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DEPARTMENT OF TRANSPORTATION Federal Aviation Administration. Office As explained in NPRM 93-8, the
of Rulemaking, ARM-1. 800 operator of a turbine-powered category

Federal Aviation Administration IndependenceAvenue, SW., airplane must determine that the
Washington, DC 20591, or by calling runway being used, plus any available

14 CFR Parts 1, 25, 91,121, and 135 (202) 267-9680. Communications must stopway or clearway, is long enough to
[DocketNo. 25471:Amendment No_ 1--48, identify the amendment number or either safely continue or reject the
25-e2, 91-256, 121-268, 135-71] document number of this final rule. takeoff from a defined go/no-go point.

Persons interested in being placed on The go/no-go point occurs while the
RIN2120-AB17 the mailing list for future notices of airplane is accelerating down the
Improved Standards for Determining proposed rulemaking and final runway for takeoff when the airplane .
Rejected Takeoff and Landing rulemaking and final rules should reaches a speed known as V_.
Performance request from the above office of copy of The assure that the takeoff can be

Advisory Circular No. 11-2A, Notices of safely continued from the go/no-go
AGENCY:Federal Aviation Proposed Rulemaking Distribution point, the length of the runway plus any
Administration (FAA), DOT. System, that describes the application clearway must be long enough for the
ACTION:Final rule. procedure, airplane to reach a height of 35 feet by

the end of that distance, even if a total
SUItmMRY:This action amends the Small Entity Inquiries loss of power from the most critical
airworthiness standards for transport
category airplanes to: revise the method The Small Business Regulatory engine occurs just before reaching the
for taking into account the time needed Enforcement Fairness Act of 1996 V, speed. This distance is commonly
for the pilot to accomplish the {SBREFA)requires the FAA to report referredto as the accelerete-go distance.
procedures for a rejected takeoff; require inquiries from small entities concerning In case the pilot finds it necessary to
that takeoff performance be determined information on, and advice about, reject the takeoff, the runway plus anystopway must be long enough for the
for wet runways; and require that compliance with statutes and airplane to be accelerated to the VI
rejected takeoff and landing stopping regulations within the FAA's
distances be based on worn brakes. The jurisdiction, including interpretation speed and then brought to a complete
FAA is taking this action to improve the and application of the law to specific stop. This distance is known as theeccelerete-stop distance.
airworthiness standards, reduce the sets of facts supplied by a small entity. The choice of V, speed affects the
impact of the standards on the The FAA's definitions of small accelerate-go and accelerate-stop
competitiveness of new versus entities may be accessed through the distances. A lower V, speed,
derivative airplanes without adversely FAA's web page (http:// corresponding to an engine failure early
affecting safety, and harmonize with www.faa.gov.avr/arm/sbrefa.htm), by in the takeoff roll, increases the
revised standards of the European Joint contacting a local FAA official, or by accelerate-go distance and decreases the
Aviation Requirements-25 (JAR-25). contacting the FAA's Small Entity accelerate-stop distance. Conversely, a
These standards, which affect Contact listed below, higher V_speed decreases the
manufacturers and operators of If you are a small entity and'have a accelerate-gn distance and increases the
transport category airplanes, are not question, contact your local FAA accelerate-stop distance. When VI is
being applied retroactively to either official. If you do not know how to selected such that the accelerate-stop
airplanes currently in use or airplanes of contact your local FAA official, you may distance is equal to the accelerete-gn
existing approved designs that will be contact Charlene Brown, Program distance, this distance is known as the
manufactured in the future. Analyst Staff, Office of Rulemaking, balanced field length. In general, the
EFFECTIVEDATE:March 20, 1998. ARM-27. Federal Aviation balanced field length represents the
FOR_lml.IF_ iNFORMATIONCONTACT:. Administration, 800 Independence minimum runway length that can I_e
Donald K. Stimson. FAA. Airplane & Avenue. SW. Washington. IX: 20591, 1- used for takeoff.
Flightcrew Interface Branch. ANM-111, 888-551-1594. Internet users can find The V_speed selected for any takeoff
Transport Airplane Directorate, Aircraft additional information on SBREFA in depends on several variables, including
Certification Service, 1601 Lind Avenue the "Quick Jump" section of the FAA's the airplane's takeoff weight and
SW., Renton, WA 98055--.4056; web page at http-.J/www.faa.gov and configuration (flap setting), the runway
telephone (425) 227-1129. facsimile may send electronic inquiries to the length, the air temperature, and the
(425) 227-1320. following intemet address: 9-AWA- runway surface elevation (airport
SUPPLEMENTARYINFORMATION:An SBREFAOfaa.dot.gov. altitude). The takeoff performance and

electronic copy of this document maybe Background limitation charts in the Airplane Flight ,"
downloaded using a modem and Manual (AFM) are developed in
suitable communications software from These amendments are based on accordance with the FA.Aairworthiness
the FAA regulations section of the notice of proposed rulemaking (NPRM) standards in subpart B of the Federal
FedWorld electronic bulletin board 93-8, which was published in the Aviation Regulations (FAR), part 25--
service (telephone: 202-512-1661) or Federal Register on July 8, 1993 (58 FR "Airworthiness Standards: Transport
the FAA's Aviation Rulemaking 36738). In that notice, the FAA Category Airplanes," using data
Advisory Committee Bulletin Board proposed amendments to 14 CFR parts gathered during comprehensive flight
service (telephone: 800-FAA-ARAC). 1, 25, 91,121, and 135 to improve the tests completed as a part of the FAA's

Internet users may reach the FAA's standards for determining the approval of the airplane's type desig n.
web page at http://www.faa.gov or the accelerate-stop and landing distances Part25, subpart B, also prescribes the
Federal Register's webpage at http:// for transport category airplanes. The FAA airworthiness standards for
www.access.gpo.gov/sumdocs for FAA received over 100 comments from determining the length of runway
access to recently published rulemaking 22 different commenters on the required for safe landing under various
documents, proposals contained in NPRM 93--_. As airplane and atmospheric conditions.

Any person may obtain a copy of this a result of these comments, the FAA has Landing performance charts must be
final rule by submitting a request to the modified some of the original proposals, published in the AFIvl.and are used by
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the operator to determine whether a amount of cargo to be transported, runway. By requiring wet runwav
particular runway is long enough for When the number of passengers or performance to be determined and
Landing. amount of cargo must be reduced for a included in the AFM, and by requiring

The FAA, through the general given flight, the airplane operator can the use of worn brakes to determine the
operating rules contained in parts 91, suffer a loss of revenue, airplane's stopping capability, the
121, and 135, requires operators to use Amendment 25---42, which became proposed amendments would provide
the appropriate performance and effective on March 1, 1978, revised the additional accelerate-stop distance for
limitation charts published in the AFM takeoff performance standards to make the conditions in which it is specifical|y
to plan their takeoffs and landings, them more restrictive. Prior to needed in operational service.

In NPRM 93-8. the FAA proposed Amendment 25--42, variations in pilot Because wet runways and worn
amendments to several sections of parts reaction time were provided for in the brakes would be specifically addressed
25, 91,121. and 135 concerning the AFM accelerate-stop distances by in the revised standards proposed in

,, methods for determining and applying adding one second to the flight test NPRM 93-8, the FAA also proposed to
the takeoff and landing performance demonstrated time interval between replace the two seconds of continued
standards for turbine-powered transport each of the pilot actions necessary to acceleration beyond V_ with a distance
category airplanes. Also, the FAA stop the airplane. Typically, there are equal to two seconds at the V_ speed.
proposed to amend part 1, which three such actions. The pilot reduces the The distance equal to two seconds at
contains terms and abbreviations used power, applies the brakes, and raises the constant V_, while shorter than that
in the FAR, to add a definition of the spoilers. Adding one second between resulting from the continued
term "takeoff decision speed" and an each of these actions results in a total of acceleration beyond V t required by
explanation for the abbreviation "Vev." two seconds being added to the time Amendment 25-..42, is a distance margin

The proposed amendments retained taken by the flight test pilots to that must be added to the accelerate-
the fundamental principle that the pilot accomplish the procedures for stopping stop distance demonstrated during flight
should be able to either safety complete the airplane. In calculating the resulting testing for type certification. The FAA
a takeoff or bring the airplane to a accelerate-stop distances for the AFM, intends for this distance margin to take
complete stop, even if power is lost no credit was allowed for any into account the variability in the time
from the most critical engine just before deceleration during this two-second it takes for pilots, in actual operations,
the airplane reaches a defined go/no-8o time period, to accomplish the procedures for
point. This principle has formed the The revised standards of Amendment stopping the airplane.
basis of the takeoff performance 25-42 required the accelerate-stop Amendment 25-42 required the two
standards required for the type distance to include two seconds of seconds of time delay to be applied
certification of turbine-powered continued acceleration beyond V_ speed prior to the pilot taking any action to
transport category airplanes since before the pilot takes any action to stop stop the airplane. This more restrictive
Special Civil Air Regulation No. SR- the airplane. This revision resulted in approach assumes that the airplane
422, effective August 27, 1957. The longer accelerate-stop distances for reaches a higher speed during the
amendments proposed in N'PRM 93-8 airplanes whose application for a type accelerate-stop maneuver and. therefore,
were intended to provide a more certificate was made niter Amendment results in a longer distance than the
rational method to take into account the 25--42 became effective. Consequently, distance equal to two seconds at
various operational aspects affecting the turbine-powered transport category constant V_ speed. Inserting the time
takeoff distance. By the phrase "more airplanes that are currently being delay before the pilot takes any action
rational method," the FAA means a manvfactured under a type certificate to stop the airplane, however, does not
method that explicitly addresses the that was applied for prior to March 1, accurately reflect the procedures that
specific elements affecting the takeoff 1978, have a significant operational pilots are trained to use in operational
distance, rather than providing for economic advantage over airplanes service. V, is intended to be the speed
critical conditions by applying more whose type certificate was applied for by which the pilot has already made the
restrictive standards to all takeoffs, after that date. This competitive decision to rejected the takeoff and has

If the takeoff performance standards disparity resulting from applying begun taking action to stop the airplane.
are made more restrictive, longer different performance standards created The time it takes for the pilot to
distances are needed for takeoff. _ a compelling need to amend the takeoff recognize the need for a rejected takeoff,
However. the operator cannot change performance standards of part 25 which occurs before V_ is reached, is
the length of the runway (although a without adversely affecting safety. In considered separately within the
longer runway, if available, could be addition, operational experience airworthiness standards. Therefore, the
used). Instead, the operator must indicated a need to specifically address amendments proposed in NPRM 93-8
usually reduce the airplane's takeoff the detrimental effects of worn brakes were intended to more accurately reflect
weight in order to shorten the distance and wet runways on airplane stopping the rejected takeoff procedures taught in
needed for takeoff. The more restrictive performance, training and the intended use of the V_
the takeoff performance standards are, Amendment 25-42 was a broad brush speed.
the more takeoff weight may have to be approach, applying to all takeoffs, to In summary, the purpose of the
reduced to be able to operate from a increase the required accelerate-stop amendments to the takeoff performance
particular runway, distance. This broad brush approach did standards of perts 25.91. 121. and 135.

To reduce the airplane's takeoff not explicitly account for many of the as proposed in NPRIvI 93-8, was to more
weight, the operator must either reduce important operational factors that may rationally reflect the operational factors
the amount of fuel to be carried, or affect takeoff performance. For example, involved and reduce the impact of the
reduce the number of passengers or the standards did not distinguish standards on the competitiveness of
amount of cargo to be transported. Since between dry and wet runways, nor were new versus derivative airplanes. More
the amount of fuel to be carried is the effects of worn brakes taken into restrictive standards were proposed for
dictated primarily by the route being account. Wet runways and worn brakes takeoffs from wet runways. In addition.
flown, the operator's only option may be typically result in longer accelerate-stop the proposed standards would require
to reduce the number of passengers or distances than with new brakes on a dry accelerate-stop distances to be
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determined with brakes that are worn to airplanes that met the later standards of available economic impact information,
their overhaul limit. Lastly. the two Amendment 25--42, as compared with the FAA could not support a
seconds of continued acceleration airplanes that were only required to recommendation to make the standards
beyond Vj speed would be replaced by meet the takeoff performance standards propose d by NPRM 93-8 retroactive to
a distance equal to two seconds at VI that preceded Amendment 25-42. Even either airplanes currently in use or
speed, though the airplane types were future production airplanes of designs

In NPRM 93-8, the FAA also originally type certificated at different that have already been type certificated.
proposed to amend the landing distance times..'thus allowing the use of different If additional information to support
standardsofpart25 toaccountforworn amendments, both groupsofairplanes making theseproposed standards
brakes.The FAA proposed thischange arecontinuinginproductionand both retroactivebecame availableata later

tobe consistentwith theproposalfor arecompeting forsalesand foruse over date,the FAA proposed toreviewsuch
takingworn brakesintoaccountforthe some common routes.Airplaneswhose informationand determineiffurther

takeoff accelerate-stop distances, designs were type certificated to the rulemaking would be appropriate.
Because airplanes generally require standards introduced by Amendment In March 1992, the JAA issued its
more distance to take off than to land, 25-42 could be penalized in terms of Notice of Proposed Amendment (NPA)
the allowable landing weight is rarely the number of passengers or amount of 25B, D, G-244: "Accelerate-Stop
limited by the available runway length, cargo they can carry over a common Distances and Related Performance
Therefore, the proposed landing route, even though the airplane's takeoff Matters" to amend the takeoff
distance rule change was not expected performance might be better from a performance standards of JAR-25. The
to have a significant effect on the safety perspective than a competing amendments proposed in NPRM 93-8
number of passengers or amount of airplane design that was not required to were substantively the same as the
cargo that can be carried, meet the later standards. Currently, amendments proposed by the JAA N'PA
International Harmonization of most of the transport category airplane for JAR-25.
Airworthinqss Standards types that have been required to meet

the later standards of Amendment 25- Discussion of tim Proposals

For more than ten years, the FAA has 42 were designed and manufactured In NPRM 93-8, the FAA proposed the
been cooperatingwith the Joint Aviation outside the U.S.(mostlyinEurope). following rule changes:
Authorities (JAA) of Europe to promote These airplanes are competing for sales 1. Replace the two seconds of
harmonization between the FAR, against airplanes that were designed and continued acceleration beyond V_
particularly the airworthiness standards, manufactured in the U.S. that were not (mandated by Amendment 25--42) with
and the European Joint Aviation required to meet the standards of a distance margin equal to two seconds
Requirements (JAR). The aircraft Amendment 25-42. This situation has at Vl speed;
certification authorities of 23 European led to claims by a majorEuropean 2. Require that the runway surface
countries are members of JAA. An manufactu_mr of transport category condition (dry or wet) be taken into
annual meeting is held between FAA airplanes that this disparity in the account when determining the runway
senior management officials and senior airworthiness standards has created an length that must be available for takeoff:
management officials of the JAA unfair international trade situatidn and
member authorities to identify technical affecting the competitiveness of their 3. Require that the capability of the
subject areas where cooperation is airplane types of a later d .esign. . brakes to absorb energy and stop the
needed to promote greater At the June 1990 annual meeting, _e airplane during landings and rejected
harmonization between the FAR of the FAA and J'AA agreed to jointly review takeoffs be based on brakes that are
United States and the European JAR. A the current takeoff performance worn to their overhaul limit.
large portion of these meetings have standards and their applicability with
been open to the public. A respect to airplanes currently in use and Proposal 1
comprehensive study of this activity airplanes produced in the fumm under The FAA proposed to amend the
was completed by Professor George A. existing approved designs. The goal was method of determining the accelerate-
Bermann, Columbia University School to reduce the inequities described above stop distance prescribed in § 25.109 by
of Law, in May 1991 as a consultant to without adversely affecting safety. The replacing the two seconds of continued
the Administrative Conference of the study consisted of two parts: First, the acceleration after reaching Vt with a
United States (ACUS). A copy of current takeoff performance standards distance equal to two seconds at V_
Professor Bermann's final report to were reviewed to determine if they were speed. This proposal would reduce the
ACUS, titled: "Regulatory Cooperation too restrictive; and second, the merits of accelerate-stop distance that must be
with Counterpart Agencies Abroad: The making the resulting standards apply available for a re_cted takeoff because
FAA's Aircraft Certification retroactively were considered for both the airplane would be assumed to begin
Experience,"datedMay 1991,is airplanescurrentlyinuse and airplanes stoppingfrom a lowerspeed(fromVL ,
included in the docket. Based on produced in the future under existing rather than from the speed reached after ,
Professor Bermann's report. ACUS has approved designs. The FAA and JA.A two seconds of acceleration beyond V,}.
confirmed the administrative also agreed to initiate substantively the The FAA's intent was to replace the
appropriateness of this effort and has same rulemaking within their respective most costly aspect of Amendment 25-42
indicated strong support for this activity systems to harmonize the European and with a requirement that closely
in their Recommendation 91-1, titled U.S. takeoff performance standards for represents the pre-Amendment 25-42
"Federal Agency Cooperation with transport category airplanes., criteria of § 25.109, as applied to the
Foreign Government Regulators," The FAA concluded that tim takeoff certification of recent U.S.-
adopted June 13, 1991. performance standards of part 25 could manufactured airplanes.

