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INTRODUCTION

Contract NAS2-7641 between the Boeing Company and NASA Ames
Research Center was modified in November 1973 to include Task 4, o
program lo improve Lhe braking system on the Augnentor Wing Jot STOL
Researeh Airplane, (“‘Buffale Airplune'), Tuask 4 spoecified that Boeing
would provide and demonstrate an anti-skid systen which would prevent
tire damage, and algo evuluate the existing manual braking system and
correct any inherent problems. Task 4 also specified that NASA would
install the anti-skid system and make any clringes required to Improve

the manual braking syslem.,

During Jonuary 1974 the Buifalo Alrplune was equipped wilh a Hydro-
Aire MK 1I anti-gkid system and other bral{ing system improvements,
During the swne month, the airplane was successfully demonstrated to
NASA personnel in o series ol taxi and (light test at Moflett Field,

Californiu.

This document is the final report on the work which wus done hy the

Boeing Company under the aforementioned consract.
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SUMMARY

The braking system which existed on the Buffalo airplane prior to

improvements deseribed in this report, was a stock de Havilland system
except for tires, wheels, and brakes which were replaced in early 1972
with those used on the Boeing 727 ulrplane nose gear. ‘The higher heat

sink of the 727 hrake wus required for Uie muny closely gpeeed landings

which the airpline was expected o make,

Two deficiencies were determined during evaluation of the above manual
braking system. Pressure control with the existing metering valves

was errittie and the stoek 727 brake had much more torgque eapabilily

than required for the 45,000 lb, Buffalo airplane, The primary modifica-
tion which was made to correct the erratic pressure control problem was
to replace the existing Bendix metering valves with the same matering
vilves as used en the 727 aivplane, The primary modifications which
were made o corrveet the excessive brake torque preblem were to

deboost the hydraulie brake pressure and also reduce the torgue capability

of the brake.

Under Task 4 a Hydro-Aire MK 1I anti-skid system, similar to the one
used on the 727 1tirpla;1& was selected for the Buffzlo airplane, All
hrake system pressure lines and all return lines were modified to
altow unrestricted high transient flows which cceur during anti-skid
operation. All hydraulic components were converted for use of MIL-H~

5606 rod oll and BMS 3-11V fine resistant [luid,
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The new unti-skid system and braking system modi{ications desgeribed
above were evaluated at the Boelng brake and anti-skld simulation
foeility. A special analog computer /hardware simulator wits constructed
for this 'j;uvpose. As a result of simulator testing, the anti-skid control
cards were tuned to provide landing gear stability, Also, additional |
modilications were made te the hydruulic systeny v provide lmproved
manual braking, The anti-glid J},ﬁi;‘iwm and all other braklye systom

improvements v ere Installed on the Bulfale airplane by NASA,

The new liraking and anti-skid s.ten wis demaonstrated in o series

of medium effort and masimune effort taxi stops, and maximum effort
landing stops. There were no flat spotted or blown tires., Undesirable
yawing of the airplane veassionully occurred al lower gspeeds and was
attributed to simultaneous release of hoth brakes on the same gear,

This is @ churacteristic of aleplanes such as the Buffalo which huve
widelyspaced main landing geay and a low polur mass moment of inertia .~
about the yaw uxis, Additionnl tuning of the anti-skid systemn would

partially but not completely correct this problem,
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AIRP LANE DESCRIPTION

GENERAL FEATURES

The AWJBRA g a 45, 000 pound, 50 pef wing loading, turbefun powered
’irplane designcd for research in the STOL torminal filght reglime, The
airplane is derived from a deHavilland C-8A ‘‘Buffalo’” airframe, Augmnentor
wing jet flaps, blown and drooped ailerons and leading adge siats have been
added to produce high lift capabillty for STOL research, Wing spuy has

been shortened to increase loading. Two Rolls Royee Spey 8U1STF jet

engines provide blowing air to the flaps and ailevons via duets as well as
direct hot thrust through vectorable Pegasus nozzles, A three view of the

airpliine is shown in PFigure 1,

The AWJSRA has two Indepondent, equal cupacity 3000 psi hydraulic
gystems using MIL-H-5606 fluid, The electricel system is powered by
two engine driven 115/200 volt, three phase, 400 Hz brushleé:s generators
that are connected to normallyﬂ isolated left and right a, ¢, husgses and
through rectifiers to the left and right d.c. busses. A 24 volt battery is

connected t6 the left d. ¢. bus.

The airplane, as modified for NASA from the deHavilland Buffalo, has four
727 nose wheels and brakes, two on each main gear. The deHavilland

brake control system included Bendix metering valve/pressure redtilcera,
actuated from the paired brake pedals through links and belleranks, The
metering valves reduce 3000 psi system pressure to a range from 0 to

about 1200 psi, depending on the dep;ession of the valve stem., The hydraulic
lines from theﬂ valves to the brakes (including the hoses on the struts)

were 1/4 inch and approximately 35 feet long,-

;
3.0
3.1
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3.2

3.3

3+3.1

Tue 727 nose wheel brakes had been :¢lected on the basis of their heat
sink capacity, anticiprting the high freque sy, short flight usage of the
airplane, During the Task 4 study It was found that off-the-ghelf 727

nose brakes have much move lustulled torgue than required for the Buffalo
airplane, 'To correct this problem the brakes were modifled to reduce

the installed torque.

