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E&PERI EH@STWITH ATHPLANE BRAKES*

Bj.rran ulchael

The attempts to check the length of run of an airplane
by brekes, go.Dback.to the earliest days of flying. At one
time it - ‘was essayed to pr oduce the necessary arresting force
by means of a hook fast ened to the landing gear which, it
was hoped,. would . bury 1t001f in . tﬂu ground upon landlnb.

But the. oxperlnonts with thcse more or. less abortivo d031gns
were doomed to. failure because of the uncon trollable nag ni-
tude of the b"evalllng braking force, and it is to the cred-
it of Amcr;can aviation that, the problem of braaes has at
last been serlously considered. in connection with. alrcraf ft.
Dlsrpgardlng the pregudlne against bra akes prevgzllng in Eu-
rope, where tqeﬁr use had always beon a33001ated with a ten-
dency for rlt“nln of the airple re on its nose, the United
Stajes J‘ocrlmonted with ﬁccontcd qutomoolle brokos for air-
craft use, and the rosults were exXce cdxany gro t1fy1ng.

In Germany the qucstlon of brakes r0001ved o new impe-
tus by thc abnormal-. longths of run f.largo airplancs whon
using tail- sle shoes and vhcels Wthh wore 50001a11J de-
signed for turd pvoucctlon.‘ The developmont 0% German wheel
bra*ﬁe for alrnlane is primarily due to tne e;fortg of. the
Junkers- Al rplaAe Comncny, the Knorr 3rake Connand, and the
Elektron Metal-Comnany. :

Vheaever tae ‘expression "alrplane brake" is used in
the following, it mcans bra 2king. .of the airplane by the
ground friction. upon. lanﬂlng or. rolllng. It doecs not in-
clude acrodynamic braking deviccs which, by chang0s in air
resistance or propeller thrust, prodace a deceleration of
the 1rola40 prior to: ¢ouch1n# tho ground.

N mho ropl ccmont of tno ﬂl“oady strongly dOuOlOP&tlng
ail skid by a. speci 19l tail whool, in p%rtlcular, was but
onc step romovea from cqulnplng tnls ﬁmllqwtocl wltd_a

*"Vcrguché”iit “ILgZuvgbrcmson; Zeitsch}iftAfﬁr Flugtcch-~
nik und dOtOTluIt“CblIfuh”t May 28, 1931, pp.‘3025312;
and Junc 15, 1931, ppl 38 344, : ST
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brake, Proposals of this naturfe have, in fact, been fre-
quently made, but had to be rejecteéd upon closer examina-
tion, Efficient braking effect of the tail wheel would,
by virtue of the small amount of airplane weight resting
on the tail, require such an abnormally high coefficient
of ground fiction, that it would hardly be possible not
to injure the turf, which was precisely the objoct of the
special tall thbl. S :

sed-apon the oxperlonces galned w1th automoblle
brakcs,'thc first attompts consisted in equipping tho

" wheels: of small and medium sizc airplanes with direct-

acting mochanical brakes ‘opcratod by hand.or foot., Anoth-
or positivo-acting brake is the much uscd oleo-pnoumatic:
brake, partlculqvly in forolgn countries, -To overcomo oil

leakago the pilot has a broko lover which operates a small

hydraulic pump., A fev'backward and forward movements of
this lover take up all the brako clearanccs, and any fur—
ther pressurc on the lever applics to the brake. Since.
the transmi sion may not bo raised arbitrarily, while on
the other hand low actuating force is desirable, the
whecl sizo for direct-acting brakecs is 1limited to 1020 X
175 mm (40,16 X 6,89 in,) wheecls for mechanical brakes,
and slightly higher for oleo brakes,

For greater braking energies, as necessitated on .
large airplanes, the application of indirect-acting bdbrakes .

is recommended, and this report deals primarily with brakes

of this kind, - The principal advantage of the indirect-
acting brake is that it releases the pilot; he merely on- -
gages the brake and sets it to the desired pressure, which
calls for no special efforts. A very simple exponent of
this type of indirect-acting dbrake is the compressed air
brake, which is therefore specially suited for very high
braking forces, The advantages in using compresscd air for
actuation lie in tho case with which the braking effect may-
bo fitted to a particular alrplane, in the sensitivenoss '
of the gradation, the prooise limitation of tho highest
Dorml sible braking pressure, and the suppression of any

fficulties when applying tho brakes, In addition, the
comgrossed air brakc ensures balancing of the energizing
Torcce of tho brake shoes of several wheels by prescribed
oguivalont braking. When the onergizing forces are squal
no exact balanco is nccessary, because the different whcols
always will show some slight discrepancies in brake effect,
But it is absolutely necsssary .that the -encrgizing forces
of tho brake shoes balance one another,
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The chief disadvantage of this typse of Dbrake is that
a supply of compresscd air or clse an air compressor must
be carriod on the airplane, Whon the compressed air con-
tainers or cylinders aré of light metal it is possidble to
carry 4 liters (244,11 cu.in,) of air at 150 atmospheres,
weighing 4 kg (8.82 1lb.) -~ a supply ample for more than
100 braking oneratlons. If the airplane is large enough
to carry an aux111ary power plant it is advisadble to in-
clude a small air compressor which automatically keeps:
the pressure at 'a constant minimum, The compressed air  °
cylinder must be lairge and tight enough to ensure satis--
factory braking, especially when needed most, that is, in
case of a forced landing, when the engine, and through it,
the compressor, stops., SR

The construction of brake wheels began with wire
wheels which woere often simply modificd to receivé a brake
drum. There has been a persistent attempt in Germany to
abandon the wire wheel for the disk wheel, particularly
for the larger sizes where the elektron castings offer
_special advantages., ZFor several years the use-of cast:
elektron wheels has gained consideradly. Recently such
wheels were also equipped with brakes, Thus, Figure 1
shows a cast elektron wheel 1300 X 300 mm (51,18 X 11,81
ine) with the brake shoe arrangement of the Elektronmetall
company (original type). The brake drum is 500 X 50 mm
(19.69 X 1,97 in,); operation is by compressed air at 3
atmospheres., (The shoe arrangement is type I of Figure
3s) Figure 2 shows the same wheel mounted with a brake
of the Knorr Brakc Company, which operates at 6 atm. (shoc
~arrangement VI in Figure 3), However, since the use of
compressed air for brake actuation still tonds to make
installation somewhat complicated, it was imperative to
make the mounting in the wheel =zs simple as possibdle..

