
established in accordance with section 4T.117(a).

(f) The lift-off speed V.op, in terms of calibrated air speed, shall
be the speed at which the airplane first becomes airborne.

4T.115 Accelerate-stop distance.

{a) The accelerate-stop distance shall be the sum of the
following:

(1) The distance required to accelerate the airplane from a
standing start to the speed V,;

(2) Assuming the critical engine to fail at the speed ¥,, the
distance required to bring the airplane to a full stop from the point
corresponding with the speed V,.

(b) In addition to, or in lieu of, wheel brakes, the use of other
braking means shall be acceptable in determining the accelerate-stop dis-
tance, provided that such braking means shall have been proven to be
safe and reliable, that the manner of their employment is such that con-
gigtent results can he expected in service and that exceptional skill is
not required to control the airplane.

(¢) The landing gear shall remain extended throughout the
accelerate-stop distance.

(d) If the accelerate-stop distance is intended to include a stop-
way with surface characteristics substantially different from those of a
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smooth hard-surfaced runway, the takeoff data shall inelude operational
correction factors for the accelerate-stop distance to account for the par-
ticular surface characteristics of the stopway and the variations in such
characteristics with seasonal weather conditions (i.e., temperature, rain,
snow, ice, ete.), within the operational limits established by the
applicant.

4T.116 Takeoff path. The takeoff path shall be considered to
extend from the standing start to a point in the takeoff where a height
of 1,500 feet above the takeoff surface is reached or to a point in the
takeoff where the transition from the takeoff to the en route confizura-
tion is completed and a speed is reached at which compliance with sec-
tion 4T.120(c¢) is shown, whichever point is at a higher altitude. The
conditions of paragraphs (a) through (i) of this section shall apply in
determining the takeoff path.

(a) The takeoff path shal!l be based upon procedures prescribed
in accordance with section 4T.111{¢).

{b) The airplane shall be accelerated on the ground to the speed
V. at which point the critical engine shall be made inoperative and shall
remain inoperative during the remainder of the takeoff. Subsequent to
attaining speed V,, the airplane shall be accelerated to speed V. during
which time it shall be permissible to initiate raising the nose gear off the

{¢) Landing gear retraction shall not be initiated until the
ground at a speed not less than the rotating speed V.
airplane becomes airborne.

{d) The slope of the airborne portion of the takeoff path shall
be positive at all points.

(e) The airplane shall attain the speed V. prior to reaching
a height of 35 feet above the takeoff surface and shall continue at a speed
as close as practical to, but not less than, V, until a height of 400 feet
above the takeoff surface is reached.

(f) Except for gear retraction and propeller feathering, the
airplane configuration shall not be changed before reaching a height of
400 feet above the takeoff surface,

{z) At all points along the takeoff path starting at the point
where the airplane first reaches a height of 400 feet above the takeoff
surface, the available gradient of climb shall not be less than 1.2 percent
for two-engine airplanes, and 1.7 percent for four-engine airplanes.

(h) The takeoff path shall be determined either by a continu-
ous demonstrated takeoff, or aiternatively, by synthesizing from segments
the complete takeoff path.

(i) If the takeoflf path is determined by the segmental method,
the provisions of subparagraphs (1) through (4) of this paragraph shall
be specifically applicable.

(1) The segments of a segmental fakeoff path shall be clearly
defined and shall be related to the distinct changes in the configuration
of the airplane, in power and/or thrust, and in speed.

(2) The weight of the airplane, the configuration, and the
power and/or thrust shall be constant throughout each segment and shall

correspond with the most critical condition prevailing in the particular
segment.
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(3) The segmental flight path shall be based on the airplane’s
performance without ground effect,

{4) Segmental takeoff path data shall be checked by con-
tinuous demonstrated takeoffs up to the point where the airplane’s per-
formance is out of ground effect and the airplane’s speed is stabilized,
to ensure that the segmental path is conservative relative to the contin-
uous path. _

'NOTE: The airplane usually is considered out of ground effect when it reaches a height
above the ground equal to the airplane’s wing span.
AT.117 Takeoff distance and takeoff run.

(a) Takeoff distance. The takeoff distance shall be the greater
of the distances established in accordance with subparagraphs (1) and
(2) of this paragraph.

(1} The horizontal distance along the takeoff path from the
start of the takeoff to the point where the airplane attains a height of
35 feet above the takeoil surface, as determined in accordance with sec-
tion 4T.116.

(2) A distance equal to 115 percent of the horizontal distance
along the takeoff path, with all engines operating, from the start of the
takeoff to the point where the airplane attains a height of 35 feet above
the takeoff surface, as determined by a procedure consistent with that
established in accordance with section 4T.116.

(b) Takeoff run. If the takeoff distance is intended to include
a clearway (see item 5 of this regulation), the takeoff run shall be deter-
mined and shall be the greater of the distances established in accordance
with subparagraphs (1) and (2) of this paragraph.

(1) The horizontal distance along the takeoff path from the
start of the takeoff to a point equidistant beiween the point where the
speed Vior is reached and the point where the airplane attains a height of
35 feet above the takeoff surface, as determined in accordance with section
4T.116.
' (2) A distance equal to 115 percent of the horizontal distance
along the takeoff path, with all engines operating, from the start of the
takeoff to a point equidistant between the point where the speed Vo is
reached and the point where the airplane attains a height of 35 feet above
the takeoff surface, as determined by a procedure consistent with that
established in accordance with section 4T.1186.

4T.117a Takeoff Right path.

(a) The takeoff flight path shall be considered to begin at a
height of 35 feet above the takeoff surface at the end of the takeoff distance
as determined in accordance with section 4T.117(a).

(b) The net takeoff flight path data shall be determined in such
a manner that they represent the airplane’s actual takeoff flight paths, de-
termined in accordance with section 4T.116 and with paragraph (a) of
this section, reduced at each point by a gradient of climb equal to 0.8 per-
cent for two-engine airplanes and equal to 1.0 percent for four-engine air-
planes. It shall be acceptable to apply the prescribed reduction in climb
gradient as an equivalent reduction in the airplane’s acceleration along
that portion of the actual takeoff flight path where the airplane is ac-
celerated in level flight.
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4T.118 Climb; general. Compliance shall be shown with the
climb requirements of sections 4T.119 and 4T.120 at all weights, altitudes,
and ambient temperatures, within the operational limits established
by the applicant for the airplane. The airplane’s center of gravity shall
be in the most unfavorable position corresponding with the applicable
configuration.

1T.119 All-engine-operating landing climb. In the landing con-
figuration the steady gradient of climb shall not be less than 3.2 percent,
with :

{(a) All engines operating at the power and/or thrust which
are available 8 seconds after initiation of movement of the power and, or
thrust controls fromthe minimum flight idle to the takeoff position;

(b) A climb speed not inexcessof 1.3V, .

i1T.120 One-engine-inoperative climb.

(a) Takeoff; landing gear extended. In the critical takeoff
configuration existing along the flight path between the points where the
airplane reaches the speed V.sr and where the landing gear is fully re-
tracted, in accordance with section 4T.116 but without ground effect, the
steady gradient of climb shall be positive for two-engine airplanes and
shall not be less than 0.5 percent for four-engine airplanes, with:

(1) The critical engine inoperative, the remaining engine(s)
operating at the available takeoff power and/or thrast existing in accord-
ance with section 1T.116 at the time retraction of the airplane’s landing
gear is initiated, unless subsequently a more eritical power operating con-
dition exisis along the flight path prior to the point where the landing gear
is fully retracted;

(2) The weight equal to the airplane’s weight existing in ae-
cordance with section 1T.116 at the time retraction of the airplane’s land-
ing gear is initiated;

(3) The speed equal to the speed Vigp.

(b) Takeoff; landing gear retracted. In the takeoff configura-
tion existing at the point of the flight path where the airplane’s landing
gear is fully retracted, in accordance with section 4T.116 but without
ground effect, the steady gradient of elimb shall not be less than 2.4 per-
cent for two-engine airplanes and not less than 3.0 percent for four-engine
airplanes, with:

(1) The critical engine inoperative, the remaining engine(s)
operating at the available takeofl power and/or thrust existing in accord-
ance with section 4T.116 at the time the landing gear is fully retracted, un-
less subsequent]ly a more critical power operating condition exists along
the flight path prior to the point where a height of 400 feet above the
takeoff surface is reached;

(2) The weight equal to the airplane’s weight existing in ac-
cordance with section 1T.116 at the time the airplane’s landing gear is
fullyreiracted;

{3) Thespeed equal to the speed V,.

{c) Final takeoff. In the en route configuration, the steady
gradient of climb shall not be less than 1.2 percent for two-engine airplanes
and not less than 1.7 percent for four-engine airplanes, at the end of the
takeoff path as determined by section 47,116, with:
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(1) The critical engine inoperative, the remaining engine(s)
operating at the available maximum continuous power and/or thrust;

(2) The weight equal to the airplane’s weight existing in ac-
cordance with section 1T.116 at the end of the takeoff path.

(3) The speed equal to not less than 1.25 V.

(d) Approach. In the approach configuration corresponding
with the normal all-engines-operating procedure such that ¥V, related to
this configuration does not exceed 110 percent of the ¥V, corresponding
with the related landing configuration, the steady gradient of climb shall
not be less than 2.1 percent for two-engine airplanes and not less than 2.7
percent for four-engine airplanes with:

{1) The critical engine inoperative, the remaining engine(s)
operating at the available takeoff power and, or thrust;

(2) The weight equal to the maximum landing weight;

(3) A climb speed established by the applicant in connection
with normal landing procedures, except that it shall not exceed 1.5 F.
(seesec.4T.111(c¢c)). .

4T.121 En route Aight paths., With the airplane in the en route

configuration, the flight paths prescribed in paragraphs (a) and (b) of this
section shall be determined at all weights, altitudes, and ambient tempera-
tures, within the operational limits established by the applicant for the
airplane.

(a) One engine inoperative. The one-engine-inoperative net

flight path data shall! be determined in such a manner that they
represent the airplane’s actual climb performance diminished by a gradi-
ent of climb equal to 1.1 percent for two-engine airplanes and 1.6 percent
for four-engine airplanes. It shall be acceptable to include in these data
the variation of the airplane’s weight along the flight path to take into
account the progressive consumption of fuel and oil by the operating
engine(s).

{b) Two engines inoperative. For airplanes with four engines,
the two-engine-inoperative net flight path data shall be determined in such
a manner that they represent the airplane’s actual climb performance
diminished by a gradient of ¢limb equal to 0.5 percent. It shall be accept-
able to include in these data the variation of the airplane’s weight along
the flight path to take into account the progressive consumption of fuel
and oil by the operating engines.

{c) Conditions. In determining the flight paths prescribed in
paragraphs (a) and (b) of this section, the conditions of subparagraphs
(1) through (4) of this paragraph shall apply.

(1) The airpiane’s center of gravity shall be in the most
unfavorable position.

(2} The critical engine(s) shall be inoperative, the remaining
engine(s) operating at the available maximum continuous power and or
thrust. »

(3) Means for controlling the engine cooling air supply shall
be in the position which provides adequate cooling in the hot-day condition.

{4) The speed shall be selected by the applicant.

4T.122 Landing distance. The landing distance shall be the hori-
zontal distance required to land and to come to a complete stop (to a speed
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of approximately 3 knots in the case of seaplanes or float plapnes) from a
point at a height of 50 feet above the landing surface. Landing distances
shall be determined for standard temperatures at all weights, altitudes,
and winds, within the operational limits established by the applicant for
the airplane. The conditions of paragraphs (a) through (g) of this
sectionshall apply.

(2) The airplane shall be in the landing configuration. During
the landing, changes in the airplane’s configuration, in power and or
thrust, and in speed shall be in accordance with procedures established by
the applicant for the operation of the airplane in service, The procedures
shall comply with the provisions of section {T.111(c).

{b) The Ianding shall be preceded by a steady gliding approach
down to the 50-foot height with a calibrated air speed of not less than
1.3 V,.

(¢) The landing distance shall be based on a smooth, dry, hard-
surfaced runway, and shall be determined in such a manner that reproduc-
tion does not require exceptional skill or alertness on the part of the pilot.
In the case of seaplanes or float planes, the landing surface shall be smooth
water, while for skipianes it shall be smooth, dry snow. During landing,
the airplane shall not exhibit excessive vertical acceleration, a tendency to
bounce, nose over, ground loop, porpoise, or water loop,

(d) The landing distance data shall include operational correc-
tion factors for not more than 50 percent of nominal wind components
along the landing path opposite to the direction of landing and not less
than 130 percent of nominal wind components along the landing path in
the direction of landing.

(e) During landing, the operating pressures on the wheel brak-
ing system shall not be in excess of those approved by the manufacturer
of the brakes, and the wheel brakes shail not be used in such a manner as
to produce excessive wear of brakes and tires.

(f) In addition to, or in lieu, of, wheel brakes, the uge of other
braking means shall be acceptable in determining the landing distance,
provided such braking means shall have been proven to be safe and
relizble, that the manner of their employment is such that consistent
results can be expected in service, and that exceptional skill is not required
to control the airplane.

{(g) If the characteristics of a device (e.g., the propellers) de-
pendent upon the operation of any of the engines noticeably increase the
landing distance when the landing is made with the engine inoperative,
the landing distance shall be determined with the eritical engine in-
ocperative unless the Administrator finds that the use of compensating
means will result in a landing distance not greater than that attained with
all engires operating.

" 4T.123 Limitations and information.

(a) Limitations. The performance limitations on the operation
of the airplane shall be established in accordance with subparagraph (1)
through (4) of this paragraph. (Seealso sec.4T.743.)

(1) Takeoff weights. The maximum takeoff weights shall be
established at which compliance is shown with the generally applicable
provisions of this regulation and with the takeoff climb provisions pre-
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seribed in section 4T.120 (a), (b), and (c) for altitudes and ambient tem-
peratures, within the operational limits of the airplane (see subparagraph
(4) of this paragraph).

(2) Landing weights. The maximum landing weights shall
be established at which compliance is shown with the generally applicable
provisions of this regulation and with the landing and takeoff climb
provisions prescribed in sections 4T.119 and 4T.120 for altitudes and am-
bient temperatures, within the operational limits of the airplane (see
subparagraph (4) of this paragraph).