BRAKING CONTROL PROELEMS
There were two basie problems with the braking system. Smooth modulation
of brake torque during application or yeleass was uwot pousible, and It was

too easy {o apply excessive brake pressure causiug flat spotting or blowing

of tires.

REMEDIAL MODIFICATIONS

Enlarg emen_g of Hydraulie Lines
The 1/4«nch diameter brake lines and fittings were replaced with 3/8 inch

dinmeter for pressure lines and 1/2 inch diameler for return up to the
anti-skid valves. PFrom that poini {o the brakes, pressure and relurn
oceur in the smme lnes and those lines were made 8/8 dinmeter. The
:.,‘rpodlﬂcation to the brake hydraulics plumbing I8 shown by the revision
to drawing number 65-83434, sheet 6, =6, Brake Control System Modifica~

tion (Buffalo C-8A Mod. ).
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Ineorporation of Au_ti__—tikld Contro!l

These same drawings show the changes roquired to Jnzorporate anti-

skid control into the braking system, Basically this {avolved inteiponing
the antj-gkid valves between the mwelering valves and the brakes so that
they reduce brake pressure when necegsary to prevent undesived skidding,
It was 2lso necessary to interpose pressure reducing deboost valves,
because the anti-skid valves were deslgned for use In a 3000 psi system

and the brakes were designed for 1180 pal.

'The anti-skid valve selecten was # Hydro-Alre part nwunber 39-045 and
the two dual valves were modified Ly {lidro-Alre to acceplsilIL-H-56006
hydraulic iluld., ‘The deboost valves ure o Berlet purt, Boefog drawing

number 10-60574-7, modified by seal change to aceept MIL-H-5604 fluid,

The anti~skid contro! also requived Lo lnstallation of wheel speed trans-
ducers, an anti-gkid suntrol coraputer, and & centrol panel dlony with
modification of the electrical system. The wheel speed transducers dre
Hydro~Alre wheel speed transducers, Boelng part number 10-§0678-2.

It 18 essential, in the inetallation of such transducery thet no eyellecal signal
variations be introduced by the coupling Heétwhen the wheel and transducer
and that no “‘noise’ be generated by looseness or rubbing. To meet this
requirement a gpecial coupling system. was designed with special attention
to accurately cenlering the transducer in the axle, accurately centering
the driving member {n the wheel hub, and designing a coupling arm able
to accommmodate angular and linear misallignments batween them without

converting them to angular rotation variations.
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The anti-skid control computer (or box) selection was a Hydﬁ-o=Aire-

unit, part number 42-527D, modified by Hydro-Alre to operate with 32 inch
0.D. tires. As described in Section 4,0 the control box was ‘“tunied”

by simulator testing at Boeing. The tuning changes will be incorporated

{ato the design by Hydro-Afre. The conirol hox was Installed by NABA

in o standard electronic rack tray, Boeing number 65-22501-107 using o
Fork Asgaimbly (Camloc 27L1-2) for retaining it,

The control panel is 8 modified 727 airplane control panel, Beelng part
number 69~61197-5, Modification conslsted of removing a RC lag eircuit
which is normally tied to the locked wheel armiiyg elreuit, The RC
clrcuit {8 of use only on very sl_i.ck runways and was not required for the

Buffslo airplane, Removal wag in the interest of simplification.

The control pan"al, ag delivered to NASA, was too large for installation in
the previously selected space. NASA was subsequently successful in

installing the panel after further modification.

Modification of the electrical system is shown on drawing number 65-83552
and on advanced drawing change notice #11 of drawing 65-83008, These
modifications provided power to the anti-skid components, and the wiring
of the anti-skid system including cockpit digplays. The ADCN covered

the circuit breakers for the anti-skid system,
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3.3,3 Braking System Hepdware C (1)
N It was necessary to replace the deHavillund (Bendix Pacific Division)

brake metering valves with units operating to the 3000 psl required by the
anti-skid system. The valve sclected was a Sargent Epgineering C~rporation
valve, manufaciuired to Boelng Specification 10-3205-1 and modified to

paxrt number 65-83551-60 by reseiling for use with MIL~-H-6606 fluid,

The valve replacement required modification of the brake linkage to pfi}ovide
the extra stroke required at the valve without inereasing bhrake pedal
deflection and to keep brake pedal pressure in the desired range, Since

the feedback force at the new valve was less than that of the Bendix valve
an__d the stroke was greater, one linkage change satisfied both requirements.
The idler links were rep:. <ed with links giving the pedals leas mechanieal
advahta.ge. The new links are right and left hand parts, assembly numbers

65-83551-7 and -8 respectively.

The valve replacement also required an adaptation of the deHavilland
(Bendix) valve actuation lever assembly to the Boelng valve. In the

Bendix assembly the arcuate travel of the lever was converted to the recti- E
linear motion of the valve stem by a short spherical erded rod carried
between conical sockets on the lever assérﬁbly and the valve stem. An
-attemp't was made to use this techniane on the Boeing valve, However
mechanical function of the valve on the simulator was sticky and erratie,
probably becausge of the extra travel (and angular displacement of the rod)

and the sensitivity of the Boeing valve to side loads on the atem. The

Dt 4560 7740 ORIG. 3771
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Bendix valve gave smooth performance on the simulator but was never
used with the ‘‘rod and sockets’’ actuation. There is reason to helleve
that some of the erratic brake performance of the unmodified brake

system could have been caused by this mechanical arrangement.

