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SOCIETV OF AUTOMOTIVE ENGINEERS. ,~~. 	A E R 0 S P A C E 
485 I.EXINC3TON AVENUE 	 ~9~ 

NEWYORKI7,N.,,. 	 RECOMMENDED PRACTICE ARP ~ 	A 

I Wheels a.nd Brakes, Supplementary Criteria for Design Endurance - 	I~•s~~ 11-30-62 I 
f!ivil Tranennri: Airnraf4- 	 RevINd7~3~"63 

l. SCOPE: To recommend supplementary design criteria to enhance the endurance, 
reliability, and dependability of transport aircraft wheels and brakes. 

2. REFERENCE SPECIFICATIONS: 

(a) SAE Spec. AS227 (TSO ~C26) 
(b) Civil Air Regulation Part ~+b 
(c) Mil Spec. MIL  W 5013 (ASG) 

3. DISCUSSIONS: The minimum requirements for the design of civil transport wheels 
a.nd brakes are defined in reference (a) above. The performance requirements are 
defined in reference (b). Although not directly applicable, the design require- 
ments and tests in reference (c) are also used, in modified form, to develop 
co~ rcial assemblies. 

These specifications have resulted in many successf'ul production assemblies. 
However, new designs someti~s require a period of development and de-bugging 
during initial service. This does not ~an that the brake and wheel would not 
satisfactorily and safely stop the aircraft. It does mean that during the first 
and~or second year of operation, a cooperative service develop~nt prograan be- 
tween airline and brake and wheel manufacturer had to be undertaken to increase 
the endurance of some parts to a satisfactory service and economic level. 
Nuisance troubles such as cracked linings, oil seepage, cra.cked housings, 
warped discs, and fatigue failures of secondary parts occurred. Hence, it was 
apparent that existing development and qualification tests.should be supple- 
mented with additional tests which simulate service conditions. 

The following pages suggest criteria for design endurance levels for wheels and 
brakes in various types of co~nercial air transport service. The types of ser- 
vice are designated by landing frequency because this paraxneter is funda.mental. 

The criteria recognizes that airline landings and take-offs are usually made at 
weights less tha.n design weights. Also~ that initial brake application speeds 
are approximately 80-100°~ sta11 speed, althou~h touchdown may be as great as 
120-125~ stall speed. It also recognizes that so~ service landings and take- 
offs may involve abnormal energies which exceed the daily norm, but which are 
substantially below the level of an accelerate - stop condition. 

Definitions of these service and abnorma,]_ energy conditions are given in Table 
III to VIII inclusive. It should be noted that the Tables include certain 
ground friction coefficients and braking ti~ schedules. These have been 
estimated or obtaa.ned 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 surveys. 

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

capy.~.h:1963 er aeel~ty of Autemetiv~ En~ln~~r~. Ine. 	 PrinNd In Y. 8. A. 
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~+. TYPICAL W~,L ENDURANCE REQUIREMENTS: The specifications in AS227 require a 
minimum roll tes~t of 1000 miles, at maximum static load. This is a very short 
endura.nce test for aircraft which will be flown about 3000 hours per year. If 
the landing rate for the aircraft~ for example~ is tWO hours of flight per land- 
ing, the actual roll distance will be about (3000 T 2} 3=~+50o mi.les per year. 
Landing and take-off taxi distances each range from 1~2 to 2 miles for piston 
a,i.rcraft and thus average about 3 miles per flight. The ta~ci distances for 
large jet airoraft can average about ~+ to 5 miles~ but the landing rate is about 
3 hours per landing. Thus, the actual roll distance for large jet and piston 
comm+ercial transports ean be about ~500 miles per year. 

However~ the ~+500 mile figure will be reduced by the ratio of service wheels to 
service plus spare wheels. When spares are assumed to be about 15~ of service 
wheels, the annual average wheel service wi11 be 85~0  x~+500 = 385o miles per year. 
Thus, if the wheel is expected to last five years, it could roll as much as 
20,000 miles in that ti~. This mileage will not be at a static load equivalent 
to the design gross or landing weights because the operating weights during 
take-off and landing are generally less than the design values. 