(3) Accelerate-stop distance, takeoff distance, and takeoff
run. The minimum distances required for takeoff shall be established at
which compliance is shown with the generally applicable provisions of
this regulation and with sections 4T.115 and 4T.117(a) and with {T.117(h)
if the takeoff distance is intended to include a clearway, for weights,
altitudes, temperatures, wind components, and runway gradients, within
the operational limits of the airplane (see subparagraph (1) of this
paragraph).

{4) Operational limits. The operational limits of the airplane
shall be established by the applicant for all variabie factors required in
showing compliance with this regulation (weight, altitude, temperature,
etc.). (See secs, 4T.113 (a){1) and (b), 4T.115(d), 4T.118, 4T.121, and
4T.122.) .
" (b) Information, The performance information on the opera-
tion of the airplane shall be scheduled in compliance with the generally
applicable provisions of this regulation and with sections 4T.117a(b),
4T.121, and 4T.122 for weights, altitudes, temperatures, wind components,
and runway gradients, as these may he applicable, within the operational
limits of the airpiane (see subparagraph (a)(4) of this seetion). In addi-
tion, the performance information specified in subparagraphs (1) through
(3) of this paragraph shall be determined by extrapolation and scheduled
for the ranges of weights between the maximum landing and maximum
takeoff weights established in accordance with subparagraphs (a)(1) and
(2)(2) of this section. (Seealso sec. 4T.743.)

(1) Climb in the landing configuration (see sec. 4T.119);

(2) Climb in the approach configuration (see sec, 4T.120(d)):

{3) Landing distance (see sec. 4T.122).

AIRPLANE FLIGHT MANUAL

- 4T.743 Performance limitations, information, and other data.

(a) Limitations. The airplane’s performance limitations shall
be given in accordance with section 4T.123(a).

(b) Information. The performance information prescribed in
section 4T.123(b) for the application of the operating rules of this regula-
tion shall be given together with descriptions of the conditions, air speeds,
ete., under which the data were determined.

(¢) Procedures. Procedures established in accordance with
section 4T.111(c) shall be given to the extent such procedures are related
to the limitations and information set forth in accordance with para-
graphs (a) and (b) of this section. Such procedures, in the form of
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guidance material, shatl be ineluded with the relevant limitations or in-
formation, as applicable.
(d) Miscellaneous. An explanation shall be given of signifi-
cant or unuasual flight or ground handling characteristics of the airplane.
3. In lieu of sections 40.70 through 40.78, 41.27 through 41.36(d), and
42,70 through 12.83, of Parts 10. 11, and 12, respectively, of the Civil Air
Regulations, the following shall be applicable:

OPERATING RULES

10T.80 Transport category airplane operating limitations.

{a) In operating any passenger-carrying transport category
airplane certificated in accordance with the performance requirements of
this regulation, the provisions of sections 40T.80 through 10T.84 shall be
complied with, unless deviations therefrom are specifically authorized
by the Administrator on the ground that the special circumstances of a
particnlar case make a literal observance of the requirements unnecessary
for safety.

(b} The performance data in the Airplane Flight Manual shall
be applied in determining compliance with the provisions of sections
10T.81 through 10T.81. Where conditions differ from those for which
specific tests were made, compliance shall be determined by approved
interpolation or computation of the effects of changes in the specific
variables if such interpolations or computations give results substantially
egualling in aceuracy the results of a direct test.

40T.81 Airplane’s certificate limitations.

(a) No airplane shall be taken off at a weight which exceeds
the takeoff weight specified in the Airplane Flight Manual for the eleva-
tion of the airport and for the ambient temperatinre existing at the time
of the takeoff. (See secs. 4T.123(a)(1) and 4T.743(a).)

(b} No airplane shall be taken off at a weight such that, allow-
ing for normal consumption of fuel and oil in flight to the airport of
destination and to the alternate airports, the weight on arrival will exceed
the landing weight specified in the Airplane Flight Manual for the ele-
vation of each of the airports involved and for the ambient temperatures
anticipated at the time of landing. (See secs. 4T.123(a)(2) and 4T.743(a).)

{c) No airplane shall be taken off at a weight which exceeds
the weight at which, in accordance with the minimum distances for take-
off schedualed in the Airplane Flight Manual, compliance with subpara-
graphs (1) through (3) of this paragraph is shown. These distances
shall correspond with the elevation of the airport, the runway to be
used, the effective runway gradient, and the ambient temperature and
wind component existing at the time of takeoff. (See secs. 4T.123(a)(3}
and 4T.743(a).)

(1) The accelerate-stop distance shall not he greater than
the length of the runway plus the length of the stopway if present.

(2) The takeoff distance shall not be greater than the length
of the runway plus the length of the clearway if preseni, except that
the length of the clearway shall not be greater than one-half of the
length of the ranway.
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{3) The takeoff run shall not be greater than the length of

the runway.

(d) No airplane shall be operated outside the operatmnal limits
specified in the Airplane Flight Manual. (See secs. 4T.123(a)(4) and
4T.743(a).)

40T.82 Takeoff obstacle clearance limitations. No airplane shall
be taken off at a weight in excess of that shown in the Airplane Flight
Manual to correspond with a net takeoff flizht path which clears all
obstacles either by at least a height of 35 feef vertically or by at least
206 feet horizontally within the airport boundaries and by at least 300
feet horizontally after passing beyvond the boundaries. In determining
the allowable deviation of the net takeoff flight path in order to avoid
obstacles by at least the distances preseribed, it shall be assumed that
the airplane is not banked before reaching a height of 50 feet as shown
by the net takeoff flight path data in the Airplane Flight Manual, and
that a maximum bank thereafter does not exceed 15 degrees, The net
takeoff flight path considered shall be for the elevation of the airport,
the effective runway gradient, and for the ambient temperature and wind
component existing at the time of takeoff. (See secs. 4T.123(b) and
4T.743(b).)

40T.83 En route limitations. All airplanes shall be operated in

compliance with paragraph (a) of this section. In addition, no airplane
shall be flown along an intended route if any place along the route is
more than 90 minutes away from an airport at which a landing can be
made in accordance with section 40T.84(b), assuming all engines to be
operating at cruising power, unless compliance is shown with paragraph
(b) of this section.

(a) One engine inoperative. No airplane shall be taken off at
a weight in excess of that which, according to the one-engine-inoperative
en route net flight path data shown in the Airplane Flight Manual, will
permit compiiance with either subparagraphs (1) or (2) of this para-
graph at all points aleng the route. The net flight path shall have a
positive slope at 1,500 feet above the airport where the landing is as-
sumed to be made after the engine fails. The net flight path used shall
be for the ambient temperatures anticipated along the route. (See secs.
4T.123(b) and 4T.743(b).)

(1) The slope of the net ﬂlght path shall be positive at an
altitude of at least 1,060 feet above all terrain and obstructions along
the route within 5 statuie miles (4.34 nautical miles) on either side of
the intended track.

(2) The net flight path shall be such as to permit the air-
plane to continue flight from the cruising altitude to an airport where
a landing can be made in accordance with the provisions of section
40T.84(b), the net flight path clearing vertically by at least 2,000 feet all
terrain and obstructions along the route within 5 statute miles (4.34 nau-
tical miles) on either side of the intended track. The provisions of sub-
divisions (i} through (vi) of this subparagraph shall apply.

(i) The engine shall be assumed to fail at the mos{ criti-
cal point along the route.

(ii) The airplane shall be assumed to pass over the critical
obstruction following engine failure at a point no closer to the critical

55



56

APPENDIX

obstruction than the nearest approved radio navigational fix, except that
the Administrator may aunthorize a procedure established on a different
basis where adequate operational safeguards are found to exist.

(iii) An approved method shall be used to account for winds
which would otherwise adversely affect the flight path.

(iv)} Fuel jettisoning shall be permitted if the Adminis-
trator finds that the operator has an adequate training program, proper
instructions are given to the flight crew, and all other precautions are
taken to ensure a safe procedure.

{v) The alternate airport shall be specified in the dispatch
release and shall meet the preseribed weather minima.

(vi) The consumption of fuel and oil after the engine is
assumed fo fail shall be that which iz accounted for in the net fight
path data shown in the Airplane Flight Manual.

(b) Two engines inoperative. No airplane shall be taken off
at a weight in excess of that which, according to the two-engine-inoperative
en route net flight path data shown in the Airplane Flight Manual, will
permit the airplane to continue flight from the point where two engines
are assumed to fail simultaneously to an airport where a landing can
be made in accordance with the provisions of section 40T.84(b), the net
flight path clearing vertically by at least 2,000 feet all terrain and ob-
struciions aiong the route within 5 statute miles (4.34 nautical miles) on
either side of the intended track. The net flight path considered shall
be for the ambient temperatures anticipated along the route. The pro-
visions of suzbparagraphs (1) through (5) of this paragraph shall apply.
(See secs. 4T.123(b) and 4T.734(b).)

(1) The two engines shall be assumed to fail at the most
critical point along the route.

{2) The net flight path shall have a positive slope at 1,500
feet above the airport where the landing is assumed to be made after
failure of two engines.

(3) Fuetl jettisoning shall be permiited if the Administrator
finds that the operator has an adequate training program, proper instruec-
tions are given to the flight ¢rew, and all other precautions are taken
to ensure a safe procedure.

(4) The airplane’s weight at the point where the two engines
are assumed to fail shall be considered to be not less than that which
would include sufficient fuel to proceed to the airport and to arrive there
at an aititade of at least 1,500 feet directly over the landing area and there-
after to fly for 15 minutes at cruise power and/or thrust.

{5) The consumption of fuel and oil after the engines are
assumed to fail shall be that which is accounted for in the nei flight
path data shown in the Airplane Flight Manual.

40F.84 Landing limitations.

(a) Airport of destination. No airplane shall be taken off at
a weight in excess of that which, in aecordance with the landing distances
shown in the Airplane Flight Manual for the elevation of the airport of
intended destination and for the wind conditions anticipated there at the
time of landing, would permit the airplane to be brought to rest at the
airpoert of intended destination within 60 percent of the effective length
of the runway from a point 50 feet directly above the intersection of the
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obstruction clearance plane and the runway. The weight of the airplane
shall be assumed to be reduced by the weight of the fuel and oil expected
to be consumed in flight to the airport of intended destination. Com-
pliance shall be shown with the conditions of subparagraphs (1) and
(2) of this paragraph. (See secs. 4T.123(b) and 4T.743(b).)

(1) It shall be assumed that the airplane is landed on the
most favorable runway and direction in still air.

(2) It shall be assumed that the airplane is landed on the
most suitable runway considering the probable wind velocity and di-
rection and taking due account of the ground handling characteristics
of the airplane and of other conditions (i.e., landing aids, terrain, etc.).
If fuil compliance with the provisions of this subparagraph is not shown,
the airplane may be taken off if an alternate airport is designated which
permits compliance with paragraph (b) of this section.

(b) Alternate airporf. No airport shall be designated as an
alternate airport in a dispatch release unless the airplane at the weight
anticipated at the time of arrival at such airport can comply with the
provisions of paragraph (a) of this section, provided that the airplane
can be brought to rest within 70 percent of the effective length of the

runway.

4. In lieu of section 43.11 of Part 43 of the Civil Air Regulations
the following shall be applicable.
43T.11 Transport category airplane weight [imilations. The
performance data in the Airplane Flight Manual shall be applied in de-
termining compliance with the following provisions:

(a) No airplane shail be taken off at a weight which exceeds
the takeoff weight specified in the Airplane Flight Manual for the ele-
vation of the airport and for the ambient temperature existing at the
time of the takeoff. (See sees. 4T.123(a)(1) and 4T.743(a).)

(b) No airplane shall be taken off at a weight such that, allow-
ing for mormal consumption of fuel and eil in flight to the airport of
destination and to the alternate airports, the weight on arrival will ex-
ceed the landing weight specified in the Airplane Flight Manual for the
elevation of each of the airports involved and fer the ambient tempera-
tures anticipated at the time of landing. (See secs. 4T.123(a)(2) and
4T.743(a).)

(¢} No airplane shall be taken off at a weight which exceeds
the weight at which, in accordance with the minimum distances for take-
off scheduled in the Airplane Flight Manual, compliance with subpara-
graphs (1) through (3) of this paragraph is shown. These distances shall
correspond with the elevation of the airport, the runway to be used, the
effective runway gradient, and the ambient temperature and wind com-
ponent existing at the time of takeoff. (See secs. 4T.123{(a)(3) and
4T.734(a).) _

(1) The accelerate-stop distance shall not be greater than
the Iength of the runway plus the length of the stopway if present,

(2) The takeoff distance shall not be greater than the length
of the runway plus the length of the clearway if present, except that
the length of the clearway shall not be greater than one-half of the
length of the runway.

57 ..



AFPENDIX

{3) The tzkeoff run shall not be greater than the length of
the runway.

(d) No airplane shall be operated outside the operational limits
specified in the Airplane Flight Manual. (See secs. 1T.123(a)(4) and
41T.743(a).)

: 5. The following definitions shall apply:

(2) Clearway. A clearway is an area beyond the runway, not
less than 500 feet wide, centrally located about the extended center line
of the ranway, and under the control of the airport authorities, The
clearway is expressed in terms of a clearway plane, extending from the
end of the runway with an upward slope not execeeding 1.25 percent,
above which no object nor any portion of the terrain protrudes, except
that threshold lights may protrude above the plane if their height above
the end of the runway is not greater than 26 inches and if they are
located to each side of the runway,

NOTE: For the parpose of establishing takeoff distances and takeoff runs, in accord-
ance with section {T.117 of this regulation, the clearway plane is considered to be the
takeoff surface.

