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Wheels and Brakes9 Supplemsn~ary Cri~teria Yor Dasign IIzdur~nce = 	000do~ 11~30m62 

Civil Trans o~ Aix°cs°~f'`t 	 Qonoo~l 

le SCOPE o  To recoa~nd supplemen~a.ry design cri~teria ~to er~hance ~he endux~ncey 
reliabili~y 9  and degand~bili~y of tra.nspor~t aircx~.ft ~rheele and ba~keso 

2. x~~vcE s~EC~~c~~ao~s e 

(s) SAE Spec. AS227 (TSO ~C26) 
(b) Civil Air Regulation Pax°t ~+b 
(c ) A~tl.l Spec . A9IL W 5013 (ASG) 

3. DISCUSSIO1VS s  The minimum require~ents for ~he design of civil ~ransport ~heels 
and breltes ane defined in reference (a) above. The performance requinemen~s are 
defined in reference (b). Although no~ dis~ec~ly applicable y  ~he design require= 
men~s and tests in reference (c) are also used 9  in modified form, to develop 
co~rcial assemblies. 

These specifica~ions have resul~Ced in ao~}r successflzl produc~ion assemblieso 
Ho~reeer, ne~ designs so~timss require a period oY developm~n~ and de=bugging 
durir~ initial servicee This does no~ ~an ~hat the brake and ~heel ~rould not 
satisfactorily and safely s~op the aircrafto I~t does msan that dux°ing the firs~ 
and~~r second year of opera~ion 9  a cooperative service development program be= 
t~een airline and brake and wheel manufacturer had ~to be undertaken ~o increase 
the endura.nce of so~me parts ~o a satisfactory service and economic leeel. 
Nuisance troubles such as cracked linings, oil seepa~e, cracked housings, 
warped discs, and fatigue failures of secondary parts occurred. Hence, i~C ~as 
apparent ~hat existing developmen~ and qualifica~ion tests should be supple= 
mented t~ith additional tests ~hich simulate service conditions. 

The folla~ing pages suggest criteria for desi~n endurance levels for ~heels and 
bra.kea in various icypes of com¢~ercial air ~transport service. The types of ser= 
vice are desig~aated by landing frequency because this para~ter is funda~ental. 

The cri.~eria recognizes ~ha~t airline landings and ~Cake=offs are ususlly made a~ 
~eights less thasi design ~eights. P,l.so 9  ~ha~ ini~tial brake application speeds 
are approximately 80=100~ s~a11 speed, although ~ouchdo~n m~y be as grea~ as 
120-125~i sta11 speed. It also recognizes that some service landings and take- 
offs may involve abnox~nal energies ~ahich exceed ~he daily normy but ~hich are 
substantially bela~ the level of an accelera.~e = s~op condition. 

Ilefini~tions of ~these service and abnorn~al energy condi~ions are given in Table 
III ~o VITI inclusive. Iic should be no~ed tha~t ~the Ta.bles include certe,in 
ground friction coefficien~s and bra.king ~im~ scheduleso These ha,ve been 
estima'ted or ob~ained from field ~est axid design data~ and can be ad~us~ted as 
required to sui~t the airplane in question, 

The auggested endurance criteria in Tables I and II ar~ based on airline 
~ecommendation~ obtained in Air Trsnsport As~ociation sur~eysa 

Since incre~~ed ~ndurance is normall~r associated r~ith incre~sed weight, 
Figures A, B 9  and C are included in this x^~pox°t to illustrate r~eig~t tx~nds, 

CoovvlaAQ 1962 ~n oc~oav m4 pd4o~a~QO~o ¢waiAOOOa iAC~.. 	 PvlwQod ic, M. B. A. 
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~~ L ~~ 	000aoa 11=30=62 	Wheels ~nd ~~~y Suppl~~n~aa^~r C g°i$eri~ fbr 
Woe~saoa 	 Il~aigx~ ~du~Ce ~ Ci~l 'I'~B~o~ A:L~~~ 

~ 2 ~ 

~o-o ~~'~~ ~1~%, ~~T~J%~1T~ 13EQ~So The ~~cifi~~.~ions in AS227 a~quix~ ~. 
~i.~~a ro~ $e~ of 1000 miles 9  a~ rn~i~naffi ~s~tas$ic lo~.da 3°hi~ i~e ~, v~a~r sho~ 
e~dua~a~~ ~~~ fox° e~.ix°~a^~f`~ ~shich ~rill be flo~rn abou~ 3000 hours ~r ye~x°a If 
~h~ l~ciing a~te Po~ the ~a9c~, for eac~le 9  is t~ro houra of fligh~ pex° l~d= 
ixa~ 9  $~a~ ~$u~.l. roll. dis~ance ~.11 be ~,bou~ (3000 g 2) 3 = ~+500 ~iles ~x° ~~x°o 
%~dix~ ~d t~~=off ~~saci dist~.n~es each ran~e fx°o~ 1~2 to 2 aniles ~ox° pis~on 
a~~~f°~ ~d $hus ~.~ y°age abou~t 3~mi.les per fligh~o ~'he ~~,aci die'c~xace~ for 
l~~°~~ ~~~ ~ix~a~f°~ ~an ~vex°~e abou~t 4~to 5 sniles, bu~ ~he l~din~ a~~e is ~.bou~t 
3 hours ~x° landixage ~°hus 9  the ~c~tual x°oll dis~~srace fox° laxge ~e~ ~d pis~Eon 
co~a°ei~l ta~aaepo~s e~n be ~bou~ ~+500 niiles pex° yeero 

