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WHEEL BRAKES THEIR APPLICATION TO AIRCRAFT. 

U n t i l  q u i t e  r ecen t ly  wheel brakes have not been se r ious ly  

considered i n  connection with a i r c r a f t ,  f o r  t h e i r  a p p l i c a t i o n  

has  genera l ly  been regarded as a menace r a t h e r  than an advantage, 

Their  use has  always been assoc ia ted  with a tendency f o r  p i t c h i n g  

of t h e  a i rp lane  on i t s  nose arid, i n  any case ,  t o  g ive  no g rea t  

advantage when compared with t h e  a d d i t i o n a l  weight and complica- 

t i o n s  consequent t o  t h e i r  adoption. 

Compared with t h e  motor veh ic le ,  brakes on an a i r p l a n e  have 

a very r e s t r i c t e d  use ,  and a r e  confined t o  checking the  l eng th  

of run on a l i g h t i n g  and subsequent opera t ions  on t h e  ground. 

I t  must be admitted t h a t  t h e  a i r p l a n e  e x i s t s  under a .consid-  

e r a b l e  hmdiczp ,  i n  t h a t  i t  r e q u i r e s  a g r e a t e r  space wi th in  

which t o  a r r i v e  and depart  th2.n any o t h e r  means of t r a n s p o r t a t i o n .  

The a i r p l a n e  i s  t h e  only v e h i c l e  used which does not apply brakes 

on stopping, and ye t  it i s  t h e  one mostly i n  need of braking, 

s i n c e  i t s  speed i s  t h e  g r e a t e s t ,  

The advantages t o  be gained from braking have not  been ig- 

nored, and i n  t h e  search f o r  a s u i t a b l e  method many schemes have 

been suggested and t r i e d ,  The fol lowing have been some of t h e  

most popular methods t o  rece ive  a t t e n t i o n :  

*From !!Flight," Nov, 24 & Dec. 29, 1927, and Jzn. 26, 1928. 
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1) Increas ing  t h e  he ight  of t h e  landing  gear  t o  2roduce a 

l a r g e  angle with t h e  ground; 

2 )  A i r  brakes of vaxious forms such as expanding ru6ders 

and f l a p s ;  

3) Sprrxgs on t a i l  s k i d  and axle;  

4 )  Wheel br'akes. 

The f i r s t  method, while s a t i s f a c t o r y ,  i s  n e c e s s a r i l y  l i m i t -  

ed, and has t h e  f u r t h e r  o b j e c t i o n  thpbt i t  i s  not p o s i t i v e .  

A i r  brakes have been repeatedly  t r i e d ,  but have always been 

d iscarded because of t h e i r  almost n e g l i g i b l e  e f f e c t  at low speeds. 

Provis ion  of sprclgs on t h e  t a i l  s k i d  has  the  d i sadvmtzge  of 

s e t t i n g  up heavy loads i n  t h e  fuse lage  and, furthermore,  t h e i r  

use i s  t o  be deprecated owing t o  t h e  excess  dc?saage caused t o  t h e  

l and ing  ground. 

Wheel brakes a re  the  sub jec t  of t h i s  papel. Their  use  on 

a i r c r a f t  i s  not new, f o r  i-xny forms of t h i s  type of brake have 

been t r i e d  out.  Generally,  such brakes have been f i t t e d  i n  con- 

junct ion  with a l ead ing  wheel o r  s k i d  t o  prevent t h e  a i r p l a n e  

t u r n i n g  over. The recent  popu la r i ty  of bra kin^ has  been c h i e f l y  

due t o  t!le requirements of shipboard landings  and a general  

t i g h t e n i n g  up of  a i r c r a f t  s p e c i f i c a t i o n s .  

It has been suggested t h a t  r eve r s ing  t h e  p r o p e l l e r  would 

meet t h e  requirements of a s u i t a b l e  brake,  but t h e  mechanical 

d i f f i c u l t i e s  have n o t ,  as y e t ,  been overcome. With t h e  advent of 

t h e  v a r i a b l e  p i t c h  p r o p e l l e r  t h i s  may be poss ib le ,  but t h i s  form 
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of braking would not be e f f e c t i v e  with the  engine stopped. 

The use of s l o t t e d  o r  va r iab le  caiaber wings w i l l ,  i n  a grea t  

measure, achieve the  object of niinimizing the space required f o r  

t ak ing  off a l igh t ing ,  but  over and above t h i s  f ea tu re  there  

always remains the  question of maneuverability on the  ground. 

In some cases the  p i l o t  can obtairr a  c e r t a i n  mount of d i rec t ion-  

a l  control  by a burs t  of engine, and the  s l i p  stream e f f e c t  pro- 

duced thereby, but i n  many cases,  p a r t i c ~ l a ~ r l y  i n  deck work, t h i s  

may not be possible.  

It  is not unusual. fo r  a l a rge  personnel t o  be required t o  

assist handling of a i rp lanes ,  and it i s  here t ha t  independently 

operated wheel brakes can be of value i n  siinplifying ground work 

and reducing the  number of ground s t a f f  t o  a miniiflum. 

Recent developments, p a r t i c u l a r l y  i n  America, have demon- 

s t r a t e d  the  value of a i r c r a f t  wheel brakes, and proof i s  given 

from th.e f i gu re s  of the  recent American National A i r  Tour. The 

f i gu re  of merit f o r  deternlining the  winning airplane of t h i s  com- 

p e t i t i o n  was based on the formula 

where 
W = useful  load  ( l b . )  
Vm, = maxiilrum f l y i n g  speed (Y.P.H.) 
C = engine capacity 
TS = time t o  l l s t i ck '  
Tus = time t o  "unsticku (see .  ) . 
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The high value at tached t o  quickness of pull-up, o r  time t o  

" s t i c k ,  " i s  apparent,  and i t  i s  therefore  not a  matter of sur- 

p r i s e  t o  f i n d  t h a t  of t h i r t e e n  a i rp lanes  s t a r t i n g ,  t e n  were 

equipped with wheel brakes. Of the  eleven a i rplanes  t o  complete 

the  competition the  f i r s t  p laces  were a l l  occupied by a i rp lanes  

f i t t e d  with these  brakes. 

The promoters of the  Guggenheim Safe Aircraf t  Competition 

a t t ach  such great  importance. t o  the  a b i l i t y  of an a i rp lane  t o  

p u l l  up quickly t ha t  they have a l loca ted  over hal f  the t o t a l  

number of po in t s  t o  be awarded f o r  these  t e s t s .  Out of a  t o t a l  

of 200 points ,  40 points  a r e  given t o  an airplane coming t o  r e s t ,  

i n  calm air ,  i n  40 f t .  a f t e r  touching the  ground, and a fur ther  

7 5  po in t s  are  awarded f o r  t h e  a b i l i t y  of an a i rp lane  t o  come t o  

r e s t ,  i n  calm a i r ,  150 f t .  from a 35-foot obstruction. It would 

there fore  seem des i rab le ,  i f  not e s s e n t i a l ,  $or competing a i r -  

planes t o  be equipped with nheel brakes. 

