A Advisory

US Department

.
of Transportation ' lrcu Ia r
Federal Aviation

Administration

Subject: FLIGHT TEST GUIDE FOR Date: 3/29/2011 AC No: 25-7B
CERTIFICATION OF TRANSPORT Initiated By: ANM-110
CATEGORY AIRPLANES

This advisory circular (AC) provides guidance for the flight test evaluation of transport category
airplanes. This AC includes flight test methods and procedures to show compliance with the
regulations contained in subpart B of Title 14, Code of Federal Regulations (14 CFR) part 25,
which address airplane performance and handling characteristics. Part 25 has been amended
significantly since the last revision of this AC and, likewise, guidance and policy have changed in
many areas as experience has been gained. During this time period, technology has advanced as
well, resulting in a need for new or modified test techniques. This revision, AC 25-7B, adds
acceptable means of compliance for the regulatory changes associated with amendments 108,
109, and 115 to part 25, and a revised means of compliance for expansion of takeoff and landing
data for higher airport elevations. Means of compliance associated with flight in icing conditions
was removed as this material is now contained in AC 25-25.

o=

Ali Bahrami
Manager, Transport Airplane Directorate
Aircraft Certification Service



3/29/2011 AC 25-7B

Table of Contents

Paragraph Page No.
I ntroduction 1
1. Purpose. 1
2. Cancellation. 1
3. Background. 1
4. Applicability. 1
5. Related Publications. 2
Chapter 1 - General 3
1. Applicability - § 25.1 [Reserved]
2. Special Retroactive Requirements - § 25.2 [Reserved] 3
Chapter 2 - Flight 4
Section 1. General 4
3. Proof of Compliance - § 25.21.
4. Load Distribution Limits - § 25.23 [Reserved] 16
5. Weight Limits and Center of Gravity Limits - §§ 25.25 and 25.27 [Reserved] 16
6. Empty Weight and Corresponding Center of Gravity - § 25.29 Reserved] 16
7. Removable Ballast - § 25.31 [Reserved] 16
8. Propeller Speed and Pitch Limits - § 25.33. 16
Section 2. Performance 17
9. General - § 25.101 17
10. Takeoff and Takeoff Speeds - §§ 25.105 and 25.107. 19
11. Accelerate-Stop Distance - § 25.109. 28
12. Takeoff Path - § 25.111 55
13. Takeoff Distance and Takeoff Run - § 25.113 63
14. Takeoff Flight Path - § 25.115 67
15. Climb: General - § 25.117. 69
16. Landing Climb: All-Engines-Operating - § 25.119. 69

17. Climb: One-Engine-Inoperative - § 25.121 70




3/29/2011 AC 25-7B

Table of Contents (continued)

Paragraph Page No.
18. En Route Flight Paths - § 25.123. 72
19. Landing - § 25.125 72

Section 3. Controllability and Maneuver ability 80
20. General - § 25.143. 81
21. Longitudinal Control - § 25.145 94
22. Directional and Lateral Control - § 25.147 99
23. Minimum Control Speed - § 25.149 102

Section 4. Trim 109
24. Trim - § 25.161 [Reserved] 109

Section 5. Stability 109
25. General - § 25.171. [Reserved] 109
26. Static Longitudinal Stability and Demonstration of Static 109
Longitudinal Stability - §§ 25.173 and 25.175. 109
27. Static Directional and Lateral Stability - § 25.177 111
28. Dynamic Stability - § 25.181. 114

Section 6. Stalls 115
29. Stall Testing. 116

Section 7. Ground and Water Handling Char acteristics 132
30. General 133

Section 8. Miscellaneous Flight Requirements 136
31. Vibration and Buffeting - § 25.251. 136
32. High Speed Characteristics - § 25.253. 141
33. Out-of-Trim Characteristics - § 25.255. 145

Chapter 3 - Structure 149

Chapter 4 — Design and Construction 150

il



3/29/2011 AC 25-7B

Table of Contents (continued)

Paragraph Page No.
Section 1. General [Reserved] 150
Section 2. Control Surfaces[Reserved] 150
Section 3. Control Systems 150

34. General - § 25.671 150
35.-45. [Reserved] 150
46. Flap and Slat Interconnections - § 25.701. 150
47. Takeoff Warning System - § 25.703. [Reserved] 151
Section 4. Landing Gear 151
48. - 51. [Reserved] 151
52. Retracting Mechanism - § 25.729. 151
53. Wheels - § 25.731. 152
54. Tires - § 25.733 [Reserved] 154
55. Brakes - § 25.735 154
56. Skis - § 25.737 [Reserved] 169
Section 5. Floatsand Hulls 169
57.-59. [Reserved] 169
Section 6. Personnel and Cargo Accommodations 169
60. - 61. [Reserved] 169
62. Pilot Compartment View - § 25.773. 170
63. - 72. [Reserved] 170
Section 7. Emergency Provisions 170
73. Ditching - § 25.801 [Reserved] 170
74. Emergency Egress Assist Means and Escape Routes - § 25.810. 170
75. - 83. [Reserved] 170
Section 8. Ventilation and Heating 170

84. Ventilation - § 25.831 170

il



3/29/2011

Table of Contents (continued)

Paragraph

85. Cabin Ozone Concentration - § 25.832 [Reserved]

AC 25-7B

Page No.

171

86. Combustion Heating Systems - § 25.833 [Reserved]

171

Section 9. Pressurization

171

87. Pressurized Cabins - § 25.841.

171

88. Tests For Pressurized Cabins - § 25.843

174

Section 10. FireProtection [Reserved]

175

Section 11. Miscellaneous [Reserved]

175

Chapter 5 - Powerplant

176

Section 1. General

176

89. Installation - § 25.901. [Reserved]

176

90. Engines - § 25.903.

176

91. Automatic Takeoff Thrust Control System (ATTCS) - § 25.904.

179

92. Propellers - § 25.905.

181

93. Propeller Vibration and Fatigue - 25.907 [Reserved]

181

94. Propeller Clearance - § 25.925 [Reserved]

181

95. Propeller Deicing - § 25.929.

182

96. Reversing Systems - § 25.933.

182

97. Turbojet Engine Thrust Reverser System Tests - § 25.934. [Reserved]

185

98. Turbopropeller-Drag Limiting Systems - § 25.937

185

99. Turbine Engine Operating Characteristics - § 25.939

187

100.  Inlet, Engine, and Exhaust Compatibility - § 25.941. [Reserved]
101.  Negative Acceleration - § 25.943.

187
187

102.  Thrust or Power Augmentation System § 25.945. [Reserved]

188

Section 2. Fuel System

188

[103.-108.] [Reserved]

188

109.  Unusable Fuel Supply - § 25.959.

188

v



3/29/2011 AC 25-7B

Table of Contents (continued)

Paragraph Page No.
110.  Fuel System Hot Weather Operation - § 25.961. 190
[111.-116.] [Reserved] 192
117.  Fuel Tank Vents and Carburetor Vapor Vents - § 25.975. 192
[118.-120.] [Reserved] 194

Section 3. Fuel System Components 194
[121.-126.] [Reserved] 194
127.  Fuel Jettisoning System- § 25.1001. 194

Section 4. Oil System [Reserved] 197

Section 5. Cooling 197
[128.-130.] [Reserved] 197

Section 6. Induction System 197
131.  Air Induction - § 25.1091 197
132.  Induction System Icing Protection - § 25.1093. 199
[133.-136.] [Reserved] 202

Section 7. Exhaust System 202
137.  General - § 25.1121. 202
[138.-140.] [Reserved] 202

Section 8. Powerplant Controlsand Accessories 202
[141.-154.] [Reserved] 202

Section 9. Power plant Fire Protection 202
[155.-158.] [Reserved] 202
159.  Drainage and Ventilation Of Fire Zones - § 25.1187. 202
[160. - 164.] [Reserved] 203
165.  Fire Extinguishing Agents - § 25.1197. 203
[166.-169.] [Reserved] 203

Table of Contents (continued)

A\



3/29/2011

Paragraph

Chapter 6 - Equipment

Section 1. General

170.
171.
172.
173.
174.

Equipment — Function and Installation - § 25.1301.

Flight and Navigation Instruments - § 25.1303

Powerplant Instruments - § 25.1305. [Reserved]

Miscellaneous Equipment - § 25.1307. [Reserved]

Equipment, Systems, and Installations - § 25.1309.

Section 2. Instruments; Installation

175.
176.
177.
178.
179.
180.
181.
[182.-185.] [Reserved]

Section 3. Electrical Systemsand Equipment
186.
187.
188.
189.
190.

Section 4. Lights
191.
192.
193.
[194.-200.] [Reserved]

Arrangement and Visibility - § 25.1321. [Reserved]

Warning, Caution, and Advisory Lights - § 25.1322. [Reserved]
Airspeed Indicating System - § 25.1323

Static Pressure Systems - § 25.1325(d) and (e)

Pitot Heat Indication Systems - § 25.1326. [Reserved]

Magnetic Direction Indicator - § 25.1327. [Reserved]

Automatic Pilot System - § 25.1329

General - § 25.1351.

Electrical Equipment and Installations - § 25.1353

Distribution System - § 25.1355

Circuit Protective Devices - § 25.1357. [Reserved]

Electrical System Tests - § 25.1363.

Instrument Lights - § 25.1381.

Landing Lights - § 25.1383.
Position Light System Installation - § 25.1385

Table of Contents (continued)

vi

AC 25-7B

Page No.

204

204
204
237
239
239
239

240
240
240
240
244
244
244
244
261

261
261
263
265
265
265

265
265
266
266
266



3/29/2011 AC 25-7B

Paragraph Page No.
201. Anti-Collision Light System - § 25.1401 266
202. Wing Icing Detection Lights - § 25.1403. 267
Section 5. Safety Equipment 267
[203.-207.] [Reserved 267
Section 6. Miscellaneous Equipment 267
208.  Electronic Equipment - § 25.1431 267
[209. - 223.] [Reserved] 268
Chapter 7 — Operating Limitations and I nformation. 269
Section 1. General [Reserved] 269
Section 2. Operating Limitations [Reser ved] 269
Section 3. Markings and Placards[Reserved] 269
Section 4. Airplane Flight Manual 269
224.  General - § 25.1581 269
[225.-227.] [Reserved] 269

Chapter 8 - Airworthiness. Miscellaneous I tems 270

228.  Design and Function of Artificial Stall Warning and Identification Systems. 270

229.  Reduced and Derated Thrust Takeoff Operations 273
230. Runway Gradients Greater Than + 2 Percent. 274
231.  Criteria For Approval of Steep Approach To Landing. 275
232.  Takeoff and Landing On Unpaved Runways. 279
233.  Accountability of Performance Degradation Relative to Both Minor Design

Changes (External Posture) and Configuration Deviation List (CDL) Items. 282
234.  Configuration Déviation List. 283
235.  Spare Engine Pod. 285
236.  Authorization For Ferry Flight With One Engine Inoperative - § 91.611. 286
237.  Instrument Landing System Weather Minima. 287

Table of Contents (continued)

vii



3/29/2011 AC 25-7B

Paragraph Page No.

238.  Takeoff Performance Credit For Alternate Forward Center of Gravity Limits. 287
239.  Performance Credit For Automatic Propeller Drag Reduction Devices. 290
240.  Airplane Backing Using Reverse Thrust. 291

viii



3/29/2011

Figure

Figure 11-1.
Figure 11-2.
Figure 11-3.
Figure 11-4.
Figure 11-5.
Figure 11-6.
Figure 11-7.
Figure 11-8.
Figure 13-1.
Figure 13-2.
Figure 13-3.
Figure 13-4.
Figure 13-5.
Figure 13-6.
Figure 14-1.
Figure 14-2.
Figure 19-1.
Figure 20-1.
Figure 20-2.

Figure 20-3
Figure 26-1
Figure 29-1

AC 25-7B
Table of Contents (continued)
Figures
Page No.
Figure 3-1. Weight Tolerance Limits
Figure 3-2. Equivalent Weight Extrapolation
Figure 3-3. Test Parameters That Normally Can Be Corrected 9
Figure 3-4. Wind Profile Variation 10
Accelerate-Stop Time Delays 35
Accelerate-Stop Speed vs. Distance 37
Anti-Skid System Response Characteristics 41
Anti-Skid System Response Characteristics 42
Anti-Skid System Response Characteristics 44
I nstantaneous Brake Force and Peak Brake Force 47
Anti-Skid Efficiency — Wheel Slip Relationship 49
Substantiation of the Optimal Slip Value 51
Takeoff Distance on a Dry Runway 63
Takeoff Distance 64
Takeoff Distance On a Wet Runway 65
Takeoff Run 65
Takeoff Run 66
Clearway Profiles 67
Takeoff Segments & Nomenclature 68
Net Takeoff Flight Path 69
Landing Time Delays 78
Sample Pitch Tracking Task 89
A-PC Rating Criteria and Comparison To Mil Standard 89
Example of Acceptable HQ Rating For A-PC Tendencies 91
Longitudinal Static Stability 111
Thrust Effect On Stall Speed 121
Ciyax and Load Factor 122

Figure 29-2

X



3/29/2011 AC 25-7B
Table of Contents (continued)
Figures

Figure Page No.
Figure29-3. C uax Vs Entry Rate 124
Figure 29-4. Ci\ax VS Weight and Flap Setting 124
Figure 29-5. Stall Speed vs Weight and Flap Setting 126
Figure 31-1. Maneuvering Characteristics 140
Figure 31-2. Maneuvering Characteristics 140
Figure 33-1. Mistrimmed Maneuvering Characteristics 146
Figure 181-1 Altitude Loss versus Altitude Go-Around Mode 252




3/29/2011 AC 25-7B
Table of Contents (continued)
Appendices

Appendix Page No.
Appendix 1 Al-1
Acronyms and Abbreviations Al-1
Appendix 2 A2-1
Function and Reliability Tests- § 21.35(b)(2) A2-1
Appendix 3 A3-1
Correction of Air Minimum Control Speed To Standard Conditions A3-1

1. Theoretical Basis A3-1

2. Constant C, Method A3-2

3. Graphical Method A3-3

4. Equation Method A3-7
Appendix 4 A4-1
History of Jet Transport Performance Standards A4d-1
Special Civil Air Regulation No. SR-422 A4-2
Performance A4-5
Airplane Flight Manual A4-14
Operating Rules A4-14
Special Civil Air Regulation No. SR-422A A4-17
Performance A4-25
Airplane Flight Manual A4-35
Operating Rules A4-36
Special Civil Air Regulation No. SR-422B A4-40
Performance A4-43
Airplane Flight Manual A4-54

X1



3/29/2011 AC 25-7B

Table of Contents (continued)

Appendices
Appendix Page No.
Operating Rules A4-55
Appendix 5 A5-1
Historical Development Of Accelerate-Stop Time Delays A5-1
Figure 1. Accelerate-Stop Time Delays AS5-2
Figure 2. Accelerate-Stop Time Delays AS5-4
Appendix 6 A6-1
FAA Handling Qualities Rating M ethod A6-1
Figure 1. Airworthiness HQ Regulations Impacted/Outpaced by Technology A6-2
Figure 2. Probability vs. Consequence Graph A6-3
Figure 3. Development of FAA HQRM Criteria A6-4
Figure 4. Major Elements of Task-Oriented Handling Qualities Rating Method  A6-4
Figure 5. Probability Guidelines for Combined Occurrence Flight Conditions A6-5
Figure 6. Flaps UP Flight Envelopes A6-7
Figure 7. Flaps DOWN Flight Envelopes A6-8
Figure 8. Pilot Ratings A6-9
Figure 9. Probability Combination Leading to HQ Rating A6-10
Figure 10. Probability Guidelines to Determine HQ Requirements A6-11
Figure 11. General HQ Task Categories A6-12
Figure 12. Minimum HQ Requirements A6-13
Appendix 7 A7-1

Rudder Pedal Force-Limited Air Minimum Control Speed A7-1

Xii



3/29/2011 AC 25-7B

Introduction

1. Purpose.

a. This AC provides updated guidance for the flight test evaluation of transport category
airplanes. These guidelines provide an acceptable means of demonstrating compliance with the
pertinent regulations of Title 14, Code of Federal Regulations (14 CFR) part 25. The methods
and procedures described herein have evolved through many years of flight testing of transport
category airplanes and, as such, represent current certification practice This AC is not
mandatory and does not constitute a regulation. It describes acceptable means, but not the only
means, for demonstrating compliance with the applicable regulation(s). The FAA will consider
other methods of demonstrating compliance that an applicant may elect to present. If we become
aware of circumstances that convince us that following this AC would not result in compliance
with the applicable regulations, we will not be bound by the terms of this AC, and we may
require additional substantiation or design changes as a basis for finding compliance. This
material does not change, create any additional, authorize changes in, or permit deviations from
existing regulatory requirements.

b. See Appendix 1 for a list of acronyms and abbreviations used in this AC.

2. Applicability. These methods and procedures are provided in the interest of certification
approval for use during all transport category airplane flight test certification activities. This
material is not to be construed as regulatory or having a mandatory effect. The procedures set
forth herein are one acceptable means of compliance with applicable sections of part 25. Any
alternative means proposed by the applicant should be given due consideration. Applicants are
encouraged to use their technical ingenuity and resourcefulness in order to develop more
efficient and less costly methods of complying with the requirements of part 25. Since these
methods and procedures are only one acceptable means of compliance, individuals should be
guided by the intent of the methods provided in this AC. As deviations from the methods and
procedures described in this AC may occur, FAA certification personnel will coordinate what
they consider to be major deviations with the Transport Standards Staff (ANM-110) of the
Transport Airplane Directorate. If in their judgment, however, a deviation is considered to be
minor, coordination with ANM-110 may not be necessary.

3. Cancdllation. AC 25-7A, Change 1, “Flight Test Guide for Certification of Transport
Category Airplanes,” dated June 3, 1999, is cancelled.

4. Background. Since AC 25-7 was released on April 9, 1986, it has been the primary source
of guidance for flight test methods and procedures to show compliance with the regulations
contained in subpart B of part 25, which address airplane performance and handling
characteristics. AC 25-7 has been revised three times to reflect changes in the part 25 regulatory
requirements, changes in guidance and policy, and advances in technology. The first revision,
AC 25-7A, updated the original AC to incorporate the policy and guidance material applicable to
all sections of part 25, not just subpart B. The material related to regulations outside of subpart
B superseded that contained in Order 8110.8, which was cancelled when AC 25-7A was issued.
Change 1 to AC 25-7A added acceptable means of compliance for the regulatory changes
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associated with amendments 92 and 98 to part 25. This revision, AC 25-7B, adds acceptable
means of compliance for the regulatory changes associated with amendments 108, 109, and 115
to part 25, and revised guidance for expanding takeoff and landing data for airport elevations
higher than those at which flight testing was conducted. Means of compliance associated with
flight in icing conditions is removed as this material is now contained in AC 25-25.

5. Related Publications. Certification personnel should be familiar with FAA Order 8110.4C,
“Type Certification,” and FAA Order 8100.5A, “Aircraft Certification Service Mission,
Responsibilities, Relationships, and Programs.” In this AC, reference is made to other FAA
advisory circulars that provide guidance on various aspects of type certification and
supplemental type certification.
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Chapter 1 - General
1. Applicability - § 25.1 [Reserved]

2. Special Retroactive Requirements - § 25.2 [Reserved]
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Chapter 2 - Flight
Section 1. General
3. Proof of Compliance - § 25.21.

a. Explanation. In an effort to provide the necessary guidelines for the flight test evaluation
of transport category airplanes, without producing a cumbersome document, this AC assumes a
conventional transport airplane configuration. In general, a conventional airplane configuration
is one with distinct wing and fuselage elements that are joined together, aft-mounted horizontal
and vertical stabilizers that are attached to the fuselage, and propulsion provided either by
turbojet/turbofan engines that do not provide any significant increase in lift due to their operation
or engine-driven propellers. The effects of non-conventional airplane configurations (e.g.,
blown flaps) on the compliance methods should be evaluated and determined based on the intent
of the guidelines presented for conventional airplane configurations.

(1) Section 25.21(a) - Proof of Compliance.

(a) The burden of showing compliance with the flight requirements for an
airworthiness certificate or a type certificate rests with the applicant. The applicant should, at his
own expense and risk, conduct such official flight tests as required by the FAA to demonstrate
compliance with the applicable requirements. During the certification process, the applicant
should make available the airplane, as well as all of the personnel and equipment necessary to
obtain and process the required data.

(b) If the airplane flight characteristics or the required flight data are affected by
weight and/or center of gravity (c.g.), the compliance data must be presented for the most critical
weight and c.g. position per § 25.21(a). Unless the applicant shows that the allowable c.g. travel
in one or more axes (e.g., lateral fuel imbalance) has a negligible effect on compliance with the
airworthiness requirements, the applicant must substantiate compliance at the critical c.g.

(c) The gross weight and c.g. tolerances specified in paragraphs 3a(3)(b)1 and 3
are test tolerances and are not intended to allow compliance to be shown at less than critical
conditions.

(d) Section 21.35(a)(3) requires that the test airplane be in conformity with its type
design specifications.

1 This means that the test airplane must be in conformity with its type design
specification as relates to the particular test being conducted.

2 Any deviation from conformity must be clearly shown to be of no
consequence to the particular test being conducted. For example, if the slip resistant escape
surface required by § 25.810(c) is not installed, the applicant must show that its presence would
have no effect on measured airplane performance and flight characteristics.
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(e) Section 21.35(b)(2) requires the applicant to conduct sufficient flight testing
the FAA finds necessary to determine whether there is reasonable assurance that the airplane, its
components, and its equipment are reliable and function properly. Appendix 2 to this AC
provides guidance for showing compliance with this requirement.

(2) Section 25.21(c) - Proof of Compliance (Altitude Effect on Flight Characteristics).

(a) Any of the flying qualities, including controllability, stability, trim, and stall
characteristics, affected by altitude must be investigated for the most adverse altitude conditions
approved for operations.

(b) Consideration should be given in the test program to aerodynamic control
system changes with altitude (e.g., control throws or auto slats which are sometimes inhibited by

Mach number at altitude).

(3) Section 25.21(d) - Proof of Compliance (Flight Test Tolerances).

(a) To allow for variations from precise test values, acceptable tolerances during
flight testing must be maintained. The purpose of these tolerances is to allow for variations in
flight test values from which data are acceptable for reduction to the value desired. They are not
intended for tests to be routinely scheduled at the lower weights, or to allow for compliance to be
shown at less than the critical condition; nor are they to be considered as allowable inaccuracy of
measurement. As an example, when demonstrating stability with a specified trim speed of
1.3 Vgry, the trim speed may be 1.3 Vgr; +3 knots or 3 percent; however, no positive tolerance is
permitted when demonstrating the minimum prescribed trim speed of 1.3 Vgr; (Ref. § 25.161).

(b) Where variation in the parameter on which a tolerance is allowed will have an
effect on the results of the test, the results should be corrected to the most critical value of that
parameter within the operating envelope being approved. If such a correction is impossible or
impractical (e.g., performance at forward c.g.), the average test conditions should assure that the
measured characteristics represent the actual critical value.

1 Weight limits. Figure 3-1, below, presents weight tolerances that have been
found acceptable for the specified flight tests. Many flight tests need to be conducted at or very
near the maximum operating weight for the airplane configuration, particularly those tests used
to establish airplane flight manual (AFM) performance information. As noted in paragraph (a)
above, the purpose of the test tolerances is to allow for variations in flight test values, not to
routinely schedule tests at less than critical weight conditions or to allow for compliance to be
shown at less than the critical weight condition.
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Figure 3-1. Weight Tolerance Limits

Flight Test Conditions Weight
Tolerance Limit
+5% +10%
Stall Speeds X
Stall Characteristics X

Climb Performance
Takeoff Flight Paths
Landing Braking Distance

Landing Air Distance
Takeoff Distance & Speed

Accelerate-Stop Distance

RO R 4 X[ XX X<

Maximum Energy RTOs
Minimum Unstick Speed X

(aa) For follow-on airplane certification programs (e.g., minor gross
weight increase), where it is desired to use an existing certificated data base from an
aerodynamically similar model of the same airplane type, the test weight tolerance limits of
figure 3-1 have also been applied as extrapolation limits to minimize additional test
requirements.

(bb) For follow-on airplane certification programs, test data may be
extrapolated to higher gross weights than specified in figure 3-1, if the available test data include
an adequate range of weights and an appropriate number of points at the highest weight tested.
If the test data analysis verifies the predicted effect of weight, then other extrapolation limits

may apply.

(cc) Equivalent weight extrapolation limits. For follow-on airplane
certification programs where it is desired to increase a maximum operating weight based on
existing certified performance parameters that have weight as one of their independent terms,
those parameters should be examined for equivalent compliance with the weight tolerance limits
of figure 3-1. An example would be the reduction of an airplane’s landing flap position, to one
approved on a similar model of the same airplane type, which would incur an increase in landing
speeds and brake energy, relative to the original certificated landing flap, at any given weight.
The brake energy, at the maximum certificated landing weight, should be calculated for the
reduced landing flap. This brake energy should account for the increased landing speeds and
reduced aerodynamic drag associated with the reduced flap setting. It should then be determined
what equivalent gross weight would have rendered that brake energy with the original landing
flap (see figure 3-2). The resulting equivalent gross weight should not exceed the certificated
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maximum landing weight by more than the five percent weight extrapolation limit specified in
figure 3-1. If the equivalent gross weight (at the existing landing flap setting) is not more than
five percent greater than the certificated maximum landing weight, the reduced flap certification
may be eligible for a limited flight test program (e.g., stall speed verification, handling
characteristics, and qualitative landing demonstration). Further limitations may be imposed by
the criteria of technical standard order (TSO) C135a (“Transport Airplane Wheels and Wheel
and Brake Assemblies,” dated July 1, 2009).

Figure 3-2. Equivalent Weight Extrapolation

& GAV. Mot greater than 5%

Brake Energy

'Eguivalent” Gross

Gross Weight - Pounds

2 Wind Limits. For takeoff and landing tests, a wind velocity limit of 10
knots (from any direction) or 0.11 Vsg; (wWhichever is lower) at the height of the mean
aerodynamic chord (MAC), as determined with the airplane in a static ground attitude, has been
considered the maximum acceptable. When test wind velocity is to be measured at the wing
MAC height, a measurement height of six feet above the ground should be considered as a limit
to avoid possible measurement inaccuracies due to surface interference. Because of likely
unsteady wind conditions, it is generally considered that takeoff and landing performance data
obtained under runway wind conditions greater than 5 knots are likely to be inconsistent and
unreliable. If performance data are obtained with winds greater than 5 knots, these data should
not necessarily be ignored.

3 C.G. Limits. A test tolerance of +7 percent of the total c.g. range is
intended to allow some practical relief for inflight c.g. movement. This relief is only acceptable
when the test data general scatter is on both sides of the limiting c.g. or when c.g. correction
from test c.g. to limit c.g. is acceptable.

4 Airspeed Limits. Normally, tests conducted within 3 percent or 3 knots
(whichever is the higher) of the desired test speed are considered acceptable.
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5 Thrust Limits. Thrust critical tests, such as minimum control speeds, should
be conducted at the highest thrust (power) allowable on the engine given the constraints of
temperature and altitude. It is then permitted to calculate further corrections to allow
extrapolation of data to cover the entire operating envelope. These thrust corrections should be
limited to 5 percent of test day thrust, unless a detailed analysis is performed. (See Appendix 7
of this AC).

(c) Because the tolerance values normally are not considered in the airplane design
substantiation, it is not the purpose of these tolerances to allow flights at values in excess of
those authorized in the type design. If such flights are to be conducted, adequate structural
substantiation for the flight conditions should be available. These flights, however, are always
conducted under controlled conditions and with the flight test crew’s full cognizance of the
situation. Examples of such flights are:

1 Takeoff at greater than maximum takeoff weight for the purpose of reaching
a test area at the maximum takeoff weight.

2 Landing at greater than maximum landing weights during the course of
conducting takeoff tests.

3 Flights to obtain data for future approvals beyond that substantiated for the
initial type design.

(d) The table in figure 3-3 indicates the cases in which corrections are normally
allowed. Any corrections to flight test data should be made by methods that are agreed to by the
FAA.
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Figure 3-3. Test Parameters That Normally Can Be Corrected

Flight Test Correctable Parameters
Condition
Wt. | C.G. | Airspeed | Altitude | Power/ Wind
Thrust

Airspeed calibration X -—- -—- -—- --- -—-
Stall speeds X X - --- X ---
Climb performance X X X X X -—-
Landing performance X -—- X X — X
Takeoff performance X X -—- X X X
Accelerate-stop perf. X X --- X X X
Minimum control speed -—- -—- -—- -—- X -—-
Minimum unstick speed X X X - X -
Buffet boundary X X -—- X -—- -—-

(e) All instrumentation used in the flight test program should be appropriately
calibrated and acceptable to the FAA test team.

(4) Section 25.21(f) - Proof of Compliance (Wind Measurement and Corrections).
The relationship between the wind measured at one height and the corresponding wind at another
height may be obtained by the following equation:

Vw2 = Vwi(HyH)"

Where: H = Height above the runway surface
Vw, = Wind velocity at H,
Vwi = Wind velocity at H;
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This equation is presented graphically below. Values of H less than 5 feet should not be used in
this relationship.