Fio~vrex°, $he ~50~ ~il~ ~igure ~r3.11 b~ x~educed by ~the ~~io of s~~rice ~rheels ~o 
~c:~ri~e ~Olu~ ~p~,a~ ~aheel~o When spa gses ~sa~ ~ssu~d ~to be abou~ 15~ o~' serv3.ce 
~rhe~lsy tl~e ~nual ~vea~°a~e e~h~el sex°vice ~rill be 85°~ x~+5~ = 3850 ~.1.es per year 
~u~, i~ $h~ c~~el is e~pec~ed ~o l~s~ five y~ears 9  i~C could x°oll ~.s ffiuch as 
20a 000 ~iles in t~h~$ ~i~ e~'his ~ile~e ~rill no~ be ~t ~ s$~.~ic lo~sd equiv~.len~ 
$o ~he desi~a ~ro~s or l~adirig ~neigh~CS because the opea~,~ting ~igh~CS during 
~s.,~~~o~~ ~d l~aading ~a~e gerne g°a11y less than ~the design w~.lu~~a 

%~ f.~ i~a~.~ici~~1. to conduc~ ~ 20,000 mtles roll ices~ for ~y re~.sonso It, 
the~fore 9  e.p~ars i~ha~t good de~t~il design 9  good ~rheel proces~ingy plus a pa~.c= 
t~I~al a~.di~,l and ca~ted roll ~es~t of x 4easonable dua~.~ion a$ gs~~,ter th~,n ~a~ci~ 
~~~3c load i~ ~he ~s~ ra~ional a~~hod of developing a sa~isf~e~ory ~rheel For 
coa~x~ie,l $~spox°t~o 

S~e~~d ~irlia~e se~rice endus°~ce and dynamic ~ea~rice life roll -~es~ mile~,ges 
~o~ Bra.ia~ aa~d nose ~h~els aa~ given in Table I for aircx°a~t of diff~~en~t landin~ 
~~c~uencies o 

~e ef~ee~t of lon~ex~ ~ea~r3ee life on ~rheel e~eigh~ is ~~i~s~ed in Figu~s A and 

F'i~ Ao V~,~~,tion of ~i~ca~f~ ~rheel ~.saeYnbly ~rei~h~t sho~s ~he 
~eig~at of m~,gnesium a11oy (for~ed) ~rheel ~o be inc~e~sised abou~ 
7~ ~rh~n ~he ~rheel x°oll dist~.nce is inca~a~ed ~ten ~ti~es (ioeo ) 
1000 to 10,Q00 ~i.lese 

F"igua~ ~ o ~bh~el x~~irig vex°sus ~heel ~igh~ sho~rs a 3 0 7 lb e i~c~~se 
in ~rheel ~3ght p~r 1000 lbo ~~ting for for~~d r~esiu~ e~heels in 
~he laU~=80Q0 mile roll ~es~ classificatioa~e 

I$ ~hould be a~oted ~ha~ the incxse~ssed roll life ~aad ~ssso~fa~ed inca~e~.se in ~_ 
l~.ability c~aa ou~~i~a ~ pot~~ial payloa.d. pen~lty ~.n ~ea,m~ o~ a~edu~ed ~in~ 
~~a2~ce, fe~ex° ep~.a~s 9  a~d imp~ved passengex° seavice due ~to fe~rex° unscheduled 
a~~v~l~ of ~h~els ~d b~keso 

50 ~Yl'~~ ~~ F.~~E EtEQtT%~S< S~ecifica~ion AS227 r~c~uia~es ~. gnirii~ 
nu~e~ of ~ops ~t design l~nding .ene y°g~r, % e.ddiicio~a 9  one ~op mu~ be ~,de at 
~.ccele~ate~stop eraerg~o Thea~ ai~e extase~ ~.lues ~nd x~p~es~n~ p~~ks of enex°gy 
~~pli~~,$ion~ o~'hey ~,a~e no$ a~:pa~sen~e,~ive of de,ily ope~tioraal ~ondiitions e 
~ae ~,i~line 'ba~e 9  iza d~ily sex°~r3cey ffiusit endua~ hunds~ds of s~ops ~~ ffiucl~ lo~r 
e~~a~a ~kae en~a~r level is lo~rer due ~o lae~x° opex~a.ting ~i~h~ 9  ~rodya~mic 
d~ 9  ~uacil.i~a~ ►  d~ de~r3.ces ~uch as ~2a~u~~ a~ver~er~y px°op ~eic pro~llex° d~gs 
dda~'.~C72.~~~9 ~~~~~.~ ~d~.S~ 9  ~.NCo 

~ 

~ 

~ 
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Wheels and Bralses, S~pplem~nicary Cri~ex°i.a for 	Iloa~ae~ 11~3~~62 	0 
Design Endurance = Civil Transpox°t Air°c~f't 	~e•.ioQaD 	~~ ~ 

~3~ 
The energy can be abnorm~lly high at ~im~s due to hi~her ~h~n nox~sl ~touchdo~ra 
speeds 9  hax°rl braking y  unsy~~trical braking due ~o fla~ ~ti~ or inopex°~~tive 
bx°ake 9  or uneyr~trical braking due ~o la~eral thrus-t diffenenees ~hen one or 
more engines ax~e inoperativeo 

The energy ca.n also be a't a semi=eacergency level less frequen~ly due ~CO an in~ex= 
rup~ted take=off e Thie is e. ~ake=off r~hich 3s abox°ted befox~ ~he V l  speed is 
reached because of technical or operas~tiona7. problems e 

The energy can also be inca°eased by in~ermi~t~terrt braking during taxi operatione e 
Some piston engine ai g°caaf'ic ~nzst be taxied at ~l~tiv~ly high engine APM on one 
or more engines ~o ~intain elec~trical po~er fox radio co~nunication 9  c~bin 
lighting, instrw~n'ts 9  etco The airplane o s sgeed ~aould be excessive unlesa ~the 
aceelera~ion is eontrolled by light cons~ant or in~termi'c~ent brakinge Similarly9 
~he use of ~t~o ~et en~ines a~ high thrust on a 4 engine aix~laney durin~ ~t~xiing9 

~ can require inte~mi~~en~t bx°aking ~o avoid excessive ~axi speedo ',I'he cum ►ala~ive 
effect of the resultant energy on bz°~,kes 9  t~heels ~.nd ~tires 9  a,~`ter parking 9  ia 
apparent o 

Prac~tically all airline stops ar~e acco~lished on brake assemblies ~h~~t have been 