High--performance a i r c r a f t  f o r  deck landing w i l l  benef i t  by 

braking om-ing t o  the  very l i m i t e d  length  of run w a i l a b l e .  Land 

a i rp lanes  w i l l  possibly f i n d  an advantage due t o  the  very f i n e  

s t ee r ing  q u a l i t i e s  provided by the  brakes and by the  possible 

e l iminat ion of wheel. chocks f o r  the preliminary s t a r t i n g  and run- 

ning up of the  engine, In t h i s  connection, wheel brakes should 

make a strong appeal t o  the  l i g h t  a i rp lane  owner, who would ap- 

p rec i a t e  the  addi t  iona3, advantages on occasions when ass is tance  

was not avai lable.  
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The f i t t i n g  of lvheel brakes n e c e s s i t a t e s  c a r e f u l  considera- 

t i o n  f o r  i t s  e f f e c t  on genera l  des ign  condi t ions .  It w i l l  be 

found t h a t  p rov i s ion  must be made t o  t ake  the  torque reac t ion  of 

t h e  brakes, .  and t h a t  a r e v i s e d  landing  gear  s t r u c t u r e  i s  meces- 

sa ry .  The raore o r  l e s s  orthodox type of landing gea r ,  comprising 

Oleo Leg, Axle, Redius Rod and Cross Bracing, i s  n o t ,  i n  i t s e l f ,  

a s u i t a b l e  s t r u c t u r e  f o r  tak ing  t h e  torque reaxt ion.  

Figure 1 shox7~s a t y p i c a l  landing gear j o i n t  where t h e  rsd i -  

u s  rod  i s  u n i v e r s a l l y  mounted t o  the  a x l e  f i t t i n g .  I f  t h i s  ax le  

was subjec t  t o  t o r s i o n ,  the  whole of t h e  r e a c t i o n  would be taken 

i n  bending by t h e  oleo leg .  This i s  not  p e r n i s s i b l e  because t h e  

l e g  i s  co;n?osed of t e l e s c o p i c  menbers, and excessive Secding 

would prevent t h e  l e g  from funct ioning ,  This s l a g  could be pa r t -  

l y  overcome by t h e  s u b s t i t u t i o n  of te1escopi.c tubes  of l a r g e r  

dicmeter and gauge, but t h e r e  al~vays reiliains the  objec t ionable  

f e a t u r e  of ilcavy and clui~isy f i t t i n g s  f o r  t r a n s m i t t i n g  t h e  loads  

from t h e  ax le ,  and t h e  inc reased  fro-iital a r e a ,  i 2  t h e  s l i p  streail, 

due t o  t h e  g r e a t e r  diameter of l eg .  There i s  m a l t e r n a t i v e  

scheme l o r  mounting the  o leo  l e g  on a un ive r sa l  j o i n t ,  thereby 

r i d d i n g  t h a t  member of bending, and t ak ing  the  torque  r e a c t i o n  

i n  bending on t h e  r ad ius  rod,  Such e scheme n e c e s s i t a t e s  the  

r a d i u s  rod being b u i l t  i n t e g r a l  with t h e  ax le ,  and while t h i s  

method may appear t o l e r a b l y  good f o r  t ak lng  the  v e r t i c a l  loads  

and torque r e a c t i o n s ,  ye t  under s i d e  londLng, the  s t r e s s e s  s e t  

up w i l l  be very g rea t .  I f  we consider any s t r e t c h  i n  the  c ross  
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bracing wires,  then the londs become of a somewhat indeterminate 

na ture ,  because the  axle and radius  rods form the  s ides  of a  frame 

having r i g i d  jo in t s .  It would appear t h a t  the  usual type of 

landing gear s t ruc tu re  i s  not su i tab le  f o r  carrying wheel brakes, 

and ne i the r  does it lend i t s e l f  t o  easy adaptation. 

Thece a re  severa l  types of landing gear s t ruc tu re s  su i ted  

f o r  taking bralie loads ,  and these  have been developed t o  a  l a rge  

extent  i n  America, where wheel brakes a re  becoining normal equip- 

ment. Figure 2 shows a  type o f  landing gear used on the  Hamilton 

monoplane. This cons i s t s  of a sprung member and two axles  which 

f o r m  a pylon with apex at the  wheel hub. The axles are  socketed 

i n  a "Y" f i t t i n g  and t h e i r  respect ive  ends are  pinned t o  the 

under s ide of the  Sody on the  center  l i n e  of the airplane.  The 

l a r g e  distance between the  body f i t t i n g s  makes f o r  a good base, 

with adequate provision f o r  taking the  torque react ion.  A type 

of s t ruc tu re  su i t ab l e  fo r  a biplane i s  i l l u s t r a t e d  i n  Figure 3. 

This cons i s t s  of a sprung member and two axles  socketed together ,  

as depicted i n  the  plan view. The ends of the  axles  a re  at tached 

t o  separate pylon s t ruc tu re s  and pivoted on the center  l i n e  of 

the  airplane.  On both the landing gears  shown i n  F i p r s s  2 and 

3 ,  the  wheel t r ack  outwards, and t h i s  may be c i t e d  as  a  disad- 

vantage, i n  view of the  tendency f o r  the  t i r e s  t o  r i p  from the  

r i m s .  If due care i s  taken i n  the des ign t o  rnake provision f o r  

g r ea t e r  v e r t i c a l  r i s e  than the  corresponding movement outwards, 

then there  need be no Sear of any such t rouble  ar is ing.  
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The types  o f  landing gear  s t r u c t u r e  shown i n  Figures  2 and 

3 have a most d e s i r a b l e  f e a t u r e ,  which should make a n  appeal t o  

those  concerned with the  des ign  of deck-landing a i r c r a f t .  It i s  

d i f f i c u l t  t o  avoid one-wheel landings  on board sh ip ,  due t o  ~011- 

ing  of the  deck, and with t h e  type of landing  g e a r ,  using a radi- 
. . 

u s  rod ,  the  wheel touching t h e  deck f i r s t  w i l l  move ahead, so 

t h a t  when the  o t h e r  wheel makes contac t  t h e r e  w i l l  be consider- 

ab le  d i f f e rence  i n  t h e i r  l o n g i t u d i n a l  pos i t ions .  This  condi t ion  

i s  shown i n  Figure 4,  a d  must produce racking of t h e  s t r u c t u r e  

m d  d i r e c t i o n a l  i n s t a b i l i t y .  These disadvantages a r e  completely 

overcome i n  t h e  two schemes s h o m  above, f o r  the  wheels have no 

f o r e  and aft movement. 

The foregoing remarks w i l l  serve t o  i n d i c a t e  t h e  ha tu re  of 

t h e  modif ica t ions  t o  t h e  a i r c r a f t  s t r u c t u r e  t h a t  a r e  d e s i r a b l e  

i n  o rde r  t h a t  wheel. brakes may be incorporated.  

The fol lowing w i l l  de3-1 with t h e  e f f e c t  of braking,  m d  

show t o  what l i r i t s  it tail be taken with safety.  