For that reason no radically new types were resorted to,
but the internal expanding types were uscd which, in or- .
der to gain an idea of their effect and treachernousness,
are in need of some explanatory notes, particularly as
concerns the '"servo action,"

In the automobile industry the internal expanding
‘type of brake with-servo action is an arrangement in
which the one brake shoec is assisted by the subsequent
one, with the result that the frictional forces of the
" first brake shoe raises tho encrgizing pressure and
through it the braking effect of the sccond shoe, In
principle it pertains, thercfore, to the utilization of
the friction on brakc shoes for creating normal forces
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and through it new frictional forces. With this as start-
ing point, it is advisable to go into the conception "ser-
vo action" a littlo more in detail. When a small piece

of brake lining is pressod at a given constant normal
force against a brake drum, a braking torque corresponding
to the friction coefficient is produced as soon as the
drum rotates, If the coefficient of friction rises, the
breking torque, because of the constant normal force, in-
creases precisely proportlonal to it, or in other words,
the frictional force does not 1nfluence the normal force;
there is no servo action, In the following, wo speak of

a "positive sorvo action" when by constant actuating force
the rotarding offoct of a brako by increasing friction co-
efficient W of tho lining rises stronger than propor-
tionately to u, and of a "negative servo action' when by
increasing W the riso of tho braking torque is less than
proportionately to . '

In ordor to gain an insight into the: ‘mothod of oper-
ation of differont types, a sories of brake-shoe disposi-
tions (fig. 3) aro mathomatically investigatod:

I Two shoes with positivé BOTVO action, separate,
but equal actuating force:

II Two shoes, with p031t1ve servo act1on, the first
’ shoe assisting the second;

III Three shoes with positi#e servo action;

IV Interngl expanding obrake with angle of contact =
300%; :

.V One shoe with DOSithO, the other with negative
servo action, both shoes sgparate, dut with
equal actuating forcoe;

VI One shoe with positiva;'the'other with negativo
servo action, balanced by cam oporation;’

VII First and second shoes with positive, and third
shoe with negative servo action; first and
third shoe separate but with equal actuating
force; the first shoe energizes the second

VIII PFirgt and second shoe with positive, the thlrd
with negative servo action, partially balanced
by cam operation;
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IX Two shoes with negative servo action and separate,
but equal actuating force.

The difference in the stationary pins from the mova-
ble pins is readily noted in Figure 3,

The detormination of the servo action of these brake-
shoe assemblies for arbitrary operating conditions is '
hopeless because of the excessive number of variables af-
fecting the transaction, However, it is possible to gain
a clear conception of the merits of the divers arrange-
ments for a few limiting cases by very simple calculation,
In the comparison the brake drum diameter was kept con-
stant,

We began by examining the forces acting on the brake
shoes, For the determination of the load distribution
over the shoes it was assumed that the brake linings fol=
low Hooke's law, are neatly fitted and bedded in by wear,
The assumption of Hooke's law, that is, the proportional-
ity between compression of the lining and the absorption
of force, is fulfilled to a certain extent for the load-
ing, as becomes apparent from the load tests described
further on, 3But there is a material discrepancy at un-
loading, From the load distribution we merely defined the
position of the normal force resultant,; while for the rest,
the cffect of the distridution was disregarded in the com-
parison of the different shooc dispositions,
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-

In add‘ulon, the sezme friction coefficient for all shoes
and the same braking torque for each brake was assumed,
thus making for . an ideal condition., The. forces obtained
for w = 0,5 as plotted in Figure 5 at an arbitrary scale,
are valid for all forces. If the sum of the normal forces,
which'is the dame for all arrangements, equals 100%, and
all forces . are expressed in pér cent of "this normal force
sunnation, the result is a comprehensive comparison of the
various brake-shoé arrangeménts with respect to the forces
uander ideal oporating attitude, These values are appendcd
"in Table I for W = 0,3 and p = 0,5, The discreopancies
between tho individual shoe arrangoments are enormous in
part as, for example, a cocfficient of friction W = 0, 5'
in the threc—shoe type (III in fig, 3) yielded only 3.5%

of the’ coulred actuating force, while in arrangoment IX
{fig. 3), rose to 78% as a rosult of the ncgativo servo
action, 'Aio ther romarkable fgaturc is that arrangements

, VI, and IX posscss no "frec forces" which must be di-
verted into the landing gear, for which reason the braking
torgue in these arran”ements is preferab1J trensmitted
without free Torces by a counle of forces (flange) to the
anding gear. ’ A

-

'__, .
7]

The dls+r1butlon of the braqug effect .over the var-
jous shoes is readily secn in Table I., As the coefficient
of friction decreases the dlscrepﬁn01os due . to servo ac-
tion become smallor,

" In the detormipation of the forces a coanstant operat-
ing dttitude for cach brake was uscd as basis, - Now, if
Tor any roason the friction coefficient changos‘while the
pilot actuates the brake with constant pressure, that is,
waile he expects a constant bragking effect, a change in
braking torque occurs which again is an index of the ex-
tent of the servo.action of "a brake-shoe arrangément.

Figures 4 and 5 show - the variation in braking torque
D‘Otteu against | for the divers arrangements, with the
braking torque for ,u'= 0,3 (fig, 4) .and p = 0,5 (fig. 5)
equal to 100%, that is, correspondlng to the accepted
broking torque, for Whlch the orake is designed,

Iy order to bring out the effect bf the servo action
more clearly the H/u curves in Figures 6" and 7 were plot-

ted against W, with precisely the same assumptions as in
Figures 4 and 5, The attitude of missing seryo action in
Figures 6 and 7, s 3nown by the norizontal ¥ - constant

= 1GOm. P0s1+1ve servo action denotes a rise in the curves
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when § increasecs, hence ddM-gl is positwve. By nega-
3 tive servo action, accord1ng1v —AMLEL is negative (ar-

rangement IX, fig, 3). The brakes w1th large positive

| servo action show the greatest fluctuations, For instance,

| ~a change in p from p = 0,5 to = 0,6 in the three-

% shoe arrangement (III, fig, 3) resulted in an increase of

| almost 100% in braking torque, (Fig. 5.) As the servo

| action diminishes, the effect becomes smaller until at

| _arrangement VI, by missing serwo action the braking torque

| . varies only proportional to W, although even in this ar-

- rangement the shoes operate separately with servo action.

" But due to the cam pperation the energizing paths of the
two shoes are no longer independent of one another. The
equilibrium demands equal normal forces along both shoes,
w1th the provision, of course,. that the elastic conditions
in both shoes are exactly alike, that they wear the same
and have the same amount of clearance.

If the initial attitude M = 100% is at P = 0.3
(fige 4), the charnges in braking torgque by equal variations
in friction coefficient (expressed in percentage) are’
slightly smaller, but in the arrangements with large servo
action they always are very pronounced.

~ ~

As second important disturbance of the ideal operat-
ing attitude, woexamined the effect of a changed load
distribution along the brake lining, Figure 8 shows an
| arbitrarily shaped shoe whose load distribution along the
‘ brake lining is very conducive to ideal operating attitude,
The normal force resultant is almost in the center of the
brake lining, and the change in load per unit area along
the lining is moderate, Now, any disturbance set up in
this distribution through uneven wear or clearance along
the lining shifts the normal force resultant upward on
downward, This may cause a very essentisl change in bdrak-
ing effect, and constitutes the principal danger in shoe
brakes embodying the otherwise excellent servo action,.