Figure 3-4. Wind Profile Variation
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(5) Wind Profile Variation for Test Data. The performance data of airplanes should be
obtained in such a manner that the effect of wind on the test data may be determined. The test
wind velocity should be corrected from the recorded height above the test surface to the height of
the airplane wing mean-aerodynamic-chord. If the wind profile variation is not measured, the
variation may be calculated using the equation in paragraph (4) above. The following examples
are methods of handling wind profile variation data. Other methods have also been found
acceptable.

Example: Test Data

Given:

o Height of mean-aerodynamic-chord with airplane on surface 8.0 ft.
o Height of wind measurement 6.0 ft.
0 Measured wind velocity 4.8 kts.

10
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Results:
o Test wind velocity with airplane 50 ft. above landing surface

4.8((50 +8)/6)""= 6.6 kis.

o Test wind velocity with airplane 35 ft. above takeoff surface

4.8((35+8)/6)= 6.4 kis.

o Test wind velocity with airplane on surface
4.8(8/6)"" = 5.0 kts.

(6) Wind Profile Variation for AFM Data. When expanding the data to the AFM
conditions, the result should include the effective velocity, at the airplane’s wing mean-
aerodynamic-chord, which corresponds to the wind condition as measured at 10 meters (32.81
ft.) above the takeoff surface, and corrected for wind factors of § 25.105(d)(1).

Example: Airplane Fligcht Manual Data

Given:

o Height of mean-aerodynamic-chord with airplane on surface 8.0 ft.
o Reported head wind at 10 meters 40.0 kts.
o Section 25.105(d)(1) wind factor 0.5
Results:

o Factored wind velocity with airplane 50 ft. above landing surface
(0.5)(40)((50 + 8)/32.81)"7 = 21.7 kts.
o Factored wind velocity with airplane 35 ft. above takeoff surface
(0.5)(40)((35 + 8)/32.81)"7 = 20.8 kis.
o Factored wind velocity with airplane on surface

(0.5)(40)(8/32.81)"7 = 16.3 kts.

(7) Airplane Airspeed Variation Due to Wind Profile Variation With Simultaneous
Speed Changes Due to Airplane Dynamic Performance. In the reduction of test data and in the
expansion of such data to AFM conditions, the increase or decrease of speed due to the dynamic
effect of the forces on the airplane are manifested by only the change in ground speed. These
changes in speed (zero wind speed changes) may be generalized either as speed increments or

11
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speed ratios. The changes in airspeed due to wind profile are superimposed on these speed

changes.

Example: Takeoff Test Data

Given:
o  True airspeed at liftoff, Vo 144.0
o  True airspeed at 35 ft. above takeoff surface 147.0
o  Test wind at liftoff 5.0
o Test wind with airplane 35 ft. above takeoff surface 6.4
Results:

kts.
kts.
kts.
kts.

o Speed change due to airplane dynamic performance, zero wind speed change

(V3s-Vior) = (147-6.4)-(144-5.0) 1.6 kts.

Example: Takeoff--Airplane Flight Manual Data

Given:
o Factored wind at liftoff 16.3
o Factored wind with airplane 35 ft. above takeoff surface 20.8
o  Zero wind speed change, (V35-Vior) 1.6
o  Zero wind speed change, (VLop-VRr) 0.5
o  True airspeed required at 35 ft. 150.0
Results:
o  Ground speed required at 35 ft. 150-20.8 = 129.2
o  Ground speed at liftoff 129.2-1.6 = 127.6
o  True airspeed at liftoff 127.6+16.3 = 143.9
o  Ground speed at rotation 127.6-0.5=127.1
o True airspeed at rotation

(for distance calculations) 127.1+16.3 = 1434
o Airplane flight manual rotation speed,

true airspeed 150-0.5-1.6 = 147.9

kts.
kts.
kts.
kts.
kts.

kts.
kts.
kts.
kts.

kts.

kts.

NOTE: The indicated airspeed at rotation (Vg), given in the AFM, should be
predicated on the required speed at 35 ft. minus the speed increment (V3s-Vg)
assuming no airspeed change due to wind profile (i.e., use the “zero wind speed

change” increments shown above).

The proper rotation speed, assuming the

airplane will gain 4.5 knots due to wind profile, is 143.4 knots. However, if this
airspeed increase does not materialize, the airplane will be slow by 4.5 knots at 35
feet. It is therefore more desirable to allow the airplane to attain this 4.5 knots on
the ground. Any reduction in field length margin of safety by this increase in Vg

12



3/29/2011 AC 25-7B

is adequately compensated for by the 50 percent wind factor. This also eliminates
a requirement to adjust Vg for wind. However, in calculating the AFM field
lengths, the airspeed attained due to wind profile may be included.

Example: Landing--AFM Data

Given:

o Factored wind with airplane 50 ft. above landing surface 21.7  kts.
o Factored wind with airplane on landing surface 16.3  kts.
o Zero wind speed change for 50 ft. to touchdown (Vso-V1p) 4.0 kts.
o True airspeed required at 50 ft. 130.0  kts.
Results:

o  Ground speed at 50 ft. 130-21.7 = 108.3  kts.
o  Ground speed at touchdown 108.3-4.0 = 104.3  kts.
o  True airspeed at touchdown 104.3+16.3 = 120.6  kts.

(8) Expansion of Takeoff and Landing Data for a Range of Airport Elevations.

(a) These guidelines apply to expanding AFM takeoff and landing data above and
below the altitude at which the airplane takeoff and landing performance tests are conducted.

(b) Historically, limits were placed on the extrapolation of takeoff data. In the
past, takeoff data could generally be extrapolated 6,000 feet above and 3,000 feet below the test
field elevation when proven testing and data reduction methods were used. For extrapolations
beyond these limits, a 2 percent takeoff distance penalty was to be applied for every additional
1,000 feet extrapolation. Such limitations were generally not applied to extrapolation of landing
data, provided the effect of the higher true airspeed on landing distance was taken into account.

(c) Since then, considerably more experience has been gained both in terms of
modeling airplane and propulsion system (i.e., turbine engines and propellers, where
appropriate) performance and in verifying the accuracy of these models for determining high
(and low) altitude takeoff and landing performance. This experience has shown that the
soundness of the extrapolation is primarily a function of the accuracy of the propulsion system
performance model and its integration with the airplane drag model. The basic aerodynamic
characteristics of the airplane do not change significantly with altitude or ambient temperature,
and any such effects are readily taken into account by standard airplane performance modeling
practices.

(d) As aresult, with installed propulsion system performance characteristics that
have been adequately defined and verified, airplane takeoff and landing performance data
obtained at one field elevation may be extrapolated to higher and lower altitudes within the
limits of the operating envelope without applying additional performance conservatisms. It
should be noted, however, that extrapolation of the propulsion system data used in the

13
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determination and validation of propulsion system performance characteristics is typically
limited to 3,000 feet above the highest altitude at which propulsion system parameters were
evaluated for the pertinent power/ thrust setting. (See paragraph 9 of this AC for more
information on an acceptable means of establishing and verifying installed propulsion system
performance characteristics.)

(e) Note that certification testing for operation at airports that are above 8,000 feet
should also include functional tests of the cabin pressurization system in accordance with
paragraph 87b(3) of this AC. Consideration should be given to any sensitivity to, or dependency
upon airport altitude, such as: engine and APU starting, passenger oxygen, autopilot, autoland,
autothrottle system thrust set/operation.

(9) Tailwind Takeoff and Landing.

(a) Wind Velocities of 10 Knots or Less - Approval may be given for performance,
controllability, and engine operating characteristics for operations in reported tailwind velocities
up to 10 knots, measured at a 10 meter height, without specific flight tests.

(b) Wind Velocities Greater than 10 Knots.

1 Performance. It is considered that takeoff, rejected takeoff, and landing
distances, measured in tailwind conditions greater than 10 knots, are unreliable for use in
determining airplane performance. Wind conditions of such magnitude are generally not
sufficiently consistent over the length of the runway or over the time period required to perform
the test maneuver. The 150 percent operational tailwind velocity factor, required by
§§ 25.105(d)(1) and 25.125(f), affords a satisfactory method for determination of airplane
takeoff and landing performance information and limitations up to a limiting tailwind velocity of
15 knots when using a flight test data base obtained under zero wind conditions.

NOTE: The design requirements of § 25.479 (Level landing conditions) also
require the effects of increased contact speeds to be investigated if approval for
landings with tailwinds greater than 10 knots is desired.

2 Control Characteristics. Airplane control characteristics should be
evaluated under the following conditions with the center of gravity at the aft limit and the test
tailwind velocity equal to the proposed limit tailwind factored by 150 percent:

(aa) Takeoff. At light weight with maximum approved takeoff flap
deflection, both all-engines operating and one-engine inoperative takeoffs should be evaluated.

(bb) Landing. Approach and landing at light weight with maximum
approved landing flap deflection.

(cc) Determination of the increased ground speed effect on gear

vibration, shimmy, flight director and/or autopilot instrument landing system (ILS) approaches,
ground proximity warning systems (GPWS) sink rate modes, etc.

14
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(dd) If engine idle thrust is increased to account for the increased
tailwind velocity, ensure that deviations above the glideslope are recoverable.

3 Weight Limits. Consistent with the requirements of §§ 25.105(d)(1) and
25.125(%), the maximum takeoff and maximum quick turnaround weights should be determined
using brake energies and tire speeds, as appropriate, calculated with the limit tailwind velocity
factored by 150 percent.

4 Engine Operating Characteristics. Satisfactory engine operation should be
demonstrated at the limit tailwind velocity factored by 150 percent. The demonstrations should
include:

(aa) Zero groundspeed operation.

(bb) Takeoff power setting procedure used for AFM performance
(typically completed by approximately 80 knots), both manually and automatically (autothrottle).

(cc) Reverse thrust operations.

5 Airplane Flight Manual. The AFM should contain a statement that the
limitation for tailwinds greater than 10 knots reflects the capability of the airplane as evaluated
in terms of airworthiness but does not constitute approval for operation in tailwinds exceeding 10
knots.

b. Procedures.

(1) The performance-related flight test procedures are discussed in each of the
following paragraphs of this AC:

10. Takeoff and Takeoft Speeds

11. Accelerate-Stop Distance

12. Takeoff Path

13. Takeoff Distance and Takeoff Run
14. Takeoff Flight Path

15. Climb: General

16. Landing Climb

17. Climb: One Engine Inoperative
18. En Route Flight Path

19. Landing

(2) Performance Data for Multiple Flap or Additional Flap Positions. If approval of
performance data is requested for flap settings at which no test data are available, the data may
be obtained from interpolation of flight data obtained at no less than four flap settings that are
within a constant configuration of other lift devices. If the span of flap settings is small and
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previously obtained data provide sufficient confidence (i.e., the shape of the curves are known
and lend themselves to accurate interpolation), data from three flap settings may be acceptable.

(3) Flight Characteristics for Abnormal Configurations (Ref. § 25.671(c)).

(a) For purposes of this AC, an abnormal configuration is an operational
configuration that results from any single failure or any combination of failures not shown to be
improbable.

(b) Flight characteristics for abnormal configurations may be determined by test or
analysis to assure that the airplane is capable of continued safe flight and landing. Flight tests, if
required, should be conducted at the critical conditions of altitude, weight, c.g., and engine thrust
associated with the configuration, and at the most critical airspeed between the speed reached
one second after stall warning occurs (see paragraph 29¢(2)(h) of this AC) and the maximum
operating airspeed for the configuration.

4. Load Distribution Limits - § 25.23 [Reserved].

5. Weight Limits and Center of Gravity Limits - §§ 25.25 and 25.27
[Reserved].

6. Empty Weight and Corresponding Center of Gravity - § 25.29
[Reserved].

7. Removable Ballast - § 25.31 [Reserved].

8. Propeller Speed and Pitch Limits - § 25.33.

a. _Explanation. None.

b. Procedures. The tachometers and the airspeed indicating system of the test airplane
should have been calibrated within the last six months. With those conditions satisfied, the
following should be accomplished:

(1) Determine that the propeller speeds and pitch settings are safe and satisfactory
during all tests that are conducted in the flight test program within the certification limits of the
airplane, engine, and propeller. This includes establishing acceptable low pitch (flight idle)
blade angles on turbopropeller airplanes and verifying that propeller configurations are
satisfactory at Vyio/Mwo to prevent propeller overspeed.

(2) Determine that the propeller speeds and pitch settings are safe and satisfactory
during all tests that are conducted to satisfy the performance requirements.

(3) With the propeller governors operative and the propeller controls in full high
revolutions per minute (r.p.m.) position, determine that the maximum takeoff power settings do
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not exceed the rated takeoff r.p.m. of each engine during takeoff and climb at the best rate-of-
climb speed.

(4) With the propeller governors made inoperative by mechanical means, determine the
maximum power, no-wind, static r.p.m.’s. With the propeller governors operating on the low
pitch stop, the engine speeds must not exceed 103 percent of the maximum allowable takeoff
r.p.m. or 99 percent of an approved maximum overspeed, as required by § 25.33(c). On
turbopropeller engines, the engine speeds should not exceed the maximum engine speeds
allowed by engine and propeller type designs. Note which systems were disabled and how the
disablement was done. If maximum takeoff power torque or sea level standard conditions cannot
be obtained on the test day, correct the data to these conditions by an acceptable means. A no-
wind condition is considered to be a wind of 5 knots or less. The static r.p.m. should be the
average obtained with a direct crosswind from the left and a direct crosswind from the right.

(5) Ifthe above determinations are satisfactory, then measure the low-pitch stop setting
and the high-pitch stop setting. These data may have been obtained from the propeller
manufacturer and may be used, provided the pitch stops have not been changed since the
manufacturer delivered the propeller. If measured, the blade station should be recorded. Include
these blade angles in the type certificate data sheet.

Section 2. Performance

9. General - §225.101.

a. Explanation. - Propulsion System Behavior. Section 25.101(c) requires that airplane
“performance must correspond to the propulsive thrust available under the particular ambient
atmospheric conditions, the particular flight conditions....” The propulsion system’s (i.e., turbine
engines and propellers, where appropriate), installed performance characteristics are primarily a
function of engine power setting, airspeed, propeller efficiency (where applicable), altitude, and
ambient temperature. Determine the effects of each of these variables to establish the thrust
available for airplane performance calculations.

b. Procedures.

(1) The intent is to develop a model of propulsion system performance that covers the
approved flight envelope. Furthermore, it should be shown that the combination of the
propulsion system performance model and the airplane performance model is validated by the
takeoff performance test data, climb performance tests, and tests used to determine airplane drag.
Installed propulsion system performance characteristics may be established via the following
tests and analyses:

(a) Steady-state engine power setting vs. thrust (or power) testing. Engines should

be equipped with adequate instrumentation to allow the determination of thrust (or power). Data
should be acquired in order to validate the model, including propeller-installed thrust, if
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applicable, over the range of power settings, altitudes, temperatures, and airspeeds for which
approval is sought. Although it is not possible to definitively list or foresee all of the types of
instrumentation that might be considered adequate for determining thrust (or power) output, two
examples used in past certification programs are: (1) engine pressure rakes, with engines
calibrated in a ground test cell, and (2) fan speed, with engines calibrated in a ground test cell
and the calibration data validated by the use of a flying test bed. In any case, the applicant
should substantiate the adequacy of the instrumentation to be used for determining the thrust (or
power) output.

(b) Lapse rate takeoff testing to characterize the behavior of power setting, rotor
speeds, propeller effects (i.e., torque, RPM, and blade angle), or gas temperature as a function of
time, thermal state, or airspeed, as appropriate. These tests should include the operation of an
automatic takeoff thrust control system (ATTCS), if applicable, and should cover the range of
power settings for which approval is sought.

1 Data for higher altitude power settings may be acquired via overboost (i.e.,
operating at a higher than normal power setting for the conditions) with the consent of the engine
and propeller manufacturer(s), when applicable. When considering the use of overboost on
turbopropeller propulsion system installations to simulate higher altitude and ambient
temperature range conditions, the capability to achieve an appropriate simulation should be
evaluated based on the engine and propeller control system(s) and aircraft performance and
structural considerations. Engine (gearbox) torque, rotor speed, or gas temperature limits,
including protection devices to prohibit or limit exceedances, may prevent the required amount
of overboost needed for performance at the maximum airport altitude sought for approval.
Overboost may be considered as increased torque, reduced propeller speed, or a combination of
both, in order to achieve the appropriate blade angle for the higher altitude and ambient
temperature range simulation. Consideration for extrapolations will depend on the applicant’s
substantiation of the proper turbopropeller propulsion system simulated test conditions.

2 Lapse rate characteristics should be validated by takeoff demonstrations at
the maximum airport altitude for which takeoff approval is being sought. Alternatively, if
overboost (see paragraph 1 above) is used to simulate the thrust setting parameters of the
maximum airport altitude for which takeoff approval is sought, the takeoff demonstrations of
lapse rate characteristics can be performed at an airport altitude up to 3,000 feet lower than the
maximum airport altitude.

(c) Thrust calculation substantiation. Installed thrust should be calculated via a
mathematical model of the propulsion system, or other appropriate means, adjusted as necessary
to match the measured inflight performance characteristics of the installed propulsion system.
The propulsion system mathematical model should define the relationship of thrust to the power
setting parameter over the range of power setting, airspeed, altitude, and temperature for which
approval is sought. For turbojet airplanes, the propulsion system mathematical model should be
substantiated by ground tests in which thrust is directly measured via a calibrated load cell or
equivalent means. For turbopropeller airplanes, the engine power measurement should be
substantiated by a calibrated dynamometer or equivalent means, the engine jet thrust should be
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established by an acceptable engine model, and the propeller thrust and power characteristics
should be substantiated by wind tunnel testing or equivalent means.

(d) Effects of ambient temperature. The flight tests of paragraph 9b(l)(a) above
will typically provide data over a broad range of ambient temperatures. Additional data may be
obtained from other flight or ground tests of the same type or series of engine. The objective is
to confirm that the propulsion system model accurately reflects the effect of temperature over the
range of ambient temperatures for which approval is being sought (operating envelope).

Because thrust (or power) data can usually be normalized versus temperature using either
dimensionless variables (e.g., theta exponents or a thermodynamic cycle model), it is usually
unnecessary to obtain data over the entire ambient temperature range. There is no need to
conduct additional testing if:

1 The data show that the behavior of thrust and limiting parameters versus
ambient temperature can be predicted accurately, and

2 Analysis based upon the test data shows that the propulsion system will
operate at rated thrust without exceeding propulsion system limits.

(2) Extrapolation of propulsion system performance data to 3,000 feet above the
highest airport altitude tested (but no higher than the maximum takeoff airport altitude to be
approved) is acceptable, provided the supporting data, including flight test and propulsion
system operations data (e.g., engine and propeller control, limits exceedance, and surge
protection devices scheduling), substantiates the proposed extrapolation procedures.
Considerations for extrapolation depend upon an applicant’s determination, understanding, and
substantiation of the critical operating modes of the propulsion system. This understanding
includes a determination and quantification of the effects that propulsion system installation and
variations in ambient conditions have on these modes.

10. Takeoff and Takeoff Speeds - 8§ 25.105 and 25.107.

a. Explanation. The primary objective of the takeoff tests required by § 25.107 is to
determine the takeoff speed schedule for all takeoff configurations at all weight, altitude, and
temperature conditions within the operational limits selected by the applicant. The provisions of
§ 25.105 are self evident and are not repeated or amplified in this discussion. Guidance material
for unpaved runway evaluation is contained in Chapter 8 (paragraph 232) of this AC.

b. Procedures. Although the following speed definitions are given in terms of calibrated
airspeed, the Airplane Flight Manual (AFM) presentations should be given in terms of indicated
airspeed. Attention should be paid to all potential sources of airspeed error, but special
consideration should be given to airplanes with electronic instruments in the cockpit that apply
electronic filtering to the airspeed data. This filtering, which causes a time delay in the airspeed
indication, can be a source of significant systematic error in the presentation of airspeed to the
flightcrew. During a normal takeoff acceleration, the airplane will be at a higher speed than is
indicated by the cockpit instrument, which can result in longer distances than are presented in
the AFM, particularly in the event of a rejected takeoff near the indicated V, speed. The effects
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of any time delays caused by electronic filtering, pneumatic system lag, or other sources should
be adequately addressed in the AFM speed and distance presentations. Further explanation of
airspeed lag, particularly pertaining to airplanes with electronic instruments in the cockpit, and
procedures for calibrating the airspeed indicating system (§ 25.1323(b)) are presented in
paragraph 177 of this AC.

(1) Section 25.107(a)(1) - Engine Failure Speed (Vgr). The engine failure speed (Vgr)
is defined as the calibrated airspeed at which the critical engine is assumed to fail and must be
selected by the applicant. Vgr cannot be less than the ground minimum control speed (Vmca).

(2) Section 25.107(a)(2) - Takeoff Decision Speed (V). The takeoff decision speed
(V1) may not be less than Vgr plus the speed gained with the critical engine inoperative during
the time interval between Vgr and the instant at which the pilot takes action after recognizing the
engine failure. This is indicated by pilot application of the first deceleration device such as
brakes, throttles, spoilers, etc. during accelerate-stop tests, or by the first control input during
Vmcg testing. The applicant may choose the sequence of events. Refer to paragraph 11 of this
AC, addressing § 25.109, for a more complete description of rejected takeoff (RTO) transition
procedures and associated time delays. If it becomes evident in expansion of takeoff data for the
AFM that excessive variation in V| exists, resulting from the many performance variables
involved (variations of +1.5 knots or +100 ft. have been found acceptable), then measures should
be taken to ensure that scheduled performance variations are not excessive. Examples of such
measures are small field length factors, or increments, and multiple web charts (accelerate-
go/stop, V1/Vy) for a particular configuration.

(3) Section 25.107(b) - Minimum Takeoff Safety Speed (Vomm).

(a) Vaomin, in terms of calibrated airspeed, cannot be less than:
1 1.1 times the Vyca defined in § 25.149.

2 1.13 times Vgg for two-engine and three-engine turbopropeller and
reciprocating engine-powered airplanes and for all turbojet airplanes that do not have provisions
for obtaining significant reduction in the one-engine inoperative power-on stalling speed (i.e.,
boundary layer control, blown flaps, etc.). The value of Vg to be used in determining Vou is
the stall speed in the applicable takeoff configuration, landing gear retracted, except for those
airplanes with a fixed landing gear or for gear-down dispatch.

(b) Vommv may be reduced to 1.08 times Vg for turbopropeller and reciprocating
engine-powered airplanes with more than three engines, and turbojet powered airplanes with
adequate provisions for obtaining significant power-on stall speed reduction through the use of
such things as boundary layer control, blown flaps, etc.

(c) For propeller-driven airplanes, the difference between the two margins, based
upon the number of engines installed on the airplane, is because the application of power
ordinarily reduces the stalling speed appreciably. In the case of the two-engine propeller-driven
airplane, at least half of this reduction is eliminated by the failure of an engine. The difference in
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the required factors therefore provides approximately the same margin over the actual stalling
speed under the power-on conditions that are obtained after the loss of an engine, no matter what
the number of engines (in excess of one) may be. Unlike the propeller-driven airplane, the
turbojet/turbofan powered airplane does not show any appreciable difference between the power-
on and power-off stalling speed. This is due to the absence of the propeller, which ordinarily
induces a slipstream with the application of power causing the wing to retain its lift to a speed
lower than the power-off stalling speed. The applicant’s selection of the two speeds specified
will influence the nature of the testing required in establishing the takeoft flight path.

(4) Section 25.107(c) - Takeoff Safety Speed (V). V., is the calibrated airspeed that is
attained at or before the airplane reaches a height of 35 ft. above the takeoff surface after an
engine failure at Vgr using an established rotation speed (Vr). During the takeoff speeds
demonstration, V; should be continued to an altitude sufficient to assure stable conditions
beyond the 35 ft height. V, cannot be less than Vyn. In addition, V, cannot be less than the
liftoff speed, Vior, which is defined in § 25.107(f). In accordance with § 25.107(c), V; in terms
of calibrated airspeed may not be less than Vg plus the speed increment attained before reaching
a height of 35 feet above the takeoff surface and a speed that provides the maneuvering
capability specified in § 25.143(h). Section 25.111(c)(2) stipulates that the airplane must reach
V, before it is 35 feet above the takeoff surface and continue at a speed not lessthan V, until it is
400 feet above the takeoff surface. These requirements were first expressed in SR-422A,
paragraphs 4T.114(b)(4) and (c)(3) and 4T.116(e). The intent of these requirements is discussed
in the preamble to SR-422A, which states, in part, “For these reasons, this regulation permits the
airplane to lift off the ground at a speed lower than the V; speed.” The concern that the
regulation change was addressing was the overshoot of V, after liftoff when it was required that
the airplane attain V, on, or near, the ground. It was therefore the intent of the regulation to
allow an acceleration to V, after liftoff but not to allow a decrease in the field length required to
attain a height of 35 feet above the takeoff surface by attaining a speed greater than V,, under
low drag ground conditions, and using the excess kinetic energy to attain the 35 foot height.

(a) In the case of turbojet powered airplanes, when the bulk of the one-engine-
inoperative data have been determined with idle cuts, V,, and its relationship to Vg, should be
substantiated by a limited number of fuel cuts at Vgr. For derivative programs not involving a
new or modified engine type (i.e., a modification that would affect thrust decay characteristics),
fuel cuts are unnecessary if thrust decay characteristics have been adequately substantiated.

(b) For propeller-driven airplanes, the use of fuel cuts can be more important in
order to ensure that the takeoff speeds and distances are obtained with the critical engine’s
propeller attaining the position it would during a sudden engine failure. The number of tests that
should be conducted using fuel cuts, if any, depends on the correlation obtained with the idle cut
data and substantiation that the data analysis methodology adequately models the effects of a
sudden engine failure.

(5) Section 25.107(d) - Minimum Unstick Speed (Vmu).

(a) An applicant should comply with § 25.107(d) by conducting minimum unstick
speed (Vmu) determination tests with all engines operating and with one engine inoperative. If a
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stick pusher is installed, it should normally be active and set to the minimum angle-of-attack side
of its rigging tolerance band. If desired, artificial stall warning systems may be disabled for this
demonstration. (See paragraph (f) below for further discussion regarding the setting of stick
pusher and stall warning systems during Vyy testing.) During this demonstration, the takeoff
should be continued until the airplane is out of ground effect. The airplane pitch attitude should
not be decreased after liftoff.

(b) In lieu of conducting actual one-engine-inoperative Vyy tests, the applicant
may conduct all-engines-operating Vuu tests that simulate and account for all pertinent factors
that would be associated with an actual one-engine-inoperative Vyy test. To account fully for
pertinent factors, it may be necessary to adjust the resulting Vyy test values analytically. The
factors to be accounted for should include at least the following:

1 Thrust/weight ratio for the one-engine-inoperative range.

2 Controllability (may be related to one-engine-inoperative free air tests, such
as Vs, VMCA, etc.).

|2

Increased drag due to lateral/directional control systems.

I~

Reduced lift due to devices such as wing spoilers used for lateral control.

|

Adverse effects of any other systems or devices on control, drag, or lift.

(c) The number of Vyy tests required may be minimized by testing only the
critical all-engines-operating and one-engine-inoperative thrust/weight ratios, provided that the
Vmu speeds determined at these critical conditions are used for the range of thrust/weights
appropriate to the all-engines-operating and one-engine-inoperative configurations. The critical
thrust/weight is established by correcting, to the Vi speed, the thrust that results in the airplane
achieving its limiting one-engine-inoperative climb gradient at the normally scheduled speed and
in the appropriate configuration.

(d) Amendment 25-42, effective March 1, 1978, revised §§ 25.107(d) and
25.107(e)(1)(iv) in order to permit the one-engine-inoperative Vyy to be determined by all-
engines-operating tests at the thrust/weight ratio corresponding to the one-engine-inoperative
condition. As revised, § 25.107(d) specifies that Vyy must be selected for the range of
thrust/weight ratios to be certificated, rather than for the all-engines-operating and one-engine-
inoperative conditions as was previously required. In determining the all-engines-operating
thrust/weight ratio that corresponds to the one-engine-inoperative condition, consideration
should be given to trim and control drag differences between the two configurations in addition
to the effect of the number of engines operating. The minimum thrust/weight ratio to be
certificated is established by correcting, to the Vy speed, the thrust that results in the airplane
achieving its limiting engine-out climb gradient in the appropriate configuration and at the
normally scheduled speed.
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(e) To conduct the Vy tests, rotate the airplane as necessary to achieve the Viyy
attitude. It is acceptable to use some additional nose-up trim over the normal trim setting during
Vmu demonstrations. If additional nose-up trim is required, the additional considerations of
paragraph (g), below, apply. Vmu is the speed at which the weight of the airplane is completely
supported by aerodynamic lift and thrust forces. Some judgment may be necessary on airplanes
that have tilting main landing gear bogies. Determining the liftoff point from gear loads and
wheel speeds has been found acceptable in past programs. After liftoff, the airplane should be
flown out of ground effect. During liftoff and the subsequent climbout, the airplane should be
fully controllable.