There i s  poss ib ly  no o t h e r  veh ic le  where tile e f f e c t  of brak- 

ing  c a l l s  f o r  a more c a r e f u l  study. The p o s s i b i l i t y  of an air- 

p lane  nosing over i s  a primary cons idera t ion  i n  the  e f f e c t  of 

braking ,  but it w i l l  be s h o m  t h a t  if care  i s  taken i n  pos i t ion-  

ing  t h e  wheels, then t h e  p o s s i b i l i t y  of nosing over can be prac- 

t i c a l l y  el iminated.  

The worst case  w i l l  occur i n  a t a i l - u p  'landing, although 

i t  i s  not suggested t h a t  t h e  brakes w i l l  be noraa l ly  app l i ed  

when an a i r p l a n e  i s  i n  t h i s  pos i t ion .  Yet, i n  order  t h a t  every 

contingency may be covered, t h e  ta,il-up case nust  be taken, and 
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w i l l  provide the  conditions governing maximum perinissible brak- 

ing, This statement may be c r i t i c i s e d  i n  view of various systems 

fo r  ;brake operat ion from t h e  t a i l  sk id ,  but when contra1 systems 

are  discussed a t  a l a t e r  s tage  more de t a i l ed  reference w i l l  be 

made t o  t h i s  method of operation. 

Figure 5 shows a s ide  e levat ion of an airplane.  

Let fW = load borne by wheels, 

R, = distance of wheel ahead of c a g e ,  

R, = distance of o.g, ,above ground, 

CI. = coef f ic ien t  f r i c t i o n  between t i r e  and ground. . 

The maximum brake load i s  given by '& f W, and consequent- 

l y ,  upon appl ica t ion of t he  brake load,  the re  i s  a p i tching 

couple of value CI. f W R,, and a counteracting couple of f IT B,. 

t ha t  the  a i rp lane  may not nose 

The l imi t i ng  value of therefore :  

over 

EJ. = t an  a. 

This angle i s  usually between 12' and 13O, on normal land- 

ing gears ,  but where wheel brakes axe f i t t e d ,  American p rac t i ce  

i s  t o  increase t h i s  angle t o  17'. 

I n  order t h a t  the  value of braking may be appreciated, the  

tangents  of angles 12O t o  l y O  a r e  given below: 

a 12O l f O  14O 15O 16' 17O 

t a n a  0,212 0.230 0.249 0.267 0,286 0. 305 
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A disadvantage may be found i n  p lacing the  wheel fortvard, 

i n  view of increased tail loads ,  but 17' has been found t o  be a 

sound compromise, permit t ing of excellent  braking, 

I n  a tail-down landing angle a w i l l  be increased by angle 

$ . Angle i s  usual ly  about 12 , w d  the  braking can be con- 

s iderably  increased, 

a + @  24' 25' 26' 2 p  28O 29' 30° 

t a n @ # )  0.445 0.466 0.487 0.509 0.532 0.554 0.577 

In  the case of an a i rp lane  with wheels disposed such tha t  

angle a i s  then the  wheels may be l o c k e d  and a safe  tail-  

up landing made, providing the  coef f ic ien t  of f r i c t i o n  between 

t i r e  and ground does not exceed 0.3. I f  the  more usual three- 
* 

point  landing i s  made then, under s imi lar  condit ions,  the  coef- 

f i c i e n t  can reach 0.5 with sa fe ty ,  

These statements ase borne out by acSual t e s t s *  whioh have 

shown t h a t ,  with a well-p~oport ioned landing gear, the wheels 

may he locked and the  a i rp lane  landed without d i f f i c u l t y .  

Coefficient  of F r i c t i o n  

I n  the  whole question of brake design there  i s ,  perhaps, no 

more a rb i t r a ry  point  than the  coef f ic ien t  of f r i c t i o n  between 

t i r e  and ground., This i s  unfortunate because it i s  the  datum 

l i n e  from which brake dosign s t a r t s ,  The coef f ic ien t  va r i e s  

between wiGe l imits  depending upon the  nature and conditions of - 
*"Airplane brakes, by Weaver, "Slipstream, 1' Nov., 1927. 
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t h e  su r face ,  i n f l a t i o n  p r e s s u r e  of the  t i r e s  and t y p e ,  of t r e a d .  

I f  t h e  t i r e s  a r e  very s o f t  and t h e  su r face  uneven, then it has 

been found t h a t  c o e f f i c i e n t s  of f r i c t i o n  i n  excess of u n i t y  can 

be obtained,  due t o  i n t e r l o c k i n g  of t h e  t i r e  with t h e  i n t e r s t i c e s  

of t h e  ground. For any given t i r e ,  i nc rease  of i n f l a t i o n  pres- 

sure  produces a ~ l i g n t  improvement on t h e  braking e f f e c t ,  s ince  

t h e  a r e a  of contac t  i s  reduced and t h e  p ressu re  per  u n i t  a r e a  

increased.  

I n  a paper dea l ing  with four-wheel brakes and read before 

t h e  I n s t i t u t i o n  of Automotive Engineers,  M r .  F. A. Stepney Acres 

has  shown t h s t  over a s e r i e s  of t e s t s  on road su r faces ,  t h e  coef- 

f i c i e n t  v a r i e s  between 0.46 and 1.3, mith an average value of 0.7. 

I n q u i r i e s  from the  Dunlop Rubber Compagy, produced t h e  fox- 

lowing information: 

Coeff ic ient  F r i c t i o n  between T i res  and Various Surfaces 
- . -  d 

Dunlop RuSber Go. 
-- \-- 

Surlace -- -- - '1- C o n d i t i o n  --- I p 

Granite  s e t t s  ------ 
Macadam 

S t e e l  ( smooth) -- 
S t e e l  (smooth) 

I t  w i l l  be no t i ced  t h a t  t h e  c o e f f i c i e n t  of f r i c t i o n  between 

Authority ---.. - 

a rubber t r e a d  and o.rdinary types  o f  road  sur face  may vary from 

greasy 0.2 

0.7 

l e s s  th2.n 0.02 t o  0.7. I n  view of landings  on s t e e l  decks,  t h e  

?vet 

c o e f f i c i e n t s  of f r i c t i o r l  between rubber and s t e e l  su r faces  a r e  

0.1 

of i n t e r e s t ,  Upon a wetted s t e e l  su r face  the  c o e f f i c i e n t  i s  

dry i 0.6 
I - 
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very low, and of the  order of 0,1, but the  deck of an a i r a a f t  

c a r r i e r  i s  not per fec t ly  smooth, and i s  s l i g h t l y  roughened by 

the  appl ica t ion of a cement coating. There are  no ac tua l  f i gu re s  

ava i lab le  f o r  t he  coef f ic ien t  of f r i c t i o n  on such a surface,  but 

they .  w i l l  be appreciably higher and approximately of the  order 

of 0.7. 

Unfortunately there  i s ,  t o  the  wri ter !  s knowledge, no r e l i a -  

b l e  da t a  concerning the coef f ic ien t  of f r i c t i o n  between aero 

t i r e s  and landing f i e l d s ,  but f roa  v d u e s  deduced from actual  

landing t e s t s ,  the  coef f ic ien t  appears t o  be qu i t e  small, par- 

t i c u l a r l y  so on wet surfaces. 

