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Wheels and Brakes, Supplementary Criteria for Design Endurance - leowod 11"39‘“62

Civil Transport Aircraft Roviocd]

1.

2.

SCOPE: To recommend supplementary design criteria to enhance the endurance,

relisbility, and dependability of transport aircraft wheels and brakes.

REFERENCE SPECIFICATIONS:

(a) SAE Spec. AS227 (TS0 #C26)
(b) Civil Air Regulation Part kb
(¢) Ml Spec. MIL W 5013 (ASG)

DISCUSSIONS° The minimum requirements for the design of civil transport wheels

R amce requirements are ||
define the design require-

Howeve
during|initial service. This does not mean that’the brake amd wheel would not
satisfactorily and safely stop the aircraft... It does meen that during the first

weightp less than design welghts. Also, that initial brake hpplication speeds
are approximately 80-100% stall speed, although touchdown may be as great as
120-125% stall speed. It also recognizes that some service landings and take-
offs mpy ‘involve sbnormal energies which exceed the daily norm, but which are
substahtially below the level of an accelerate - stop conditjon.

Definitions of these service and sbnormsl energy conditions are given in Table
III to VIII inclusive. It should be noted that the Tables include certein
ground friction coefficients and braking time schedules. These have been

. estimeted or obtained from field test and design data and can be adjusted as

required to suit the airplane in question.

The suggested endurance criteria in Tables I and II are based on airline
recommendations obtained in Air Transport Association surwveys.

Since increased endurance is normally associated with increased weight,
Figures A, B, and C are included in this report to illustrate weight trends.

Coovright 1962 by Cestoty of Autemetivo Eaglacora, Ine. Priatod I U. C. A
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4, TYPICAL WHEEL ENDURANCE REQUIREMENTS: The specifications in AS227 require e
minisum roll test of 1000 miles; at maximum static load. This is a very shoxt
endurance test for eircraft which will be flown ebout 3000 hours per year. If
the lending rate for the alrcraft, for example, is two hours of flight per lend-
ing, the actual xoll distance will be about (3000 < 2) 3 = 4500 miles per year.
Landing end teke-off texi distences each range from 1/2 10 2 miles for piston
alrcreft and thus average about 3 miles per flight. The texi distences for
large jev aircraft can average about 4 to 5 miles, but the landing rate is about
3 hours per landing. Thus, the actual roll distance for large jet and piston
comzexcial transports can be sbout 4500 miles per year.

However, the 4500 mile fig'ure will 'be reduced by the ratio of service wheels to
service plus gpea : hen—eperes—=e sumed—be aben %-of service
wheels, the apnual &verage wheel service will be 85% x hsoo 3850 miles per year
Thus, if the vwheel is expected to last five years, it could roll-as jmuch as 1
20,000 miles 1in that time. This mileage will not be at a static lodd equivelent
to the design |gross or lending weights because the operatving ‘weightg during
vake-0ff and landing are genexrally less than the design values.

It is impractical %o conduct a 20,000 miles roll test for meny reasgns. I%,
therefore; appears that good detail design, good wheel processing, plus a prac-
tical radial gnd canted roll test of reasonable duration st greater [than meximum
static load ig the most rational method of developing a satisfactory wheel for
comzerelial trdnsports.

Suggested airline service endurance and dynamic sexvice life roll test mileages
for main and nose wheels are given in Teble I for aircraft of diffexent landing
frequencies.

The effect of [longer sexrvice life'on wheel weight is estimated in Filgures A and B.

Figure A: Veriation of-aircraft wheel assembly weight shows the
welght df megnesium alloy (forged) wheel to be increased about
7% when [the wheel roll distence is increased ten times (i.e.)
1000 to (10,000 miles.

Figure H: Wheel rating versus vheel weight shows a 3.7 1lb. inecrease
in wheel weight per 1000 1b. reting for forged magnesium wheells in
the 400Q<8000 mile roll test classification.

It should be noted that the Iincreased roll life and associated increase in re-
ligbility can outweigh & potential peyload penalty in terms of reduced main-
tenance, fewer spares, and improved passenger service due to fewer unscheduled
removels of wheels and brakes.

5. TYPICAL BRAKE ENDURANCE REQUIREMENTS: Specification AS227 requires a minimum
nuwber of stops at design landing energy. In addition, one stop must be mede at
accelerate-stop energy. These are extreme velues and represent pesks of energy
applications. They are not representative of daily operational conditions.