In order to ostimate the highest overload which may occur
here we determined the magnitude of the normal force re-
sultant for different pcints on the brake lining and plot-
ted them in the middle position in per cent.of the normal
force resultant, Tpe diagram denotes a very pronounced
rise in normal force resultant and, through it, in braking -
effect, as soon as. the resultant approaches the upper ex-
tremlty of the brake-lining, In order to remedy tkis, a
displaﬂemenv. of the pivot ‘was effected which lowered the

<
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peak consideradly. n tnhe other hand, it showld be noted
that shifting the pivot cmntails a2 chango in load distridbu-
tion in the case of the above designated ideal operating
attitude, and that the hereo discussed investigation must
be made for the possible maximum friction coefficient of
the utilized brake lining, The result is a compromise
wiaich must be effected in order to ensure a Tavorable so-
lution,

ck Fh

'

Moreover, the investigations prove the significance
of the snug f£it of shoes and lining to the brake drum.
Ia brakecs with high servo aciion especially, the lining
should bc worn in gradually defore attempting to apply the
maximum braking pressurc. -Another possible iimmprovement in
brake lining fit, may be accomplished by rcducing the whoel
hud clecarance, say, by using dall becariangs.,  Attemptis .
should be made to equip tho whecl hubs with needle bearings
and to subject them to a series of tests.

The calculations made for several liniting cases re-
veal, although far from conclusive information, consider-
able data as to the merits and demerits of the servo ac-
tion, To make this information complete, we would have to
include the cffect of the load distridbution and the shoe
length, the doformation of shoes and drums due to mechan-
jcal aad thermal stresses, ctc, But this is impossible
unless a very detailed arrangement is availabdle for inves-
tigation at the same time that actual brake measurements
are made, Xow the guestion arises whethsr or not servo
action is at all to e recommended on airplane brakes.

If direct-acting bPrakecs are uscd for high braking pres-
surcs, the servo action becomes almost a nccessity. As a
matter of fact therc is no objection to the usc of servo
action if the dangers arc suitably reduced by corrcspond-
ing design of the brake shoes., One advantage of indirecct-
acting brakes is that they permit very high braking forces
easily even without resorting to scervo action, Byt unfor-
tunatcly this is at the cxpense of iancreased weight, bde-
ceusc the actuating forcos vecome counsiderably higher,

Onc may even go a step further and use indirect-acting
brakes with negative servo action, thus approaching the
very desirable attitude of mininmum effect of iriction co-
efficient from variations, 2Put unfortunately, a limit in
still greater extent is encountered, as becones evident in
the air consumption of compressed air brakes,

The braking effcct of the landing wheels was estimat-:
ed from a number of pull-up tests made with a Jgnke;s_A.Bé
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(owned by the D.V.L.). at landing and ‘rolling. These meas-
urements were preceded by a series of wear-in experiments
of brake linings and of '‘a-chcck on the various instru-
ments, - ir. Biechtcler of the D,V.L, flight scction was at
tho controls  during all these flight tcosts, while the
readings and the paper work worg in the hands of my asso-
ciates, Grabarse and Schumacher., - .

The gross weight of 5100 kg (11,243,56 1b,) was con-
stantly maintained for all flights, and no changes in trim
were effected, Figure 9 shows the airplane with its re-
spective C.G. position, so as to facilitate the estimate-
of the possible braking effect (danger of nosing over).
The friction coefficients of the various brake linings
were not confirmed by laboratory toests. Such measurements
are of great value in all probloms of drake lining devel-
opment, and when it is.attomptcd to effoct some improve-
ment by rolatively simple comparison tosts as, for exam~
ple, in bohavior under diffcront tempeoratures, But the
conditions under which the brake linings actually work arc
difficult to simulate in the laboratory, and the reosults
of such tcsts arc in most casoes to be interpreted rela-
tively. 1In order to odtain some data on the conditions as
they actually occur in the wheel drake, even at the risk
of not always being able to separate the individual fac-
tors affecting the procedure, the flight tests were pre-.
ferred,

The primary object of these brake tests was to define:

1. The coaction of wheel braking with different forms
o of tail skids and the obtainable reduction in
run;

2s The deceleration of the airplane and its variation
during the run; -

3. The existing braking torque and the effect of the
ground condition on the possible braking effect;

"4, The behavior of various brake linings under dif-
" ferent operating attitudes.,

he simplicity of the test instruments is of primary
importance, so that the braking effoect may be estimated as
800n as one tesgt has boen completed, ©TFor measuring tho
actuating forces the air prossure was kZept constant after
cngaging the bPrake and the pressure was read for cach
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whoeel individually on precision pressure gauges mounted’
in the cockpit, as indicated ifi Figure 10, -Thec procision
gauges ¢ arc at the left, the switchboard d for opto-
groph and dynamomctcer, at the right; a denotes the brake
lover of the whecl brake of Figu“e 1, which is couplecd to
the rudder, b shows the birake levor of wheel brake ac-
cording to Figurc 2 (temporary installation). The lever
servaes for two- and for onc-side draking.

At the-beginning of the brakc tests, it was attempted
to measurc the decclerations édirect during rolliag; bdut
since they are cmearatively'small,"aﬁd in adédition, since
much greater ones may be set ‘up perpend*cular to the direc-

"tion of rolling due to landing shocks, which meke the de-

termination ofi tne component in the direction ¢f rolling

more difficult, this method was soon abandoned for path-
tine dlagrams even tnou gh they are not qu1te as - ccurate.

Among the equ1pment shown in FlguLe 11, is a 11gqt
test wheel with electric lights, and which during rolllng
is pressed against the ground by rubber cord, A D.

-optograph is mounted below the third cabin windew, in’ ad—

dition to a film cainera sel for the tcp edge of the test
wheel rotation. For each wheel rotation the lights on the
test wheel pass once through the focus of the optograph-
which records the test-wheel revolutions with respect to

“the time interval.

Figure 12 is an optograph record of a-landing without
brakes with 144 test-whecl revolutions from the time the
landing wheals touched the ground to pull-up. Figure 13
shows the correspondlnv optograph record for a laanding
with full braking effect with 59,5 test-wheel revolutions
and consequently, 42% shorter run than in the landing with-
out brakes,

Aside from the deccleration as dofined by the path-
time curves, it was hecld desirable to measure the breakiag
torque direct on the wieel by means of a dynamometer
mounted in the transmloulng rods of the bdraiing torque
and observed by wmeans of a mirror from the cockpit. Subdb-
sequently this was modified and the record mechanically
plotted with respect to time interval,

Tigure 14 shows the dynamometer with recording mech-
anism which prevents the brake disk from turning with the
landing whesl. Tho pointer of the dynamomeier is roplaced
by & thin papor-covered disk which cxecutes rotary deflcc
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tions corresponding to the forces introduced., A recording
pen, actuated by an electric motor, moves radlally and at
constant speed over the paper.-»

The rolllng andvland1ng-tests were partly executed
on the Berlin Adlershof flying field and partly at the
Berlin Tempelhof airports As far as possible the tests
included the effect of the conditions of the ground and of
the woather on tho braking effoct, which were made on
grass~covered fields and on concrote runways.