{b) Stopway. A stopway is an area beyond the runway, not
less in width than the width of the runway, centrally located about the
extended center line of the runway, and designated by the airport au-
thorities for use in decelerating the airplane during an ahborted takeoff:
To be considered as such, a stopway must be capable of supporting the
airplane during an aborted takeoff without inducing structural damage
to the airplane. (See also sec. 4T.115(d) of this regulation.)
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SPECIAL CIVIL AtR REGULATIONS NO. SR-‘423

Effective: December 20, 1957
Adopted: November 15, 1957

Type Certification of Transport Category Airplanes With TurBo-Prop Replacements

The airworthiness requirements with which a particular airplane is
required to comply are established by the date of application for the type
certificate. After the type certificate is issued, the helder of the type
certificate or an applicant for a supplemental type certificate, at his
option, can obtain approval of changes in the design in accordance with
requirements in effect at the time of the original application for type
certificate or in accordance with later requirements in effect at the time
of the change.

Prior to May 18, 1954, the regulations placed no specific limit on the
extent of changes to the airplane which could be approved in this manner
nor did they define a new type design for which a new application for
type certification would be required. Amendment 4b-1 effective on that
date, among other changes in Part 4b, lists certain changes in design
which if made to an airplane would require it to be considered as a new
type. In such a case, 2 new application for type certification would be
required and the regulations, together with all amendments thereto effec-
tive on the date of the new application, would have to be compiied with
(sec. 4b.11(a)). One such change which would require a new type certifi-
cate is a change to engines employing different priciples of operation or
propulsion (sec 4b.11(e)(2)).

Interest has been shown recently within the aviation industry in the
installation of turbo-propeller engines on airplanes presently equipped
with reciprocating engines. In accordance with sec. 4b.11(e)(2) such a
change would require 2 showing of compliance with the latest airworthi-
ness requirements of Part 4b. The Board is of the opinion that showing of
compliance with all of the latest requirements might be burdensome,
impractical, and not essential to safety.

This Special Civil Air Regulation will permit the certification of a
turbo-propeller-powered airplane, which previously was type certificated
with the same number of reciprocating engines, if compliance is shown
with the airworthiness provisions applicable to the airpiane as type
certificated with reciprocating engines, together with certain later provi.
sions of the Civil Air Regulations in effect on the date of application for
a supplemental or new type certificate which are applicable or related to
the powerplant of the turbo-propeller-powered version.

In order to insure that the level of safety of the turbine-powered air-
plane is equivalent to that intended by Part 4b, the Board considers that
compliance must be shown with the later provisions of Part 4b which
apply to the powerplant installation, airplane performance, and cockpit
standardization, such other requirements as the Administrator finds are
otherwise related to the changes made in the engines.
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Special Civil Air Regulation No. SR—422 establishes certain certifica-
tion and operational requirements for all turbine-powered airplanes for
which a type certificate is issued after the effective date of that regulation.
Except as otherwise provided, all of the provisions of SR-122 remain
applicable to airplanes certificated in accordance with the regulation
prescribed herein. Therefore, to be certificated in accordance with the
regulation prescribed herein compliance must be shown with the certifi-
cation performance requirements prescribed in paragraph 2 of SR-122.

It must be emphasized that the certification performance limitations
established by the performance requirements; i.e., the take-off weights,
landing weights, take-off and accelerate-stop distances, and the operational
limits, become part of the airworthiness certificate and must be complied
with at all times, regardless of the type of operations conducted with the
airplane. (See sec. 13.10, as amended, of Part 43 of the Civil Air
Regulations.)

In addition to certification performance limitations, SR-{22 pre-
scribes performance operating limitations which are applicable to turbine-
powered transport category airplanes when used in air carrier passenger
operations. Since turbo-propeller-powered airplanes certificated in ac-
cordance with the regulation prescribed herein are required to comply
with the certificatior performance requirements of SR-122, they are also
subject to the performance operating limitations prescribed in paragraph
3 of SR-122 when used in air carrier passenger operations.

Since a change in engines will require a rather extensive change in
the cockpit to accommodate the new instruments and comtrols for tur-
bine engines, the Board considers that compliance with the latest cockpit
standardization requirements can be accomplished without any undue
burden and such compliance would speed up the cockpit standardization
of other airplanes in an airline’s fleet in accordance with the Board’s
objectives. Therefore, this regulation makes the latest cockpit stand-
ardization requirements applicgble, with the exception of such detailed
requirements as the Administrator finds are impracticable, and do not
contribnte materially to standardization. It should be noted that in re-
ferring to this exception in the preamble to Draft Release No. 56-29,
the use of the conjunction “or” after the word “impracticable” was in-
advertent. As the language of the proposed regulation clearly indicated,
“and” was the proper conjunction following the word “impracticable.”

The Board also considers it appropriate to call attention to the fact
that if other changes fo the airplane are made simultaneously with,
or subsequent to, such an engine change, then compliance will also have
to be shown with all requirements related to the additional changes in
effeet on the date of the new application for a supplemental or new type
certificate. In this regard, if an airplane converted to turbo-propeller
power i8 to be certificated for operation at altitudes, speeds, or weights
higher than those which are applicable to the reciprocating-engine-powered
airplane, compliance will be required with all the latest provisions of the
regulations which are related to such changes.

In order to assure that all airplanes converted to turbo-propeller
power meet the minimum requirements considered essential to safety,
this regulation is made retroactive and requires compliance with the pro-
visions of the Civil Air Regulations as set forth herein for all of such
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airplanes for which application for a supplemental or new type certificate
was made prior to the effective date of this regulation.

This Special Civil Air Regulation shall continue in effect for 5 years,
at the end of which time the effectiveness of the regulation will be eval-
uated for the purpose of considering the incorporation of the substance
of these rules in the permanent body of the Civil Air Regulations.

Interested persons have been afforded an opportunity to participate
in the making of this Special Civil Air Regulation (21 F.R. 9436), and
due consideration has been given to all relevant matter presented.

In consideration of the foregoing, the Civil Aeronautics Board hereby
makes and promulgates the following Special Civil Air Regulation effee-
tive December 20, 1957.

Contrary provisions of section 4b.11(a) as it applies to section 4b.11
{e)(2) of Part 4b of the Civil Air Regulations and paragraph (1) of
Special Civil Air Regulation No. SR=422 notwithstanding, the following
provisions shall be applicable to the certification of a turbo-propeller-
powered airplane which was previously type certificated with the same
number of reciprocating engines:

{1) The airworthiness regulations applicable to the airplane as type
certificated with reciprocating engines and, in addition thereto or in lieu
thereof as appropriate, the following provisions of the Civil Air Regu-
lations effective on the date of application for a supplemental or new
type certificate (see paragraph (3)):

(a) The certification performance requirements prescribed in
Special Civil Air Regulation No. SR-422;

(b) The powerplant instaliation requirements of Part 4b ap-
plicable to the turbo-propeller-powered airplane;

{¢) The requirements of Part 4b for the standardization of
cockpit contrels and instruments, except where the Administrator finds
that shewing of compliance with a particular detailed requirement would
be impractical and would not contribute materiaily to standardization;
and

(d) Such other requirements of Part 4b applicable to the turbo-
propeller-powered airplane as the Administrator finds are related to the
changes in engines and are necessary to insure a level of safety of the
turbo-propeller-powered airplane equivalent to that generally intended
by Part 4b. :

(2) If new limitations are established with respect to weight, speed,
or altitude of operation and the Administrator finds that such limita-
tions are significantly altered from those approved for the airplane with
reciprocating engines, compliance shall be shown with all of the require-
ments, applicable to the specific limitations being changed, which are
in effect on the date of application for the new or supplemental type
certificate.

, (3) Airplanes converted to turbo-propeller power, for which appli-
cation for a supplemental or a new type certificate was made prior to
the effective date of this Special Civil Air Regulation, shall comply with
all of the provisions of the Civil Air Regulations specified in paragraphs
(1) and (2) eifective on the date of this special regulation, rather than
those provisions effective on the date application was made for the sup-
plemental or the new type certificate,

This Special Civil Air Regulation shall terminate December 20, 1962
unless sooner superseded or rescinded by the Board.
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SPECIAL CIVIL AIR REGULATION NO. SR-426

Effective:  October 27, 1958
Adopted: September 22, 1958

Performance Credit for Transport Category Airplanes Equipped with Standby Power

Standby power is power and/or thrust obtained from rocket engines
and is separate from the power obtained from the airplane’s main en-
gines. Such power and ‘or thrust is available for a relatively short period
for use in cases of emergency. The standby power system may be capable
of producing more than a single thrust period. This special regulation
authorizes the Administrator to grant performance credit to transport
category airplanes when standby power is used in one or more of the
following regimes of flight: Takeoff with one engine inoperative, approach
climb with one engine inoperative, and the balked landing climb. By
“performance credit” is meant the taking into account the increased per-
formance of the airplane with standby power and, because thereof, the
approval of higher maximum weights for the airplane than the weights
approved on the basis of the airplane’s performance without standby
power. In granting performance credit, this regulation prescribes the
applicable conditions and limitations.

Rocket assist takeoff units were developed initially for the military
services to provide additional takeoff power for heavily loaded flying
boais and earrier-based aircraft. The additional thrust improved the
climb performance in the takeoff regime and permitted the airplane to
attain a safe altitude and air speed in the event of engine failure. The
reliability of such units has increased to the point where some civil opera-
tors have adopted them for use as emergency standby power in the event
of engine failure. Other operators have been reluctant to adopt standby
power installations and the attendant weight penalties without reasonable
performance credit being given the airplane. With the performance
credit granted by this regulation for the use of standby power, it is
anticipated that such credit might be considered a compensating economic
factor justifying the installation of standby power on such airplanes.

The currently effective regulations did not contemplate the use of
standby power; however, the Administrator of Civil Aeronautics has
established for an interim period a comservative policy permitting trans-
port category airplanes equipped with standby power to operate at an
increase in the normally approved weights by an amount equal to the
weight of the standby power units.

In this regulation, the criteria for granting performance credit were
formulated with the intent of providing an overall level of performance
equivalent to that intended by the currently effective regulations. To
this end, appropriate criteria are established with respect to the amount
of performance credit which may be applied in determining the new
takeoff paths, the extent to which the maximum certificated takeoff and
landing weights may be increased, and operating procedures to be fol-
lowed in service for the use of standby power and for the associated
changes in the airplane’s configuration and speed.

The basic element of the various criteria established in this regu-
lation entails a comparison of flight paths. In Civil Air Regulations
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Draft Release No. 57-28, all of the flight paths were based on procedures
involving attainment of the en route configuration and the acceleration
to a safe en route speed. Further consideration of this proposal indi-
cates that an undue amount of flight testing and computation would
be required for those flight conditions which presently do not involve
the establishment of such flight paths, In addition, it appears that com-
parison of flight paths involving a particular procedure is not essential
for the purpose of establishing an equivalent level of safety. In view
of the foregoing, this regulation requires comparison of flight paths with
respect to the takeoff regime consistent only with that required by the
currently effective airworthiness performance requirements; i.e., Part
1b and Special Civil Air Regulations Nos. SR-{22 and SR-122A. Fur-
ther, the establishment of maximum landing weights is based on a com-
parison of flight paths obtained with a fixed airplane configuration and
at the speed and power condition appropriate to the all-engines-operating
landing climb or the one-engine-ineperative approach climb, as applicable.

Performance credit for standby power with respect to the takeoff
path is limited by the specification that the all-engines-operating takeoff
path reflect a conservatively greater margin of overall performance than
the one-engine-inoperative takeoff path with standby power in use. It
is intended that this margin exist throughout the takeoff path prescribed
by the applicable performance requirements. This regulation provides
for the establishment of the margin by the Administrator; however, in
no case can this margin be less than 15 percent. In view of the many
different types of airplanes to which this regulation is applicable, a
higher margin might be necessary in certain cases to insure safe day-to-
day operations.

For reciprocating-engine-powered airplanes, the provisions of this
regulation require that the applicant establish a procedure for the use
of standby power for attaining the en route configuration and a safe
en route speed in the event of an engine failure during the takeoff.
Provisions for such procedures are contaired in the regulations for
turbine-powered airplanes and will therefore be applicable to such air-
planes. The establishment of the procedures made applicable to
reciprocating-engine-powered airplanes is left to the discretion of the ap-
plicant o seleci the altitude at which the acceleration is {e take place,
the basic limitation being that the slope along all points of the airborne
portion of the takeoff path must be positive. This will provide for the
critical operation of cleanup and acceleration during the takeoff which
are not covered by the performance requirements of Part 4b and which
have been cited in the past in connection with several accidents. In
addition, with respect to the clearing of obstacles, the takeoff path sched-
uled in the Airplane Flight Manual for airplanes for which the per-
formance requnirements of Part ib are applicable must be appropriately
modifted to reflect the effect of the aforementioned procedure.

The criteria for the establishment of maximum certificated takeoff
weights involve two separate comparisons of takeoff paths. These com-
parisons must be carried out to a height of 400 feet above the takeoff
surface. This minimum height is intended to be associated with a pro-
cedure where standby power is actuated within the neighborhood of
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the critical engine failure speed V.. These provisions are intended to
limit the increase in maximum takeoff weight consistent with the overall
level of performance currently attained with respect to the one-engine-
inoperative takeoff and to limit the amount of standby power for which
performance credit can be granted to insure a reasonable margin of
performance for the all-engine day-to-day operations.

The provisions for the establishment of maximum certificated landing
weights require only a comparison betweenr two flight paths based on a
steady climb and fixed configuration. One represents a climb path at
the maximum weight previously certificated without standby power and
the other a climb path at the increased weight with standby power. In
addition, there is a provision which requires the establishment of pro-
cedures for the execution of balked landings and missed appreaches in
conjunction with the use of standby power.

A question has been raised as to whether duplicate sets of standby
power units are required to obtain performance credit for both the takeoff
and the approach stages of flight. It is intended by this regulation to
require duplicate sets of standby power for a flight for which the use
of standby power is necessary to comply with both the maximum cer-
tificated takeoff and the maximum certificated approach weight limita-
tions. Where the use of standby power is necessary for compliance with
the maximum certificated weight limitations for only one regime of flight,
i.e.,, takeoff or approach, one set of standby power units is required.

There are also included safety criteria for the installation and opera-
tion of the standby power system.

The Board presently has under consideration a special regulation
which would be applicable to nontransport category airplanes equipped
with standby power.

Interested persons have been afforded an opportunity to participate
in the making of this regulation (22 F.R. 10464), and due consideration
has been given to all relevant matter presented.

in consideration of the foregoing, the Civil Aeronautics Board hereby
makes and promulgates the following Special Civil Air Reguiation, effec-
tive October 27, 1958.