The airline breke, in deily service, must endure hundreds of stops at much lower
enexgy. The energy level 1s lower due to lower operating weight, serodynamic
dreg, auxiliery drag devices such as thrust reversers, prop jet propeller drag,
hesdwinds, delayed braking, etc.
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The energy can be ebnormally high at times due to higher then normal touchdowmn
speeds, hard braking, unsymmetrical braking due to flat tire or inoperative
breke, or unsymmetrical breking due to lateral thrust differences when one or

-3 =

more engines are inoperative.

The energy can also be at a semi-emergency level less frequently due to an inter-
rupted take-off.

reached

The energy can also be increased by intermittent braking during taxi operations.
Some plston engine aircraft must be texied at releatively high engine RPM on cne
or more engines to maintain electrical power for radio communication, cabin

the use
‘ecan requ
effect o

apparent).

Practics
overhaull

used housings, etc.

ation is controlled by light constant or intermitten

This is a teke=0ff which is aborted before +
because of technical or operational problems.

'

of two jet engines at high thrust on a 4 engine aitpls
ire intermittent braking to avoid excessive taxil speed
f the resultant energy on brakes, wheels and tires, af]

11y all airline stops are accomplished on brake assenb
ed. These assemblies usually incorporate new or used
The endurance of all parts should, theref]

Moreovey,

levels)

landings.

the endurance of the friction parts (at the lower se
st satlisfy an extended overhaul  schedule in terms of]
This endurance greatly exceeds that specified in AS

ance mugt also not represent 100% lining wear to assure that

worthy

The afo
Vy VI'
Table VI

It shoul
be used
quired f

to the time of overhaul.

mentioned airline gexrvice energy levels are defined 1
Sample calculations ‘for the determination of taxl enenr
II.

d be noted that the energy definitions suggest time in
to establish the speed-torgque schedules.
or each type endurance test (i.e.) normal service, abn

A speed-torgue schedule is re-

he Vy speed is

essive unless the
eking. Similarly,
ne, during texiing,
The cumlative
ter parking, is

lies that have been
friction parts,
pore, be high.

rvice energy
flight hours, or
227. This endur-
he brakes are air-

n Tevles III, IV,
gy are given in

tervals which can

ormal, etc.

Suggested nuaber of airline stops for design of brakes for ¢

landing

meter se

effects

The 2% high energy stops are at the abnormsl lending KE or interrupted take-off

KB, vhic

As already mentioned; increased brake endurance is associated with increased
Figure C illustrates the variation in estimsted brake weight in

brake we
percent,
equivale

The endurance evaluation also
of taxi braking and parking.

h ever is greater.

ight.
versus normal service stops. For example, 50 normal
nt to a 2.1% increase in brake weight.

frequency are shown in Teble II. Also shown are the necommended dynemo-
rvice life test stops to subs i About 2% of these

stops are higher energy stops.

sports of various

includes the thermsll

service stops is
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6. TYPICAL WHEEL ENDURANCE TEST: The wheel endurance roll tests suggested in Table

T should be Tun on & dynamometer, and should be independent of the breke develop-
ment tests.

TYPICAL BRAKE ENDURANCE TEST:

(a)

(v)

(e)

(4)

(e)

(%)

(&)

(n)

(1)

The brake and wheel shall be mounted to simlate the natural frequency and
elasticity of the proposed installation.

The natural frequency, damping, and amplitude of the landing gear system
shall be simlated and controlled within the limits specified by the air-
plane manufacturer.

The dynami¢s of the wheel breke landing gear system should be yzed and
substantiated to the setisfaction of the airplane manufacturer.

In addition to other information, the following data should be recorded
during each stop; or less frequently as specified by the airp manu.-
facturer. |Brake pressure, brake displacement, brake torque, 4 meter
speed, b temperature, tire bead seat temperature, exle wall|temperature,
and axle flange tempersture.

A brake endurance test should be run on a dynamometer similar t¢ the pro-
cedure des¢ribed in Mil. Spec. 5013. The stops should conform yith the
speed torque program established by the ailrplane manufecturer. |The brake
friction parts shall be new when the test 1s started. The parts shall not
be replaced during the test.

If an overhauled production breke is used for these tests, its previous time
end test history must be knowm.

The brake assembly and friction parts must remain servicesble throughout the
test and be capable of further endursnce to the limit of its depign stops,
including feserve stops of 10%.

ss of \all wearing friction materials must be carefully measured
and recorded prior to the test.