overhauledo These assemblies usually incorpox°ate ne~r or used fric~tion p~x°ts9 
used housings 9  e~tco The endurance of a11 pa=°ts should 9  therefore 9  be highe 
l~x9eover, the endur~nce of the fric~tion parts (at the lo~er service energy 
levels) zmzst satisfy an extended overhaul schedule in ~Cerms of fligh~t hours 9  or 
landings. This endurance greatly exceeds ~tha~ specified in AS227a T~.i.s endur= 
ance must also not ~represen~t 100~6 lining tirear ~o assure that the br~ltes are air= 
~orth~y up to ~he ~time of overhaul> 

The afore~ntioned airline service energy levels are defined in Taules III 9  IV, 
V9  VTo Sample calcula~ions for the de~e~mination of taxi energy are giv~en in 
Table VIIIo 

It should be noted that the energy definitions suggest time in~ervals ~hich can 
be used to establish ~the speed=torque seheduleso A speed=torque achedule is ~e= 
quix~ed for each type endux~nce test (ioe>) normal service 9  abno~°me1. 9  etco 

Stiiggested number of airline stops for design of brakes for transpox°ts of various 
landing frequency are sho~ra in Table IIa Al.so show~n a~e the xaeco~nded dyna,mo= 
m,eter service life ~est stops ~to substantiate ~the design lifeo About 2~ of ~hese 
atops are higher energy s~opso The endurance evaluation also includes ~the the~°ma 
effec~ts of taxi bx°aking and parkinge 

The 2~, high energy stops ax9e at ~the abnoxma7. l~.nding ICE or inte~°upted ~take=off 
KE, ~hich ever is ga~atere 

As al~ady mentioned 9  incre~sed br~.ke endux~.nce is associated r~i~th inc~eased 
bra,ke ~ei~.hte Figure C illustra~tes the variation in es~ti~~ed b~.ke r~eigh~t in 
percent, versus nor~1. service s~opso For example y  50 no~l seivice s~ops ie 
equivalent to a 2ol~O inc~ease in brake r~reight. 

~ 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p5

97

https://saenorm.com/api/?name=3f773f2c5a998a753ac7ace9797f80d0


~ 	 ~ssu~d 11-3a62 	Wheels and Brakes, Supplementsry Criteria ~or 
~~ 	A•as.d 	 Deaign Endurance - Civil Transport.Aircraft 

-~+- 

6• TYPTCAL WF~EL II~IDURNZ~iCE TE9r: The Wheel endurance roll tests suggested in Ts~ble 
I should be run on a dynamometer~ and should be independent o~' the brake develop- 
me~t teata. 

7. TYPICAL BRAi~ ENDURAi~CE TEST: 

(a) The bre~.ke and ~heel sha11 be mounted to simulate the natural frequency and 
elasticity of the proposed installation. 

(b) The na.tux~al frequency~ da~cping~ and amplitude of the le~nding gear system 
shall be simu].ated and controlled within the limits specified by the air- 
p].sxie ~ufacturer. 

(c) The dynaarLcs of the wheel brake landing gear system should be analyzed and 
sub stantiated to the aatisPaction of the airplane msnufacturer. 

(d) In addition to other infarma.tion~ the Pollartaing data should be recorded 
during each stop; or less ~requently aa specified by the a3rplane me.nu- 
facturer. Brake pressure, brake displa,cement, brake torg ,ue, dynam4meter 
speed~ brake tempera.ture, tire be~c3. seet temperature, axle ~a7.1 temperature, 
and ax].e flange temperature. 

(e) A brake endurariee test ahould be run on a dynas~ometer similar to the pro- 
cedure described in Mil. Spec. 5013. The stops should conform ~ith the 
speed torque program established by the airplane masiufacturer. The brake 
frietion parts sha11 be ne~ when th~ test is started. The parts shall not 
be replaced during th~ test. 

(f} If an overhauled produet3on brake is used for these tests, its previous tin~e 
and test history ~must be knawn. 

(g) The bral~e assembly and friction pa.rts must rem~ain serviceable throughout the 
test and be capable of ftiirther endurance to the li,mit of its design stops~ 
including reserve stops of 10~. 

(h) The thi.ekness of all ~aring friction me ►terials ~nus~t be carePully measured 
and recorrled prior to the test. 

(i) Conaisterrt Srith note (c) of Table II, scnoe of the brake staps sha11 be ruxi 
w3th actuation pressure msking one camplete on-off eycle per second drnra to 