The only information obtainable r e f e r s  t o  t e s t s  on automo- 

b i l e  t i r e s  and we can assume t h a t ,  f o r  aeso t i r e s  with smooth 

t r e a d s ,  these values w i l l  be reduced. From comparison of t i r e s  

with smooth and pat terned t r eads ,  it appears t ha t  the  coeff ic i -  

ent  of the former is ab0u.t 0.8 of the  pat terned (non-skid) type. 

The masinium coe f f i c i en t  f o r  a i r c r a f t  t i r e s  probably l i e s  in  the  

neighborhood of 0.5 with a maan value under normal conditions 

of 0.25. 

From previous considerat ions of the  maxirnum braking permis- 

s i b l e ,  i t  w i l l  be seen t h a t  even i n  t he  unlikely everit of the 

wheels becoming locked, a t a i l -dom landing can be made with ab- 

so lu t e  safe ty  under the  worst condit ions and a ta i l -up  landing 

under normal conditions. It has been de f in i t e ly  proved, by ac- 

t u a l  t e s t s ,  t ha t  wheel brakes are  per fec t ly  safe i n  operation. 
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Throughout t h e  whole of the  preceding work, no reference 

has been made t o  aerodynamic r e s i s t a n c e .  This drag.wU.1 have t h e  

e f f e c t  of pe rmi t t ing  an inc rease  i n  t h e  brake load ,  with a con- 

sequent reduct ion  i n  l eng th  of run. A t  speeds below 40 M i P e H e  

t h e  d r a g  f a l l s  of f  very r a p i d l y  and i t s  e f f e c t  i s  small compared 

with t h e  braking produced by t h e  wl~eels.  It has  been thought 

d e s i r a b l e  t o  ignore t h i s  drag  i n  view of the  add i t iona l  compli- 

c a t i o n s  t h a t  mould be involved by i t s  inc lus ion .  

The magnitude of t h e  braking  load  i s  only of i n t e r e s t  i n  so 

f a r  as the  a c t u a l  brakz des ign  and l eng th  of run i s  concerned. 

The maximum brake load. obta inable  i s  equal t o  the  weight borne 

by t h e  tvheels and mul t ip l i ed  by t h e  c o e f f i c i e n t  of f r i c t i o n  be- 

tween the  whi3cls and laxrlding ground. The weight borne by the  

wheels has t o  be determined by sub t rac t ing  from the  t o t a l  air- 

p lane  weight, t h a t  p a r t  caxr i ed  by the  a i r  at m y  i n s t a n t  p lus  

t h a t  p a s t  c a r r i e d  by tile t a i l  skid.  

The a c t u a l  process  f o r  determining t h e  weight borne by t h e  

a i r ,  i s  q u i t e  simple, but t h e  l i f t  experienced w i l l  be subjec t  

t o  l a r g e  v a r i a t i o n s  depend-ing on the  a t t i t u d e  of t h e  a i rp lane  

dur ing  landing.  The extreme cases  w i l l  be represented  i n  a t a i l -  

up and a tail-down landing. Typical va lues  f o r  t h e  l i f t ,  i n  

terms of t o t a l  a.irplcme weight,  a re  given i n  Figures  6 and 7 ,  

When t h e  n i rp lane  i s  i n  m y  in termedia te  p o s i t i o n ,  the  l i f t  w i l l  

range between t h e s e  two s e t s  of values.  The r e s u l t s  given i n  

t h e  above f i g u r e s  have been obtained from ana lys i s  of a p a r t i c -  
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u l a r  airplane and w i l l  serve t o  indicate  the  order of loads t h a t  

may be expected. The excess of weight over l i f t  represents  the  

wheel load and t h i s  has been p lo t t ed  on Figures 6 and 7. Tai l  

s k i d  loads,  being of a small order ,  have been ignored i n  the  

tail-down case. Wheel loads have been obtained on the  assump- 

t i o n  t h a t  the  a i rp lane  has been r o l l i n g  over a smooth surface 

and not suhJ ec t  i n e r t i a  loading. 

During the  i n i t i a l  s t ages  of a l igh t ing ,  wheel loads  w i l l  be 

of a higher order ,  depending e s s e n t i a l l y  on the v e r t i c a l  ~ e l o c i t y  

of t he  airplane and the  v e r t i c a l  t r a v e l  of the  wheel. 

I f  we consider the  t o t a l  weight of the  a i r c r a f t  t o  be a i r  

borne, then the  wheel load (f/W) caxl be determined from: 

where T i s  the  v e r t i c a l  wheel t r a v e l  i n  f ee t .  I f  none of the  

a i r p l a n e ' s  weight i s  a i r  borne, then 

The values given by the  l a t t e r  equation have been p l o t t e d  on 

Figure 8, The actual  wheel loads  w i l l  vary between the  f igures  

given by these two methods, depending on the  proportion of the  

t o t a l  weight c a r r i e d  by the  air, 

In  the  case of shipboard l a d i n g s  where the deck i s  f r ee  

from obst ruct ions ,  the  order of wheel loads  during run t o  pull- 

up, should approximate more nearly t o  those values given on 
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Figures  6 and 7 ,  vl~hile on t u r f  o r  macadam sur faces ,  the  increase  

i n  l o a d s  w i l l  depend on the  roughness of t h e  sur face  and the  fo r -  

ward speed of t h e  a i rp lane .  Some a u t h o r i t i e s  a s s e r t  t h a t ,  on 

average landing  grounds, l o a d s  up t o  t h r e e  t imes t h e  s t a t i c  l o a d  

can be experienced during taxying ,  but with well-designed shock- 

absorbing u n i t  s such as present-dzy a i r p l a n e s  a re  normally 

equipped, t h e  maximum load  should not exceed twice t h e  s t a t i c  

l o a d  and with an average va lue  of 1.1. These f i g u r e s  a r e  con- 

f i rmed by N.A.C.A. Report l o .  249: which shows t h a t  under normal 

l and ing  condi t ions  t h e  maximum l o a d  does not exceed 2g with a 

mean va lue ,  &uring run Lo pull-up, of l g .  These r e s u l t s  have been 

obta ined  by use of t h e  J?.A.C.A. accelerometer and t h e  graphica l  

r ecord  of t h e  l o a d  a l t e r n a t i o n s  i s  of consif ierabie  i n t e r e s ' ~ .  