The present mechanism, using a “‘crosshead! type glider hetween the
arcuate motlon at the lever and the rectilineur motlon of the valve relieved

the valve of all side loads and provided satisfactory performance.

Algo the Bendix valve contained 4 return spring which was strong enough

to return the linkage and pedals to the brakes off pogition when foot pressure
was relieved. The Boeing valve relied on hydraulic foree based on system
reservolr pressure, This force was marginel a_it best, possaibly permitting
brake actuation by inertial forces on the pedals, so return springs were
ingtalled between the upper pivots of the meterirg valve levers and nearby

strucfure,

4

§
“In the original system the right hand brake pedal controlled the right

hand pair ef brakes and the left hand pedal the left hand pair. In the
modified asystem it was decided thut the anti-skid system should provide
‘individual wheel control’’, This necessgitated inntalling an additional

brake line down each strut and replecement of the ewisting shuttle valves

with a pair, per strut, of 66-83651-63 shuttle valves, which are Adel 71998

valves resealed for use with MIL-H-£606 fluid. The individual wheel
contrel was ¢hosen because it decreases chances of loss of all braking

on one side due to any single failure,
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LABORATORY TESTING

The purpose of laboralory testing was to custom tune the anti~skid

system to the Buffalo airplane and to correct manual braking system
incompatibilities, . Developient of components was not o problem,

since most were proven off-the=-shelf items, A simulator wns constructed
at Boeing’s Developmental Center especially for this purpose. The
simulator is comprised of both setual hurdware wad an analog compulor,
The hardware is essentially a duplicate of the hydruulie braking system
found in the airplane except only one hrake line and hrake was used,

The analog compuler was used to maodel Loth the airplane stopping motion
ardyof greater importance, the landing geur dynumnies. Appendix A offers

some data on the simulator.

Simulator testing was begun in November of 1973 and was completed

the following month. It became evident during this test peviod that
cerlain changes to both the hydraulic braking system and the anti-skid
control eircuit were necessary, Three chunges were made {o the
hydraulie braking system,und two tuning changes were made lo the anti-

skid control eireuit.

HYDRAULIC CHANGES

The three problems which necessitated changes to the hydraulic system
wera:. -

(1) A tendency of the brake pressure to overshoot (or spike)

during rapid application of brakes,; see Figure 2.
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(2) A brake pedal-to-metering valve linkige drrvangement caused
errvatie pressure control,

(3) Excessive torque capability of the brakes,

The pressure overshoot problem wis corvected by Installing a restrictor/
cheek villve fn eich brake line just below the debeost vilve, The Qow
rate of the oil info the brake was restricted by a 0,070 inch diameter
orifice so thal the noprmal compliance of the brakes was adeguale Lo
absorb the Nuid momentum and net produce overshool, TFlow of oil [rom
the Lrake wiis left unrestricted to allow rapid veduction ol brake pressure
during anti-skid operation. Brake [l and dum) characteristios after

the restrictor cheek valve was added are shown in Figure 3, I feft
uncorracted the consequences ol brake pressure ov:t}rshoot would have
héen evident in lwo ways. It would have been difficull for the pilot to
initiate =snwoLh manual braking sinee brake pressure and pedal force
would nol be proportional, The second detrimental eilecl was o tendency
to produce dan undesirable inerease in fore and aft landing gear movement,
which does aggravale gearwalk, Pressure ovarshoot during anii-skid

activity is shown in Figures 4 and 5,

As mentioned previously, the metering valve input linkage problem. was
corrected by a redesigned linkage. The consequence of a sticky
metering valve would again result in errvatic braking control for the
pilot sinee brake pressure and pedal foree would not he proportional.
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The excessive brake tovque problem was allevigted by deactiveting

two of the original eight hydraulie pistons in ench bruke piston housing.
This resulted in approximately 25% reduction of brake torque, Figure 6
indicates the improvement resulting from this change, This ehange

was made in an attempt to more closely mateh the hrake torgue 1o the
welght of the airplane and available friclion foree ol the tire~lo-pavement
interfnce, 'This resulted in brakes whiceh are mere easily contrelled

not only by the pilot, but also by the anti-gkid systen.

ANTI-SKID CIRCUIT CHANGES
The objective of tuning the anti-skid system was {o provide tire
profection over a wide range of runwiy friction conditions withour
causing instability of the maiy landing gear, Yo predict stability,
the lunding geur fore and aft natural {requency and damping should
be knowii, The natural frequency was estimated at approximately 10 -
14 Hz, bui the damping was completely unknown. Therefore, the gear
was conservatively treated ag Lightly damped during all tuning. This
approach resulted in:
(1) Increasing the deceleration threshold to establish landing gear
stubility (resistor K20 was decreased in value from 13, 000
to 4,700 £2 ),
(2)  Inereasing the valve current to exténd operation of the sys__tem
to lower runway [riction coefficients (resistor R28 was decreased

in value from 33.0 £ to 4.7 £ ),

Figures 7, 8, 9, and 10 show the final tuning characteristics of a

Bulfalo anti-skid card at various braking coefficients.
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GROUND TEBTING

As a first test of the system stops were made durihé tax{ runs with
the anti-skid off, to check the general function and to be sure that no

unexpected releases of brake pressure cccurred,

Then with the anti-skid system on, a series of operational aspects were
asgessed. Absence of dynazmle coupling between the braking and gear
structure was checked by rapid application and releasec of the right
brakes at 10, 20, 30 and 40 knots, Stops were made at high taxi speeds,
simulating landing rollouts, with various flap settingsa, and with 1ift
dumped and not dumpqd.