At the annual FAA/JAA meeting in be made more rational, and thus less
June 1989, the FAA and JAA discussed restrictive overall, without adversely Proposal 2
the competitive disparity caused by the affecting safety and proposed to amend The FAA proposed to amend § 25.105
differences between the takeoff the standards acco .r_ingly. However, to require that airplane takeoff
performance standards applied to considering the sefefy benefits and performance data be based on wet, in
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addition to dry, runways. Section dry. braking coefficient varies This lower screen height (which is the
25.1587{b) would be amended to require significantly with speed. At high height of an imaginary screen that the
that performance information for wet speeds, the wet runway braking airplane would just clear with the wings
runways be included in the Airplane coefficient is typically less than one-half in a level attitude when taking off or
Flight Manual (AFM). Sections 91.605, the dry runway braking coefficient. At landing) would reduce the balanced
121.189, and 135.379 of the operating low speeds, the wet runway braking, field length V_ speed, thereby reducing
rules would be amended to require that coefficient is typically more than one- the number of high-speed rejected
wet runways be taken into account half the dry runway braking coefficient, takeoffs on wet runways. The FAA

. when determiningtherunway length Used overtheentirespeed rangeforthe considersloweringthescreenheightto
thatmust beavailablefortakeoff,ifwet stoppingportionofa rejectedtakeoff, 15 feettobe an acceptablemethod of
runway performanceinformationexists however,thewet runway braking reducingtheriskofoverrunson wet
intheAFM. Thus, thisrulewould apply coefficientcan justifiablybe runways becauseofthesimilarityto
onlytoairplanedesignsforwhich the approximatedasone-halfthedry currentruleswhen operatingfrom dry
applicationfortypecertificationoccurs brakingcoefficient.The ESDU reportis runways thathave a clearway.The
aftertheamendment becomes effective, includedinthedocket, minimum heightpermittedoverthe end
and tothosepreviouslycertificated Under thisproposal,§ 25.109would oftherunway forcurrentdryrunway
airplanedesignsforwhich the alsoberevisedtopermitthe use of takeoffsmay be 13 to17 feet,depending
manufacturerchoosestore-certifytothe availablereversethrustwhen on theairplane,when a clearwayis
amended standards, determiningthe accelerate-stopdistance present.Inaddition,a 15-footminimum
Section25,109would be revisedto fora wet runway."'Available"reverse screenheightand verticalobstacle

provide the details of how the thrust was interpreted as meaning the clearance distance has been allowed for
accelerate-stop distance would be thrust from engines with thrust many years by the United Kingdom
calculated for a wet runway. The FAA reversers that are operating during the Civil Aviation Authority for wet runway
proposed the following approach to stopping portion of the rejected takeoff, operations without any problems being
determining the wet runway takeoff Credit for reverse thrust was included in reported.
performance: (1) Take into account the the proposal because the most 'The combination of a clearway with
reduced braking force due to the wet significant variable that affects the the proposed 15-foot screen height for
surface; (2) permit performance credit stopping performance on a wet runway, wet runways could result in a minimum
for using available reverse thrust as an reduced braking friction, was also height over the end of the runway of
additional stopping force; and (3} permit included as part of the rational near zero (i.e., liftoff very near the end
the minimum airplane height over the approach to wet runway rejected of the runway), if clesrway credit were
end of the runway after takeoff to be takeoff, to be permitted for wet runways in the
reduced from 35 feet to 15 feet. This On dry runways, the FAA proposed to same manner that it is currently
approach would reduce the risk of explicitly deny credit for reverse thrust permitted for dry runways. The FAA
overruns during rejected takeoffs on wet when calculating the accelerate-stop considers this situation to be '
runways white retaining safetymargins distance.Thisproposalwould codify unacceptable.The possiblepresenceof
forcontinuedtakeoffssimilartothose currentFAA policy.Although reverse standingwaterorothertypesof
requiredfordry runways, thrustshouldand probablywould be precipitation{e.g.,slushorsnow} and
The reducedbrakingforceavailableis used duringmost rejectedtakeoffs,the numerous operationalfactors(e.g.,late

the most significant variable affecting FAA believes that the additional safety or slow rotation to liftoff attitude}
the stopping performance on a wet provided by not accounting for reverse emphasize the need to provide more of
runway. The FAA proposed to revise thrust in calculating the accelerate-stop a safety margin than would be present
§ 25.109 to specify that the wet runway distance on a dry runway is necessary if liftoff were permitted so near the end
braking force would be one-half the dry to offset other variables that can of the runway. Therefore. the proposed
runway braking force, unless the significantly affect the dry runway § 25.113 would not permit the
applicant demonstrated a higher wet accelerate-stop performance determined combination of clearway credit and a
runway braking force. Under this under the current standards. For wet 15-foot screen height. The FAA
proposal, the one-half of the dry braking runways, credit for reverse thrust would proposed to modify § 25.113, however,
force level would apply regardless of be permitted because taking into to ensure that the presence of a clearway
whether the dry runway braking force is account the reduced braking force does not result in requiring longer
limited by the torque capability of the available on the wet surface, as runway lengths than if there were no
brake {which is the friction force proposed in this notice, greatly clearwav.
generated within the brake} or the outweighs the effects of these other In addition to the reduced screen
friction capability of the runway variables. Examples of variables that can height for wet runways, the minimum
surface. Although it can be argued that .significantly affect the dry runway vertical distance required between the
thetorquecapabilityofabrakeis accelerate-stopperformanceinclude: takeoffflightpathdefinedin§ 25.115
independentofthe runway surface runway surfacesthatprovidepoorer and obstacles(e.g.,trees,hills,
condition,theproposed use ofthis frictioncharacteristicsthan therunway buildings,etc.}would be reducedby a
simple relationship between wet and used during Right tests to determine corresponding amount. To accomplish
dryrunway brakingcapabilitywould stoppingperformance,draggingbrakes, this,theFAA proposed torevise
depend on usingtheone-halfdry brakeswhose stoppingcapabilityis §25.115tostatethatthetakeoffflight
relationshipthroughoutthebraking reducedbecauseofheatretainedfrom pathshallbe consideredtobeginata
phase. , previousbrakingefforts,etc. heightof35 feetattheend ofthetakeoff
Data publishedinEngineering The FAA proposedtorevise§25.113 distance.

Science Data Unit (ESDU} 71026, to allow the distance required for a This revised definition of the takeoff
entitled "Frictional and Retarding continued takeoff fi'om a wet runway to flight path would apply equally to dry
Forces on Aircraft Types--Part It: include taking off and climbing to a and wet runways, even though the
Estimation of Braking Force," shows height of 15 feet, rather than the heigat height of the airplane at the end of the
that the relationship between wet and of 35 feet required on a dry runway, takeoff distance (i.e., the screen height)
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for wet runways is proposed to be only Concurring with the NTSB imposed retroactively. The JAA strongly
15 feet. The effect of this proposal recommendation, the FAA proposed to supports the proposals, but also believes
would be to make it possible to use the add a definition of takeoff decision that these requirem'ents should be
flight path information currently speed to § 1.1 in order to remove imposed retroactively. The association
contained in the AFM even if the apparent confusion over the meaning of representing European manufacturers
runway is wet. Because the screen this term. The FAA's proposed supports applying the proposed
height would be reduced from 35 feet to definition was intended to make it clear standards to new derivatives of existing
15 feet for a wet runway, the height of that the decision to reject the takeoff, approved designs as well as to
an airplane at any point in the flight- indicated by the pilot activating the first completely new airplane designs.
path will therefore be approximately 20 deceleration device, must be made no Another issue that generated strong
feet lower from a wet runway than from later than V_ for the airplane to be contrasting views concerns the distance
a dry runway. Under this proposal, the stopped within the accelarate-stop needed to align an airplane on the
airplane's actual height over obstacles distance, runway for takeoff. Typically, airplanes
would be reduced by appro_nately 20 The abbreviation V_v is used in enter the takeoff runway from an
feet when taking off from a wet runway, several places within part 25. The FAA intersecting taxiway. The airplane must

Under the current regulations, the proposed to amend § 1.2 to add the then be turned so that it is pointed
airplane's flight path must be higher definition of V_v, which currently down the runway in the direction for
than any obstacles by a combination of appears in § 25.107(a}(1}. Vm, is the takeoff. FAA regulations do not
an increment of height and an speed at which the critical engine is explicitly require airplane operators to
increment of gradient (i.e., the slope of assumed to fail during takeoff, take into account the runway distance
the flight path). Although this proposal As stated previously, the FA.A did not used to align the airplane on the runway
would reduce the height increment by intend to apply these proposed for takeoff. The commenters who
approximately 20 feet, the gradient amendments retroactively to either support retroactivity also support
increment would be unchanged. As the airplanes currently in use or future amending the regulations to require
distance from the end of the takeoff production airplanes of designs that operators to take this runway alignment
distance increases, the gradient have already been approved. However, distance into account. Those who
increment provides an increasingly manufactm,ers or operators of these oppose retroactivity also oppose
greater portion of the total height airplanes may elect to comply with proposals to require taking into account
difference between the airplane and the these proposed amendments by a the runway alignment distance.
obstacle. Therefore, the effect of change to the type design. The benefits In NPRM 93-8, the FAA stated that
reducing the height increment over of the revision to the time delay criteria "with the safety benefits and economic
obstacles by 20 feet diminishes as the of § 25.109 would then be available to impact information available at this
distance from the end of the takeoff relieve the economic burden imposed time, the FAA cannot support a
distance increases, by Amendment 25.-42. The proposed recommendation to make the standards

amendments to take into account the proposed by this notice retroactive to
Proposa/3 effects of wet runways and worn brakes either airplanes currently in use or

The FAA proposed to amend must also be included in such a future production airplanes of designs
§ 25.101(i) to require that accelerate-stop recertification. The FAA expects that, that have already been type
and landing distances must be for airplanes whose certification basis certificated." This conclusion was
determined with all the airplane brakes includes Amendment 25-42, most reached after a review of the estimated
at the fully worn limit of their allowable applicants will elect to comply with this costs and the potential benefits that
wear range. Section 25.735 would be proposal because it witl be would result from applying the
revised to require that the maximum economically beneficial for them to do proposed standards retroactively and
brake energy capacity rating must be so. mandating that operators take into

account the runway alignment distance.
determined with each brake at the fully Discussion of the Commenta It should be noted, however, that oneworn limit of the allowable wear range.
In addition § 25.735 would be amended The FAA received over 100 comments part of the proposed standards has
to add a requirement for a flight test from 22 different commenters regarding effectively already been imposed
demonstration of the maximum kinetic the proposals presented in N'PRM93-8. retroactively. The FA.Ahas issued
energy rejected takeoff with not more The commenters include airplane pilots, airworthiness _ves (_kD's)
than 10 percent of the allowable brake manufacturers, operators, and the concernin 8 brake wear limits for every
wear range remaining, associations representing them, foreign FAA-certificated transport category

airworthiness authorities, and another airplane with a maximum takeoff weight
Miscellaneous agency of the U.S. government. Because of over 75,000 pounds. These AD's

Additionally, the FAA proposed to of the increasing emphasis placed on ensure that the brakes on these
add one new definition and one new international harmonization of the airplanes, even when fully worn. can ,"
abbreviation to part 1, Definitions and airworthiness standards, and because absorb the energy from a maximum
Abbreviations. the JAAissued substantively the same energy rejected takeoff. .

As a result of their special proposals to amend JAR-25, the FAA in addition to the economic impact ot
investigation of rejected takeoff also received many comments from retroactively applying the proposed
accidents, the National Transportation foreign and international sources, standards, the FAA was influenced by
Safety Board (NTSB) recommended that In general, the pilots, and the the increasing emphasis on
the FA.Aclearly define the term "takeoff airworthiness authorities of Canada and international harmonization of the
decision speed" (V_}in part 1. This the Netherlands oppose the proposed airworthiness standards. Retroactivity of
recommendation is contained in the amendments unless the FA.A imposes the proposed standards and the
NTSB's Special Investigative Report, the new standards retroactively, requirement to take runway alignment
"Runway Overruns Following High Conversely, the airplane manufacturers distance into account, had the FAA
Speed Rejected Takeoffs," published on and operators generally support the decided to proceed with these
February 27, 1900. proposals as Ion8 as they are not provisions, would have been
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accomplished through revisions to the respective rulemaking procedures of the the current standards do not explicitly
operating rules of the FAR. At the time FAA and the [AA. For the FAA. these address, to significantly improve takeoff
NPRM 93-8 was being developed, the tasks are assigned to the Aviation safety. Combined with Proposal 1. the
[AA lacked operating rules with which Rulemaking Advisory Committee proposed amendments provide an
to impose these requirements. Although (ARAC). equivalent or higher level of safety than
the introduction and justification The ARAC was established to provide the current standards.
sections of [AA NPA 25B, D, G-244 advice and recommendations to the Depending on whether the runway is
discussed an intent to apply the F.RA on all rulemaking activity. There wet or dry and on the particular

. standardsretroactively,and torequire areover60 member organizationson the airplane'sstoppingcapabilitywith worn
thatrunway alignmentdistancebe taken committee,representinga wide rangeof brakes,themaximum allowabletakeoff
intoaccount,theJAA lackeda interestwithintheaviationcommunity, weightfora givenrunway lengthcould

regulatorymechanism fordoingso. Meetingsofthecommittee areopen to end up beingeitherincreasedor
- Therefore.the proposed standards thepublic,exceptasauthorizedby decreasedunder the proposed

would nothave been harmonized had section10{d}oftheFederalAdvisory standards.Although itseffectsare
theFAA proposed such amendments to Committee Act.For issueson the variable,the FAA estimatesthat
the part91.121,and 135 operating harmonizationwork program,theARAC ProposalIwould reduce,on average,
rules, assignsmembers, who work on behalfof therunway lengthneeded fortakeoffby

Shortlythereafter,theJAA published theFAA, totheFAR/JAR harmonization 150 feet.For airplanesequipped with
NPA OPS--2,containingproposed JAR workinggroup.Although workinggroup typicalsteelbrakes,the proposed worn
operatingrulesforcommercial air meetingsaregenerallynot open tothe brakerequirementswould add an
transportation{JAR--OPS1}.Inthis public,working group taskassignments averageof150 feettotherunway length
NPA. the JAA proposed to retroactively are published in the Federal Re_l_r, needed for takeoff. The FAA estimates
require operators to take into account and all" interested parties are invited to that the proposed wet runway
the performance effects of wet runways participate as working group members, requirements would result in an average
and runways contaminated by slush, Working groups report directly to the increase of 220 feet in the runway
snow, ice or standing water, and to ARAC, and the ARAC must concur with length required for takeoff when the
require operators to apply adjustments a working group proposal before that runway is wet. It should be emphasized
for runway alignment distance. NPA proposal can be presented to the FAA as that these estimates are average effects
OPS-2 did not address retroactive an advisory committee that can vary considerably depending
application of the proposed recommendation. After an ARAC on the airplane type and the specific
requirements related to worn brakes, recommendation is received and found takeoff conditions. For example,
The JAR-OPS 1 finalrule,which acceptableby theFAA, theagency airplanes equipped with carbonbrakes
retainedthe proposalsnotedabove,was proceedswith thenormal public orcertainheavy-dutysteelbrakes,
issuedby theJAA on May 22,1995.It rulemakingprocedures, usuallywillbe uaffectedby the worn
becomes effectiveon AprilI,1998,for Most ofthecommenters who oppose brakerequirementsbecausethesebrakes
operatorsofairplaneswitha maximum theproposed rulemakingalsoclaimthat providethesame stoppingcapabilityin
takeoffweightofover10,000pounds or theproposalswould degradethelevelof theworn conditionasthenew
a maximum approved seatingcapacity safetyprovidedby the current condition.{The proposed worn brake
of20 ormore passengers, standards.Specifically,these requirementrepresentan important

Due to the controversial nature of the commenters oppose the proposal to safety improvement, however.
issues of retroactivity and runway replace the two seconds of continued regardless of whether this improvement
alignment distance, the FAA has acceleration beyond V1 with a distance comes from taking into account a loss in
decided to: (1) Proceed with the margin equal to two seconds at V_ speed brake capability, or because the
proposed rules without requiring (Proposal 1), because it would allow an requirements act as an incentive to
retroactive application of these increase in the maximum allowable provide brakes that do not suffer this
standards or adding a new requirement takeoff weight when that weight is loss in capability.}
concerning runway alignment distance, Limited by the length of the runway. Along with this rulemaking effort, the
and {2) recommend that the issues of Although the FAA agrees with the FAA also participated in a joint FAA/
retroactive application of these commenters on the effect of this industry team to produce the Takeoff
standards and runway alignment particular proposal on takeoff weight Safety Training Aid. This training aid,
distance be added to the FAA/JAA limits, and discussed this effect in first made available in August 1992,
harmonization work program. Except in NPRM 93-8, the FAA disagree that represents the findings of the team
the treatment of these two issues, the safety is degraded when this proposal is relative to training and procedural
final rule adopted by this amendment is considered in combination with the actions that could be taken to increase
completely harmonized with the other proposals presented in NPRM 93- takeoff safety. The goal of the training
applicable JAA standards. These two 8. aid is to minimize the probability of
issues reflect differences between the In addition to Proposal 1, the FAA rejected takeoff accidents and incidents
FAA and JAA operating rules: the proposed other amendments that would by: {1) Improving the ability of pilots to
applicable airworthiness standards of make the current standards more take advantage of opportunities to
part 25 and JAR-25 are completely stringent. As explained in NPRM 93-8, maximize takeoff performance margins:
harmonized by this amendment and a the purpose of the FAA proposals was {2) improving the ability of pilots to
corresponding amendment to JAR-25. to present a more rational approach of make appropriate go/no-go decisions:

Theharmonization work program is explicitly providing for the specific and {3} improving the ability of crews to
the formal method developed by the elements affecting takeoff performance, effectively accomplish the rejected
FA,A and the JAA toharmonize relations ratherthanthebroad brushapproach takeoffprocedures.Simulationtrials
and policies.Taskson the representedby thetwo secondsof and in-depthanalysesoftakeoff
harmonizationwork program are accelerationbeyond Vt.The FAA accidentsand incidentswere used to
assignedtoFAR/JAR harmonization considerstheproposedstandardsfor developthetrainingaid material.The
workinggroups inaccordancewith the worn brakesand wet runways,which FAA urgesoperatorstouse theTakeoff
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Safety Training Aid in their these time delays. Vmwas referred to as been the same--to provide enough time
qualification and recurrent aircrew the "takeoff decision speed," which and distance for a pilot to accomplish
training programs. The FAA is turned out to be ambiguous in that it the procedures for stopping the
convinced that adoption of this material could be interpreted to mean either the airplane. Prior to Amendment 25--42, a
will further improve safety during the beginning or the end of the pilot's one-second increment was added to the
critical takeoff phase of flight, decision process. The preamble to time interval between each pilot action