The reduct ion  i n  l e n g t h  of run obta ined  by t h e  use of v~heel  

b rakes  cannot be t r e a t e d  i n  a simple manner. The a c t u a l  process  

of c a l c u l a t i n g  t h e  run t o  p u l l  up, i s  one of considera9le  com- 

p l e x i t y  axd with many v a r i a b l e s  e n t e r i n g  i n t o  t h e  problem. The 

experience 2nd judgment of t h e  pi lot ,  p l a y s  a major p a r t  i n  t h e  

l e n g t h  of zun tzken and s i n c e  t h i s  human f a c t o r  cannot be czlcu- 

l a t e d ,  it i s  proposed t o  cons ider  t h e  r e t a r d a t i o n  of sn a i r p l a n e  

i n  as simple a mar,ner cs poss ib le .  The w r i t e r  b e l i e v z s  t h a t  t h e  

r a t h e r  l a r g e  assumptions made, w i l l  poss ib ly  provide no g r e a t e r  

e r r o r  t h m  those  involved i n  t h e  more complex i n v e s t i g a t i o n s *  

For genera l  compmative purposes we can take  t h e  data given 

i n  N.A.C.A. Report - No. 249. This  g ives  p a r t i c u l a r s  - of l e n g t h  of 
* "A Comparison of t h e  Take-Off and Larrding C h a r a c t e r i s t i c s  of a 

l lwber  of a limber of Service  Airp lanes ,"  by Thomas Carro l l ,  
( 192? ) 
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run and landing speed f o r  nine d i f f e r en t  types. These f igures  

are given i n  Table I.  Columns 1, 2 ,  3 and 4 are self-explanatory 

and i n  co1un.n the  average over-all  r e ta rd ing  coef f ic ien t  has 

been determined. 

Table I. 

From ana lys i s  of several  types of a i rp lanes ,  i n  tail-down 

a t t i t u d e ,  mean aerodynamic drag coe f f i c i en t s  have been calcula ted 
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The 2-ver.age aerodynamic drag coe f f i c i en t s  taken from t h i s  

f i gu re  are given i n  column 6 .  

I n  order t h a t  we can forecas t  the diminution i n  length  of 

run, by the appl ica t ion of wheel brakes, we can assume the  nomi- 

na l  value of 0.3 a s  rrtpresenting the  coef f ic ien t  of f r i c t i o n  

between the  wheels (with t a i l  sk id)  and ground. The t o t a l  over- 

a l l  re ta rda t ion  coef f ic ien t  i s  given i n  column 7 and the  new 

leng th  of run i n  column 8. The percentage reduction i n  length 

of run,  due t o  the  appl ica t ion of wheel brakes, i s  estimated, 

under t h i s  method, as 57.3. The benef i t  t o  be derived from 

wheel braking i s  f u l l y  demonstrated and the  advantages are  suf- 

f i c i e n t l y  great  fo r  e f f i c i e n t  braking t o  be regarded a s  one of 

the  e s s e n t i a l  q u a l i t i e s  i n  a i rp lane  performance, 

Reports of the  Boeing A i r  Mail a i rp lanes  say t h a t  act ion of 

the  iiheel brakes i s  astounding and the  s t ee r ing  q u a l i t i e s  so re- 

markable tha t  a p i l o t  i s  able  t o  negot ia te  h i s  way between ob- 

s t ruc t ions  with the ease of a motor car.  Besides the  advantages 

t o  be gained from quickness of pull-up, many accidents  occur 

through poor c o n t r o l l a b i l i t y  on the ground, which could be obvi- 

a ted  by su i t ab l e  brake equipment. Airplane wheel brakes are being 

developed i n  several  count r ies  at the  present  time arid aero 

wheels conplete with brake drums are  already i n  the  course of 

manufacture i n  t h i s  country. 

Although much can be learned from automobile p rac t i ce  i n  

wheel brake design and const ruct ion,  yet  the  requirements of 



N.A.C.A. Technical I~emormdum No. 466 17 

a i r c r a f t  brakes a r e ,  i n  many ways, d i s s i m i l a r .  The folloviing 

a r e  some of t h e  chief  d i f f e r e n c e s  t h a t  should be noted: 

Automobile Brzke Requirements 

I 

1.. Equal a p p l i c a t i o n  of braking  on a l l  braked nlieels. 

2. A b i l i t y  t o  absorb power f o r  long per iods ,  

3. Adequate p rov i s ion  f o r  cool ing  brake drums. 

4. Braking demanded at f requent  i n t e r v a l s .  

5 .  Provis ion  f o r  renewal o f  l i n e r s .  

6. Brake drums genera l ly  mounted e x t e r n a l  o r  p a r t l y  ex te rna l  
t o  wheel. 

7. Operation of brakes from one cont ro l .  

A i r c r a f t  Brake Requirements 

1. Independent opera t ion  t o  each wheel f o r  provis ion  of 
s t ee r ing .  

2. The longes t  pe r iod  of braking  w i l l  not  exceed 20-30 seconds. 

3. The temperature inc rease  w i l l  not be g rea t  during t h e  shor t  
pe r iod  of opera t ion ,  and cool ing i s  of smaller  importance. 

4. Braking only requi red  dur ing  l i m i t e d  pe r iod  of ground oper- 
at ion. 

5 .  This i s  not  absolu te ly  e s s e n t i a l  6ue t o  the  r e s t r i c t e d  use  
of brakes. 

6 ,  Brake drums must be w i t h i n  t h e  wheel or  enclosed by r i m  t o  
hub f a i r i n g .  

7. Each wheel must be braked from a separa te  cont ro l .  

8. Weight must be rer~uced. t o  a  minimum cons i s t en t  with adequate 
r i g i d i t y .  This can b e s t  be obta ined  by t h e  use of l i g h t  
aluminum a l loys .  
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E s s e n t i a l  f e a t u r e s  common t o  both c l a s s e s  of brakes are:  

1. Self-balancing, i .e. ,  ' e l imina t ion  of unbalanced f o r c e s  when 
brake a p p l i c a t i o n  t a k e s  place,  

2. The brake should p re fe rab ly  be self-energizi .ng.  

3. The complete brake system should be e x c e p t i o l a l l y  r i g i d  t o  
withst,md v i b r a t i o n  and C i s t o r t i o n ,  both being psfmzry 
czuses of brake i n e f f i c i e n c y ,  

Forms of Brake 

Braking members genera l ly  used may be d iv iced  i n t o  two 

c l a s s e s ,  each of these  depending upon t h e  property of f r i c t i o n a l  

adhesion between su r faces  h e l d  i n  contac t  by considerable  pres- 

sure  . 
The usual  cons t ruc t ion  i s  the  at taclment of a pressed  s t e e l  

drum t o  the  wheels and the  r e t a r d i n g  e f f e c t  can be produced by 

an i n t e r n a l  expanding shoe o r  by an e x t e r n ~ ~ l  con t rac t ing  band. 