Data recorded during these tests and the flight tests included:
A. Wheels gpeeds (4}

B.  Anti-gkid valve signals {4)

C. DBrake pressures (4)

D, Brake metered pressure {one valve "only')

E. Drag strut load (:1)

F; Torque link load (1)

G. Oleo extension (1)

An Electromagnetic Interference (EMI) test was conducted with no
interference noted between the anti-skid system and the other electrical

systems on the airplane.

No problems were noted except a tendency for the airplane to pull to the
right during braking. The pull to the right was relieved by minor re-

adjustment of the brake-pedal-to-metering valve linkage.
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6.0 FLIGHT TESTING

Following successful completion of the ground testing, several
landings were made, under various conditions, The first with normal
approach, touchdown and braking to a full stoy, checking for general
operation und “‘locked wheel?? protection, Subsequent conditions
included stops with maximum braking cffort, with and without Iift
dump, {laps at 650, and brakes on gpeeds of 65 and 90 knots, No flat

spotting or blown tires cceurred during any stops,
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7.0 CONCILUSIONS
The test results and pilot evaluation indieate that the program objectives
have been achieved, The manual bruking of the afrplane exhibils necept-
able sensitivity and the anti=-skid system clearly protoets agningt thre
flat=-spotting tnd blowouts which nutintadn elfleiont stopping capability,
REV SYM LoEING |y, D6-11896 M
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24 SCHEMATIC - AIRPLANE AND LANDING GEAR 32
DYNAMICS SIMULATICN .
3A PHOTOGRAPH - HYDRAULIC BRAKE SYSTEM 43
SIMULATION
4A PHOTOGRAPH - COMPUTERS USED FOR AIRPLANE 34
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BOEING SKID CONTROL SIMULATOR

The sfmulator is an analog hardware system. The aircraft dynamics
arc simulated using analog computer equipment, but wherever possible,
actual aireraft components are iised instead of simulation, This simula~-
tion hardware system approach is used to provide a more accurate
gimulator, particularly in areas where non-linearities and complicated
dynimics exist, An added benefit of reduced computer requirements

is ulso realized.

Hardware
The hardware portion of the shmulator includes all hydraulic system parts
which can Influence brake system performance. These include the

pilot’s metering valve,anti~siid valves, accumulators, pumps, supply

and return lines, reservoir, and brakes. In this way the hydraulic system

charaeteristics, including any non-linearities, are very accurately

simulated.

Actual anti-skid control eircuit cards are used in the gimulator, Their
use assures that no effects, no matter how minon, ave neglected, The
modern anti-skid control circuit is a complex system using tightly
controlled lolerances. Its overall function is affected by the many feed-
back loops, non-linearities, and characteristics of the components used.
Unless these components are reproduced precisely, the uselulness of

the results can he seriously jeopaxrdized.
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Computer Simulation

The computer simulation consists of six infer-rvelated elements:
1., Alrplane Dynamics

2, Strut Dynamics

3. Truck Dynamies {not required for the AWJSR airplane)

4, Tire and Wheel Dynamics

5. Brake Torque Dynamics

6. Tire to Ground Force

The relationships and interactions between these elements are shown

in the simulator block diagram Figures 1A and 2A,

A three degree of [reedom airplane model is used to ccount for the
vertical, forward (along the runway}, and the rotational (pitching)
movenient of the airplare, The effects of the aerodynamic forces,

the engine thrust, and the hrake forces are inciudad,

The simulation of the strut is a very important aspect of the simulator.
A one degree of freedom system was used for the Buffalo airplane

to account for the fore and zit deflection of the strut. The effects

of the strut motion on the ground force, airplane dynamics and

measured wheel velocity are also included.

The key elements in any skid control simulation are the wheel tire
dynamies in conjunetion with the ground force model and the hrake

torque model, Two displacements are important in the tire wheel

system. The first is the angular displacement of the wheel which
is utilived by the anti-skid systeni lo provide the basis of confrol.
REV S5YM : DEEING |vo. DO-41896 3
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The second displacement is the movement of the footprint region
of the tire. The [cotprint displacement is a paramount influence in

the development of the [riction force belween the tire and the ground,

The ground force is developed using a’ composite model in which tire
elugtic properties predominate under limited slip conditlons. As
slip increases the ground fovee becomes a [unction primarily of the

thermodynamiecs proporties of Lthe tive.

An extensive effort has also been made to reproduce the cifects of
a wet or contaminated runway in the wheel and tire/ground force
portion of the simulation, The effects of vehicle velocity on the
friction coefficient, the tire [ootprint center of pressure shift, and

the water wedge are used.

Although the actual brake is used o delermine the pressure velume
characteristics, the brake does not serve as a torque producing
element in the simulator, The brake torque pressure, temperatlure,
speed relationships, retractor spring deadband, and frequency

characteristies are included in the analog simulation,

The simulator also provides facilities for comprehensive evaluation
of individual components. The hydraulic mockup provides the ability
to test the hydraulic components in an idealized condition or under

normal operation conditions.