It is impractical to conduct a 20,000 miles roll test for many reasons. It, 
therefore, appears that good detail design, good wheel processing, plus a prac- 
tical radial and canted roll test of reasonable duration at greater than maximum 
static load is the most rational method of developing a satisfactory wheel for 
couanercial tra,nsports. 

S~Zggested airline service endurance and dynamic service life roll test mileages 
for ~in and nose wheels are given in Table I for aircraf`t of different landing 
frequencies. 

The effeet of longer service life on wheel weight is estimated in Figures A and B 

Figure A: Variation of aircraft wheel assembly weight shows the 
weight of ma,gnesium a11oy (forged) wheel to be increased about 
7~ when the wheel roll distance is increased ten times (i.e.) 
1000 to 10~000 mi.les. 

Figure B: Wheel rating versus wheel weight shows a 3.7 lb. increase 
in wheel weight per 1000 lb. rating for forged magnesiura wheels in 
the ~+000-8000 mile roll test classification. 

It should be noted that the inereased roll life and associated increase in re- 
liability can outweigh a potential payload penalty in terms of reduced me,in- 
tenance, fewer spares, and improved passenger service due to fewer unscheduled 
removals of wheels and bra.kes. 

5• TYPICAL BFiAKE ENDURANCE REQUIREMEPPrS: Specification AS227 requires a minimum 
number of stops at design landing energy. In addition, one stop must be made at 
accelerate-stop energy. These are extreme va,lues and represent peaks of energy 
applications. They are not representative of daily opera.tional conditions. 
The airline brake, in daily service, must endure hundreds of stops at much lower 
energy. The energy level is lower due to lower operating weight, aerodynamic 
drag, auxiliary drag devices such as thrust reversers~ prop jet propeller drag, 
headwinds, delayed bra.king, etc. 

\ 
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The energy can be abnorma.11y high at ti~s due to higher than normal touchdown 
speeds, hard braking, unsymu~trical braking due to flat tire or inoperative 
brake, or unsy~rmietrical braking due to lateral thrust differences when one or 
more engines are inoperative. 

The energy can also be at a semi-emergency level less frequently due to an inter- 
rupted take-off. This is a take-off which is aborted before the V l  speed is 
reaehed because of technical or operational problems. 

The energy can also be increased by intermittent braking during taxi operations. 
Some piston en,gine aircraft must be ta~cied at relatively high engine RPM on one 
or more engines to maintain electrical power for radio co~nnunication~ cabin 
lighting, instruments, etc. The airplane's speed would be excessive unless the 
acceleration is controlled by light constant or intermittent braking. Similarly, 
the use of two jet engines at high thrust on a~+ engine airplane, during taxiing, 
can require intermittent braking to avoid excessive taxi speed. The cutmilative 
effect of the resultant energy on brakes, wheels and tires, after parking, is 
apparent . 

Practically a11 airline stops are accomplished on brake assemblf.es that have been 
overhauled. These assemblies usually incorporate new or used friction parts, 
used housings, etc. The endurance of all parts should, therefore~ be high. 
Moreover, the enduzance of the friction parts (at the lower service energy 
levels) must satisfy an extended overhaul schedule in terms of flight hours, or 
landings. This endurance greatly exceeds tha.t specified in AS227. Tbis endur- 
ance must also not represent 100°fo lining wear to assure that the brakes are air- 
worthy up to the tir~ of overhaul. 

The afore~ntioned airline service energy levels are defined in Tables II2, N, 
V, VI. Semple calcuZations for the determination of ta.xi energy are given in 
Table VIII. 

It should be noted that the energy definitions suggest time intervals which can 
be used to establish the speed-torque schedules. A speed-torque schedule is re- 
qui.red t'or each type endurance test (i.e.) norma..l service, abnormal, etc. 