The FA.A received a large number of Amendment 25-42, however, states that occurring after V,. For most transport
comments onthe proposed definition of "V, isldetermined by adding to V_v [the category airplanes, the rejected takeoff
takeoff decision speed (V,), including its speed at which the critical engine is involves three separate pilot actions.
relationship to the broader subject of the assumed to fail] the speed gained with The pilot applies the brakes, reduces the
process by which the pilot recognizes a the critical engine inoperative during thrust or power, and raises the spoilers.
failure, decides to reject the takeoff, and the time interval between the instant at The applicant defines the order in
acts on that decision. One commenter which the critical engine is failed and which the actions occur, but must
submitted several documents as the instant at which the test pilot demonstrate that the resulting
additional supporting material, recognizes and reacts to the engine procedures do not require exceptional
including a detailed study of pilot failure, as indicated by the pilot's skill to perform. Since the test pilot's
reaction times during rejected takeoff application of the first retarding means first action determines V_, there are ,
accidents. This commenter, during accelerate-stop tests." This same typically two pilot actions occurring
accompanied by several others, believes definition was codified as § 25.107(a)(2). after V,. Therefore, two seconds of
that the proposed standards Not only is V, intended to occur at the additional time (and the resulting
inadequately provide for the time it end of the decision process, but it also distance) were added to the time
takes the average pilot to complete the includes the time it takes for the pilot intervals determined by the certification
recognition, decision, and reaction to perform the first action to stop the flight tests.
process. Other commenters support the airplane. Amendment 25-42 changed the
FAA proposal, and some of these The FAA requires applicants to method of applying these time
commenters also offered suggestions to demonstrate, by flight test, the time increments. The provisions added by
further clarify the purpose of the V, intervals between V_v and V_,and Amendment 25-42 require the AFM
peod. between each subsequent action taken accalerata-stop distance to be calculated

s-The diversity displayed in the by the pilot to stop the airplane. FAA by inserting a two-second time
comments illustrates a great deal of pilots and engineers witness and increment after V_, but before the pilot
misunderstanding and disagreement participate in these tests, which must takes the first action to stop the
regarding the definition and use of the include at least six rejected takeoffs, airplane. During this two-second time
V_speed. In general, inconsistent Because the test pilots know that they increment, the airplane continues to
terminology used over the years in are going to reject the takeoff, human accelerate. No further time increments
reference to V_has probably contributed factors literature refers to this process as are added to the time intervals between
to this confusion. As noted by the a simple task. In actual operations, the the actions taken by the pilot to stop the
commentate, V, has been referred to at rejected takeoff maneuver is airplane.
various times as the critical engine unexpected, and is referred to as a ltis important to note that
failure speed, the engine failure complex task. In consideration of this Amendment 25-42 did not change the
recognition speed, and the takeoff complex task, the time intervals certification flight test procedures. The
decision speed, measured during certification flight tests two-second time increment is applied

Special Civil Air Regulation No. SR- are increased when the accelerate-stop analytically during the calculation of
422, effective August 27, 1957, distances published in the AFlViare the AFM accelerate-stop distances, not
originally referred to V_as "the critical calculated. These additional time by directing the pilot to delay action for
engine failure speed." These same increments are not intended to allow two seconds after V, during the rejected
standards, which were later recodified extra time for making a decision to stop takeoff flight tests.
into part 25, defined the accelerate-stop after passing through V_. Their purpose The proposal presented in NPRM 93-
distance as the distance to accelerate to is to allow sufficient time (and distance) 8 would change the method of applying
Vt, and then to stop from that speed, for a pilot, in actual operations, to this two second time increment to a
Although an allowance was required for accomplish the procedures for stopping method similar to that existing prior to
any time delays that may reasonably be the airplane. Amendment 25-42. However, the
expected in service, SR-422 did not TheKrst adjustment is made to the proposed method uses a distance
explicitly state where or how the time time interval between V_ and V,. increment rather than a time increment,
delays should be introduced relative to During the certification flight tests, the to ensure that no credit is taken during
V,. For certification purposes, the FAA pilot expects to reject the takeoff and this time period for system transient •
considered Vt to be the speed at which reacts very quickly. To take this into effects (e.g., engine spindown, brake o
the pilot took the first action to stop the account, the time interval used to pre_ ramp-up, etc.). The distance
airplane. Time delays for recognition calculate the AFM accelerate-stop increment is equal to the distance
and reaction to that failure were applied distances must be the longer of either traversed in two seconds at the Vl
priorto V_, and delays in accomplishing the demonstrated time or one second, speed. Unlike the pre-Amendment 25-
each subsequent action for stopping the This standard has been applied to the 42 method, this distance increment
airplane were applied al_er V_.Allowing certification of every turbine-powered r_nnot be reduced when fewer than
for the time delays, the actual engine transport category airplane since the late three pilot actions are used in the
failure was therefore assumed to occur 1960's, and the FAA has not proposed, rejected takeoff procedures (e.g., for
prior to V,. to change it. airplanes using automated systems that

With Amendment 25-42, effective The second adjustment concerns the take the place of one or more of the
March 1, 1978, the FAA amended the time increment applied after Vt. The usual pilot actions). The FAA considers
airworthiness standards to clarify and method of determining this adjustment the distance traveled in two seconds at
standardize the method of applying has varied, but the objective has always V_ sp_d to be the rninlmu.m acceptable
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distance allowance needed to provide requirements. These differences are originally added to § 25.107(a)(1) bv
for the element of surprise and other indicative of the different operating Amendment 25--42. The amendment
operational factors missing from the needs and environments between civil adopted in this rule adds the existing
certification flight test demonstrations, and military flight operations. For definition for Vev to the list of

As long as there are no more than example, the military standards allow abbreviations and symbols in § 1.2.
three pilot actions needed to accomplish l/ftoff to occur at the very end of the In addition to the definitions
a rejected takeoff, the accelerate-stop runway and obstacles to be cleared with proposed in NPRM 93-8, one
distance is determined using the no safety margin in the event of the commenter suggests revising the

. demonstrated time intervals between failure of the critical engine at the definition of rated takeoff thrust to
pilot actions with no additional time or designated "go" speed. In contrast, part allow its use for up to ten minutes of
distance increments applied. For each 25 requires the airplane to be at a height operation. The current definition in
additional pilot action beyond the first of 35 feet at the end of the takeoff § 1.1 limits the use of takeoff thrust to
three actions, however, a one-second distance (on a dry runway), and five minutes or less. The FAA is
time {and distance) increment must be obstacles must be cleared by 35 feet plus currently considering the change
added to the demonstrated time interval an additional safety margin related to proposed by this commenter as part of
for that action, the flight path gradient. In summary, the a harmonization effort with the

The FAA disagrees with those civil and military airworthiness European ]AA. In the interim, the FAA
commenters who believe that the standards provide for safe operations has developed a procedure to review
proposed standards inadequately within their respective operating and approve specific requests for the
provide for the time it takes the average environments. It would be use of takeoff thrust for up to ten
pilot to complete the recognition, inappropriate, however, to apply unique minutes duration on transport category
decision, and reaction process. Not only procedures and techniques from one airplanes in the event of an engine
does the FAA require applicants to operating environment to the other, failure or shutdown.
determine by flight test the length of One commenter noted that the One commenter recommended adding
time needed for the pilot to complete proposed definition for takeoff decision "wet and dry runway conditions" to the
this process, but this demonstrated time speed tends to perpetuate the confusion variables listed in § 25.101(e) for which
interval is also increased to take into over the meaning and use of the VI the airplane configuration may vary.
account the element of surprise and speed. The commenter points out that The rationale the commenter provides
other operational factors missing from V, is really a "pilot action speed" that for this recommendation is to encourage
the certification flight test occurs immediately after the pilot optimization of the airplane
demonstrations, makes the decision to reject the takeoff, configuration. The FAA does not believe

Operationally, V, represents the Another commenter suggests that the that the suggested change will
mjnlmnm speed from which the takeoff proposed definition is technically accomplish the commenter's goal.
can be safely continued within the inaccurate because reducing thrust Section 25.101(e) does not require
takeoff distance shown in the AFM, and during a rejected takeoff would not applicants to establish an optimum
the maximum speed from which the normally be construed as activating a configuration to meet the applicable
airplane can be stopped within the deceleration device. Hence, the requirements. Instead, § 25.101(ej
accalerate-stop distance shown in the commenter suggested alternative allows applicants to establish different
AFM. Typically, the pilot not flying the wording for the words "the pilot configurations (e.g., flap settings) to
airplane will call out VI as the airplane activates the first deceleration device." obtain better performance at different
accelerates through this speed. If the The FAA agrees with these weight, altitude, and temperature
pilot flying the airplane has not taken commenters and hies revised the conditions.
action to stop the airplane before this proposal accordingly. The term "takeoff The same commenter recommends
callout is made, the takeoff should be decision speed" has been deleted both revising § 25.105(a)(2) to require the
continued unless the airplane is unsafe from the proposed definition and from takeoff data to be determined in the
to fly. - § 25.107(a)(2). The proposal to define optimum configuration for the takeoff

One commenter states that airplane takeoff decision speed in § 1.1 is also conditions specified in § 25.105(c). The
manufacturers produce performance withdrawn. The adopted definition commenter believes that this change
data for use by the U.S_military that represents a change to the definition of would require operators to use the
provides the engine failure speed, rather VI in § 1.2, rather than an addition to optimum flap setting for takeoff, rather
than the speed at which the pilot must § 1.1. This revised definition clarifies than allow the use of any flap setting
respond to the failure. This commenter that V_represents the minimum speed that meets the applicable regulations.
believes that the military airwor_iness from which the takeoff can be safely The FAA does not concur with this
rejected takeoff standards, which continued within the takeoff distance recommendations for the following
provide the crew with the engine failure shown in the AFlVIand the maximum reiesons. First, the cormnenter's
speed, are safer than the civil speed from which the airplane can be recommendation should be directed at '
airworthiness standards, which provide stopped within the accelerate-stop the airplane operating requirements, '
the crew with the VI speed. The distance shown in the AFM. In addition, rather than the part 25 airworthiness
commenter further notes that many the preamble discussion of the standards. The effect of the
commercial pilots with a military proposals hiesbeen edited for additional recommended revision to part 25 would
'background operate under the belief that clarity to present a consistent be to prohibit takeoff data from being
the civil airworthiness standards description of the V_concept, provided for configurations that were
provide equivalent safety to the military The proposed addition of the not deemed to be the optimum
standards. In the commenter's opinion, definition for VEpto § 1.2 is adopted as configuration. Second, the commenter
the civil standards provide a lower level proposed. One commenter does not define how to determine the
of safety, and these prims have been misunderstood this proposal as optimum configuration. The commenter
given a false sense of security, representing the first time the FAA has appears to support using the

The FAA is aware of many differences sought to define Vee. For clarification, configuration that would provide the
between the civil and military takeoff the term V_vand its definition were shortest takeoff and accelerate-stop
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,-!_.'_n,:_:,, [-{ow this configuration Another commenter suggests adding would inhibit the development of
:i:,_, :. t_:,.aily results in the poorest the stipulation that the determination of technical and procedural advances that
cl;,'_b capability after takeoff, and may the accelerate-stop and landing would take into account the actual wear
ac: _e ._heoptimum configuration from distances must be based on the condition of the brakes.
the standpoint of obstacle clearance, demonstrated results.obtained by flight The FAA does not concur with the
noise, s.'a:c_.ardization of crew test in accordance with the proposed recommendation to base the stopping .
pro_:edur_,, or t'ue[ use. § 25.735(g). The FAA concurs with the distances on brakes worn to 90 percent

The FAA received several comments intent'of this suggestion. Instead of of the allowable wear level. Although
regarding the proposed change to modifying the proposed § 25.101(i), operators may typically overhaul brakes
§ 25.101(i). One c:,_mmenter however, the FAA is revising the before they are fully worn, and the
recommends deletion of the proposed proposed § 25.735(g} and relocating it as brakes on different wheels are usually at
requirement to determine the landing a new § 25.109(i). The adopted wording different levels of wear, airplanes may
distances with worn brakes. This clarifies that the applicant must conduct legally be operated with all of the brake
commenter claims t.hat the effects of a flight test demonstration of the assemblies in their fully worn

worr. brakes on landing i._insignificant, maximum brake kinetic energy condition. The FAA agrees that it would
and "_otes that the FAA does not expect accelerate-stop distance with no more be inappropriate for the regulations to
this req'drement ;o reduce the amount than 10 percent of the allowable wear assume the worst case capability when
of payload that can be carried. The range remaining on each of the airplane satisfactory means exist to determine
commenter also notes that there has wheel brakes. This change to the the true capability: however, the
never been a landing incident or original proposal is also discussed later operational aspects must also be
accident in which a deficiency in brake relative to the comments received on the satisfactorily addressed.
energy due to wear was a factor, nor is proposed § 25.735(g). Regarding the commenters' proposal
there any reasonable likelihood that A commenter proposes a wording to allow stopping distances to be based
there would ever be one. The change to § 25.101(i) to anticipate on the actual brake wear level, the FAA
commenter goes on to say that the possible future brake materials that has significant concerns over the
proposed requirement would result in might show an improving brake operational aspects. Although it may be
additional certification test and flight performance as the brake wears. This possible to determine the accelerate-
manual development costswith no commenter suggeststhattheproposed stopand landingdistancesasa function

requirementshould referencethewear ofbrakewear,the FAA considersit
resultantsafetybenefittothepublic, conditionthatdynamometer testing unacceptabletouse,on a flight-by-flight
Although theFAA agreesthatthe indicatesasproducing theleasteffectivebasis,the brakewear levelasan

proposedrequirementisnotlikelyto brakingperformance.The FAA agrees additionaltakeoffperformancevariable.
reduce the amount of payload that can that the most critical wear condition The added complexity caused by this
be carried for most landings, the FAA should be used to determine the additional variable would increase the

disagrees that the effects of worn brakes stopping distances and energy capacity chances of error in determining the
on landing will always be insignificant, of the brakes. In practice, however, the allowable takeoff weight and the takeoff
The effectof brakewear atthe braking FAA believesthisconditionwillalways speeds.Also,the FAA questions
energylevelsassociatedwith a landing be thefullyworn brake.The FAA does whetheran acceptablemeans can be
stopdepends on theparticularbrake notbelievethatan extensive developedtoaccuratelyand reliably
design.To provideforthosecasesin dynamometer surveyofdifferentwear determinetheactualwear stateofthe
which thelandingdistanceiscritical, statesiswarranted, brakeunder alloperationaland
theAFM landingdistancedatamust be One commenter suggeststhat environmentalconditions.Finally,
basedon fullyworn brakes.The stoppingdistancesbe based on brakes extensivecertificationtestingwould be
proposedrequirementonlyspecifiesthe thatareworn to90 percentofthe requiredtodeterminethestopping
wear conditionofthe brakesfor allowablewear levelinsteadofthe distancesasa functionofthebrakewear

determiningthelandingdistances.No proposed leveloffullyworn. This level.A linearrelationshipbetween
additionalAFM information,and, commenter statesthat,inactual thesevariablescannotbeassumed.

therefore,no additionalflightmanual operations,itwould be virtually Therefore,§ 2S.101(i)isadoptedas
development costswould berequired, impossibleforalltheairplane'sbrake proposed,exceptfora minor editorial
The proposed requirementalsowould assembliestosimultaneouslybe atthe revisionforclarificationpurposes.
notnecessarilyresultinadditional fullyworn limitoftheirallowablewear Sincethecertifiedaccelerate-stopand
certificationtesting.The only flighttest range.Inaddition,thiscommenter landingdistanceswillcorrespondto
thatmust be performedwith worn believesthatsuch conservatismin brakesthatareatthe fullyworn limitof

brakesisthemaximum energyrejected determiningthestoppingdistancestobe theirallowablewear range,the
takeoffcondition,inwhich thebrakes unwarrantedwhen combined with the allowablebrakewear rangemust be ,

must be worn to within 10 percent of worn brake requirements relating to specified as part of the approved type •
the fully worn condition. All other data brake energy absorption capability. As design for the airplane. This information
must only meet theconditionthat an alternative,thiscommenter, ioined shouldbe providedon thetype
sufficientdatabeavailablefrom by a second commenter, proposesthat certificatedatasheet.The allowable
airplaneflighttestsorwheel-brake §25.101{i)optionallyallowstopping wear rangeshould be definedinterms
dynamometer teststoenableadlustment performancetobebased on theactual ofa lineardimension intheaxial
o f all of the takeoff and landing flight amount of brake wear existing at the direction, which is typically determined
test results to ,he fully worn level. For time of each flight. The two commenters by measuring the extension of a pin
example, the testing performed to state that it is unnecessary and used to indicate the amount of wear. At
determine the effect of worn brakes on inappropriate for the regulations to the fully worn limit of the allowable
accelerate-stop distances may also be assume the worst case capability when brake wear range, the brake must be
used to determine the effect of worn satisfactory means to determine the removed from the airplane for overhaul.
brakes on landing distances, if it can be actual capability can be provided. They Both favorable and adverse comments
shown tobe applicable, believethatthe proposed regulation were receivedon the FAA's proposalto
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amend § 25. I09 to replace two seconds operating case. and the wet runway Several commenters disagree with
of acceleration beyond V_speed with accelerate-stop distances to be based on using a simple one-half factor to
the distance traversed in two seconds at the one-engine-inoperative case. determine the wet runway b_'aking
V, speed. The commenters who objected One commenter suggests that the FAA coefficient. One commenter feels the
to the proposed amendments believe the should provide a statement proclaiming factor is arbitrary and that using a
proposal would reduce safety. One that the standards proposed in NPRM simple factor is inappropriate. Another
commenter who disagrees with the 93-8 "reflect the full intent of the commenter claims that other easily
proposed amendment also states that accelerate-stop transition segment AFM applied methods exist and should be

, the comparison between the one-engine- distance construction" and that used to provide a wet runway braking
inoperative and all-engines-operating "additional time delays are not coefficient. This commenter believes
accelerate-stop distances, as required by envisioned." This commenter states that that the proposed method effectively
the proposed § 25.109(a), would become FAA advisory material imposed an makes the low speed accelerate-stop
almost meaningless. This commenter additional two-second time delay data more conservative than the high
claims that "test pilot response in the beyond that prescribed by Amendment speed data, which would be the
order of milliseconds preempts any 25--.42, and the commenter desires a opposite of what the comrnenter feels
significant difference in acceleration clarification that such a situation will should be done to increase safety. These
distance between engine out and all not recur. The FAA intends to revise commenters did not propose any
engine acceleration before VI." Also, the Advisory Circular (AC) 25-7, "Flight alternative methods for determining the
proposed distance traversed during two Test Guide for Certification of Transport wet runway braking coefficient.
seconds at Vl speed is the same for both Category Airplanes," to be consistent Several commenters object to the
cases, as is the deceleration distance with this adopted rule and the specific aspect of applying the one-half
from V i until the airplane is stopped, description of the time delays provided factor when the dry runway braking