Photographs of the Buifalo brake control simulator are siown in
Figures 3A thru 6A. Table 1 (Figure 7A) is a list of parameters

used in the Buffalo braking system simulator.
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. TABLE I
BUFFALO PARAMETERS

JETTS SYMBOL VALVE UNITS
Adrplane Pareceters ' £
Wing Area Av - Bes. 1t?
Coefficient of Lift
Spoilers Up CL «T50 -
Spoilers Down c"‘D «Th5 -
Coefficient of Dreg :
Spoilers Up Cp 2h2 -
Bpoilers Dowm cDD L2he -
Engine Idle Thrust Fe 0. 1b
Height of CG Above Ground Hy 8.0 ft
Mass Mczent of Inertia of Iyy 2.05 x 10°  ftelb secs

the Airplane a2bout the CG
in the Ditch Direction

Distence from lose Gear to

CG Iy 2L,.28

Distance froa Main Gear to

CcG Ly 3.55 re

Number of Braked Wheels per

Strut Np 2 -

' .

Number of PBraked 'heecls per

Airplane ' Np, 4 -

Number of Wheel on the lose

strut - NBN 5 -

Number of lMain Gear Struts Ns 2 -

Air Density 00238 b - sec2

;t 4

Airplane Landing lieight Wa L0000, 1b

Brekes on Velocity Vi i 89.46 tt./sec

Stop Velocity vatop 12,0 f't/sec

Brake Par:rcters =

Specific '2at ol the Brake

Beat Sink - Cpb 80.9 £t-1b
ib - 7

Heat Sink Veight ~ M 58.0 1b

FIGURE TR
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PARAMETETS
——— -

ake Parereters (cont'd)

Wheel Speced Ratio at
Initial Torgque peaxing

Brake Contact Pressure
Brake Torque Gain

f!nk Brake Torque
Brake Temp., at Tnitial Fade

Torque Recponse Zreak Point
Torque Response Derping Ratio

Tire Parz-eters (22 x 11.5 - 15)

Mass loment of Inert‘a about

TABLE 1
BUFFALO PARAYETZIRS (cont'd)

SNIBOL

&

the Axle
OQutside Tire Radius

Torque Radius
Rolling Radius

Inflation Pressure

gtrut Percr-eters

R

Torsional Darping Coefficient Cqp

Fore & Aft Darping Coefficient Cg

Vertical Darping Coefficient
Main Geer

Nose Cear

Mass loment of Tqr—*'“ of the

Lower Strut and lon-Rotating
Brake Parts

Oleo Verticel Spring Rate
Main Cear

Nose (ioar

Strut Fore & Aft Spring Rate

Effective Strut lass

Effective Strut Lungth

Con

Is

Ko
Kon
Ks
Ms

L

VALVE

25.

120,
5.66

8136,
3000,

20.0
5

2.07

1.34

1.13
1.27

178.
32.0

15450,

9620,
.8

98,409,

60,000,

50,500,
12.8

9.3

IS POOR

UNITS

psi

ft-1db
psi

rt-1b
o

psh

ft-1lb-sec

lb-sec
ft

lb-sec
It

ib-cec
It

ft-lb-scc2

1b/ft
1b/ft
b/t

lh-rf:c2
It

rt D6-41896
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APPENDIX B - BRAKE AND ANTI-SKID SYSTEM FUNCTIONAL TEST

SYSTEM TO 3E TESTED

Brake System

REFERENCES

(1) 65-83484 and 65-83561 Sheet 6
(2) 65-83552 Modified C-BA Auti-8kid System Eleetrical System Mod,
(38) ADCN #11 of Drawing 65-83005

GENERAL INFORMATION

(1) The purpose of this test is to operationally lest the brake and
anti-skid system.

(2) TFlushing, bleeding, and filling of the hydraulie system and control
systemn rigging shall have been accomplished prior {o performing
this test.

(3) Electrieal continuily shall have been previously estallished prior
to commencing this test. It shall be assumed thet electrical power
is available and the applicable power busses are energized,

(1) No line hanmunexr or chatter of the brake valve shall occur during
any portion of the test,

TEST EQUIPMENT

(1) Variable volume test bench using MIL-H-5606 hydraulie fluid
capable of delivering approximately 10 gpm at 3000 psig and
equipped with suitable fittings for connection to the airplane, Test
beneh filters shall be cupable of oil filtration to 5 micron nominal
and 16 mleron abrolute, Bench pressure shall be adjustable from

0 - 3300 psig. *

REV SYM

*An optional method is to use afrplane hydraulic power.
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(€} Alvpline jacks,

(3) 0 = 2000 psi range gouges for MIL-H=-5600 hydravlie fluid,

(1) Two hand held air drill motors in the 50 to 2000 rpm vange each
with 2 1/4 inch rubber tube on a 1/ ineh arbor for votating the
anti-gkid wheel detectors.

(5) 115V, 3 Phase, 400 eyele cleetrical power.

. D A0l Fral QRIG.AFTT

V. BRAKLE OPERATIONS
(1) Install o 0 - 2000 psi range gauge downstream ol cuch brake
deboost valve.
(2) Close the anti-skid test eircuit brenkers, Retaln the moin geur
antl-skid switches In the OFF position,
(3) Gradually depress the Cuptun"x 's or Virst Officur’s brake peuuls,
Evidenced by a pressure indication on the lest gauges at each brake,
(4) Release brakes, Check each brake assembly for release by
ghserving the brake stack. The brake pressure shall be 45 psi
or less,
(5) Pressuvize System A to 3300 + 100 psi. Apply and hold full brake
pressure for {ive (5) minutes. There shall be ne evidence of oxlernal
leakhige,
{6) Presgurize hydraulic system, |
(1) Attempt lo set parking brake by depressing lelt brake pedal
only. ‘The parking brake shall not engage.
) Attempt lo sel parking prake by depressing right brake pedal
" only, The parking brake shall not engage.
REV SYM BDESRE |vo. DO~41896
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{(¢) Depress both pedals and set the parking brake. The anti-skid

system mise e OFF, Depressurize the hydraulie system leaving

brake system pregsurized with the accumulator. Record the

brake pressure at each brake.