(f) Vmu testing is a maximum performance flight test maneuver, and liftoff may
occur very near the angle-of-attack for maximum lift coefficient. Also, even though pitch
attitude may be held fairly constant during the maneuver, environmental conditions and
transiting through ground effect may result in consequential changes in angle-of-attack. It is
permissible to lift off at a speed that is below the normal stall warning speed, provided no more
than light buffet is encountered. An artificial stall warning system (e.g., a stick shaker) may be
disabled during Vyy testing, although doing so will require extreme caution and depend upon a
thorough knowledge of the airplane’s stall characteristics. If the airplane is equipped with a
stick pusher, for flight test safety reasons it should normally be active and set to the minimum
angle-of-attack side of its rigging tolerance band. However, depending on the airplane’s stall
characteristics and the stick pusher design, disabling the pusher or delaying activation of the
system until a safe altitude is reached may be the safer course. Again, this decision should be
made only with a thorough knowledge of the airplane’s stall characteristics combined with a
complete understanding of the stick pusher design.

(g) Vmu Testing for Airplanes Having Limited Pitch Control Authority.

1 For some airplanes with limited pitch control authority, it may not be
possible, at forward c.g. and normal trim, to rotate the airplane to a liftoff attitude where the
airplane could otherwise perform a clean flyaway at a minimum speed had the required attitude
been achieved. This may occur only over a portion of the takeoff weight range in some
configurations. When limited pitch control authority is clearly shown to be the case, Vmy test
conditions may be modified to allow testing aft of the forward c.g. limit and/or with use of more
airplane nose-up trim than normal. The Vyy data determined with this procedure should be
corrected to those values representative of the appropriate forward limit; the variation of Vyy
with c.g. may be assumed to be like the variation of free air stalling speed with c.g. Although
the development of scheduled takeoff speeds may proceed from these corrected Vyy data,
additional tests are required (see paragraph 2 below) to check that the relaxed Vyy criteria have
not neglected problems that might arise from operational variations in rotating airplanes with
limited pitch control authority.

2 In the following assurance test, the airplane should demonstrate safe
flyaway characteristics.

(aa) Minimum speed liftoff should be demonstrated at the critical
forward c.g. limit with normal trim. For airplanes with a cutback forward c.g. at heavy weight,
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two weight/c.g. conditions should be considered. The heavy weight tests should be conducted at
maximum structural or maximum sea level climb-limited weight with the associated forward c.g.
The full forward c.g. tests should be conducted at the highest associated weight. These tests
should be conducted at minimum thrust/weight for both the simulated one-engine-inoperative
test (symmetrical reduced thrust) and the all-engines-operating case.

(bb) One acceptable test technique is to hold full nose-up control column
as the airplane accelerates. As pitch attitude is achieved to establish the minimum liftoff speed,
pitch control may be adjusted to prevent overrotation, but the liftoff attitude should be
maintained as the airplane flies off the ground and out of ground effect.

(cc) Resulting liftoff speeds do not affect AFM speed schedules if the
test proves successful and the resulting liftoff speed is at least 5 knots below the normally
scheduled liftoff speed. Adjustments should be made to the scheduled Vg, forward c.g. limit,
etc., if necessary, to achieve this result.

(dd) This minimum 5 knot reduction below the scheduled liftoff speed
provides some leeway for operational variations such as mis-trim, c.g. errors, etc., that could
further limit the elevator authority. The reduced Vyy margins of the minimum liftoff speeds
demonstrated in this test, relative to those specified in § 25.107(e)(1)(iv), result from the reduced
probability of a pitch control authority-limited airplane getting into a high drag condition due to
overrotation.

(h) Vmu Testing for Geometry Limited Airplanes.

1 For airplanes that are geometry limited, the 110 percent of Vyy required by
§ 25.107(e)(1)(iv) may be reduced to an operationally acceptable value of 108 percent on the
basis that equivalent airworthiness is provided for the geometry limited airplane. For acceptance
of the 108 percent of Vy liftoff speed, the applicant should provide safeguards protecting the
geometry limited airplane against both overrotation on the ground and in the air. Also, the
airplane should be geometry limited to the extent that a maximum gross weight takeoff with the
tail dragging will result in a clean liftoff and fly-away in the all-engines-operating condition.
During such a takeoff for the all-engines-operating condition, the resulting distance to the 35 ft.
height should not be greater than 105 percent of the normal takeoff distance under similar
weight, altitude, and temperature conditions before the 15 percent margin is added. Lastly, the
Vmu demonstrated should be sound and repeatable. Compliance with these criteria should be
formally addressed in a finding of equivalent safety.

2 The criteria for demonstrating the capability for a clean liftoff and fly-away
are as follows:

(aa) The airplane’s pitch attitude from a speed of 96 percent of the actual

liftoff speed should be within 5 percent (in degrees) of the tail dragging attitude to the point of
liftoff.
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(bb) During the above speed range (96 to 100 percent of the actual liftoff
speed), the aft under-surface of the airplane should have achieved actual runway contact. It has
been found acceptable in tests for contact to exist approximately 50 percent of the time that the
airplane is in this speed range.

(cc) Beyond the point of liftoff to a height of 35 ft., the airplane’s pitch
attitude should not decrease below that at the point of liftoff, or the speed should not increase
more than 10 percent.

(dd) The airplane should be at the critical thrust/weight condition with
all engines operating.

(1) Vmu for a Stretched Version of a Tested Airplane.

1 It has been considered that the Vy speed represents the aerodynamic
potential minimum liftoff speed related to a safe liftoff and fly-away, even though the body
contact attitude may prevent achieving the lift coefficient (Cyp) for this speed. Such is the case
when Vyy is determined with body contact, whether or not geometry-limited “credit” is sought.
It is therefore concluded that a Vyy schedule obtained on one model of an airplane type may be
applied to a geometry-limited stretched version of that tested airplane. The 108 percent speed
factor of paragraph 10b(5)(h)1, above, is only applicable to the stretched version if it was
applicable to the tested airplane.

2 Since the concern for tail strikes is increased with the stretched airplane, the
following should be accomplished, in addition to normal takeoff tests, when applying a shorter
body airplane’s Vyy schedule to the stretched derivative:

(aa) Scheduled rotation speeds (V) for the stretched airplane should
result in at least the required liftoff speed margins above Vy (i.e., 1.05 and 1.10 or 1.08, as
applicable) of the shorter body airplane, corrected for the reduced runway pitch attitude capability
and revised c.g. range of the stretched airplane.

(bb) At both the forward and aft c.g. limits, and over the thrust-to-weight
range for each takeoff flap, the following abuse takeoff tests should be accomplished. The tests
described in paragraphs (i) and (ii), below, should be accomplished with not more than
occasional, minor (i.e., non-damaging) tail strikes.

(1) All-engines-operating, early rotation abuse tests specified in
paragraph 10b(6)(c)2, including both the rapid rotations and over-rotations as separate test

conditions.

(i1)) One-engine-inoperative, early rotation abuse tests specified in
paragraph 10b(6)(b).
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(ii1)) All-engines-operating, moderate rotation rate (i.e., more rapid
than normal) takeoff abuse tests, using the scheduled Vg, and normal pitch attitude after liftoff.
Tail strikes should not occur for this condition.

(6) Section 25.107(e) - Rotation Speed (Vg).

(a) The rotation speed, (Vr) in terms of calibrated airspeed, must be selected by
the applicant. Vg has a number of constraints that must be observed in order to
comply with § 25.107(e):

[—

Vr may not be less than V; however, it can be equal to V| in some cases.

N

Vr may not be less than 105 percent of the air minimum control speed
(Vmca)-

3 Vg must be a speed that will allow the airplane to reach V; at or before
reaching a height of 35 ft. above the takeoff surface.

4 Vg must be a speed that will result in liftoff at a speed not less than 110
percent of Vyu (unless geometry limited) for the all-engines-operating condition and not less
than 105 percent of the Vy determined at the thrust/weight ratio corresponding to the one-
engine-inoperative condition for each set of conditions such as weight, altitude, temperature, and
configuration when the airplane is rotated at its maximum practicable rate.

(b) Early rotation, one-engine-inoperative abuse test.

1 In showing compliance with § 25.107(e)(3), some guidance relative to the
airspeed attained at the 35 ft. height during the associated flight test is necessary. As this
requirement dealing with a rotation speed abuse test only specifies an early rotation (Vg-5
knots), it is interpreted that pilot technique is to remain the same as normally used for a one-
engine-inoperative condition. With these considerations in mind, it is apparent that the airspeed
achieved at the 35 ft. point can be somewhat below the normal scheduled V, speed. However,
the amount of permissible V; speed reduction should be limited to a reasonable amount as
described below.

2 These test criteria are applicable to all unapproved, new, basic model
airplanes. They are also applicable to previously approved airplanes when subsequent abuse
testing is warranted. However, for those airplanes where the criteria herein are more stringent
than that previously applied, consideration will be given to permitting some latitude in the test
criteria.

3 In conducting the flight tests required by § 25.107(e)(3), the test pilot
should use a normal/natural rotation technique as associated with the use of scheduled takeoff
speeds for the airplane being tested. Intentional tail or tail skid contact is not considered
acceptable. Further, the airspeed attained at the 35 ft. height during this test should not be less
than the scheduled V, value minus 5 knots. These speed limits should not be considered or used
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as target V, test speeds, but rather are intended to provide an acceptable range of speed departure
below the scheduled V, value.

4 In this abuse test, the simulated engine failure should be accomplished
sufficiently in advance of the Vr test speed to allow for engine spin-down, unless this would be
below the Vyicg, in which case Vg should govern. The normal one-engine-inoperative takeoff
distance may be analytically adjusted to compensate for the effect of the early thrust reduction.
Further, in those tests where the airspeed achieved at the 35-ft. height is slightly less than the
V-5 knots limiting value, it will be permissible, in lieu of conducting the tests again, to
analytically adjust the test distance to account for the excessive speed decrement.

(c) All-engines-operating abuse tests.

1 Section 25.107(e)(4) states that there must not be a “marked increase” in the
scheduled takeoff distance when reasonably expected service variations such as early and
excessive rotation and out-of-trim conditions are encountered. This has been interpreted as
requiring takeoff tests with all engines operating with:

(aa) An abuse on rotation speed, and
(bb) Out-of-trim conditions, but with rotation at the scheduled Vg speed.

NOTE: The expression “marked increase” in the takeoff distance is defined as
any amount in excess of one percent of the scheduled takeoff distance. Thus, the
abuse tests should not result in field lengths more than 101 percent of the takeoff
field lengths calculated in accordance with the applicable requirements of part 25
for presentation in the AFM.

2 For the early rotation abuse condition with all engines operating, and at a
weight as near as practicable to the maximum sea level standard day takeoff weight limit, it
should be shown by test that when the airplane is over-rotated at a speed below the scheduled
Vg, no “marked increase” in the scheduled AFM field length will result. For this demonstration,
the airplane should be rotated at a speed 7 percent or 10 knots, whichever is less, below the
scheduled Vr. Tests should be conducted at a rapid rotation rate or should include an
overrotation of 2 degrees above normal attitude after liftoff. Tail strikes during this
demonstration are acceptable if they are minor and do not result in unsafe conditions.

3 For reasonably expected out-of-trim conditions with all engines operating
and as near as practicable to the maximum weight allowed under sea level standard day
conditions, it should be shown that there will not be a “marked increase” in the scheduled AFM
takeoff distance when rotation is initiated in a normal manner at the scheduled Vg speed. (See
paragraph 21b(7)(b) for additional guidance regarding the evaluation of flight characteristics for
out-of-trim conditions.) The amount of mistrim should be the maximum mistrim that would not
result in a takeoff configuration warning, including taking into account the takeoff configuration
warning system rigging tolerance. It is permissible to accept an analysis in lieu of actual testing
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if the analysis shows that the out-of-trim condition would not present unsafe flight characteristics
or “marked increase” in the scheduled AFM field lengths.

(d) Stall Warning During Takeoff Speed Abuse Tests. The presumption is that if
an operational pilot was to make an error in takeoff speeds that resulted in an encounter with
stall warning, the likely response would be to recover aggressively to a safe flight condition
rather than making a conscious effort to duplicate the AFM takeoff performance data.
Therefore, the activation of any stall warning devices, or the occurrence of airframe buffeting
during takeoff speed abuse testing, is unacceptable.

(7) Section 25.107(f) - Liftoff Speed (Vior). The liftoff speed (Vior) is defined as the
calibrated airspeed at which the airplane first becomes airborne (i.e., no contact with the
runway). This allows comparison of liftoff speed with tire limit speed. Vior differs from Vi in
that Viyu is the minimum possible Vi or speed for a given configuration, and depending upon
landing gear design, Vy liftoff is shown to be the point where all of the airplane weight is being
supported by airplane lift and thrust forces and not any portion by the landing gear. For
example, after the Vi speed is reached, a truck tilt actuator may force a front or rear wheel set
to be in contact with the runway, even though the liftoff is in progress by virtue of lift being
greater than weight.

11. Accelerate-Stop Distance - § 25.1009.

a. Explanation. This section describes test demonstrations and data expansion methods
necessary to determine accelerate-stop distances for publication in the FAA AFM, as required by
§ 25.1583(h) (by reference to § 25.1533). Amendment 25-92 revised some aspects of the part 25
accelerate-stop criteria and added new requirements related to the stopping capability of the
airplane as affected by brake wear and wet runways. The changes imparted to the accelerate-
stop requirements by amendment 25-92 are listed below. (For other material related to the use of
accelerate-stop distances, see parts 121 and 135 of the Code of Federal Regulations)

(1) Section 25.101(i) was added to require accelerate-stop distances to be determined
with all the airplane wheel brake assemblies at the fully worn limit of their allowable wear range.

(2) Section 25.105(c)(1) was revised to require takeoff data to be determined for wet, in
addition to dry, hard surfaced runways. At the applicant’s option, takeoff data may also be
determined for wet runways that have grooved or porous friction course surfaces.

(3) Section 25.107(a)(2) was revised to remove the reference to “takeoft decision
speed” from the definition of V.

(4) Section 25.109 was revised to add a requirement to determine accelerate-stop
distances for wet runways. Additionally, the requirement for the AFM expansion to include two
seconds of continued acceleration beyond V|, with the operating engines at takeoff thrust, as
introduced by amendment 25-42, was replaced with a distance increment equivalent to two
seconds at V. Also, the text of § 25.109(a) was modified to clarify that the accelerate-stop
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distances must take into account the highest speed reached during the rejected takeoff maneuver,
including, as applicable, speeds higher than V.

(5) Section 25.109(f) was added to permit credit for the use of reverse thrust in
determining wet runway accelerate-stop distances (subject to the requirements of § 25.109(¢e))
and to explicitly deny reverse thrust credit for determining dry runway accelerate-stop distances.

(6) Section 25.109(i) was added to require a maximum brake energy accelerate-stop
test to be conducted with not more than 10 percent of the allowable brake wear range remaining
on each individual wheel-brake assembly.

(7) Section 25.735(h) was added to require the maximum rejected takeoff brake energy
absorption capacity rating used during qualification testing to the applicable Technical Standard
Order to be based on the fully worn limit of the brake’s allowable wear range.

NOTE: Section 25.735, including § 25.735(h) has been more recently revised by
amendment 25-107.

(8) Section 25.1533(a)(3) was revised to add runway surface condition (dry or wet) as a
variable that must be accounted for in establishing minimum takeoff distances. Section
25.1533(a)(3) was also revised to allow wet runway takeoff distances on grooved and porous
friction course (PFC) runways to be established as additional operating limitations, but approval
to use these distances is limited to runways that have been designed, constructed, and maintained
in a manner acceptable to the FAA Administrator.

b. The applicable part 25 regulations are § 25.109. and the following:

§ 25.101(f) Airplane configuration and procedures

§ 25.101(h) Pilot retarding means time delay allowances

§ 25.101(1) Worn brake stopping performance

§ 25.105 Takeoff configuration and environmental and runway
conditions

§§ 25.107(a)(1) & (2) Defines V, and Vg speeds

§ 25.735 Brakes

§ 25.1301 Function and installation

§ 25.1309 Equipment, systems, and installation

§ 25.1533 Additional operating limitations - maximum takeoff weights
and minimum takeoff distances

§ 25.1583(h) Airplane Flight Manual - operating limitations

§ 25.1587 Airplane Flight Manual - performance information
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c. Procedures. The following paragraphs provide guidance for accomplishing accelerate-
stop flight tests and expanding the resulting data for the determination of AFM performance
information.

(1) Accelerate-stop testing. The following guidance is applicable to turbine-powered
airplanes with and without propellers. Guidance regarding flight testing applies only to dry
runway accelerate-stop distances. Guidance for expanding the flight test data to determine AFM
distances applies to both dry and wet runways, unless otherwise noted. Further guidance for
determining wet runway accelerate-stop distances is provided in paragraph 11c(4).

(a) In order to establish a distance that would be representative of the distance
needed in the event of a rejected takeoff, where the first action to stop the airplane is taken at or
below Vi, a sufficient number of test runs should be conducted for each airplane configuration
specified by the applicant. (For intermediate configurations, see paragraph 3 of this AC.)

(b) The guidance outlined in paragraph 11c(3) describes how to include
allowances for any time delays, as required by § 25.101(h)(3), for the flightcrew to accomplish
the rejected takeoff operating procedures.

(c) Section 25.101(i) states that the accelerate-stop distances must be determined
with all the airplane wheel-brake assemblies at the fully worn limit of their allowable wear
range. The fully worn limit is defined as the maximum amount of wear allowed before the brake
is to be removed from the airplane for overhaul. The allowable wear should be defined in terms
of a linear dimension in the axial direction, which is typically determined by measuring the wear
pin extension.

1 The only accelerate-stop test that must be conducted at a specific brake
wear state is the maximum brake kinetic energy demonstration, which must use brakes that have
no more than 10 percent of the allowable brake wear range remaining, as required by § 25.109(i).
(See paragraph 11c(2)(c) of this AC). The remainder of the accelerate-stop tests may be
conducted with the brakes in any wear state as long as a suitable combination of airplane and
dynamometer tests is used to determine the accelerate-stop distances corresponding to fully worn
brakes. For example, dynamometer testing may be used to determine whether there is a
reduction in brake performance from the wear state used in the airplane tests to a fully worn
brake. The airplane test data could then be adjusted analytically for this difference without
additional airplane testing.

2 Either airplane-worn or mechanically-worn brakes (i.e., machined or
dynamometer worn) may be used. If mechanically-worn brakes are used, it should be shown that
they can be expected to provide similar results to airplane-worn brakes. This comparison can be
based on service experience on the test brake or an appropriate equivalent brake, or on
dynamometer wear test data when service data are unavailable.

(d) Section 25.109(f)(1) denies credit for the use of reverse thrust as a decelerating

means in determining the accelerate-stop distance for a dry runway. This provision applies to
both turbine engine and propeller engine reverse thrust. Credit for the additional deceleration
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available from reverse thrust is permitted for wet runway accelerate-stop distances, provided the
thrust reverser system is shown to be safe, reliable, capable of giving repeatable results, and does
not require exceptional skill to control the airplane. (See paragraph 11c¢(4)(e) for guidance
related to obtaining accelerate-stop performance credit for reverse thrust on wet runways.)

(e) The accelerate-stop test runs should be conducted at weight/speed
combinations that will provide an even distribution of test conditions over the range of weights,
speeds, and brake energies for which takeoff data will be provided in the AFM. The effects of
different airport elevations can be simulated at one airport elevation, provided the braking speeds
employed are relevant for the range of airplane energies to be absorbed by the brakes. The
limiting brake energy value in the AFM should not exceed the maximum demonstrated in these
tests or the maximum for which the brake has been approved. (See paragraph 11c(2) for further
guidance related to tests and analyses for the demonstration of the maximum brake energy
absorption capability.)

(f) The V, speeds used in the accelerate-stop tests need not correspond precisely to
the AFM values for the test conditions since it may be necessary to increase or decrease the
AFM V; speed to investigate fully the energy range and weight envelope.

(g) A total of at least six accelerate-stop flight tests should be conducted. Unless
sufficient data are available for the specific airplane type showing how braking performance
varies with weight, kinetic energy, lift, drag, ground speed, torque limit, etc., at least two tests
should be conducted for each configuration when the same braking coefficient of friction is
being claimed for multiple aerodynamic configurations. These tests should be conducted on
hard surfaced, dry runways.

(h) For approval of dispatch capability with anti-skid inoperative, nose wheel
brakes or specified main wheel-brake(s) inoperative, automatic braking systems, etc., a full set of
tests, as described in paragraph (g) above, should normally be conducted. A lesser number of
tests may be accepted for “equal or better” demonstrations, to establish small increments or if
adequate conservatism is used during testing.

(1) Either ground or airborne instrumentation should include means to determine
the horizontal distance time-history.

(j) The wind speed and direction relative to the test runway should be determined
and corrected to a height corresponding to the approximate height of the mean aerodynamic

chord. (See paragraph 3 of this AC.)

(k) The accelerate-stop tests should be conducted in the following configurations:

[—

Heavy to light weight as required.

N

Most critical c.g. position.

98]

Wing flaps in the takeoff position(s).
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4 Tire pressure: before taxi and with cold tires, set to the highest value
appropriate to the takeoff weight for which approval is being sought.

5 Engine idle thrust: set at the recommended upper limit for use on the
ground or the effect of maximum ground idle thrust may be accounted for in data analyses. For
maximum brake energy and fuse plug no-melt tests, data analysis may not be used in place of
maximum ground idle thrust.

(1) Engine thrust should be appropriate to each segment of the rejected takeoff and
should include accounting for thrust decay rates (i.e., spin down) for failed or throttled back
engines. At the speed that corresponds to the energy level defined for the test demonstration, the
stopping sequence is initiated by employing the first acceptable braking means.

1 Turbojet powered airplanes. For AFM calculation purposes, the critical
engine failure accelerate-stop data may be based on the failed engine spinning down to a
windmilling condition.

NOTE: If, due to the certification basis of the airplane, all-engine-accelerate-
stop distances are not being considered, the one-engine-inoperative AFM
distances should be based on the critical engine failing to maximum ground idle
thrust rather than the windmilling condition.

2 The thrust from the operative engine(s) should be consistent with a throttle
chop to maximum ground idle thrust. For determining the all-engines-operating dry runway
accelerate-stop AFM distances, the stopping portion should be based on all engines producing
maximum ground idle thrust (after engine spin down), as noted in paragraph 11c(1)(k)5. The
accelerate-stop tests may be conducted with either concurrent or sequential throttle chops to idle
thrust as long as the data are adjusted to take into account pilot reaction time, and any control,
system, or braking differences (e.g., electrical or hydraulic/mechanical transients associated with
an engine failing to a windmilling condition resulting in reduced braking effectiveness). Test
data should also be analytically corrected for any differences between maximum ground idle
thrust and the idle thrust level achieved during the test. For the criteria relating to reverse thrust
credit for wet runway accelerate-stop distances, see paragraph 11c(4)(e).

3 Turbopropeller-powered airplanes. For the one-engine-inoperative
accelerate-stop distances, the critical engine’s propeller should be in the position it would
normally assume when an engine fails and the power levers are closed. For dry runway one-
engine-inoperative accelerate-stop distances, the high drag ground-idle position of the operating
engines’ propellers (defined by a pitch setting that results in not less than zero total thrust, i.e.,
propeller plus jet thrust, at zero airspeed) may be used provided adequate directional control is
available on a wet runway and the related operational procedures comply with § 25.101(f) and
(h). Wet runway controllability may either be demonstrated by using the guidance available in
paragraph 11c(4)(e)6 at the appropriate power level, or adequate control can be assumed to be
available at ground idle power if reverse thrust credit is approved for determining the wet
runway accelerate-stop distances. For the all-engines-operating accelerate-stop distances on a
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dry runway, the high drag ground-idle propeller position may be used for all engines (subject to
§ 25.101(f) and (h)). For the criteria relating to reverse thrust credit for wet runway accelerate-
stop distances, see paragraph 11c(4)(e).

(m) System transient effects (e.g., engine spin-down, brake pressure ramp-up, etc.)
should be determined and properly accounted for in the calculation of AFM accelerate-stop
distances (see paragraph 11c¢(3)(1)).

(2) Maximum Brake Energy Testing. The following paragraphs describe regulatory
requirements and acceptable test methods for conducting an accelerate-stop test run to
demonstrate the maximum energy absorption capability of the wheel-brakes.

(a) The maximum brake energy accelerate-stop demonstration should be
conducted at not less than the maximum takeoff weight and should be preceded by at least a 3-
mile taxi with all engines operating at maximum ground idle thrust, including three full stops
using normal braking. Following the maximum brake energy stop, it will not be necessary to
demonstrate the airplane’s ability to taxi.

(b) Section 25.735(f)(2) requires the maximum kinetic energy accelerate-stop
absorption capability of each wheel, tire, and brake assembly to be determined. It also requires
dynamometer testing to show that the wheel, brake, and tire assembly is capable of absorbing not
less than this level of kinetic energy throughout the defined wear range of the brake. The
calculation of maximum brake energy limited takeoff weights and speeds, for presentation in the
AFM performance section, therefore should be based on the most critical wear range of the
brake.

(c) Section 25.109(i) requires a flight test demonstration of the maximum brake
kinetic energy accelerate-stop distance to be conducted with not more than 10 percent of the
allowable brake wear range remaining on each of the airplane wheel-brakes. The 10 percent
allowance on the brake wear state is intended to ease test logistics and increase test safety, not to
allow the accelerate-stop distance to be determined with less than fully worn brakes. If the
brakes are not in the fully worn state at the beginning of the test, the accelerate-stop distance
should be corrected as necessary to represent the stopping capability of fully worn brakes.

(d) The maximum airplane brake energy allowed for dispatch should not exceed
the value for which a satisfactory after-stop condition exists, or the value documented under the
applicable TSO (or an acceptable equivalent), whichever value is less. A satisfactory after-stop
condition is defined as one in which fires are confined to tires, wheels, and brakes, such that
progressive engulfment of the rest of the airplane would not occur during the time of passenger
and crew evacuation. The application of fire fighting means or artificial coolants should not be
required for a period of 5 minutes following the stop.

(e) Landings are not an acceptable means for demonstrating the maximum rejected

takeoff brake energy. Though permitted in the past, service experience has shown that methods
used to predict brake and tire temperature increases that would have occurred during taxi and
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acceleration, as specified in paragraph 11c(2)(a), were not able to accurately account for the
associated energy increments.

(3) Accelerate-Stop Time Delays. Section 25.101(h) requires allowance for time delays
in the execution of procedures. Amendment 25-42 (effective March 1, 1978) amended the
airworthiness standards to clarify and standardize the method of applying these time delays to
the accelerate-stop transition period. Amendment 25-42 also added the critical engine failure
speed, Vgr, and clarified the meaning of V; with relation to Vgp. The preamble to amendment
25-42 states that “V| is determined by adding to Vgr (the speed at which the critical engine is
assumed to fail) the speed gained with the critical engine inoperative during the time interval
between the instant at which the critical engine is failed and the instant at which the test pilot
recognizes and reacts to the engine failure, as indicated by the pilot’s application of the first
retarding means during accelerate-stop tests.” Thus it can be seen that V; is not only intended to
be at the end of the decision process, but it also includes the time it takes for the pilot to perform
the first action to stop the airplane. (See Appendix 5 of this AC for further discussion on the
historical development of accelerate-stop time delays.) The purpose of the time delays is to
allow sufficient time (and distance) for a pilot, in actual operations, to accomplish the procedures
for stopping the airplane. The time delays are not intended to allow extra time for making a
decision to stop as the airplane passes through V;. Since the typical transport category airplane
requires three pilot actions (i.e., brakes-throttles-spoilers) to achieve the final braking
configuration, amendment 25-42 defined a two-second time period, in § 25.109, to account for
delays in activating the second and third deceleration devices. Amendment 25-92 (effective
March 20, 1998) redefined, and reinterpreted the application of that two-second delay time as a
distance increment equivalent to two seconds at Vi. No credit may be taken for system transient
effects (e.g., engine spin-down, brake pressure ramp-up, etc.) in determining this distance. The
following paragraphs provide guidance related to the interpretation and application of delay
times to show compliance with the accelerate-stop requirements of amendment 25-92.

(a) Figure 11-1 presents a pictorial representation of the accelerate-stop time
delays considered acceptable for compliance with § 25.101(h) as discussed above.
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Figure 11-1. Accelerate-Stop Time Delays
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(b) Vgr is the calibrated airspeed selected by the applicant at which the critical
engine is assumed to fail. The relationship between Vgr and V) is defined in § 25.107.

(c) Aty 1 = the demonstrated time interval between engine failure and initiation of
the first pilot action to stop the airplane. This time interval is defined as beginning at the instant
the critical engine is failed and ending when the pilot recognizes and reacts to the engine failure,
as indicated by the pilot’s application of the first retarding means during accelerate-stop tests. A
sufficient number of demonstrations should be conducted using both applicant and FAA test
pilots to assure that the time increment is representative and repeatable. The pilot’s feet should
be on the rudder pedals, not the brakes, during the tests. For AFM data expansion purposes, in
order to provide a recognition time increment that can be executed consistently in service, this
time increment should be equal to the demonstrated time or one second, whichever is greater. If
the airplane incorporates an engine failure warning light, the recognition time includes the time
increment necessary for the engine to spool down to the point of warning light activation, plus
the time increment from light “on” to pilot action indicating recognition of the engine failure.

(d) Aty2 = the demonstrated time interval between initiation of the first and
second pilot actions to stop the airplane.

(e) Aty s = the demonstrated time interval between initiation of the second and
third pilot actions to stop the airplane.