Contrary performance provisions of the Civil Air Regulations not-
withstanding, the Administrator may grant performance credit for the
use of standby power on transport category airplanes. Such credit shall
be applicable only te the maximum certificated takeoif and landing
weights, the takeoff distance, and the takeoff paths, and shall not exceed
that found by the Administrator te result in an overall level of safety
in the takeoff, approach, and landing regimes of flight equivalent to that
prescribed in the regulations under which the airplane was originally
certificated without standby power. (Note: Standby pewer is power
and/or thrust obtained from rocket engines for a relatively short period
and actuated only in cases of emergency.) The following provisions
shall apply:

(1) Takeoff; general. The takeoff data preseribed in sections (2)
and (3) shall be determined at all weights and altitudes, and at ambient
temperatures if applicable, at which performance credit is to be applied.
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{2) Takeoff path.

{a) The one-engine-inoperative takeoff path with standby power
in use shall be determined in accordance with the performance require-
ments of the applicable airworthiness regulations.

(b) The one-engine-inoperative takeoff path (excluding that
portion where the airplane is on or just above the takeoff surface) de-
termined in ac¢cordance with paragraph (a) of this section shall lie above
the one-engine-inoperative takeoff path without standby power at the
maximum takeoff weight at which all of the applicable airworthiness
requirements are met. For the purpose of this comparison, the flight
path shall be considered to extend to at least a height of 100 feet above
the takeoff surface.

{¢) The takeoff path with all engines operating, but without
the use of standby power, shall reflect a conservatively greater overall
level of performance than the one-engine-inoperative takeoff path estab-
lished in accordance with paragraph (a) of this section. The aforemen-
tioned margin shall be established by the Administrator to insure safe
day-to-day operations, but in no case shall it be less than 15 percent.
The all-engines-operating takeoff path shall he determined by a procedure
consistent with that established in complying with paragraph (a) of
this section.

(d) For reciprocating-engine-powered airplanes, the takeoff
path to be scheduled in the Airplane Flight Manual shall represent the
one-engine-inoperative takeoff path determined in accordance with para-
graph (a) of this section and modified to reflect the procedure (see sec.
{6)) established by the applicant for flap retraction and attainment of
the en route speed. The scheduled takeoff path shall have a positive
slope at all points of the airborne portion and at no point shall it lie
above the takeoff path specified in paragraph (a) of this section.

(3) Takeoff distance. The takeoff distance shall be the horizon-
tal distance along the one-engine-inoperative takeoff path determined in
accordance with section (2)(a) from the start of the takeoff to the point
where the airplane attains a height of 50 feet ahove the takeoff surface
for reciprocating-engine-powered airplanes and a height of 35 feet above
the takeoff surface for turbine-powered airplanes.

{4) Maximum certificated takeoff weights. The maximum certifi-
cated takeoff weights shall be determined at all altitudes, and at ambient
temperatures if applicable, at which performance credit is to be applied
and shall not exceed the weights established in compliance with para-
graphs (a) and (b) of this section.

(a) The conditions of section (2) (b) through (d) shall be met
at the maximum certificated takeoff weight.

{(b) Without the use of standby power, the airplane shall meet
all of the en route requirements of the applicable airworthiness regu-
Iations under which the airplane was originally certificated. In addition,
turbine-powered airplanes without the use of standby power shall meet
the final {akeoff climb requirements prescribed in the applicable air-
worthiness regulations.

(5) Maximum certificated landing weights.

(a) The maximum certificated landing weights (one-engine-
inoperative approach and all-engines-operating landing climb) shall be
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determined at zll altitudes, and at ambient temperatures if applicable,
at which performance credit is 10 be applied and shall not exceed that
established in compliance with the provisions of paragraph (b) of this
section, _

{b) The flight path, with the engines operating at the power
and/or thrust appropriate to the airplane configuration and with standby
power in use, shall lie above the flight path without standby power in
use at the maximum weight at which all of the applicable airworthiness
requirements are met. In addition, the flight paths shall comply with
the provisions of subparagraphs (i) and (ii) of this paragraph.

9% The "flight paths shall be established without changing
the approprjate airplane configuration.

(ii) The flight paths shall be carried out for a minimum
height 6¥*00 feet-above thé point where standby power is actuated.

v £6) Airplane copfiguration, speed, and power and/or thrust; gen-
eral. Any change in the airplane’s configuration, speed, and power
and/or thrust shall be made in accordance with the procedures estab-
lished by the applicant for the operation of the airplane in service and
shall comply with the provisions of paragraphs (a) through (c) of this
section. In addition, procedures shall be established for the execution
of balked landings and missed approaches.

(a) The Administrator shall find that the procedure can be con-
sistently executed in service by crews of average skill.

(b) The procedure shall not involve methods or the use of
devices which have not been proven to be safe and reliable.

{¢) Allowances shall be made for such time delays in the exe-
cution of .the. procedures as;may he reasonably expected to occur during
service. *

“(7) Installation and operation; standby power. The standby
power-unit and its installation shall comply with the provisions of para-
graphs (a) and (b) of this section.

(a) The standby power unit and its installation shall not ad-
versely affect the safety of the airplane.

{b) The operation of the standby power unif and its control
shall have proven to be safe and reliable.

* 8 GOVERWMENT PRINTING DFFICK : 1939 0333113
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INTRODUCTORY NOTE

This manual is supplementery to the Civil Air Regulations,
Part 14, referred to herein by the Code of Federal Regulations
designation 6 CFR 14. The material contained herein is intended
to explain and interpret the various requirements of 6 CFR 14,
to expedite the presentation of the desired technieanl data, and
to outline what is considered accepteble practice in gertain in-
stances.

It should be understood that any method which can be shown
to be the egquiwvalent of one set forth in this manual will be
equally soceptable to the Authority. Likewise, any interpretation
herein shown %o be inapplicable to a particular case will be suit-
ably modified for sueh case on request. In either event such ac-
coptance or modified interpretation will be effective as and when
issued prior to subsequent incorporstion herein. This manual will
be revised from time to time as equally sccepteble methods, new
interpretations, or the need for additional explanation are brought
to the attention of the Authority.

The material in this manusl is arranged for direct correspond-
ence with the regquirements. For example, CAAM 14.1-A3 refers to a
specific breakdown of 6 CFR 14.1.* On the reverse side of this page
will be found a form for convenience in maintaining a record of sub-
sequent revisions.

(a)
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14 ATRCRAFT PROPELIER AIRWORTHINESS

GENERAL
PROVISION FOR RATING

1. Tt should be noted that 6 CFR 14 concerns the rating of pro-
pellers for use on engines specifically, and on aireraft only
insofar as the complete powerplant unit is eventually installed
and operated on an sirplane. An operastion limit specified in
accordance with this chapter approves the propeller for use with
a certain engine or type of engine. The pertinent requirements
of 6 CFR 04, regarding the funotioning of the installed power-
plant unit and the performance of the complete airplane, are, of
course, applicable whenever & new propsller design is installed.
If the propeller model or type is listed on the pertinent air-
plane specification it has met these latter requirements.

PRODUCTION CERTIFICATE

l. GENERAL. Recommsnded practioes requisite for the produotion
of wood and metml propellers undsr a production certificate are
discussed separately below. (See alsoc 6 CFR 01.621). In either
case it should be noted that a semi-annual report of the produoc-
tion is required in January and July of each year in accordance
with 6 CFR 01.76.

WOOD FROPELLERS.

1. Due to the stabilized nature of fixed-piteh wood propeller
gonstruction the procedure and equipment have evolved to the
point where certain minimum stendards may be set forth. The
following items are intended to present such standards in ma-
terials, processes, manufacturing tolerances, and inspsotion
methods.,

2., The meterials of construction should be of the highest quali-
ty obtaineble because of the highly stressed condition of a pro-
peller and its relative importance as a primary powerplant item.
The following detsails should be noted:

a. Wood used should be purchased from a reputable lumber
sompany under a detailed specification as to its charsc-
teristies. It is recommended that all lumber from which
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propaller laminse sre to be eubt be kiln dried to a moisture
content of between seven and ten percent. The minimum speeif-
ic gravity of the various woods (based on oven dry weight and
volume) should be as follows:

Birch, swest or yellow ........... «v.. 0.58
Odk, white ....cvvveree nievnnenssaaas 0.65
Walnut, black ...t iitncecsctvanenes Ded2
Mehogany, AfricBn ....veevvecnneacnanes 0a48

Spiral or disgonal grein should have a slope of less than 1

in 10 when measured from the longitudinal axis of the laminae.
The wood should be free from checks, shakes, rot, and excessive
worm holes. To reduce the effect of internsal variations present

in all wood, the importance of selecting a high grade of material
cannot be over emphasized.

b. Glue used should be of a high quality animal or casein type.
Blood albumin glues, marine glues, and the various phenol-alde-
hyde adhesives are not considered satisfactory due either to
their peculiar properties or method of application.

e¢. Varnish used should be a high quality spar wvarnish or its
equivalent., 1In any event, the coating used must be transparent
to faoilitate fleld inspection for cracks and opened glue joints.

d. Tipping materials should be of a good grade brass, monsl
metal, stainless steel, or the eguivalent. The recommended min-
imum thickrness is 0.022 incles. A linen fabric is frequently ap-
plied to the surface for additional strengthening at the tip and
for protection against abrasion and splintering, It should be

finished with transparent dope or wvarnish but metal tipping need
not be.

Processes and methods employed in the fabrieation of the pro-

peller shall be those definitely known to yield the best construc-
tion. The following sequence of operations and methods employed is

presented because, if carefully followed, it will result in an air-
worthy produect.

a. laminations should be laid out with the longitudinal axis
parallel to the grain of the boards from which they are to
be cut. All lumber should stand under shop conditions at
least 24 hours to thoroughly adjust itself before working.
It has been found satisfactory to either blank out the
laminations prior to glueing or to glue up a rectangular
block and rough it down to shape. Hub wideners may be in-
corporated in all but the outer laminme if so shown on the
sealed drawing. The widener joint must clear the outer edge
of the hub bolt holes by at least one bolt hole diameter and
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adjacent joints must be staggered. 8pliced laminme will
rot be permitted in general although certain instances
may be allowed on the basis of overspeed whirl tests.

Such eases will be considered individually. ILaminse thick-
ness may vary from 1/2% to 1" but any further wvariation
should be shown on the sealed drawings. ILaminge of the
same thickness should be used in & propeller, except for
outside ones, After passing inspection the laminae should
be plened to thickness on a suitable planer or joiner.
Prior to assembly for glueing the laminae should be sep-
arated into three classes: light, medium and heavy. Omly
laminae of one class should be assembled in & single pro-
peller. These should be individually balanced and as-~
sembled with the heavy ends of adjacent laminae at oppo-
site ends to facilitate balancing.

b. Glue. Due care should be used in mixing and applying
the glus. Casein glue should never be mixed at a spesd
greoeter than 120 rpm and the majority of the mixing shouid
be done at half this spesed. The complete mixing operation
should be asccomplished in 20 to 30 minutes. Too rapid
stirring beats an excessive amcunt of air inte the mixture,
which tends to wemken the glued jJjoint. If lumps are pres-
ent at the completion of the mixing the batch should be dis-
cerded. A dough-type of mixer with a two-speed electric
motor is considered prefersble. The glue-water proportions
for animal glue should be as specified by the mapufacturer.
The proper spread of glue is sbout 7 5/@ lbs per 100
square feet of swurface when applied tec orly one face of

the joint. With Casein glus a pressure of 150 to 200 p.s.i.
should be applied. 8light varistions from ordinery room
temperatures do not require any important change in assem-
bly time. However, with animal glue there is a definite
relationship between tempersture and assembly time. For a
detailed discussion of this point refer to Trayer, "Wood

in Aircraft Construction", pages 103--115. Figure 1 has
been made up from this sourcs.
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OPTIMUM GLUEING CONDITIONS USING ANIMAL GLUE
Species |Glus-Water | Approximate | Tempersture| Pressure Assembly
proportions | Glue Spread of Wood Time (*)
by weight.
1:2 1/4 7 3/4 lbs perl  70F 160-200pes.id 1/2=1 min.
YNahogery 1:2 /4 7 3/4 100 sq £t. 80 160-200 2~5
~ 1:2 1/4 7_3/4 90 160-200 7-18
Yollow Birch| 1:2 1/4 7 3/4 70 200 1
White Oak 1:2 1/4 7 3/4 80 200 3-5
Black Walnut | 1:2 1/4 7 3/4 90 200 12-18
Hhite Ash 1:2 7 3/a 70 200 1/2

* Asserbly time based on

wood pieces being leid together as soon as spread

with glue.

FiG, 1

¢. Pressing may be accomplished manually by the use of C-clamps
or by a jeck-press, In any event, the pressure range defined in
the preceding psragraph should not be exceeded, The pressing
time for botk cesein and animal glues should be at least five
hours, with a greater time desirable. A conditioning peried of
at least seven deys should be allowed after removal from the
press or clamps.

d. BShaping. After ccnditioning, the propeller should be rcughed
out to within 1/é inch of the finished surface, sither by hand or
with a profiling machine. After this operation the propsller
should be cconditioned for an additional seven days or more at ap-
proximately 7TOOF. and 40% relative humidity.

e. Finishing. The propellers should be cerved and worked to a
final size using suitable templates and a bubble protractor.
Final operations should include & smooth sanding, The propeller
should be rigidly mounted for these operations. The change in
pitch angle from station to station shall be smooth and true
throughout the blade length with no irrepgularities in ccntour.