At the beginning of the brake tests tho tail skid was
fitted with tho conventional shoe, 3But since this type
has been rulcd out as unsatisfactory, the romaining exper-
iments were made with turf-protecting tail-skid shoes or
tail wheels, as shown in Figuresl5 and 16, both of which
were steerable, The wheel is of elektron and fitted with
a s0lid rubber tire. These two types of tail skids and a
wheel brake conformal to Figure 1 were used to make a sor-
ies of comparative landings with thc primary objcct of de-
fining thoe taxying run and the rate of doceleration of the
airplane. The reading of the braking torque scrved to get
a rough estimatc of the average occurring in braking, (The
automatic rocording dynamometer in Figure 14 was not uscd
until lator,) This test sorics also includod experiments
with tail wheel and whocl brake conformably to Figure 2,
So as not to cause too much delay tho oxperiments wore not
- rostricted to measurcments in still air or at a constant
wind velocity. In fact, it was dosirable to test them in
bad weather and in 2 strong wind also. The results of
these tests arc shown in Tables II and III,
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TABLE IT. Landing Tests with Tail Skid and Tail Wheel
(Wheel brazke as shown in Figure 1)
Tith tail skid
Land~| Kind Brake Wind Time of Landing ]
ing of pressure) velocity rolling speed? Pull-up
¥o,. | braking atm, .m/s s m/s m
11 | #ithout - 4,4 25 21.5 253
brake
39 it - 565 35 2245 322
61 i - Oe¢S 3845 23,0 426
52 n l.2 ] 3345 270 410
3 Tith 1 (5.5)%! 11 21.0 128
orake
12 R 1 4,3 14 2C.6 173
17 " 1 {8) 12 20,1 133
9 n 2 (648) 10 2Ce4 112
13 n 2 3e 10,3 " 25,0 139
18 n 2 (8) .10.5 21.3 136
10 With 3 5¢5 10 20.0 - 127 -
hrake
14 n 3 Se 11 24,6 149
19 " 3 (8) 9,5 2269 136
53 u 3 ] 15,5 264.6 237
B4 " 3 0 13,0 26.,8 174
' (m X 3,28083 = ft,)

lDetermined by stoppage of airplane independent of opto~

graph record,
3
Sneed over ground.

P16 bracketed figures

are averages in gusty wind,
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TABLE ‘II (Cont.)

Landing Tests with Tail Skid and Tail Whecl:
(Theel breke as shown in Figure 1)

Tith t ail wheel

Land-{ Zind Brake Wind Time of Landing
ing of presgure|velocity| rolling speed? |Pull-up
Yo. | braking atm, m/s s m/s m
20 Fithout - 248 36,5 24,0 250
: brake
27 " - (5.5) 30 22.0 280
31 o - 3.8 36 28,0 299
35 " - 3.3 41 20.2 318
68 " - Oed 4545 24.5 460
79 n - 2.8 42 24 415
28 Tith 1 (5.5) 15,5 2442 179
brake
32 " 1 3.8 14 21,C 163
36 u 1 3,8 14 25,4 149
29 with 2 (5.5) il 21,0 140
brake
33 " 2 38 12 21.3 128
37 1 2 3.8 12 2267 136
34 With 2e5 38 12 22,8 139
brake , '
38 n 3.0 348 10 2442 125
656 " 2.9 1.0 1345 29 179
66 " 3.0 07 12,5 25,1 190
57 " 340 240 12,5 ] 153

lDeternined by stoppage of airplane independent of opto-
graph record. '

QSpeed over ground,

(m X 3,28083=.ft,)

T
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TABLE III, Landing Experiments with Typé of Brake
Showa in Figure 2

With t ail w heel

Landing | Braking Wind Time of | Landin Length

pressure | velocity rolling speed of run
Yo atn, m/s 8 m/s m.
82 2 2 to0 3 17 25,8 194
83 5.6 2 "3 10 21,5 123
87 4to6l| 5 "e 10 25,0 116
88 4 " B 5 "6 9 224R. 115
20 5 % 8 4,4 845 - 25,0 116
91 4 4,7 10 23.0 112

lBrake pressure applied progressively,.
(m X 3,28083 = ft,)

Figures 17-21 show the path-time curves of the land-
ings at different degrees of braking effect., Because of
the uneven landing speeds (Compare Tables II and III) and
of the effect of the wind, the runs, and particularly
those after landings without brakes arc scatterocd consid-
erably.s To ensure a better eomparison for estimating the
braking effect the measured pull-up curves were again tab-
ulated in Figures 19 and 20, but begianning at 17 m/s
(55,77 fte/secs) (6le2 km/h = 58,03 mi./hr.) rolling speed,
This reduces the scattering considerabdly in spite of the
fact that the run without drakes but with tail wheel is A
still very much affected by wind, condition of ground, etc,
The run of the airplane witlout brekes and with tail wheel
was 10 to 20% greater in still air than when the special
tail-skid shoe was used. These figures are valid for
grass-covered fieclds, An airplanc with idling eagines and
equipped with tail wheel is at times impossible to stop in
a slight tail wind, whereas the tail skid still creates
enough frictional resistance for braking. The use of tail
wheels makes zbsolute dependability of the brake imperative,

A comparison of the different measurements yields the
figures for shortenred runs by wheel braking, as appended
in Table IV,
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TABLE IV. Runs Shortened by Wheel Brake

Total length of Run, beginning at
ran {m) v = m/s
tail tail tail tail tail
Run with skid skid wheel skid * wheel
shoe
Without brakes $| 100 ‘100 100 100 100
With brakes % 40 35 30 30 20

(mn X 3,28083 = ft,)

These figures are obtainable without roting any tendency
of the airplane to nose over in ordinary landing terrain.
Prom the figures, one requirement may be deduced, nanely,
that a good brake should ensure a shorter run by at least
60%. Another important result, according to these curves
-is, that even a2 moderate braking effect shorterns the land-
ing run considerably, whereas the application of greater
brake pressures does not result in conformably shorter
rungse, The reason for this is that during the first few
seconds of landing the dbrake is either not yet energized
or, if previously engaged, thne lack of ovenly strong |
ground prossurc of the airplane prevents it from becoming
fully effective, Becausc of the high spced of the air-
plane during these Tirst fow seconds, the rolling distance
not uwtilized Tfor drake action is comsiderablec and practi-
cally unaffected by the amount of applied brake pressure,

In principle %he Ddrake should not be engaged before
the airplane touchecs the ground., Several kinematograph-
ically recorded landings with a different airplane of the
same type and mounted with the wheel brake of Figure 2
are cshown in Figure 22, They were nmade with "blocked"
wheels at the Tempelhof airport and eviace only slight
discrepancies from the other puvll-up measurements, more
particularly as the sirplenc was fitted with a conwon-
tiongl tail skid, Thus cngaging the brake prior to sct-
ting dowa is of no particulaer advantage., In most cases
it merely gives an airplanc a greater tondency to bounc-
ing and roll erraticelly.