Stiiggested number of airline stops for design of brakes for transports of various 
landing frequency are shown in Table II. Also shown are the reco~ended dynamo- 
meter service life test stops to substa.ntiate the design life. About 2~ of these 
stops are higher energy stops. The endurance evaluation also includes the therma 
effects of taxi braking and parking. 

The 2~ high energy stops are at the abnormal landing KE or interrupted take-off 
KE~ which ever is greater. 

As already mentioned~ increased brake endurance is associated with increased 
brake weight. Figure C illustrates the variation in estimated bra.ke weight in 
percent, versus normal service stops. For example~ 50 normal service stops is 
equivalent to a 2.1~ increase in brake weight. 
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6. TYPICAL WHF.EL EPIDURANCE TEST: The wheel endurance roll tests sug~ested in Table 

I should be run on a dynamo~ter, and should be independent of the brake develop- 
rr~nt tests. 

7• TYPTCAL BRAKE FNDURANCE TEST; 

(a) The brake a.nd wheel shall be mounted to simul.ate the natural frequency and 
elasticity of the proposed installation. 

(b) The natural frequency, d.amping, a,nd amplitude of the landing gear system 
shall be simulated and controlled within the limits specified by the air- 
plane manufacturer. 

(c) The dynami.es of the wheel brake landing gear system should be analyzed and 
sub stantiated to the satisf~etion of the airplane manufacturer. 

(d) In addition to other informa,tion, the following data should be recorded 
dur3ng each stop; or less frequently as specified by the airplane manu- 
facturer. Bra.ke pressure, bra.ke displace~nt~ brake torq ,ue, dynasnometer 
speed, brake te~uperature, tire bead. seat temperature, axle wall temperature~ 
and a,x]_e flange temperature. 

(e) A brake endurance test should be run on a dynamometer similar to the pro- 
cedure described in MiZ. Spec. 5~1.3• The stops should conform with the 
speed torque program established by the airplane manufacturer. The brake 
friction parts sha11 be new when the test is started. The parts sha11 not 
be replaced during the test. 

(f) If an overhauled production brake is used for these tests, its previous time 
and test history must be known. 

(g) The bra,ke assembly and friction parts must remain serviceable throughout the 
test and be capable of further endurance to the limit of its design stops, 
including reserve stops of 10~. 

(h) The thiekness of all wearing friction materials must be caref~illy measured 
and record.ed prior to the tes•t. 

(i) Consistent with note (c) of Table II, some of the brake stops shall be run 
with actuation pressure making one complete on-off cyele per second do~an to 
30 l~ots; then constant pressure to 0~ots. The pressure "on" part of the 
cycle shall not be less than 0.5 secvnds. Brake torgue during each cycle 
shall be d3minished to a value no greater than 10~0 of the average torque 
required to develop a deceleration rate of 10 f`t.~sec. 2. No deceleration 
rate is specif3ed for the cyclic 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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8. 1~ECONIlKENDED DESIGN FEATURES: The following features should be incorporated in 

airline wheels and brakes to facilitate ~intenance and stores control, or extend 
the service life of the pa,rts. 

A. Wheels 

l. Ineorporate permanent part and seriel number on each wheel half.; do not 
create stress raisers by stamping. 

2. Txistall identification plate or pad to record modification or date "in 
service". 

3. Ixistall provisions for dynamically and statically balancing wheel and 
tire assembly. 

~+. Impregnation of cast wheels shall be resis~tant to pairit stripping solu- 
tions and Sl~ydrol. 

5. ?nstall standard bearings and cups. 

6. Provide adequate material in hub to allow for rework to install oversize 
bearing cups or bushings. 

7. Design tubeless wheel seal areas to proteet them from han.dling damage. 

8. Use aircraf`t standard (AN, NS, or NAS) hardware wherever possible. 

9. Design wheela so that tubeless tire type ~heels can be converted to tube 
wheels, contingent on airline experience with tubeless tires anci wheels. 