Brake Assy No, 1

No. 3

No, 2

Nu., 4 ___

(1) Release the parking brake. All brakes shall velease completely.

{8) Repressurize the hydraulic system and set the parking bhrake.

Depresgsurize the hydraulic system leaving brake system pressurized

with the accumulator, Measure and record the position of the main

gear lockout deboost valve indicators with respect to a4 conveniont

fixed reference on deboost valve housing. At the end of 8 hour period,

the pressure at the brake shall not he less than 500 psig, and e:uch

deboost valve indicajor shall not have traveled move than . 10 lhches

towards the short red band end.
Brake Assy Pressure Mo. 1

nitial Deboost Valve
Indicator Post, No. 1

Final Deboost Valve
Indieittor Post, No. 1

No, 2

No, &

No. 2

— No. 3

No, 3

No. 3

No. 4

No. 4

No. 4

REV SYM
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ANTI-SKID SYSTEM

(1)

2)

{4)

Wilh the airplane on the ground and oleos compressed normily,

hrakes bled, deboost valves correetly serviced, and parking

hrake released:

(@) Close the outboard anti-skid, inboard antl-skid and test
gircuit breakers,

(b) Place the main gear anti-gkid switch in the ON position.

Chock wheels, release pavking brakes, and remove hub caps

and wheel transducer couplings. Note: Do nwi disconnect clectrical

conneclors,

Depress brake pedals completely te apply all brakes. Keep brake

pedals depressed for remtinder of tesl unless otherwise staled, All

miin hbruke release indicators ghall be OFT,

Place the anti-skid test switch in the OUTBD position, thus

gimulating rotation of all vutbottrd wheels,

(@) The main inboard hrakes shall release {us obscerved by
ground personnel) and the Inboard brake releasc indiculors
shall read “REL?*,

() The main outboard wheel brakes shall be applied and the
outhoard brake release indicators shall be OFF, Outboard may
momentarily show “REL’’ when test switch is returnad to
normil. If the outhoard indicators momentarily shows REL”,

its duration shall be less than 0. 8§ sceoind.

REY SYM
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SN E (5) Place the anti-gkid test switch in the INBD position thus simulating

rotation of all inboard wheels,

E () ‘The main outhoard hrakes shull release (us observed by

ground personnel) and the outboard brake release indientors

shall read “REL*’.

b} ‘Che main inboard brakes shill be applied and the inboard brake
ralease indicators shall be OFY, Inboard indicator muay

momentarily show “REL’’ when lest switch is returned te normal.

If the inboard indicator momenturily shows “REL?’ its .Juration
shull be less than 0.5 second.

i (6) Using an air motor, rotate the transducer on one main wheel ol o

time al o steady speed belween 120 and 1200 rpm. Obsgerve the brake

stack on each wheel arnd the control cabin indicators.

(1) The brakes shall he released and indicators shall read “REL’! as

specified in the table below, All other brakes shall be applied

and all olher indicators shall he off,

Detector Rotated Brakes Released Indicators b “"REL’!

Left Outhoard No. 4 R. Cutboard
" Left Inboard No. 3 R, Inboard
Right Inbeard No., 2 L. Inboard
Right Oulboard No. 1 L. Oulboard

(b)  Abruptly stop Lhe {ransducers. Ilts corresponding brake, shall
momentarily release, The corresponding brakes indicator may
momentarily show “REL?, All released main gear brakes shall

then reapply and their indicators shall go ofl.

T4 ORIG.AFTFY
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: _ (7) Simulate an ajeplane in air condition as follows:

(@) Press and hold down the air sensing and ground sensing

i switches on the landing gearv, All brake release indiealors shall
road “REL’? and all brakes shall release.

(8) With airborne condition still simulated, place the anii-skid fest
switeh to the QUTBD position.

’ () ‘The main inboard brakes shall be veleased and the nbeurd
brake release indientors shall read “REL,

(h) The outbonrd wheel brakes shall be applied and their bhrake

i
h
i
%
H
H
t

release indicators shall be olf,

Ll %l LAl b

(9 With nixborne condition $till simuluted, pluce the anti~skid {est
to the INBD position.
(@) The main outboard brakes shall release and the outboord

brike release indieators shall read YRELY,

(b} The malp inbotad wheel Leakes ghall be applied and the beake

reloase indieators shall he QI'P,

G 450G T740 GRIG.3/71
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1.

INTRODUCTION

A-

Scope ‘

This is a detailed analysis of single [ailures of the C-8A Buffulo
brake and anti-gkid systems and their effects on airplane braking.
Bleetrieal, mechanical and hydraulie [ailures ure considered. After
n brief deseription of the systems, single [ailares are defined and
analyzed for effect and covrective action,

Summary
The analysis shows that a high degree of sufet, was degignoed to the
braking system.