30 knots; then aonsts ►nt pressure to 0 lalots. The pressure "on" part of the 
cycle sha11 not be less than 0.5 secands. Bx~ake torque during each cycle 
aha11 be dimini~hed to a value no greater thasi 10,~i of the average torque 
required to develop a deceleration rate of 10 f`t.~sec. 2. No deceleration 
rate is specified for the cyclic pressure atops. The maximum pressure used 
for the cyclic pressure stops should equal the e~verage presaure r~equir~ed 
during the last prior non-eyaling pressure stap run to the aame eond3tion. 
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Wheels and Bra.kes~ Supplementary Criteria for 	ls,ued 11-3~-62 
Design Endura.nce - Civil Transport Afrcraft 	Reviscd 	A~ ~~~ 

-5- 
8. ~CONIlKENDED DESIGN FEATURES: The following features should be incorpora.ted in 

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

A. Wheels 

1. Incorporate permanent part and serial number on each wheel hal~; do not 
create stress ra.isers by stamping. 

2. Install identification plate or pad to record mQdification or date "in 
service". 

3. Install provisions for dynamieally and,statieally balancing wheel and 
t3re assembly. 

~+. ?mpregriation of cast ~aheels sha11 be resistant to paint strippin~ solu- 
tions and Sk~rdrol. 

5. Install sta.ndard bearings and cupe. 

6. Provide adequate material in hub to allow for rework to install ov~ersize 
bearin.g cups or bushings. 

7. Design tubeless wheel seal areas to protect them from.handling de~nage. 

8. Use aircraft sta.ndard (AN, NS~ or NAS) haxdware wherever possible. 

9. Design ~aheels so that tubeless tire type ~heels can be conv~erted to tube 
wheels, contingent on airline experience with tube7.ess tires and wheels. 

10. Forged wheels sha11 be adequately protec~ed from 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 cylin.ders to facilitate repair 
using oversized or repla.ceable sleeves or pistons. 

3. Provide automatic adjust~ent or simple ma,nual ad~ustment whiQh is accessi- 
ble without removal of wheel. 

~+. Avoid high heat treat materials. 

5. Avoid cad plating on parts exposed to temperatu.re exceeding 500°F, to 
prev~ent cadmium stress alloy3ng of parts which reduces strength. 

6. Use aircraft standard (AN, MS or NAS) hardware wherever possible. 

7. Provide readily visible and usable lining wear indicator. 

8. Incorporate pern~anent ser3.~1. number and part number identification; do not 
create stress ra.isers by stampirig. 
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~ o,e ~~~ 	i~su.a 11-3~-62 	Wheels and Brake s, S~.ipplemerrtary Criteria for 
A~ 	q~~~~~d 	 Design Endurance - Civil Transport Aircraft 

-6- 
9. Desi~n for minimum fluid displacement from brake "off" to "on". 

10. Design to miniffize deflections under ~►xittn~m ppera.ting brake pressure. 

11. Bleeder valve should be readily accessible and designed so that it can bel 
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 instellation or assembly. This is es- 
pecially required for bolts which must be torqued at locations where 
torqu~e wrenches are not readily available. 

~ 

~ 
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TABLE II 
BREIKE LTFE CRITERIA - DYNAMOMETER S1'OPS 

l~eco~ended Dynamometer Service 
ding NHnimum Number L3fe Test 	E 
quency rline Stops 1 2 	3 

ight- Nom. Landing Required for Stops Stops@ Stops Tabl 
Hours~ Weight: Airplane Type Design Table 50~, KE of V or VI 

di Desi a.nd Ran e A III A Table N D 

. 70 to 1. ~+ 96~ Piston E~igine 600 26~+ 528 6 
Short 

. 	to 2. 9 Piston F~ine 500 220 5 
Intermediate 

2. 	to .0 g Piston Engine 50 17 352 
Lo 	-Domestic 

.o to 5•S 9 Piston Engine 50 17 352 
Lo 	- Tntl. 

.70 to 1. 95 Prop~et - 00 2 52 
Short 

. 	to .0 9 Prop~et - 500 220 5 
Inter. & Long 

.70 to 1. Jet 0 2 52 
Short 

. 	to 2.0 g ,Tet 500 220 5 
Intermediate 

.0 to 3•5 9 Jet 5~ 17 352 
ng Dom & Sntl. 

NO2'ES : 

(A) Based on reduction of dynamometer service life test data, the friction 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 brake design 
(e.g.) 26~+ stops equals (600 ~ 10~ x 600) (100~-60~). 