10. Forged wheels shall be adequa.tely protected ~rom corrosion with a finish 
which can be easily stripped to facilitate inspections~ if necessary. 

B. Brakes 

l. Design for minimum disassembly to replace frictional components. 

2. Provide adequate material in piston cylinders to facilitate repair 
using oversized or replaeeable sleeves or pistons. 

3. Provi@e automatic adjustment or simple marival adjustment wh3ch is accessi- 
ble without removal of wheel. 

~+. Avoid high heat treat materials. 

5. Avoid cad plating on parts exposed to temperature exceeding 500°F, to 
prevent cadmium stress alloying of parts which reduces strength. 

6. Use aircraf`t standard (AN~ MS or NAS) hardware wherever possible. 

7. Provide readily visible and usable lining wear indicator. 

8. Incorporate permanent serial number and part number identification; do not 
ereate stress raisers by stamping. 
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9. Design for minimum fluid displace~nt from brake "off" to "on". 

10. Design to minimize deflections under maximum operating brake pressure. 

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

12. 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 
torq,ue wrenches are not readily available. 
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TABLE II 
BRAI~ LIFE CRITERIA - DYNAMONIETER STOPS 

Recommended Dynamometer Service 
ding Nii.nimum Numbe r Life Te st 	E~_ 
quency 'rline Stops 1 2 	3 

ight- 
Hours~ 

Nom. Landing 
Weight: 

Required for Stops gto~8~ Stops Tabl 
Airplane Type Design Table Table V or VI 

di Desi a.nd Ran e A III A Iy D 
.70 to 1.~+ 96~ Piston Engine 600 26~+ 528 6 

Short 
. 	to 2. 9 Piston Engine 500 220 5 

Intermediate 
2. 	to 	.0 g Piston Engine 50 17 352 

Lo 	-Domestic 
.0 to 5•5 9 Piston ~gine 50 17 352 

IA 	- Intl. 
.70 to l. 95 Propjet - 00 2 52 

Short 
. 	to 	.0 9 Propjet - 500 220 5 

Inter. & Lo 
.70 to l. Jet 0 2 52 

Short 
. 	to 2.o g Jet 500 220 5 

Intermediate 
.0 to 3•5 9 Jet 50 17 352 

r~ Dom & Intl. 

NOTES: 

(A) 	Based on reduction of dynamometer service life test data, the friction parts 
sha11 ha.ve 60~ of their service life remaining af`ter completion of the ser- 
vice life test. 	This includes the 10~ reserve required of the brake design 
(e.g.) 26~+ stops equal.s (600 ~ 10~ x 600) (100~-60~). 

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

(C) 	75~ of stops per Column No. (1) wi.11 be run with a brake pressure needed to 
meet deceleration requirements. 	The remaining stops will be run at cyclic 
pressure per paragraph 8i. 

~ A ) 	Design and test for R.E. of either Table V or Table VI, whichever is greater, 
considering taxiing after abnormal landing or taxiing before and after the 
interrnpted take-off. 

(E) 	Tests do not supersede those specified in A5227 which require an ultimate RTO 
test. 
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TABLE TII 
DEFIlVITION OF AIRLINE SERVICE I~N'DING 

(For Calculation of Normal Kinetic Energy) 

Listed below are . factors which nnzst be ~,own or assumed in order to permit the ca1- 
culation of brake energy (as differentiated from an estima.te). 

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 significant. The designer should exa,mine each assump~t.ion and decide whether 
a different figure would be appropriate. 

1. .Airport Conditions: 

A. Airport altitude 1000 f"t. 
B. Air temperature: Standard (55°F) plus 20° = 75°F. 
C. Density altitude corresponding to above is 2250 f`t. and density ratio is 

0•935• 
D. Wind: 5 kts. headwind 
E. l~znway slope : zero 

2. Landing Weights as specified in Table II. 

3. Sling Flaps: 

A. ?n normal landing position at touchdown. 
B. May be assumed to be retra.eted after touchdown~ if this is to be standard 

for the airplane involved. However, speed at initiation of flap retraction 
sha.11 not be greater than 0.9 of stallin~ speed. 