As discussed previously, the FAA in this preamble discussion regarding coefficient corresponds to the maximum
considers the proposed additions of the definition of V_. torque capability of the brake. In spite
worn brake and wet runway In reviewing the comments, the FAA of the explanation provided in the
requirements to significantly improve discovered that the proposed wording preamble discussion in NPRM 93-8,
takeoff safety. These additional for § 25.109(a) could be interpreted such these commenters oppose this provisionon the basis that the maximum torque
requirements, along with the proposal to that speeds greater than V_ need not be capability of the brake is independent of
replace the two seconds of acceleration, considered in determlning the the runway surface condition. One
with a distance equal to two seconds at accelerate-stop distances, However, the
V_speed, would provide more rational airplane will typically exceed V_ speed commenter conducted laboratory testsof a simulated wet runway to show that
takeoff airworthiness standards and an during the stop, particularly with all- the stopping ability of an airplane on a
equivalent or higher level of safety than engines-operating, even when the pilot wet runway is not a function of the size
the current standards. Regarding the applies the brakes at Vi. The proposed or torque limit of the brakes. Another
comparison of one-engine-inoperative amendments to § 25.109{a) have been commenter claims that this provision
and all-engines-operating distances, the modified to clarify that the accelerate-
minimum time between the critical stop distances must include the highest appears to prohibit the effective and safeuse of braking capacity up to the limit
engine failure speed (Vu) and V_, as speed reached during the rejected of the wet runway braking coefficient.
discussed earlier, is one second. During takeoff maneuver. As modified, these This commenter points out that an
the period afterV_, unless reducing proposed amendments to § 2S.109(a) are airplane with brakes that have a low
thrust is the first pilot action following adopted, maximum torque capability would be
the engine failure, there will be another The FAA received a large number of unfairly penalized relative to an
time interval before thrust is reduced on comments regarding the proposed airplane equipped with brakes of a
the remaining operating engine(s). Since method for determining takeoff higher maximum torque capability.
thrust reversers may not be used in performance on wet runways. One of Another commenter questions whether
determining the dry runway accelerate- the provisions of the proposed method the proposed requirement is a
stop distances, the operating engines (on would allow applicants to use a conservative approach resulting from a
a turbojet powered airplane) will simplified approach to determine the lack of appropriate test data.
continue to produce forward thrust, braking capability on a wet runway The FA.Aagrees that the torque
Therefore {for turbojet airplanes), the without the need for specific wet capability of the brake is usually not a
distance to stop from V_will usually be runway flight testing. Based on the limiting factor on a smooth wet runway.
longer for all-engines-operating case extensive wet runway testing conducted The FAA proposed applying a factor to
than for the one-engine-inoperative over the past 30 years by the National the torque limited braking coefficient to
case. Whether the sum of the accelerate Aeronautics and Space Administration represent the varying relationship
and stop distances is graater for the all- (NASA), the FAA, the aerospace -- between the wet and dry runway
engines-operating case as opposed to the industry, and other organizations braking coefficients as a function of
one-engine-inoperative case depends on around the world (a compilation of ground speed. At higher ground speeds,
the time intervals between V_ and Vb which appears in the docket in ESDU the wet runway braking coefficient is
VI and the pilot action to reduce thrust, item number 71026), the FAA proposed typically less than one-half the dry
and on the engine transient response using a braking coefficient of one-half runway braking coefficient. At these
(spindown)characteristics.Forwet thedemonstrateddrybraking higherspeeds,thedryrunwaybraking
runways,inwhichtheeffectofreverse coefficient.The FA.Aintendedforthis coefficientisusuallylimitedbythe
thrustwouldbeincluded,thestopping one-halffactortobeappliedevenifthe brake'smaximum torquecapability.For
distance with one-engine-inoperative dry runway braking coefficient is the typical airplane/brake combination,
will usually be longer than that with all- limited by the maximum torque factoring the torque limited braking
engines-operating. In general, the FAA capebiiity of the brake, rather than the coefficient obtained on a dry runway by
expects the dry runway accelerate-stop maximum friction capability available one-half provides a reasonable
distances to be based on the all-engines- from the runway surface, approximation to the significantly
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reduced braking coefficients observed at surface, would be used for all transport affect wet runway stopping
high speeds on wet runways. Because category, airplanes as the basis for p_rformance.
the total stopping distance for a high developing airplane type specific b. Defining a method for determining
speed stop is affected more by the curves, the capability of an airplane's anti-skid
stopping capability at high. speeds than b. Apply adjustments to this curve to system on a wet runway.
at low speeds, applying the one-half reflect the capability of an individual c. Establishing consel-vative levels of
factor ontv to the non-torque limited airplane type's anti-skid system on a anti-skid capability that could be used
braking coefficient would be inadequate wet ninwav. The anti-skid system in lieu of determining this capability
fordeterminingthetotaldistance capabdltywould be determinedeither ,{irectlvfrom testdata.
needed tostopon a wet runway, directlyfrom wet runwav testing,ora d.Determiningwhether a higher
The FAA does notconcur w(th the conservativecapability{i.e.,somewhat t_rakingcapabilityisappropriateforuse

comment thatthisproposalwould worse thanwould beexpectediftesting withgroovedorporousfrictioncourse
prohibitthesafeand effectiveuse of were performed}would be assumed, ,uaways. (Thisissueisdiscussedlater
brakingcapabilityon a wet runway, basedon thecapabilityofexisting _,longwith othercomments receivedon
This proposalonly addressedthe comparableanti-skidsystems, thistopic}.
method fordeterminingthewet runway c.Allow higherbrakingcoefficients ESDU 71026 containscurvesofwet
accelerate-stopdistancespresentedin forsuitablymaintainedgroovedor runway brakingcoefficientsversus
theAFM. Itwould not affectthe manner porousfrictioncourserunways, speed forsmooth and treadedtiresat
inwhich the pilotusesthe brakes.The d.Use the braketorquelimitations varyinginflationpressures.These data
FAA recognizes,however, thatnotall (i.e.,theamount oftorquethe brakeis arepresentedforrunways ofvarious
airplanessharethe same relationship capableofproducing)thatare surfaceroughness,includinggrooved
between V_ speedsand maximum brake determinedon a dry runway forboth and porousfrictioncourserunways.
torquecapability,and thatsome wet and dry runways. Includedinthedatapresentationare
airplanetypescould be affectedmore The FAA considersthecommenter's bands abouteach ofthecurves,which
than othersby thisprovision.In proposaltohave considerablemerit,not representvariationsin:waterdepths
recognition of this potential disparity, just as a replacement for the from damp to flooded, runway surface
the proposed § 25.109(b)(2} would have demonstration option as the commenter texture within the defined texture
allowed applicants the option of proposes, but also as a replacement for levels, tire characteristics, and
demonstrating a higher wet runway" the one-half the dry braking coefficient experimental methods. From these data,
braking coefficient, methodology. The commenter's it is readily apparent that wet runway

One commenter suggested that an proposal addresses the shortcomings stopping performance is significantly
advisory circular may be necessary to inherent in the NPRM 93-8 affected by many more variables than
provide guidance regarding an methodology of determining the wet dry runway stopping performance. In
acceptable method for demonstrating a runway braking coefficient by applying order to determine the wet runway
wet runway braking coefficient higher a single adjustment factor to the dry stopping distance, a value must be
than one-half the dry runway value, runway braking coefficient. Under the specified (or assumed) for each o[ -hese
Another commenter noted that one commenter's proposal, the wet runway variables. Since it would be impractical
flight test, for example, performed on a braking capability would more to try to measure or evaluate eaci: of
damp grooved runway with excellent accurately reflect the significant these variables for every takeoff, the
friction capability would be an variation in braking capability with takeoff data must take into account the
insufficient basis for developing the speed that occurs on a wet runway, conditions likely to occur in operational
AFM information applicable to all wet Properly reflecting this variation with service.
runways. Another commenter speed would remove the need to apply It was the FAA's intent with the
recommended a change to the FAA a factor to the dry runway brake torque proposals of NPRM 93-8 to define a wet
proposal to allow the use of methods capability, runway performance level that would
other than flight testing to demonstrate As adopted, § 25.109{b) has been ensure safe operation for the vast
a higher wet runway braking coefficient, revised and new §§ 25.109 (c) and (d) majority of wet runway rejected takeoffs
This commenter believesthati.nthe have been added toprescribewet likelytooccur.Thissame principlewas
nearfutureitmay become feasibleto runway accelerate-stopdistance used inspecifyingvaluesforeach ofthe
use dataobtainedfrom eitheran standardsina manner consistentwith variablesconsideredby theadoptedwet
analysis,a simulationoftheairplane's thecommenter'sproposal.This final runway methodology.The resulting
brakingsystem,orothersources, ruleisbased on thesame informationas accelerate-stopdistances,coupledwith
One ofthecommenters who opposed theoriginalFA.A proposal:however, the informationprovidedtooperatorsand

portionsoftheFAA proposalsubmitted methodology fordeterminingwet pilotsconcerningtheuse ofthesedata,
an alternativeproposalbasedon the runway accelerate-stopdistanceshas shouldgreatlyreducethe riskofrunway ,
same ESDU 71026 datasourceused to been changed tomore rationallyreflect overrunsduringwet runway operations. "
developtheFAA proposal.The thevariousfactorsaffectingwet runway Indefiningthestandardcurvesofwet
commenter proposesan alternative braking.The methodology adoptedby runway brakingcoefficientversusspeed
method toreplacetheoptionfor thisamendment providesa more thatareprescribedby theequationsin
demonstratinga brakingcoefficient accurateportrayalofwet runway §25.109(c)(1},theeffectsofthe
higherthan one-halfthedry runway stoppingperformancethanhad been followingvariableswere considered:
brakingcoefficient.The following . proposedinNPRM 93--8. Tirepressure,tiretreaddepth,runway
summary representsabriefsynopsisof Significantissuesrelatedtothe surfacetexture,and the depthofthe
thecommenter's detailedproposal: commenter'sproposal,which had tobe wateron therunway.
a.Derivea standardwet runway addressedpriortopreparingthisfinal

brakingcoefficientversusspeed curve rule,included: TirePressure
from theESDU 71026 data.Thiscurve, a.Definingthestandardwet runway The effectoftirepressureistakeninto
representingthemaximum braking brakingcoefficientversusspeed curve, accountby providingseparatecurves
coefficientavailablefrom the runway consideringthevariousparametersthat {i.e.,equations)in§25.109{c}{1)for
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several tire pressures. As stated in the percent of the original tread depth determined in meeting the requirements
adopted rule, linear interpolation may remains. Therefore, the adopted rule, of § 25.101(i) [worn brakes) and
be used for tire pressures other than which reflects industry practice, is also § 25.109(a} (the dry runway accelerate-
those listed. To provide additional consistent with existing FAA guidance stop distance). This provision prohibits
safety, § 25.109(c)(1) requires applicants in this area. applicants from using a brake torque

that exceeds the dry runway torque
to base the accelerate-stop distances on Runway Surface Texture
the maximum tire pressure approved for limits when determining the wet
operation. Operating at a tire pressure . ESDU 71026 groups runways into five runway accelerate-stopdistance.
that is lower than the maximum tire categories. These categories are labeled An airplane's anti-skid system varies

• pressure approved for that airplane will "A" through "E," with "A" being the the braking action to prevent locked
tend to improve the airplane's stopping smoothest and "C" the most heavily wheel skids and to maximize stopping
capability on a wet runway. Typically, textured ungrooved runways. Categories performance to the extent possible. How

, manufacturer recommended tire "D" and "E" represent grooved and close the anti-skid system comes to
pressures are a function of airplane other open textured surfaces. Category A obtaining the maximum braking friction
weight: for operations at less than the represents a very smooth texture (an available between the tires and the
maximum approved weight, the average texture depth of less than 0.004 runway is referred to as the anti-skid
recommended tire pressure would be inches}, and is not very prevalent in system efficiency.
less than the maximum approved tire runways used by transport category As adopted, § 2S.109(c)(2) requires
pressure, airplanes. The majority of ungrooved applicants to adjust the maximum tire-

runways fall into the category C to-ground wet runway braking
Tire Tread Depth grouping. The curves represented in coefficient determined in § 25.109(c}(1}

The degree to which water can be § 25.109(c){1), as adopted, represent a for the efficiency of the anti-skid
channeled out from under the tires texture midway between categories B system. AppLicants will have the option
significantly affects wet runway and C. of either determining the anti-skid

stopping capability. Airplane tires have Depth of Water on the Bunwoy system efficiency directly from flight
ribbed grooves around the tests on a wet runway, or using one of
circumference of the tire for this Obviously, the greater the water the anti-skid efficiency values specified
purpose. The texture of the runway depth, the greater the degradation in in § 25.109{c)(2). Regardless of which
surface plays an equally important role. braking capability. The curves method is used. an appropriate level of
ESDU 71026 provides braking data for prescribed in § 25.109(c)(1) represent a flight testing must be performed to
both ribbed and smooth tires on well-soaked runway, but with no verify that the anti-skid system operates
runways of different surface textures. A significant areas of standing water, in a msnner consistent with the
method is also provided in ESDU 71026 In s-mmery, the curves prescribed in efficiency value used, and that the
for assessing the effects of tim wear. As § 25.109(c)(1} represent the maximum system has been properly tuned for
ribbed tires wear, the depth of the tire-to-ground braking coefficient likely operation on wet runways.
ribbed grooves decreases, impairing to be available from a wet runway For applicants using the anti-skid
their ability to channel water out from during a rejected takeoff. They were efficiency values specified in
under the tire. derived by interpolating between the § 25.109(c)(2), a minimum of one

Surveys conducted by U.S. airplane curves presented in ESDU 71026 for complete wet runway stop, or
and tire manufacturers, and information runway surface categories B and C, equivalent segmented stops, should be
from major tire retreaders, indicate that adjusted to represent tires with 2 mm conducted at an appropriate speed and
the typical groove depth remaining at tread depth remainin_ _ extrapolated energy to cover the critical operating
the time of tire removal can vary from to cover the range of VI speeds to be mode of the anti-skid system. This
about 1.5 to 5 ram. Airplane expected. The remJlting curves were testing can be performed as part of the
manufacturers' maintenance manuals then smoothed and reduced to a anti-skid compatibility testing on a wet
usually recommend removal when the mathematical form for inclusion in the runway that is already required for
tread depth is less than 1/32inch {1.2 rule. The capability for a particular brake and anti-skid system approval
mm), although operation with zero tread airplane type to achieve this brekin 8 under § 25.735. Therefore, for applicants
depth is not prohibited. Loss of tread coefficient depends on: (1) The amount using the anti-skid efficiency values
depth is not the sole criterion for tire of torque its brakes are capable of specified in § 25.109(c)(2). no additional
removal, however. Tires with significant producing, and (2} the performance of flight tests need actually be performed.
tread depth remaining may be removed its anti-skid system. How the revised Existing flight test may need to be
for other reasons. Also, it is unlikely regulation addresses these two modified somewhat to ensure that
that all the tires on a particular airplane components is discussed in the ensuring appropriate data are obtained to verify
would be worn to the same extent, paragraphs, that the anti-skid system operates in a

The standard curves (i.e., equations) The torque capability of the brakes is manner consistent with the efficiency
of braking coefficient versus speed evaluated during the flight testing that value used. and that the system has
prescribed in § 25.109(c)(1) are based on applicants conduct to determine the dry been properly tuned for operation on
a tire tread depth of 2 rnm_Since the runway accelerate-stop distance. Since wet runways.
tread depth of new tires is usually 10- the torque capability is independent of As revised, § 25.109(c)(2) identifies
12 mm, 2 nun represents no more than therunway surfacecondition,the threedifferentclassesofanti-skid
20 percentoftheoriginaltreaddepth, torquecapabilitydemonstratedby the systems,and specifiesa unique
FA_, Advisory Circular121.195(d}-1A, dry runway flighttestsalsorepresents efficiencyvalueassociatedwith each
which providesguidancefor themaximum torqueavailableduringa one.This classificationofanti-skid
determining operational landing wet runway stop. As adopted, system types and the assigned efficiency
distances on wet runways, specifies that § 25.109Co)(2)(i) limits the stopping values are based on information
the tires used in flight tests to determine force from the wheel brakes used to contained in Society of Automotive
wet runway landing distances should be determine the wet runway accelerate- Engineers (SAE) Aerospace Information
worn to a point where no more than 20 stop distance to the stopping force Report (AIR} 1739, title "Information on
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Anti-Skid Systems." The efficiency method for determining the anti-skid The FAA recognizes that extensive
values prescribed in § 25.10g(c}(2) efficiency unless proportionate benefits guidance material will be necessary to
represent the worst system performance (i.e., an increase in takeoff weight) are assist applicants in complying with the
expected for each type of system after obtained. A minimum of three complete wet runway accelerate-stop distance
being properly tuned for operation on stops, or equivalent segmented stops, requirements incorporated in this
wet runways.. The SAE document is should be conducted on a wet runway amendment. Published elsewhere in
a- ailable in the public docket for this at appropriate speeds and energies to this issue of the Federal Register is a
rul_making, cover.thecriticaloperatingmodes ofthe noticeofavailabilityforaproposed
The threeclassesofanti-skidsystems anti-skidsvstem, revisiontoAC 25-;;,"'FlightTestGuide

representevolvinglevelsoftechnology As adop{ed,§25.109(b}{2)(ii)also forCertificationofTransportCategory
anddifferingperformancecapabilitiesrequiresapplicantstoadjustthewheel Airplanes."A requestforcommentsis
ondD"and wet runways.On/offsystems brakesstoppingforcetotakeinto includedinthatnoticeofavailability.
arethesimplestofthe'threetypesof accounttheeffectofthedistributionof The proposedrevisionincludesdetailed
anti-skidsystems.Forthesesystems, thenormalloadbetweenbrakedand guidancefor:
fullmeteredbrakepressure(as unbrakedwheelsatthemostadverse a.Usingreversethrustindetermining
commanded bythepilot)isapplied center-of-gravitypositionapprovedfor wetrunwayaccelerate-stopdistances:
untilwheellockingissensed.Brake takeoff.The stoppingforcedueto b.classifyingthetypesofanti-skid
pressureisthenreleasedtoallowthe brakingisequaltothebraking systems:
wheeltospinbackup.When thesystem coefficientmultipliedbythenormal c.Verifyingthetypeofanti-skid
sensesthatthewheelisaccelerating load(i.e.,theeffectiveweight}on the systeminstalledontheairplaneand
backtosynchronousspeed(i.e.,ground brakedwheels.The locationofthe thatitisproperlytunedforoperationon
speed},fullmeteredpressureisagain airplane'scenter-of-gravity,whichisa wetand slipperyrunways:
applied.The cycleoffullpressure functionoftheairplane'sconfiguration d.Determiningtheanti-skid
application/completepressurereleaseis and how itisloaded{i.e.,theposition efficiencyvalue:and
repeated throughout the stop (or until of passengers, baggage, cargo, etc.), e. Developing an analytical model of
the wheel ceases to skid with pressure affects how the load is distributed wet runway braking performance in
applied), betweenbrakedand unbrakedwheels, accordancewith§25.I09(c).
(_asi-modulatingsystems,thesecond Typically,thenosewheelsoftransport One commenterpointsoutthatmany

type of anti-skid system, attempt to category airplanes are unbraked, operators already use a form of wet
continuouslyregulatebrakepressureas althoughsomeairplanesalsohavesome runwaytakeoffperformancedata,which
afunctionofwheelspeed.Typically, ofthemaingearwheelsunbraked}.This isprovidedtothembytheairplane
brake pressure is released when the effect must be taken into account for the manufacturers as unapproved guidance
wheel deceleration rate exceeds a most adverse center-of-gravity position information. These data, used on a
preselected value. Brake pressure is re- approved for takeoff. The most adverse voluntary basis to provide additional

safety on wet runways, are typicallyapplied at a lower level after a length of center-of-gravity position is that which
time appropriate to the depth of the results in the least load on the braked developed using criteria similar to those
skid. Brake pressure is then gradually wheels, proposed in NPRM 93-8. Another
increased until another incipient skid For the following reasons, the FA.A commenter believes that the proposed
conditionissensed.Ingeneral,the regardsthewetrunwaymethodology wordingfor§§91.605(b)(3),121.189(el,
correctiveactionstakenbythese issuedinthisfinalruletobea logical and 135.379(e)wouldresultin
systemstoexittheskidconditionare outgrowthoftheproposalpublishedin retroactivechangestothoseairplanes
basedon apre-programmedsequence NPRM 93-.-8.First,thefinalrule forwhichtheAFMs containwetrunway
ratherthanthewheelspeedtime methodologyrelieson thesame informationcarriedoverfromprevious
history, technical basis as the original proposal foreign certifications. {Some foreign

