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Onti-skid Rircraft Braking Systems

Jerzy truss, M. Eng.

Aircraft Institute, iersauw

HRostract : Cperaticn principles of =sircraft brexking systems and analysis
of forces acting cr 2 whee) guring tbraking : classification

of centempcr
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sking cf ceth main lanoing cear wheels
- sraking cof mezin lanoing gear wh:zels while Car<ec
Scme of thne aircraft have an asbility of all wheels oraxing, ie.

incluuing the front whzel. Mpoern braking systems heve gncther coanacn

crarecteristic, which is the apility of automatic treke unblroxing in cas
of skid between the tire tre-=o anc runwaey surfaces.,. The size cf trexing
momentum, depsncing on a gualitv of entiekio system, ie aujustea azuto-
matically in such a marmrer as to utilize tr the gre-test oeqree LNE

a~h=sion betueen the whee! a&nc runuay surface feor eeth phase agf motion.

tThe 'ancing whee! brakinc systeme vtilize most often the hydr ulic
1
rethed for rteave sireroft snc the prneumatic method in the light sircraft.
The hyor-ulic=pneunatic systens are 2'so used. The wnesl braxking systems
assure a,proxinately proporticnal cepencence betwessn the 1Qput sjional X,

which mey Le fui exenple, the force exertec by piloct on the brake pedals, and ;
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@ pressure P cenelctec in the system. This cepen tnce, shcun zs an
examgle in Fig. 1., shcould setisfy certsin ceonoitiocns, which assure the
proper anc relieble crake action. hese recuirzments 2re cefinec zs follouws:

- Time betueen tre ecpearznce cof maximum sten irrut sicnel znc the

acp=arance of maximum brzking momentum shoulc be within 1 - 1.5 sec.;
= X, £ 8.75 Xoine where: X, = magnitugs of the imput sicnzl nesar tne
= ! ]
tarting pecint for which there is rno detectable output yet,
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Tha forces sctirc cn a whee!

Juring the brzking acticn (Fig. 2.) Bn turning wh=sl, the following
forces anc momenta are active ( not consicering tne force of inertia anc
assuninc nc sice forces):

- force from the lvao acting on wheel (),

- agohesicn furce (F_3,

%}

- yIcune rzecticn force (),

- preke fricticn force momentur (“t).

= agghesion force momentum (M),

The schesiorn force momentum is c=finec as fricticn force momentun
abcut the whee! axls betueen the tire tresd anc the runwey surface. Tt may
te dge=eribsd 6. the fellowing expressicn:
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(1) M2 FL : in tnis cese tne wheel turns with certzin angular
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gecrease in acdhesicn force momentum or small increase in brake
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cn the surface without turning.
Frpom the consideeed forces ano otlher causes acting on & wheel guring
its motion it follows that to obtain the shortest Lraking cistznce the
following relation is true curing the entire aircraft l:ncing tims:

My max == M nax = pimax « P (r —64)
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Tre braxing systems in mcoern sircraft are cesicned im such & m=nner as

tc aopreect the brsking process as close s pessible te the optimel (that is,
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mecmentun.  The aircraft braking system should rapicly acjust the friction

Tomentur Nt to the changing asuhesicn mementum. At largs system asleys, tne

ircreft wheels rulling from & dry concrete to an icy concrete wild) skiag,
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which wil! ccnsigerecly lengthen the lancing cistance.
The 2uhesion momentun M cepencs elsc on a loacing fecrce ¥ acting on
o

ureele,  _uring lancinue,the aircraft weight is distributed un the main wheegls

an. the front wheel ( in 2 case of thnree wheel! lancing gear). Igncring the

initial influence of the zerocynzmic forces on whee! reaction, the

prescure cn the main wheel and the front whsel chanoes cegenaing on ajircraft
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deceleration. Incresse of the aircraft decelersticon causes increase of

front vheel lcacing 2ng decrease in loacing of main wheels (fig. L.) The
aircraft brzxing system should teke this fact into acccunt by sdjusting
the friction rementum to changino achesicn mocmentum, depending on & chenge
in zircrzft deceleration.

The sutomatic oraking systems, while getting clese to tekino inteo
account all the factors influsncing the change of ackesicn romentum @nd
posseivility of accurate satistection cf the ceorgiticn given oy the abcve

formula, Leccines more =xtsnsive, cciplex anc cestly.,

Classification of zircraft snti-skid systems

The systens becsec cn the @nouler uwheel deceleration ( negestive
acczleration) €

Gensrz! ciszgram cf such & system is given in Fig. 5.

The znti-skid systems bzseog cn whee) =noulzr deceleration measurement

cperate on 2 princicle of eyclic pressure reducticn in breking system.
Cyelic eperation resulte fron a croper cheice of sntiskid Bracing system

characteristic freoquency. The cperstior effectivensess gepencs on fresuency
angd cn pressure =oulituce.