A set of metal templatles suitably stamped should be available
for this stage.

f. Driiling. The hub holes should be drilled with extrems ac-
curacy, using a suiteble jig and taking cere to insure that the
holes are perpendicular to the hub faces.
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Tipping. The tipping material should be attached to the lead-
ing edge with No, 4 wood serews, l/é inch or 3/8 inch long out
to 1/2 inch blede thickness. Outboard of this point 3/32 inch
diameter brass or copper rivets should be used. The blade
should be drilled and countersunk for the screws. The rivet
holes should be drilled after the tipping is screwed on. The
metal tipping should not be countersunk either for the screws

or rivets. The rivet heads and secrew heads should be filled
with solder and filed down to a smooth surface. The metal tipp-
ing should be veuted by drilling several holes in the tip after
assembly. (Three 0.040 in., diemeter holes to a depth of 1/2 in,
are recommended, )

Finish. One cecat of wvarnish should be applied prior to, and at
least two coats after, tipping. A priming coat of valoil or a
paste wood filler may be epplied initially. The hub bore should
elso receive several comts of varnish. In any event the finish
coat must be transparent throughout to allow inspection for
cracks and opened glue joints. :

Horizontal Balance. The propeller should be balanced after shap-
ing and after each successive operation that might affect the
balance. Final balance should be accomplished on a rigid knife-
edge balancing stand in a room free from air currents. No per-
sistent tendency to rotate from any position on the balance stand
shiould be preseunt.

Horizontal unbalance may be corrected by the application of slear
varnish or solder to the light blade. The light blade may be
coated with a high grade of clear primer allowing for a finishing
coat of clear varnish. After allowing eech coat to dry 48 hours,
the balance should be checked. Then, as may be necessary, either
the required emount of varnish should be removed by ecarefully
sendpapering or an additional coat applied, allowing for the fin-
ishing coat of wvarnish which should be a thin coat of high grade
clear spar varnish. The balance should be rechecked and sand-
paper or additional vernish applied as may be required to effect
final belancing., Only clear finish is permitted.

Vertical unbalanse mey be corrected by applying putty to the
light side of the wood hub at a point on the circumference ap-
rroximately 90 degrees from the longitudiral centerline of the
bledes. The putty should be weighed and a brass plate weighing
slightly more than the putty should be cut out. The thickness

of the plate willbe from 1/&6 to 1/@ inch depending on the final
area, which must be gufficient for the reguired number of flat
head attaching screws. The plate should be formed to fit the
shape of the light side of the wood hub, and drilled and counter-
sunk for the required number of screws. The plate should then be
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attached and all of the screws tightened. After the plate is finally
attached to the propeller, the screws should be secured to the plate
by soldering the screw heads. The balance should be ochecked and all
edges of -the plate beveled %o reduce its weight., The drilling of
holes in the propeller and the insertion of lead or other material to
assist in balmncing will not be permitied.

Inspection. An inspection system should be established to gecomplish

adequate checks on material being used, tolerances on the finished prod-
uct, and balance. Recommended tolerances and forms are discussed below
in Figure 2 and items (a), (b), and {c).

WOOD FROFELIER TOLERANCES

Blade length

- t 1/16"
Blade width (shank to 24 ineh station)) + 3/32%
(24 inch station to tip) + 1/16%
Blade thickness (shank to 24 inch station) ¥ 1/sm, -1/16"
(24 inch station to tip) + 3/647
Bdge aligmment + 1/18"
Face aligmment T 1/8"
Template fit {shank to 24 inch station) 5/32“
(24 inech station to tip) 1/32"
Blade angle (shank to 18 inch station) 1,0°

(24 inch to 30 inch station)

(36 inch station to tip)
Track 16%
Thickness of hub
Dismeter of hub
Bub bolt holes

=+ 141+
o
L]
th
o

3/32®
005"

+ 1414

FiG, 2

a. By edge aligmment is meant the distances parallel to the respsc-
tive chords of the sections from the center line of the blade o
the leading edges of the cross-sections of the blade at the wvari-
ous stations. By face aligmmont is meant the distances from the
center line of the blade to its thrust or working face as measured
perpendicular to the chords of the blade at the various stations.

b. Blade thickness may be checked with a pair of oalipers. The hub
bolt holes should be checked with an exaot size "go"™ gage and =
0.010 inch oversize "no-go" gage.
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c. A suitable final inspsetion form should be ocanpleted and filed
for every propeller produced. Figure 17 on page 39 is a suggested
form for this purpose. This form should be signed by some respons-
ible person designated as Chief Inspeector by the company. On the
back of the form the production tolerances {see Figure 2) should
be printed.

METAL, PROFELIERS

l. Because the art of producing an airworthy metal propeller of
the various types is highly individualistic and because such pro-
duction may properly be sccomplished on a variety of machinery
and egquipment, this seetion will be confined to indieating what
is acoeptable in the way of manufacturing tolerances and balanc~
ing and inspsction methods. Forged solid aluminum alloy blades,
forged solid steel blades or welded hollow~steel blades retained
in a forged stesal hub construction have prorsn aceeptable types
of construction thus far and will be discussed in order. The
worlmanship and material of all types should be of a high guality.
A1l blades and hubs should be finished smooth and free from de-
feots, visible sceratches, and tool marks. The effect of surface
roughness in oreating high local stress concentrations and pro-
moting fatigue failure is such ms tc easily be eritical in any
design.

2o Forged solid aluminum alloy blades or one piece propesllers
mey be forged solid or machined from a forged billet. Great ecare
should be exercised in securing a high quality of material and a
sound forging. It is recommended that a check be made in the
physical and chemical properties of ech forging or bille®% used by
extracting a test piece and subjeoting it to a complete physical
and chemioal test.

&. For inspection purposes each blade should be etched in a
20% oaustic soda solution and cleaned in a 20% nitric acid
solution and warm-water. The blades should be carefully ex-
amined with a three power magnifying glass for the presence

of eracks and other defects. Suspected defects should be
repeatedly etched until their neture is determined. A erack
will appear as a distinot black linme. Transverse cracks of
any size or description are sufficient cause for rejection
provided they cannot be worked out within the tolerance limits
es given in 14,012-C2(b) herein. Longitudinal oracks which in-
crease in size as the surface metal is removed are alsc con-
sidered cause for rejection provided they cannot be worked out
within the above-mentioned tolerance. 8Small longitudingal in-
clusions, if relatively few in number, may be passed at the
inspector's disoretion. Blades which show excessive amounts
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of inclusions, scabbiness, or other sbnormal conditions which
cannot be worked out within the tolerance limits, must be re-
jected. .

b. Blades of the sams design should be interchangeable in all
respects, This requiremsnt dictates to a large extent the
necessary production tolerances and balancing requirements.

The recommended production tolerances for forged aluminum alloy
blades are given below in Figures 3 and 4,

ALUMINUM ALLCY BLADE PRCDUCTION TOLERANCES

Basic Diamster -- 10 ft, 6 in., or less
Blade length + 1/86"
Blade width  (shank to 24 inch station) ¥ 3/6a"
(30 inch station to %ip) t 1/32"
Blade thickness + »025"
Bdge aligmeent + 1/32"
Face aligmment + 1/32"
Template fit (shank to 24 inch station) © 1/zen
(30 inch station to tip) .020"
Blade angle (shank to 18 inch station) + 065°
{24 inch to 30 inch station) + 0,259
(36 inch station to tip) + 0,209
Longitudinal loeation of stations + 0,015"

FIG. 3
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ALUMINUM ALLOY BLADE PRODUCTION TOIBRANCES

Basic Dismeter -- over 10 ft, 6 in.
Blade length + 1/16"
Blade width  (shank to 24 inch station) ¥ 1/16"
(30 inch station to tip) ¥ 1/327
Blade thickness(shank to 24 inch station) + 0,030"
(30 inch station %to tip) + 0,025"
Edge alignment (shank to 24 inch station) + 1/18"
(30 inch station to tip) ¥ 1/32"
Face alignment (shank to 24 inch station) + 1/16"
(30 inch station to tip) + 1/32"
Template fit (shank to 24 inch station) 3/6a"
(30 inch station to tip) 0.020%
Blade angle (shank to 24 inch station) 4+ 0,59
(30 ineh station to tip) + 0,25°
Longitudinal location of stations + 0,015"

FIiG, 4
Bdge and face alignment are defined in 14.012-B 4(a) herein,

0. The interchangeability requiremsnt of the proceding paragrapvh
requires that all blades of the same design balance against each
other throughout the entire range of blade angles. This may be
accomplished by checking each blade against a mester blade or a
master cylinder. It is recommended that the balancing equipment
for this opsration be within a sensitivity of 0.04 inch-pounds in
horizontal balance and 0.2 inch-pounds in vertical balance. The
finished propeller should balance both horizeontally and vertieally
at both 0 and 90 degrees to the plane of rotation without showing
a persistent tendency to rotate in any direotion. Final balancing
should be done on a knife-edge balancing stand in an enclosed room
which is free from air currents. Horizontal balance may be cor-
rected by drilling a concentriec hole in the base of the blade which
hole must conform with the specifications of Figure 5. TVertical
balance may be oorrected by drilling an eccentric hole not greater
than 3/8 inoh in diameter to a depth not exceeding that specified
in Figure 5. The outer edge of this hole shall not be closer than
1/4 inch to the nearest external blade surface and not more than one
eccentrio hole should be drilled per blade. These holes may be left
cpenn or filled with lead. Ieaded holes should be ocorked.
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SIZE AND DEPTH OF BATLANCING HOLES

Maximum con- Maximum con~ Meximum eccentrie

Shank centric hole centric hole heole depth.
Size  diamster depbh (3/8 in, max, dia,

0 7/16 inches 2 L/Z inches 2 1/4 inches
o-v2 18/32 3 3/8 3

/2 5/8 3 5/8 3 1/2

1 3/4 & 1/a 4
11/2 13/16 4 7/8 4 1/2

2 7/8 5 1/2 5

3 31/s2 6 1/8 6

FIiG. 5

As an alternative to drilling the two holes mentioned above, =
single sccentric hole having a dismeter and depth conforming to
the ooncentric hole dimension given im Fig. 5 may be drilled ard
F£illed with leed. The outer edge of this hole should not be
closer than one insh to the nsarest external blade surface. The
suds of all balanecing holes should be finished with o full size
drill hawing a spherical end to eliminate corners. The sharp
odges of the hole should be removed by a L/SZ inch chamfsr,
Blades having special hub ends which are designed for use in con-

trollable pitch propellers should not be drilled with this so-
centric balancing hole.

Forged solid steel blades may be forged solid or machined from a

forged or rolled billet of suitable alloy steel. A check should be
made of the physical properties by taking a test specimen from each

and subjecting it to complete physical tests after heattreating. An
ample check should also be made of the chemical content of the material.

2« A1l blades should be inspected by the wet magnafiux process
for discontinuities, oracks, and other defects., Any unsatisfac-
tory indications which cannobt be worked out within the tolerance
limit below should be sufficient cause for rejection. The mag-
naflux inspection should be under the direct supervision of
highly-experienced personnel.

b. Acceptable production tolsrances for solid steel blades are
given in Figure 6.

10
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SOLID STEEL BLADE PRODUCTION TOIERANCES

Blade length

Blade width (from shank to 24 in.station)
(from 24 in. station to tip)

Blade thickness (from shank to 24 in.station)
(from 24 in. station to tip)

o1k 14 1 H He-
o
8
o

Bdge alignment (from shank to 24 in.station)} 1/16"
(from 24 in. station %o tip) 1/32"
Face alignment (from shank to 24 in,steation) 1/16"
(from 24 in, station to tip) 1/32"
Template P£it (from shank to 24 in.station) 3/64
(from 24 in. station to tip) 0,020
Blade angle (from shank to 24 in.station) 0,500

(from 24 in. station to tip)
Longitudinal location of stations

14 B
o
[ ]
™
o
o

FIG. 6

Edge and face alignment are defined in 14.012-B 4(a) herein.

¢c. Blades of the same design should be interchangeable in all re~
spects. They should, therefore, balance against each other through-
out the operating range of blade angles. This may be accomplished
by checking each blade against a master blade or oylinder. The bal-
encing apparatus should have a sensitivity of approximately 0,04
inch~pourds in horizontal balance and 0.2 inch-pounds in vertical
balance and should be used in a room free from air currents. The
blades should balance both horizontally and vertically when set at
both O and 90 degrees to the plane of rotation. Inserts or balano-
ing plugs used in the blade shanks for the correction of unbalancsd
conditions will be considersd individually. In all cases they should
be shown on the sealed drawing.

4. Welded hollow~steel blades should be welded up from suitable sheets or
strips of steel alloy. The material used in this type blade should be
heat-treated to obtain the following minimum physical properties:

Ultimate tensile strength 125,000 pes.i.
Proportional limit 65,000 pesl.i.
Elongation 12%

Blades of this type should be made from blanking dies, forming dies, weld-
ing jigs, heat-treat jigs and similar production tools with s minimum of
filing, grinding, wedging, or other hand operations., A standard teunsion
test sample should be cut from each sheet of steel used and subjected to

11



14.012-C CIVIL AERONAUTICS AUTHORITY MANUAT

physical tests to determine the sbove properties. Sufficient chemical
analyses should also be run to determine the chemical properties of
the material and to assure 2 uniform composition.

a, All blades should be inspected at various times during the pro-
duction process by means of the wet magnaflux process. A frequent
number of inspections will be found desirable in order *to eliminmte

& large number of rejections 1n the final stage of production, Any
proncunced magnaflux indications which cannot be sliminated by re-
moving & maximum of 10% of the plate thickness at this stage are con-
sidered sufficient cause for rejection. The megnaflux inspections
should be under the direct supervision of highly-experienced personnel.
Adeguate visuasl inspeection should also be accomplished to deteot in-
complete welds, ooncentration of welding material, and the abrupt ter-

mination of a weld in such & manner as to comstitute & stress concen-
tration point. 1

b. Recommended production tolerances for hollow-steel blades are given
in Figure 7.

HOLLOW STBEL BLADE PRODUCTION TOLERANCES

Blade length + 1/16"
Blade width (from shank to 24 inch stetion) % 116"
(from 24 inch station to tip) + 3/64"
Blade thickness (Meximum ordinate) + 0.045"
Edge aligoment + 1/@“
Face alignment + 0.045"
Template £it {from shank to 24 inch station) 1/16"
(from 24 inch station to tip) 0.045"
Blade angle (from shank to 24 inch station) + 1,00
(from 24 inch station to tip) % 0.50
Longitudinal looation of stations + 1/16"

FIG. 7

Plate thickness should be held to the following limits:
0.375 to 0.565 thickness =0,004, +0.015
04156 t0 0,375 thickness -0,003, +0,010
0.060 tp 0.156 thickness ~0,002, +0,005

Edge and face aligrmment are defined in 14.012-B 4(a) herein,
The surfaces and edges between stations should be of fair contour.