FULlymodulating systems, the third Second, it responds to a comment raised certification authorities, notably the
type of anti-skid system, are a further during the NPRM 93-8 public comment United Kingdom Civil Aviation
refinement of the quasi-modulating process. And third, it is consistent with Authority. have required wet runway
systems. The major difference between the overall intent of this rulemaking, performance information to be included
these two types of anti-skid systems is which is to more rationally address in the AFM.} This commenter notes that
in the implementation of the skid relevant operational factors rather than use of such data has not been required
controllogic.Duringaskid,corrective applyingmorerestrictivestandardsto inthepastinU.S.operationsanddoes
actionisbasedon thesensedwheel alloperatingconditions.This notnecessarilyreflectthestandards
speedsignal,ratherthana pre- methodologyalsoprovidesapplicants proposedinNPRM 93-8.Althoughthe
programmedresponse.Specifically,the withtheabilitytobettercontrolany commentersupportstheproposalin
amount of pressure reduction or increased costs resulting from the general, it is suggested that the wording ,
reapplication is based on the rate at addition of wet runway accelerate-stop be changed to specifythat the wet o
which the wheel is going into or requirements to part 25, while ensuring runway requirements apply only to
recovering from a skid. Also, higher safer wet runway operations. Depending airplanes certificated after the proposed
fidelity transducers and upgraded on the desired balance between amendment becomes effective.
control systems are used, which manufacturing costs (including design The FAA acknowledges that airplane
respondmorequickly, andflighttesting)and operational manufacturershaveformany years
Forapplicantswho electtodetermine capabilities,an applicantcanmake producedguidanceinformation,

theanti-skidefficiencydirectlyfrom informedchoicesregardingdesign includingtakeoffperformancedata.for
flighttests,sufficientflighttesting,with characteristics(e.g.,typeofanti-skid wetrunwayoperations.Ingeneral,the
adequateinstrumentation,mustbe system,takeoffspeeds}andthelevelof FA.Asupportsthevoluntaryuseofthese
conductedtoensureconfidenceinthe wetrunwaytestingtoperform{i.e.,use availabledatatoprovideaciditional
efficiencyobtained.Althoughadditionaloftheanti-skidefficiencyvalues safetyon wetrunwaysforexisting
flighttestingwillbenecessary,theFA.A providedintheruleversusdetermining transportcategoryairplanes,aslongas
doesnotexpectapplicantstousethis theefficiencydirectlyfromflighttests},compliancewiththeapplicable
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airworthiness and operating rules is considering the significant effort that maintenance of grooved or PFC
maintained, has already been made by a'Lrport runways, but AC 150/5320-12B.

The FA.A did not intend, by the operators, both domestic and foreign, to "Measurement, Construction, and
proposed wording §§ 91.605(b)(3), improve runway surfaces. Maintenance of Skid-Resistant Airport
121.189(e). and 135.379(e), to effectively To facilitate timely action on this Pavement Surfaces," provides relevant
apply the proposed wet runway issue, these commenters propose that guidelines and procedures.
standards retroactively. Operators the FAA initially adopt a value that the The FAA concurs with the
should be aware that the approved commenters consider to be very commenters' proposal and agrees that it

• portion of the AFM (containing the conservative (i.e., a much lower wet presents an opportunity to provide an
operating limitations) for a U.S. operator runway braking coefficient than would additional incentive for airport
should only reflect the FAR and should be expected). Most of these commenters operators to install and maintain
not contain extraneous information propose using a wet runway braking grooved and PFC runways. The FAA
carriedoverfromaforeigncertification,coefficientforgroovedand PFC agreesthat70 percentofthedryrunway
Suchinformationmay,however,appear runwaysequalto70percentofthedry brakingcoefficientconservatively
inanunapprovedportionoftheAFM as runwaybrakingcoefficient,although representsthestoppingperformanceon
supplementaryguidanceinformation, onecommenterproposedafactorof80 properlydesigned,constructed,and
Operatorsmay usethisinformation(as percent.Forcomparisonpurposes,one maintainedgroovedorPFC runways.
longasitdoesnotconflictwiththe commenterreportsthattestsconducted Usingasimplefactorappliedtothedry
FAR},butarenotrequiredtoabideby usingaBoeing737-300airplane runwaybrakingcoefficientis
it. showed wet grooved runway braking appropriate for grooved and PFC

The FAA does not agree with the capability that was equal to, or in some runways because the braking
comment to limit application of the cases greater than, 95 percent of that coefficient's variation with speed is
proposedoperatingrulesonlytothose obtainedonadryrunway.The much loweron thesetypesofrunways.
airplanes cert/ficated after this commenters note that a longer term As noted in the earlier discussion of
amendment becomes effective. Some rulemaking activity could be undertaken the parameters affecting wet runway
manufacturers have elected to comply in the future to establish a higher factor, stopping performance, ESDU 71026
withthestandardsproposedinNPRM ifwarranted, containsdatacorrespondingtogrooved

• 93-8 prior to the adoption of this final One of these commentate provided and PFC surfaces. An evaluation of the
rule. The AFMs for the affected airplane information relative to grooved and PFC ESDU data reveals that using a surface
types contain takeoff and accelerate-stop runway credit in Japan. This commenter texture mid-way between surfaces D and
distance limitations for takeoffs on wet states that the Japanese Civil Aviation E in combination with typical anti-skid
runways, and operators must comply Bureau allows a wet runway braking efficiancies provides approximately the
with these limitations, r_ardless of the coefficient of 70 to 80 percent of the dry same airplane stopping performance as
date the airplane was certificated, runway value to be used for grooved or using 70 percent of the dry runway
Therefore, these amendments to PFC runways. In lapan, Most of the braking capability.
§§ 91.605(b)(3}, 121.189(e), and runways at civil airports are grooved, In response to the comments
135.379(e) are adopted essentially as and periodic friction surveys are regarding grooved and PFC runways, a
proposed, but with a clarification that conducted to assure that the surfaces are new § 25.109(d) is adopted to establish
this provision applies to operating properly maintained. These surveys are an optional wet runway braking
limitations,iftheyexist,associatedwith donebyusingacombinationoFvisual coefficientforgroovedorPFC runways.
theminimum distancesrequiredfor inspectionsand frictionmeasuring The brakingcoefficientfordetermining
takeofffromwetrunways.As discussed devices, theaccalarate-stopdistanceongrooved
earlier,furtherconsiderationof The FA.AagreesthatgroovedandPFC andPFC runwaysisdefinedin
retroactive application of the runways can offer substantial safety § 25.109(d) as either 70 percent of the
requirements adopted by this final rule benefits in wet conditions, The FAA has value used to determine the dry runway
will be added to the FAA/JAA taken an active role since the late 1960's accelerate-stop distances, or a value
harmonization work program, in evaluating the benefits of these based on the ESDU data and derived in

Several commenters recommend that runway surface twatments and supports a manner consistent with that used for
the proposed standards be revised to their use throughout the U.S. Tests ungrooved runways. Section
allow a higher wet runway braking conducted by the FAA, NASA, and 25.105(c)(1) is revised to allow
coefficient to be used for grooved others confirm that applying a factor of applicants, at their option, to provide
runways or runways treated with a 70 percent to the dry runway braking data for grooved and PFC runways, in
porous friction course (PFC) overlay, coefficient, as proposed by the addition to the smooth surface runway
withouttheneedforadditionalflight commenters,wouldconservatively datathatiscurrentlyrequired.In
testing.Thesecommenterspointout representthestoppingperformanceon addition,theexisting§25.109(d)is
thatrunwayfrictionmeasurementtests properlydesigned,constructed,and revisedtoremovethewords"smooth"
show thatawetrunwaywithgroovesor maintainedgroovedand PFC runways, and "hard-surfaced"andredesignated
aPFC surfaceoverlayhasmuch better A summary ofthesetestdatahasbeen as§25.109{h).
frictioncharacteristicsthanasmooth placedinthedocket.The actualfi'ictionSection25.1533(a)(3)isamendedto
surface.Accordingtothesecommenters,capabilityofgroovedand PFC runways allowwetrunwaytakeoffdistanceson
providingcreditfortheimproved varies,however,dependingonvariablesgroovedandPFC runwaystobe
stoppingcapabilityon thesesurfaces suchasgrooveshape,depth,and establishedasadditionaloperating
willresultinsignificantpublicsafety spacing,methodusedtoconstructthe limitations,butapprovaltousethese
benefitsbyhelpingtoexpeditefuture grooves,typeofpavementsurface, distancesislimitedtorunwaysthat
runwayimprovementsandby providingvolumeand typeofairplanetraffic, havebeendesigned,constructed,and
astrongincentivetoproperlymaintain frequencyofpavementevaluations,_md maintainedinamanneracceptableto
thesesurfaces.The commentersbelieve maintenance.The FAR currentlydonot theFAA Administrator.Inconjunctioa,
itisneithernecessarynorinthepublic containmandatorystandardsregarding §§91.605(b)(3),121.189(e),and
interesttoavoidordeferthisissue, thedesign,construction,and 135.379(e}oftheoperatingrulesare
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amended to limit the use of the grooved The FAA agrees that detailed Therefore, if dry runway accelerate-stop
and PFC wetrunway accelerate-stop guidance material is needed, relative to distancesneedthe safety margin
distances to runways that the operator thrust reversers, to define an acceptable provided by not including the effects of
hasdetermined have been designed, meansto comply with the proposed reversethrust, then so do the wet
constructed, and maintained in a requirements of § 25.t09(c). As runway accelerate:stop distances. The
manner acceptable to the FAA mentioned earlier, the FA.Aintends to FA.A does not concur. As stated in the
Administrator. The page(s) in the AFM propose specific guidance material soon discussion of the proposal, the FAA
containing the wet runway accelerate- as part of a revision to AC 25-7. In. believes that the additional safety
stop distances for grooved and PFC general, the FAA intends to propose provided by not accounting for reverse
runways should contain a note that: {1) Acceptable procedures should thrust in calculating the accelerate-stop
equivalent to the following: "'These be developed and demonstrated, distance on a dry runway is necessary
accelerate-stop distances apply only to including the time needed to to offset other variables that can
runways that are grooved or treated with accomplish these procedures; [2) the significantly affect the dry runway
a porous friction course {PFC}overlay responses and interactions of airplane accelerate-stop performance. Examples
that the operator has determined have systems should be taken into account; of variables that can significantly affect
beendesigned,constructed,and (3}therecommendedlevelofreverse thedryrunwayaccelerate-stop
maintainedinamanneracceptableto thrustshouldbeeasilyobtainableunder performanceinclude:runwaysurfaces
theFAA Administrator." in-serviceconditions(e.g.,byproviding thatprovidepoorerfriction
Airplaneoperatorswho wishtouse adetentorothertactilemethodofthrustcharacteristicsthantherunwayused

thegroovedorPFC runwayaccelerate- selection);{4}directionalcontrolshould duringflightteststodeterminestopping
stopdistancesmustdeterminethatthe bedemonstratedwithmaximum braking performance,draggingbrakes,brakes
design,construction,and maintenance onawetrunwaywithaten-knot whosestoppingcapabilityisreduced
aspectsareacceptableforeach runway crosswindfromthemostadverse becauseofheatretainedfromprevious
forwhichsuchcreditissought.In direction;{5)theprobabilityoffailure brakingefforts,etc.Althoughthese
makingthesedeterminations,operators shouldbenomorethan1per1000 variablesmay alsobepresentforwet
may relyon certificationsfromairport selections:{6}inoperativethrust runways,theireffectsareadequately
operatorsorindependentevaluationsof reversarsatdispatchshouldbetaken coveredbytheadoptedmethodof
runways.Ineithercase,itisexpected intoaccount;(7}satisfactoryengine determiningthestoppingcapabilityon
thatoperatorswillbeableto operatingcharacteristicsshouldbe
demonstratethattheirdeterminations demonstrated;and {8}appropriateflightamarginWetrunwaY.ofsafetyThiSbyusingmeth°dconservativePr°videsa

arewellfounded.Acceptablerunways testsshouldbeconductedtodetermine assumptionsregardingrunwaysurface
shouldbelistedinPartC ofthe theeffectivestoppingforceprovidedby texture,tiretreaddepth,tireinflation
operator'sapprovedoperations reversethrust,andtovalidatethetotal pressure,anti-skidefficiency,etc.
specifications(forthoseoperators stoppingforceprovidedbyallofthe DespitethereasonstheFAAdeceleratingmeans.
requiredtohaveoperations One commenterproposadan presentedinNPRM 93-8fordenying
specifications}, accelerate-stopdistancecreditfortheamendmenttotheexisting§25.109(c}to
FAA AC 150/5320-12Bprovides clarifythatafindingof"safeand useofreversethruston dryrunways,

guidanceregardinggroovedand PFC . reliable"foranydecelerationmeans severalcommentersproposethatreverse
runwayconstructionand maintenance otherthanwheelbrakesmusttakeinto thrustcreditbepermitted,atleasttothe
techniquesthatareconsidered accounttheinteractionsand extentthatitoffsetsanyperformance
acceptabletotheAdministrator.These interdependenciesofthevarious degradationduetowornbrakes.These
criteriaforobtainingoperational systemsinvolved,andthatconsistent commentersclaimthatthemaiorityof
approvaltousethegroovedand PFC resultsmustbeexpectedunderall thefactorsdegradingaccelerate-stop
wetrunwayaccelerate-stopdistances conditionscoveredbytheAFM. This performancehavebeentakeninto
areconsistentwiththeguidance comment isdirectedprimarilyata account;therafom,itwouldbe
providedinAC 121.195{d)--IAfor landingsituationinwhichslippery appropriatetoincludethepositive
approvaltouseoperationallanding runwaysand higherthannormal effectofreversethrust.These
distanceforwetrunways.After approachspeedscouldthwartordelay commentersalsonotethatreversethrust
adoptionofthisfinalrule,theFAA also sensinglogicfordeterminingwhether capabilityisprovidedon nearlyall
intendstoincludethisinformationin commerciallettransportairplanes,the.airplaneisontheground.
anupdatetoAC 91--6A,"Water,Slush, Corisequently,theoperationofany currentthrustreversersarereliable.
and Snow on theRunway." decelerationmeansthatcanonlybe flightcrewsaretrainedtousereverse
Undertheproposalsfor§§25.109{c} activatedon theground{e.g.,ground thrust,and itsuseisanormalpartof

and (d) in NPRM 93-8. wet runway spoilers and thrust reversers) would also operational stopping procedures. Also. ,
accelerate-stopdistancesmay include bedelayed, theprobabilityofathrustreverser ,
theadditionalstoppingforceprovided Undertheexisting§§25.109(c)and failingtooperate,combinedwiththe
byreversethrust;however,including ?-5.1309,theFAA alreadyreviewsthe probabilityofallbrakesbeingatthe
thisstoppingforcewould beprohibited systemoperationand inter- fullywornlimit,isverylow,andthere
when determiningthedryrunway compatibilityissuesthatwouldbe wouldbeanevenlowerprobabilityof
accelerate-stopdistances.Mostofthe addressedbythecommenter'sproposed thesefactorsoccurringincombination
commenterssupportedtheproposalfor changesto§25.109{c).Therefore,the withatakeoffrejectedfromacritically
wetrunways,althoughseveral FAA considerstheseproposedchanges highspeed.Undertheproposaloffered
commentersnotedthatseveral tobeunnecessary, bytoo.stofthesecommenters,thedry
importantaspectswerenotaddressed. One commenternotedthatthesame runwayaccelerate-stopdistancewould
Theseaspectsincludeissuessuchas masonsintheFAA'sproposalfor berequiredtobethegreaterofeither:
reliabilityofthetrustreversers,pilotingdenyingaccelerate-stopdistancecredit (1}The distancedeterminedusingnew
procedures,controllabilityin fortheuseofreversethruston dry brakeswithoutreversethrust,or{2}the
crosswinds,flighttestmethods,etc. runwaysalsoapplytowetrunways, distancedeterminedusingwornbrakes
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with reverse thrust. Since item (1) V, speed can be used. The effect of runway would be higher than that for a
corresponds to the current standards, lower V, speeds will be to reduce the dry runway.
this proposal would not reduce the number of rejected takeoffs that occur Several commenters expressed
accelerate-stop distance to less than on wet runways, and to reduce the confusion over the discrepancy between
what is currently required. The effect of speed from which these takeoffs are the FAA's intent, as expressed in the
the commenters' proposal would be to rejected. The latter effect is considered preamble to N'PI_,_93-8, and the
offset any loss in stopping capability especially important because the proposed wording for §§ 25.113_) (2)
associated with worn brakes, braking capability on a wet runway is and (c). One commenter noted that the

• As stated previously, the FAA significantly poorer at higher speeds, words "but not beyond the end of the
considers that the additional safety As noted by one of the commenters, runway" appear to inappropriately
provided by not including the effect of any reduction in the number of takeoffs introduce an operating rule into the type
reverse thrust for the accelerate-stop that are rejected will produce an equal design standards. This commenter also