Thie btrings us to the deceleration of the airplane
and its variations during the run, The deceleration rec-
ords of the ianding {(by optograph) are plotted in Figures
22 to 24, Tne slowing up began as the airplane touched
the ground with a speed of abont 1 m/sg. In the landings



NeA.C.A. Technical Memorandum Xo, 6536 v

without brakes but with tail skid, it then dropped to about
‘0e5-046 m/82 (1464-1,97 ©t./sec.2®), and to about 0,3-0.4
m/s2 (,984-1.312 ft./sec.?) when a tail wheel with solid
rubber tire was used,

By small braking eifect the ,deceleration remained ap-
proximately constant after the rise of engaging; dut Iull
braking effect was in most cases accompanied by a maxinum
deceleration in about the middle of the time of rolling
followed by a drop toward the end of thc run., The highest,
deccleration according to our measurements, amounted to 4
m/s2 (13.12 ft./secc.?) in normal landings, 2and adbout 5
m/s® (16.4 ft./sec.®) for the landings with blocked wheels,
The drop in-deceleration after exceeding a maximun is due
in part to the drop in air resistance, and very likely due
to a decrease in coefficients of friction of the brake
linings during the run. At any rate, a pronouncsed drop on
the dynamometer pointer toward the end of tihe rua could be
noted, The first experiments were made with Ferodo fider
brake linings, waich have a very high coefficient of fric-
tion, but are a2lso more susceptidle to higher temperatures,
As a result of tne above expericaces, various other kinds
of brakc linings were sclected for the other tests,

By normal braking the highest deccleration figures
ocecurred at rolling specds ranging betwecen 70 to 85¢ of
the landing speed; that is, speeds accompanicd by pro-
nounced landing gear stresses in bad landings.

In a subsequent series of roliing and landing tests
with a wheel brake according to Figure 1, we defined the
braking torque from the dynamometer rccords. onc of which
is reproduced in Figure 25, The angular displacement cor-
responds to the force in the rods transmitting the braking
torque, while the distance of the curve point from the
~center represents the time of rolling. The braking torque
s plotted against the time of rolling in Figures 26 to
28, The braking torques with wheel brake N5, 2 were de-
fined in thée same way but, deing very similar to the oth-
ers, were not renroduced,  The fixed values pertaining ¢
the braking torque curves may be obtained from Table 7T,
which shows that, save for a few eoxceptions, the bralkiag
pressurc could be kept exactly constant after the brakxe
was engaged, so that aay variation in torgue is to be as-
cribed to fluctuations in braking effcct in the individual
brake shoes. In general, but particularly at low braking
pressures, the torgue was constant to a greater extent
nhan the experiences gained from the deceleration measure-

e

ot
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ments had led us to believe; a proof that the employed
linings were less susceptible to -temperature effects than
the Ferodo fiber brake lining. At the same time, the de-
celerations showed -a more uniform to constant behavior,
The runs, beginning at v = 17 m/s (55,77 ft./sec.) roll-
ing speed, by full braking effect again ranged between 50-
70 m (164,04-229,.66 ft,) {(Compare Figures 19 and 20), so
that the determination of run and deceleretlon could be
forgone 1n the subsequent experiments,

One remarkesble feature was the disturbed behavior in
braxlug torque of all linings under maximum braking pres-
sure., At any rate the variations arc still within admissi-
ble boﬁnds, This result is of particular significance bo-
cause of the selection of bdbrake shoe arrangement 1 (fig,
'3) which, according to previous exporiments, revoaled an
appreciable sorvo action, that is, a weakness to varia-
tions in the coefficient of friction of the brake linings.

In Figure 29 the braking torque is plotted against
the braking pressure, that is, the energizing pressure of
the braxe showss for various brake linings. The scattered
range differs but little for the differeat linings. One
interesting feature is that tho variations during a land-
ing are still complotely superposed by the scattering of
the valuves in the differont landings in which the seme
braking pressure is espplicd. According to thec curves
grecater broking effoct is still possible by raising the
breking prossure, for there is no sign of approaching a
moximun, - The discrepancies in thce different linings is
discussed in detail in a subsequent paragraph.

: The maximum braking torque of the 1300 X 300 mm
{51418 X 11,81 in,) wheel amounted to -about 500 mkg
(3615,49 ft,-1b.,) at pull-up, according to Figures 26-28,.
And the gquestion now is pertinent whether this braxing
torque is ample for the size of the wheel, bvdeczuse the ex~
periments were made with a lower airplane gross weight
than the permissible loading of the airplane wheel war-
ranted, Thus it becomes incumbent to examine somewhat more
closely the offoct of the surface of the ground on the pos-
31alc braking offect.e

The coefficient of friction of the tire on the ground
" may be determined approximately, since the impact factor
of the landing wheel loading and the distribution of the
gross weight over landing gear and tail skid were not
measured at the same time., If the airplane is disturbed
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during rolling, a shock produces an increase in the coeffi-
cient of friction necessary to set up the constant drakiag
force, till at lgst the sliding limit is reached and the
wheecl is blocked, This was c¢speccially noticecable on the
wheel track when the ground was frozen., Landing on a soft
layer of snow, our grass—covered ground showed the coeffi-
cient of friction to bYe very small, ZEven a moderate braking
effect made the a2irplane slide forward with blocked wlicels
for a distance of 80 nn (26,2 ft,) without rooting up the soil.
To reduce the danger of sliding it is recommended to modify
the tires and to use a simple antiskid tresd., Attemnts in
this direction -ave already been made by several tire manu-
facturers, but unfortunately no acceptablc comparative test
data has been published as yet. Likewise it might perhaps bhe
timely to modify the inside construction of the tire to con-
‘form to tno higher stressos through the supplementary braking
forces

certain igencies on the quality of the ground. Ia seversal
landings tke sod failed to withstand the stress, but scpa-
rated from the sandy subsoil bvencath it and was simply pushed
eside by the blocked whecl., As & result the wheel dug into
the sendy soil, the sod in front of tire wheel kept piling u
till a2t last the airplane began to nose over, even though the
brake was released, Fortunately, this occurred at the end of
the run, so that the airplane 4id not nose over, however, The
plaunsible reason for this soil destruction is that no suffi-
ciently long effective braking force was availabdle save at low
rolling speed. For that reason the sod should pe well rooted
in the subsoil, On the other nand, the profitable ground
friction of an airplane ruaning on sod is induditably lower
than of automoviles on dry strects, where coefficients of
friction uwp to f = 0,75 re ano exception.