Any failure in the braking system can be corrected by pilot action to
assure sufficieat braking capability and manenverability doring (he
landing roll., The majority of single failures do not require vesorting

to the pneumatic brakes. The discussion of a malfunction in this analysis
does not suggest that such a failure is expecied, and no effort was

made v sel up any order of probabilily lor such a malfimction.

ANTI-SKID SYSTEM FAILURE ANALYSLS

A,

Approach ~ Anti=-Skid System
The dnalysis will be conducted in the following manner:

1. Consideration will be given to ¢rroneous inputs to the anti-skid
control hox (due to single {ailures in the airvplune wiring)

and their elfects on airplane braking,

2. A detailed failure analysis will be made of each component on

the main wheel circuit card.

REY SYM
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B. Desipn Objectives

The anti-skid system is designed sueh that:

1. No single eleetrical failure can cause loss of braking {6 more
than hall the wheels,

4. No single electrical fajlure can cause loss of manual braking
to only one side of the airplane.

Design objective number 1 is oblained by having inboard and outbeard

muin wheels controlled by completely independent electyical eirvenits,

Objective number 2 is necomplished by having individual wheel control;
therefore, o single filure can cuuse loss of braking o only one

wheel,

. Systemi Components

The anti-gkid system consigts of four clements:

1.  An eleetromagnetic wheel speed transducer,

2. A transistorized anti-skid control box,

3, An electro-hydraulic anti-skid control valve,

4, A radio {requency interference filter on the control shield

transducer input.

D, System Components Qperation

1, Transducer

The wheel speed transducer is an axle mounied variable
reluetanee unit.  The signal frequency is directly proporiionil
ly wheel speed. Il consists of n rotoxr with 5C salient projections
inside a stator with 50 projections. When the rotor and stator
projections are directly”‘oﬁposed the aiv gap is small and a fux

patth of high magnetic reluctance is oblained in the position of

REY SYM S EsAE |no, DE-11896
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greatest air gap, This unit hus only one moving part, the rotor,
and has no commutator or slip rings. A DC voltage source

is connected to the stator winding threugh o dropping resistor
providing excitation for the transduccer magnetie eiveuils Rotation
of the transducer shaft causces changes i the Hux Hnking the
stator winding and produces a small AC voltage which is fed to

the lirst stage of n control civeult for one wheel,

The trunsducer is of simple, rugged construction conducive to
long trouble-free serviee.

Control Box

a, General
The anti-skid control box contalns four printed efreuit
cards, one for the conirol of cieh ol the main brake anti-
skid valves; cach wheel driven transducer gonerates a wheel
speed signal voltige which is fed to the corvesponding printed
civeuit eard. A sudden drop in the speed of & miin wheel
is sensed hy the clveuit as a skid and feeds voltige (o the
corresponding miin wheel anti-skid valve lo remove brake

pressure and allow the wheel fo recover specd,

The anti-skid eontrol cards consist of solid state components
enclosed in n rack mounted package, All cireuit components
are conservatively designed to provide o highly reliable

package,
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o 2 b,  Rate Conlrol With Ieedback Moditication = Main Wheel ;
P The first stnge of the control elreuit is conmon to bhoth the

rate and locked wheel conlrel, The vatpul of the second slage

of the rate sensing cirenit Is a DC voltage of *‘veloelly” ’1

ot

gignal with a magnitude Inversely proporiional to wheel speed.
If there is o sudden inercase it the velocelty signal due to
u sudden reduction in wheel speed {a skid), a control voltupe

pp——

Is obtained through the rate amplifier dnd valve driver
circeuits, This control vollage is applied lo the anti-skid
iy control vilve to remove hydraulie hrake pressure,

Wheel decelerations below o eortaln vate threshold®! are

within the airplane’s deceleration capability atd produce ne

correction signal, Wheel decelerations ubove this threshold

produce correction signuls bul only after the wheel his
experienced a [ixed velocily change. Spurious signals due
to geay walking are thervefore attennated.

Shortly after a wheel ceuses o decelerate, the correction
signal is reduced (o o vudue which depends on how long

the wheel has been receiving the correction signil., Thus,
the cireuit integrates the strength and duration of the correc-
tive signals building up 9 corrective hins which reniding

i after the wheel ceuses to decelerate, bul which decuys expon-
| ; entinlly with time, This feature, known as pressurce bias
modulation (PBM) allows the wheel Lo adupt to the runway
conditions by adjusting the brake reapplication pressure

| o 2 lolerable level,

If the runway coelficlenl of friction is low the PBM will

build up the valve voltage to a relatively high level and

!
provide low hrake pressure. 1

o ey
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C.

Locked Wheel Control ~ Maln Wheel

Locked wheel sensing is ineluded as a precaution againgt
failure of the rate clreuit to properly regulate wheel speed,
Each main wheel has & separate locked wheel cireult which
provides a DG reference level, approximately 16 volts  when
the wheel speed is above approxbnately 26 kmots, Below 25
knots the reference level diminishes linearly to zere, reaching
zero ab approximately 7 knots. The inboard and outhoard
reference levels are separately prirved by o connection called
the “memory?, A separate lopic cireuil for ench wheel
compare. s own wheel speed reference level with that of

ity paired wheel via the “‘memory’’ connection, When the
skidding wheel drops to below approximalely 10 knots the logic
transistor (Q5) draws current from its valve driver, which
produces a full valve voltage and releases the brake pressure
to allow recovery of the skidding wheel.