' distance on a dry runway is necessary number of additional continued notes that the quoted phrase does not
to offset other variables that can takeoffs. Because of the lower V, speed, appear in the IAA's equivalent NPA.
significantly affect the dry runway the airplane's height over the end of the This commenter further suggests that
accelerate-stop performance. The effect runway for these takeoffs, as well as the removing the quoted phrase would
of these other variables on the dry ensuring flight path, will be lower than accomplish the FAA's stated intent of
runway accelerate-stop distance are would normally be achieved on a dry allowing a very limited takeoff weight
unchanged by this rulemakin 8. runway. If a clearway area is available, increase on wet runways when cleerway
Although the part 25 airworthiness however, the minimum height of the is present.
standards are bein8 made more stringent airplane over the end of a dry runway Another commenter recommends that
byaddingrequirementsrelatedtoworn may,underthecurrentstandards,beas maximum cleerwaycreditbepermitted
brakes and wet runways, the overall low as 13 to 17 feet. On this basis, the in combination with the 15-foot screen
effect of these additions are partially FAA considers a minimum screen height on a wet runway. The commenter
offset by the change in the method used height of 15 feet to be acceptable when notes that V, speed could then be
to account for the time it takes the pilot the runway is wet. reduced even further, thus providing
to perform the procedures for rejecting Allowing the screen height to be additional safety in the event of a
the takeoff. Further alleviating reduced on wet runways also reduces rejected takeoff on a wet runway,The
provisions are inappropriate because the cost burden imposed on airplane FAA infers that this commenter is
they would unacceptably reduce the operators by the wet runway standards, proposing that half of the distance
level of safety. Therefore, §§ 25.109(c) By taking into account the degraded traversed between llftoff and a height of
and (d) are amended as proposed in braking capability on wet runways, 15 feet be permitted to occur over the
NPRM 93-8, except that they have been these standards may reduce the clearway. Because of the parabolic
re-designated as paragraphs (e) and (f}, maximum weight at which the airplane shape of the flight path, the airplane
respectively, would be allowed to take off from a may end up being only five to eight feet

As part of the proposed wet runway given runway. If a screen height of 35 high at the end of the runway. The point
standards, §§ 25.13 (a) and Co)would feet were retained for wet runways, an at which the airplane lifts off would
allow the airplane's height over the end even greater reduction ".mtakeoff weight thus be very near the end of the runway.
of the runway (known as the saeen capability could be necessary. As discussed in NPRM 93-8, the FAA
height} to be reduced from 35 feet on In the proposed §25.113{c), the FAA considers such a situation to be
dry runways to 15 feet on wet runways, intended to require that the minimum unacceptable. The possibility of
Some commenters object to reducing the screen height on a wet runway with a standing water on the wet runway, or
screen height for wet runways, stating clearway would not be lower than operational considerations such as a late
that safety margins would be reduced either. {1} 15 feet, or (2) the screen or slow rotation to the liftoff attitude,
for takeoffs that are continued following height that could be achieved if the emphasize the need to require liftoff to
an engine failure. One commenter runway were dry. A clearway is an area occur well before the end of the runway.
would accept a reduced screen height at least 500 feet wide beyond the Other commenters, including an
only if operators are first required to use departure end of the runway that has i_ernational association representing
the configuration that provides the best not obstacles protruding above a 1.25 airplane operators, suggest that the
short field performance. The FAA percent upward sloping gradient. On a potential benefit provided by the FAA's
response to the latter comment was dry runway, up to one-half of the intended proposal regarding clearway
provided in the discussion of the distance traversed between LiRoffand a on a wet runway is so small that it is
commenter's proposed change to height of 35 feet may be over the insignificant. These commanters are
§25.105(a){2}. clearway. As noted earlier, the screen willing to accept the slight conservatism

The FAA proposed reducing the height (i.e.. the height at the end of the associated with prohibiting credit for
required screen height for wet runways runway) achieved on a dry runway with clearway in conjunction with the 15-
to re-balance the available safety clearway may end upbeing as low as 13 foot screen height on wet runways in
margins, in a manner that does not feet. Accordingly, a higher takeoff favor of simplifying and clarifying the
impose significant costs on airplane weight is possible when a cleerway is rule language. The FAA concurs with
operators, when taking off from a wet present. The words "but not beyond the this comment and is amending § 25.113
runway. On a wet runway, the distance end of the runway" included in the accordingly. The phrase "but not
needed to stop the airplane increases proposal for § 25.113('o)(2) would beyond the end of the runway,"
significantly due to the reduced braking effectively require the wet runway contained in the proposed
effectiveness. On the other hand, the screen height to be not less than 15 feet. § 25.113Co)(2), is removed. The
distance needed to complete a Under the proposed wordlnE, therefore, proposed § 25.113(c) is clarified to
continued takeoff is generally the presence of clearway could not be prohibit a screen height of less than 15
unchanged from that needed for a dry used to increase the takeoff weight on a feet on a wet runway. If the limiting
runway. By reducing the required wet runway. Also, in some instances, takeoff distance is determined by the
screen height on a wet runway, a lower the minimum screen height on a wet all-enginas-operating condition, where
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the minimum height at the end of the One commenter proposed that the proposed § 25.735(g) should include
takeoff distance remains 35 feet, § 25.735(fl refer to the wear condition a two-second overshoot of V_. before
clearway credit is allowed on a wet that provides the least effective braking applying the brakes, to allow for the
runway in the same manner as it is performance. This comment is related to average pilot response time. The FAA
allowect on a dry runway. Also. § 25,113 a similar comment regarding § 25.101(i}. does not concur with this comment
is amended to add the provision that in As discussed in response to the earlier because V, represents the highest speed
the absence of clearway, the takeoff run comment, the FAA believes that the at which the pilot should take the first
is equal to the takeoff distance. This fully worn condition will always action to reject the takeoff. Also. the
provision is added only to ensure provide the least effective braking procedures used during the flight test "
completeness of the definition of takeoff performance, demonstration, including the time at
run within the airworthiness sta,ndards This commenter also suggests that the which the pilot applies the brakes,
and isinaccordancewithstandard flighttestproposedunder§25.735(g)is shouldbeconsistentwiththerejected ,
industrypractice.The current unnecessary.The commenterproposes takeoffproceduresprovidedby the
requirementdoesnotdefinethetakeoff thataflighttestshouldberequiredonly applicantintheAFIvi.
runwhen clearwayisnotpresent, ifpoorcorrelationexistsbetween une commenterproposedthat
Some commentersapparently dynamometertestresultsand flighttest §25.735(f)beclarifiedtoallowforother

misunderstandsome aspectsofthewet results.The commenteralsobelieves devicesinherentinaparticularairplane
runwaystandards,especiallytheeffect thatarejectedtakeoffmay notrepresentdesignthatmay beusedtodissipate
of§§25.109(b)(I)and 25.113Co)(1}. themostseverestoppingcondition.For energy.Failuretoallowsuchcredit.

- Thesesectionsrequiretheaccelerate- example,landingatthemaximum claimsthecommenter,willdiminish
stopand takeoffdistanceson awet landingweightwiththeflapsretracted thevalueoftechnological
runway(atthewetrunwayVtspeed)to may involvehigherstoppingenergies, improvementsinenergydissipation
beatleastaslongasthecorresponding Forthisreason,thecommentersuggests devicesthatarelikelytobeintroduced
distancesonadryrunway(atthedry that§25.735(g)refertothemostsevere toimproveairplanestopping
runwayV,speed).Theserequirements stopratherthanarejectedtakeoff, performanceunderwetrunway
thereforeensurethatthemaximum The flighttestproposedin§25.735{g)conditions.
takeoffweightforawetrunwaycan istheonlyflighttestthatwouldbe The current§25.735(I"}allowsforthe
neverbehigherthanthatallowedwhen requiredtobeconductedataspecific useofthesamedeceleratingmeansto
the runway is dry. In practice, brake wear level. The FAA considers determine the brake kinetic energy
applicants should use the following this test to be a necessary demonstration capacity rating as are used to determine
procedure to determine takeoff of the airplane's ability to safely stop the dry runway accelerate-stop
performance when the runway is wet. under the most critical rejected takeoff distances. The energy absorption
First, conduct the takeoff performance condition. For the remainder of the capability of the brake is generally more
analysis assuming the runway is dry. flight testing to determine the rejected of a concern on a dry runway than on
Then, repeat the analysis using wet takeoff and landing stopping distances, a wet runway because of the difference
runway data, including the wet runway the brakes may be at any wear level in deceleration capability. To receive
V_speed. The lowest takeoff weight desired by the applicant (including new credit for energy dissipation devices
from these analyses is the maximum brakes). Dynamometer testing could be that are likely to be introduced to
takeoff weight that can be used when used to determine the difference in improve airplane stopping performance
the runway is wet. For this takeoff stopping capability between fully worn under wet runway conditions, these
weight, determine and compare the brakes and the brake wear level used in devices must also provide proportionate
accelerate-stop and takeoff distances the flight tests. This difference would be benefits when the runway is dry, as well
applicabletobothdryand wet appliedtofifeflighttestresultsto asmeetthesafetyandreliabilitycriteria
conditions.The longerofeachofthese determinethestoppingdistancesfor oftheamended§25.109(e).Within
accelerate-stopandtakeoffdistances fullywornbrakes, theseconstraints,theFAA willconsider
applywhen therunwayiswet. Forthepurposesofthis anytechnologicalimprovementsin
The FAA receivedonlyonecomment demonstration,theFAA considersthe energydecelerationdevicesatthetime

related to the proposed change to maximum kinetic energy rejected such devices are proposed for
§25.115(a).Thisproposedchange takeofftobethemostcriticalstopping evaluation.
wouldallowtheairplane'sheightover condition.Therefore.theFAA doesnot Two commenterssuggestthatthe
anyobstaclestobereducedby an concurwiththecommenter'ssuggestionproposedamendmenttoassociatethe
amountcorrespondingtothe reduced toreplacethe referencetorejected brakeenergyratingof§25.735(flwith
screenheightallowedwhen takingoff takeoffintheflighttestdemonstration brakesinthefullywornconditionis
fromawet runway.The commenter withareferencetothemostseverestop. inappropriateandcouldleadto
suggestedthatthecurrentobstacle However,fromabrakeapproval confusionduringthebrakeapproval
clearance criteria should be updated to standpoint, the FA.Aagrees that the process. These commenters concur with •
represent more realistic operational brakes, in the fully worn condition, the intent that each wheel-brake
conditions. The commenter is referring should be capable of absorbing the assembly, when fully worn, be capable
to the criteria used to evaluate whether energy produced during the most severe of absorbing the maximum kinetic
the obstacle must be cleared vertically, stopping condition. The FA.A has tasked energy for which it is approved.
or whether an operator can consider the a harmonization working group with However, these commenters note that
obstacle to be laterally outside of the recommending new or revised the kinetic energy level defined in
airplane's path. The FAA is currently requirements for approval of brakes § 25.735(f} is the same energy level used
developing an advisory circular that installed on transport category in Technical Standard Order (TSO}--
will address this issue in detail, airplanes, and this working group is C26c for demonstrating the capability of
Therefore, § 25.115(a} is amended as expected to recommend proposed the brake to successfully complete 100
proposed, standardsaddressingthisissue, landingstopswithnorefurbishmentor
The FAA receivedseveralcomments Anothercornmentersuggeststhatthe otherchangesmade tobrakesystem

ontheproposedchangesto§25.735. flighttestdemonstrationreferencedby components(exceptforonechangein
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brakeliningmaterial).(TSO--C26c the landingkineticenergyratingused in conditionofthetakeoffrunway.The
containsminimum performance theapplicableTSO. Unlikethe landing commenter suggeststhattheproposed
standardsforaircraftlandingwheels brakekineticenergyrating,the rejected amendment insteadbe placedin
and wheel-brakeassembliesand takeoffbrakekineticenergyratingmust §25.1533{a)(3),which addresses
specifiesthebrakedynamometer teststo be demonstratedwith a fullyworn operatinglimitationsbased on the
demonstratecompliance with these brake.Finally,both therevised minimum takeoffdistances.The FAA
standard.}Becauseofthe relationship §25.735(0(2)and thenew § 25.735(h}(2}concurswith thiscomment. Therefor,
between § 25.735(f} and the TSO. any require the referenced formulae for the proposed change to § 25.1587(b) has

• change to the definition of the energy determining the brake energy capacity been removed, and § 25.1533(a)(3) is
levelin§25.735(f)would presumably ratingtobe modifiedonlyinthecaseof revisedaccordingly.The adopted
alsoapplytotheTSO. SincetheTSO designedunequal brakingdistributions,amendment alsocorrectsa
lO0-stop test is intendedto verify that The format of the existing § 25,735(f_(2), typographical error in existing

' thebrakehas acceptablestructural with respecttothisprovision,has been § 25.1533(a),identifiedby this
durability,ratherthan todemonstrate adjustedtoconform toFederalRegister comfnenter,by replacingthereference
thecapabilitytosuccessfullycomplete formattingguidelines,and thenew to§ 25.103witha referenceto§ 25.109.
a highenergystopinthe fullyworn § 25.735(h)(2)has been formatted One commenter stronglyendorsesa
condition,thecombinationofthe worn similarly.With thesechanges,thefinal requirementtoadd a takeoff
condition with the TSO energy level rule better matches the intent of the performance monitor to the flight deck
would be inappropriate. A brake that is NPRM 93-8 proposals, and also of all airplanes to help pilots determine
fully worn at the beginning of the 100- harmonizes these sections with JAR-25. whether a takeoff should be rejected or
stop test would be unable to The FA.A intends to revise TSO--C26c continued. The commenter notes that
successfully complete the test. . to be consistent with these amendments modem transport category airplanes

One of the commenters notes tl_t the to § 25.735. The Aviation Rulemaking already contain most of the necessary
TSO alsorequiresatestinvolvingone AdvisoryCommittee (ARAC) has been instrumentation.Accordingtothe
stop at the maximum rejected takeoff chartered with recommending commenter, all that wouldbe needed
kinetic energy. According to the appropriate changes to the TSO. would be a display and a dedicated
commenter, it is this test that should be Currently, the FAA envisions issuing processor to compute the data to be
conducted with a fullyworn brake.The therevisedTSO, applicabletotransport displayed.
energy rating demonstrated by this test category airplanes, under a new The FA.A has participated in past
is not explicitly referencedin part 25, designation. TSO-C135. evaluations of systems designedto . =.
but is contained in JAR-25 as JAR One commenter suggests that the monitor the performance of the airplane
25.735(h). The commenter proposes proposed § 25.735{g) should be deleted, during the takeoff. Such systems
adding JAR 25.735(h) to part 25 to This commenter believes that this typically compare the airplane's actual
harmonize the two standards and to proposed flight test requirement is performance, as determined by airplane
help clarify the application of the worn misplaced in the brake design and instrumentation, with the performance
brake requirements. This commenter construction section of par_ 25. The predicted by the AFM. If the airplane's
also suggests adding references to the commenter suggests that this issue performance is less than predicted, the
applicable TSO and clarifying that the should be addressed in the flight test performance shortfall would be
formula provided in § 25.735(f}(2} need guidance provided in AC 25-7. indicated by the monitor. In addition,
only be modified in cases of designed The FAA concurs that the proposed the takeoff speeds, V i and V., could be
unequal braking distributions. Uneven flight test requirement would be better correlated with the point on the runway
braking distributions can placed elsewhere, but does not concur at which they should be reached. This
unintentionally occur during flight tests, with completely removing it from part information could assist pilots in
but this characteristic cannot be 25. As stated previously, the FAA deter_nining whether it is safer to reject
predicted during the design or considers this test to be a necessary or to continue the takeoff.
qualification stages for which demonstration of the airplane's ability The FAA supports efforts at
§ 25.735(f)(2) is relevant, to safely stop under the most critical improving the go/no-go decision
The FAA concurswith these rejectedtakeoffcondition.Inaddition, process.AdvisoryCircular25-15.

proposals. As amended, § 25,735(f) the FAA intends for this test to "Approval of Flight Management
defines the landingkinetic energy rating determine or validate the AFM Systems in Transport Category
to be used during qualification testing accelerate-stop distance for this Airplanes," provides a means to obtain
per the applicable TSO or other condition. Therefore, the proposed FAA approval of a takeoff performance
qualification testing used to show an § 25,735(g) has been reworded to clarify monitor function as part of a flight
equivalent level of safety, as necessary that the airplane must stop within the management system. However, takeoff
to obtain the approval requir_ by accelerate-stop distance and is adopted performance monitors are not yet
§ 25.735{a).The proposed referencetoa as§25.109{i).Existing§25.735{g), sufficientlyreliablenor arethey ,_
fullyworn brakeisinappropriateinthis which would have been redesignatedas sophisticatedenough towarrant
sectionand has been removed. Inthe § 2S.735(h},remainsas§ 25.735{g}inthe requiringtheiradditiontothe flight
proposed revisiontoAC 25-7,forwhich adoptedrule. deck oftransportcategoryairplanes.
thenoticeofavailabilityispublished The FAA receivedone comment Varyingwinds duringthetakeoffora
elsewhere in this issue of the Federal regarding the proposed amendment to runway with a variable slope may cause
Register,theFAA proposestoclarify § 25.1587Co).The objectiveofthis themonitortoprovidea false
that the relevant TSO lO0-stop test may proposal is to require that takeoff indication. The FAA is also concemod
begin with a brake in any condition performance information for wet that the number of high speed rejected
representative of service use, including runways be included in the AFM. The takeoffs could increase as pilots delay
new. in addition, a new § 25.735(h), commenter agrees with this objective, action to determine, for example, if an
basedon JAR 25.735(h),has been added, but notesthat§ 25.1587Co)addresses initiallysub-paraccelerationis
This section is similar to § 25.735(f), but performance information other than that corrected. Also, lmnecessary rejected
defines the rejected takeoff, rather than which would be affected by the surface takeoffs could occur as a result of small
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differences between the predicted and 1.0 percent for four-engine available in the docket, are summarized
airplane acceleration and the actual airplanes. These adjustments to the below.
airplane's acceleration as determined by airplane's demonstrated climb gradient In order to analyze the potential net
the onboard instrumentation. A takeoff capability represent a safety margin for costs of the rule. this evaluation
performance monitor would need to use in complying with the obstacle considers a hypothetical production
consider all of the variables reflected in clearance requirements prescribed by program for a representative new type
the takeoff performance data, such as the applicable operating rules. For certification. This example assumes "
atmospheric conditions, airplane flap airp'lanas operated under pe.,'ts 121 or that: (1) Incremental certification costs
setting, thrust level (including reduced 135, the net takeoff flight path not only are incurred in year "0", (2) production
and derated takeoff thrust), runway must clear all applicable obstacles, but starts in year "4", (3} the first airplane
length, slope, and surface condition, etc. must clear them by a height of at least enters service in year "5"'. (4) 50
It is possible to design such a system, 35 feet. .. airplanes are produced per year for ten
but current systems have not The current airworthiness standards years so that total production equals
demonstrated a safety benefit over the already address the issues the 500, (5) each airplane is retired at the
information currently available to the commenter proposes for further study, end of its 25 year design service goal,
pilot. . For each part 25 airplane type design, and (6) the discount rate is 7 percent.