The internal .  expanding shoe brake i s  more popular on auto- 

mobiles ,  poss ib ly  due t o  i t s  n e c t e r  arrangement a d  b e t t e r  f a c i l -  

i t i e s  f o ~  c001ir.g. It v o ~ l d  appear t h a t  t h i s  type of brake i s  

t h e  b e t t e r  one f o r  a i r c r a f t  purposes. The whole u n i t  can be 

t o t a l l y  enclosed within the  wheel, %hereby gaining p r o t e c t i o n  

a g a i n s t  o i l ,  d u s t ,  e t c , ,  2nd t h e  opera t ing  rneixns can a l s o  be 

enclosed. The band brake h a s  l i t t l e  t o  recomnend i t  except 

cheapness, and perhaps a s l i g h t  saving i n  weight. Against t h i s  

t h e r e  i s  t h e  g r e a t  diaadv,mtzp of t h e  cumulntive a c t i o n  of t h e  

brake ,  the  band tending t o  wrap i t s e l f  round t h e  drum with ever- 

inc reas ing  t igh tness .  Waile t h i s  inay be t o l e r a t e d  on an automo- 
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b i l e ,  i t  xus t  not  be permi t ted  on zn airplcme wheel. With some 

forms of i n t e r n a l  expanding shoes t h i s  cumulative a c t i o n  c3.n be 

obta ined ,  but d i scuss ion  of t h i s  poin t  w i l l  be defer red ,  

Brake Linings 

The c o e f f i c i e n t  of f r i c t i o n  of Ferodo f i b e r  o r  bonded as1aes- 

t o c  Ferodo i s  not  appreciably a f f e c t e d  by temperature,  p r e s s u r e ,  

or  speed. For a temperature of Z O O O C ,  p ressure  100 l b .  per  sq. in .  
6 

aj2d a speed of 6000 f t .  p e r  min., t h e r e  i s  no diminution of t h e  

va lue  below 0 ,33  The work absorbed by a Ferodo l i n i n g  v a r i e s  

from 100,000 t o  120,000 f t .  l b .  per  8q.i.n. per  min., when 

p = 0.3, 2nd t h e  pressure  v a r i e s  from 53-80 lb .  p e r  sq. ine 

Standard ~~utornobi le  p r a c t i c e  i s  t o  design on dO l b .  per  

sq. i n .  pressure  f o r  brake l i n i n g s  under normal load.  

The fol lowing t a b l e  g i v e s  t h e  c o e f f i c i e n t  of f r i c t i o n  f o r  

brake l i n i n g s .  This infori- .ation hzs been taken from t h e  Prac- 

t i c a l  Engineer Handbook. 

I t  lJil1 be no t i ced  t h a t  the  e f f e c t  of Lubricat ion i s  t o  

reduce t h e  e f f i c i e n c y  of t h e  brake,  m d  c a r e  should the re fo re  Se 

taken  t o  sce  t h a t  t h e  brake i s  not  exposed t o  o i l  from t h e  engine. 

P re f  e r ~ ~ b l y  the  coriiplete br&e u n i t  should be enclosed. Dissipa- 

t i o n  of heat  i s  not  so importcult a s  i n  automobile work, a31d ad- 

vantage c m  be taken of t h i s  po in t  m d  t h e  brake p laced  within 

t h e  wheel. 
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Surf x e s  i n  contact  / Condition i L'J 

Ferodo f i b e r  on metal I 0.4 - 0.8 
- -- -- ---- ---- -.-- - __t- 

11 11 11 I1 
-. .-.-- -.-- i o i l e d  1 0.05 - 0.1 ------ 

1- - --- 
Bonded csbes tos  Ferodo on J metal .. - - -- I 0.3 

--t- 
Bonded asbes tos  Ferodo on 

ine t 2-1 I o i l e d  
! 

The b r ~ , k e  l i n i n g  should be r i v e t e d  t o  the shocs wi th  cop- 

p e r  r i v e t s .  The use of slui~iinun r i v e t s  is t o  be deprecated 

because the  r i v e t s  a re  l i a b l e  t o  harden, become e m b r i t t l e d  a.nd 

break of f .  

S h o e s  

It i s  cus to r~ary  t o  make the  width of brake shoes from 0.1 

t o  0.15 t imes t h e  drum d i a i e t e r ,  but t h e  width should not ex- 

ceed a maximuin of 3 inches. I f  the  shoes a r e  ::lade of g r e a t e r  

width,  t h e r e  i s  d i f f i c u l t y  i n  securing uniform contac t  over t h e  

e n t i r e  sur face ,  and t h i s  v r i l l  l e a d  t o  t h e  concentrz.tion of pres-  

su re  on a small p a r t  of t h e  l i n e r .  

Brake shoes a re  usua l ly  made from aluminum on t h e  score of 

weight m d  t h e  good conduct iv i ty  of t h a t  metal. 

Arc of Contact 

There i s  ev iden t ly  a g r e a t  d i v e r s i t y  of opinion regarding 

t h e  included a r c  of contac t  of brake shoes w i t h  t he  drum. I n  
0 var ious  designs the  w r i t e r  has  observed v a r i a t i o n s  between 80 
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and 140'. There i s  poss ib ly  no advantage t o  be gained i n  ex- 

tending  the  a r c  beyond go0, e s p e c i a l l y  i f  the  c e n t e r s ,  of t h e  

shoes a re  d iamet r i ca l ly  oppos i te  each o ther  ( s e e  Fig. l o ) ,  be- 

cause any inc rease  beyond t h a t  has  l i t t l e  e f f e c t  on the  re tard-  

ing power and, consequently,  t h i s  i s  adding u s e l e s s  weight, 

Furthermore, too  g r e a t  an ex ten t  of brake l i n i n g ,  p a r t i c u l a r l y  

i n  t h e  d i r e c t i o n  of t h e  opera t ing  canis, i s  undoubtedly t h e  cause 

of brake c h a t t e r .  I n  such cases  opera t ion  of the  brake tends 

t o  sp r ing  the  shoe outward and t o  give r i s e  t o  undue pressure  

at t h e  e x t r e m i t i e s  of the  l i n i n g .  

Brake   rums 

The drum diameter should be made as la,rge a s  poss ib le  i n  

order  t h a t  the  brake p ressu re  w i l l  be reasonably low. This 

w i l l  g ive t h e  brake a  longer  l i f e  before  adjustment i s  required,  

Low working pressure  t ends  t o  sazoothness i n  a c t i o n  and elim- 

i n a t i o n  of squeaks. Squehking i s  invar i ab ly  produced by high- 

working p ressu res  which cause t h e  b r a s s  or  bronze wire embedded 

i n  t h e  asbestos  o r  Ferodo, t o  break o f f  i n t o  small p a r t i c l e s .  

This r e s u l t s  i n  choking of t h e  brake,  n e c e s s i t a t i n g  removal of 

t h e  shoes f o r  c leaning  and t h e  poss ib le  renewal of brake l i n i n g .  

Increased  diameter,  bes ides  g iv ing  low working p r e s s u r e s ,  a l so  

makes poss ib le  a smaller  v ~ i d t h  of drum and t h i s  f a c i l i t a t e s  be t -  

t e r  s t reanl ining.  This po in t  i s  of considerable  importance on 

aero  ~ i h e e l s ,  
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Peilhaps t h e  l i g h t e s t  and niost r i g i d  foriii of drum c o n s i s t s  

of a s t e e l  l i n e r  on which i s  shrunk EL c a s t  alui-ninuiii brake drum. 

This drum should have c i rcumferent ia l  r i b s  t o  prevent s t r e t c h i n g  

o r  d i s t o r t i o n .  ( s e e  Fig. 1 0 ) .  I n  the  case of autonobile  wheels, 

t h e  r i b s  serve  t h e  dual purpose of prevent ing  G i s t o r t i o n  and aid- 

ing  hea t  d i s s i p a t i o n .  I t  has  been d e f i n i t e l y  e s t ab l i shed ,  from 

autoinobile t e s t s ,  t h a t  f langed o r  r ibbed brake drums are  neces- 

sa ry  if spreading of the  d ~ u r i  i s  t o  be avoided. 