Consistent [with note (e) of Table IT, some of the brake stops shall be run
with actuation pressure meking one complete on-off cycle per second down to
30 knots; then constant pressure to O knots. The pressure "on" part of the
cycle shall not be less than 0.5 seconds. Brake torque during each cycle
shall be diminished to a value no greater than 10% of the average torque
required to develop a deceleration rate of 10 ft. /sec.e. No deceleration
rate is specified for the eyclic pressure stops. The maximum pressure used
for the cyclic pressure stops should equal the average pressure required
during the last prior non-cycling pressure stop run to the same condition.
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RECOMMENDED DESIGN FEATURES: The following features should be

incorporated in

airline wheels and brakes to facilitate maintenance and stores control, or extend
the service life of the parts.

A. Vheels

1.

Incorporate permanent part and serial number on each wheel half; do not

create stress raisers by stamping.

Install identification plate or pad to record modification or date "in

service".

stall provisions for dynamically and staticelly bala
ire assenbly.

Impregnation of cast wheels shall be resistant 1o ‘pain
ions and Skydrol.

stall standard bearings and cups.

rovide adequate material in hub to allow for rework t
pbearing cups or bushings.

Design tubeless wheel seal areas to protect them from.

Design wheels so that tubeless tire type wheels can be
heels, contingent on)alrline experience with tubeless

hich can be easily' stripped to facilitate inspections

ncing wheel and

L stripping solu-

b install oversize

handling demage.

se aircraft standard (AN, NS, or NAS) hardware wherever possible.

converted to tube
tires and wheels.

Forged wheels shall be adequately protected from corrosion with a finish

, 1f necessary.

Design for minimum disassembly to replace frictional components.

itate repair

rovide adequate

material in piston cylinders to faecil

Provide automstice edjustment or simple manual adjustme
ble without removal of wheel.

Avoid high heat treat materials.

Avoid cad plating on parts exposed to temperature exce
prevent cadmium stress alloying of parts which reduces

Use aircraft standard (AN, MS or NAS) hardware vhereve

Provide readily visible and usable lining wear indicat

Incorporate permanent seriasl number and part number identification; do

create stress raisers by stamping.

nt which is accessi-

eding 500°F, to
strength.

r possible.

or.

not
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Design for minimum fluid displecement from brake "off" to "on".

Design to minimize deflections under maximum operating breke pressure,

Bleeder valve should be readily accessible and designed so that it can be
turned on and off with the bleeder hose installed.

Bolts requiring torque specifications shall be large enough to permit a
broad tolerance in torque during installation or assembly. This is es-
pecially required for bolts which must be torqued at locations where
torque wrenches are not readily available.
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WHEEL ROLL LIFE CRITERTA

DYNAMOMETER TEST

Wheels and Brakes, Supplementary Criteria for
Design Endurance = Civil Transport Aircraft

Landing Nom. Airline Airplane Recommended #* Recommended Dyn. Sve.
Frequency T.0. Wt. Type & Airline Miles Life Test for Main & Nose
F1ight-Hrs/Ldg. % DesignOPoW Renge for-—Design Wheels in Miles
0.70 to 1.k 100% Piston Engine 20,000 5,000
Short
1.4 to 2.8 85% Piston Engine 15,000 L,000
Intermediate
2.8 to k.0 90% Piston Engine 15,000 4,000
. Long-Domestic
L.0 to 5.5 100% Piston Engine 12,000 3,000
. Long-Intl.
0.70 to 1.6 95% Propjet and 20,000 5,000
Jet - Short .
1.6 to 2.0 7% Propjet & Jet 15,000 %,000
Intermediate
2.0 to 2.7 co% Jet 15,000 L,000
Long - Domestic
3.0 to 5.5 86% Jet 12,000 3,000

I 1
Canted - OQutbosrd ST, x mﬂ °s 5% 5%

(1) Overload factors ¥—and—degrees— X —to beestablished by mirframe—end—wheel manufacturers, based on
analysis of aircraft's ground operational loads.

(2) overload factors Y must be 1 (one) or greater.

(3) Sy, = Load per wheel assigned by airframe manufacturer, based on aircraft maximum gross T.0. weight
condition.