The same commenter recommends applicants must conduct flight tests to The analysis of incrementalcosts is
that the FAA undertake a study using validate the capability of the airplane, divided into two cases: one which
research simulators to validate airplane/ using normal piloting actions, to assumes a brake design that exhibits
pilot performance in obstacle limited achieve the published flight path. Safety little decline in brake performance with
takeoffs with engine failures. The margins are then added to ensure that wear, and another which assumes a
obiective of this study would be to this flight path adequately clears all brake design that exhibits a decline in
determine if there is a high degree of applicable obstacles, brake performance with wear.
reliability that the combined airplane/ The obstacle clearance criteria In the former case, the average
pilot performance is acceptable. The recommended by ICAO would require reduction in dry runway accelerate-stop
commenter feels that such a study is airplane operators to consider a larger distance associated with the revised 2-
essential to considerations of lower ground area to be under the takeoff second-at-V_ requirement is greater than
screen heights, tailwind takeoffs, and flight path when determining which the average increase in accelerate-stop
pilot decision making when the takeoff obstacles must be cleared vertically. An distance associated with the worn brake
weight is limited by obstacle clearance obstacle that can be considered to be requirement. This will result in a
considerations. In the interim, the cleared laterally under current FAA reduction in operating costs of
commenter suggests that the FAA adopt practices may have to be cleared approximately $5,105 per airplane per
more stringent obstacle clearance vertically under the ICAO year, or $128,000 per airplane over its
criteria, such as those contained in the recommendations. This change could service life (in nominal terms).
International Civil Aviation result in restricting the amount of cargo However, approximately one third of
Organization's (ICAO) Annex 6, or passengers to be carried because the takeoffs would be conducted using the
Attachment C. Paragraph 3--Takeoff airplane's vertical flight path capability wet runway accelerate-stop distance.
Obstacle Clearance Limitations. is directly related to its takeoff weight. Under the production run and cost

Section 25.111 currently requires The FAA is currently drafting an assumptions enumerated above, the wet
applicants to determine the airplane's advisory circular to provide runway amendments will add
takeoff path, which begins with the start standardized guidelines regarding the approximately $2.700 to operating costs
of the takeoff roll and ends extent of the ground area that must be per airplane per year. or $68.000 per
approximately 1.500 feet above the considered when determining which airplane over its service life. Therefore.
takeoff surface. Under § 25.111{d), obstacles-must be cleared vertically, net operating costs under this design
applicants must conduct flight tests to assumption will decline by
ensure that the airplane can achieve the Regulatory Evaluation Summary approximately $2,400 per airplane per
takeoff path presented in the AFM. The Proposed changes to Federal year. or $59,400 per airplane over its
takeoff path data, and the flight test regulations must undergo several service life. Total costs (including
demonstrations, must be based on the economic analyses. First. Executive consideration of incremental
procedures established by the applicant Order 12866 directs that each Federal certification and development costs),
for operation in service, and assume that agency shall propose or adopt a then, will be reduced by approximately
one engine fails at Vw. Except for regulation only upon a reasoned $28.9 million for the 500 airplane fleet
automatic propeller feathering and determination that the benefits of the over its 34 year service life. On a
retraction of the landing gear, the intended regulation iustify its costs, discounted basis, total fleet costs will be
airplane configuration must remain Second. the Regulatory Flexibility Act reduced by approximately $7.5 million.
constant, and changes in power or of 1980 requires agencies to analyze the in the case where brake performance ,"
thrust that require action by a pilot may economic effect of regulatory changes . is assumed to decline with wear, the
not be made until the airplane reaches on small entities. Third. the Office of average reduction in dry runway.
a height of 400 feet above the ta_keoff Management and Budget directs accelerate-stop distance associated with
surface, agencies to assess the effects of the revised 2-second-at-Vt requirement

l'n addition to the takeoff path regulatory ch,_nges on international is offset by the average increase in dry
determinedunder §25.111,§25,115 trade.Inconductingtheseanalyses,the runway accelerate-stopdistance
requiresapplicantstodeterminethenet FA.A has determinedthatthisrule:{1) associatedwiththe worn brake
takeoffflightpath.The nettakeoffflight Willgeneratebenefitsthatjustifyits requirement.Again,however,thewet
pathbeginsattheend ofthetakeoff costsasdefinedintheExecutiveOrder; runway requirementswilladd
distanceand isequaltothe takeoffflight(2}willnot have a significantimpacton approximately$2,700(innominal
pathwith thegradientofclimb reduced a substantialnumber ofsmallentities: terms}per yearper airplanetooperating
by:0.8percentfortwo-engineairplanes;and {3)willnotconstituteabarrierto costs.Therefore,lifetimeincremental
0.9percentforthree-engineairplanes; internationaltrade.These analyses, costs{againincludingconsiderationof
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incremental certification and the SIC 3721 size threshold for small agency shall have developed a plan that.
"development costs) for the 500 airplane entities (75 employees). However, small among other things, provides for notice
fleet are approximately $34.9 million, or air carriers operating transport category to potentially affected small
$9.6 million on a discounted basis. It airplanes could be affected by the rule. governments, if any, and for a
should be emphasized, however, that Order 2100.14A defines a small carrier meaningful and timely opportunity to
FAA anticipates that future airplane as one owning 9 or fewer aircraft. The provide input in the development of
models will incorporate brake designs definition of "significant economic regulatory proposals.
thatexhibitlittlereductioninbraking impact".variesbyaircarriertype:for The ruledoesnotcontainanyFederal
forcewithwear. operatorswhose fleetsconsistentirely intergovernmentalorprivatesector
The rulewillhavesignificantsafety ofaircrafthavingaseatingcapacityof mandate.Therefore,therequirementsof

implicationsowingtothefactthatit morethan60passengersthethreshold TitleIIoftheUnfundedMandates
createseconomicincentivesfor is$123,445.forotheroperatorsthe ReformActof1995do notapply.

' manufacturers,operators,andairports thresholdis$69.005.
toadoptprocedureswhichreduce Underthemostconservative{thatis, TradeImpactAssessment
takeoffhazards.Whiletheseancillary mostcostly}complianceassumptions. Recognizingthatnominallydomestic
safetybenefitsarenotdirectlyvaluedin therulewillincreaseoperatingcostsby regulationsoftenaffectinternational
thiseconomicanalysis,theyare approximately$2,700perairplaneper trade,theOfficeofManagementand
discussedinaqualitativeway below, year;or$24,300peryearforanine- BudgetdirectsFederalagenciesto
The rule'sworn-brakeprovisionswill airplanefleet.Assumingthatall assesswhetherornotaruleor

haveimportantsafetyimpacts.For incrementalcertificationcostsare regulationwillhavetheeffectof
airplanes that continue to make use of passed on to the operator, the rule lessening the restraints of any trade-
brakedesignsinwhichbrakingcapacity would increasethepriceofanairplane sensitiveactively.The FAA determines
declineswithwear,theruleprovidesan by$1,570.When thisisamortizedover thatthesubjectrulewillreducebarriers
incentivetoreducethespecifiedlevelof the25-yearlifeoftheairplane tointernationaltrade.

allowable wear in return for some (assuming a 7% discount rate), the The rule collectively places U.S. andreduction in accelerate-stop distances, incremental cost per airplane is
in this way, accelerate-stop distances approximately $126 per year or $1,134 foreign transport airplanes on a more
are more closely related to actual brake per year for a nine-airplane fleet. An equitable basis regarding their
performance, upper-bound estimate of the annual marketability. The standardization of

Existing regulations do not impact of the proposed rule to small certification criteria between the FAAand theJointAviationAuthoritiesCJAA)distinguish between dry and wet operators, then, is approximately
runway surface conditions. The $24,300+$1,134--$25,434. FAA holds, of Europe, and the equalization of safety
accident history, however, shows that therefore, that the rule will not have a levels for pre- and post-Amendment 25-
wet runway rejected takeoff overrun significant economic impact on a 42 airplanes eliminates the slight
accidents account for a disproportionate substantial number of small entities, comparative disadvantage experienced
share of the total. In fact, the wet by certain foreign airplanes. The
runwayrejectedtakeoffaccidentrate UnfiJndedMandatesReformAct requirementregardingthetwo-second
{involving substantial damage or hull Title II of the Unfunded Mandates margin allows European-produced
loss) is seven times greater than the dry Reform Act of 1995 {the Act), enacted as airplanes certified under Amendment
runwayaccidentrate.The ruleenhances Pub.L.104--4onMarch 22,1995, 25---42tobecomeslightlymore
safety by taking into account this requires each Federal agency, to the competitive against current production
hazardous takeoff condition. First, it extent permitted by law, to prepare a U.S. airplanes that were not certified
directly increases accelerete-stop written assessment of the effects of any under Amendment 25-42 by marginally
margins for wet runway conditions. Federal mandate in a proposed or final expanding their takeoff envelope.
Second, it creates an economic agency rule that may result in the Federalism Implications
incentive to develop more stringent expenditure by State, local, and tribal
maintenance programs for skid-resistant governments, in the aggregate, or by the The regulations adopted herein will
runway surfaces, private sector, of $100 million or more not have substantial direct effects on the

{adjusted annually for inflation} in any States, on the relationship between the
Regulatory Flexibility Determination one year."Section 204(a) of the Act, 2 national government and the States, or

The Regulatory Flexibility Act of 1980 U.S.C. 1534(a}, requires the Federal on the distribution of power and
(RFA) was enacted by Congress to agency to develop an effective process responsibilities among the various
ensure that small entities are not to permit timely input by elected levels of government. Therefore, in
unnecessarily and disproportionately officers (or their designees} of State, accordance with Executive Order 12612,
burdened by government regulations, local, and tribal governments on a it is determined that this final rule will
The RFA requires agencies to review proposed "significant intergovernmental not have sufficient federalism
t'ules which may have "a significant mandate." A "significant implications to warrant the preparation
economic impact on a substantial intergovernmental mandate" under the of a Federalism Assessment.
number of small entities." FAA Order ACt is any provision in a Federal agency International Civil Aviation
2100.14A, Regulatory Flexibility Criteria regulation that will impose an Organization (ICAO) and Joint Aviation
and Guidance, specifies small entity enforceable duty upon State, local, and Regulations
size and cost thresholds by Standard tribal governments, in the aggregete, of
Industrial Classification (SIC).Entities $100 million (adjusted annually for In keeping with U.S. obligations
potentially affected by the rule include inflation) in any one year. Section 203 under the Convention on International
manufacturers of transport category of the Act, 2 U.S.C. 1533, which Civil Aviation, it is FAA policy to
airplanes (SIC 3721) and operators of supplements section 204(a). provides comply with ICAO Standards and
aircraft for hire (SIC4511}. that before establishing any regulatory Recommended Practices to the

There are no manufacturers of requirements that might significantly or maximum extent practicable. The FAA
transport category airplanes that meet uniquely affect small governments, the has determined that this rule does not
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conflict with any international 135 of the Federal Aviation Regulations 6. Section § 25.107 is amended by
agreement of the United States. (FAR) as follows: revising paragraph (a)(2) to read as

follows:
Paperwork Reduction Act PART lnDEFINITIONS AND

In accordance with the Paperwork ABBREVIATIONS §25.107 Takeoffspeeds.
Reduction Act of 1990 (44 U.S.C. 3501 [a) * " *
et seq.), there are not reporting or 1. The authority citation for part 1cont.inues to read as follows: (2) V_. in terms of calibrated airspeed.
recordkeeping requirements associated is selected by the applicant; however. V_
with this rule. AUthority: 49 U.S.C. 106(g}. 40113.44701. may not be less than VeF plUS the speed

RegulationsAffectingIntrastate 2.Section1.2isamended by adding gainedwith criticalengineinoperative
AviationinAlaska a new abbreviation"VEF" and revising duringthetime intervalbetween the

thedescriptionfortheabbreviation instantatwhich thecriticalengineis
Section1205 oftheFAA "'V_'"toreadasfollows: failed,and theinstantatwhich thepilot

ReauthorizationAct of1996 {110Stat. recognizesand reactstotheengine
3213)requirestheAdministrator.when §1.2 Abbreviationsand symbols, failure,as indicatedby thepilot's
modifyingregulationsinTitle14 ofthe ..... initiationofthe firstaction{e.g..
CFR ina manner affectingintrastate VEF means thespeed atwhich the applyingbrakes,reducingthrust,
aviationinAlaska,toconsiderthe criticalengineisassumed tofailduring deployingspeed brakes)tostopthe
extenttowhich Alaskaisnot servedby takeoff, airplaneduringaccelerate-stoptests.
transportation modes other than - * * . . . . . . .

aviation, and to establishsuch V_ means the maximum speed in the 7. Section 25.109 is amended by
regulatory distinctions as he or she takeoff at which the pilot must take the revising paragraph (a}, redesignating
considers appropriate. Because this final first action (e.g., apply brakes, reduce paragraph Co)as paragraph {e) and
rule applies to the certification of future thrust, deploy speed brakes) to stop the revising the introductory text,
designsoftransportcategoryairplane airplanewithintheaccelerate-stop redesignatingparagraph(c)asparagraph
and theirsubsequentoperation,itcould distance.V_ alsomeans theminimum {g}redesignatingparagraph{d}as
affectinterstateaviationinAlaska.The speed inthe takeoff,followinga failure paragraph(h}and revisingthef'ust
Administratorhas consideredtheextent ofthe criticalengineatVeF,atwhich sentence,and addingnew paragraphs
towhich Alaskaisnotservedby the pilotcan continuethetakeoffand (b},(c),(d].(f},and (i)toreadasfollows:
transportationd_odesotherthan a achievetherequiredheightabovethe
aviation, and how the final rule could takeoff surface within the takeoff §25,109 Accelemte-etop dlst4mce,

have been applied differently to distance. (a) The accelerate-stop distance on a
intrastate operations in Alaska .... • • dry runway is the greater of the
However. the Administrator has following distances:
determined that airplanes operated PAFrF 2$---AIRWORlldlNE$$ (1) The sum of the distances necessary
solelyinAlaskawould presentthesame STANDARDS: TRANSPORT to--

safetyconcernsasallotheraffected OATEGORY AIRPLANES (i)Acceleratetheairplanefrom a
airplanes;therefore, itwould be
inappropriatetoestablisha regulatory 3.The authoritycitationforpart25 standingstartwithallenginesoperating
distinctionforthe intrastateoperationof continuestoreadasfollows: toVeF fortakeofffrom a dry runway;{ii)Allow theairplanetoaccelerate
affectedairplanesinAlaska. Authority:49 U.S.C.106(gJ,40113.44701- from VEV tothehighestspeed reached
List of Subjects 44702, 44704. during the rejected takeoff, assuming the

4.Section25.101isamended by criticalenginefailsatVEF and thepilot
14 CFR Port I adding a new paragraph (i} to read as takes the first action to reject the takeoff

Air transportation, follows: at the V_ for takeoff from a dry runway;

14 CFRPart25 §25.101 General. and
..... (iii} Come to a full stop on a dry

Aircraft,Aviationsafety,Reporting runway from thespeedreachedas
and recordkeepingrequirements. {i)The accelerate-stopand landing

distancesprescribedin§§ 25.109and prescribedinparagraph{a)(1)(ii)ofthis
14CFR Part91 25.125,respectively,must be section;plus

Aircraft,Airmen, Aviationsafety, determined with alltheairplanewheel (iv)A distanceequivalentto2
Reportingand recordkeeping brakeassembliesatthefullyworn limit secondsattheV zfortakeofffrom a dryrunway.
requirements, oftheirallowablewear range.

5.Section§ 25.105isamended by {2)The sum ofthedistancesnecessaryto----
14CFR Part121 revisingparagraph(c)(1)toreadas
Air carriers,Aircraft,Airmen, follows: {i}Acceleratetheairplanefrom a

Aviationsafety,Charterflights, standingstartwithallenginesoperating
Reportingand'racordkeeping §25.106 Takeoff. tothe highestspeedreachedduringthe

..... rejectedtakeoff,assuming thepilottakes
_'eqtliraments,Safety,Transportation. (c)" ° " thefirstactiontorejectthe takeoffatthe
14CFR Port135 (I)Inthecaseoflandplanesand V_ fortakeofffrom adry runway; and

Aircraft,Airplane.Airworthiness.Air amphibians: (ii}With allenginesstilloperating,
transportation. (i)Smooth, dry and wet,hard- come toa fullstopon dry runway from

surfacedrunways; and thespeed reachedasprescribedin
Adoption of the Amendment (ii) At the option of the applicant, paragraph {a)(2)(i) of this section: plus
Inconsiderationoftheforegoing,the groovedorporous frictioncoursewet, (iii)A distanceequivalentto2

FederalAviationAdministration hard-surfacedrunways, secondsattheV_ fortakeofffrom a dry

amends 14 CFR parts1,25,91.121,and * * " " " runway.
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(b} The accelerate-stop distance on a stopping force from the wheel brakes adverse center-of-gravity position
wet runway is the greater of the may never exceed: approved for takeoff.

following distances: {i)The wheel brakes stopping force (c}The wet runway braking
{1) The accelerate-stop distance on a determined in meeting the requirements coefficient of friction for a smooth wet

dry runway determined in accordance of § 25.101{i} and paragraph {a) of this
with paragraph (a) of this section; or section: and runway is defined as a curve of friction

(2) The accelerate-stop distance (ii} The force resulting from the wet coefficient versus ground speed and
determined in accordance with runway braking coefficient of friction must be computed as follows:
paragraph (a) of this section, except that detei'mined in accordance with (1) The maximum tire-to-ground wet
the runway is wet and the paragraphs (c) or (d) of this section, as runway braking coefficient of friction is
corresponding wet runway values of Vev applicable, taking into account the defined as:
and V_are used. In determining the wet distribution of the normal load between
runwayaccelerate-stopdistance,the brakedand unbrakedwheelsatthemost m_ cootwlo-1_.u

Tire Pressure (nsi) Maximum Brakin_ Coefficient (tire-to-m-ound_

,o _
(v), (v), (v)100 _',/zw--0.0437 _ +0.320 i-_ -0.805 +0.$04

200 _.,/,._=-0.0331(i_0)3+0.252(_.-_)2-0.658(I_0)+0.692

(.v), (v).300 p,/,.,_ =-0.0401 ]-_ +0.263 _ -0.611 _ 0.614

meuNecooe 110-I_.¢ quantitative analysis of the flight testing treated with a porous friction course
Where-- on a smooth wet runway, the maximum material. For grooved and porous
Tire Pressure=maximum airplane tire-to-ground wet runway b.,r_i_.. friction course runways, the wet runway

operating tire pressure {psi}; coefficient of friction determined in braking coefficent of friction is defined
_sw.Axfmaximumtire-to-ground paragraph{c}(1}ofthissectionmustbe aseither:.