12
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5. Forged steel hubs should be forged in a die from mediwum carbon,
chrome-vanadium, or ohrome-nickel-steel bars or the equiwvalent.
Chrome-vanadium steel hubs should have & Brinell hardness of 295 & 20
- (10 mm. ball, 3000kg) in the center of the thickest portion. Chrome-
nickel steel hubs should correspondingly have a Brinell hardness of
306 + 20. Either material should show at least the following minimum
physical properties:

Ultimate tensile strength 135,000 p.s.i.
Yield strength 115,000 pesa.ie.
Elongation 15%
Reduction in area 50%

Suitable test specimens should be taken from esch hub forging to
check these physical properties. Sufficient chemical analyses should
also be run to determine the chemical properties of the material and
to assure a uniform composition. One or more forgings from each new
die should be examined for the proper grain flow.

a. All hubs should be inspected by means of the wet magnafium
process. Any pronounced magnsflux indications whioch ocannot

be eliminated within the tolerance limit of the design are con-
sidered suffioient cause for rejection of the part. The magna-
flux inspeotion should be made under the direct supervision of
highly-experienced personnel.

b. There are no general recommended production tolerances for
forged steel hubs. Under 14,1-C 5(b) herein are given the
recommended dimensions and tolerances for detachable-blade non~
controllable propeller hubs. Recommended dimensions and toler-
ances for that portion of the controllable hub which mates with
the engine shaft mre given in 14.1-C 5(d) herein.

0. The correctly balanced hub should stand at any angle in the
balancing apparatus without displaying a persistent tendency to
move in any direction. In order to obtain final balance of the
hub , metal may be removed from the portions of the hub where a
surplus has been left for balancing purposes, such as shown in
Figure 8. The tolerance limit must however not be exceeded in
any cese.

421827 O - 41 - 2

13
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14.013

013

HUB MATERIAL REMOVABIE FOR BALANCING

~Dotted line indiomtes
surplus metal left to
be remcved to cbiain
balance h

FIG. 8

d. Hub holes, threads and splines should be checked with suit-

able "go™ and "no-go" gages made up on the basis of the allow-
able manufacturing tolerances.

DEVIATIONS

1, The term unconventional, as used in 6 CFR 14.013, refers to
deviations from the conventional with respesct to peneral design
and design details. Materisls and types ol construction other
than those mentioned herein are considered unconventional and ap-
plications should accordingly be made 4o the Autherity for special
rulings covering the design. If there exists sny doubt in the
mind of the designer as to whether his design is conventional or

not, the entire design should be discussed prior to making aetive
preparations for a test program,
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«02 HUBS AND BLADES

1. When propeller hubs and blades are interchangeable they
are certificated as separate units and this procedure requires
the submittal of a complete set of date both for the propeller
blade and hub as these data are filed separately.

«03 TESTING FACILITIES

1. It is necessary that the manufacturer conduct all propeller
tests and supply or arrange for the proper testing facilities.
This normally reguires the following equipment:

a. A new engine (or one in good repair) of the type for
which ceortification of the propeller is desired. If it
has not been overhauled recently a top inspection or
overhaul may be warranted.

b. A suitable engine mount.

6. An mocurate tachameter, whioh should be calibrated
before and after testing and checked with a stop watech
and revolution-counter during testing.

d. A suitable manifold pressure gage if the test is not
run at full throttle. (Not required for fixed-pitch
wood propeller tests)

e. Sufficient vibration equipment to ascertain beyond
reasonable doubt that the propeller will not encounter
dangerous resonance conditions in operation. {Necessary
only in the case of metal propellers.) Such equipment
shéuld preferably consist of a suitable gigolo to con-
duct static vibration tests; and suitable vibration
stress pick-ups and recorders*, the former to be mount-
od on the blades and used to record the vibration
stresses during operation; a suiteble torsiograph %o
determine ‘the torsional characteristies of the propeller-
crankshaft system; and suiteble linear piock-ups to de~-
tormine the motion of the engine in space.

* Thus far one of the most effeotive pieces of apparatus has been
found to be carbon-strip strain gapges connected through slip-
rings to a 12 volt D.C. source with & resistor, condenser, am-
plifier and oscillograph in the hook-up. For additional in-~
formation on this type of apparatus refer to the Journal of the
Aeronautical Soiences, Vol. 5, No. 2, pp. 37-52: "Propellers for
Airoraft Engines of High Power Output” by F. W. Caldwell.
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+0b PROPELIER OFERATION LIMITS

1. Upozn completion of the necessary testing the propeller is
certificated for a specified horsepower, rpm, and engine bore
limit with & certein diameter and pitoh range. Due to the
difference in vibration characteristies with differsnt crank-
shaft systems and gear ratios it has recently been found neo-
essary to supplement these general factors with a qualifying
statement as to the spsoific engine or series of engines for
whioh operation is ocertifiocated. Unless definitely stated to
the contrary the propeller is assigned a take-off (one minute)
operation limit of 10% in excess of the maximum, except takew
off limit in power end in spesed. Fixed-pitch wood propellers
are normally ocertificated only for e horsepower and rpm with
no further qualifioations other than diameter and piteh. Due
to the type of testing employed (see 14.22 herein) the horse-
power is of'ten sn eppraximation with the result that the pro-
peller is essentially certificated for operation not in excess
of & given rpm.

«06 FROFELIER IDENTIFICATION DATA

1. In addition to the data specified in 6 CFR 14,08 soms menu-
facturers have found it desirable to stamp the approvel number
on the propeller. This has the advantage of giving the inspec-
tor or owner a basie reference to the ouwrrent specification for
the operation limits applieable. It is suggested that this
item be added but it mmy not be substituted for the other re-
guired data.

.1 DESIGN REQUIREMENTS

A GENERAL

1. Design requirements and recommendations will be discussed
separetely for wood and metsl propellers. 6 CFR 14,10, 14,11,
14.12, and 14.13 are oovered in this genmeral discussion.

B WOOD PROFELLERS

l. The matter of recommended finishes, materials, tolerances,
hub wideners and balancing has previously been discussed for this
type of propeller under 14.012-B herein. Problems of a design
raturse will be oconsidered under this topic as gquantitatively as
possible.

2. Blades should be laid out with a falred contour in planform
and thiekness. Abrupt changes in cross-section are to be avoided,

16
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Curves of maximum thickness and of miner and major moments

of inertia versus radius should be develcped and submitted

to check this point on new designs. The center of gravity

of the blade sections is preferably a straight line or

nearly so in the plenform view. This line should have a
slight forward tilt to relieve the aesrodynamic load on the
blade. The condition of take-off and c¢limb probably subjects
this type of propeller %o the most severe stesdy loads due to
the small relieving acotion of the centrifugel force at the low
revolution speeds combined with the high thrust loadings.

3. Blade tip sesotions should be designed with great care. In
general, thin tip sections have caused trouble even in wood pro-
pellers and are to be avoided. The designer might well use a
glightly thicker tip sectiom at the expense of some propulsive
efficiency. Markedly thin tips with thelr accompanying flexi-
bility tend to promote flutter and resonmance conditions. I%
doos not follow that a thick tip Insures ageinst flutter and
resonance, however, a thick tip on a well-designed blade is
preferable structurally if not serodynamically.

4, Some trouble has been experienced with blade tipping due to
poor location of the attaching screws and rivets. These attach-
ments should not be in a straight line parallel %o the grain of
the wood as this promotes oracking mlong sections in line with
the seorews.

6, The finish of the wood propeller should be transparent as
required in 6 CPR 14.13 and discussed in 14.012-B3 (h) herein.
This is to facilitate inspection for cracks and opened glue
Jjoints at the time of the annual inspection.

8. To promote a standardization 8f propeller hub attachments

it is recommended that steel hubs for wood propsllers be desighned
in conjunetion with the engine shaft acecording to the SAR stand-
ard dimensions. As this type of hub is ordinmarily designed,
manufactured and certificated as an sngine part, it is only men-
tioned here in passing. The front flange should preferably be
splined to the hub proper in all except designe for 50 hp. or
less. This matter and other pertinent design data will be dis-
cussed under boss design in 14.1-B 7 herein.

7. The extensive service use of the fixed pitch wood propeller
has made it possible to investigate portioms for quantitative
design criteria., The following analysis of this type propeller
hae been made from the viewpoint of experisnce.

a. The boss {or hub portion) is stressed chiefly by the

steady air loads and centrifugal loads with the engine
torque impulses superimposed. The torgque impulses prove

17
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the most severe for the boss, and service failures give =
definite indication of this in burned and elongated bolt
holes. OQOnce these holes are elongated and the propeller
starts to rock on its hub the bolts are subjected to abrupt
eccentriec loads which tend to shear thse bolt heads.

b. For the mejority of designs the rear flange of the sbesl
hub is integral with the splined portion which mates with the
crankshaft, while the front flange may be splined *to the hub
or simply serve as a collar. Assuming the engine torque %o
be resisted only by the bearing area of the hub bolts and
neglecting the effect of friction between the wood and metal
surfaces*, it is possible to calculate the "propeller resist-
ing torque" for a specific design. This must be modified for
some designs to account for the mdded strength of splining
the front flange. If the hub bolts were rigidly supported at
each end their bearing strength would increase 100% over the
cantilever type. DBecause of the varying amounts of play ibv

the splined front flange this 100% increase has been arbitrarily
reduced to 25%.

c. The "propeller resisting torque™ may be expressed in a
formula as follows:

where Tp propeller resisting torque (ft.1bs.)

slastic limit allowable crushing stress {p.s.i.)

total hub bolt bearing area (sq.in.)

bolt ecirele radius (ft.)

front flange factor {1.25 for splined flangs,
1.00 for floating flange.)

i

w w:béy
o n

d. Tp has been plotted against rated engine torgque multiplised

by the bore in Figure 9 for represeontative designs. 790 p.s.i.
has been used for Fy for birch. (See Trayer, ™Wood in Aircraft
Construction™, pp. 212-218.) Torque multiplied by the bore was

used as a good oriterion of the severity of the torque impulses
from the engine.

. The straight line in Figure 9 is a recommended minimum safe
value for use in the oonventional steel hub and wood propeller
design. It may be expressed by the equation:

Tp = 1.4 (TgB) + 350
where Tp = rated engine torque (ft.lbs.)
B = cylinder bore (inches)

* Neglected for several reasons; first, the actual amount of friction

will vary considerebly with the humidity of the air and tightness of
the bolts; second, service failures have indieated the number and
gize of hub bolts rather than the size of the flanges to be oritioeal,
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f. Pach ocircle in Figurs 9 represents a propsller and hub
combination, The solid circles are those designs with a
splined front flange and the open oircles are those with a
floating front flange. The number above the circle indi-
cates the number of failures reported. 1In all cases the
most highly stressed design 1s shown.

g. The three isclated csses of single feilure may be disre-
garded since many identioal designs are satisfactory. Faulty
maintenance, such as loose hub bolts, may have been & con-
tributing casuse. However, the series of six failures for the
one design is a definite indication of an unsafe condition and
this partiocular design had to be completely changed before
satisfactory results were obtained. For design purposes the
material presented in Figure 9 and the equation in 14.1- 7(e)
herein should determine the number, size, and disposition of
the hub bolts.

h. To further aid in determining the boss dimensions it is
recommnsnded that the length / diameter ratio of the hub bolts
should not exceed elsven and that the clearance from the center
of the bolts to the cuter surface of the boss be & minimum of

2 l/? timss the bolt diamster., Center to oenter bult spasing
on the bolt circle should be 5 1/2 times the bolt diameter
(minimum) and the center of the hub bolts should oclear the
genter bore by 3 times the bolt diamster.

i, In considering design improvements it is well to recognize
the critical portions of the design and the possibilities of

relieving them. The highest loeal wvalue of bearing stress is
experienced in the wood at the hub bolts where they enter the
rear flange of the hub and where the load deflection is lsast.

j. To relieve this portion of the material some designs in-
corporate & bushing at the rear flange to increase the bearing
area of the bolis at this point.

7. Plastio wood propsllers camposed of compressed impregnated
wood at the shank and encased in a reinforced cellulose~acetate
oovering have only recently been introduced in this country, hence
they can only be noted in passing. Sinece this type of propeller
blade is constructed with a steel shank casing, the hub design

reoommendations in 14.1-C herein should be adhered to wheraver
possible.

8. The subject of model designation is discussed here becsuse the
designer usually assigns such & designation. Although there is

soms precedent to the contrary, it is not considered advissble to
approve a pitch range under one model designation. For the purposes
of field identification it is essentiml that each pitech be assigned
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a distinguishing dash number. For example, model 89B could be
designated as 89B-48, 89B-b2 and BYB-56 referring to pitches
of 48, 62 and 56 inches respectively. The "89" as used could
refer to the diameter in inches and "B" to the basic airfoil
section. (8ee also 14.4-1 herein.)

METAL PROFELIERS

The wide variation in metal propsller design, both in type and
material of construction mekes it impossible to advance many
quantitative design oriteria. The recommended tolersnces and
balancing methods have been given in 14.012-C herein. The fol-
lowing discussion will of necessity be somewhat generalized but
speocific recommendation is made whenever possible.

1. Blades of this typs should conform to 6 CFR 14.11, The ocon-
tour should be faired with respect to the planform. Abrupt
changes in oross-section are to be avoided. Curves of maximum
thickness and of minor and major moments of inertie versus radius
may be necessary to check new designs. The center of gravity of
the blade seotions for controllable pitch propellers should lie
on, or nearly on, a straight line along the axis of rotation.
This line should have a slight forward tilt to relieve the aero~
dynamic losding of the blade. The blede fairing should avoid
abrupt changes and the shank should be designed with this in
mind., When the design incorporates an sbrupt change of section,
as in the butt-end attaching portion, as large s fillet as pos-
sible is recommended to reduce stress concentration at that
point. HNegleot of this has been & source of trouble in many
designs.