Cn the other hand, the 11t*oductwon of wheel Drakes makes
ex

n order to get a general idea, lct the msan ground fric-
tion coefficient with respcct to dead whecl load be computed
for a maximum brzking torgue of 5C0 ukg (35165 ft.-1b.) (Com-
pare fig. 9), with the airplans with tail wheel as basis,
predicated on tlie assumption of absolutely level ground aad an
attituvde of rolling toward the end of the run without any ro-
tation of the airplane around a lateral axis.
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Brako Linings

2rake Test! Z2rakiang Sralzing torque* nkg
lining Ground Jo.}i pressure aaXimun mean Ainimuen
ata.
153{1.2 to 1.4 126 100 90
@ concrete | 152 1.9 200 170 140
S coner! 145 2.7 300 250 200
% 146 4,0 422 405 390
c 154| 1.0 90 85 30
o 155 1.7 180 160 150
= 148 2,0 240 200 170
B a 147 2.8 300 295 270
P 80 151 2.8 270 270 270
156 2.8 290 255 240
157 3.9 415 285 340
150 4,0 435 580 320
117 2.2 185 175 180
concrete | +1% 2,0 370 330 280
o 115 3.0 340 535 325
H 118 3.9 4990 370 23
M 5 a2
F 122 .8 129 110 100
¢ 123 1.5 215 200 200
M i 121 2.0 270 245 235
s0 120 5.0 210 295 280
116 3.1 315 295 290
119 3.8 459 420 400
1107 I to 1.3 1 180 125 110
109 > $0 2.2 220 210 200
. 106 2.0 250 255 250
concrete ! ;ng 5.0 220 300 275
3 111 3.0 520 295 290
% 107 3.1 280 2% 260
< 101 1.0 125 112 100
& | 105] 1 to 1.2} 155 14 100
o i 98 1.7 245 230 210
& a 100 2.2 250 z2s 310
5 8o c9 2,5 405 595 380
102 {{(2.5) to0 3 445 425 400
103 {{2.5) to 3 "500 460 435
112 340 425 410 400
*Since the maxirum and ninimum figures occurred only for very

short periods, we included averages, which really decide the
of btraking during the whole ruxn,.
(mitg X 7.23298 = £t.-1b.)

amount
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An effective rolling radius of the airplane wheels of
about 0.6 (1,97 rt,) yields for the whole airplane a brak-
ing force on the ground of

&
fen

Py =

g 200 = 1670 kg (3681.72 1b.)

[e2]

The resultant of tals braking force and the load on the wheel
yields a total wheel force which approaches the C.G. of the
airplane and theredby reolieves the tail-skid pressure consid-
erably. The unloading already amounts to 62% of the availa-
ble tail-skid pressure for a skid pressure of

Pg = 550 - 340 = 210 kg (462,97 1b.),

for an ideal landing in this case., The load on both airplane
wheels is 4890 kg (10,780.59 1bd.) dy a utilized ground fric-
tion coefficient of :

Py 1870
2 = S = 0,342

Pr ‘4890

f =

To facilitate conversion to other airplane whecls, we include
the ground friction ccefficient reduced for full wheel load
(tail skid raised) and full wheel radius?

f = 0.342 x 2830 x 0.6 - ~ 0,3,
5100 0.65

This figure may serve as index in dimenciovning suitable
brakes for airplane landing wheels, Jjust z: the adbove figure
for the obtained tail skid unloading represonvs by more tunan
60% an empirical value for the suitable location of the land-
ing gear ahead of the center of gravity. Since the total -
wheel load, for which the 1300 X 300 mm (51,18 X 11,81 ia,)
wheel - 500 X 50 mm .(19.59 X 1,97 in.) bdrake drum - was de-
signed, . is 3250 kg (7165.02 1b.), it ensures for this wheel a
maximum braking torque of

M = 640 mkg (45629.11 ft.-1b.),
which is ample for effectively breaking the full gross weight
of the airplane, If the landing wheel is intended for higher

gross weights, a larger breke drum is recommended,

Taking advantage of the test apparatus used for the de-
termination of the braking torque, we extended the orake ex-
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perinents to include various broke linings. Ve uvsed one brand
of soft brake vand material and two tinds of hard-pressed lin-
ings. Each firm furnished the brake shoes with the lining in-
stelled, ¥e examined : :

&) Farodo asbestos of the German Ferodo company, Dl
& Cne, Rerlin-ilariendorf;

f the Forth German Iraite 3and Co., Ifion=

¢} Jurid hydraulic, of the alrcnbacn cnmnanJ, Kirchhach
& Co,, Coswig-Dresden. :

The friction coefficients obtalned with the different
kinds of brake linings bveing of greatest interest, we tegan
with an interpretation of the braking torgue nmeasuremonts in
order to dc¢fine . This presumes a certain opcrating atti-
tude of the shoe brake to make the calculation of uw at all
possible when sorvo action is included,

Te us cd the ideal opcrati
3 and 4 of tuis report, as g
nearly as possible, all bra
in rolling bvefore the acitual

defined on pages
inulate it as

"o’

tedly braked
lace., In addi-

ticn, a checlk was konplt on vhe weariang gualifiecs during the
tests, Strictly spcaking, the computs sd friction coocificionts

spe

arc valid only for thosc dralzoc-shoe arrangements which were
ueed in the measurements, Lastly, tﬂe'gcs¢Ln0“ of Dbrokes

is not so much interestecd in thoe friction coefficicnt arrived
at in a laboretory wundcr special conditions, but rather in
that friction cocifiziont on which ne wust base his calculae-
tion of a certain given brake shoe in order to arrive at the
actually produced braqlnv torgue. o

The brake drum was of cast.iron and siood up well during
these experiments, Itg disvosition in the elekiron wheel.

ing is very rigid as became evident in the numerous
stren th tests with differeant elekiron landing whoel types.
The rate of 11p“age on the linings amounted to avout & n/s
(2642 7%, /scc ) under the first full braking cficct.