brakingcoefficient: multipliedbytheefficiencyvalue {1}70percentofthedryrunway
Vfairplanetruegroundspeed{knots}; associatedwiththetypeofanti-skid brakingcoefficientoffrictionusedtoand
Linear interpolation may be used for tire system .installed on the airplane: determine the dry runway accelerate-

pressuresotherthanthoselisted. I Effi- stopdistance;or

(2) The maximum tire-to-ground wet Type of an0-s_ system I _ (2} The wet runway brakingrunway braking coefficient of friction value coefficient defined in paragraph {c)of

thissection,exceptthat aspecificanti-

mustbeadjustedtotakeintoaccount On-OH...............................................0.30skidsystemefficiency,ifdetermined,is
theefficiencyoftheanti-skidsystemo'n _ulatin9 ..............................0.50 appropriateforagroovedorporous
a wet runway. Anti-skid system _u_ Modulating 0.80 friction course wet runway, and theoperation must be demonstrated by
flight testing on a smooth wet runway, {d) At the option of the applicant, a maximum tire-to-ground wet runway
and its efficiency must be determined, higher wet runway braking coefficient of braking coefficient of friction is defined
Unlessaspecificanti-skidsystem frictionmay beusedforrunway as:
efficiency is determined from a surfaces that have been grooved or M.u_mcooe ,m_0-_a..M
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Tire Pressure (psi_ Maximum Brakin_ Coefficient (tire-to-m'ound)

50 _,,, = 0.1470 (_)'- ,.050 (_)' + 2.67_ (_)_- 2.683 (_12 + 0._3 (_)+ 0.g,9

m,"NO COOS40_0-_-¢ § 25.113 Takeoff distanceand takeoff run. in a manner consistent with the

Where--- (a) Takeoff distance on a dry runway achievement of Vz before reaching 35
Tire Pressure=maximum airplane is the greater of-- feet above the takeoff surface, as

operating tire pressure (psi); >(I) The horizontal distance along the determined under § 25.111 for a wet
_sMAx=maximum tire-to-ground takeoff path from the start of the takeoff runway: or

braking coefficient: to the point at which the airplane is 35 (ii) 115 percent of the horizontal
V=airplane true ground speed (knots), feet above the takeoff surface, distance along the takeoff path, with all

and determined under § 25.111 for a dry engines operating, from the start of the
Linear interpolation may be used for tire runway: or takeoff to a point equidistant between

pressures other than those Listed. * .... the point at which VLOFis reached and
(e) Except as provided in paragraph (b] Takeoff distance on a wet runway the point at which the airplane is 35 feet

(f)(1) of this section, means other than is the greater of-- above the takeoff surface, determined by
wheel brakes may be used to determine (1) The takeoff distance on a dry a procedure consistent with § 25.111.

the accelerate-stop distance if that runway determined in accordance with 9. Section 25.115 is amended by
means-- paragraph (a) of this section; or revising paragraph (a) to read as follows:
..... (2) The horizontal distance along the

(f) The effects of available reverse takeoff path from.the start of the takeoff § 25.115 Takeoff flight pare.
thrust-- to the point at which the airplane is 15

(1) Shall not be included as an feet above the takeoffsurface, achieved (a) The takeoff flight path shall be
additional means of deceleration when in a manner consistent with the considered to begin 35 feet above the

achievement of V2 before reaching 35 takeoff surface at the end of the takeoff
determining the accelerate-stop distance feet above the takeoff surface, distance determined in accordance with
on a dry runway; and determined under § 25.111 for a wet § 25.113(a} or Co),as appropriate for the

(2) May be included as an additional runway surface condition.
means of deceleration using runway.(c) If the takeoff distance does not .....

recommended reverse thrift procedures include a clearway, the takeoff run is 10. Section 25.735 is amended by
when determining the accelerate-stop equal to the takeoff distance. If the revising paragraphs (f) introductory text
distance on a wet runway, provided the takeoff distance includes a clearway_ and (0(2) and adding a new paragraph
requirements of paragraph (e) of this (1) The takeoff run on a dry runway (h) to read as follows:
section are met. is tke greater of-
..... (i_ The horizontal distance along the §25.735 Bmk_

(h) If the accelerate-stop distance takeoff path from the start of the takeoff .....

includes a stopway with surface to a point equidistant between the point (f) The design landing brake kinetic
characteristics substantially different at which VLOFis reached and the point energy capacity rating of each main
from those of the runway, the takeoff at which the airplane is 35 feet above wheel-brake assembly shall be used
data must include operational the takeoff surface, as determined under during qualification testing of the brake
correction factors for the accelerate-stop § 25.111 for a dry runway; or to the applicable Technical Standard ,
distance. * * " (ii) 115 percent of the horizontal Order (TSO) or an acceptable •

(i) A flight test demonstration of the distance along the takeoff path, with all equivalent. This kinetic energy rating
maximum brake kinetic energy engines operating, from the start of the may not be less than the kinetic energy
accelerate-stop distance must be takeoff to a point equidistant between absorption requirements determined
conducted with not more than 10 the point at which VLov is reached and under either of the following methods:
percent of the allowable brake wear the point at which the airplane is 35 feet
range remaining on each of the airplane above the takeoff surface, determined by (1) * * "
wheel brakes, a procedure consistent with § 25.111. (2) Instead of a rational analysis, the

8. Section 25.113 is amended by (2) The takeoff run on a wet runway kinetic energy absorption requirements
revising the introductory text of is the greater of-- for each main wheel-brake assembly
paragraph (a) and revising paragraph (i} The horizontal distance along the may be derived from the following
(a)(1), redesignating paragraph Co)as takeoff path from the start of the takeoff formula, which must be modified in
paragraph (c) and revising it, and adding to the point at which the airplane is 15 cases of designed unequal braking
a new paragraph (b) to read as followsi feet above the takeoff surface, achieved distributions.
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0.0443WV 2 and 25.113. for weights, altitudes, § 121.18,9 AiqHarms: Turbineengine
KE = temperatures, wind components, powered: Takeoff limitations.

N runway surface conditions (dry and .....
Where-- wet). and runway gradients) for smooth. (e) In determining maximum weights.
KE=Kinetic energy, per wheel (ft.-lb.); hard-surfaced runways. Additionally, at minimum distances, and flight paths
W=Design landir_g weight (lb.); the option of the applicant, wet runway under paragraphs {a) through (d) of this
V=AirpFane speedin knots. V must not takeoff distances may be established for section, correction must be made for the

be less than Vso. the power off runway surfaces that have been grooved runway to be used. the elevation of the
stalling speed of the airplane at sea or treated with a porous friction course, airport, the effective runway gradient,
level,atthedesignlandingweight, and may be approved foruse on theambienttemperatureand wind
and inthe landingconfiguration; runways where such surfaceshave been component atthe timeoftakeoff,and,and

I N=Number ofmain wheels with brakes, designedconstructed,and maintained ifoperatinglimitationsexistforthe
..... ina manner acceptabletothe minimum distancesrequiredfortakeoff

(h)The reiectedtakeoffbrakekinetic Administrator. from wet runways,therunway surface
..... condition(dryorwet}.Wet runway

energycapacityratingofeach main distancesassociatedwithgroovedor
wheel-brakeassembly thatisatthe fully PART 91---GENERAL OPEfNtTING AND porous frictioncourserunways,if
worn limit of its allowable wear range FLIGHT RULES provided in the Airplane Flight Manual,
shall be used during qualification may be used only for runways that are
testing of the brake to the applicable 12. The authority citation for part 91
TechnicalStandardOrder (TSO) oran continuestoreadasfollows: groovedortreatedwith aporousfriction

acceptable equivalent. This kinetic Amlmrily: 49 U.S.C. 106(g), 1155, 40103, course {PFC) overlay, and that the
energy rating may not be less than the 40113, 40120, 44101, 44111, 44701, 44709, operator determines are designed,

44711,44712,44715,44716,44717,44722, constructed,and maintainedina
kineticenergyabsorptionrequizements
determined under either of the 46306, 46315, 46316, 46502, 46504, 46506- manner acceptable to the Administrator.46507. 47122, 47508, 47528-47531; Articles • * * * *
following methods: 12 and 29 of the Convention on International

(1) The brake kinetic ener_ Civil Aviation (61 Stat. 1180), 902. PART 135---OPERATING
absorption requirements must be based 13. Section 91.605 is amended by REQUIREMENTS: COMMUTER AND
on a rational analysis of the sequence of revising paragraph Co)(3) to read as ON-DEMAND OPEPJU'IONS
events expected durin 8 an accelerate- follows:
stop maneuver. This analysis must 16. The authority citation for part 135
include conservative values of airplane S gl.e_ Tmn_ _ e_dl al_ continues to read as follows:
speed at which the brakes are applied, _ I_ AutJ_,_r: 49 U.S.C. 106(8},40113, 44701-
brakin 8 coefficient of friction between ..... 44702, 44705, 44709, 44711-44713,44715-

tirosand runway, a,rodynamic drag, _3] _n: t_
propeller drag or powerplant forward ffweight does not exceed 44717, 44722.17.Section 135.379 is amended by
thrust, and (if more critical) the most the weight shown in the Airplane Flight revising paragraph (e) to read as follows:
adverse single engine or propeller Manual to correspond with the
malfunction, minimum distances required for takeoff, § 13¢3_!) largo tramlm_ ¢am_xy

(2} Instead of a rational analysis, the considering the elevation of the airport, airplams: Turbi_ _1_ poww_: Tsks_f
kinetic energy absorption requirements the runway to be used, the effective llmRetlmILt • s. .t. t

for each main wheel brake assembly runway gradient, the ambient
may be derived from the following temperature and wind component at the (e) In determining maximum weights,
formula, which must be modified in time of takeoff, end, if operating minimum distances, and flight paths

limitations exist for the minimum under paragraphs (a) through {d) of this
cases of designed unequal braking
distributions: distances n_luimd for takeoff from wet section, correctionmust be made for the

runways, the runway surface condition runway to be used, the elevation of the

KE = 0"0443VdV2 (dry or wet). Wet runway distances airport, the effective runway gradient,associated with grooved or porous the ambient temperature and wind
N friction course runways, if provided in component at the time of takeoff, and,

Where--- the Airplane Flight Manual, may be if operating limitations exist for the
KE=Kinetic energy P_..rwheel (R.-lb.}; used only for runways that are grooved minimum distances required for takeoff
W=Ail_.laneweight(lb.);. ortreatedwith a porousfrictioncourse from wet runways,therunway surface
VfAirplane spee¢_ (knotsl; (PFC) overlay, and that the operator condition (dry or wet}. Wet runway
N=Number ofmain wheels with brakes; determinesam designed,constructed, distancesassociatedwithgroovedor

and and maintained in a manner acceptable porous friction course runways, ifW and V are the most critical
combination of takeoff weight and to the Administrator. provided in the Airplane Flight Manual,..... may be used only for runways that are
groundslmmd obtained in a re_¢md grooved or treated with a porous f_ction
takeoff. PART 121_FUtTING course(PFC)overlay,and that the

11.Section25.1533isamended by REQUIREMENTS: DOMESTIC, FLAG, operator determinesaredesigned,
revisingparagraph(a)(3)toread as AND SUPPLEMENTAL OPERATIONS constructed,and maintainedina
follows: manner acceptabletotheAdministrator.

14. The authority citation for part 121 , , , , ,
§25.153_ AdclllJmlJ ol_ng Iimitatlmm, continues to read as follows:

Issuedin Washington.DC on February10.
(a) * * " Authority:. 49 U.S.C. 106(g), 40113, 40119, 1998.
(3) The minimum takeoff distances 44101. 44701-44702, 44705, 44709--44711.

must be established as the distances at 44713.44716-.44717. 44722, 44901, 44903- lane F. Garvey,
which compliance is shown with the 44904, 44912, 46105. Adminisffotor.
applicable provisions of this part 15. Section 121.189 is amended by [FR Doe..98--3898 Filed 2-17-98:8:45 am}
(including the provisions of §§ 25.109 revising paragraph {e}to read as follows: mu.ma CODE4.,0.-I=_._
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DEPARTMENT OF TRANSPORTATION FOR FURTHERINFORMATIONCONTACT: assist applicants in complying with the'
Katherine Burks, Regulations Branch. revised standards promulgated by the

Federal Aviation Administration ANM-114. at the above address, final rule. Therefore, the FAA proposes
telephone (425) 227-2114, facsimile revising AC 25-7 to be consistent with

Proposed Revisions to Advisory (425) 227-1320. the revised standards and to add new

Circular--Flight Test Guide for SUPPLEMENTARYINFORMATION: material regarding an acceptable means
Certification of Transport Category of complying with the wet runway and
Airplanes Comment Invited worn brakerequirements.The added

A copy ofthesubjectAC may be materialincludesdetailedguidance for:

AGENCY: FederalAviation obtainedby contactingthe person a.Usingreversethrustindetermining
Administration.DOT. named aboveunder FOR FURTHER wet runway accelerate-stopdistances;

ACTION:Noticeofproposed advisory INFORMATIONCONTACT.Interested b.Classifyingthetypesofanti-skid
circularrevisionsand requestfor personsareinvitedtocomment on the
comments, proposed revisionstotheAC by systems;

submittingsuch writtendata,views,or c.Verifyingthetypeofanti-skid
SUMI_RY: Thisnoticeannounces the argumentsastheymay desire, systeminstalledon theairplaneand
availability of and request comments Commenters must identify the title of that it is properly tuned for operation on
regarding proposed revisions to the AC and submit comments in wet and slippery runways;
Advisory Circular (AC} 25-7, "Flight duplicate to the address specified above, d. Determining the anti-skid
Test Guide for Certification of Transport All comments received on or before the efficiency on a wet runway;
CategoryAirplanes."Advisory Circular closingdateforcomments willbe e.Developingan analyticalmodel of
25-7 provides guidance on acceptable considered by the Transport Standards wet runway braking performance; and
means, but not the only means, of Staff before issuing the final revised AC. f. Acceptable means for demonstrating
demonstrating compliance with the braking performance and energy
airworthiness standards for transport Discussion capacity in the fully worn condition.
category airplanes. The proposed The fin_! rule, "Improved Standards This proposed revision to AC 25-7
revisions to AC 25-7 complement the for Determining Rejected Takeoff and should not be confused with the more

revisions to the airworthiness standards Landing Performance," is published extensive AC 25-7 revision proposed by
adopted by the final rule, "Improved elsewhere in this issue of the Federal the FAA and made available through
Standards for Determining Rejected _r. In that final rule, the Federal notice in the Federal itsgister on April
Takeoff and Landing Performance," Aviation Adminlstretion (FAA) 3, 1996 (61 FR 14847). Commenters
located elsewhere in this issue of the amended the airworthiness standards should consider the revisions

Federal Re_ste¢. This notice provides for transport category airplanes to: (1). accompanying this notice
interested persons an opportunity to Revise the method for taking into independently, with the exception of
comment on the proposed revisions to account the time needed for the pilot to paragraph 55, which does not appear in
the AC. accomplish the procedures for rejected the original AC 25-7 and is revised from

takeoff: {2) require that takeoff the notice published on April 3.
OATES:Comments must be received on performance be determined for wet
or before May 19, 1998. runways; and (3} require that rejected Depending on the comments receivedand the time needed to review them and
ADOI_S,_.S: Send all comments on the takeoff and landing stopping "distances incorporate any changes to the proposedproposed AC revisions to the Federal be based on worn brakes. The FAA took
Aviation Administration; Attention: this action to improve the airworthiness material, the FAA may either combine
Don Stimson, Airplane and Flightcrew standards, reduce the impact of the the two proposals into one revision of
Interface Branch, ANM-111, Transport standards on the competitiveness of AC 25-7, or issue two separaterevisions. Issued in Renton,
Airplane Directorate, Aircraft new versus derivative airplanes without
"Certification Service, 1601 Lind Ave adversely affecting safety, and Washington, on January 15, 1998.
SW.. Renton, WA 98055--4056. harmonize with ravised standards of the Romdd T. Woinar,
Comments may be examined at the European Joint Aviation Requirements- Manager, Transport Airplane Directorate,
above addressbetween 7:30a.m.and 25 (JAR-25). AircraftCertificationService,ANM-I00,
4:00 p.m. weekdays, except Federal T_heFP-,Arecognizes that extensive [FRDoc.98-3899 Filed 2-17-98; 8:45 am]
holidays, guidance material will be necessary to mu_m co_ 4_s-1_..M
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This section of the FEDERAL REGISTER line from the bottom, after "for" insert
contains editorial corrections of previously "the".

published Presidential, Rule, Proposed Rule, 6. On page 8309, in the second
and Notice documents. These corrections are column, under Depth of Water on the
prepared by the Office of the Federal Runway, in the second paragraph, in theRegister. Agency prepared corrections are
issued as signed documents and appear in second line from the bottom, "ensuring"
the appropriate document categories should read "ensuing".
elsewhere in the issue. 7. On the same page, in the third

column, in the third full paragraph, in
the eighth line from the bottom, "test"
should read "tests".

DEPARTMENT OF TRANSPORTATION 8. On the same page, in the same

Federal Aviation Adminlatratlon column, in the last paragraph, in the last
line, "titled" should read "title",

14 CFR Parta 1, 25, 91,121, and 135 9. On page 8310, in the second
column, in the first full paragraph, in

[Docket No. 25471; Amendment NoB. 1-48, the tenth line from the bottom,
25-92, 91-256, 121-268, 135--71] "Typically" should read "(Typically".
RIN 2120-AB17 l 0. On page 8312, in the first column,

in the last paragraph, in the third line
Improved Standarda for Determining from the bottom, "trust" should read
Rejected Takeoff and Landing "thrust".

Performance l l. On page 8313. in the first column,
Correction in the second full paragraph, in the

second line, "§ § 25.13" should read
In rule document 98-3898 beginning "§ § 25. l 13".

on page 8298, in the issue of 12. On page 8315, in the first column,
Wednesday, February 18, 1998, make in the seventh line, "standard" should
the following corrections: read "standards".

1. On page 8298, in the third column,
in the second paragraph, in the first BILLINGCOOE1505-01-0
line, "The" should read "To".

2. On page 8299, in the third column,
in the second full paragraph, in the 12th
line from the bottom, "rejected" should
read "reject".

3. On page 8303, in the second
column, in the second full paragraph, in
the fifth line from the bottom,

"disagree" should read "disagrees".
4. On the same page, in the third

column, in the first full paragraph, in
the 13th line from the bottom,
"uaffected" should read "unaffected".

5. On page 8307, in the first column,
in the first full paragraph, in the 17th