(4) Dy, - Dynamic load per wheel assigned by airframe manufacturer, and should equal or exceed the maximum
radial reaction to which the wheel is subjected as a result of aircraft deceleration rates.
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TABLE II
BRAKE LIFE CRITERIA - DYNAMOMETER STOPS
Recommended Dynamometer Service)
Lending Minimum Number | Life Test (E)
Frequency Airline Stops 1 2 3
Flight- Nom. Landing Required for Stops/ Stops@ Stops/Table
Hours/ Weight: Airplane Type [Design Table 50% KE off V or VI
Landing % Design and Range (a) TIT (A) | Table IV | (D)
0.70 to 1.4 96% Piston Engine 600 264 528 6
Short _
'FL.h to 2.8 oL% Piston Engine 500 220 LD 5
Intermediate _ .
2.8 to 4.0 oL%, Piston Engine L50 176 352 4
_ Long-Domestic
.0 to 5.5 9L% Piston Engine 450 176 352 L
‘ Long - Intl. .
0.70 to 1.6 95 Propjet - 600 20k 528 6
Short
.6 to 4.0 oL Propjet - 500 220 LLO 5
Inter. & Long
.70 to 1.6 6% Jet 600 26k 528 3
Short
[L-6 to 2.0 oLg Jet 500 220 Iy
Intermediate _ _
B.0 to 3.5 oL Jet 150 176 352 I
Long Dom & Intl.

NOTES:

(A) Based on reduction of ‘dynamometer service life test data, the fription parts
shall have |60% of their service life remaining after completion of the ser-
vice life test. «This includes the 10% reserve required of the brpke design
(e.g.) 264 |staps equals (600 £ 10% x 600) (100%-60%).

(B) Test Cycle
One stop per Colum No. (1) and without cooling period, 1 stop per Colum No.
(2), Cool brake to ambient. Run 1 stop/Column No. (2) end cool brake to
ambient. Re-run complete cycle. Follow each L4 cycles with 1 stop per
Colum No. (3).

(C) T5% of stops per Column No. (1) will be run with a brake pressure needed to
meet deceleration requirements. The remaining stops will be run at cyelic
pressure per paragraph 8;.

(D) Design and test for K.E. of either Table V or Table VI, whichever is greater.

(E) Tests do not supersede those specified in AS227 which require an ultimate RTO
test..
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TABLE III
DEFINITION OF AIRLINE SERVICE LANDING

(For Calculation of Normal Kinetic Energy)

Listed below are factors which mist be known or assumed in order to permit the cal-

culation of breke energy (as differentiated from an estimate).

The numerical values shown below are suggested as being typical; however, they will
not necessarily be rational for all aireraft types. Items 5, 6, and 7 are parti-
cularly significent. The designer should exemine each assumption and decide whether

a different figure would be eppropriate.

A. Airyport altitude 1000 ft.
B. Air temperature: Standard (55°F) plus 20° = T5°%F

C. Denmsity altitude corresponding to above is 2250 f't. and density ratio is

D. Wind: 5 kts. headwind

E. way slope: zero
2. ILand Weights as specified in Table II.
3. Wing ps:
A. In|normal lending position at,touchdown.

B. May be assumed to be retracted after touchdown, if this
for the airplane inv@lved. However, speed at initiation|of flap retraction

8 not be greater than 0.9 of stalling speed.
L. Spoilers and/or speed-brakes:

A. In|normsl landing position at touchdown.

is to be stendard

B. After touchdown, position as per standard procedure for pircraft.

5. Touchdpwn air speeds: 120% of power-off stall speed with aboye conditions.

6. Powerplant Controls:

A. All powerplants opersting normally at touchdown.

B. Two seconds after touchdown, powerplant controls placed in normal -
operating position for landing roll-out. See note below.
C. Powerplant controls remain in ebove position until ground-speed reduces

to 30 kts.

D. At 30 kts., powerplant controls changed to normal texi conditions.

7. Brake Controls:

A. TInitial brake pressure applied 3 secs. after touchdown.

B. Initial brake pressure sufficient to produce & tire-to-ground coefficient

of friction = 0.23.

C. Brake pressure changed during roll-out as required to maintain a tire-to-

ground coefficient of friction = 0.25 at all speeds.
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D. However, the ground coefficient of friction at any speed need not be
assumed higher than as necessary to produce a deceleration rate of
lOf'ps2 including aerodynamic drag and powerplant effects.

E. All brakes operating equally.

F. Breke pressure released at 30 kts. Landing roll-out assumed concluded
et this point, and taxl phase begins.

NOTE: Credit shall be taken for aerodynamic drag and negative/or reverse thrust
after touchdown and before taxi. Normal reverse thrust data shall be de-
termined by the aireraft manufacturer and clearly stated in the analysis.