The metal l i n e r  should be locked t o  t h e  aluminum drum t o  

prevent  i t s  working loose ,  and t h i s  can be 2rovided f o r  by  urn- 

ing n thread  on the  outer  d i ~ ~ i e t e r  of the  l i n e r .  This inethod 

i s  shown i n  Figure 10. The threading  should p re fe rab ly  be ha l f  

l e f t - h a d  and h a l f  right-hand, so t h a t  t h e  lock i s  p o s i t i v e  f o r  

e i t h e r  por t  o r  s ta rboard  wheels. At tent ion  t o  t h i s  po in t  w i l l  

save handing of wheels. 

Brake Drum Diameter 

Using t h e  fol lowing n o t a t i o n  ( s e e  Fig .  11): 

= wheel load  (1'0. ) 

p = c o e f f i c i e n t  of f r i c t i o n  between t i r e  and ground. 

L, = brake load  app l i ed  at per iphery of vvheel ( l b . )  

L, = brake load  appl ied  at per iphery of brzlce d r u r ~  ( l b .  ) 

D = d i a n e t e r  of t i r e  ( i n . )  

d = of t i r e  ( i n .  ) 

S = diameter of brake drum ( i n . )  

t = width of shoe ( i n , )  = 0.1 t o  0,15 8 
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A = a r e a  of shoe i n  contac t  with drum ( sq. ia. ) . 

E' = included a r c  of  con tzc t  of both shoes- (degrees) .  

It h a s  been snovm t h a t  t h e  average wheel load  during run t o  pu l l -  

up i s  approximately 1.1 t imes  t h e  s t a t i c  load ,  m d  W ~ 3 3  there-  

f o r e  be replaced  by t h e  term 1.1 (12 ~ d )  = 13.2 Dd. This i s  

based on t h e  assumption t h a t  12  Dd g i v e s  t h e  s t a t i c  load  per  

wheel. Replacing V by t h e  average value 0.3 we g e t  

Tbe area of shoe i n  contact  wi th  t h e  drum i s  given by: 

Taking EO ( t h e  included a r c  of contac t  of both shoes)  at 180' 

From previous cons ide ra t i cns  of brake l i n i n g s  i t  has bzen ob- 

served t h a t  t h e  n o r ~ j l  wo~lcing pressure  on Ferodo should ~ o t  

exceed 80 l b .  p e r  sq.in. znd, t h e r e f o r e ,  from ( 2 )  and ( 4 )  we 

can w r i t e  
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From these  forrfiulas t h e  diameters  of brake drums f o r  s e v 2 r ~ , l  

s i z e s  of wheels have been determined 2nd t h e  r e s u l t s  a r e  tabu- 

l a t e d  belovr. 

I f Bz~.,ke drum d ia ,  = llStl i n e  

Sel f  -B a1 ,mci ng 

It i s  a necessary cond i t ion  t h a t  t h e  r e s u l t m t  loads  of t h e  

%%eel s i z e  [ E q u z e n t  
lilm lhr.O. type 1 t = 0.15 s-r 

brake shoes balance one another .  I f  t h i s  point  i s  not given due 

consid-eration, then w1baln;lced f o r c e s  may develop which a re  

g r e a t e r  than t h e  sa fe  load  on t h e  wheel. I n  m y  case unbalanced 

700 X 75  -- -. - - 28 X 3 - _ 

f o r c e s  a re  t h e  cause of s e r i o u s  brake t r o u b l e s ,  namely, brake 

c h a t t e r ,  f r a c t u r e  of shoe fulcrum p i n s  pad snatching of the  op- 

e r a t i n g  mechanism 

The balance of aiy brake can be cnalyzed by f i n d i n g  the  cen- 

t e r  of pressure  of each shoe. The c e n t e r  of pressure  i s  t h a t  

p o i n t  at which the  r e s u l t a n t  brake load  cm be regarded as con- 

c e n t r a t e d ,  This czn be determined i n  t h e  following rn~mner. 

- 
8 __ _______--- -- - 
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Figure 1 2  rep resen t s  e l i n e  d i~g rm o i  n brake u n i t  with 

J t h e  brake drum cen te r ,  JA t h e  r a d i u s  of dxum, X t h e  shoe 

fulcrum, and GA. t h e  a r c  of contact  between shoe znd drum, 

The c r c  of contact  GA i s  divided i n t o  severa l  equ,?;L p a r t s  

AB, BC, CD, e t c . ,  a;id each of t h e  p o i n t s  A, B,  C ,  D ,  ..,. a r e  

jo ined  t o  X and J. 

Line AAI i s  d r a m  at r i g h t  angles  t o  AX and i t s  l eng th  
\ 

i s  made some d e f i n i t e  propor t ion  of AX. Similar ly, ,  BE1 i s  

drawn st r i g h t  w g l e s  t o  BX m d  i t s  l eng th  must Sear the  same 

r e l a t i o n  t o  EX t h a t  AAt bea r s  t o  AX. This cons t ruc t ion  i s  

cont inued f o r  t h e  remaining poin ts .  

Line A 1 l  i s  now drawn at r i g h t  acg les  t o  A J  agd similar 

l i n e s  3 '2 ,  C t 3 ,  D 4  . a re  drawn at ~ i g h t  a ~ g l e s  t o  E J ,  

C J ,  D J  ... . respect ive ly .  

Lines A l ,  B 2 ,  C 3 ,  .... a r e  now resolved i n t o  a fo rce  

polygon. aid AJ r ep resen t s  t h e  magnitude ,and d i r e c t i o n  of t h e  

r e s u l t  ant force .  

The p o s i t i o n  of the  c e n t e r  of p ressu re  i s  found by extend- 

ing  A J  t o  cu t  t h e  a r c  GA. 

This system i s  d e f i n i t e l y  out of b a l m o e  t h e  d i s p o s i t i o n  

of t h e  components can t h e r e f o r e  be regarded a s  soor .  

A layout  of a f u r t h e r  brake system i s  shown on Figure 13* 

The constru-ction o f  t h i s  diagram has been c a r r i e d  out i n  a s i m i -  

l a r  manner t o  t h a t  descr ibed  f o r  Figure 12. It w i l l  be seen 

t h a t  t h i s  system i s  i n  balance mu t h e  r e s u l t a n t s  of both shoes 

a r e  normal. t o  t h e  tvheel perpendicular .  
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The above methods have been f u l l y  t r e a t e d  by Ur, Watt .* 
The design of c o r r e c t l y  balanced brakes r e so lves  i n t o  t h e  

l o c a t i o n  of the  fulcrum p i n s ,  with reference  t o  the  d i s p o s i t i o n  

of t h e  a r c  of shoe contact.  

I n  order  t h a t  t h e  r e l a t i o n  between these  p o i n t s  can be read- 

i l y  determined, Figure 1 4  h a s  been prepared. I f  t h e  p o s i t i o n s  

given on t h i s  f i g u r e  a re  adhered t o ,  then  complete balance can 

be assured,  It should be understood t h a t  t h e  fulcrum p i n  may be 

p laced  at m y  d i s t ance  from t h e  drum c e n t e r ,  providing t h e  fu l -  

crum i s  loca ted  on t h e  angle s t a t ed .  