(B) Test C~ele 
One stop~-per Colu~m No. (1) and without cooling period, 1 stop per Column No. 
(2), Cool bra.ke i:o ambient. 	Run 1 stop~Coluum No. (2) and cool brake to 
ambierrt. 	Re-run coiaplete cycle. 	Follow each 4~+ cycles with 1 stop per 
Colu~ No. (3). 

(C) 75°~ of stops per Colunm No. (1) will be run with a breke pressure needed to 
meet deceleration requirements. 	The remaining stops will be run at cyclic 
pressure per para~raph 8i. 

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

(E) Tests do not supersede those specified in AS227 which require an ultimate 1~T0 
test.. 

~ 

~ 

i 
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TABLE TTI 

DEFINITION OF AII~LIldE SERVICE I.ANDING 
(For Calculatian of NormQ.l Kinetic Energy) 

Listed belaw are factors which unxst be lmown or assumed in order to permit the cal- 
culation of brake ener~y (as differentiated from an estimate). 

The numerical values shown below are suggested as being typical; how~ever~ they will 
not neceaear~lly be rational for all aircra.i"t types. Itema 5, 6~ and 7 are parti- 
cularly significant. The designer should exa,mine each assump~tion and decide whether 
a different figure would be appropriate. 

l. Airport Conditions: 

A. Airport a].titude 1000 f't. 
B. Air temperature: Standard (55°F) Flus 20° = 75°F. 
C. Density altitude corresponding to above is 2250 ft. and density ratio is 

0•935• 
D. Wind; 5 kts. headwind 
E. Runwa.y slope : zero 

2. Landing Weights as specified in Table II. 

3. Wing Flaps: 

A. ?n norma.l landing position at touchdawn. 
B. May be assumed to be retraeted after touchdorym, if this is to be standard 

for the airplane invalved. However~ speed at initiation of flap retraction 
shal.l not be greater than 0.9 of stalling speed. 

4. Spoilers and~or speed brakes: 

A. In normal land3ng position at touchdrnm. 
B. A.f`ter touchdawn~ poaition as per standaxd procedure for aircraft. 

5. Touchdown air speeds: 120~ of power-off stall speed with above conditions. 

6. Powerplant Controls: 

A. All powerplants opera.ting normal.ly  at touchdown. 
B. Two seconds af ter touchdown~ powerplant controls plaeed in norme~l. 

operating position for landing roll-out. See note belaw. 
C. Powerplant controls remain in above position until ground-speed reduces 

to 3o kts. 
D. At 30 kts., powerplant controls changed to normal taxi conditions. 

7. Brake Controls: 

A. ?n3.tial brake pressure applied 3 secs. after touchdown. 
B. Initial brake pressure sufficient to produce a tire-to-ground coefficient 

of frietion = 0.2~. 
C. Brake pressure char~ed 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 
lOfp82  including aerodynamic drag and powerplant effects. 

E. All bra,kes opereting equelly. 
F. Brake pressure released at 30 kts. Landing roll-out assu~ned concluded 

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

aPter touchdown and before taxi. Normal reverse thxust data shal.l be de- 
termined by the aireraft manufacturer and clearly atated in the anslysis. 

TABLE N 
DEFIl~ITION OF NOHI~L AIHI,II~ TAXIING PRIOR TO 

TAI~-OFF OR AF'1'ER LANDING 
(For CalcuYation of Taxi Kinetic Eaer~y) 

Listed belaW are factors ~hich must be known or assumed in order to permit the cal- 
culation of brake energy (as differentiated from an estime~te). 

The numerical values shoWn belaw are suggested as being typical; hawever, they will 
not necessarily be rationa.l for all aircraft types. Items 2, ~, and 7 are parti- 
culaxly significant. The designer should ex~tnine each assua~►tion and decide Whether a 
difflerent figure ~ould be appropriate. 

1. Weight: Average between max. design take-off weight a.nd a~.x. design landing 
weight, ad~usted per Table I and II data. 

2. Taxi Speed: Oscillates between V kts. and V-3 .79  1cts. (obtain V from air- 
plane ma.nufacturer) . V represents approx. taxi speed. The 3.79 kts. speed 
decrement is derived from the braking assumption of Para. 5 and 6 below. 
See typical calculations in Table VIII. 