TABLE IV
DEFINITION OF NORMAL AIRLINE TAXIING PRIOR TO
TAKE~-OFF OR AFTER LANDING
(For Calculation of Taxi Kinetic Energy)

Listed below are fgctors which must be known or assumed in order-to permit the cal-
culation of brake energy (as differentiated from an estimate):

The numerical valugs shown below are suggested as being typicel; however,|they will
not necessarily be (rational for all aircraft types. Items 2, 4, and 7 are parti-
cularly significany. The designer should examine each”’assumption and decide whether a
different figure wgquld be appropriate.

1. WVWeight: rage between max. design take-off weight and mex. depign landing

Jjusted per Table I and II data.

: Oscillates between V kts. and V-3.79 kts. (obtain V from air-
acturer). V represents approx. taxl speed. The 3.79 kts. speed
is derived from the braking assumption of Para. 5 and 6 below.

See typical calculetions(in Teble VIII.

drag: Assume zero.

4. Powerplant| thrust:  Equal to serodynamic drag plus tire rolling resistance
s thrust sufficient to recover in ten seconds of time,|the speed

V2. More thrust and less time shall be assumed if known to be

5. Brake pressure: As required to produce deceleration of 3'2fp52 while over-
coming excess thrust in Para. k.

6. Brake applicetion time: 2 seconds.

7. Number of applications: 10 applications per flight consisting of five before
take=-off and five after landing..

8. 1In addition to the sbove application, the airplene must be stopped twice per
flight from texiing speed, per Item S8E and 8F.

A. Assume average weight as in Para. 1.
B. Assume powerplant thrust is zero as is aerodynamic drag.
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C. Assume initial speed is V kts., resulting from the last ten seconds
acceleration with excess thrust.

D. Assuge breke pressure as required to stop alrplane at an average rate of
5fpg -«

E. Thg muber of complete stops after landing shall be assumed to be one.

F. A complete stop just before take-off shall be assumed to occur.

9. Airport conditions:

A. Airport altitude 1000 ft.

B. Air Temp. - standard plus 20°F = T5°F.

C. Wind: =zero

D.| Runway slope: zero.
NOTE: |The sbove assumptions are based on the premise thatthe only reason for
using brakes during taxiing 1s to prevent excessive ground speed. Ex-
cegsive ground speed, in turn; is due to powerplant thrust level in ex-
cess of the sum of tire rolling resistance, wheel bea drag and aero-
dynamic drag at some lower speed. This excess will cguse acceleration
from the lower speed to some higher speed/at which equilibrium will
occur.

TABLE. YV
DEFINITION OF ABNORMAL LANDING
(For Calculation of Abnormal Kinetic Energy)

Listed below are factors which must be known or assumed in order ¢o permit the cal-
culation of |brake energy (as differentiated from an estimate).

The numerical values shown below are suggested as being typlcal; however, they will
not necessalily be rationalfor all aircraft types. Items 5, 6, gnd 7 are parti-
cularly significant. The 'designer should examine each assumption|and decide whether
a different|figure would ‘bve appropriate.

l. Airport|conditions:

A. Airport altitude 3000 ft.
B. Air|Temp. = std. plus 40° = 88°F. Dens. elt. = 5500 ft. Dens. ratio = .8L48
C. WVindstTzero

D. Runway slope: zero.

2. Landing weight: As specified in Table II.
3. Wing Flaps:

A. In normal landing position after touchdown.

B. May be assumed to be retracted after touchdown, if this is to be standard
procedure for the type. However, speed at initiation of flap retraction
shell not be greater than 0.9 of stalling speed.

4. Spoilers and/or Speed Brakes:

A. In normal landing position at touchdown.
B. After touchdown, position per standerd procedure for aireraft.
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5. Touchdown air speed: 125% of power off stall speed with above conditions.

6. Powerplant Controls:

A. One engine out before landing and negative drag or reverse thrust not use-
able from this engine; plus loss of available thrust from other symmetrical
engine.

B. OR: In the case of a propjet, one engine producing excessive forward thrust
(e.g.) (flight idle prop position) with remaining engines producing nega-
tive thrust, but not reverse thrust, and the resulting yaw being counter-
acted by brakes and rudder.