~+. Spoilers and~or speed brakes: 

A. In norma,.t landing position at touchdown. 
B. After touchdawn~ position as per standard. procedure for aircraft. 

5. Touchdown air speeds: 1200 of power-off stall speed with above conditions. 

6. Powerplant Controls: 

A. All powerplants operating norraal.ly  at touchdown. 
B. Two seconds af`ter touchdown, powerplant controls placed in nosmal 

operatir~ position for landing roll-out. See note belrna. 
C. Powerplant controls remain in above position ~until gxround-speed reduces 

to 3o kts. 
D. At 30 kts., powerplan~t controls changed to normal taxi conditions. 	. 

7. Brake Controls: 

A. Initial brake pressure applied 3 secs. after touchdown. 
B. Initial brake pressure sufficient to produce a tire-to-ground coefficient 

of friction = 0.2~. 
C. Brake pressure changed during roll-out as required to mai.ntain a tire-to- 

ground coefficient o~ friction = 0.25 at a11 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 
lOfP82  including aerodyna,mic drag and powerplant effects. 

E. All bra,kes operating equally. 
F. Brake pressure released at 30 kts. Le.nding roll-out e,ssuu~ed concluded 

at this point, and taxi phase begins. 
N_OTE,~. Credit shall be taken for aerodynamic drag and negative~or reverse thrust 

af`ter touchdown and before taxi. Normal reverse thrust data sha11 be de- 
termined by the aircraf`t manufaeturer and clearly stated in the analysis. 

TABLE N 
DEFIIJITIOPI OF NORMAL AIRLINE TAXIIlVG PRIOR TO 

TAKE-OFF OR AFTER I.ANDING 
(For Calcu3ation of Taxi Kinetic FF.hergy) 

Listed below are factors which must be known or assumed in order to permit the ca1- 
culation of bra.ke energy (as differentiated from an estimate). 

The numerical values shown below are suggested as being typical; however, they will 
not necessarily be rationa.l for a11 aircraft types. Items 2, ~+, and 7 are parti- 
cularly significant. The designer should examine each assw~ption and decide whether a 
different figure would be appropriate. 

l. Wei~ht: Average between ma,x. design take-off weight and max. desi~n landing 
wei~ht~ ad~usted per Table I and II data. 

2• Taxi Speed: Oscillates between V kts. and V-3•79 1~ts• (obtain V from air- 
plane ma.nufacturer). V represents approx. taxi speed. The 3.79 kts. speed 
decrem~ent is derived from the bra.king assumption of Para. 5 and 6 belaw. 
See typical caleulations in Table VIII. 

3• Aerodynamie drag: Assume zero. 

4. Powerplant thrust: Equa1 to aerodynamic dre,~ plus tire rollin~ resistance 
plus excess thrust suf'ficient to recover in ten secpnds of time, the speed 
lost in Para. 2. Nbre thruat a.nd less tims sha11 be assumed if known to be 
typical. 

5• Brake presaure: As required to produce deceleration of 3 2f 2 while over- 
comin~ excess thrust in 	Para. 1+. 	 ps 

6. Brake application time: 2 seconds. 

7. Number oP applications: 5 

8. In addition to the ab3v~e applicationa, the airplane mu~t be atopped once 
from taxi~,ng speed, per item SD. 

A. Assum~e avera~e weight as in Para. 1. 
B. Assume powerplant thrust is zero as is a.erodynamic drag. 
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C. ~s~ume initial apeed is V kts., resu7.ting from the last ten seconds 
acceleration with excess thrust. 