3. Aerodynamic dra,g: Asaume zero. 

~+. Powerplant thrust: Equal to aerodynamic dra~ plus tire rolling resistance 
plus excess thrust sufficient to recover in ten secpnds of time, the speed 
lost in Para. 2. More thrust and lesa time shall be asswned if known to be 
typical. 

5. Brake presaure: As required to produce deceleration of 3.2f pS2  while over- 
coming excess thrust in Para. ~. 

6. Brake application time: 2 seconds. 

7. Number of applications: 10 applications per flight consisting of five before 
take-off a.nd fiv~e aFter landirig.. 

8. In addition to the above application, the airplane must be stopped twice per 
flight ~rom taxiing speed, per Item 8E and SF. 

A. Assum~e average weight as in Para. 1. 
B. Aseume po~nerplant thrust is zero as is aerodynamic drag. 

~ 

• 

• 
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e u e 

Co Assuu~ ini~ial a~peed is V k~so 9  resul~ing from ~he las~ ~en aeconds 
accelera~ion ~i~th excese thrusit> 

Do Assu~ brake pressure as requiz~ed ~o stop airplaale a~ an av~ex°a~ee r~s~e of 
5fpg e 

Eo The number of complete s~ops af'ter landing shs11 be assumed ~to be oneo 
Fe A complete s~op ~ust before take=off shall be ~,ssuumed ~to occuro 

90 A.i.rport condi~ionsa 

Ae Airpox°t al~i~CUde 1000 fta 
Bo Air Terapo = atandax°d plus 20°F = 75°Fe 
C< Windo zeroo 
Do Run~ray slopes zeroo 

1~aTEo The above assus~ptions a~e based on ~he pr~mise ~hat the only reason for 
using b~kes durir~ taxiing is ~to preaent excessiv~e ~z°ound speedo Fx= 
c~~stv~ ~x°ound speed, in ~uz~ y  is due ~to por~erplan~t thrust level in ex= 
cess of the sum of ~ire rollir~ resistance 9  ~heel bearing drag ~ind aero= 
dynamic drag at some lo~er speede This excess ~rill cauae acceler°a~tion 
from the lo~er speed ~to sou~ higher speed a~t ~rhich equilibrium t~ill 
occure 

TABLE V 
DEFIlVl°I'ION OF ABIVOF~~AL LAIIIDIATG 

(For Calcula~ion of Abno~°mal Kine~ic F~ergy) 

I.ieted belo~a ar+e fac~tors ~ahich mus~ be l~o~rn or assumed in order ~o permi~ the calm 
culation of brake enes~y (as diPferentiated from an es~ima~e)o 

The numerical values sha~m belar~ ax~ suggested as being typ3c~1.9 ho~ver 9  ~hey ~rill 
no~ necessarily be x°s~tional for all aircraft ~ypes e  I~ems 5, 6 9  and 7 are par~ti= 
cularly si~ifican~ta The designer should examine each assump~ion aiad decide r~he~her 
a di~feren~ Pigure ~rould be apprapria~e o 

lo Airpor~t condi~ionar 

A. Airport altitude 3000 fto 
Bo Air Temp o= std a plus ~+0° = 88° Fo ~ns o~,l~t o =  550o ft o D~ns e ra~tio = 0 81+8 
Co Windso zero 	 • 
De Ft~in~ra.y slopee zex°oo 

2a Landing ~eigh~te As specified in Table IIo 

3. Wing Flapse 

Ao In norma.l landing position af'~er touchdo~na 
Bo Aqay be assumed ~o be re~ra.c~ted af'ter touchdo~m 9  if' ~this ie ~o be standard 

procedure for the typ~e Hor~ever y  speed a~ ini~ia~ion of flap re~rac~tion 
sha.11 not be greater than Oo9 of stalling speedo 

~+a Spoilers and~or Speed Brakese 

Ae In nox~na.l landing posi~ion at ~touchdo~n> 
Bo After  ~ouchdo~m 9  posi~tion per s~tandaz9d procedu~e for airc~a 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p5

97

https://saenorm.com/api/?name=3f773f2c5a998a753ac7ace9797f80d0


A~ ~ 	~~~~ 11-3a62 	Wheels and Bzakes, Supplemsntary Criteria for 
R~vla~d 	 Design Enduranee - Civil Transport Air~craft 

- 12 - 
5. Touchdown air speed: 125~ of pawer off sta11 speed with abov~e 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 sym~netrical 
engine. 

B. OR: In the case of a prop~et~ 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 induced per (A) or (B) for landing roll-out. 

D. Po~rerplant controls reme.in in above position until ground speed reduces to 
30 lsts. 

7. Brake Controls: 

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

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

gro~und coefficient of friction = 0.30 at a11 speeds. 
D. However, the ground coefficient of friction at a~y speed need not be a~- 

sumed higher than as necessary to produce a deceleration rate of 12~ p~ , in- 