(f) Ataet4—n = the demonstrated time interval between initiation of the third and
fourth (and any subsequent) pilot actions to stop the airplane. For AFM expansion, a one-second
reaction time delay to account for in-service variations should be added to the demonstrated time
interval between the third and fourth (and any subsequent) pilot actions. If a command is
required for another crewmember to initiate an action to stop the airplane, a two-second delay, in
lieu of the one-second delay, should be applied for each action. For automatic deceleration
devices that are approved for performance credit for AFM data expansion, established systems
actuation times determined during certification testing may be used without the application of
the additional time delays required by this paragraph.
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(g) The sequence for initiation of pilot actions may be selected by the applicant,
but it must match the sequence established for operation in service, as prescribed by § 25.101(%).
If, on occasion, the specified sequence is not achieved during testing, the test need not be
repeated; however, sufficient testing should be conducted to establish acceptable values of At,.

(h) Sections 25.109(a)(1)(iv) and (a)(2)(iii) require the one-engine-inoperative and
all-engines-operating accelerate-stop distances, respectively, to include a distance increment
equivalent to two seconds at V;. (Although the requirement for the distance increment
equivalent to two seconds at V| is explicitly stated in the “dry runway” criteria of § 25.1009, it is
also applied to the “wet runway” accelerate-stop distances by reference in § 25.109(b).) This
distance increment is represented pictorially on the right side of the “Flight Manual Expansion
Time Delays” presentation in figure 11-1, and in the speed versus distance plot of figure 11-2, on
the following page. The two-second time period is only provided as a method to calculate the
required distance increment, and is not considered to be a part of the accelerate-stop braking
transition sequence. Consequently, no credit for pilot actions, or engine and systems transient
responses (e.g., engine spin-down) may be taken during this two-second time period. Similarly,
the two-second time period may not be reduced for airplanes incorporating automated systems
that decrease the number of pilot actions required to obtain the full braking configuration (e.g.,
automatic spoiler systems).
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Figure 11-2. Accelerate-Stop Speed vs. Distance
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(1) Section 25.109(a)(1)(i1) requires that any residual acceleration causing the
airplane to exceed V, while the airplane and its systems become stabilized in the braking
configuration, must be included in the accelerate-stop distance. The effects of system transients,
such as engine spin-down, brake pressure ramp-up, spoiler actuation times, etc., should be
accounted for in this time period. The area of interest is noted at the top of the graphical
representation of the speed versus distance relationship in figure 11-2.

(j) All-Engine Accelerate-Stop Distance. For the all-engines-operating accelerate-
stop distance prescribed by § 25.109(a)(2), apply the demonstrated time intervals, and associated
delays, of paragraphs 11c(3)(d) through (f) after the airplane has accelerated to V.

(k) Describe the procedures used to determine the accelerate-stop distance in the
performance section of the AFM.

(4) Wet Runway Accelerate-Stop Distance. The following guidance is provided for
showing compliance with the requirements stated in § 25.109(b) through (d) for determining
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accelerate-stop distances applicable to wet runways. In general, the wet runway accelerate-stop
distance is determined in a similar manner to the dry runway accelerate-stop distance. The only
differences are in reflecting the reduced stopping force available from the wheel brakes on the
wet surface and in provisions for performance credit for the use of reverse thrust as an additional
decelerating means. The general method for determining the reduced stopping capability of the
wheel brakes on a smooth wet runway is as follows: First, determine the maximum tire-to-
ground wet runway braking coefficient of friction versus ground speed from the relationships
provided in § 25.109(c)(1). Then, adjust this braking coefficient to take into account the
efficiency of the anti-skid system. (See paragraph 11¢(4)(b) of this AC for a definition of anti-
skid efficiency.) Next, determine the resulting braking force and adjust this force for the effect
of the distribution of the normal load between braked and unbraked wheels at the most adverse
center-of-gravity position approved for takeoff, as prescribed by § 25.109(b)(2)(ii). In
accordance with § 25.109(b)(2)(i), apply further adjustments, if necessary, to ensure that the
resulting stopping force attributed to the wheel brakes on a wet runway never exceeds (i.e.,
during the entire stop) the wheel brakes stopping force used to determine the dry runway
accelerate-stop distance (under § 25.109(a)). Neither the dry runway brake torque limit nor the
dry runway friction (i.e., anti-skid) limit should be exceeded. Alternative methods of
determining the wet runway wheel brakes stopping force may be acceptable as long as that force
does not exceed the force determined using the method just described.

(a) Maximum Tire-to-Ground Braking Coefficient of Friction. The values
specified in § 25.109(c)(1) were derived from data contained in Engineering Sciences Data Unit
(ESDU) 71026, “Frictional and Retarding Forces on Aircraft Types - part II: Estimation of
Braking Force,” (August 1981). The data in ESDU 71026 is a compilation from many different
sources, including the National Aeronautics and Space Administration, the British Ministry of
Aviation, and others. ESDU 71026 contains curves of wet runway braking coefficients versus
speed for smooth and treaded tires at varying inflation pressures. These data are presented for
runways of various surface roughness, including grooved and porous friction course runways.
Included in the data presentation are bands about each of the curves, which represent variations
in: water depths from damp to flooded, runway surface texture within the defined texture levels,
tire characteristics, and experimental methods. In defining the standard curves of wet runway
braking coefficient versus speed that are prescribed by the equations in § 25.109(c)(1), the
effects of the following variables were considered: tire pressure, tire tread depth, runway surface
texture, and the depth of the water on the runway.

1 Tire Pressure: Lower tire pressures tend to improve the airplane’s stopping
capability on a wet runway. The effect of tire pressure is taken into account by providing
separate curves (equations) in § 25.109(c)(1) for several tire pressures. As stated in the rule, the
tire pressure used to determine the maximum tire-to-ground braking coefficient of friction must
be the maximum tire pressure approved for operation. Linear interpolation may be used for tire
pressures other than those listed.

2 Tire Tread Depth: The degree to which water can be channeled out from
under the tires significantly affects wet runway stopping capability. The standard curves of
braking coefficient versus speed prescribed in § 25.109(c)(1) are based on a tire tread depth of
2 mm. This tread depth is consistent with tire removal and retread practices reported by airplane
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and tire manufacturers and tire retreaders. It is also consistent with FAA guidance provided in
AC 121.195(d)-1A, regarding the tread depth for tires used in flight tests to determine
operational landing distances on wet runways. Although operation with zero tread depth is not
prohibited, it is unlikely that all of the tires on an airplane would be worn to the same extent.

3 Runway Surface Texture: ESDU 71026 groups runways into five
categories. These categories are labeled “A” through “E,” with “A” being the smoothest and
“C” the most heavily textured ungrooved runways. Categories “D” and “E” represent grooved
and other open textured surfaces. Category A represents a very smooth texture (an average
texture depth of less than 0.004 inches), and is not very prevalent in runways used by transport
category airplanes. The majority of ungrooved runways fall into the category C grouping. The
curves represented in § 25.109(c)(1) represent a texture midway between categories B and C.

4 Depth of Water on the Runway: Obviously, the greater the water depth, the
greater the degradation in braking capability. The curves prescribed in § 25.109(c)(1) represent
a well-soaked runway, but with no significant areas of standing water.

(b) Anti-Skid System Efficiency. Section 25.109(c)(2) requires adjusting the
maximum tire-to-ground braking coefficient determined in § 25.109(c)(1) to take into account
the efficiency of the anti-skid system. The anti-skid system efficiency is defined as the relative
capability of the anti-skid system to obtain the maximum friction available between the tire and
the runway surface (max). It is expressed as either a percentage of Lmax Or a factor based on that
percentage (e.g., 85% or 0.85). Applicants can either use one of the anti-skid efficiency values
specified in § 25.109(c)(2), or derive the efficiency from flight tests on a wet runway.
Regardless of which method is used, § 25.109(c)(2) requires that an appropriate level of flight
testing must be performed to verify that the anti-skid system operates in a manner consistent
with the efficiency value used, and that the system has been properly tuned for operation on wet
runways.

1 Classification of Types of Anti-Skid Systems.

(aa) The efficiency values specified in § 25.109(¢c)(2) are a function of
the type of anti-skid system installed on the airplane. Three broad system types are identified in
the rule: on/off, quasi-modulating, and fully modulating. These classifications represent
evolving levels of technology and differing performance capabilities on dry and wet runways.
The classification of anti-skid system types and the assigned efficiency values are based on
information contained in Society of Automotive Engineers (SAE) Aerospace Information Report
(AIR) 1739, titled “Information on Anti-Skid Systems.”

(bb) On/off systems are the simplest of the three types of anti-skid
systems. For these systems, full-metered brake pressure (as commanded by the pilot) is applied
until wheel locking is sensed. Brake pressure is then released to allow the wheel to spin back up.
When the system senses that the wheel is accelerating back to synchronous speed (i.e., ground
speed), full-metered pressure is again applied. The cycle of full pressure application/complete
pressure release is repeated throughout the stop (or until the wheel ceases to skid with pressure
applied).
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(cc) Quasi-modulating systems attempt to continuously regulate brake
pressure as a function of wheel speed. Typically, brake pressure is released when the wheel
deceleration rate exceeds a pre-selected value. Brake pressure is re-applied at a lower level after
a length of time appropriate to the depth of the skid. Brake pressure is then gradually increased
until another incipient skid condition is sensed. In general, the corrective actions taken by these
systems to exit the skid condition are based on a pre-programmed sequence rather than the wheel
speed time history.

(dd) Fully modulating systems are a further refinement of the quasi-
modulating systems. The major difference between these two types of anti-skid systems is in the
implementation of the skid control logic. During a skid, corrective action is based on the sensed
wheel speed signal, rather than a pre-programmed response. Specifically, the amount of pressure
reduction or reapplication is based on the rate at which the wheel is going into or recovering
from a skid.

(ee) In addition to examining the control system for the differences noted
above, a time history of the response characteristics of the anti-skid system during a wet runway
stop should be used to help identify the type of anti-skid system. Comparing the response
characteristics between wet and dry runway stops can also be helpful.

(ff) Figure 11-3 shows an example of the response characteristics of a
typical on-off system on both dry and wet runways. In general, the on-off system exhibits a
cyclic behavior of brake pressure application until a skid is sensed, followed by the complete
release of brake pressure to allow the wheel to spin back up. Full-metered pressure (as
commanded by the pilot) is then re-applied, starting the cycle over again. The wheel speed trace
exhibits deep and frequent skids (the troughs in the wheel speed trace), and the average wheel
speed is significantly less than the synchronous speed (which is represented by the flat-topped
portions of the wheel speed trace). Note that the skids are deeper and more frequent on a wet
runway than on a dry runway. For the particular example shown in figure 11-3, the brake
becomes torque-limited toward the end of the dry runway stop, and is unable to generate enough
torque to cause further skidding.

(gg) The effectiveness of quasi-modulating systems can vary
significantly depending on the slipperiness of the runway and the design of the particular control
system. On dry runways, these systems typically perform very well; however, on wet runways
their performance is highly dependent on the design and tuning of the particular system. An
example of the response characteristics of one such system is shown in figure 11-4. On both dry
and wet runways, brake pressure is released to the extent necessary to control skidding. As the
wheel returns to the synchronous speed, brake pressure is quickly increased to a pre-determined
level and then gradually ramped up to the full-metered brake pressure. On a dry runway, this
type of response reduces the depth and frequency of skidding compared to an on-off system.
However, on a wet runway, skidding occurs at a pressure below that at which the gradual
ramping of brake pressure occurs. As a result, on wet runways the particular system shown in
figure 11-4 operates very similarly to an on-off system.
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Figure 11-3. Anti-Skid System Response Char acteristics
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(hh) When properly tuned, fully modulating systems are characterized by
much smaller variations in brake pressure around a fairly high average value. These systems can
respond quickly to developing skids, and are capable of modulating brake pressure to reduce the
frequency and depth of skidding. As a result, the average wheel speed remains much closer to
the synchronous wheel speed. Figure 11-5 illustrates an example of the response characteristics
of a fully modulating system on dry and wet runways.
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Figure 11-5. Anti-Skid System Response Char acteristics
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2 Demonstration of Anti-Skid System Operation When Using the Anti-Skid
Efficiency Values Specified in § 25.109(c)(2).

(aa) If the applicant elects to use one of the anti-skid efficiency values
specified in § 25.109(c)(2), a limited amount of flight testing must still be conducted, per
§ 25.109(c)(2), to demonstrate anti-skid system operation on a wet runway. This testing should
be used to verify that the anti-skid system operates in a manner consistent with the type of anti-
skid system declared by the applicant, and that the anti-skid system has been properly tuned for
operation on wet runways.

(bb) A minimum of one complete stop, or equivalent segmented stops,
should be conducted on a smooth (i.e., not grooved or porous friction course) wet runway at an
appropriate speed and energy to cover the critical operating mode of the anti-skid system. Since
the objective of the test is to observe the operation (i.e., cycling) of the anti-skid system, this test
will normally be conducted at an energy well below the maximum brake energy condition.

(cc) The section of the runway used for braking should be well soaked
(i.e., not just damp), but not flooded. The runway test section should be wet enough to result in a
number of cycles of anti-skid activity, but should not cause hydroplaning.

(dd) Before taxi and with cold tires, the tire pressure should be set to the
highest value appropriate to the takeoff weight for which approval is being sought.

(ee) The tires and brakes should not be new, but need not be in the fully
worn condition. They should be in a condition considered representative of typical in-service
operations.

(ff) Sufficient data should be obtained to determine whether the system
operates in a manner consistent with the type of anti-skid system declared by the applicant,
provide evidence that full brake pressure is being applied upstream of the anti-skid valve during
the flight test demonstration, determine whether the anti-skid valve is performing as intended,
and show that the anti-skid system has been properly tuned for a wet runway. Typically, the
following parameters should be plotted versus time:

(1) The speed of a representative number of wheels.

(i1)) The hydraulic pressure at each brake (i.e., the hydraulic pressure
downstream of the anti-skid valve or the electrical input to each anti-skid valve).

(iii) The hydraulic pressure at each brake metering valve (i.e.,
upstream of the anti-skid valve).

(gg) A qualitative assessment of anti-skid system response and airplane

controllability should be made by the test pilot(s). In particular, pilot observations should
confirm that:
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(1) Anti-skid releases are neither excessively deep nor prolonged;
(i1)) The landing gear is free of unusual dynamics; and

(ii1) The airplane tracks essentially straight, even though runway
seams, water puddles, and wetter patches may not be uniformly distributed in location or extent.

3 Determination of a Specific Wet Runway Anti-Skid System Efficiency.

(aa) If the applicant elects to derive the anti-skid system efficiency from
flight test demonstrations, sufficient flight testing, with adequate instrumentation, should be
conducted to ensure confidence in the value obtained. An anti-skid efficiency of 92 percent (i.e.,
a factor of 0.92) is considered to be the maximum efficiency on a wet runway normally
achievable with fully modulating digital anti-skid systems.

(bb) A minimum of three complete stops, or equivalent segmented stops,
should be conducted on a wet runway at appropriate speeds and energies to cover the critical
operating modes of the anti-skid system. Alternatively, if the operation and efficiency of the
anti-skid system on a wet runway can be predicted by laboratory simulation data and validated
by flight test demonstrations, a lesser number of stops may be acceptable. In this case, as many
complete stops, or equivalent segmented stops, as necessary to present six independent anti-skid
efficiency calculations should be conducted on a wet runway at appropriate speeds and energies
to cover the critical operating modes of the anti-skid system. An independent anti-skid
efficiency calculation can be presented for each stop for each independently controlled wheel, or
set of wheels.

(cc) Since the objective of the test is to determine the efficiency of the
anti-skid system, these tests will normally be conducted at energies well below the maximum
brake energy condition. A sufficient range of speeds should be covered to investigate any
variation of the anti-skid efficiency with speed.

(dd) The testing should be conducted on a smooth (i.e., not grooved or
porous friction course) runway. If the applicant chooses to determine accelerate-stop distances
for grooved and porous friction course (PFC) surfaces under § 25.109(d)(2), testing should also
be conducted on a grooved or porous friction course runway to determine the anti-skid efficiency
value applicable to those surfaces. Other means for determining the anti-skid efficiency value
for grooved and PFC surfaces may also be acceptable, such as using the efficiency value
previously determined for smooth runways, if that value is shown to also be representative of or
conservative for grooved and PFC runways.

(ee) The section of the runway used for braking should be well soaked

(i.e., not just damp), but not flooded. The runway test section should be wet enough to result in a
number of cycles of anti-skid activity, but should not cause hydroplaning.
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(ff) Before taxi and with cold tires, the tire pressure should be set to the
highest value appropriate to the takeoff weight for which approval is being sought.

(gg) The tires and brakes should not be new, but need not be in the fully
worn condition. They should be in a condition considered representative of typical in-service
operations.

(hh) A qualitative assessment of anti-skid system response and airplane
controllability should be made by the test pilot(s). In particular, pilot observations should
confirm that:

(1) The landing gear is free of unusual dynamics; and

(i1) The airplane tracks essentially straight, even though runway
seams, water puddles, and wetter patches may not be uniformly distributed in location or extent.

(i1)) Two acceptable methods, referred to as the torque method and the
wheel slip method, for determining the wet runway anti-skid efficiency value from wet runway
stopping tests are described below. Other methods may also be acceptable if they can be shown
to give equivalent results. The test instrumentation and data collection should be consistent with
the method used.

(1) Torque Method:

(a) Under the torque method, the anti-skid system efficiency is
determined by comparing the energy absorbed by the brake during an actual wet runway stop to
the energy that is determined by integrating, over the stopping distance, a curve defined by
connecting the peaks of the instantaneous brake force curve (see figure 11-6). The energy
absorbed by the brake during the actual wet runway stop is determined by integrating the curve
of instantaneous brake force over the stopping distance.

Figure 11-6. Instantaneous Brake Force and Peak Brake Force
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(b) Using data obtained from the wet runway stopping tests of
paragraph 11c(4)(b)(3), instantaneous brake force can be calculated from the following
relationship:

F - (T, +o1)
Rtire
where: Fp = brake force
Ty = brake torque
o = wheel acceleration
I = wheel and tire moment of inertia

and Rgjpe = tire radius.

(c) For brake installations where measuring brake torque
directly is impractical, torque may be determined from other parameters (e.g., brake pressure) if
a suitable correlation is available. Wheel acceleration is obtained from the first derivative of
wheel speed. Instrumentation recording rates and data analysis techniques for wheel speed and
torque data should be well matched to the anti-skid response characteristics to avoid introducing
noise and other artifacts of the instrumentation system into the data.

(d) Since the derivative of wheel speed is used in calculating
brake force, smoothing of the wheel speed data is usually necessary to give good results. The
smoothing algorithm should be carefully designed as it can affect the resulting efficiency
calculation. Filtering or smoothing of the brake torque or brake force data should not normally
be done. If conditioning is applied, it should be done in a conservative manner (i.e., result in a
lower efficiency value) and should not misrepresent actual airplane/system dynamics.

(e) Both the instantaneous brake force and the peak brake force
should be integrated over the stopping distance. The anti-skid efficiency value for determining
the wet runway accelerate-stop distance is the ratio of the instantaneous brake force integral to
the peak brake force integral:

instantaneous brake force-ds

j peak brake force-ds

anti-skid efficiency = .[

where s = stopping distance

(f) The stopping distance is defined as the distance traveled
during the specific wet runway stopping demonstration, beginning when the full braking
configuration is obtained and ending at the lowest speed at which anti-skid cycling occurs (i.e.,
the brakes are not torque-limited), except that this speed need not be less than 10 knots. Any
variation in the anti-skid efficiency with speed should also be investigated, which can be
accomplished by determining the efficiency over segments of the total stopping distance. If
significant variations are noted, this variation should be reflected in the braking force used to
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determine the accelerate-stop distances (either by using a variable efficiency or by using a
conservative single value).

(i1)) Wheel Slip Method:

(a) At brake application, the tire begins to slip with respect to
the runway surface (i.e., the wheel speed slows down with respect to the airplane’s ground
speed). As the amount of tire slip increases, the brake force also increases until an optimal slip is
reached. If the amount of slip continues to increase past the optimal slip, the braking force will
decrease.

(b) Using the wheel slip method, the anti-skid efficiency is
determined by comparing the actual wheel slip measured during a wet runway stop to the
optimal slip. Since the wheel slip varies significantly during the stop, sufficient wheel and
ground speed data should be obtained to determine the variation of both the actual wheel slip and
the optimal wheel slip over the length of the stop. A sampling rate of at least 16 samples per
second for both wheel speed and ground speed has been found to yield acceptable fidelity.

(c) For each wheel and ground speed data point, the

instantaneous anti-skid efficiency value should be determined from the relationship shown in
figure 11-7.

Figure 11-7. Anti-Skid Efficiency — Wheel Slip Relationship

1.0
Anti-Skid
Efficiency 0.5
0
0 : ; 1
free Wheel Slip Ratio locked
rolling Optimal Slip wheel
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(d) To determine the overall anti-skid efficiency value for use
in calculating the wet runway accelerate-stop distance, the instantaneous anti-skid efficiencies
should be integrated with respect to distance and divided by the total stopping distance:

instantaneous brake force-ds

anti-skid efficiency = I
s

where s = stopping distance

(e) The stopping distance is defined as the distance traveled
during the specific wet runway stopping demonstration, beginning when the full braking
configuration is obtained and ending at the lowest speed at which anti-skid cycling occurs (i.e.,
the brakes are not torque-limited), except that this speed need not be less than 10 knots. Any
variation in the anti-skid efficiency with speed should also be investigated, which can be
accomplished by determining the efficiency over segments of the total stopping distance. If
significant variations are noted, this variation should be reflected in the braking force used to
determine the accelerate-stop distances (either by using a variable efficiency or by using a
conservative single value).

(f) The applicant should provide substantiation of the optimal
wheel slip value(s) used to determine the anti-skid efficiency value. An acceptable method for
determining the optimal slip value(s) is to compare time history plots of the brake force and
wheel slip data obtained during the wet runway stopping tests. For brake installations where
measuring brake force directly is impractical, brake force may be determined from other
parameters (e.g., brake pressure) if a suitable correlation is available. For those skids where
wheel slip continues to increase after a reduction in the brake force, the optimal slip is the slip
value corresponding to the brake force peak. See figure 11-8 for an example and note how both
the actual wheel slip and the optimal wheel slip can vary during the stop.
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Figure 11-8. Substantiation of the Optimal Slip Value
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4 For dispatch with an inoperative anti-skid system (if approved), the wet
runway accelerate-stop distances should be based on an efficiency no higher than that allowed by
§ 25.109(c)(2) for an on-off type of anti-skid system. The safety of this type of operation should
be demonstrated by flight tests conducted in accordance with paragraph 11c(4)(b)(2).

(c) Distribution of the Normal Load Between Braked and Unbraked Wheels. In
addition to taking into account the efficiency of the anti-skid system, § 25.109(b)(2)(ii) also
requires adjusting the braking force for the effect of the distribution of the normal load between
braked and unbraked wheels at the most adverse center-of-gravity position approved for takeoff.
The stopping force due to braking is equal to the braking coefficient multiplied by the normal
load (i.e., weight) on each braked wheel. The portion of the airplane’s weight being supported
by the unbraked wheels (e.g., unbraked nose wheels) does not contribute to the stopping force
generated by the brakes. In accordance with § 25.21(a), this effect must be taken into account
for the most adverse center-of-gravity position approved for takeoff, considering any
redistribution in loads that occur due to the dynamics of the stop. The most adverse center-of-
gravity position is the position that results in the least load on the braked wheels.

(d) Grooved and Porous Friction Course (PFC) Runways. Properly designed,
constructed, and maintained grooved and PFC runways can offer significant improvements in
wet runway braking capability. A conservative level of performance credit is provided by
§ 25.109(d) to reflect this performance improvement and to provide an incentive for installing
and maintaining such surfaces.

1 Inaccordance with §§ 25.105(c) and 25.109(d), applicants may optionally
determine the accelerate-stop distance applicable to wet grooved and PFC runways. These data
would be included in the AFM in addition to the smooth runway accelerate-stop distance data.
The braking coefficient for determining the accelerate-stop distance on grooved and PFC
runways is defined in § 25.109(d) as either 70 percent of the braking coefficient used to
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determine the dry runway accelerate-stop distances, or a curve based on ESDU 71026 data and
derived in a manner consistent with that used for smooth runways. In either case, the brake
torque limitations determined on a dry runway may not be exceeded.

2 Using a simple factor applied to the dry runway braking coefficient is
acceptable for grooved and PFC runways because the braking coefficient’s variation with speed
is much lower on these types of runways. On smooth wet runways, the braking coefficient
varies significantly with speed, which makes it inappropriate to apply a simple factor to the dry
runway braking coefficient.

3 For applicants who choose to determine the grooved/PFC wet runway
accelerate-stop distances in a manner consistent with that used for smooth runways,
§ 25.109(d)(2) provides the maximum tire-to-ground braking coefficient applicable to grooved
and PFC runways. This maximum tire-to-ground braking coefficient must be adjusted for the
anti-skid system efficiency, either by using the value specified in § 25.109(c)(2) appropriate to
the type of anti-skid system installed, or by using a specific efficiency established by the
applicant. As anti-skid system performance depends on the characteristics of the runway
surface, a system that has been tuned for optimum performance on a smooth surface may not
achieve the same level of efficiency on a grooved or porous friction course runway, and vice
versa. Consequently, if the applicant elects to establish a specific efficiency for use with
grooved or PFC surfaces, anti-skid efficiency testing should be conducted on a wet runway with
such a surface, in addition to testing on a smooth runway. Means other than flight testing may
be acceptable, such as using the efficiency previously determined for smooth wet runways, if
that efficiency is shown to be representative of, or conservative for, grooved and PFC runways.
Per § 25.109(b)(2(i1), the resulting braking force for grooved/PFC wet runways must be adjusted
for the effect of the distribution of the normal load between braked and unbraked wheels. This
adjustment will be similar to that used for determining the braking force for smooth wet
runways, except that the braking dynamics should be appropriate to the braking force achieved
on grooved and PFC wet runways. Due to the increased braking force on grooved and PFC wet
runways, an increased download on the nose wheel and corresponding reduction in the download
on the main gear is expected.

4 In accordance with §§ 25.1533(a)(3) and 25.1583(h), grooved and PFC wet
runway accelerate-stop distances may be established as operating limitations and be presented in
the AFM, but approval to use these distances is limited to runways that have been designed,
constructed, and maintained in a manner acceptable to the FAA Administrator. Airplane
operators who wish to use the grooved or PFC runway accelerate-stop distances will need to
determine that the design, construction, and maintenance aspects are acceptable for each runway
for which such credit is sought. AC 150/5320-12C, “Measurement, Construction, and
Maintenance of Skid-Resistant Airport Pavement Surfaces,” provides guidance relative to
acceptable design, construction, and maintenance practices for grooved and PFC runway
surfaces.

(e) Reverse thrust performance credit. In accordance with § 25.109(f), reverse
thrust may not be used to determine the accelerate-stop distances for a dry runway. For wet
runway accelerate-stop distances, however, § 25.109(f) allows credit for the stopping force
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provided by reverse thrust, if the requirements of § 25.109(e) are met. In addition, the
procedures associated with the use of reverse thrust, which § 25.101(f) requires the applicant to
provide, must meet the requirements of § 25.101(h). The following criteria provide acceptable
means of demonstrating compliance with these requirements:

1 Procedures for using reverse thrust during a rejected takeoff should be
developed and demonstrated. These procedures should include all of the pilot actions necessary
to obtain the recommended level of reverse thrust, maintain directional control and safe engine
operating characteristics, and return the reverser(s), as applicable, to either the idle or the stowed
position. These procedures need not be the same as those recommended for use during a landing
stop, but should not result in additional hazards (e.g., cause a flameout or any adverse engine
operating characteristics), nor should they significantly increase flightcrew workload or training
needs.

2 It should be demonstrated that using reverse thrust during a rejected takeoft
complies with the engine operating characteristics requirements of § 25.939. The engine should
not exhibit any of the adverse engine operating characteristics described in AC 25.939-1,
“Evaluating Turbine Engine Operating Characteristics,” dated March 19, 1986 (or later
revision). The reverse thrust procedures may specify a speed at which the reverse thrust is to be
reduced to idle in order to maintain safe engine operating characteristics.

3 The time sequence for the actions necessary to obtain the recommended
level of reverse thrust should be demonstrated by flight test. The time sequence used to
determine the accelerate-stop distances should reflect the most critical case relative to the time
needed to deploy the thrust reversers. For example, on some airplanes the outboard thrust
reversers are locked out if an outboard engine fails. This safety feature prevents the pilot from
applying asymmetric reverse thrust on the outboard engines, but it may also delay the pilot’s
selection of reverse thrust on the operable reversers. In addition, if the selection of reverse thrust
is the fourth or subsequent pilot action to stop the airplane (e.g., after manual brake application,
thrust/power reduction, and spoiler deployment), a one-second delay should be added to the
demonstrated time to select reverse thrust (see figure 11-1).

4 The response times of the affected airplane systems to pilot inputs should be
taken into account. For example, delays in system operation, such as thrust reverser interlocks
that prevent the pilot from applying reverse thrust until the reverser is deployed, should be taken
into account. The effects of transient response characteristics, such as reverse thrust engine spin-
up, should also be included.

5 To enable a pilot of average skill to consistently obtain the recommended
level of reverse thrust under typical in-service conditions, a lever position that incorporates
tactile feedback (e.g., a detent or stop) should be provided. If tactile feedback is not provided, a
conservative level of reverse thrust should be assumed.