Since braking periods, braiking torques, and cooling con-
ditions ara c¢f thae samc ordar of megnitude in all experiments
with equal breking pressure, 1t was not attempted to exemine
the temperatare effect separately. Satisfactory comparison
is obtained by simply nlotting the coefficicnts of friction
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of the drake linings against thac surface presswure. Figurcs
30 to 33 reveal the computed coefficients 1 based upon t:r
paxinum and nmianjimum figures of the breaking torgues \Compare
Table V). It should be noted here that the surface pressure,
as a result of the servo action in %the brake-shoe arrange:aent
aside from the set braking pressure, is still dependent on
the friction coefficient itseld, so that corresponding maxi-
mum ond nminimum values of W pertaining to braking with con-
stant pressure are obligue to ome another in the scattered
ficld of the curves, as vecores readily apparent in the dia-
ETrans. :

The corparison of the individual linings yields the fol-
lowing picturc: all linings reveal, as alrcady scen from the
braking torgues, smaller variations in u within one landin
than the total scetteriang zonc of different landings with
equal broking pressure. The soft Forodo asbestos showed the
lcast variation in the w cocfficients, the averago was

L = 0.37 and was unaffected by the surface pressure, . The
Bremskerl lining showed about the same amount of scattering
as thie Ferodo asbestos but a decrease in W as the surface
pressure incrcased. The average was about w = GC.5 by smsll
surface pressure and L = 0,38 oty full pressure. The high-
est W by full traking pressures were odtained with the

Jurid hydraulic lining, whose scattered zone was likewise
somevhat smzller than for the other brands, One peculiar fea-
ture was the diffcrence beiwoen braking oan sod and braking on
concrete. ¥Whercas the cocfficicats of friction for Ferodo

and Brenmskerl, according to tests on concrete, still fall
within the zone of %hc values icasured on sod, the correspond—
ing W for Jurid hydraulic are Nabe“lallv lower and wholl
outside of the scattering zone (Compare figure 32). Conurary
to expectaticn, the draking effect when rolling on concrete
was less, slthough the airplang shakes less than when rolling
on sod., Tne mean L for braking on sod amounted to W = 0,48
for the Jurid hydraalic, and was practically unaffected by

the amount of surface pressure. In the other two brands the
coefficient of friction was therefore higher than tae labora-
tory tests foretold, EHigh | coefficients are desirable to
avoid high surface pressures. ’ '

" In order to confirm the effect OT 0ily brake llnlngs on
the deterioration of the friction coefficient, we made several
other measurcments with oiled 1ininvs. To produce thae worst
possible condition, the shoes were removed and soesked in.
Voltol ¥ motor oil; 4C hours.for Ferodo asbestos and Jurid
hydraulic, and 15 hours for Bremskerl. Then the shoes Were
replaced and the tests continued. The results were as fol-,;
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lows: In the Ferodo brand the bdbraking effect was practically
gone; at least, it was so- small that the airplane could no
longer be maneuvered by using the brake for steering., Jurid
was slightly better at first, but after a few brakings, be-
came just as bad as the first, 3Bremskerl still showed some
considerable braking effect, so that we made various measure-~
ments on it, after which its shoes were again removed and
again soaked in 0il for 40 hours, The results were the same
as before.

Figure 33 depicts the coefficients of friction computed
from the measurements with respect to the surface pressure. -
With the exception of a very few points the oiled linings
still show satisfactory W coefficients, éven though the
scattering is slightly greater. The average is 'p = 0,33,

Undoubtedly the hardness of the brake lining has some ef-
fect on its behavior in internal expanding bralkes with servo
action. - To gain some insight into the elastic behavior of
these three brands of brake lining, a number of compression
tests were made with a set of new linings. (See fig. 34.)
The loads were applied in stages of 50 kg/cm® (711,18 1b./
sq.in,) surface pressure, oach stage consuming about 20 sec-
onds, (Compare fig, 35,) This test revealed a pronounced de-
viation from Hooke's law in a2ll thrce linings for the first
and second stages of loading, accompanied by the remarkabdly
great hardness of Jurid and the high energy absorption in- the
softer linings. The actual case of braking is more ncarly
simulated when loading in stages with subscequent unloading to
zero, as appended in Figure 36, EHere the rate of loading was
20 -kg/cm® (284.47 1b,/sq.in.) surfaco pressure, and tho pro-
portionality between work absorbed and compression is much
better éxpressed, although the unloading curve still shows a
pronounced curvature. - The range of compressibility for re-
peated loading is seen in Figure 37, According to it the
Bremskerl lining uses the highest load factor before a bal-
anced attitude is obtained,

The appearance of all bdrake linings was good during the
tests, There wns no sign of local thermal overstressing.
Figurocs 38 to 40 show the used linings after completing the
cxperiments, The .piece brokon off the corner of the Jurid
lining attests to its hardness., The broak was most likely
causced by the adjacent rivet hole. Ordinarily, Jurid is fur-
nished with hydraulically drilleod holcs, while in those par-
ticular shocs the linings were attached afterward., ~Thc wear
was slight, and since. the number of brakings in an airplane
are so much less than in avtomodbiles, the conventional brake
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linings should present no difficulties in this respect,

In connection with these experiments it might be of in-
terest to point out, in brief, the fundamental difference
between an airplane and an automobile bdrake. Ian comparison .
to the importance of brakes for automobiles and to the fre-
quency of use their significance for airplanes is decidedly
less, Yet the requirement of minimum structural weight of
the airplane brake is much more stressed than in zutomobilcs,
because tize whole landing gear presents nothing but ballast
in flight. lioreover, the airplane brake is uscd for steecring
and maneuvering on the ground, and in normal flight opera-
tions the use of ono or the other wheel bdbrakes for stecring
is much more important than braking after landing. It is
only in an emergency landing that the wheel brake fulfills
its real purpose. Since there is no occasion for using o
brakc when rolling backward, the designer of airplane brakes, -
of servo brakes, for instance - is decidedly less restricted
than the designer of automobile hrakes, Waereas the automo-
bile brake undergoes its highest stresses as speed brake on
down-hill grades, the airplane dbrake assumes & special impor-
tance as locking brake, when slowing down the engine at high
static propeller thrusts and where perhaps greater braking
forces are required than the admissible retardation during
rolling.,

_ If we compare the obtained braking effect with the fig-
ures encountered in automobile practice, we find for automo-
bile brakes and pneumatic tires, the following figures for
braking, beginning at 60 km/h (37.28 mi,/hr.) speed (Schenci,
mdchstwerte der Fahrbahnreibung." Automobiltech., Z., Vol. 33,
No. 3,.1930}. ‘ ' :

. Admissible | Averages from - Top
; figures 4 wheel Drake figures
? tests
Braking ' o
distance s 27.1 2246 - ‘ 15
m
Coefficient ‘
of ground X 0.52 0.63 ‘04945
friction ' : : :
f
" Deceleration D o IR
: m/s? . 5.l : 642 9.25

(m X 3,28083 = ft,)
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Fron tﬂe:piécédi 18 exneriments with airplanc brakes the
figures are (tnab paru of the run, beglnn‘ng at 50 &m/h roll-
1ng speed) e _ .

-

Avefages : Top. igures
"Braking A o
distance s : - 55 . 40
n N )
Coefficient . .
of ground 0.26 0.355
friction '
T
"Deceleration b | - S
" m/s? o .. 2.55 ° 3.5

The figures are, in.conformity with automoblle prectlce,
drrived at by assuming the braking force on the whesl perlnn—
ery as constant and the absence of any other resistance dur-
ing the run, These presumptions are less admissible for a7
airplane (air resistance, for example), The already cited
top figure for coe;*1c1ent of ground fricition £ = 0,342,
computed directly from the braking torgue measurement, is ~
therciore below the above figure, while the absolute ton,‘lg
ure of the decelcratlon for normal *andln? with 4,0 m/s“""
(13,12 ft,/sec.?) is higher than conf forms to the shortest-
"bra&lng distance."