2. All surfaces subjected to wear and corrosion should be suit-
ably plated for protection against both. Cadmium has proven
satisfactory as a steel hub plating with zinc and chromium among
the possible alternatives. Cadmium has & somewhat higher salt
weter spray resistance than zinc in thin coatings (0.010 in.)
but zine plating is slightly superlor to gadmium when exposed
to air ocontaining sulphur {oity atmosphere). Both cadmium and
chromium plated steel blades have given good wearing qualities.
Aluminum alloy blades ordinarily have no protective coating but
a chromic~acid anodiec treatment inoremses their selt water cor-
rosion resistanoce.

3. Metal propellers are inherently susceptible to resonance con-
ditions and every effort should be mede in the design to avoild
such a condition in the operating range. All parts should be de-
signed to minimize the effect of vibration upon thelr operation.
This mpplies to the control mechenism es well as to the hub and
blade structure. The control mechansim should be so designed
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that o failure will not affect the functioning of the pro-
peller other than to convert it into a fixed pitch propeller.
Positive stops should be provided in the hub control mechan-~

ism so that desigrated low-pitch and high-pitech blade angles
cennot be exceeded.

4. Blade tip sections should be designed with great ocars.
Thin tip sections heve csused trouble in metal blades and ex~
treme thinness is to be avoided because the accompanying flex~-
ibility tends to promote resonence oonditions. It does not
follow that a thick tip insures against rescnance, but a thick

tip on m well-designed blade is preferable structurelly if not
gerodynemically.

5, In order to facilitate the interchangesbility of parts it
is recommended that the propeller gdesign conform as far as pos-
sible to Army and Navy or SAE standards. Ths following dimen-
sions are included for this purpose:

a. Blade end standeards are given in Figure 10 and the ac~
companying table for detachable forged sluminum alloy
blades. The fillet radii indicated should not be decresased
in eny case., It should be understood that this teble does
not define a1l possible sizes and thet intermsdiate and
larger sizes should be developed ms the need becomes appar-
ent., The horsepower is merely listed ms a guide to show
same of the usage of wvarious size shanks. The values listed
cahnot be solely used Lo substanbtiate the sirworthiness of
an application for certification.
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—_—BOUND CORNEPSTZ R
N~/ .
B C A
a
‘_-—_'—-—-—.__
1 Qﬁhﬁxnﬂ
g g e
E—r—D [
Usual HP perlBlade +.000] 4,000 +,002 +.08
Blade Range {End WNo.|A -.003|B -,003|c *.010|p -.000E *.010|F *.050lc -.00| B
0-25 00 2.250 | 2.495 | 2,000 | 0.500 | 0.4375| 1.312 | 2.187|3/32
25-80 0 3,000 | 3.245 | 2.625 | 0.6875] 0.562 | 1.687 | 2.937| 1/8
60=100 1/2 3.4375| 3.745 | 3,000 | 0.7812{ 0.6562| 2,000 | 3.375| 1/8
100-250 1 3,875 | 4.245 | 3,375 | 0.875 | 0.750 | 2.375 | 3.750(5/32
250-300 1 1/2 | 4.1875| 4.620 | 3.6876| 1.0625| 0.875 | 2.6875| 4.187{5/32
300-400 2 4.500 | 4.995 | 3.875 | 1.250 | 1.000 | 3.125 | 4.625]5/52
400-500 3 5,000 | 5.620 | 4.312 | 1,376 | 1.125 | 3.438 | 5.12513/18

FIG.

b.

ALLCYS BLADES.

10 - STANDARD ENDS OF DETACHABLE FORGED ALUMINUM

Standard forged steel hub dimensions for the detachable

aluminum alloy blade type are given in Figures 11 and 12.
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FIG. 11 - DETACHARIE ALUMINUM-ALIOY BLADE TYFE,
FORGED STEEL HUB DIMENSIOHS.
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Blade No. 1 1 1% 2 1 1% 2 2

Hub. No. 20 30 30 30 40 40 40 50
A1 10003 | 3878 | 3.878 | 4180 | 4.503 | 3.878 | 4.190 | 4.503 | 4.503
B :Lgfoogg 49247 | 4247 | 4622 | 4997 | 4.247 | 4.622 | 4.997 | 4997
—18:8(1]3 3.437 | 3437 | 3750 | 3.937 | 3437 | 3.750 | 3.937 | 3.937
Igfggg 0875 | 0875 | 1.062 | 1.250 | 0.875 | 1.062 | 1.250 | 1.250

e B R I T R BV B A L
2375 | 2375 | 2500 | 2812 | 2750 | 2937 | 3.187 | 3.500

334 3y 434 454 334 4345 4%% 434

+0.000 3.125 3.187 3.187 3.187 3.875 3.875 3.875 4.5625
+0.000 2.875 3.187 3.187 3.187 3.625 3.625 3.625 4.625

—0.005

544 5% | 54 | 5% | 5N 54 514 5%
(Ext’d) | 64 6lg | 6y | Blg | 6% | 69 | 6% | 6%
4 434 434 4% 4 4 4 Aty

(Ext’d.) | 52% | 6% 634 654 6 6 6 614
% R 2V 2 e e e 1346

254 2834 | 3l 3% 2l | 2134 3 3

414 414 454 5 414 434 5 5

1% 144 154 134 114 134 154 124
+8.005 2383 | 2633 | 2633 | 2633 | 3.133 | 3.133 | 3.133 | 3.812
—0.002
+0005 | 2164 | 2414 | 2414 | 2414 | 2881 | 2.881 | 2.881 | 3.562

—0.002
+0.001 0.233 0.259 0.259 0.259 0.306 0.306 0.306 0.377
135 1345 1% 1346 1345 1345 134 1871
Exvd) | 2% | 2w |24 | 2% | 2% | 2w | 298 | 2%
2134 24 225 2% 3% 3342 34 344

MM MN 2 DOTUZELMNXR STATN TOQ

1 The center line of 4 and B shall lie within 0.002 in. of a plane perpendicular to the
erankshaft bore center line. The center lines of 4 and B shall come within 0.002 in. of
intersecting the crankshaft hore center line. The limits on the 90 deg. dimension is plus|
or minus 0 deg. to 1 min. The A and B hores shall be concentric with each other within
0.002 in. The hole U may be omitted at the discretion of the manufacturer.

2 Shoulders located by F must be equidistant from center line of hub within 0.002 in.
for perfect balance. Finish tolerances are £0.010 in. unless otherwise specified.

FIG. 12 - FORGED STEEL HUB DIMENSIONS
(Refer to Fig. 11)
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¢. Standard dimensions for detachable hollow steel blade ends

are given in Figure 13.

It is recommended that blades of this
type be sealed airtight and no yent holes drilled in the %ip.

ROUND CORNERS Va2 R

B! 9
8
A
C
I~
” &\6 ' .
>\ et
— H
Blade | +.000| +.000| .
End No.}a -.003|B -.o0o3lc Z.010f D |E %.010|r t.010f ¢ i
00 2.250 | 2.495 | 2.000 |35/64 | 0.4375| 2.887 {3/32 | 1.812
0 3,000 | 3.250 | 2.625 {27/32 | 0.662 | 3.625 [1/8 |2.375
1 3.875 | 4.245 | 3.375 |1 1/16| 0.750 | 4.625 |5/32 | 3.250
1 /2 |4.1875 | 8.620 | 3.6875|1 1/2 | 0.8756 | 6.250 |5/32 | 3.750
2 4,500 | 4.995 | 3.875 |1 7/16| 1.000 | 5.875 |5/32 | 4.375
3 5.000 | 5.620 | 4.312 |119/32] 1.125 | 6.500 [3/16 | 4.813
FIG, 13 - HOLLOW STEEL BIADE END DIMENSIONS.
d.

Standard dimensions and dimensional tolerances are shown

in Figures 14 and 15 for that portion of the hub of controll-
able propellers which mates with the engine shaft.
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¢ OF WIDE SPLINE MUST
COME ON ¢ OF PROPELLER
BLADE wiTHIN ¥120

e K

L
et ¥ -
is°®
Scrm— é,Rr
7
Ri }:’1
=
]
bij
N o
CHAMFER 45°x‘—%
16 SPLINES
EQUALLY SPACED
OMIT ONE SPLINE
Shaft| +.000] +.000 +.005| +.005
No. |H-.005|J=.005 K L | R-.002|8-.002}{T5.001| x Y
20 |%.125 {2,875 |6 1/4 |5 2}/32 2.383 |2.164 | .233 |2 3/16 |2 13/32
30 |3.187 |3.187 |6 21/32|6 3/32 | 2.633 |2.414 | .259 |2 1/2 |2 21/32
40 13,875 [3.875 |6 19/32|6 3.133 [2.881 | .306 |2 %;/32 3 5/32
50 |4.5625(4.625 |6 25/3216 1/8 | 3.812 |3.562 | 377 |2 5/16 |3 27/32

FIG. 14 -~ CONTROLLABLE PROPELIER HUBS (16 SPLINE).
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14.1wC
of wide spline must
coms on ¢ of propeller ;
blade within ¥ 1% - 0O', = “ °
- ——— s |  ————— gy
chordal
thickness a > 10
.
é }
] |
J
Tl 7 +
777
Involute tooth form must
32 teeth equally be true inside this dlameter.
spaced so that
accumulated errors
in spacing and in
involute form are held to .00l and be
absorbed within limits speoified for the
chordal thickness.
Shaft| +.000| +.000 +,005] +,005] +.001
No. 1H-.005}J-.005 K L R-,002]|8-,002 | 7-.000|¥ min. X Y
60 |5.562 |5,500 |8 1/36 | 7 /4| 4.8014}4.4464| .2243]4.696 |3 5/32{2 27/32

FIG. 15 - CONTROLLABIE PROFELLER HUBS (32 TEETH).
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COMMERCIAL PROPELLERS

DATA REQUIRED

1, The applieation for & propeller type certificate should be
submi tted on form CAA 0l-9 supplemented by form CAA 14-1, The
latter form should enumerate all the engines for which the pro-
peller is designed. If a production certificate is also desired,
form CAA 01-10 should be submitted. This form need only be sub-
mitted once for each general type, 1.e., fixed-piteh, wood, ete.,
propsller.

1. Drawings submitted should be complete in all importent dimen-
sions, specificetions and identification data. The minimum es-
gentinl details of a propelier drawing should incorporate the fol-
lowing inflormation:

a. Title block details. (Locate in lower right-hand corner.)

(1) Company name and address.,

(2) Model or identifying number of propeller or part.

(3) Date of drawing.

(4) Initials of draftsman and checker.

(5) All drawing change letters with date of change and
description thereof.

b. Boss dimensions for fixed-pitch wood propeller.

(1) Dismeter of engine shaft bore.

(2) Diamster of bolt hole circle.

(3) Size and loeation of belt holes.

(4) Diameter and thickness of boss.

(5) Cross-section of boss showing location of hub
wideners, if used.

¢. Blade dimensions and deteils,

(1) Side elevation not dimensioned but with the line
of' centers of gravity.

(2) Plan view with the line of centers of gravity and
detailed dimensions sufficient to check the
general contour of the leading and trailing edges.

(3) Curve of meximum section thickmess plotted against
radius.

(4) Blade oross-section at frequent intervals (prefersbly
every 6 inches).

(5) Chord and angle at each oross-section, (The seotion
ordinates should also be given at the 10% sta-
tions of the blade chord. The leading edge
section should be further divided into four equal
seotions and the ordinates given.)

421827 0-41-3
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(6) When tipping is used, all details thereof.

(7) If the meterial is laminated, the extent and thick-
ness of the laminations.

(8) A desired diamster reduction indicated on the blade
planform by dotted lines,

(9) When a different pitch distribution from that of the
basic model is desired, the stations and blade
angles listed in a table on the drawing, and the
model designation which applies to that piteh
distribution.

2. A complete material specification list should be noted or re-
ferred to on the drawing. The standard Army, Navy or SAE speci-
fication should be referred to whenever possible, The exact
finish to be used on each part of the propeller should be noted.

3. All dimensional tolerances should be specified or reference
made to & table of these tolerances.

4. Drawings should preferably be sccordion-folded to a 9 by 12 in.
size with the title block showing.

5. Altered blueprints or altered photostats are not acceptable a&s
they are & possible source of controversy.

1. Duplicate drawings. If a small number of drawings are submitted
they may be in duplicete in which case a sealed set will be returned
by the Authority upon certification. 1In cases where a large number
of drawings are involved much simplification is effected by sub-
mitting one set of drawings and a dupliocate parts list. The parts
1ist should be headed with the model number and date of issuance.

It should show the drawing number, last change letbter, and the name
of each component part. Drawing numbers should be arranged numer-
ically. Upon certification of the propeller the parts list will

be sealed and returned for inclusion in the manufacturer's files.
The drawings are filed in a general drawing file for each manufac-

turer, hence identical drawings for different models need not be
re-submitted.

1, The log should either be supported by the manufacturer's affi-
davit or signed by the witnessing inspector. A graphical or tabu-
lar engine log with 15 minute readings is acceptable. All stops
should be noted and accounted for. Tests on other than fixed-
pitch wood propellers must be witnessed by an inspector of the
Authority or an authorized agent (See 14.21-1 herein) and the test
log will be signed by such witness. Tests on conventional fixed-
piteh wood propellers will ordinarily not be witnessed by an in-
spector. A new manufacturer's initisl test will always be wit-
nessed. Form CAA 14-2 (Appendix) has been developed to cover the
nessed. Figure 16 includes the essential items of this type of
test report and is available upon request. This type of report

or its equivalent should be used.
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FIG. 16 = FIXED-PITCH WOOD PROPELIER TEST REPCRT

Test Date

(a) Propeller Model No. Serial No.

(b) *Airplane License No.

(e¢) Engine Model Ko. Serial No.
hrs., including

(d) *Total Period of Testing
hrg, at

{e)**Total Period of Testing hrs.

Test RaBort

rpm.

(2) Comment on any evidence of excessive flutter or vibration

during test.

(b) Comment on any forced stops occurring during test.