6 The applicant should demonstrate that exceptional skill is not required to

maintain directional control on a wet runway with a ten-knot crosswind from the most adverse
direction. For demonstration purposes, a wet runway may be simulated by using a nose wheel
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free to caster on a dry runway. Symmetric braking should be used during the demonstration, and
both all-engines-operating and critical-engine-inoperative reverse thrust should be considered.
The brakes and thrust reversers may not be modulated to maintain directional control. The
reverse thrust procedures may specify a speed at which the reverse thrust is reduced to idle in
order to maintain directional controllability.

7 Compliance with the requirements of §§ 25.901(b)(2), 25.901(c),
25.1309(b), and 25.1309(c) will be accepted as providing compliance with the “safe and
reliable” requirements of §§ 25.101(h)(2) and 25.109(e)(1).

8 The number of thrust reversers used to determine the wet runway
accelerate-stop distance data provided in the AFM should reflect the number of engines assumed
to be operating during the rejected takeoff, along with any applicable system design features.
The all-engines-operating accelerate-stop distances should be based on all thrust reversers
operating. The one-engine-inoperative accelerate-stop distances should be based on failure of
the critical engine. For example, if the outboard thrust reversers are locked out when an
outboard engine fails, the one-engine-inoperative accelerate stop distances can only include
reverse thrust from the inboard engine thrust reversers.

9 For the engine failure case, it should be assumed that the thrust reverser
does not deploy (i.e., no reverse thrust or drag credit for deployed thrust reverser buckets on the
failed engine).

10 For approval of dispatch with one or more inoperative thrust reverser(s),
the associated performance information should be provided either in the AFM or the master
minimum equipment list (MMEL).

11 The effective stopping force provided by reverse thrust in each, or at the
option of the applicant, the most critical takeoff configuration, should be demonstrated by flight
test. (One method of determining the reverse thrust stopping force would be to compare
unbraked runs with and without the use of thrust reversers.) Regardless of the method used to
demonstrate the effective stopping force provided by reverse thrust, flight test demonstrations
should be conducted using all of the stopping means on which the AFM wet runway accelerate-
stop distances are based in order to substantiate the accelerate-stop distances and ensure that no
adverse combination effects are overlooked. These demonstrations may be conducted on a dry
runway.

12 For turbopropeller powered airplanes, the criteria of paragraphs 1 through
11 above remain generally applicable. Additionally, the propeller of the inoperative engine
should be in the position it would normally assume when an engine fails and the power lever is
closed. Reverse thrust may be selected on the remaining engine(s). Unless this selection is
achieved by a single action to retard the power lever(s) from the takeoff setting without
encountering a stop or lockout, it should be regarded as an additional pilot action for the
purposes of assessing delay times. If this action is the fourth or subsequent pilot action to stop
the airplane, a one-second delay should be added to the demonstrated time to select reverse
thrust.
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(f) Airplane Flight Manual (AFM) wet runway accelerate-stop distances. Section
25.1583(h) requires the operating limitations established under § 25.1533, including wet runway
accelerate-stop distances, to be presented in the AFM. At the option of the applicant, grooved
and PFC wet runway accelerate-stop distances may also be presented in the AFM, but approval
to use these distances is limited to runways that have been designed, constructed, and maintained
in a manner acceptable to the FAA Administrator. The page(s) in the AFM containing the wet
runway accelerate-stop distances for grooved and PFC runways should contain a note equivalent
to the following: “These accelerate-stop distances apply only to runways that are grooved or
treated with a porous friction course (PFC) overlay that the operator has determined have been
designed, constructed, and maintained in a manner acceptable to the FAA Administrator.”
Information should also be included describing the method and assumptions used in generating
both the smooth and grooved/PFC wet runway information and generally describing the effect of
operational variables on wet runway stopping performance (e.g., tire tread depth, runway surface
texture, water depth, brakes-on speed).

12. Takeoff Path - § 25.111.

a. Section 25.111(a).

(1) Explanation.

(a) The takeoff path requirements of § 25.111, and the reductions to that path
required by § 25.115, are established so that the AFM performance can be used in making
necessary decisions relative to takeoff weights when obstacles are present. Such considerations
are required by § 121.189 when operations are conducted in accordance with 14 CFR part 121.

(b) The required performance is provided in AFMs by either pictorial paths at
various thrust-to-weight (T/W) conditions, with corrections for wind, or by a series of charts for
each segment, along with a procedure for connecting these segments into a continuous path.

(c) The height references in § 25.111 should be interpreted as geometric heights.
(2) Procedures.

(a) Section 25.111(a) requires that the actual takeoff path (from which the AFM
net takeoff flight path is derived) extend to the higher of where the airplane is 1,500 ft. above the
takeoff surface or to the altitude at which the transition to en route configuration is complete and
a speed is reached where compliance with the final segment requirements of § 25.121(c) can be
met. Section 25.115(b) allows termination of the AFM “net” flight path below 1,500 ft. in some
cases.

(b) The AFM should contain information required to show compliance with the

climb requirements of §§ 25.111 and 25.121(c). This should include information related to the
transition from the takeoff configuration and speed to the final segment configuration and speed.
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The effects of changes from takeoff thrust to maximum continuous thrust should also be
included.

(c) Generally, the AFM shows low T/W takeoff paths ending at 1500 ft. above the
takeoff surface, with acceleration segments between 400 and 1,500 ft., and high T/W takeoff
paths extending considerably higher than 1,500 ft. above the takeoff surface. On some airplanes,
the takeoff speed schedules, or certain flap configurations, do not require acceleration below
1,500 ft., even at limiting performance gradients. Although § 25.111(a) permits the takeoff path
to be terminated as low as 1,500 feet above the takeoff surface, it is recommended that the flight
path data, or associated AFM methodology, be presented so that the flight path can be
determined to 3,000 ft. above the takeoff surface. This will permit obstacle clearance analysis
for distant obstacles of considerable elevation that may be encountered in operations from
mountain airports.

(d) The § 25.115(b) net takeoft flight path, required by § 25.1587(b) to be included
in the AFM, need not extend to the altitude specified in § 25.111(a). It may be terminated at a
height, generally called “NET HEIGHT,” that is directly related to the actual airplane height
specified in § 25.111(a). The “NET HEIGHT” is calculated using the actual airplane takeoff
climb performance, to the point where the altitude requirements of § 25.111(a) are met, reduced
by the climb gradient decrements specified in § 25.115(b).

b. Section 25.111(a)(1)- Takeoff Path Thrust Conditions.

(1) Explanation. The takeoff path established from continuous demonstrated takeoffs
must at all points represent the actual expected performance, or be conservative, per
§§ 25.111(d)(2) and 25.111(d)(4), if the path is constructed by the segmental method.

(2) Procedures.

(a) To be assured that the predicted takeoff path is representative of actual
performance, construct the path using the thrust required by § 25.101(c). This requires, in part,
that the thrust be based on the particular ambient atmospheric conditions that are assumed to
exist along the path. The standard lapse rate for ambient temperature is specified in part 1 of 14
CFR under “Standard Atmosphere,” and should be used for thrust determination associated with
each pressure altitude during the climb.

(b) In accordance with § 25.111(c)(4), the thrust up to 400 ft. above the takeoff
surface must represent the thrust available along the path resulting from the power lever setting
established during the initial ground roll in accordance with AFM procedures. This resulting
thrust may be less than that available from the rated inflight setting schedule.

(c) A sufficient number of takeoffs, to at least the altitude above the takeoff
surface scheduled for V, climb, should be made to establish the fixed power lever thrust lapse.
An analysis may be used to account for various engine bleeds (e.g. ice protection, air
conditioning, etc.). In some airplanes, the thrust growth characteristics are such that less than
full rated thrust is used for AFM takeoff power limitations and performance. This is to preclude
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engine limitations from being exceeded during the takeoff climbs to 400 ft. above the takeoff
surface.

(d) Engine thrust lapse with speed and altitude during the takeoff and climb, at
fixed power lever settings, can be affected by takeoff pressure altitude.

(e) Most turbine engines are sensitive to crosswind or tailwind conditions, when
setting takeoff power under static conditions, and may stall or surge. To preclude this problem,
it is acceptable to establish a rolling takeoff thrust setting procedure, provided the AFM takeoff
field length and the takeoff thrust setting charts are based on this procedure. Demonstrations and
analyses have been accepted in the past showing a negligible difference in distance between
static and rolling takeoffs. A typical test procedure is as follows:

1 After stopping on the runway, set an intermediate power on all engines
(power setting selected by applicant).

N

Release brakes and advance power levers.

|2

Set target power setting as rapidly as possible prior to reaching 60 to 80
knots.

4 No adverse engine operating characteristics should exist after completion of
the power setting through the climb to 1,500 ft. above the airport and attainment of the en route
configuration. Tests should be conducted to determine if any engine operating problems exist
for takeoffs conducted throughout the altitude range for which takeoff operations are to be
scheduled in the AFM.

(f) If the applicant wishes to use a different procedure, it should be evaluated and,
if found acceptable, the procedure should be reflected in the AFM.

c. Section 25.111(a)(2) - Engine Failure.

(1) Explanation.

(a) Since the regulations cannot dictate what type of engine failures may actually
occur, it could be assumed that the engine failure required by the regulation occurs
catastrophically. Such a failure would cause the thrust to drop immediately, with the associated
performance going from all-engines-operating to one-engine-inoperative at the point of engine
failure.

(b) This conservative rationale notwithstanding, there is a basis for assuming that
the failed engine thrust will not decay immediately. Unlike reciprocating engines, the locking-
up of a jet engine fan without causing the engine to separate from the airplane is highly unlikely.
Separation of the engine or fan, or fan disintegration, would remove weight and/or the ram drag
included in the engine inoperative performance, providing compensation for the immediate
thrust loss.
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(c) With these considerations, it may be acceptable to use the transient thrust as
the failed engine spools down at Vgg. The thrust time-history used for data reduction and
expansion should be substantiated by test results.

(d) In the case of propeller-driven airplanes, consideration should also be given to
the position of the failed engine’s propeller during the engine failure. These airplanes typically
incorporate an automatic system to drive the propeller to a low drag position when an engine
fails. The loss of thrust in this case will be much more sudden than the turbojet engine
spooldown described above.

(2) Procedures.

(a) For turbojet powered airplanes, if transient thrust credit is used during engine
failure in determining the accelerate-go AFM performance, sufficient tests should be conducted
using actual fuel cuts to establish the thrust decay as contrasted to idle engine cuts. For
derivative programs not involving a new or modified engine type (i.e., a modification that would
affect thrust decay characteristics), fuel cuts are unnecessary if thrust decay characteristics have
been adequately substantiated.

(b) For propeller driven airplanes, the use of fuel cuts can be more important in
order to ensure that the takeoff speeds and distances are obtained with the critical engine’s
propeller attaining the position it would during a sudden engine failure. The number of tests that
should be conducted using fuel cuts, if any, depends on the correlation obtained with the idle cut
data and substantiation that the data analysis methodology adequately models the effects of a
sudden engine failure.

d. Section 25.111(a)(3) - Airplane Acceleration.

(1) Explanation. None.

(2) Procedures. None.

e. Section 25.111(b) - Airplane Rotation and Gear Retraction.

(1) Explanation. The rotation speed, Vg, is intended to be the speed at which the pilot
initiates action to raise the nose gear off the ground during the acceleration to V,. Consequently,
the takeoff path, determined in accordance with § 25.111(a) and (b), should assume that pilot
action to raise the nose gear off the ground will not be initiated until the speed Vg has been
reached.

(2) Procedures. The time between liftoff and initiation of gear retraction during takeoff
distance demonstrations should not be less than that necessary to establish an indicated positive
rate of climb plus one second. For the purposes of flight manual expansion, the average
demonstrated time delay between liftoff and initiation of gear retraction may be assumed;
however, this value should not be less than 3 seconds.
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f. Section 25.111(c)(1) - Takeoff Path Slope.

(1) Explanation.

(a) The establishment of a horizontal segment, as part of the takeoff flight path, is
considered to be acceptable, per § 25.115(c), for showing compliance with the positive slope
required by § 25.111(c)(1).

(b) The net takeoff flight path is the flight path used to determine the airplane
obstacle clearance for turbine powered airplanes (§ 121.189(d)(2)). Section 25.115(b) states the
required climb gradient reduction to be applied throughout the flight path for the determination
of the net flight path, including the level flight acceleration segment. Rather than decreasing the
level flight path by the amount required by § 25.115(b), § 25.115(¢c) allows the airplane to
maintain a level net flight path during acceleration, but with a reduction in acceleration equal to
the gradient decrement required by § 25.115(b). By this method, the applicant exchanges
altitude reduction for increased distance to accelerate in level flight in determination of the level
flight portion of the net takeoff path.

(2) Procedures.

(a) The level acceleration segment in the AFM net takeoff profile should begin at
the same horizontal distance along the takeoff flight path that the climb segment, without the
gradient reductions of § 25.115(b), reaches the AFM specified acceleration height.

(b) The AFM acceleration height should be presented in terms of pressure altitude
increment above the takeoff surface. This information should allow the establishment of the
pressure altitude “increment” (Ahp) for off-standard ambient temperatures so that the geometric
height required for obstacle clearance is assured. For example:

Given:
o Takeoff surface pressure altitude (hp) = 2,000 ft.
o Airport std. temp. abs. (Ts) = 11°C+273.2° =284.2°K
o Airport ambient temp. abs. (Tam) = -20° C+273.2° = 253.2°K
o Geometric height required (Ah) = 1,700 ft. above the takeoff surface
Find:
o Pressure altitude increment (Ahp) above the takeoff surface
Ahp = Ah(Ts/Tam) = 1,700 ft. (284.2° K/253.2° K)
Ahp = 1,908 ft.

g. Section 25.111(c)(2) - Takeoff Path Speed.

(1) Explanation.
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(a) It is intended that the airplane be flown at a constant indicated airspeed to at
least 400 ft. above the takeoff surface. This speed must meet the constraints on V, of
§ 25.107(b) and (c).

(b) The specific wording of § 25.111(c)(2) should not be construed to imply that
above 400 ft. the airspeed may be reduced below V,, but instead that acceleration may be
commenced.

(2) Procedures.

(a) For those airplanes that take advantage of reduced stall speeds at low pressure
altitude, the scheduling of V; should not be factored against the stall speed obtained at the
takeoff surface pressure altitude. Such a procedure would result in a reduced stall speed margin
during the climb, which would be contrary to the intent of § 25.107(b).

(b) For those airplanes mentioned in paragraph (a), above, the V; should be
constrained, in addition to the requirements of § 25.107(b) and (c), by the stall speed 1,500 ft.
above the takeoff surface. Weight reduction along the takeoff path, due to fuel burn, may be
considered in the calculation of the stall speed ratios, provided it is well established. However,
many applicants have measured stall speeds at 10,000 to 15,000 ft., which provides stall margin
conservatism at lower takeoff field pressure altitudes.

h. Section 25.111(¢)(3) - Required Gradient.

(1) Explanation. None.

(2) Procedures. None.

1. Section 25.111(¢)(4) - Configuration Changes.

(1) Explanation.

(a) The intent of this requirement is to permit only those crew actions that are
conducted routinely to be used in establishing the one-engine-inoperative takeoff path. The
power levers may only be adjusted early during the takeoff roll, as discussed in paragraph
12b(2), and then left fixed until at least 400 ft. above the takeoff surface.

(b) Simulation studies and accident investigations have shown that when heavy
workload occurs in the cockpit, as with an engine failure during takeoff, the crew might not
advance the operative engines to avoid the ground, even if the crew knows the operative engines
have been set at reduced power. This same finding applies to manually feathering a propeller.
The landing gear may be retracted, however, as this is accomplished routinely once a positive
rate of climb is observed. This also establishes the delay time to be used for data expansion
purposes.
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(2) Procedures.

(a) To permit the takeoff to be conducted using less than rated power, automatic
power advance devices have been approved. These devices are addressed in § 25.904, and the
related performance requirements are described in Appendix I to 14 CFR part 25.

(b) To permit the takeoff to be based on a feathered propeller up to 400 ft. above
the takeoff surface, automatic propeller feathering devices have been approved. Guidance
related to performance credit for automatic propeller feathering devices, below 400 feet above
the takeoff surface, is presented in paragraph 239 of this AC.

(c) Drag reduction for a manually feathered propeller is permitted for flight path
calculations only after reaching 400 ft. above the takeoff surface.

J. Section 25.111(d) - Takeoff Path Construction.

(1) Explanation. This regulation should not be construed to mean that the takeoff path
be constructed entirely from a continuous demonstration or entirely from segments. To take
advantage of ground effect, typical AFM takeoff paths utilize a continuous takeoff path from
Vior to the gear up point, covering the range of thrust-to-weight ratios. From that point free air
performance, in accordance with § 25.111(d)(2), is added segmentally. This methodology may
yield an AFM flight path that is steeper with the gear down than up.

(2) Procedures. The AFM should include the procedures necessary to achieve this
performance.

k. Section 25.111(d)(1) - Takeoff Path Segment Definition.

(1) Explanation. None.

(2) Procedures. None.
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1. Section 25.111(d)(2) - Takeoff Path Segment Conditions.

(1) Explanation. The subject paragraph states “The weight of the airplane, the
configuration, and the power or thrust setting must be constant throughout each segment and
must correspond to the most critical condition prevailing in the segment.” The intent is that, for
simplified analysis, the performance is based on that value available at the most critical point in
time during the segment, not that the individual variables (weight, approximate thrust setting,
etc.) are each picked at their most critical value and then combined to produce the performance
for the segment.

(2) Procedures. The performance during the takeoff path segments should be obtained
using one of the following methods:

(a) The critical level of performance as explained in paragraph (1);
(b) The average performance during the segment; or
(c) The actual performance variation during the segment.

m. Section 25.111(d)(3) - Segmented Takeoff Path Ground Effect.

(1) Explanation. This requirement does not intend the entire flight path to necessarily
be based upon out-of-ground-effect performance simply because the continuous takeoff
demonstrations have been broken into sections for data reduction expediency. For example, if
the engine inoperative acceleration from Vgg to Vg is separated into a thrust decay portion and a
windmilling drag portion, the climb from 35 ft. to gear up does not necessarily need to be based
upon out-of-ground-effect performance. (Also, see the explanation of § 25.111(d) in paragraph
12j(1) of this AC.)

(2) Procedures. None

n. Section 25.111(d)(4) - Segmented Takeoff Path Check.

(1) Explanation. None.

(2) Procedures. Ifthe construction of the takeoff path from brake release to out-of-
ground-effect contains any portions that have been segmented (e.g., airplane acceleration
segments with all-engines-operating and one-engine-inoperative), the path should be checked by
continuous demonstrated takeoffs. A sufficient number of these, employing the AFM
established takeoff procedures and speeds and covering the range of thrust-to-weight ratios,
should be made to ensure the validity of the segmented takeoff path. The continuous takeoff
data should be compared to takeoff data calculated by AFM data procedures but using test
engine thrusts and test speeds.

0. Section 25.111(e) - Flight Path with Standby Power Rocket Engines. [Reserved]

62



3/29/2011 AC 25-7B

13. Takeoff Distance and Takeoff Run - § 25.113.

a. Takeoff Distance on a Dry Runway - § 25.113(a).

(1) The takeoff distance on a dry runway is the greater of the two distances depicted in
(a) or (b) below. The distances indicated below are measured horizontally from the main landing
gears at initial brake release to that same point on the airplane when the lowest part of the
departing airplane is 35 ft. above the surface of the runway.

(a) The distance measured to 35 ft. with a critical engine failure occurring at Vg
as shown in figure 13-1.

Figure 13-1. Takeoff Distance on a Dry Runway

Critical Engine Fails at Vgg

=V,
START Ve Vi Vior =
I- TAKEOFF DISTANCE .|

(b) One hundred fifteen (115) percent of the distance measured to the 35 ft. height
above the takeoff surface with all-engines-operating as shown in figure 13-2. In establishing the
all-engines-operating takeoff distance, § 25.113(a)(2) requires the distance to be “...determined
by a procedure consistent with § 25.111” (Takeoff Path). The interpretation of this statement is
that the all-engines-operating takeoff distance should:

1 Be based on the airplane reaching a speed of V; before it is 35 feet above
the takeoff surface; and

2 Be consistent with the achievement of a smooth transition to the steady
initial climb speed at a height of 400 feet above the takeoff surface.
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Figure 13-2. Takeoff Distance
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(2) The takeoff procedure adopted should be reflected in the takeoff distance.

b. Takeoff Distance on a Wet Runway - § 25.113(b).

(1) The takeoff distance on a wet runway is the greater of the takeoff distance on a dry
runway (using the dry runway V; speed), determined in accordance with paragraphs 13a(1)(a)
and (b) of this AC, or the distance on a wet runway using a reduced screen height (and the wet
runway V; speed) as described in paragraph (2), below.

(2) The takeoff distance on a wet runway is determined as the horizontal distance the
main landing gear travels from brake release to the point where the lowest part of the airplane is
15 ft. above the takeoff surface. The airplane must attain a height of 15 ft. above the takeoff
surface before reaching the end of the runway in a manner that will allow V; to be achieved
before reaching a height of 35 ft. above the takeoff surface in accordance with § 25.113(b)(2)
and as shown in figure 13-3.
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Figure 13-3. Takeoff Distance On a Wet Runway
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c. Takeoff Run - § 25.113(¢).

(1) Takeoff run is a term used for the runway length when the takeoff distance includes
a clearway (i.e., where the accelerate-go distance does not remain entirely over the runway), and
the takeoff run is either of the two distances depicted in (a) or (b) below, whichever is greater.
These distances are measured as described in § 25.113(a). When using a clearway to determine
the takeoff run, no more than one half of the air distance from V| or to V3s may be flown over the
clearway.

(a) The distance from the start of the takeoff roll to the mid-point between liftoff
and the point at which the airplane attains a height of 35 ft. above the takeoff surface, with a
critical engine failure occurring at Vgr, as shown in figure 13-4. For takeoff on a wet runway,
the takeoff run is equal to the takeoff distance (i.e., there is no clearway credit allowed on a wet
runway).

Figure 13-4. Takeoff Run
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(b) One hundred fifteen (115) percent of the distance from the start of the takeoff
roll to the mid-point between liftoff and the point at which the airplane attains a height of 35 ft.
above the takeoff surface, with all engines operating, as shown in figure 13-5. In establishing
the all-engines-operating takeoff run, § 25.113(c)(2) requires the distance to be “...determined by
a procedure consistent with § 25.111” (Takeoff Path). The interpretation of that statement is that
the all-engines-operating takeoff run should:

1 Be based on the airplane reaching a speed of V, before it is 35 feet above
the takeoff surface; and

2 Be consistent with the achievement of a smooth transition to the steady
initial climb speed at a height of 400 feet above the takeoff surface.

Figure 13-5. Takeoff Run

(All-Engines-Operating)
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(2) There may be situations in which the one-engine-inoperative condition (paragraph
13¢(1)(a)) would dictate one of the distance criteria, takeoff run (required runway) or takeoff
distance (required runway plus clearway), while the all-engines-operating condition (paragraph
13¢(1)(b)) would dictate the other. Therefore, both conditions should always be considered.

(3) Clearway is defined in 14 CFR part 1 as a plane extending from the end of the
runway with an upward slope not exceeding 1.25 percent, above which no object nor any terrain
protrudes. For the purpose of establishing takeoff distances and the length of takeoff runs, the
clearway is considered to be part of the takeoff surface extending with the same slope as the
runway, and the 35 ft. height should be measured from that surface.
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Figure 13-6. Clearway Profiles
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(4) The profile shows no fixed obstacle projecting above the clearway plane. However,
in accordance with the definition of clearway in part 1, the airport authorities must have control
of this area to ensure that no flight will be initiated using a clearway unless it is determined that
no movable obstacles will exist within the clearway when the airplane flies over.

14. Takeoff Flight Path - § 25.115.

a. Takeoff Flight Path - § 25.115(a).

(1) Explanation. The takeoff flight path begins at the end of the takeoff distance and at
a height of 35 ft. above the takeoff surface, and ends when the airplane’s actual height is the
higher of 1,500 ft. above the takeoff surface or at an altitude at which the configuration and
speed have been achieved where the requirements of § 25.121(c) can be met. (See paragraph 12
of this AC (§ 25.111) for additional discussion.) Section 25.115(a) states that the takeoff “shall
be considered to begin 35 feet above the takeoff surface,” recognizing that in the case of a wet
runway the airplane will only be at a height of 15 feet. For takeoffs from wet runways, the actual
airplane height will be 20 feet lower than the takeoff flight path determined under § 25.115.
Therefore, the airplane will be 20 feet closer vertically to obstacles after taking off from a wet
runway compared to taking off from a dry runway.

(2) Procedures.
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Figure 14-1. Takeoff Segments & Nomenclature
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NOTE: The final takeoff segment will usually begin with the airplane in the en
route configuration and with maximum continuous thrust, but it is not required
that these conditions exist until the end of the takeoff path when compliance with
§ 25.121(c) is shown. The time limit on takeoff thrust cannot be exceeded.

* Segments as defined by § 25.121.

b. Net Takeoff Flight Path - § 25.115(b) and (¢).

(1) Explanation.

(a) The net takeoff flight path is the actual flight path diminished by a gradient of
0.8 percent for two-engine airplanes, 0.9 percent for three-engine airplanes, and 1.0 percent for
four-engine airplanes.

(b) For the level flight acceleration segment, these prescribed gradient reductions
may be applied as an equivalent reduction in acceleration in lieu of reduction in net flight path.
(See paragraph 12 (ref. § 25.111) of this AC for additional discussion.)

(c) SR-422B, and § 121.189(d), require that no airplane may take off at a weight in
excess of that shown in the AFM to correspond with a net takeoff flight path that clears all
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obstacles either by at least a height of 35 ft. vertically, or by at least 200 ft. horizontally within
the airport boundaries, and by at least 300 ft. horizontally after passing beyond the boundaries.

(d) With turns in the net takeoff flight path, obstacle clearance determination
requires consideration of both radius of turn and climb gradient decrement. Radius of turn, for
use in obstacle lateral separation, is not airplane dependent and is readily calculated from speed
and bank angle. Climb gradient decrements, however, are airplane dependent. Climb gradient
decrements for bank angles up to at least 15 degrees should be contained in the AFM.

(2) Procedures.

Figure 14-2. Net Takeoff Flight Path
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15. Climb: General - § 25.117.

a. Explanation. This section states the climb requirements of §§ 25.119 and 25.121 must be
complied with at each weight, altitude, and ambient temperature within the operational limits
established for the airplane and with the most unfavorable center of gravity for each
configuration.

b. Procedures. None.
16. Landing Climb: All-Engines-Operating - § 25.119.

a. Explanation. Section 25.119(a) states that the engines are to be set at the power or thrust
that is available 8 seconds after initiating movement of the power or thrust controls from the
minimum flight idle position to the go-around power or thrust setting. The procedures given

below are for the determination of this maximum thrust for showing compliance with the climb
requirements of § 25.119.
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b. Procedures.

(1) The engines should be trimmed to the low side of the idle trim band, if applicable,
as defined in the airplane maintenance manual. The effect of any variation in the idle fuel flow
schedule for engines with electronic fuel controllers is typically negligible (but any such claim
should be adequately substantiated).

(2) At the most adverse test altitude, not to exceed the maximum field elevation for
which certification is sought plus 1,500 ft., and with the most adverse bleed configuration
expected in normal operations, stabilize the airplane in level flight with symmetrical power on
all engines, landing gear down, flaps in the landing position, at a speed of Vrgr. Retard the
throttle(s) of the test engine(s) to flight idle and determine the time needed to reach a stabilized
r.p.m., as defined below, for the test engine(s) while maintaining level flight or the minimum rate
of descent obtainable with the thrust of the remaining engine(s) not greater than maximum
continuous thrust (MCT). Engine flight idle r.p.m. is considered to be stabilized when the initial
rapid deceleration of all rotors is completed. This has usually been 8-20 seconds. This can be
determined in the cockpit as the point where rapid movement of the tachometer ceases. For
some airplanes it may be desirable to determine the deceleration time from plots of r.p.m. versus
time.

(3) For the critical air bleed configuration, stabilize the airplane in level flight with
symmetric power on all engines, landing gear down, flaps in the landing position, at a speed of
Vrer, simulating the estimated minimum climb-limited landing weights at an altitude sufficiently
above the selected test altitude so that time to descend to the test altitude with the throttles closed
equals the appropriate engine r.p.m. stabilization time determined in paragraph (2) above.

Retard the throttles to the flight idle position and descend at Vgrgr to approximately the test
altitude. When the appropriate time has elapsed, rapidly advance the power or thrust controls to
the go-around power or thrust setting. The power or thrust controls may first be advanced to the
forward stop and then retarded to the go-around power or thrust setting. At the applicant’s
option, additional less critical bleed configurations may be tested.

(4) The thrust that is available 8 seconds after the initiation of movement of the power
or thrust controls from the minimum flight idle position, in accordance with paragraph (3) above,
will be the maximum permitted for showing compliance with the landing climb requirements of
§ 25.119(a), and Section 4T.119(a) of SR-422B (see Appendix 4) for each of the bleed
combinations tested in accordance with paragraph (3) above. If AFM performance is presented
such that there is no accountability for various bleed conditions, the thrust obtained with the
most critical airbleed should be used for landing climb performance for all operations. The
effects of anti-ice bleed should be accounted for.