Higher freguency amc smaller amplitude cause hijher value of the

guhesion cosfficient. Fresently usec systems cperzte et frecuencies cf

5 tu lc Hz anu anplituce equsl tc 20-407 cf the mexinum brz<inc scmentum.
Systems Lased on & wheel asngular cecelerction messurement may be cleseified
gs follius:

- Systems ccnteining tne inertial-electrice! =enscr cof wh:ze! eceleration.

The el-ctrics) sicnal fror th= eensor steers the electrohyar=ulic
2 -

jetributor ir the braking sustem, which either cuts cff or celivers

£il tc the wheel brakes. The Soviet ajrer=ft TU=104L; TL-lo, ANel0,

srorast others, are ecuipped with this type of system,
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system contains the inertial sensor, which in direct mechanical manner
steers the valve cutting off the flow of braking fluid. This type of
braking system is common in Western aircraft. The most known design
is the MAXARET system by Dunlop. Another firm, MESSIER/HISPANO offers
similar systems under the name Ministop. Systems of this type are
found, amongst others, in the equipment of the VC-10 and BAC11l1l
aircraft.

- The system containing the velocity sensor in the form of a d.o.
generator with the differentiating circuit. The electrical output
signal, which 1s a function of wheel deceleration, steers the
hydroelectric distributor which increases or decreases the brake
system pressure. The firm MESSIER/HISPANO manufactures this type
of system under the name of Minimodulator used among others on the

French aircraft Mirage III and Mirage IV.

The first two systems have some disadvantages, in which one may
include:

- Small operating effectiveness: eg. average adhesion coefficient
on a dry concrete is 0.25 as compared with maximum value of 0.7 to
0.8 for low velocities and 0.35 to 0.40 for high velocities;

- "stiffness of the operation due to the sensor setting for
constant deceleration for various conditions of tire tread and

surface interaction;

- heavy load on the undercarriage resulting from the fluctuating
nature of the operation;

- short service life (about 1000 landings) as a result of this
fluctuating nature of the operation.

The third system has certain advantages as compared with the
previous ones, due to the use of relatively simple velocity sensors -
namely the tachometric generators instead of acceleration sensors.
Moreover, this arrangement enables the introduction of correction
signals to the system. In order to increase the safety during
aircraft braking, especlally in the first moments after touchdown,
when the wheels do not have sufficient adhesion to the ground,

the two-signal systems are used. The [lirst signal




s optsined from the ceceleration sensor, ang the system woTks 2 ESCripen
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whNen Lhe Gelelerotion senscr signal! cisagpesrs.
mit exzmple of such & system is civen in Fig.6. Its ocperaticn is &as

follows: after turning en the switech 3, the comtsct E is closed, asno con-

tacts A, G ano W open; distributor 9 is in such 2 position thzt the air
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cff air flow tc the breke. After touchocwn, when the pain wheel achieves
’

the right anmgular velocity, contect B opens and the pistributur cpens air

flow to the brake. nee! Dlakes. After the front whezl spesecs ut
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cperates at velocities up te 50 to 7 Kq/g. it velocities below SC«m/h
contact op=ns, ang contact B closes and the system works as the single
siagna? vetem,

The syst. bassu on thne messurement of the angular velocity
usifference > betwesn brakec ano not breakec wheel.

2loex dizgrem of such & system is shoun in Fig., 7. The massured

cuantity cf the interactiun state between Trunuay surface anc the n=z=in

lancing wheel, is the zngul=r velocity cifference Aco tetueen not brakec
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The system input signal can be the pilot's focrce acting on the re-~
vy b : =

duction valve lever setting the pressure in the breking system.

working factor acts on the brakese throuch th= =lectrohycrzulic distrioutor.
In znother system, the pilot through the #'zsctric transmitter, steers

the electrohyoraulic amplifier, which sets the pressure valve ectinc on 8

jnnals frem the sncular velecity sensors of brakes and non-or
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whee! ars sent to the system ceomputini their difference
<)

the circuit aacine this signal to the pilot's signal.

The auvantaue of & system with angular velccity measurement as com-

this cese thele is mo signal ciseppesre

the lzpoing surface or auring a leng skic on ice.

eystem bassd on a measurement of ancular ve laEEy gifference ANwos 1t cone-

gnt of Dco, since the intreouction of a skio signe! 81lows ths shegl
braxing with & meomentum thet tases into sccount the Tunwey conuitions.
Ine breking oistance of the aircraft eguiicec with @ system measuring skid

W is sherter than the aircraft with measursment cf wheel angular

velocity vifferenc A,
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Fig. 4. Forces acting on =n aircraft ocuring braking at lasncing:

(P - aerctynamic force, P - asrcouynamic drag, M - inertis,
v X

G - weicht, F - aghesicon fecrce betwesen tireg anc surfece,

= R - greumd reactions, S.C. = cenpter of Sravity
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