clud3ng aerodynamic drag and po~erplant effect. 

E. Some tires blo~wn out making half of the b rakes on one ~ear ineffective~ 
contingent on the landing assu~d. 

F. Brake pressure released at 30 kts. Landing roll-out assumed concluded at 
this point~ and taxi phase begins. 

1Qa►I.'E: Assumsd situation ~ould be prop3et landing wherein one prop stayed in flight 
~ idle unexpectedly and the yaw at the touchdosra was counteracted by rudder and 

one set of bral~es which blew one tire. Pilot would "cut" all engines, use 
brakes to stop and possibly resort to reverse on remainin~ good eng3.ne-if he 
isolated bad. one meam~rhile. 

TABI.E VI 
DEFIlJ~PION OF IlVTERRUP'I'FD TAI~-OFF CONDaION 

(FOR CAIAiTLATION OF I.T.O. IC~TETIC ENERGY) 

Listed belcjw are factors Which must be kncnan or assumed in order to permit the ca1- 
culation of brake energy (as differerrtiated from an estimate) . 

The numerical values shrnra below are suggested as beir~g typical; haWever~ they will 
not necessarily be rational for all. aircraft types. Items 5, 6, and 7 are parti- 
cularl.y si~nificatrt. The designer sho'u].d examine each assum~ption and decide whether 
a different figure would be appr~priate. 

l. Airport Conclitions: 

A. Airport altitude 1000 f`t. 
B. Air temp: std. (55°F) Plus 20° = 75°F, 

~ 

~ 

~ 
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C. Density eltitude corresponding to above is 2250 Pt. and density ratio is 
0•935• 

D. Winds; 5 kts. headwind. 
E. R~znway slope: zero. 

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

3. Win~ Flaps: 

A. In take-off position. 

~. Spoilers and~or Speed Brakes: 

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

5. Ground 3peed: 85 kts. or 75~, Vl  whichever is greater. 

6. Power Plant Controla: 

A. All in idle position. 
B. Controls remain in idle position until apeed is reduced to 30 kts. 

7. Brake Controls: 

A. Initial brake pressure applied ~hen max. ground speed attained. 
B. Initial breke pressure sufficient to produce tire-to-ground coefficient 

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

to-ground ccefficient of friction of 0.30 at all speeds. Assun~e continu- 
ous braking, unless the airplane is equipped with an automatic skid control 
system in Which case, the maat. coefficient achievable and interraitterrt 
cha,ra.cteristics of the bra.kin~ system should be accourited for. 

D. The ground coefficient at any speed need not be assum+ed higher than neces- 
sary to produce a peak decelera,tion of 12 f`t.~sec.~sec., including aero- 
dynamics drag and powerplant effects. 

E. Al1 brakes operating equally. 	 ~ 
F. Brake pressure released at 10 kts. and begin taxi phase. 

NC11'E: ?nterrupted take-offs occur due to (1) fire alarm system malfunction during 
the high power regime, (2) heat effee~ on the fire alarm system due to 
leaking ~et bleed air duct, (3) poor take-off acceleration, (~) traffic 
problem, (5) other operational or maintena.nce effects. Such instances might 
occur for 1-29b of all flights. 

~ 
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TABLE VII - 2 
SAMPI~ CAI~CUI~AZ'IONS FOR AIRZIl+IE SERVICE I.ANDTI~ EISERGY 

(per Ta,ble III De~'3nition) 

Aefer to Table VII-1 De,ta Sheets -a and b 

Weight: 95~0 of max. design landing ~eiglrt 
= o. 95 x 1oc>,000 = 95,000 1bs. 

A3rport altitude; 1000 ft. 

Ambient a3r temperature: 75°F. 

Density ratio: 0.935 

Wind; 5 kts. headvind 

F7.apa : Le~nding position 

Pow~er Plants: All operating noxmsl].y and controls operated in 
noraia.l meriner for the type . 

Wing-Ai^ea : 1~+50 sq. f`t . 

c~ .  = 2.30 

295 X 95~0 
v~'1 	~ 5~~3o  x.935 = 9~.7 kts. airspeed 

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

cr.,~ ~ o. so 	 ~: 

w3ng 13t`t = 0.8o x o.935 x 1~5o x YA2/295 = 3•d7 VA2' 

CD~ = 0.12 

ai.rframe arag = o.i2 X o.935 x i~+5o = vA2/295 = o.g5ivA2. SAENORM.C
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~ 

- 1.7 - 

TABT.F vIT - 3 

Powerplant thrust is assumed to vary as follows: (Values are totals for a11 engines) 