17. Climb: One-Engine-lnoperative - § 25.121.
a. Explanation. None.

b. Procedures.
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(1) Two methods for establishing one-engine-inoperative climb performance follow:

(a) Reciprocal heading climbs are conducted at several thrust-to-weight conditions
from which the performance for the AFM is extracted. These climbs are flown with the wings
nominally level. Reciprocal climbs may not be necessary if inertial corrections (or another
equivalent means) are applied to account for wind gradients.

(b) Drag polars and one-engine-inoperative yaw drag data are obtained for
expansion into AFM climb performance. These data are obtained with the wings nominally
level. Reciprocal heading check climbs are conducted to verify the predicted climb performance.
These check climbs may be flown with the wings maintained in a near level attitude. Reciprocal
climbs may not be necessary if inertial corrections (or another equivalent means) are applied to
account for wind gradients.

(2) If full rudder with wings level cannot maintain constant heading, small bank angles
into the operating engine(s), with full rudder, should be used to maintain constant heading.
Unless the landing lights automatically retract with engine failure, testing should be conducted
with the lights extended for § 25.121(a) Takeoff; landing gear extended, § 25.121(b) Takeoff;
landing gear retracted, and § 25.121(d) Approach.

(3) The climb performance tests with landing gear extended, in accordance with
§ 25.121(a), may be conducted with the landing gear and gear doors in the position they finally
achieve after “gear down” selection. The critical configuration for the landing gear extended
climb is considered to be that which presents the largest frontal area to the local airflow. This
would normally be with no weight on the landing gear (full strut extension and trucks tilted) and
all gear doors open. However, since the takeoff path will be determined by measurement of
continuous takeoffs, or checked by continuous takeoffs if constructed by the segmental method
(Ref. § 25.111(d)), any non-conservatism arising from the gear doors “closed” climb data will
be evident. Also, some measure of conservatism is added to the landing gear extended climb
performance by the requirement of § 25.111(d)(3) for the takeoff path data to be based on the
airplane’s performance without ground effect.

(4) If means, such as variable intake doors, are provided to control powerplant cooling
air supply during takeoff, climb, and en route flight, they should be set in a position that will
maintain the temperature of major powerplant components, engine fluids, etc., within the
established limits. The effect of these procedures should be included in the climb performance
of the airplane. These provisions apply for all ambient temperatures up to the highest
operational temperature limit for which approval is desired. (Reference: § 25.1043)

(5) The latter parts of §§ 25.121(a)(1) and (b)(1), which state “...unless there is a more
critical power operating condition existing later along the flight path...” are intended to cover
those cases similar to where a wet engine depletes its water and reverts to dry engine operation.
This is not intended to cover normal altitude thrust lapse rates above the point where the landing
gear is fully retracted. (Reference: Preamble to SR-422A)

71



3/29/2011 AC 25-7B

(6) Section 25.121(d) requires that the reference stall speed for the approach
configuration not exceed 110 percent of the reference stall speed for the related landing
configuration. This stall speed ratio requirement is to ensure that an adequate margin above the
stall speed in the selected approach configuration is maintained during flap retraction in a go-
around. An alternative means of providing an adequate operating speed margin during flap
retraction in a go-around would be to increase Vgrgr for the landing configuration to provide an
equivalent operating speed margin. That is, Vrgr could be increased such that the reference stall

speed for the approach configuration does not exceed 110 percent of VRE%% . An equivalent

level of safety finding should be used to document the use of this alternative versus direct
compliance with § 25.121(d). To maintain equivalent safety, the increase in Vrgr should not be
excessive (for example, greater than 5 knots) to minimize the effect on safety of longer landing
distances, higher brake energy demands, and reduced margins between Vggr and V.

18. En Route Flight Paths - § 25.123.

a. Explanation. This guidance is intended for showing compliance with the requirements of
§ 25.123 and application to the operating requirements of §§ 121.191 and 121.193, which
specify the clearances over terrain and obstructions required of the net en route flight paths
subsequent to the failure of one or two engines.

b. Procedures.

(1) Sufficient en route climb performance data should be presented in the AFM to
permit the determination of the net climb gradient and the net flight path in accordance with
§ 25.123(b) and (c) for all gross weights, altitudes, and ambient temperatures within the
operating limits of the airplane. This en route climb performance data should be presented for
altitudes up to the all-engines-operating ceiling to permit the calculation of drift-down data in the
event of an en route engine failure.

(2) Fuel Consumption Accountability. The effect of the variation of the airplane’s
weight along the flight path due to the progressive consumption of fuel may be taken into
account using fuel flow rates obtained from airplane manufacturers’ test data. If measured fuel
flow data is unavailable, a conservative fuel flow rate not greater than 80 percent of the engine
specification flow rate at maximum continuous thrust (MCT) may be used.

(3) The procedures and flight conditions upon which the en route flight path data are
based should be provided to the flightcrew. Credit for fuel dumping, if available and included in
the flightcrew procedures, may be used to achieve the performance capability presented in the
AFM. A conservative analysis should be used in taking into account the ambient conditions of
temperature and wind existing along the flight path. All performance should be based on the net
flight path and with MCT on the operating engine(s).

19. Landing - § 25.125.
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a. Explanation.

(1) The landing distance is the horizontal distance from the point at which the main
gear of the airplane is 50 ft. above the landing surface (treated as a horizontal plane through the
touchdown point) to the point at which the airplane is brought to a stop. (For water landings, a
speed of approximately 3 knots is considered “stopped.”) In this AC, the distance is treated in
two parts: the airborne distance from 50 ft. to touchdown, and the ground distance from
touchdown to stop. The latter may be further subdivided into a transition phase and a full
braking phase if the applicant prefers this method of analysis.

(2) The minimum value of Vggr is specified in § 25.125(b)(2). It is intended to provide
an adequate margin above the stall speed to allow for likely speed variations during an approach
in light turbulence. If the landing demonstrations show that a higher speed is needed for
acceptable airplane handling characteristics, the landing distance data presented in the AFM
must be based upon the higher reference landing speed per § 25.125(b)(2).

(3) The engines should be set to the high side of the flight idle trim band, if applicable,
for the landing flight tests. The effect of any variation in the idle fuel flow schedule for engines
with electronic fuel controllers is typically negligible (but any such claim should be adequately
substantiated).

b. Procedures for Determination of the Airborne Distance. Three acceptable means of
compliance are described in paragraphs (1), (2), and (3) below. These differ from the
“traditional” method in which steep approaches and high touchdown sink rates were permitted.
Such a demonstration of maximum performance is no longer considered acceptable. However,
the distances obtained using that method resulted in a satisfactory operational safety record. The
methods given here allow credit for the amount of testing an applicant is prepared to conduct,
such that if the method described in paragraph 19b(3) (the most complex) is chosen, distances
typical of those from the “traditional” method should be obtained, but without incurring the
associated risks during testing.

NOTE: Ifitis determined that the constraints on approach angle and touchdown
rate-of-sink described in paragraphs (2) and (3), below, are not appropriate due to
novel or unusual features of future transport category airplane design, new criteria
may be established. Such a change would be acceptable only if it is determined
that an equivalent level of safety to existing performance standards and
operational procedures is maintained.

(1) Experience shows an upper bound to the part 25 zero-wind airborne distances
achieved in past certifications and, similarly, a minimum speed loss. These are approximated by
the following:

Air Distance (feet) = 1.55 (VREF-8O)1‘35 +800 where Vggr is in knots TAS

Touchdown Speed = Vggp-3 knots
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An applicant may choose to use these relationships to establish landing distance in lieu
of measuring airborne distance and speed loss. If an applicant chooses to use these relationships,
the applicant should show by test or analysis that they do not result in air distances or touchdown
speeds that are nonconservative.

(2) If an applicant chooses to measure airborne distance or time, at least six tests
covering the landing weight range are required for each airplane configuration for which
certification is desired. These tests should meet the following criteria:

(a) A stabilized approach, targeting a glideslope of -3 degrees and an indicated
airspeed of Vgrgr, should be maintained for a sufficient time prior to reaching a height of 50 feet
above the landing surface to simulate a continuous approach at this speed. During this time,
there should be no appreciable change in the power setting, pitch attitude, or rate of descent. The
average glideslope of all landings used to show compliance should not be steeper than -3
degrees.

(b) Below 50 feet, there should be no nose depression by use of the longitudinal
control and no change in configuration, except for reduction in power.

(c) The target rate of descent at touchdown should not exceed 6 feet per second.
Target values cannot be achieved precisely; however, the average touchdown rate of descent
should not exceed 6 feet per second.

(3) If'the applicant conducts enough tests to allow a parametric analysis (or equivalent
method) that establishes, with sufficient confidence, the relationship between airborne distance
(or time) as a function of the rates of descent at 50 feet and touchdown, the 14 CFR part 25
airborne distances may be based on an approach angle of -3.5 degrees, and a touchdown sink rate
of 8 feet per second (see paragraph 19h for a sample of this analysis method).

(a) The air distance or air time established by this method should not be less than
90 percent of the lowest demonstrated value obtained using the target values for approach angle
and touchdown sink rate specified in paragraph (b), below. Test data with approach angles
steeper than -3.5 degrees, or touchdown sink rates greater than 8 feet per second, should not be
used to satisfy this requirement.

(b) In order to determine the parametric relationships, it is recommended that test
targets should span approach angles from -2.5 degrees to —3.5 degrees, and sink rates at
touchdown from 2-6 ft. per second. Target speed for all tests should be Vggg.

(c) Below 50 feet, there should be no nose depression by use of the longitudinal
control and no change in configuration that requires action by the pilot, except for reduction in
power.

(d) If an acceptable method of analysis is developed by an applicant to statistically

establish a satisfactory confidence level for the resulting parametric relationships, then 12 tests,
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in each aerodynamic configuration for which certification is desired, should be sufficient. More
tests should be conducted if the distribution of the data does not give sufficient confidence in the
parametric correlation. Past experience has shown that a total of 40 landings would establish a
satisfactory confidence level without further analysis. Autolands may be included in the analysis
but should not comprise more than half of the data points. If it is apparent that configuration is
not a significant variable, all data may be included in a single parametric analysis.

(e) If an applicant proposes any other method as being equivalent to a parametric
analysis, that method should be based on a developed mathematical model that employs
performance-related variables such as thrust, attitude, angle-of-attack, and load factor to
adequately reproduce the flight test trajectory and airspeed variation from the 50 foot point to
touchdown. Such a mathematical model should be validated by not less than 12 tests in each
aerodynamic configuration for which certification is desired, and be justified by a comparison of
tested and calculated landing airborne distances.

(f) For the same aerodynamic configuration as previously certificated -- if new
tests are necessary to substantiate performance to a weight higher than that permitted by the
extrapolation limits of § 25.21(d), two landings per configuration should be conducted for each 5
percent increase in landing weight (but no more than a total of six landings should be needed).
These may be merged with previous certification tests for parametric analysis, whether the
previous certification was conducted by this method or not. If a new aerodynamic configuration
is proposed, the 12 tests per configuration described in paragraph (d), above, should be
conducted.

(g) In calculating the AFM landing distances, the speed loss from 50 feet to
touchdown, as a percentage of Vrgr, may be determined using the conditions described in
paragraph 19b(3).

(4) Whichever method is chosen to establish airborne distances, satisfactory flight
characteristics should be demonstrated in the flare maneuver when a final approach speed of
Vrer-5 knots 1s maintained down to 50 feet.

(a) Below 50 feet, the application of longitudinal control to initiate flare should
occur at the same altitude as for a normal “on-speed” landing; no nose depression should be
made and power should not be increased to facilitate the flare.

(b) All power levers should be in their minimum flight idle position prior to
touchdown.

(c) The normal flare technique should be used such that the touchdown speed
should be at least 5 knots less than the touchdown speed used to establish the landing distance

and the rate of descent at touchdown should not be greater than 6 feet per second.

(d) This demonstration is performed at both maximum landing weight and near
minimum landing weight.
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(e) These Vrgr-5 knots landing demonstrations should not require the use of high
control forces or full control deflections.

c. Procedures for Determination of the Transition and Stopping Distances.

(1) The transition distance extends from the initial touchdown point to the point where
all approved deceleration devices are operative. The stopping distance extends from the end of
transition to the point where the airplane is stopped. The two phases may be combined if the
applicant prefers this method of analysis.

(2) Ifsufficient data are not available, there should be a minimum of six landings in the
primary landing configuration. Experience has shown that if sufficient data are available for the
airplane model to account for variation of braking performance with weight, lift, drag, ground
speed, torque limit, etc., at least two test runs are necessary for each configuration when
correlation for multiple configurations is being shown.

(3) A series of at least six measured landing tests covering the landing weight range
should be conducted on the same set of wheels, tires, and brakes in order to substantiate that
excessive wear of wheel brakes and tires is not produced in accordance with the provisions of
§ 25.125(c)(2). The landing tests should be conducted with the normal operating brake pressures
for which the applicant desires approval. The main gear tire pressure should be set to not less
than the maximum pressure desired for certification corresponding to the specific test weight.
Longitudinal control and brake application procedures should be such that they can be
consistently applied in a manner that permits the airplane to be de-rotated at a controlled rate to
preclude an excessive nose gear touchdown rate and so that the requirements of § 25.125(b)(4)
and (5) are met. Nose gear touchdown rates in the certification landing tests should not be
greater than eight feet per second. Certification practice has not allowed manually applied
brakes before all main gear wheels are firmly on the ground.

(4) Describe the airplane operating procedures appropriate for determination of landing
distance in the performance section of the AFM.

(5) Propeller pitch position used in determining the normal all-engines-operating
landing stopping distance should be established using the criteria of § 25.125(g) for those
airplanes that may derive some deceleration benefit from operating engines. Section 25.125(g)
states that if the landing distance determined using a “device” that depends on the operation of
any engine would be “noticeably increased” when a landing is made with that engine
inoperative, the landing distance must be determined with that engine inoperative, unless a
“compensating means” will result in one-engine-inoperative landing distances not greater than
those with all engines operating. Acceptable interpretations of the terms “device,” “noticeably
increased,” and “compensating means” are described below.

(a) Ifthe propeller produces drag at any speed during the stopping phase of the
normal all-engines-operating landing distance, the maximum drag from this “device” for which
performance credit may be taken is that which results from a propeller pitch position that renders
zero thrust at zero airspeed. If the normal operational ground idle setting produces negative
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thrust at zero airspeed, the all-engines-operating stopping distances should be determined using a
special flight test power lever stop to limit the propeller blade angle.

(b) Distances should be measured for landings made with the propeller feathered
on one engine, and ground idle selected after touchdown on the operating engines. The airplane
configuration for this test, including the ground idle power lever position, should be the same as
that used for the all-engines-operating landing distance determination. The nose wheel should be
free to caster, as in Vg tests, to simulate wet runway surface conditions. Differential braking
may be used to maintain directional control. This testing should be conducted at a minimum of
three weights that cover the expected range of operational landing weights. If the resulting
distances do not exceed the all-engines-operating landing distances by more than two percent
(2%), they are not “noticeably increased” and no further testing is required to take performance
credit for all-engines-operating disking drag in AFM landing distances.

(c) Ifthe distances determined in paragraph (b), above, are more than two percent
greater than the all-engines-operating landing distances, there should be a “compensating means”
in order to take performance credit for the all-engines-operating disking drag. Reverse propeller
thrust on the operating engines is considered a “compensating means” if the resulting landing
distances, with one propeller feathered, are demonstrated to be not longer than those determined
for all-engines-operating with disking drag. The airplane configuration for this test should be the
same as that used for the all-engines-operating landing distance determination. The nose wheel
should be free to caster, as in Vycg tests, to simulate wet runway surface conditions.

Differential braking may be used to maintain directional control. Reverse thrust should not be
selected until one second after nose wheel touchdown. This testing should be conducted at a
minimum of three weights that cover the expected range of operational landing weights.

d. Instrumentation and Data. Instrumentation should include a means to record the
airplane’s glide path relative to the ground, and the ground roll against time, in a manner that
permits determining the horizontal and vertical distance time-histories. The appropriate data to
permit analysis of these time-histories should also be recorded.

e. Landing on Unpaved Runways. Guidance material for evaluation of landing on
unpaved runways is contained in Chapter 8 of this AC.

f.  Automatic Braking Systems. Guidance material relative to evaluation of auto-brake
systems is provided in paragraph 55¢(6) of this AC.

g. Airplane Flight Manual Landing Distances.

(I) As a minimum, the AFM must include data for standard temperature and zero
runway gradient showing the variation of landing distance with weight (up to maximum takeoff
weight), altitude, and wind as required by §§ 25.1587(b) and 25.125(a). If the airplane is
intended for operation under part 121, the distances presented should include the operational
field length factors for both dry and wet runways required by § 121.195.

(2) In accordance with § 25.101(i), AFM landing distances must be determined.
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with all the airplane wheel brake assemblies at the fully worn limit of their allowable wear range.
The brakes may be in any wear state during the flight tests used to determine the landing
distances, as long as a suitable combination of airplane and dynamometer tests is used to
determine the landing distances corresponding to fully worn brakes. Alternatively, the
relationship between brake wear and stopping performance established during accelerate-stop
testing may be used if it encompasses the brake wear conditions and energies achieved during
the airplane flight tests used to establish the landing distances.

(3) In deriving the scheduled distances, the time delays shown below should be
assumed.

Figure 19-1. Landing Time Delays
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Transition from touchdown to Full braking
full braking configuration configuration to stop

(a) (D This segment represents the flight test measured average time from
touchdown to pilot activation of the first deceleration device. For AFM data expansion, use the
longer of 1 second or the test time.

(b) @ This segment represents the flight test measured average test time from
pilot activation of the first deceleration device to pilot activation of the second deceleration
device. For AFM data expansion, use the longer of 1 second or the test time.

(¢c) Step @ is repeated until pilot activation of all deceleration devices has been
completed and the airplane is in the full braking configuration.

(4) For approved automatic deceleration devices (e.g., autobrakes or auto-spoilers,
etc.) for which performance credit is sought for AFM data expansion, established times
determined during certification testing may be used without the application of the 1-second
minimum time delay required in the appropriate segment above.
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(5) It has been considered acceptable to expand the airborne portion of the landing
distance in terms of a fixed airborne time, independent of airplane weight or approach speed.

(6) Assumptions to be made in assessing the effect of wind on landing distance are
discussed in paragraph 3 of this AC.

h. Parametric Analysis Data Reduction. The following is an acceptable method of
converting the test data to a mathematical model for the parametric analysis method of air
distance described in paragraph 19b(3).

Test Data for Each Test Point:

R/Ssy = Rate of sink at 50 ft. above landing surface, Ft/Sec
R/Stp = Rate of sink at touchdown, Ft/Sec

Vso = True airspeed at 50 ft. above landing surface, Ft/Sec
V1 = True airspeed at touchdown, Ft/Sec
t = Air time 50 ft. to touchdown, Sec

The multiple linear regression analysis as outlined below is used to solve for the constant of the
two independent variable equations:

50/t =a+ b(R/Ssp) + (¢)(R/Stp)
To maintain the same units for all variables, the dependent variable is chosen as 50/t.

The test values of all the test points, 1 through n, are processed as follows, where n equals the
number of test points and R1 through R13 are the regression coefficients:

R1 = ZT WSso
R2=37 (R/S5)’
R3 = Z{l R/STD

R4= ¥ (R/Stp)
R5= 3" (R/S50)(R/Stp)
R6= 3" (50/t)

R7= 3" (R/S50)(50/t)
R8= X (R/Sp)(50/t)
R9 = (n)(R2)-(R1)?
R10 = (n)(R8)-(R3)(R6)
R11 = (n)(R5)-(R1)(R3)
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R12 = (n)(R7)-(R1)(R6)
R13 = (n)(R4)-(R3)*

¢ = (RO)(R10)-(R11)(RI12))/((RO)(R13)-(R11)%)

b = ((R12)-(c)(R11))/R9

a = ((R6)-(b)(R1)-(c)(R3))/n

AC 25-7B

In the same manner, determine the values of the constants, a, b, and ¢, in an equation for speed
reduction between 50 ft. and touchdown by replacing 50/t with (Vso/Vp) for each test run.

After determining the values of the constants, the two equations are used to calculate the time
from 50 ft. to touchdown and Vs¢/Vrp for the desired conditions of -3.5 degrees flight path and
R/Stp = 8 ft/Sec. The R/Ss is calculated from the approach path and V.

After Vrp is determined, the air distance may be determined for the average flare speed and t.

Example:
Test Data:
Run  R/Ss0  R/Stp Vs Vip t
1 13.4 6.1 219 214 5.6
2 10.9 1.8 223 218 8.5
3 7.9 5.8 209 201 74
4 8.3 2.3 213 206 9.6
5 9.8 4.1 218 212 7.5
Results:
50/t =1.0432 + .3647(R/Ss0) + .4917(R/Stp)

Vso/Vrp = 1.05508 - .003198(R/Ss0) +.001684(R/Stp)

For conditions of Vso =220, flight path = -3.5 degrees, R/Stp = 8.0,

the results are:
MSso =13.43

t=5.063 sec.

VSO/VTD =1.0256

Air Distance = 1100 ft.

Section 3. Controllability and Maneuver ability
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20. General - §25.143.

a. Explanation. The purpose of § 25.143 is to verify that any operational maneuvers
conducted within the operational envelope can be accomplished smoothly with average piloting
skill and without encountering a stall warning or other characteristics that might interfere with
normal maneuvering, or without exceeding any airplane structural limits. Control forces should
not be so high that the pilot cannot safely maneuver the airplane. Also, the forces should not be
so light that it would take exceptional skill to maneuver the airplane without over-stressing it or
losing control. The airplane response to any control input should be predictable to the pilot.

(1) The maximum forces given in the table in § 25.143(d) for pitch and roll control for
short term application are applicable to maneuvers in which the control force is only needed for a
short period. Where the maneuver is such that the pilot will need to use one hand to operate
other controls (such as during the landing flare or a go-around, or during changes of
configuration or power resulting in a change of control force that needs to be trimmed out) the
single-handed maximum control forces will be applicable. In other cases (such as takeoff
rotation, or maneuvering during en route flight), the two-handed maximum forces will apply.

(2) Short-term and long-term forces should be interpreted as follows:

(a) Short-term forces are the initial stabilized control forces that result from
maintaining the intended flight path following configuration changes and normal transitions from
one flight condition to another, or from regaining control following a failure. It is assumed that
the pilot will take immediate action to reduce or eliminate such forces by re-trimming or
changing configuration or flight conditions, and consequently short-term forces are not
considered to exist for any significant duration. They do not include transient force peaks that
may occur during the configuration change, change of flight conditions, or recovery of control
following a failure.

(b) Long-term forces are those control forces that result from normal or failure
conditions that cannot readily be trimmed out or eliminated.

(3) In conducting the controllability and maneuverability tests of §§ 25.143, 25.145
and 25.147, consideration should be given to the requirements of § 25.671(c). Section 25.671(c)
requires the airplane to “be shown by analysis, tests, or both, to be capable of continued safe
flight and landing after any....failures or jamming in the flight control systems and surfaces
(including trim, lift, drag, and feel systems), within the normal flight envelope....” This would
include any single failure, or any combination of failures not shown to be extremely improbable.
The specific concerns for possible flight test evaluation are as follows:

(a) Unless safe flight characteristics are demonstrated with functionally related
high lift or drag devices retracted on one side of the airplane and extended on the other, the
motion of the devices on opposite sides of the plane of symmetry must be synchronized by a
mechanical interconnection or approved equivalent means as required by § 25.701 (Flap and slat
interconnection).
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(b) The “safe flight characteristics” referred to in paragraph (a), above, are
interpreted as being the retention of adequate stall margins and controllability, following the
described failure conditions, without requiring exceptional piloting skill or strength.

(c) Additionally, no hazardous change in altitude, or attitude, should occur during
transition to the asymmetric condition considering likely transition rates.

(d) Cases of primary flight control jams (i.e., pitch, roll, and yaw) to be
considered should include the following:

1 For pitch controls:
(aa) A jam at the initiation of the takeoff rotation, and

(bb) A jam at the most critical peak elevator angle reached during a
normal rotation maneuver.

2 Forroll and yaw controls, considered separately, a jam in the control
position necessary to initiate all normal turns.

(4) Modern wing designs can exhibit a significant reduction in maximum lift capability
with increasing Mach number. The magnitude of this Mach number effect depends on the
design characteristics of the particular wing. For wing designs with a large Mach number effect,
the maximum bank angle that can be achieved while retaining an acceptable stall margin can be
significantly reduced. Because the effect of Mach number can be significant, and because it can
also vary greatly for different wing designs, the multiplying factors applied to Vgz may be
insufficient to ensure that adequate maneuvering capability exists at the minimum operating
speeds. To address this issue, § 25.143(h) was added by amendment 25-108 to require a
minimum bank angle capability in a coordinated turn without encountering stall warning or any
other characteristic (including the envelope protection features of fly-by-wire flight control
systems or automatic thrust increases) that might interfere with normal maneuvering. The
maneuvering requirements consist of the minimum bank angle capability the FAA deems
adequate for the specified regimes of flight combined with additional bank angle capability to
provide a safety margin for various operational factors. These operational factors include both
potential environmental conditions (e.g., turbulence, wind gusts) and an allowance for piloting
imprecision (e.g., inadvertent overshoots). The FAA considers the automatic application of
thrust by an envelope protection feature to be a feature that might interfere with normal
maneuvering because it will result in a speed increase and a flight path deviation, as well as
potentially increasing crew workload due to the unexpected thrust increase.

b. General Test Requirements.

(1) Compliance with § 25.143 (a) through (g) is primarily a qualitative determination
by the pilot during the course of the flight test program. The control forces required and airplane
response should be evaluated during changes from one flight condition to another and during
maneuvering flight. The forces required should be appropriate to the flight condition being

82



3/29/2011 AC 25-7B

evaluated. For example, during an approach for landing, the forces should be light and the
airplane responsive in order that adjustments in the flight path can be accomplished with a
minimum of workload. In cruise flight, forces and airplane response should be such that
inadvertent control input does not result in exceeding limits or in undesirable maneuvers.
Longitudinal control forces should be evaluated during accelerated flight to ensure a positive
stick force with increasing normal acceleration. Forces should be heavy enough at the limit load
factor to prevent inadvertent excursions beyond the design limit. Sudden engine failures should
be investigated during any flight condition or in any configuration considered critical, if not
covered by another section of part 25. Control forces considered excessive should be measured
to verify compliance with the maximum control force limits specified in § 25.143(d). Allowance
should be made for delays in the initiation of recovery action appropriate to the situation.

(2) Since § 25.143(h) involves a target speed, bank angle, and maximum value of
thrust, not all flight test conditions to demonstrate compliance will necessarily result in a
constant-altitude, thrust-limited turn. In cases with positive excess thrust, a climbing condition
at the target bank and speed is acceptable. Alternately, if desired, the thrust may be reduced to
less than the maximum allowed, so that compliance is shown with a completely stabilized,
constant-altitude turn. With the airplane stabilized in a coordinated turn, holding thrust and
speed, increase bank angle at constant airspeed until compliance is shown. For cases with
negative excess thrust (e.g., the landing configuration case), a constant-altitude slow-down
maneuver at the target bank angle has been shown to be a suitable technique. With the airplane
descending at Vggr in wings-level flight on a three degree glide path, trim and throttle position
are noted. The airplane is then accelerated to Vrgr + 10-20 knots in level flight. The original
trim and throttle conditions are reset as the airplane is rolled into a constant-altitude slow-down
turn at the target bank angle. Throttles can be manipulated between idle and the marked position
to vary slow-down rate as desired. Compliance is shown when the airplane decelerates through
Vrer in the turn without encountering a stall warning or other characteristic that might interfere
with normal maneuvering.

c. Controllability Following Engine Failure. Section 25.143(b)(1) requires the airplane to
be controllable following the sudden failure of the critical engine. To show compliance with this
requirement, the demonstrations described in paragraphs (1) and (2), below, should be made with
engine failure (simulated by fuel cuts) occurring during straight, wings level flight. To allow for
likely in-service delays in initiating recovery action, no action should be taken to recover control
for two seconds following pilot recognition of engine failure. The recovery action should not
necessitate movement of the engine, propeller, or trim controls, and should not result in
excessive control forces. Additionally, the airplane will be considered to have reached an
unacceptable attitude if the bank angle exceeds 45 degrees during the recovery. These tests may
be conducted using throttle slams to idle, with actual fuel cuts repeated only for those tests found
to be critical.

(1) At each takeoff flap setting at the initial all-engine climb speed (i.e., V, + 10 knots)
with:

(a) All engines operating at maximum takeoff power or thrust prior to failure of
the critical engine;
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(b) All propeller controls (if applicable) in the takeoff position;

(c¢) The landing gear retracted; and

(d) The airplane trimmed at the prescribed initial flight condition.
(2) With the wing flaps retracted at a speed of 1.23 Vgr with:

(a) All engines operating at maximum continuous power or thrust prior to failure
of the critical engine;

(b) All propeller controls in the en route position;
(c¢) The landing gear retracted; and
(d) The airplane trimmed at the prescribed initial flight condition.

d. Airplane-Pilot Coupling (A-PC).

(1) Explanation.

(a) Section 25.143(a) and (b) require that the airplane be safely controllable and
maneuverable without exceptional piloting skill and without danger of exceeding the airplane
limiting load factor under any probable operating conditions. Service history events have
indicated that modern transport category airplanes can be susceptible to airplane-pilot coupling
under certain operating conditions and would not meet the intent of this requirement.