As in zutomotile design, so also, but in grcater degroc,
the amount of attainable braking offect is a guestion of
ground condition, to which must be added the danger of nos-
ing over in smaller airplanes. So any material raise in the
above figures is not likely to occur. Ilpreover, there is no
such great need for it as in antomobiles whers a matier of =2
few feoet may become very vital, indeed.

In computing automobile brekes the contracting firms of
brake liaings usually furnish friction cdefficients as sitand-
ards which are even below the averages so as to ensure that
the braking effect, for which the bdrake was duilt, is really
obtained, In contrast to this, it is interesting to know the
possible peak-in friction coefficients for airplane brakes,
so that the braking effect, principally. ih .sorvo brakes with
regard to nosing ovor and Wandlng gear stvosoeg; docs no% in-
crcase abnormally high while the pilot expccts normal dbrak-
ing cffect,
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As concerans the thormal ;stresses, the braking 'periods
are mueh nioro favorable for airplang brakcs than for: sutomo-
‘bile brakos. Full brake .. ppllcatlon after landing always be-
gins .with a:cold. “r<te ﬂrum. S : o

To illustrate,the conditions;,let-us compute the amount
of ener;y to Bbe decelerated;par,l'cmg brake lianing in one
second brake period. Wita g = surfoce pressure, v = rate
of slippage, =znd--u = coefificiont of friction of ‘the brake
lining, the energy amounts to .

A-; q WV mﬁgg"
cm® s,

mum rate of

Por about v = 8 m/s max s
igures for A  arc

beginning of braking, the top

.
1
£
-

~orodo o  Breméker1A,J,‘ Turid
| asbostos. - R f dhydraulic
" ol 00 0.42 | "G5
¢ kg/cm? 12,2 12,0 11.3
b BE 39 40,3 | . 45
cm® s 7 i :

(kg X 2.20482 = 1b.) {cm X.155=sqe.in,) (mkgX?, 3208 ft ~Lb )

For the. coollng conditions existing in automobiles, a
specific friction of from 25 to 35 m“g/cme s 1s considered
admissible,* which, however, is ‘requen 1y exceeded with low
pressure wheels, If we reflect that the cooling ian the air-
plane is pcrhaps somcwiaat De,tor, but that, on the other niand,
the above figurcs will perhaps bec still aigher with a gross
weight of 6500-kg (14330,.03 1b,) and thc semec rate of decel-
ecration, it becomecs apparcat that the stated 1imit nas per-
haps bcen elrecady rcached. Improveomonts will ontail smaller
surface oressures and sudscquontly grcater branlns uwrfacces,
such as has already been applicd to this same wkecl for 8,5
ton gross weight,

was to acguaint tnn bralze designer with the speci
under waich . ai Dlaﬁo brakecs have to worik; aand to

Tno primary purpose of the cxperiments on oir
"
o

*Follinck, "iehr Bromsflnache." Dor ilotorwagzen, Tol. 31, 1928,
To. 18, D. 399,
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[

Planc designecr some points tnc eifccet of dralkes on the con-
struction and characteristics of the airplane as a waole.
lioroover, it was to show the airplanc owner v“,t tne requirc-
meats of a2 good airplane brake sheould be, Our aim hercin was
to encourage the use of tail skids or tail wheels with land-
ing wheel brakes and thereby protect the ianding fields of
eirports and at the same time increase the safety of commer-
cial aircraft in forced landings. The most recent terndencies
to improve the clastic properties of landing gears by using
low wir proegsure in tires will eventually result in much
or Leels, This has Dbeen carried so far in low pressure
internal pressurcs of from 0.5 to 1.0 atmosphere,
wiioel body is mo“cly a thick hub, Tais mcans grcat-
cultics in ensuring sui f;01ent braking arca and hcat
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Ty ot S
H
fdo '3
<k
rf

0o

N

20 o ct o
I
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0
1y, thesc oxporiments wérc not intendcd to furaish
conclusive estimates s to tho merits and demerits of any def-
inite type of infternal expanding shoe brake or brake lining.
hat would entail decidedly more research than the scope of
any study on wheel brskes and their application to aircrarl
embraces. :

Translation by J. Vanler,
Tational Advisory Commiitee
for Aeronautics.

*While this renort was being printed the static test section
of the D.V.L., startod cxperiments with American Goodyear
low~pressure airplanc whccls and broios. :
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Fig. 9  Junkers G 24. Pg = braking force.
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Fig. 10 Cabin of experimental
airplane.

Fig. 11 Junkers 024 of the DVL
equipped with brake
test apparatus.

Time mark

Fig. 14 Dynamometer recording the
braking torque.
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Fig. 13 Optograph record of in.) steerable tail wheel
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Figs. 25,26,27,28,29

[]
L Bremszert -J

Broking period

Fig. 25 Dynamometer record of force in
transmission rod of the brak-

ing torque.(compare Fig. 14.)

. R
Time of rolling
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Figs. 30’31’32

Fig. 30 Coefficionts of friction

for Ferodo asbostos con-
puted from the braking torques of
Fig. 26 plottcd against the surface
pressure of the lining,

Fig. 31 Coefficicats of friction

for Bremskorl computed
from the braking torgque of Fig. 27
plotted osainst the surface pressure
of the lining,

On sod

o On concrete:

Fig. 32 Cocfficients of friction

for Jurid hydraulic com~
puted from the braking torques of
Fig. 23 plotted against the surface
pressurce of the lining.
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plotted against the surface pressure, as computed
from tests after 15 and 40 hours soaking in oil,
.35 ,,Q/‘L/ s T a
- Fonodo [asbestols 012
DBO “TT] e VL
-— 010
5.25 .
F‘:\c 20' .0'—4)=('F"+“L’ H > = .Oos
5}3 f/b’ Bremskerl —
2.15 .006 £
8.10 - .00k
O
.0R p .002
o-0—0—0—0 Jurid hyddaulic |
! 0
0 20 40 60 g0
Yumber of loadings
Fig. 37 Compression plotted against number of
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Fig. 34 Loading of brake lining
to ascertain its elastic
property. a=specimen. b=Zeiss stress

636 Figs. 34,35,36,38,39,40

Fig. 38 Feodo ralce shoes
after tests show=-
ing even wear.

Fig. 39 Rremskerl brake shoes
after tests.

Fig. 40 Jurid hydraulic brake

shoes after tests.

gauge.
, The type of brake at the cor-
. 004 008 B P ner attests to the hardness of
Uindd vk ~ i moe |\ A the material.
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W R J o surface pressure. e reduction
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Compression

the same as in Fig. 35
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