D. As~sume brake pressure as required to stop airpl_ane at an average rate 
of 5fps2. 

9. Airport conditions: 

A. Airport altitude 1000 ft. 
B. Air Temp. - standard plus 20°F = 75°F. 
C. Wind: zero. 
D. Runwa.y slope: zero. 

NOTE: The above assumptions are based on the premise that the only reason for 
using brakes during taxiing is to prevent excessive ground speed. Ex- 
cessive ground speed, in turn, is due to powerplan.t thrust level in ex- 
cess of the sum of tire rolling resistanee, wheel bearing drag and aero- 
dynatrdc drag at some lower speed. This excess will cause acceleration 
from the lower speed to some higher speed at which equilibrium will 
oceur. 

TABLE V 
DEFIlVl'.L'ION OF ABNORMAL I,ELDIDING 

(For Calculation of Abnormal Kinetic Energy) 

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

The numerical values shown below are su~gested as being typical; however~ they will 
not necessarily be rational for a11 aircraft types. Items 5, 6, and 7 are parti- 
cularly significant. The designer should exaanine each assumption and decide whether 
a different figure would be appropriate. 

1. Airport conditions: 

A. Airport altitude 3000 f`t. 
B. A3r Temp. = std. plus ~+0° = 88°F. Dens. a1t. = 550o f`t. Dens. ratio =.8~+8 
C. Winds: zero 
D. Runway slope: zero. 

2. La,nding weight: As specified in Table II. 

3. Wing Flaps: 

A. In normal landing position after touchdown. 
B. May be assumed to be retracted af`ter touchdown~ if this is to be standard 

procedure for the type. However, speed at initiation of flap retraction 
shall not be greater than 0.9 of stallin~ speed. 

~+. Spoilers and~or Speed Brakes: 

A. In normal landing position at touchdown. 
B. After touchdown, position per standard 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 symunetrical 
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 bra.kes and rudder. 

C. 10 secs. after touchdown powerplant controls placed in position to correct 
the yaw induced per (A) or (B) for landing roll-out. 

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

7. Brake Controls: 

A. Initial brake pressure applied 3 secs. after touchdown. 
B. Initial brake pressure sufficient to produce a tire-to-ground coefficient of 

friction = 0.30. 
C. Brake pressure changed during roll-out as required to maintain a tire-to- 

ground coefficient of friction = 0.30 at all speeds. 
D. However, the ground coefficient of friction at any speed need not be a~- 

sumed higher than as necessary to produce a deceleration rate of 12f ps  , in- 
cluding aerodyna.mic drag and powerplant effect. 

E. Some tires blown out making half of the brakes on one gear ineffective, 
conti.ngent on the landing assumed. 

F. Bra.ke pressure released at 30 kts. Begin taxi phase per Table N. 

NOTE: Assumed situation would be propjet landing wherein one prop stayed in flight 
idle unexpectedly and the ya.w at the touchdown was counteracted by rudder and 
one set of brakes which blew one tire. Pilot would "cut" a11 engines, use 
brakes to stop and possibly resort to reverse on remaining good engine-if he 
isolated bad one meanwhile. 

TABLE VI 
DEFINITIOIV OF INrERRUPTED TAI~-OFF CONDITION 

(FOR CAI~CUI,ATION OF I.T.O. KIlVETIC ENERGY) 

Listed below are factors which must be known or assumed in ord.er  to permit the ca1- 
culation of brake energy (as differentiated from an estima.te). 

The numerical values shown below are suggested as bein~ typical; however, they will 
not neeessarily be rational for a11 aircraft types. Items 5, 6~ and 7 are parti- 
cularly significant. The des3gner shoutd examine each assumption and decide whether 
a different figure would be appropriate. 

l. Airport Conditions: 

A. AirporE altitude 1000 ft. 
B. Air temp: std. (55° F)  plus 20° = 75°F. 
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C. Density a7.titude corresponding to above is 2250 ft, and density ratio is 
0.935. 