(b) The classic A-PC situation, commonly referred to as a “pilot-induced
oscillation” (P10O), is considered to occur when an airplane’s response is approximately 180
degrees out of phase with the pilot’s control input. However, A-PC events with 180 degrees
phase relationships are not the only conditions in which the airplane may exhibit closed-loop
(pilot-in-the-loop) characteristics that are unacceptable for operation within the normal,
operational, or limit flight envelopes. Others include unpredictability of the airplane’s response
to the pilot’s control input. This may be due to nonlinearities in the control system, actuator rate
or position limiting not sensed by the pilot through the flight controls, or changing pitch
response at high altitude as the airplane maneuvers into and out of Mach buffet. Artificial trim
and feel systems which produce controllers with too small a displacement and light force
gradients may also lead to severe over control. This is especially true in a dynamic environment
of high altitude turbulence or upsets in which the autopilot disconnects. This places the airplane
in the hands of the unsuspecting pilot in conditions of only a small g or airspeed margin to buffet
onset and with very low aerodynamic damping. These characteristics, while not 180° out of
phase PIOs per se, may be hazardous and should be considered under the more general
description of airplane-pilot coupling tendencies
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(¢) Some of the A-PC tendency characteristics described in paragraph (b) above
are attributes of transport airplanes (e.g., low frequency short period, large response lags) that
are recognized by part 25. Limits are placed on some of these individual attributes by part 25
(e.g., stick force per g, heavily damped short period) to assure satisfactory open-loop
characteristics. However, service reports from recent years have indicated that certain operating
envelope conditions, combined with triggering events, can result in airplane-pilot coupling
incidents. Some of the conditions that have led to these A-PCs include fuel management
systems that permit extended operations with a center of gravity at or near the aft limit, operating
at weight/speed/altitude conditions that result in reduced margins to buffet onset combined with
tracking tasks such as not exceeding speed limitations and severe buffet due to load factor
following an upset, and control surface rate or position limiting.

(d) This service experience has shown that compliance with only the quantitative,
open-loop (pilot-out-of-the loop) requirements does not guarantee that the required levels of
flying qualities are achieved. Therefore, in order to ensure that the airplane has achieved the
flying qualities required by § 25.143(a) and (b), the airplane should be evaluated by test pilots
conducting high-gain (wide-bandwidth), closed-loop tasks to determine that the potential of
encountering adverse A-PC tendencies is minimal.

(e) For the most part, these tasks should be performed in actual flight. However,
for conditions that are considered too dangerous to attempt in actual flight (i.e., certain flight
conditions outside of the operational flight envelope, flight in severe atmospheric disturbances,
flight with certain failure states, etc.), the closed loop evaluation tasks may be performed using a
motion base high fidelity simulator if it can be validated for the flight conditions of interest.

(2) Special Considerations.

(a) The certification team should understand the flight control system and airplane
design.

(b) The applicant should explain why the design is not conducive to an A-PC
problem and how this is to be shown in both developmental and certification flight tests.

(¢) The applicant should explain what has been done during the development
flight test experience and any design changes that were required for A-PC problems.

(d) The certification flight test program should be tailored to the specific airplane
design and to evaluate the airplane in conditions that were found to be critical during its
development program and A-PC analytical assessment.

(e) The FAA flight test pilots should also continuously evaluate the airplane for
A-PC tendencies during the certification program in both the airplane and simulator. This
evaluation should include both normal and malfunction states; all certification flight test points;
transitions between and recoveries from these flight test points; and normal, crosswind, and
offset landing task evaluations.
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(f) Since the evaluation of flying qualities under § 25.143(a) and (b) is basically
qualitative, especially evaluations of A-PC susceptibility, the high-gain tasks discussed herein
should be accomplished by at least three test pilots. Use of other pilots can provide additional
insights into the airplane handling qualities, but for the purpose of demonstrating compliance
with this requirement the evaluation pilots should be trained test pilots.

(3) Procedures (Flight Test.)

(a) Evaluation of the actual task performance achieved, e.g., flight technical error,
is not recommended as a measure of proof of compliance. Only the pilot’s rating of the A-PC
characteristics is needed as described in paragraph 20d(6). The tasks are used only to increase
the pilot’s gain, which is a prerequisite for exposing A-PC tendencies. Although task
performance is not used as proof of compliance, task performance should be recorded and
analyzed to insure that all pilots seem to be attempting to achieve the same level of performance.

(b) Tasks for a specific certification project should be based on operational
situations, flight testing maneuvers, or service difficulties that have produced A-PC events. Task
requirements for a specific project will be dictated by the particular airplane and its specific
areas of interest as determined by the tailored flight test program mentioned above. Some of
these include high altitude upset maneuvers, encounters with turbulence at high altitude in which
the autopilot disconnects, crosswind/crossed control landings with and without one engine
inoperative, and offset landings to simulate the operational case in which the airplane breaks out
of instrument meteorological conditions (IMC) offset from the glideslope and/or localizer beam
and the pilot makes a rapid alignment correction. Tests should be conducted at or near the
critical altitude/weight/c.g. combinations.

(c) Tasks described here may be useful in any given evaluation and have proven
to be operationally significant in the past. It is not intended that these are the only tasks that may
be used or may be required depending on the scope and focus of the individual evaluation being
conducted. Other tasks may be developed and used as appropriate. For example, some
manufacturers have used formation tracking tasks successfully in the investigation of these
tendencies. For all selected tasks, a build-up approach should be used and all end points should
be approached with caution. Capture tasks and fine tracking tasks share many common
characteristics but serve to highlight different aspects of any A-PC problem areas that may exist.
In some cases, depending on individual airplane characteristics, it may be prudent to look at
capture tasks first and then proceed to fine tracking tasks or combined gross acquisition (capture)
and fine tracking tasks as appropriate.

(4) Capture Tasks.

(a) Capture tasks are intended to evaluate handling qualities for gross acquisition
as opposed to continuous tracking. A wide variety of captures can be done provided the
necessary cues are available to the pilot. Pitch attitude, bank angle, heading, flight path angle,
angle-of-attack, and g captures can be done to evaluate different aspects of the airplane response.
These capture tasks can give the pilot a general impression of the handling qualities of the
airplane, but because they do not involve closed-loop fine tracking, they do not expose all of the
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problems that may arise in fine tracking tasks. Capture tasks should not be used as the only
evaluation tasks.

(b) For pitch captures, the airplane is trimmed for a specified flight condition.
The pilot aggressively captures 5 degrees pitch attitude (or 10 degrees if the airplane is already
trimmed above 5 degrees). The pilot then makes a series of aggressive pitch captures of 5 degree
increments in both directions, and then continues this procedure with ten degree increments in
both directions. An airplane with more capability can continue the procedure with larger pitch
excursions. If possible, the initial conditions for each maneuver should be such that the airplane
will remain within &+ 1,000 feet and + 10 knots of the specified flight condition during the
maneuver; however, large angle captures at high-speed conditions will inevitably produce larger
speed and altitude changes. If the airplane should get too far from the specified condition during
a task, it should be re-trimmed for the specified condition before starting the next maneuver.

(c) The other kinds of captures are usually done in a similar manner, with some
minor differences. G captures can be done from a constant-g turn or pull ups and pushovers
using + 0.2 g and = 0.5 g. Heading captures can be used to evaluate the yaw controller alone
(usually small heading changes of 5 degrees or less).

(d) Bank angle captures are also commonly done using bank-to-bank rolls.
Starting from a 15 degree bank angle, the pilot aggressively rolls and captures the opposite 15
degree bank angle (total bank angle change of 30 degrees). The pilot then rolls back and
captures 15 degrees bank in the original direction. This procedure should continue for a few
cycles. The procedure is then repeated using 30 degree bank angles, and then repeated again
using 45 degree bank angles. A variation of this is to capture wings-level from the initial bank
condition.

(e) Where suitable, combined conditions could be used as described in the task
shown in paragraph (f), below, in which a target g and bank angle are tightly tracked until the
target pitch attitude and heading are captured.

(f) The following upset and/or collision avoidance maneuvers have been found to
be effective in evaluating A-PC susceptibility when the airplane is flying at high altitude under
conditions of low g to buffet onset, typically 0.3g. This emphasis on cruise susceptibility stems
from operational experiences, but should not be interpreted as placing less emphasis on other
flight phases.

1 Trim for level flight at long-range cruise Mach number. Initiate a slight
climb and slow the aircraft while leaving power set. Push the nose over and set up a descending
turn with 30 to 40 degrees of bank and approximately 10 degrees nose below the horizon, or as
appropriate, to accelerate to the initial trim speed. At the initial trim airspeed initiate a 1.5 g to
1.67 g (not to exceed deterrent buffet) pull up and establish a turn in the opposite direction to a
heading which will intercept the initial course on which the airplane was trimmed. Establish a
pitch attitude which will provide a stabilized climb back to the initial trim altitude. The pilot
may use the throttles as desired during this maneuver and should pick a target g, bank angle,
heading, and pitch attitude to be used prior to starting the maneuver. The target g and bank angle

87



3/29/2011 AC 25-7B

should be set and tightly tracked until the target pitch attitude and heading are obtained
respectively. The stabilized steady heading climb should be tightly tracked for an adequate
amount of time to allow the pilot to assess handling qualities, even through the initial trim
altitude and course if required. The pilot should qualitatively evaluate the airplane during both
the gross acquisition and fine tracking portions of this task while looking for any tendency
towards A-PC in accordance with the criteria in paragraph 20d(6).

2 This maneuver should be repeated in the nose-down direction by
accelerating to Myo from the trim condition 10 degrees nose down and then recover as above.

3 Trim for level flight as above. Initiate a 1.5 g to 1.67 g (not to exceed
deterrent buffet) pull-up and approximately a 30 degree bank turn. Once the target g is set,
transition the aircraft to approximately a 0.5 g pushover and reverse the turn to establish an
intercept heading to the initial course. Using power as required, set up a stabilized steady
heading descent to intercept the initial course and altitude used for the trimmed condition. The
pilot may continue the heading and descent through the initial conditions to allow more tracking
time if needed. Attempt to precisely set and track bank angle, g, heading, and pitch attitude as
appropriate. The pilot should qualitatively evaluate the airplane during both the gross
acquisition and fine tracking portions of this task while looking for an A-PC tendency in
accordance with paragraph 20d(6).

(5) Fine Tracking Tasks.

(a) These tasks may be used to assess the airplane’s A-PC susceptibility when
flying in turbulent atmospheric conditions. In this task, a tracking target is displayed which
commands pitch and roll changes for the evaluation pilot to follow. Whatever visual cue is used
(e.g., head up display (HUD), flight director, etc.), it should present the tracking task without
filtering, smoothing, or bias. The pitch and roll commands should be combinations of steps and
ramps. The sequence of pitch and roll commands should be designed so as to keep the airplane
within + 1,000 feet of the test altitude and within £10 knots of the test airspeed. The sequence
should be long enough and complex enough that the pilot cannot learn to anticipate the
commands. The unfamiliarity is intended to help keep the test pilot’s gain high and to preclude
inadvertent pilot compensation while accomplishing the task. Such compensation, along with
reduced gains, could mask any A-PC tendencies.

(b) Even though these fine tracking tasks will provide insight into A-PC
susceptibility of a conventional airplane when flying in turbulence, other considerations apply to
augmented airplane types. For example, structural load alleviation systems that use the same
flight control surface as the pilot will limit the pilot’s control authority in turbulent atmospheric
conditions. Under these circumstances of rate or position limiting, A-PC tendencies will be
more critical as previously discussed. Therefore, specific evaluations for turbulent atmospheric
conditions with these systems operating are necessary for these airplane types.

(c) For single axis tasks, it has been found that aural commands given in a timed

sequence provide an adequate cue in the event it is not possible to modify the flight director to
display the pitch commands.
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(d) Based on A-PC events seen in service, high altitude tracking tasks (with up to
approximately & 4° pitch excursions from trim occurring at varying intervals of approximately 2
to 5 seconds) have been effective in evaluating A-PC susceptibility. These tasks have been used
where the airplane is flying under conditions of low g margin to buffet onset. The following
time history is a pictorial representation of a sample task in MIL-STD-1797A that has the
desired attributes for high altitude A-PC evaluations:

Figure 20-1. Sample Pitch Tracking Task
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(6) A-PC Assessment Criteria.

(a) The evaluation of an airplane for A-PC susceptibility will be conducted using
the FAA handling qualities rating method (HQRM) (See Appendix 6 for more information on
the HQRM.). Tasks should be designed to focus on any A-PC tendencies that may exist. Figure
20-2 contains the descriptive material associated with A-PC characteristics and its relationship to
the PIO Rating Scale called out in the U.S. Military Standard.

(b) Figure 20-2 provides the FAA handling qualities (HQ) rating descriptions of
airplane motions that may be seen during the conduct of specific A-PC tasks or during tests
throughout the entire certification flight test program. The italicized phrases highlight major
differences between rating categories in the table.

Figure 20-2. A-PC Rating Criteriaand Comparison To Mil Standard

MIL 1797A
STD.

FAA HQ
RATING ‘ A-PC CHARACTERISTICS DESCRIPTION
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PIO
RATING
SCALE

SAT

No tendency for pilot to induce undesirable motion.

1

Undesirable motions (overshoots) tend to occur when pilot initiates
abrupt maneuvers or attempts tight control. These motions can be
prevented or eliminated by pilot technique. (No more than minimal
pilot compensation isrequired.)

ADQ

Undesirable motions, such as unpredictability or over control,
easily induced when the pilot initiates abrupt maneuvers or
attempts tight control.

These motions can be prevented or eliminated but only at sacrifice
to task performance or through considerable pilot attention and
effort. (No more than extensive pilot compensation isrequired.)

CON

Oscillations tend to develop when pilot initiates abrupt maneuvers
or attempts tight control. Adequate performance is not attainable
and pilot has to reduce gain to recover. (Pilot can recover by
merely reducing gain.)

UNSAT

Divergent oscillations tend to develop when pilot initiates abrupt
maneuver's or attempts tight control. Pilot has to open control loop
by releasing or freezing the controller.

Disturbance or normal pilot control may cause divergent
oscillation. Pilot has to open control loop by releasing or freezing
the controller.

SAT = Satisfactory

ADQ = Adequate

CON = Controllable

UNSAT = Unsatisfactory or Failed
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(c) The acceptable HQ ratings for A-PC tendencies is shown in figure 12 of
Appendix 6. As described in that appendix, the minimum HQ rating, and consequently the
pass/fail criteria, varies with the flight envelope, atmospheric disturbance considered, and failure
state. For example, figure 20-3 below shows a handling qualities matrix for a tracking task with
the airplane at aft c.g. trimmed in flight conditions giving 1.3 g to buffet onset.

Figure 20-3 Example of Acceptable HQ Rating For A-PC Tendencies

Airplane at aft c.g. trimmed in conditions giving 1.3 g to buffet onset

AIRSPEED Mirc Mirc Mirc Mirc
LOAD
FACTOR 0.8TO1.3 -1.0 TO 2.5 0.8TO 1.3 -1.0 TO 2.5
RANGE
BUFFET ONSET DETERRENT ONSET DETERRENT
LEVEL
TURBULENCE LIGHT LIGHT LIGHT LIGHT
IMPROBABLE | IMPROBABLE
FAILURE NONE NONE FAILURE OF FAILURE OF
SAS SAS
FLIGHT
ENVELOPE NFE LFE NFE LFE
MINIMUM
PERMITTED SAT ADQ ADQ CON
HQ RATING

SAT = Satisfactory ADQ = Adequate CON = Controllable
NFE = Normal flight envelope LFE = Limit flight envelope
SAS = Stability augmentation system

M rc = Long range cruise mach number

e. Maneuvering Characteristics - § 25.143(g).

(1) General. An acceptable means of compliance with the requirement that stick forces
may not be excessive when maneuvering the airplane is to demonstrate that, in a turn for 0.5g
incremental normal acceleration (0.3g above 20,000 feet) at speeds up to Vec/Mgc, the average
stick force gradient does not exceed 120 pounds per g.

(2) Interpretive Material.

(a) The objective of § 25.143(g) is to ensure that the limit strength of any critical
component on the airplane would not be exceeded in maneuvering flight. In much of the
structure, the load sustained in maneuvering flight can be assumed to be directly proportional to
the load factor applied. However, this may not be the case for some parts of the structure (e.g.,
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the tail and rear fuselage). Nevertheless, it is accepted that the airplane load factor will be a
sufficient guide to the possibility of exceeding limit strength on any critical component if a
structural investigation is undertaken whenever the design positive limit maneuvering load factor
is closely approached. If flight testing indicates that the positive design limit maneuvering load
factor could be exceeded in steady maneuvering flight with a 50 pound stick force, the airplane
structure should be evaluated for the anticipated load at a 50 pound stick force. The airplane will
be considered to have been overstressed if limit strength has been exceeded in any critical
component. For the purposes of this evaluation, limit strength is defined as the lesser of either
the limit design loads envelope increased by the available margins of safety, or the ultimate static
test strength divided by 1.5.

(b) Minimum Stick Force to Reach Limit Strength.

1 A stick force of at least 50 pounds to reach limit strength in steady
maneuvers or wind-up turns is considered acceptable to demonstrate adequate minimum force at
limit strength in the absence of deterrent buffeting. If heavy buffeting occurs before the limit
strength condition is reached, a somewhat lower stick force at limit strength may be acceptable.
The acceptability of a stick force of less than 50 pounds at the limit strength condition will
depend upon the intensity of the buffet, the adequacy of the warning margin (i.e., the load factor
increment between the heavy buffet and the limit strength condition), and the stick force
characteristics. In determining the limit strength condition for each critical component, the
contribution of buffet loads to the overall maneuvering loads should be taken into account.

2 This minimum stick force applies in the en route configuration with the
airplane trimmed for straight flight, at all speeds above the minimum speed at which the limit
strength condition can be achieved without stalling. No minimum stick force is specified for
other configurations, but the requirements of § 25.143(g) are applicable in these conditions.

(c) Stick Force Characteristics.

1 Atall points within the buffet onset boundary determined in accordance
with § 25.251(e), but not including speeds above Vrc/Mgc, the stick force should increase
progressively with increasing load factor. Any reduction in stick force gradient with change of
load factor should not be so large or abrupt as to impair significantly the ability of the pilot to
maintain control over the load factor and pitch attitude of the airplane.

2 Beyond the buffet onset boundary, hazardous stick force characteristics
should not be encountered within the permitted maneuvering envelope as limited by paragraph
20e(2)(c)3. It should be possible, by use of the primary longitudinal control alone, to rapidly
pitch the airplane nose down so as to regain the initial trimmed conditions. The stick force
characteristics demonstrated should comply with the following:

(aa) For normal acceleration increments of up to 0.3g beyond buffet

onset, where these can be achieved, local reversal of the stick force gradient may be acceptable,
provided that any tendency to pitch up is mild and easily controllable.
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(bb) For normal acceleration increments of more than 0.3g beyond buffet
onset, where these can be achieved, more marked reversals of the stick force gradient may be
acceptable. It should be possible to contain any pitch-up tendency of the airplane within the
allowable maneuvering limits, without applying push forces to the control column and without
making a large and rapid forward movement of the control column.

3 In flight tests to satisfy paragraphs 20e(2)(c)(1) and (2), the load factor
should be increased until either:

(aa) The level of buffet becomes sufficient to provide a strong and
effective deterrent to any further increase of the load factor; or

(bb) Further increase of the load factor requires a stick force in excess of
150 pounds (or in excess of 100 pounds when beyond the buffet onset boundary) or is impossible
because of the limitations of the control system; or

(cc) The positive limit maneuvering load factor established in
compliance with § 25.337(b) is achieved.

(d) Negative Load Factors. It is not intended that a detailed flight test assessment
of the maneuvering characteristics under negative load factors should necessarily be made
throughout the specified range of conditions. An assessment of the characteristics in the normal
flight envelope involving normal accelerations from 1g to zero g will normally be sufficient.
Stick forces should also be assessed during other required flight testing involving negative load
factors. Where these assessments reveal stick force gradients that are unusually low, or that are
subject to significant variation, a more detailed assessment, in the most critical of the specified
conditions, will be required. This may be based on calculations, provided they are supported by
adequate flight test or wind tunnel data.

f. Thrust or Power Setting for Maneuver Capability Demonstrations. The effect of thrust
or power on maneuver capability is normally a function of only the thrust-to-weight ratio.
Therefore, for those configurations in which the weight, altitude, temperature (WAT)-limited
thrust or power setting is prescribed, it is usually acceptable to use the thrust or power setting
that is consistent with a WAT-limited climb gradient at the test conditions of weight, altitude,
and temperature. However, if the maneuver margin to stall warning (or other characteristic that
might interfere with normal maneuvering) is reduced with increasing thrust or power, the critical
conditions of both thrust or power and thrust-to-weight ratio should be taken into account when
demonstrating the required maneuvering capabilities.
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21. Longitudinal Control - § 25.145.

a. Explanation.

(1) Section 25.145(a) requires that there be adequate longitudinal control to promptly
pitch the airplane nose down from at or near the stall to return to the original trim speed. The
intent is to ensure sufficient pitch control for a prompt recovery if inadvertently slowed to the
point of stall. Although this requirement must be met with power off and at maximum
continuous thrust or power, there is no intention to require stall demonstrations with thrust or
power above that specified in § 25.101(a)(2). Instead of performing a full stall at maximum
continuous power or thrust, compliance may be assessed by demonstrating sufficient static
longitudinal stability and nose down control margin when the deceleration is ended at least one
second past stall warning during a one knot per second deceleration. The static longitudinal
stability during the maneuver and the nose down control power remaining at the end of the
maneuver must be sufficient to assure compliance with the requirement.

(2) Section 25.145(b) requires changes to be made in flap position, power, and speed
without undue effort when re-trimming is not practical. The purpose is to ensure that any of
these changes are possible assuming that the pilot finds it necessary to devote at least one hand
to the initiation of the desired operation without being overpowered by the primary airplane
controls. The objective is to show that an excessive change in trim does not result from the
application or removal of power or the extension or retraction of wing flaps. The presence of
gated positions on the flap control does not affect the requirement to demonstrate full flap
extensions and retractions without changing the trim control. Compliance with § 25.145(b) also
requires that the relation of control force to speed be such that reasonable changes in speed may
be made without encountering very high control forces.

(3) Section 25.145(c) contains requirements associated primarily with attempting a go-
around maneuver from the landing configuration. Retraction of the high-lift devices from the
landing configuration should not result in a loss of altitude if the power or thrust controls are
moved to the go-around setting at the same time that flap/slat retraction is begun. The design
features involved with this requirement are the rate of flap/slat retraction, the presence of any
flap gates, and the go-around power or thrust setting. The go-around power or thrust setting
should be the same as is used to comply with the approach and landing climb performance
requirements of §§ 25.121(d) and 25.119, and the controllability requirements of
§§ 25.145(b)(3), 25.145(b)(4), 25.145(b)(5), 25.149(f), and 25.149(g). The controllability
requirements may limit the go-around power or thrust setting.

(4) Section 25.145(d) provides requirements for demonstrating compliance with
§ 25.145(c) when gates are installed on the flap selector. Section 25.145(d) also specifies gate
design requirements. Flap gates, which prevent the pilot from moving the flap selector through
the gated position without a separate and distinct movement of the selector, allow compliance
with these requirements to be demonstrated in segments. High lift device retraction must be
demonstrated beginning from the maximum landing position to the first gated position, between
gated positions, and from the last gated position to the fully retracted position.
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(a) If gates are provided, § 25.145(d) requires the first gate from the maximum
landing position to be to be located at a position corresponding to a go-around configuration. If
there are multiple go-around configurations, the following criteria should be considered when
selecting the location of the gate:

[—

The expected relative frequency of use of the available go-around
configurations.

1\

The effects of selecting the incorrect high-lift device control position.

3 The potential for the pilot to select the incorrect control position,
considering the likely situations for use of the different go-around positions.

4  The extent to which the gate(s) aid the pilot in quickly and accurately
selecting the correct position of the high-lift devices.

(b) Regardless of the location of any gates, initiating a go-around from any of the
approved landing positions should not result in a loss of altitude. Therefore, § 25.145(d) requires
that compliance with § 25.145(c) be demonstrated for retraction of the high-lift devices from
each approved landing position to the control position(s) associated with the high-lift device
configuration(s) used to establish the go-around procedure(s) from that landing position. A
separate demonstration of compliance with this requirement should only be necessary if there is
a gate between an approved landing position and its associated go-around position(s). If there is
more than one associated go-around position, conducting this test using the go-around
configuration with the most retracted high-lift device position should suffice, unless there is a
more critical case. If there are no gates between any of the landing flap positions and their
associated go-around positions, the demonstrations discussed in paragraph 21a(4) above should
be sufficient to show compliance with this provision of § 25.145(d).

b. Procedures. The following test procedures outline an acceptable means for
demonstrating compliance with § 25.145. These tests may be conducted at an optional altitude
in accordance with § 25.21(c). Where applicable, the conditions should be maintained on the
engines throughout the maneuver.

(I) Longitudinal control recovery, § 25.145(a):

(a) Configuration:

1 Maximum weight or a lighter weight if considered more critical.

2 Aftc.g. position.

3 Landing gear extended.

4  Wing flaps retracted and extended to the maximum landing position.
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5  Engine power at idle and maximum continuous.

(b) Test procedure: The airplane must be trimmed at the speed for each
configuration as prescribed in § 25.103(b)(6). The airplane should then be decelerated at 1 knot
per second with wings level. For tests at idle power, the applicant must demonstrate that the
nose can be pitched down from any speed between the trim speed and the stall. Typically, the
most critical point is at the stall when in stall buffet. The rate of speed increase during the
recovery should be adequate to promptly return to the trim point. Data from the stall
characteristics testing can be used to evaluate this capability at the stall. For tests at maximum
continuous power, the maneuver need not be continued for more than one second beyond the
onset of stall warning. However, the static longitudinal stability characteristics during the
maneuver, and the nose down control power remaining at the end of the maneuver, must be
sufficient to assure that a prompt recovery to the trim speed could be attained if the airplane is
slowed to the point of stall.

(2) Longitudinal control, flap extension, § 25.145(b)(1).

(a) Configuration:

1 Maximum landing weight or a lighter weight if considered more critical.
2 Critical c.g. position.

3 Wing flaps retracted.

4  Landing gear extended.

5  Engine power at flight idle.

(b) Test procedure: The airplane must be trimmed at a speed of 1.3 Vgr. The
flaps must be extended to the maximum landing position as rapidly as possible while
maintaining approximately 1.3 Vs for the flap position existing at each instant throughout the
maneuver. The control forces must not exceed 50 Ibs. (the maximum force for short term
application that can be applied readily by one hand) throughout the maneuver without changing
the trim control.

(3) Longitudinal control, flap retraction, § 25.145(b)(2) & (3).

(a) Configuration:

1 Maximum landing weight or a lighter weight if considered more critical.
2 Critical c.g. position.
3 Wing flaps extended to maximum landing position.
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Landing gear extended.

Engine power at flight idle and the go-around power or thrust setting.

(b) Test procedure: With the airplane trimmed at 1.3 Vg, the flaps must be
retracted to the full up position while maintaining approximately 1.3 Vgg for the flap position
existing at each instant throughout the maneuver. The longitudinal control force must not
exceed 50 Ibs. throughout the maneuver without changing the trim control.

(4) Longitudinal control, power application, § 25.145(b)(4) & (5).

(a) Configuration:

N =

|98}

4

5

Maximum landing weight or a lighter weight if considered more critical.
Critical c.g. position.

Wing flaps retracted and extended to the maximum landing position.
Landing gear extended.

Engine power at flight idle.

(b) Test procedure: The airplane must be trimmed at a speed of 1.3 Vsr. Quickly
set go-around power or thrust while maintaining the speed of 1.3 Vgg. The longitudinal control
force must not exceed 50 pounds throughout the maneuver without changing the trim control.

(5) Longitudinal control, airspeed variation, § 25.145(b)(6).

(a) Configuration:

1

2

|4~ [

Jn

Maximum landing weight or a lighter weight if considered more critical.
Most forward c.g. position.

Wing flaps extended to the maximum landing position.

Landing gear extended.

Engine power at flight idle.

(b) Test Procedure: The airplane must be trimmed at a speed of 1.3 Vgg. The
speed should then be reduced to Vsw and then increased to 1.6 Vgg, or the maximum flap
extended speed, Vig, whichever is lower. The longitudinal control force must not be greater than
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50 Ibs. Data from the static longitudinal stability tests in the landing configuration at forward
c.g., § 25.175(d), may be used to show compliance with this requirement.

(6) Longitudinal control, flap retraction and power application, § 25.145(c).

(a) Configuration:
1 Critical combinations of maximum landing weights and altitudes.
2 Critical c.g. position.

3 Wing flaps extended to the maximum landing position and gated position,
if applicable.

4  Landing gear extended.

5  Engine power for level flight at a speed of 1.08 Vgr for propeller driven
airplanes, or 1.13Vg; for turbojet powered airplanes.