C. 10 secs. after touchdown powerplant controls placed in position to correct
the yaw i =

D. Poverplantl controls remain in above position until ground speed [reduces to
30 kts.

7. Brake Controlg

A. Initial bﬁe pressure applied 3 secs. after touchdewn.
B. Initial bixake pressure sufficient to produce a tire-to-ground coefficient of
friction g 0.30.
C. Brake pregsure changed during roll-out as required to maintain g tire-to-
ground cogfficient of friction = 0.30 at all(speeds.
D. However, the ground coefficient of friction'at any speed need ngt be ag-
sumed higher than as necessary to produce‘'a deceleration rate of] 12f b8 ? in-
cluding agrodynamic drag and powerplant. effect.
E. Some tireg blown out making half of (bhe brakes on one gear inefflective,
contingent on the landing assumed.
F. Brake pregsure released at 30 kts! Landing roll-out assumed concluded at
this point}, and taxi phase begins.
NOTE: Assumed situation would be propjet landing wherein one prop stayed in flight
idle unexpgctedly and the yew at the touchdown was counteracted Yy rudder and
one set of [brakes which (blew one tire. Pilot would "eut" all engines, use
brakes to stop and possibly resort to reverse on remaining good engine-if he
isolated bdd one medanwhile.

TABLE VI
DEFINITION OF INTERRUPTED TAKE-OFF CONDITION
(FOR CALCULATION OF I.T.O., KINETIC ENERGY)

Listed below are factors which must be known or assumed in order to permit the cal-
culation of brake energy (as differentiated from an estimate).

The numerical values shown below are suggested as being typical; however, they will
not necessarily be rational for all aircraft types. Items 5, 6, and 7 are parti-
cularly significent. The designer should examine each assumption and decide whether
a different figure would be appropriate.

1, Airport Conditions:

A. Airport altitude 1000 ft. .
B. Air temp: std. (55°F) plus 20° = T5°F.
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Density altitude corresponding to sbove is 2250 ft. and density ratio is

0.935.
Winds: 5 kts. headwind.
Runway slope: 2zero.

2. Take-off weight as specified in Table I.

3. Ving Flaps:

A.

4. Spoilers-endfor Speed Brakes:

A.

5. Ground Hpeed: 85 kts. or 75% Vllwhichever is greatern:

6. Power Plant Controls:

A.
B.

7. Brake Cpntrols:

A.
B.

c.

E.
F.

ﬁOTE:

In take-off position.

Use|per standard procedure (probably actuated 2 secs..after max. ground
spe¢d reached).

All| in idle position.
Controls remain in idle position until’,speed is reduced tp 30 kts.

Initial brake pressure applied when max. ground speed attpined.

Initial brake pressure sufficient to produce tire-to-groupnd coefficient
of ffriction = 0.30.
e pressure changed (88 required during roll-out to maiptain a tire-
round coefficient ‘of friction of 0.30 at all speeds. | Assume continu-
braking, unlessithe airplane is equipped with an autompatic skid control
em in which case, the max. coefficient achievable and| intermittent
cteristics of the braking system should be accounted for.

ground coefficient at any speed need not be assumed higher than neces-
to produce a peak decelerstion of 12 ft./sec./sec., fncluding aero-

d, cs“drag and powerplant effects.
All brakes operating equally.
Brake-pressure released at 10 kts. and begin taxi phase.

Interrupted take-offs occur due to (1) fire alarm system malfunction during
the high power regime, (2) heat effect on the fire alarm system due to
leaking jet bleed air duct, (3) poor take-off acceleration, (4) traffic
problem, (5) other operationel or maintenance effects. Such instances might
occur for 1-2% of all flights.
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KIS KTS

113.7 108.7

113.2 108.2

108.0 103.0

102.0 97.0
w.N * o wm . o
9.0 85.0
80.0 75.0
70.0 65.0
60.0 55.0
50.0 k5.0
4o0.0 35.0
35.0 30.0
T < T

v
Start Taxi
Phase
Table IV

EXAMPLE - ATRLINE SERVICE LANDING BRAKE ENERGY CALCULATIONS
(Refer TABLES VII-2, 3, 4)

TABLE VII-1 SHEET (a)

3 4 5 6 T
\/ I Wal Ex Fp;
oaocMM Wing 95000 1bs. Braking Airf
Speed Lift = - Wing Lift Force vuﬂ
3.67v,2 (See Table ‘= .551 Y,
VII -2)

FP§ LBS LBS LBS LBS
1836 b7,k00 k7,600 0 7,100
18248 47,000 148,000 0 7,050
17440 k2,800 52,200 9,080 6,420
1640 38,200 56,800 9,780 5,720
15545 3k, 500 60,500 10,320 5,180
14347 33,400 61,600 11, k%0 h, 460
12648 23,500 71,500 12,780 3,520
10949 18,000 77,000 14,000 2,700