D. Winda: 5 kt~. headwind. 
E. Runwa~ slopes zero 

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

2.1 A taxi phase per TablE IV precedes the take-off. 

3. Wing Flaps: 

A. In take-off position. 

!~. Spoilers and/or Speed Br~kess 

A. Use per standard procedure (probably actuated 2 secs. after m,ax. ground 
speed reached). 

5. Ground Speed: 85 kts, or 75% V1  whichever is greater. 

6. Power Flant Controls: 

A. A11 in idle position. 
B. Controls remain in idle position until ~peed is reduced to 30 kts. 

7. Brake Control~ s 

A. Initial brake pressure applied when max. ground speed attained. 
B. Initial brake presaure sufficient to produce tire-to-ground coefficient 

of friction = 0.30. 
C. Brake pressure changed as required during roll-out to maintai.n a tire- 

to-ground coefficient of friction of 0.30 at all speeds. Assueoe continu- 
ous braking, unless the airplane is equipped with an automatic skid control 
system in xhich case, the max. coefficient achievable and intermittent 
eharacteristics of the braking system should be accounted foro 

D. The ground coefficient at any speed need not be assumed higher than neces- 
sary to produee a peak deeeleration of 12 ft.~3ec.~sec., including aero- 
dynamics drag and powerplant eff ects. 

E. All brakes operating equ,ally. 
F. Brake pressure released at 10 lmota and begin taxi phase per Table IV. 

DATE: Interrupted take-offs occur due to (1) fire al.arm syatem 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, (1~) traffic 
problem, (5) other operational or maintenance eff ects. Such in~tances might 
occur for 1-2~ of all flights. 
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TABLE VII - 2 

SANIL'LE CALCULATIONS FOR AIRL:LNE SERVICE I~ANllING ENERGY 
(per Table III Definition) 

F~fer to Table VII-1 Data Sheets -a and b 

Weight; 95~ of max. design landing weight 
= 0.95 x loo,000 = 95,00o ibs. 

Airport a.ttituae: l000 ft. 

Ambient air tempera,ture: 75°F. 

Density ratio: 0.935 

h~ind: 5 kts. hea.dwind 

Flaps: La.nding position 

Power Plants: All operating normally and controls operated in 
normal manner for the type. 

Wing-Area: 1~50 sq. ft. 

C~ .  = 2. 30 

295 x 95000 

V~~-1 	1 50 x 2.30 x . 935 - 9~'7 ~s. airspeed 

vtouchdown - 1.20 x 9~+.7 = 113.7 kts. airspeed = 108.7 kts. groundspeed 

CL~ = 0.80 

S~ing 1i~t = 0.8o x o.935 x 1~+5o x VA2/295 = 3 .67 VA2. 

CD~ = 0.12 

Air.~'ra.~ ara~ = 0.12 x o.935 x ~~+50 = vA2/295 = o.551vA2. SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p5

97
a

https://saenorm.com/api/?name=e2a74ed88228a36a737e93a82537e040


Wheels and Bral~es, Supple~ntary Criteria for 	l~sued 11-3~-62 ~ pp ,I~~~A 
Design Endurance - ~ivil Transport Aircraf`t 	Revised 7-30-63 ~ii~r 

- 17 - 

TABLE VII - 3 

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

(a) 6000 1bs. forward thrust at touchdown snd for about 2 seeonds thereafter. 

(b) Linear transition from (a) to (c). 

(c) 1~+,000 lbs. max. reverse thrust attained about ~+ secs. af`ter touchdown. 

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

Brake ~pplication is assumed as follows: 

il  (a) Brakes start on sometis~ after about 2 secs. 

(b) Bra.kes are well on at 3.86 secs. 

(c) A braking coefficient of 0.25, in combination with drag and reverse thru~t, 
would produce much more than the arbitrary maximum deceleration of 10~s . 
Therefore, brakin~ force at any speed is assumed to be just enough to yield 
exactly lOf~s 2  deceleration due to all forces. This requires gradually in- 
creasing brake pressure during the stop, but the coefficient never exceeds 0.2. 

(d~ The resultin~; brakin.~ coefficients are listed in the last column~ arid az'e eal- 
culated as µ' = FB~(W-L). 