(b) Test procedure. With the airplane stable in level flight at a speed of 1.08 Vgr
for propeller driven airplanes, or 1.13 Vg, for turbojet powered airplanes, retract the flaps to the
full up position, or the next gated position, while simultaneously setting go-around power or
thrust. Use the same power or thrust as is used to comply with the performance requirement of
§ 25.121(d), as limited by the applicable controllability requirements. It must be possible,
without requiring exceptional piloting skill, to prevent losing altitude during the maneuver.
Trimming is permissible at any time during the maneuver. If gates are provided, conduct this
test beginning from the maximum landing flap position to the first gate, from gate to gate, and
from the last gate to the fully retracted position. If there is a gate between any landing position
and its associated go-around position(s), this test should also be conducted from that landing
position through the gate to the associated go-around position. If there is more than one
associated go-around position, this additional test should be conducted using the go-around
position corresponding to the most retracted flap position, unless another position is more
critical. Keep the landing gear extended throughout the test.

(7) Longitudinal control, extreme out-of-trim takeoff conditions, §§ 25.107(e)(4) and
25.143(a)(1).

(a) Configuration:

1 Critical combinations of takeoff weight and forward and aft c.g. limits.
2 Wing flaps in all takeoff positions.
3 All engines operating at maximum takeoff power or thrust.
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(b) The airplane should be loaded to weight and c.g. combinations representing
critical corners of the takeoff envelope for both forward and aft c.g. limits. The longitudinal trim
should be set for the extreme opposite c.g. (e.g., load to forward c.g. limit at a given weight and
set the longitudinal trim for the aft c.g. limit at that weight) as presented in the takeoff trim
green-band, including the takeoff warning system rigging tolerance. Accomplish a takeoff at
normal operating speeds and evaluate the control forces and airplane responses to control inputs.
In accordance with § 25.107(¢e)(4), this out-of-trim takeoff configuration must not result in any
unsafe flight characteristics.

22. Directional and Lateral Control - § 25.147.

a. Explanation.

(1) Sections 25.147(a) and (b) provide criteria for investigation of the airplane to
determine if it may have dangerous characteristics such as rudder lock or loss of directional
control if it is maneuvered with the rudder only, maintaining wings level, when one or two
critical engines are inoperative. Some yaw should be possible into the operating engine(s). It
should also be possible to make reasonably sudden heading changes of up to 15 degrees, as
limited by rudder force or deflection, toward the inoperative engine(s). The intention of the
requirement is that the airplane can be yawed as prescribed without the need for application of
bank angle. Small variations of bank angle that are inevitable in a realistic flight test
demonstration are acceptable.

(2) Sections 25.147(c) and (e) require an airplane to be easily controllable with the
critical engine(s) inoperative. Section 25.147(d) further requires that lateral control be sufficient
to provide a roll rate necessary for safety, without excessive control forces or travel, at the
speeds likely to be used with one engine inoperative. Compliance can normally be demonstrated
in the takeoff configuration at V; speed, because this condition is usually the most critical.
Normal operation of a yaw stability augmentation system (SAS) should be considered in
accordance with the normal operating procedures. Roll response with all engines operating,

§ 25.147(f), should be satisfactory for takeoff, approach, landing, and high speed configurations.
Any permissible configuration that could affect roll response should be evaluated.

b. Procedures. The following test procedures outline an acceptable means for
demonstrating compliance with § 25.147.

(1) Directional Control - General, § 25.147(a).

(a) Configuration:

1 Maximum landing weight.
2 Most aft c.g. position.
3 Wing flaps extended to the approach position.
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Landing gear retracted.

|

Yaw SAS on, and off if applicable.

6  Operating engine(s) at the power for level flight at 1.3 Vgg, but not more
than maximum continuous power.

7  Inoperative engine that would be most critical for controllability, with
propeller feathered, if applicable.

(b) Test Procedure. The airplane must be trimmed in level flight at the most
critical altitude in accordance with § 25.21(c). Make reasonably sudden changes in heading to
the left and right of up to 15 degrees (but not using more than 150 Ibs. rudder force), using
ailerons to maintain approximately wings level flight. The airplane should be controllable and
free from any hazardous characteristics during this maneuver. For the airplane equipped with a
rudder boost system, the evaluation should be done without rudder boost if the boost system can
be inoperative.

(2) Directional Control - Four or More Engines, § 25.147(b).

(a) Configuration:
1  Maximum landing weight.

2 Most forward c.g. position.

3 Wing flaps in the most favorable climb position (normally retracted).
4 Landing gear retracted.
5 Yaw SAS on, and off if applicable.

6  Operating engines at the power required for level flight at 1.3 Vg, but
not more than maximum continuous power.

7  Two inoperative engines that would be most critical for controllability
with (if applicable) propellers feathered.

(b) Test Procedure. The procedure outlined in subparagraph 22b(1)(b), above, is
applicable to this test.

(3) Lateral Control - General, § 25.147(c).

(a) Configuration:

1 Maximum takeoff weight.
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Most aft c.g. position.

Wing flaps in the most favorable climb position.
Landing gear retracted and extended.

Yaw SAS on, and off if applicable.

Operating engine(s) at maximum continuous power.

The inoperative engine that would be most critical for controllability,

with the propeller ¥eathered, if applicable.

(b) Test Procedure. With the airplane trimmed at 1.3 Vg, turns with a bank
angle of 20 degrees must be demonstrated with and against the inoperative engine from a steady
climb at 1.3 Vgg;. It should not take exceptional piloting skill to make smooth, predictable turns.

(4) Lateral Control — Roll Capability, § 25.147(d)

(a) Configuration:

1

2

[~ 0%}

|

6

7

Maximum takeoff weight.

Most aft c.g. position.

Wing flaps in the most critical takeoft position.
Landing gear retracted.

Yaw SAS on, and off, if applicable.

Operating engine(s) at maximum takeoff power.

The inoperative engine that would be most critical for controllability,

with propellers fea_thered, if applicable.

(b) Test Procedure. With the airplane in trim, or as nearly as possible in trim, for
straight flight at V,, establish a steady 30 degree banked turn. Demonstrate that the airplane can
be rolled to a 30 degree bank angle in the other direction in not more than 11 seconds. The
rudder may be used to the extent necessary to minimize sideslip. Demonstrate this maneuver in
the most adverse direction. The maneuver may be unchecked, that is, the pilot need not apply a
control input to stop the roll until after the 30 degree bank angle is achieved. Care should be
taken to prevent excessive sideslip and bank angle during the recovery.

(5) Lateral Control - Four or More Engines, § 25.147(e).
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(a) Configuration:

1  Maximum takeoff weight.

2 Most aft c.g. position.

3 Wing flaps in the most favorable climb position.
4 Landing gear retracted and extended.

5 Yaw SAS on, and off if applicable.

6  Operating engines at maximum continuous power.

7  Two inoperative engines most critical for controllability, with propellers
feathered, if applicable.

(b) Test Procedure: The procedure outlined in paragraph 22b(3)(b) is applicable
to this test.

(6) Lateral Control - All Engines Operating, § 25.147(f).

(a) Configuration: All configurations within the flight envelope for normal
operation.

(b) Test Procedure: This is primarily a qualitative evaluation that should be
conducted throughout the test program. Roll performance should be investigated throughout the
flight envelope, including speeds to Vrc/Mkc, to ensure adequate peak roll rates for safety,
considering the flight condition, without excessive control force or travel. Roll response during
sideslips expected in service should provide maneuvering capabilities adequate to recover from
such conditions. Approach and landing configurations should be carefully evaluated to ensure
adequate control to compensate for gusts and wake turbulence while in close proximity to the
ground.

23. Minimum Control Speed - § 25.149.

a. Explanation. Section 25.149 defines requirements for minimum control speeds during
takeoff climb (Vyc), during takeoff ground roll (Vmcg), and during approach and landing (Vmcr
and Vucr2). The Ve (commonly referred to as Vyca) requirements are specified in
§ 25.149(a), (b), (c) and (d); the Ve requirements are described in § 25.149(e); and the Vivcr
and VL2 requirements are covered in § 25.149(f), (g) and (h). Section 25.149(a) states that
“...the method used to simulate critical engine failure must represent the most critical mode of
powerplant failure with respect to controllability expected in service.” That is, the thrust loss
from the inoperative engine must be at the rate that would occur if an engine suddenly became
inoperative in service. Prior to amendment 25-42 to § 25.149, the regulation required that rudder
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control forces must not exceed 180 1bs. With the adoption of amendment 25-42, rudder control
forces became limited to 150 Ibs. The relationships between Vg, Vi, and Vycg are discussed in
paragraph 10, Takeoff and Takeoff Speeds, and paragraph 11, Accelerate-Stop Distance.

b. Procedures.
(1) General.

(a) Prior to beginning the minimum control speed tests, an evaluation should be
conducted to determine which engine’s failure will result in the largest asymmetric yawing
moment (i.e., the “critical” engine). This is typically done by setting one outboard engine to
maximum thrust, setting the corresponding opposite engine at idle, and decelerating with wings
level until full rudder is required. By alternating power on/power off from left to right, the
critical engine can be defined as the idle engine that requires the highest minimum speed to
maintain a constant heading with full rudder deflection.

(b) For propeller-driven airplanes, Vmca, Vmca, and Vyer (and Vver -2, as
applicable) should be determined by rendering the critical engine(s) inoperative and allowing the
propeller to attain the position it automatically assumes. However, for some engine/propeller
installations, a more critical drag condition could be produced as the result of a failure mode that
results in a partial power condition that does not actuate the automatic propeller drag reduction
system (e.g., autofeather system). One example is a turbopropeller installation that can have a
fuel control failure, which causes the engine to go to flight idle, resulting in a higher asymmetric
yawing moment than would result from an inoperative engine. In such cases, in accordance with
§ 25.149(a), the minimum control speed tests must be conducted using the most critical failure
mode. For propeller-driven airplanes where Vyica is based on operation of a propeller drag
reduction system, Vyca should also be defined with the critical engine at idle to address the
training situation where engine failure is simulated by retarding the critical engine to idle. If
VMca at idle is more than one knot greater than for the engine failure with an operating drag
reduction system, the idle engine Vyjca should be included in the normal procedures section of
the AFM as advisory information to maintain the level of safety in the aforementioned training
situation.

(¢) AFM values of Vmca, Vmcs, and Viyer (and Viyer -, as applicable) should be
based on the maximum net thrust reasonably expected for a production engine. These speeds
should not be based on specification thrust, since this value represents the minimum thrust
guaranteed by the engine manufacturer, and the resulting minimum control speeds will not be
representative of what could be achieved in operation. The maximum thrust used for scheduled
AFM minimum control speeds should represent the high side of the tolerance band, but may be
determined by analysis instead of tests.

(d) When determining Vyca, VMmcr and Vier-2, consideration should be given to
the adverse effect of maximum approved lateral fuel imbalance on lateral control availability.
This is especially of concern if tests or analysis show that the lateral control available is the
determining factor of a particular V.
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(2) Minimum Control Speeds - Air (Vmca).

(a) In showing compliance with the Vyica requirements, the following two
conditions should be satisfied: (Separate tests are usually conducted to show compliance with
these two requirements.)

1 The stabilized (static) condition where constant heading is maintained
without exceeding a 5-degree bank angle, and

2 The dynamic condition in which control is maintained without exceeding
a heading change of 20 degrees.

(b) Static Test Procedure and Required Data.

1 To determine Vyca, use the configuration specified in § 25.149, except
that Vyca is normally determined at minimum weight in order to minimize the stall speed and
because static Vyca decreases with increased weight if a 5 degree bank angle is used. The
requirement of § 25.149(c) that Vyica not exceed 1.13 Vg is based on Vg at maximum sea level
takeoff weight. With the critical engine inoperative, the corresponding opposite engine should
be adjusted to maximum takeoff power/thrust, and the airspeed decreased until heading can just
be maintained with full rudder and no more than a 5 degree bank into the operating engine. For
airplanes with more than two engines, the inboard engine(s) may be set to any thrust necessary to
assist in developing the desired level of asymmetric thrust, or to achieve the desired flightpath
angle (normally level flight).

2 If the maximum asymmetric thrust that is permitted by the AFM
operating limitations was maintained at the test day Vuca, and the rudder pedal force did not
exceed the limit specified in § 25.149(d), the resulting speed may be used as the single value of
Vmca for the airplane. If] at the option of the applicant, the AFM value of Vica is to vary with
pressure altitude and temperature, the test day minimum control speed and the corresponding
thrust should be used to calculate an equivalent yawing moment coefficient (Cy). This Cy value
may then be used to calculate Viyica as a function of takeoff thrust, thus permitting Viyica to be
scheduled as a function of pressure altitude and temperature for takeoff data expansion and
presentation in the AFM. (See Appendix 3 for further discussion of Vyica correction.)

3 If maximum allowable takeoff thrust could not be developed at the flight
test conditions, but maximum rudder deflection was achieved, then the Vyica value
corresponding to sea level standard day maximum asymmetric thrust may be calculated from the
Cy attained at the test value of Vyca. Extrapolation using this constant Cy method should be
limited to 5 percent of the test day asymmetric thrust, and should only be permitted if the rudder
pedal force at the test day Vica was not more than 95 percent of the limit value specified in
§ 25.149(d). For extrapolation beyond 5 percent thrust, a more rigorous analysis should be made
that includes all the applicable stability and control terms. (See Appendix 3 for further
discussion of Vyica correction.)
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4 If Vmca could not be achieved due to stall buffet, or excessive rudder
pedal force, a parametric investigation should be undertaken to determine whether Vyica is
limited by stall speed, maximum rudder deflection, or maximum allowable rudder pedal force.
(See Appendix 7.)

(c) Dynamic Test Procedures and Required Data.

1 After the static Vca tests have been completed, dynamic engine cuts
should be evaluated at a series of decreasing airspeeds to show that sudden engine failure at any
speed down to the static Vca value meets the requirements of § 25.149. The dynamic Vica
test is conducted by applying the maximum approved power/thrust to all outboard engines,
stabilizing at the test airspeed, and then cutting fuel to the critical engine. The pilot must be able
to recover to a constant heading, without deviating more than 20 degrees from the original
heading, while maintaining the test airspeed, without reducing power/thrust on the operating
engine(s), and without exceeding the rudder pedal force limit of § 25.149(d). If the dynamic
tests result in a Viica greater than the static value, the increment between the static and dynamic
VMca at the same altitude should be added to the sea level extrapolated value. If the dynamic
value is less than the static value, the static Vyca should be used for the AFM data expansion.

2 Ifstatic Vica is near stall speed at the minimum practicable test weight,
or if the thrust-to-weight ratio (T/W) results in a trimmed pitch attitude of more than 20 degrees,
it is not feasible to attempt to accurately define a quantitative value of Vyjca using a sudden
engine cut because of the dynamics of the rapid pitch down maneuver required, and the hazard
associated with a potential spin entry. Additionally, an extreme nose up attitude followed by an
engine cut is not representative of an operational takeoff engine failure. Since § 25.107(e)(1)(ii)
requires Vg to be not less than 1.05 Vyca, and there is some additional speed increase prior to
lift off, a transport airplane is typically never airborne below approximately 1.08 Vyica.
Therefore, instead of using the dynamic method to define Viyica for these aircraft with high T/W
or stall speed coincident with Vyca, it is more appropriate for a dynamic engine cut to be
evaluated only for acceptable controllability, and at a more representative speed. For these
airplanes, a dynamic engine cut should be evaluated at an airspeed of either 1.08 Vgg or 1.1
Vmca (static), whichever is greater. During the entry to, and recovery from this maneuver, all
the requirements of § 25.149(d) must be met.

3 For airplanes with rudder travel-limited Vyca’s that have increased thrust
engines installed, with no changes to the airframe’s geometric layout or dimensions, it may not
be necessary to conduct dynamic Vyca flight testing if the thrust has not increased more than 10
percent above the level at which dynamic Vyca had previously been demonstrated. (See
Appendix 3 of this AC).

(3) Minimum Control Speed - Ground (Vmcg) - § 25.149(e).
(a) It must be demonstrated that, when the critical engine is suddenly made
inoperative at Vycg during the takeoff ground roll, the airplane is safely controllable if the

takeoff is continued. During the demonstration, the airplane must not deviate more than 30 ft.
(25 ft. prior to amendment 25-42) from the pre-engine-cut projected ground track. The critical
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engine) for ground minimum control speed testing should be determined during the takeoff
ground run using techniques similar to these described in paragraph 23b(1). If there is a
significant difference in left and right rudder deflection, the loss of asymmetric propeller disc
loading, due to near zero angle-of-attack during the takeoff roll, could result in the critical engine
being on the opposite side of the airplane relative to the airborne minimum control speed tests.

(b) Tests may be conducted by abruptly retarding the critical engine to idle to
establish the minimum value of Vycg. At least one fuel cut should be made at each maximum
asymmetric thrust level desired to be certificated to investigate the more rapid thrust decay
associated with this type of engine failure. At the applicant’s option, to account for crosswind
test conditions, the runs may be made on reciprocal headings, or an analytical correction may be
applied to determine the zero crosswind value of Vyice.

(¢) During determination of Vyicg, engine failure recognition should be provided
by:

1 The pilot feeling a distinct change in the directional tracking
characteristics of the airplane; or

2  The pilot seeing a directional divergence of the airplane with respect to
the view outside the airplane.

(d) Control of the airplane should be accomplished by use of the rudder only. All
other controls, such as ailerons and spoilers, should only be used to correct any alterations in the
airplane attitude and to maintain a wings level condition. Use of those controls to supplement
the rudder effectiveness should not be allowed. Care should also be taken not to inadvertently
apply brake pressure during large rudder deflections, as this will invalidate the test data.

(e) Vwmcc testing should be conducted at the heaviest weight where Vyicg may
impact the AFM V, schedule.

(f) Vwmce testing should be conducted at aft c.g. and with the nose wheel free to
caster, to minimize the stabilizing effect of the nose gear. If the nose wheel does not caster
freely, the test may be conducted with enough nose up elevator applied to lift the nose wheel off
the runway.

(g) For airplanes with certification bases prior to amendment 25-42, Vyicg values
may be demonstrated with nose wheel rudder pedal steering operative for dispatch on wet
runways. The test should be conducted on an actual wet runway. The test(s) should include
engine failure at or near a minimum Vg associated with minimum Vg to demonstrate adequate
controllability during rotation, liftoff, and the initial climbout. The Vycg values obtained by this
method are applicable for wet or dry runways only, not for icy runways.

(4) Minimum Control Speed During Approach and Landing Vucr - § 25.149(f).
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(a) This section is intended to ensure that the airplane is safely controllable
following an engine failure during an all-engines-operating approach and landing. From a
controllability standpoint, the most critical case usually consists of an engine failing after the
power or thrust has been increased to perform a go-around from an all-engines-operating
approach. Section 25.149(f) requires the minimum control speed to be determined that allows a
pilot of average skill and strength to retain control of the airplane after the critical engine
becomes inoperative and to maintain straight flight with less than 5 degrees of bank angle.
Section 25.149(h) requires that sufficient lateral control be available at V¢ to roll the airplane
through an angle of 20 degrees, in the direction necessary to initiate a turn away from the
inoperative engine, in not more than five seconds when starting from a steady straight flight
condition.

(b) Conduct this test using the most critical of the all-engines-operating approach
and landing configurations or, at the option of the applicant, each of the all-engines-operating
approach and landing configurations. The procedures given in paragraphs 23b(2)(b) and (c) for
Vmca may be used to determine Vicr, except that flap and trim settings should be appropriate to
the approach and landing configurations, the power or thrust on the operating engine(s) should
be set to the go-around power or thrust setting, and compliance with all V¢, requirements of
§ 25.149(f) and (h) must be demonstrated.

(c) Inaccordance with § 25.149(f)(5) for propeller driven airplanes, the propeller
must be in the position it achieves without pilot action following engine failure, assuming the
engine fails while at the power or thrust necessary to maintain a three degree approach path
angle.

(d) At the option of the applicant, a one-engine-inoperative landing minimum
control speed, VmcL(1 ou), may be determined in the conditions appropriate to an approach and
landing with one engine having failed before the start of the approach. In this case, only those
configurations recommended for use during an approach and landing with one engine
inoperative need be considered. The propeller of the inoperative engine, if applicable, may be
feathered throughout. The resulting value of Vmci(1 oury may be used in determining the
recommended procedures and speeds for a one-engine-inoperative approach and landing.

(5) Minimum Control Speed with Two Inoperative Engines During Approach and
Landing (Vmcr-2) - § 25.149(g).

(a) For airplanes with three or more engines, Vycr-2 is the minimum speed for
maintaining safe control during the power or thrust changes that are likely to be made following
the failure of a second critical engine during an approach initiated with one engine inoperative.

(b) In accordance with § 25.149(g)(5) for propeller driven airplanes, the propeller
of the engine that is inoperative at the beginning of the approach may be in the feathered
position. The propeller of the more critical engine must be in the position it automatically
assumes following engine failure.
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(c) Conduct this test using the most critical approved one-engine-inoperative
approach or landing configuration (usually the minimum flap deflection), or at the option of the
applicant, each of the approved one-engine-inoperative approach and landing configurations.
The following demonstrations should be conducted to determine Vyicr-»:

1 With the power or thrust on the operating engines set to maintain a minus
3 degree glideslope with one critical engine inoperative, the second critical engine is made
inoperative and the remaining operating engine(s) are advanced to the go-around power or thrust
setting. The Vycr-2 speed is established by the procedures presented in paragraphs 23b(2)(b)
and (c¢) for Vca, except that flap and trim settings should be appropriate to the approach and
landing configurations, the power or thrust on the operating engine(s) should be set to the go-
around power or thrust setting, and compliance with all Vyicr.» requirements of § 25.149(g) and
(h) must be demonstrated.

2 With power on the operating engines set to maintain a minus 3 degree
glideslope, with one critical engine inoperative:

(aa) Set the airspeed at the value determined above in step 1 and, with
zero bank angle, maintain a constant heading using trim to reduce the control force to zero. If
full trim is insufficient to reduce the control force to zero, full trim should be used plus control
deflection as required; and

(bb) Make the second critical engine inoperative and retard the remaining
operating engine(s) to minimum available power without changing the directional trim. The
VmMcL-2 determined in step 1 is acceptable if constant heading can be maintained without
exceeding a 5 degree bank angle and the limiting conditions of § 25.149(h).

3 Starting from a steady straight flight condition, demonstrate that sufficient
lateral control is available at Vcr-2 to roll the airplane through an angle of 20 degrees in the
direction necessary to initiate a turn away from the inoperative engines in not more than five
seconds. This maneuver may be flown in a bank-to-bank roll through a wings level attitude.

(d) At the option of the applicant, a two-engines-inoperative landing minimum
control speed, Vmcr-2¢2 out), may be determined in the conditions appropriate to an approach and
landing with two engines having failed before the start of the approach. In this case, only those
configurations recommended for use during an approach and landing with two engines
inoperative need be considered. The propellers of the inoperative engines, if applicable, may be
feathered throughout. The values of Viycr-2 or Vmcr-2¢2 our) sShould be used as guidance in
determining the recommended procedures and speeds for a two-engines-inoperative approach
and landing.

(6) Autofeather Effects. Where an autofeather or other drag limiting system is
installed, and will be operative at approach power settings, its operation may be assumed in
determining the propeller position achieved when the engine fails. Where automatic feathering
is not available, the effects of subsequent movements of the engine and propeller controls should

108



3/29/2011 AC 25-7B

be considered, including fully closing the power lever of the failed engine in conjunction with
maintaining the go-around power setting on the operating engine(s).

Section 4. Trim

24. Trim - § 25.161 [Reserved]

Section 5. Stability

25. General - § 25.171. [Reserved]

26. Static Longitudinal Stability and Demonstration of Static
Longitudinal Stability - 88 25.173 and 25.175.

a. Explanation.

(1) Section 25.173 - Static Longitudinal Stability.

(a) Compliance with the general requirements of § 25.173 is determined from a
demonstration of static longitudinal stability under the conditions specified in § 25.175.

(b) The requirement is to have a pull force to obtain and maintain speeds lower
than trim speed, and a push force to obtain and maintain speeds higher than trim speed. There
may be no force reversal at any speed that can be obtained, except lower than the minimum for
steady, unstalled flight or, higher than the landing gear or wing flap operating limit speed or
Vrc/Mrc, whichever is appropriate for the test configuration. The required trim speeds are
specified in § 25.175.

(c) When the control force is slowly released from any speed within the required
test speed range, the airspeed must return to within 10 percent of the original trim speed in the
climb, approach, and landing conditions, and return to within 7.5 percent of the trim speed in the
cruising condition specified in § 25.175 (free return).

(d) The average gradient of the stick force versus speed curves for each test
configuration may not be less than one pound for each 6 knots for the appropriate speed ranges
specified in § 25.175. Therefore, after each curve is drawn, draw a straight line from the
intersection of the curve and the required maximum speed to the trim point. Then draw a
straight line from the intersection of the curve and the required minimum speed to the trim point.
The slope of these lines must be at least one pound for each 6 knots. The local slope of the curve
must remain stable for this range.

NOTE: Due to different design features of individual airplanes, there may be
cases where the local slope gradient deviates somewhat from that specified by
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§ 25.173. When this occurs, an investigation should be performed to determine if
a finding of equivalent safety can be made based on pilot evaluation.

(2) Section 25.175, Demonstration of Static Longitudinal Stability, specifically defines
the flight conditions, airplane configurations, trim speed, test speed ranges, and thrust settings to
be used in demonstrating compliance with the longitudinal stability requirements.

b. Procedures.

(1) For the demonstration of static longitudinal stability, the airplane should be
trimmed in smooth air at the conditions required by the regulation. Aft c.g. loadings are
generally most critical. After obtaining trim speed, apply a light pull force and stabilize at a
slower speed. Continue this process in acceptable increments, depending on the speed spread
being investigated, until reaching the minimum speed for steady, unstalled flight or the minimum
required as appropriate for the configuration. A continuous pull force from the trim speed is
required on each series of test points to eliminate hysteresis effects. At the end of the required
speed range, the force should be gradually relaxed to allow the airplane to return slowly toward
the trim speed and zero stick force. Depending on the amount of friction in the control system,
the eventual speed at which the airplane stabilizes will normally be less than the original trim
speed. The new speed, called the free return speed, must meet the requirements of § 25.173.

(2) Starting again at the trim speed, push forces should be gradually applied and
gradually relaxed in the same manner as described in paragraph (1), above.

(3) The above techniques result in several problems in practice. One effect of
changing airspeed is a change of altitude, with a corresponding change in Mach number and
thrust or power output. Consequently, a reasonably small altitude band, limited to +3,000 ft.,
should be used for the complete maneuver. If the altitude band is exceeded, regain the original
trim altitude by changing the power setting and flap and gear position, but without changing the
trim setting. Then continue the push or pull maneuver in the original configuration. Testing
somewhat beyond the required speed limits in each direction assures that the resulting data at
least extends to the required speed ranges. It will also be noted in testing that while holding
force constant at each data point, the airspeed and instantaneous vertical speed vary in a cyclic
manner. This is due to the long period (phugoid) oscillation. Care should be exercised in
eventing the data point, since it may be biased by this phugoid oscillation. Averaging these
oscillating speeds at each data point is an acceptable method of eliminating this effect.
Extremely smooth air improves the quality of the test data, with critical areas requiring the best
of smooth air. In-bay and cross-bay wing fuel shift is another problem experienced in some
airplanes. In-bay fuel shift occurs rapidly with pitch angle; therefore, consideration should be
given to testing with fuel loadings that provide the maximum shift since it is generally
destabilizing. Slower, cross-bay fuel shift, or burn from an aft tank, can influence the measured
stability but usually only because of the time required to obtain the data points. This testing
induced instability should be removed from the data before evaluation of the required slope.

(4) The resulting pilot longitudinal force test points should be plotted versus airspeed
to show the positive stable gradient of static longitudinal stability and that there are no “local”
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reversals in the stick force vs. airspeed relationship over the range of airspeeds tested. This plot
should also show the initial trim point and the two return-to-trim points to evaluate the return-to-

trim characteristics (see figure 26-1).

Figure 26-1. Longitudinal Static Stability
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27. Static Directional and Lateral Stability - § 25.177.

a. Explanation.

(1) Static Directional Stability. Positive static directional stability is defined as the
tendency to recover from a skid with the rudder free. Prior to amendment 25-72, a separate
demonstration of positive static directional stability was required by § 25.177(a) for any landing
gear and flap position and symmetrical power condition at speeds from 1.13 Vggr; up to Vgg, Vi,
or Vrc/Mgc, as appropriate for the airplane configuration.

(2) Static Lateral Stability. Positive static lateral stability is defined as the tendency to
raise the low wing in a sideslip with the aileron controls free. Prior to amendment 25-72, a
separate demonstration was required by § 25.177(b) to show that static lateral stability was not
negative in any landing gear and flap position and symmetrical power condition at speeds from
1.13 Vgsrj to Vg, Vig, or Vivo/Mwmo, as appropriate for the airplane configuration. At speeds
from Vyo/Mumo to Vec/Mgc, negative static lateral stability was permitted by § 25.177(b),
providing the divergence was:

(a) Gradual;
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(b) Easily recognizable by the pilot; and
(c) Easily controllable by the pilot.

(3) Steady Straight Sideslips.

(a) Section 25.177(c) requires, in steady, straight sideslips to sideslip angles
appropriate to the operation of the airplane, that the aileron and rudder control movements and
forces be proportional to the angle of sideslip and must lie between limits necessary for safe
operation. Experience has shown that 15 degrees is an appropriate sideslip angle for transport
category airplanes. Section 25.177(c) states that compliance with these steady, straight sideslip
criteria “must be demonstrated for all landing gear and flap positions