(6) Deseribe <tachometer calibrations made

Ingpection after test

(a) Tipping and ettachment:
Tipping cracked excessively

Rivets or screws loose

Satisfactory

Comments

(b} Condition of all wood joints:
Blade laminstion joints opened up

Hub lamination jeints opened up

Satisfactory

Comments

{(¢) Condition of hub bolt holes:
Elongated or burned

No distortion

Comments
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Fipure 16 continued -

(d) Condition of wood in general:
Longitudinel oracks
Transverse oracks
Comments

4, Conformity check

Ttem ' Drawing Measured

Overall Diamster

Hub Diamster

Hub thickness

Diameter of hub bolt circle

Station____: chord
max,thickness
blade angle

Station.___: chord
mex.thickness
blade angle

Station__~: chord
max. thickness
blade angle

I hereby certify that the above testing. inspeotion and conformity
check was supervised by myself and that the deats presented herein is

true.
State of
County of
(Signed)
Subscribed and sworn to befors me this day of

19 .

(Notary Public)

* Applies to flight test only and must be supporied by the airplane
log.

** Applies to block test only and must be supported by the tast log.
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«204 l. A stress analysis is usually reguested if the propeller is of
& new design. While this is of minor value in itself it is useful
as 8 check of fubture design changes and as a general indication of
steady stress conditions. Such an analysis need not be exmet in
its treatment of blade-defleotion, but all assumptions should be
of a conservative nature and the analysis should inelude the basio
aerodynamic and centrifugal loadings.

21 TESTS REQUIRED FOR PROPELIERS OTHER THAN FIXED-PITCH WOOD FROPELLERS

1. Sufficient advance notification should be given of the expscted
starting of & test in order to provide for an inspector for the
Authority to witness the test. In some oases military inspectors
are sauthorized to mect as inspeotors for the Authority. Items in the
test program about which there is any doubt should be discussed with
the Authority at an early date,.

2, Bervice failures and siress meeasurements available to date have
indicated the necessity for obtaining vibration stress messurements
of metal propellers under operating conditions. This is to deter=-
mine the magnitude of the vibration stresses existing in operation
and to determine if a critical resonance condition exists at any
point in the operating range of the propeller. The essential equip-
ment has been previously listed in 14.03-le)herein. The resultant
oscillogram from the stress pick-up may be calibrated to read stress
directly and therefore give the megnitude and frequenecy of the vi-
bration stress at the pick-up location. These pick-ups should be
mounted at points on the blade tip where the stress is deemed a maxi-
mum and et several points on the blade shank. Sufficient runs
should be taken to establish the phase relationship betwesn stresses
at corresponding points of different blades and to determine the
magnitude and predominant frequency of the wibration stresses over
83 wide an rpm range as possible, i.s., from take-off rpm down to
25% of that speed.

3. Crenkshaft torsiograph records should alsc be obtained in order
to determine the torsional characteristics of the propeller-crank-
shaft system. These runs should be made with the engine rigidly
mounted in order to eliminate from the record any secondary vibra-
tion due to engine oscillations. The torsiometer should preferably
be mounted at the propeller hub. The complete operating range should
be investigated.

4. Linear pick-ups of the magnetic type should be suitably mounted
on the engine to record the motion along the three axes and such
displacement records correlated with the blade vibration-stress
measurements for future installation problems. This materisl is
considered secondary but wvery hslpful.
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5. The investigations discussed in the preceding three items
should bs oompleted as &n essential preliminary te any aoctual
endurance running and the results thereof disoussed with the
Authority before such endurance testing will be authorized.
Based on such preliminary investigations the following condi-
tiong will apply:

a, If the vibration-stress survey shows no marked resonance
conditions existing in the ceruising or take-off regimes, the
fifty hour endurance test may be run at either maximum. except
teke-off power and speed with a 10% increase granted for the
teke-off (one minute) operation or at 91% take~off power and
speed with a 10% ineremsnt granted for take-off,(one minute)
operation. It is recommended that 10 hours of the test be
conducted at the ftake-off power and speed.

b. If the preliminary stress survey shows a marked resonance
condition in the eruising regime it will be necessary to run
a fifty hour test et the critical speed in addition to the
testing outlined under item(a)above.

¢. If the preliminary stress survey shows & marked resonance
condition at take-off power and speed it will be necessary
to run an added test undsr those conditions in addition o
the testing mentioned under item a above. The amount of this
testing will be based upon the smount of take~off operation
to be expected in the normml service life of the propeller.

d. As an alternative to running the added test of item (g),

the entire 50 hour endurance test may be run at take-off

power and speed in which case no additional testing would be
required. Tests mentioned under items (b)and {¢) can, of course,
be omitted by restriocting operation of the propeller to avoid
the critical conditions.

e. A correlation of stresses in new designs with those
measured on designs with a satisfactory service record will be
considered scceptable and helpful in a study of vibration-
stress mesasurements.

6. The mctual endurance test should be run on the type of engine
for which certification is desired. Because of the vibration
problems previously discussed it will ordinarily be impossible to
assign a general power, speed and bore limitation to a propeller
without further specifying the type of engine. The test should be
run in minimum five hour ineremsnts, except that forced stops in
these periocds due to engine trouble will not affect acceptance of
the test. A definite test schedule should be set up and adhered
to as closely as possible. The propeller should be held to within
25 rpm of its proposed rated speed at all times during the test.
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If the engine is operated at part throttle during the test suitable
arrangements should be mede to record the manifold pressure and a
curve should be obtained showing the horsepower variation with
manifold pressure et the proposed rated speed of the propeller. At
each stop the propeller should be wiped off, examined, and a thin
coanting of wused engine o0il rubbed on. This applies to both steel
and aeluminum allioy propeller blades. The carbon and the trace of
ecid in the oil both ocleanrn the propeller and tend to work in and
darken any orack which may have started.

7. It is essential that the piteh-changing mechanism of a controll-
able or asutomatic pitch propeller be operated throughout its ussble
range at least onoe for every hour of testing. These fifty cycles
provide & check of the propeller operating mechanism throughout its
full range. Any roughness in the operation of the propeller should
be noted, Runs of five minute durstion should also be made at ap-
proximately one degree intervals on this type of propeller whenever
possible, and any variationg in running characteristiecs should be
noted., In addition to these required tests of the pitsh-changing
mechanism it is suggested that it be further subjeoted to a wvigorous
operation test of 500 cyeles in the case of a manual control mecha-
nism and 1500 cycles in the case of an automatic control mechanism.

«211 1. Although the stetic vibration tests mentioned in 6 CFR 14.211
are not considered essential data in view of tests discussed in
14.21-1 through 4 herein, i1t is desired that such tests be run and
submitted for possible correlation with the motual stress messure-
ments taken., Statio vibration data should be adjusted for the
effect of centrifugal force by use of the formulsa:
F° = FZ + CNF
r o
r = resonant frequency of the rotating propeller,
= resonant frequency at zero rpm,
= propeller rpm, and
vibration mode coefficient.

where

]

Q=g b

)

Suggested values of ¢ for wvarious loop and node conditions are:

C = 1,7 ~ 2.0 for l-L and 1-N
C = 690 hnd 6.2 for B-L a.nd 2-‘N
C = 12.0 - 12,2 for 3-1L and 3-N

2. A static vibration study should include & wide range of blade
angles from O degrees to 90 degrees in order to determine the
possibility of resonmnce conditions due %o a foreced vibration
sbout the major axis. The effects of end fixity have been found
to be important hence a suiteble pre-loaded condition at the blads
butt should be obtmined to duplicate the effect of ecentrifugal
foree on that factor.
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TESTS REQUIRED FOR FIXED-PITCH WOOD FROFELIERS

1. The ten hour endurance block test should be run with the maxi-
mum diameter and pitch for which certification is desired. These
dimensions may then ordinarily be reduced and approved without
additional testing, provided that no other dimensions are materi-
ally altered and provided no increase in rating is desired. The
test may be run on any internal combustion engine that may be
availabls provided that the proposed rated rpm is maintained
throughout the test. Since rpm is the only observed factor upon
which approval is based it is essential that it be accurately
determined. The tachometer should be calibrated before and after
the st and checked with s stop-watch and revolution-counter dur-
ing testing. This eelibration should be noted on the test log.
The speed should be held to within pius or minus 25 rpm of the
propesed rating. The test may be made in suitable inerements,
provided that all stops are adequately explained in the test lég.

2, The 50-hour flight test should be run on the same general type
of airplane on whiech the propeller will be used and the specific
diameter and pitch for which certification is desired should be
installed. The engine power and speed should be equal to or great-
er than those for which the propeller is to be certificated and st
least five hours should be run et the proposed rated speed. As

the rpm is the only observed factor upon which approval is based

it is essential that it be accurately determined. B8Suitaeble checks,
as discussed in the preceding paragraph, should be made and noted
on the test report. (See Fig.186)

INSPECTION OF A TESTED PROPELLER

1. The propeller snould be thoroughly inspected at the conclusion
of the testing for any unsatisfactory conditions that may have de-
veloped, Pitch-control mechanisms should be thoroughly inspected
f'or excessive wear and for clesrances. A complete inspection re-
port, considering ell applicable items discussed in the following
paragraphs, should be submitted.

2. Aluminum-zlioy propeller blades should be etched at the
tip and shenk portions and at any other critical sections,
Fillets, and points of abrupt curvature, are critical sections.
The blades should then be examined for cracks with a 4 to 6
power magnifying glass. Particular attention should be paid
within the tip portion to the region approximately one third
back from the leading edge on the lower surface of the blade.
Any transverse cracks or scratches near this location should
be thoroughly investigated. The region of the shank in line

with the leading or trailing edge of the blade should also be
examined minutely.
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b, Hollow-steel blades, sclid steel blades and forged steel hubs
should be thoroughly inspected visually, and magnetically by the
wet proeess., Any pronounced magnaflux indication should be re-
ported and discussed in detail &s it may werrant a complete metal-
lurgiecal examination. This inspection should be made by a highly
skilled operator with a long service experience.

¢. The blade control mechanism should be inspeoted for excessive
wear, fatigue cracks, and any other unsatisfactory condition.

All ferrous parts should be subjected to a magnetic inspection by
the wet process.

d. The hub cones should be carefully inspected for any signs of
wear which are an indicetion of torsional vibration econdition.

e. Fixed-pitch wood propellers should be thoroughly examined for
evidences of locsened or exoessively cracked tipping, cpened glue
Jjoints, eracks in the wood and local failure or cracking around
the hub bolt holes. These items are adequately covered in Figure
16, A certein amount of flexural eracks in the metal tipping is
considered normal. :

2., The inspector for the Authority will inspeot the torn-down prow
peller for conformity with the drawings which are to be forwarded ‘to
Weshington. This inspection should be conducted and certified to by
the manufacturer in the case of conventional fixed-piteh wood pro-
peller tests. Several blade sections and other major dimensions of
the blades and hub should be checked. Only a representative number
of parts need be checked when a large number are involved, as in the
hub control mechenism. A notation and record of the conformity in-
spection should be incorporated in the inspection report.

MILITARY PROPELIERS

1. A requisite to certification of propellers of this type is the sub-
mittal of the proper forms and necessary drawings as discussed in the
previous paragraphs 14,200 and 14.201, respesctively.

2. A copy of the official report which forms the basis of the military
approval or a copy of the official letter of approval from the military
agency is required. The manufaoturer's responsibility with respeet to
obtaining the letter is the same as in the ocase of the report. The pro-
peller must be approved for service use. A restricted approvel for ad-
dltional flight test purposes is not considered sufficient.

MODIFIED PROFELLERS
1. Small chenges in piteh snd diameter are ordinarily permissible in

the case of fixed-pitch wood propellers without additional testing.
421827 O - 41 - 4 ’
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For the purposes of field identification it is necessary that a
new model number be assigned with emoh change in pitch and diam~
oter, A change in dash number in conjunction with the basic
model rnumber is recommended to designate a change in pitch. (See
14.1-B (8) herein.) A change in piteh distribution should be
noted in a suitable tabular form on the basic model drawings.,
Smal) changes in dismeter which involve only the tip sections may
be denoted by dotted lines on the basic model drawing., The nec-
essary forms CAA C1-9 and 14-1 should be submitted for each model.

2. Minor modificstions to a metal propeller blade structure may
result in major chenges in the vibration stresses of the bleds,
This point must therefors be suitably covered if a modification is
submitted as minor. In general, appreciable changes in the strue-
ture of a metel propeller willle considered a major change end sub-
ject to the test requirements of 6 CFR 14.2.

SEAIED DRAWING LIST

1. The sealed drawing list and sesled drawings should be kept ad-
equately and conveniently filed at the manufacturer's office so
that they are readily available for such conformity checks as may
be made by representatives of tho Authority. It is preferable to
file each model seperately in numericsl order.

MAJOR CHANGES

1. Major changes %0 a propeller, as discussed in previous para-
graph 14,4, will necessitate compliance with the test requirements
of 6 CFR 14.2 and are treated as oreating new designs. !t thers is
any doubt as to whether a change is minor or major in nature, the

decision should in eall cases be referred to the Civil Aeronauties
Authority.

MINOR CHANGES

1. Drawings including the minor changes mede to the propsller dur-
ing the preceding six months should be submitted during January
and July of each year. If a drawing list was originally submitted
the reviged drawing list should also be included. If a drawing
list was not originally submitted & duplicate set of drawings
should be forwarded so that either a sealed drawing list or set of
sealed drawings may be returned for file.

BEEDUCTIONS IN DIAMBTER

1. Reductions in diemeter made by outting off the tip or by tel~
egcoping will generally be certificated without additional testing,
provided the original &sign has no oriticrl resonance conditions and
it is shown that no additionnl oritical resonance conditions are en-
countered in the smaller diemeter blade,.
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SUGGESTED FIXED-PITCH WOCD PROPELLER INSPECTION FORM

Shipped to Date Mfd. Des.No.
Address Serial No,.
Wood Source Date rec'd.
Hub Drilled by
Hub Installed by
Plus Pius | Max. Plus | Template
Btation|Angle or |Width| or |Thick-|{ or Fit Remarks
Minus Minus! ness |Minus
Plus or
Measured Minus Balance
. Track
Prop.]?lame‘ber Finish
fub Diameter Inspected by
@yb Thickness Approved by
FIG. 17
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