,(a) 6000 lbs. forward thrust at touchdown and for about 2 seconds thereaf`ter. 

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

(c) 11+,000 lbs. max. reverse thrust attained about ~+ secs. af'ter touchdown. 

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

Brake application is assw~ed as follaws: 

(a) Brakes start on sometime af`ter about 2 secs. 

(b) Brakes are well on at 3.86 secs. 

(c) A braking coefficient of 0.25~ in combination with drag and reverse thru~t, 
would produce Ymzch more than the arbitrary maximum deceleration of lOf~s . 
Therefore, braking force at ar~y speed is assumed to be ~ust enough to yield 
exa,ctly lOfps2  deceleration due to a11 forces. This requires gradually in- 
creasing brake pressure during the stop, but the coefficient never exceeds 0.2. 

(d) The resulting brakir~ coefficients are listed in the last column, and are cal- 
culated as µ' = FB~(W-L). 

(e) The actual tire eoefficients of friction are listed in the next-to-last colunm, 
identified as µ. This is calculated separately, using the listed values of µ~ , 
the formul.a of sheet ~+, and an assumed wheel-base geo~try for the 2~ypothetical 
a3.rplane. 

SUNIMARY OF RESULTS, down to 30.o kts. 

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

Drag ene rgy 	 = 9, ?98, 000 f't . lb s. 

Powerplant energy 	 - 16,993, 000  ft. lbs. 

Total energy 	 = ~+5,g~8,000 ft. lbs. 

Air,plane energy 	 = 1+5,g00,000 ft. lbs. 

Ground roLl 	 - 208~+ f`~ . 

Tims 	 = 16.19 sec. 
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-18- 

~a~ v~z - ~+ 

BRAKIlVG COEF'FZC~Nt'S 

CcefYicient µ is true tire-to-ground friction coeffic3ent, defined as; 

Brak3ng foree 
µ Wt. - lif`t - nose wheel load 

for aircraft nort equipped W3.th nose-~rheel brakes. 

Ccefficient µ' is apparent braking coefficient, defined as: 

µ~ = braking force 
irt . - lif`t 

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

	

µ' ~ 	µ~ 	 µ= µ~ b 

	

~h+b 	 ~- µ' h 
For the hypothetical aircraft design represented by Table VII~ which dces not have 
nose-Wheel brakea, the geometry results in the listed differenees betxeen µ and µ~. 
The listed values of µ" are calculated from the 5th and 6rth colu~ms of Table VII-l. 

~ Lif t 
Ae ro Drag 
Rev. Thrust 

Weight 

Braking 
~ Force 

~ -J 

b 

For aircraf'~ equipped with nose-wheel bra.kes~ 

µ= µ' _ total braking force 
wt. - lift 

Ine rtia 
wa ♦ 
g 

h 

~ 

~ 

~ 
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Deaign gidurauce - Civil Transport Aircra~'t 	~ Re.rised 	t~nr 

-lg- 
TABLE VIII 

ANALSCSIS OF TAXI CONDa20NS 
FOR HYPO ►i'HETICAL AIRPLANE 

= a~.rplane ~ight, lbs. 
= braking for~e, lbs., including rolling resistance. 
= excess powerplant thrust, lbs.~ over and above aerodynam~c 

rolling resistance. 
= rate of ~eceleration or decelera~ion~ Pps2. 
= 32.2 fps . 
= time, sec. 
= distance~ ft. 
= speed before decelerating, f~is (To be established rationally by aircraft 

manufacturer). 
= speed after decelerating~ f~is (Arbitrarily defined as 3.79 kts. less 

tn~ vB . ) 

. 

Let W 
B 
P 

a 

~ 
t 
S 
VB 

I 	vA 

drag and 

~ 

Deceleration Perl.od 

By arbitrary definition~ a=-3.2 f'pa 2  =-O.lOg. 
Hence B = O.lOW ~ P(P as determined beloW) 

= O.12'W (acting backward) (including rolling resistance) 
t = 2 sec. by arbitrary definition 

~A = B- 3~79 
1~s. ~3.2x2) = vB -  6.~ fps 

Accelera.tion Per~od 

~, _ (vB -  vA)  /io = r vB -  (vB -  6. ~+)1 /io = 0.6~+ ~s2 

P = Wa/~ = 0.64W/32.2 = 0.o2W (excess) = 0.o4W (t'otal required to bal.ance 
rolling resistance and aecelerate airplane). 

B = rollin~ resistance only, assumed equal to 0.02W. 
(numer3cally same as excess thrust, by coincidence only) 

t = 10 sec. 	 ~ 
vB = vA f at =(vB  -6.~+) ~(0.6~+ x io) = vB. 

Typical Taxi Celculations 

W = (115000 ~ 85000)~2 = 100~000 lbs. avera~e Weight 
No. of wheels =~+ (2 per gear) 
vB ~ 39•0 ~h = 57•1 ~$ = 33•?9 ~s •  (assumed to be typical but may vaYy). 

~ 
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