9340 13,200 81,800 15,120 1,980 |

76.1 9,150 85,850 16,120 1,380

59.2 5,860 89,140 17,020 880

50.7 4,500 90,500 17,425 675

2

Power
Plant

Drag

LBS
6,000
6,000

Fwd
14,000
14,000
14,000
13,600

13,200
12,800
12, 400
12,000
11,600
11, koo

Total
Decelerating
Force

IBS

1,100

1,050

29,500

29,500 1bs. Total Decel.

Torce gequined to attain

10 fps

29,500
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10 11

) At

Rate of Time

Deceleration Increment

.000339Fp = AVg
o ave
FPS2 SEC
0.37 -
2.16
0.37 -
1.70
10.00 -
1.00
m .85
4 1.18
8 a -
m“m 1.69
@ -
o m 1.69
i :
a9 1.69
- i -
o 3 1.69
&3 -
SE 1.69
.85
10.00 -

TOPALS —
(From touchdown
t0 30 kts.)

TABLE VII-l - SHEET (b)

EXAMPLE - AIRLINE SERVICE LANDING BRAKE ENERGY CAICULATIONS

(Refer TABLES VII-2, 3, L)

12 13 14 15 16
t AS S KEyg KEp
Elapsed pjgtance Accumilated Brake Drag
Time Increment= Distance Energy Energy
= A * 2 A-S [Reremente— Lnecreme ..ﬂ“
AVG A S X Fppya AS X Dhve
SEC FT FT FT.LBS. FT.LBS.
0.90 - 0 - -
- 396 - 0 2,800,000
2.16 - 396 - -

- 303 - 1,375,000 2,0L0,0p0

3.p6 - 699 - -
- 169 - 15595 ,000 1,028,000
4.86 - 818 - -

- 136 - 1,367,000 Th1,0p0
5.[11 - 1,00k - -

-l 176 - 1,915,000 8lk9,0p0
6.89 - 1,180 - -

- 228 - 2,760,000 916,000
8.58 - 1,408 - -

- 200 - 2,680,000 622,000
10.p7 - 1,608 - -

- 172 - 2,500,000 ko2,000
11.96 - 1,780 - -

- 143 - 2,235,000 240,000
13.65 - 1,923 - -

- 114 - 1,890,000 129,000
15.34 - 2,037 - -

- L7 - 810,000 37,
16.19 - 2,08k - -
16.19 2,084 19,127,000 9,798,000

Sec. Ft. Ft. Ibs. Ft. Ibs.

A _ TOTAL BRAKE K.E.

17
Kip,p,

Power Plant

Energy

Increment=
AS x Fp p,AVG

FT.LBS.

m~wqm~ooo
H,mwmuooo
m~wmm~ooo
fwoWooo
2,430,000
w~omm~ooo
m.mom~ooo
m“wmm,ooo
Huqrw.ooo
H,w:m.ooo

mwm“ooo

16,993,000
.. Lbs.

18
pow
Braking

Coefficient
Teble VII-3
0 0
o o
.mm: .qu
202 .qu
201 1T
.mwm .186
.210 .qu
.mm: .Hmm
218 .185
221 .188
.mmm .Hmm
.mmm .Hmm
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TABLE VII - 2

SAMPLE CALCULATIONS FOR AIRLINE SERVICE LANDING ENERGY

(per Teble III Definition)

Refer to Table VII-1 Data Sheets -a and b

Weight: 95% of max. design landing weight
= 0.95 x 100,000 = 95,000 1bs.

Airport altitude: 1000 f%.

Anbient air tempersture: 75°F.

Density rJtio: 0.935
Wind: 5 kts. headwind

Flaps: Landing position

Power Plants: All operating normally and controls opersted in
normal manner for the type.
Wing-Areasd 1450 sq. ft.
CLypy. = d-30
Vetall = \/ 25(5) J; g?ggox 55 ='94.T7 kts. airspeed
Viouchdowd = 1-20 x 94.7 =1113.7 kts. airspeed = 108.7 kts. grqundspeed
CLyyn = Q.80 &
Wing 11ft [= 0.80 x(0.935 x 1450 x V,%/295 = 3.67 v,2.
CDyyyyy = 0412
Airfreme dreg = 0.12 x 0.935 x 1450 = V,%/295 = 0.551V,2,

.y
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TABLE VII - 3

Powerplant thrust is assumed to vary as follows: (Values are totals for all engines)

() 6000 lbs. forward thrust at touchdown and for about 2 seconds thereafter.
(b) Linear transition from (a) to (c).
(e¢) 14,000 lbs. max. reverse thrust attained sbout 4 secs. after touchdown.