Taking an example from Figure 14:  when X = 120' and 

Y = 80° then cos Z - cos 0.85 = 31' cLp-gox, The included a r c  

of contac t  f o r  one shoe i s  equal  t o  X-Z and i n  t h i s  case i t  

i s approximst e l y  89'. 

Operating Caras 

C m s  a r e  genera l ly  designed t c  give progress ive  brake ac- 

t i o n ,  and t h e i r  form i s  determined by t h e  t r a v e l  and t h e  r a t e  of 
! a c t i o n  required.  Due t o  excessive wear on t h e  fwces, c ~ a s  should 

be mounted with a view t o  ease  of  renewal. 

Disc Versus Wire Wheels 

It  would appear t h a t  t h e  Gisc type wheel possesses  consid- 

e r a b l e  advantages over wheels o f  wire-spoke cons t ruc t ion ,  Disc 

wheels provide a l a r g e  i n t e r n a l  space irm vtnich. t h e  Srake drums --- 
* P r o ~ .  I n s t .  Aut. Eng., Vol. X V I ,  p a r t  11, p.369. 
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can be accommodated, and t h e r e  i s  no doubt t h a t  advantage w i l l  

u l t i m a t e l y  be taken of t h i s  space ,  f o r  housing t h e  landing  gear  

spr inging.  

It i s  usua l  p r a c t i c e  t o  enclose spoke wheels with canvas o r  

aluminurn f e i r i n g s ,  but t h e s e  cannot provide such good p r o t e c t i o n  

f o r  t h e  brake apparatus  as i s  poss ib le  with the  d i s c  type  of 
\ 

wheel, where t h e  d i s c  s i d e s  form t h e i r  own f a i r i n g s .  

The p r a c t i c e  of a t t a c h i n g  brake drums t o  the  spokes of wire 

, wheels does not appear t o  be e n t i r e l y  s a t i s f a c t o r y ,  because it 

i s  d i f f i c u l t  t o  imagine t h a t  adequate r i g i d i t y  can be secured i n  

t h i s  manner. 

The only a i r c r a f t  wheels, complete with brakes,  t h a t  have 

so far  been manufactured i n  q u a n t i t i e s ,  a re  tile Rendix and 

Sauzedde wheels. From t h e  publ i shed  weights,  it appears t h a t  

t h e  d i s c  viheel has  s t i l l  a f u r t h e r  recommendation, f o r  it i s  ap- 

p r e c i a b l y  l i g h t e r  than the  wire type wheel. A t a b l e  of these  

wheel weights i s  appended, 

T i r e  

s i z e  

30 X 5 -- 22 . 23.4 4 8.0 ---. ----A- ---- - -- - - -I 9.5 - 

Neight wheeis ( l e s s  Weight of brake 
t i r e s )  with brakes - - -  

Disc wheel 
Bendix 

type 
l b .  

Spoke wheel 
Sauzedde Bendix Sauzedde 

type 
lb .  lb .  1'0, 
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I f  tho  f r o n t a l  ?,Tea mid serodynanic r e s i s t m c e  w e  not in- 

c reased  by t h e  ad-dition of brakes ,  then  t h e  t o t a l  l o s s  i n  per- 

formance w i l l  be due t o  the  added weights of the  brakes and op- 

e r a t i n g  gear. 

C o n t r o l  

Brake c o n t r o l  i s  usua l ly  c a r r i e d  out  by connecting cables  
\ 

from t h e  wheels t o  t i l t i n g  type  rudder pedals .  This systerii rnalces 

i t  p o s s i b l e  t o  apply the  brakes  e i t h e r  simultaneously o r  sepa- 

r a t e l y ,  I-:bile rudder coritrol can be maintained at t h e  sr.m time. 

I n  the  case  of landing  gea r s  f i t t e d  with a shock-cbsorbing 

l e g  of varying l e n g t h ,  i t  i s  necessary t o  car ry  t h e  opera t ing  

cab le  d o m  t h e  f i x e d  s t r u t  o r  rad ius  rod,  i n  order  t h a t  brzke 

a c t i o n  can be c o n t r o l l e d  without i n t e r f e r e n c e  from t h e  shock - 

absorbing member. 

Various opera t ing  systems have 'seen proposed us ing  hand, 

f o o t  anb t a i l  s k i d  cont ro l .  This  l a t t e r  method s u f f e r s  from 

t h e  inr rb i l i ty  t o  provide independent braking on each .vileel. 

I n  t h e  case of hanctor foot-opera-ted c o n t r o l ,  thd e f f o r t  

of braking comes through t h e  p i l o t 1  s muscles, and t h e  ~aaximum 

e f f o r t  i s  t k e r e f o r e  l imi ted .  It i s  not considered poss ib le  t o  

o b t a i n  a g r e a t e r  e f f o r t  than  70 lb .  through the  h m d  o r  45 lb .  

through t h e  f o o t ,  ?,rid it i s  not  usua l ly  poss ib le  t o  ob ta in  a 

g r e a t e r  v e l o c i t y  ra t io  (betwaen foo t  inovernent and t r a v e l  of 

brzke s l ~ o e s )  than  zbout 50-1. 
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I n  view 'of tine s t r i c t l y  l i m i t e d  e f f o r t  ava i l ab le ,  i t  cup- 

p e a r s  t h a t  i t  must be augmented on a i r p l a n e s  above 3000-40.00 l b .  . 

g r o s s  weight. This e x t e r n a l  he lp  w i l l  comc from some form of 

servo m e c h ~ n i s ~ i ,  but i t  i s  no t  necessary t o  e l abora te  on any of 

t h e s e  var ious  systems pet t h e  present  time. There a r e  many poss i -  

b l e  combinations of c o n t r o l ,  an2 these  present  z wide scope f o r  

t h e  exe rc i se  of ingenuity.  



I 

Fig. 1 

Fig, 3 



Figs. a:, 5 



D i s t r i b u t e d .  load okl mhesls 8 t ~ i l  sj:.id vo  rel lo city. 
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Wheel loads  vs  nheel  trn.vs1. 

a, v s r t i c a l  velocity,V 
= 1 5 f t .  /set. 

G , TT=14 
c , V=13 
.? , TT=12 
3, V = l l  
f, V = l O  
$ 5 ,  T7= 9 

0 4 6 8 10 1 2  14  16 
Vsrtica.1 t r a v s l  vhe31 ( in)  

. Xssu.fiipti~ns(l);isir~lr?~ne f2 , l l ing  f r e s l y  (not  a i r  borne)  
( 2 ) ~ n i f o r m  r e s i s t a n c e  tkro~l.<.'i;out t r a v e l .  

Average 
7 
a! 

nia?,n ?.zro2yi1-\,mic d r r  
spoad.  

' 0  10  20 30 40 50 4 
I n i t i a l  landing  sp3ed (M.P.H.) 
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* 5  -6 .? .8 ' .9 1.0 
cos. zO 

Fig. 14 Internal expanding shoe brake. Angular 
proportions. 