(e) The actual tire coefficients of friction are listed in the next-to-last column~ 
identified as µ. This is calculated separately, usir~g the listed values of µ' 
the formula of sheet 1+, and an assumed wheel-base geometry for the hypothetical 
airplane. 

sttNIMAxY oF xESUI,TS, aown to 30.o kts. 

B rake ene rgy 	 = 19,127, 000 f`t . lb s. 

Drag ene rgy 	 = 	9, 798, 000 f`t . lb s. 

= 16,993,000 ~t. ibs. 

_ 	~+5,918,00o ft. ibs. 

_ 	~+5,900,00o ft. ~.bs. 

= 	2081+ f"t . 

= 16.1g sec. 

Powerplant energy 

Tota1 energy 

Airplane energy 

Ground ro11 

Time 
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TABLE VII - ~+ 

BRAKING COEFFICIENPS 

Coefficient µ is true tire-to-ground friction coefficient, defined as: 

Braking force 

µ wt. - lif`t - nose wheel load 

for aircraf`t not equipped with nose-wheel brakes. 

Coefficient µ' is apparent braking coefficient, defined as: 

µ~ = braking force 
wt . - lif`t 

For airplanes not equipped with nose-wheel brakes~ the two coefficients are 
related as follows: 

!~~ 	_ 	~' ~ 	 µ = µ~ b 
~, h + b 	 ~ - µ' h 

For the hypothetical aircraft design represented by Table VII, which does not have 
nose-wheel brakes, the geometry results in the listed differences between µ and µ~ 
The listed values of µ'are calculated from the 5th and 6th columns of Table VII-1. 

4 Lift 
Ine rtia 
	

Aero Drag 
wa ~' 
	

Rev. Thrust 

g 
Weight 

~ 	 ' ___~~ 

h 	 ~ 	~i 
; 

i 	 \ 	Braking 
~P 	 ~ ~ ~ Force 

~ 	 --~ 

._ _.____. 	 b 

For aircraf`t equipped with nose-wheel brakes~ 

µ = ~,' ^ total braking force 
wt. - lif't 
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TABLE VIII 

ANALYSIS OF TAXI CONDITIONS 
FOR HYPC/.rHETICAL A.IRPLANE 

Let W = airplane wei~ht~ lbs. 
B = braking force, lbs., including rolling resistance. 
P = excess powerplant thrust, 1'bs., over and above aerodynam:i.c drag and 

rolling resistance. 
a = rate of ~cceleration or cleceleration, fps2. 
g = 32.2 fps . 
t = time, sec. 
S = distance~ ft. 
VB  = speed before decelerating, fps (To be established rationally by a3rcraft 

ma.nufacturer) . 
VA  = speed af`ter decelerating, fps (Arbitrarily defined as 3.79 kts. less 

than VB 

Deceleration Period 

By arbitrary definition, a=-3.2 fps 2  =-O.lOg. 
Hence B = O.lOW ~ P(P as detez~n.ined below) 

= 0.12W (acting backward) (including rolling resistance~ 
t = 2 sec. by arbitrary definition 
VA  = V - at = V -(3.2x2) = VB  - 6.~- f`ps 

_ ~ - 3.79 k~s. 

Accelerat3on Per3:od 

a = (vB -  vA)  /io = ~ vB -  (vB -  6. ~+)1 /lo = 0.6~+ ~s2 

P = 4Ta~g = 0 .64w/32 .2  = 0.02W (excess) = O.O~+W (~~otal required to balance 
rolling resistance and accelerate airplane~. 

B = rolling resistance only, assumed equsl to 0.02W. 
(nurnerically same as excess thrust, by coincidence only) 

t = 10 sec. 

vB =vA ~at= (vB -6.~+) ~ (0.6~+~io) =vB. 

ical Taxi Calculations 

w =(115000 ~ 85000)/2 = 100,000 lbs. average weight 
No. of wheels =~+ (2 per gear~ 
VB  = 39•a ~Ph  = 57 •1  ~s = 33 •79 ~s. (assumed to be typical but may vary). 
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