(d) Linear decay towards 10,000 lbs. at zero speed.

Brake application is assumed as follows:

(a) Brakes start on sometime after sbout 2 secs.
(b) Brakes fre well on at 3.86 secs.

(c) A brakihg coefficient of 0.25, in combinationwith drag and reverse thrugt,
would produce nmuch more than the arbitrary maximum deceleratipn of 10fps©.
Therefore, braking force at any speed is assumed to be just epough to yield
exactly lOfp82 deceleration due to all forces. This requires| gradually in-
creasing breke pressure during the stop, but the coefficient never exceeds 0.2.

(@) The resplting breking coefficient® are listed in the last column, and are cal-
culatedasp” = Fp/(W-L).

(e) The actphal tire coefficients’of friction are listed in the nekxt-to-last colum,
ldentifjied as p . This is calculated separately, using the listed values ofy’
the forpmla of sheet U 'and an assumed wheel-base geometry for the hypothetical

airplane.

SUMMARY OF RESULTS, down to 30.0 kts.
Brake ehergy = 19,127,006. £t. 1bs.
Drag enprgy = 9,798,000 ft. 1bs.

i

Powerplant energy 16,993,000 ft. 1bs.
Total energy = 15,918,000 ft. lbs.
Airplane energy = 145,900,000 £t. lbs.

208L ft.

Ground roll

Time = 16.19 sec.
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Coefficient p is true tire-to-ground friction coefficient, defined as:

Braking force
wt. - 1ift - nose wheel load

n=
for aircraft not equipped with nose-wheel brakes.

Coefficient u’ is apparent braking coefficient, defined as:

breking force
Vt- - liﬂ

4 -

For airplanes no} equipped with nose-wheel brakes, the two coefficients are
related as followys:

, p, ¥ - ’b
pooo= ¢ b= _
uh‘l‘b g-p. h

For the hypothetical aircraft design represented by Table VII, which dges not have

nose-vheel bra.kei, the geometry results in the listed differences hetwden and ,’ .
The listed valueg of U’ are calculated from the 5th.and 6th columns of Table VII-1.
Lift
Inertia I Aero Drag
wa (A Rev. Thrust
g I
Weight
SR
h
Braking
v g Force

For aircraft equipped with nose-wheel brakes,

p=p' = lotal braking force
Vb. - lift‘l
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TABLE VIII
ANALYSIS OF TAXI CONDITIONS
FOR HYPOTHETICAL AIRPLANE

airplane weight, lbs.
braking force, 1lbs., ineluding rolling resistance.

excess powerplant thrust, 1lbs., over and above aerodynsmic dresg and

rolling resistance.
rate of gcceleration or deceleration, fpsa.
32.2 fps-.
time, sec.
distance, ft.
3 (o) a T8
manufacturer).
speed after decelerating, fps (Arbitrarily defined)as
then Vg.)

Deceleration Period

By art
Hence

t
Va

nun

Acceleratic

itrary definition, & = -3.2 fps© = -0.10g"
B =0.10W £ P (P as determined below)

2 sec. by arbitrary definition
Vo -at =V -(3.2}:2)=VB-6.hi‘ps
V3 - 3.79 ks,

in Period

a =

P

[ve]
fl

ot
fnon

Vg

(Vg - V) /10 = [VB =(vg - 6.1;)] /10 = 0.6k fps”

rolling resistance and accelerate airplane).

rolling resistance only, assumed equal to 0.02W.
(numerically same as excess thrust, by coincidence on]
10 sec. '

vy £ at= (Vg ~6.4) £ (0.64 x 10) = V-
Typical Taxi Calculations

lonally by aircraft

3.79 kts. less

= 0.12W (acting backward) (including rolling resistgnce)

=|Wa/g = 0.64W/32,.2.= 0.02W (excess) = 0.0LW (total required to balance

y)

]

Y

(115000 £ 85000)/2 = 100,000 1bs. average weigit

No. of wheels = L4 (2 per gear)
Vg = 39.0 mph = 57.1 fps = 33.79 kts. (assumed to be typical but may vary).
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