The locked wheel cireuit becomes incperative below approxi~
mately 14~17 knots since the reference levels become
insufficient to drive the logic transistor (@5) intc conduction.
This prevents the locked wheel circuit [rom produeing unwanted
brake releases during taxd and parking maneuvers,

The inboard and outboard memory cireulits are brought cut of
the control box so they can be commoned during the test
function, A capacitor is connected {rom each memory
circuit to ground to eliminate transisnt disturbances from

the memory circuits,
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Test Clreuit (Refer o ¥igure 1)

The purpose of the tost elroull is Lo advise the flight erew

as to the condition of the systeny electrical eiveuitry prior

to tekeoff or landing, Correct response of the anti-skid
release indleators to test swileh operation assures continuity
of the wheel transducer wnd proper operation of the locked
wheel control and vulve deiving circeulls, The test is obtained
by applying a 400 eyele signal lo simulate atrplane wheel
rotation.

Corract respouse to the operation of thoe test switch s as
follows:

on the ground with power supplicd to the systens, und the
airplane stationary, all four main wheel releise indicators
show blank., Movement of the test switeh to the “outboard?’?
position ctuges Lhe two Inboard rslease indicators to show
REL., Movement of tho test switch to the “inboard” position
enuses the two vulbourd release indientors to show REL,

With the afrplane in flight and the anti-skid syslem on, the
four main wheel release indicators show REL, Operation of
the test switeh produces the same end vesult ug for the ground
test, the only difference being the iniiial condition of the

release indieafors,

Inflight Arming (Touchdown Protection)

Prior to touchdown, both squat switches are closed, thereby

“applying 28 volts DC to the locked wheel control circuits

to provide release of braking prior to touchdown, Wheel
spin-up at touchdown produces o signal which is sufficlent
to overcome the safety relay input and allow brake applica-
tion even if one or both squat switches fail to open,

- |
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3.

Anti-Skid Control Valve

The anti-skid control valve 1a an electro~hydraulic servo valve
which converts snail electrienl signalg into strong hydraulle
outpuls, The inpul to the servo valve 1s a low level DC voltage
{rom the control shieid which has a maximun value of about 10
volts, Pressure from the pllot’s brake metoring valve supplies
the auti-skid valve whieh in torn sy decvetse pressure to the
Lrakes In proportion to the strength of the gigpal recc fved from
the control shield, In the everi of 1 niveny skid control signal
the valve is cupable of reducwmy bralic pregsure w priciieally zero,
but in no case can it apply more pressure than is being supplied
through the pllot’s metering valve, The valve i3 spring biaged

in the “pregsure o brake?” position such that in the absence of an
electrieal signal from the conirol boy it remains open and cong-
titutes only o minor restrietion between the nietering and deboost
valves.

Two units us just described are housed in & single body 8o they
ghare common pressure and refurn lines, but operate independeéntly,
The return line shut-ofl solenold iy di~energized ond blocks the
return port when the anti-gkid system is lurned oft. This pre-

serves the effectivencss of the brake agetmulator as & means
of parking the airplane with all hydraulic power sources dormant,

RFI Filter

A redio frequency filter was added to the anti-skid system on
airplanes with high frequency transmisters. This was necessary
o prevent the high frequency signal from coupling into the wheel
speed transducer wiring and causing the anii-skid controllor to
releage the brakes. The filter is connected in series with the

wheel speed transducer and blocks the interference signal from

entert: g the anti-skid control box, The filter consists of one
capacitor and one choke for each main wheel transducer input to
the control shield,

I
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E. Airplune Wiring

The airplane wiring schematic is given by Reference 1. CQutbeard and
inbonrd wheel clrcuits have completely Independent eireuits for power
supply, touchdowa protection, end system test, The main goar anti-
skid valve return line shul-cff selensids share 4 common voltage

qourea,

Power fur cach set of inboard and cutboard wheels is supplled from
two separete 28 volt DC power busacs through two cireult breakers, A
pllot operated “on-off” switch Is used to turn the antl-shid aystem

on &nd off,

Test switches for “lnboard’’ and “outboard® wheels apply a 400

cyele signal to the control box to simulate wheel rotation. During
uperelion of the test switch both (nboard and cutboard muin wheel
locked wheel ¢ircuits are connected together to form a cunnon meiory
and thus obtain a reference voltage to produce a locked wheel gignal

and opoeration of the relesse Indicators,

1. The Buffalo airplune anti-skid {s similay to that of the Joelng 727
pxcept the Buifale airplane wiring is simplified, For this reason,
only the Buffalo airplune wiring will be anulyzed, Refer to Reference
I and Figure 1.

., Loss of Gutboard Wheel Circuii Brealker

Result: Loss of anti-gkid protection for the cuthourd wheels,
Manual bralking will be retained on these wheels,
The cockpit anti-skid test display will indicate this
failure since the outboard indicators will not illumin-
ate during test or prior to landing,

Action: Use the normal braking system except use light pedal
foree. Excessive pedal fores can cnuse tirve failure
of the outbourd tives.

DG-41896
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b, Lose of Inboard Wheal Circuit Breaker

Result: Ioss of anti-skid protection for all wheels because powér
is lost to both anti-skid valve module solenoid shut~
off valves which prevents anti-skid pressure release.
The cockpit anti-shid test display will indicute this
failure gince the inboard indicators will not fllumin-
ate during test or prior to uetdown, Norimal manual
braking is retained,

Action: Use the normal braking system excepl apply only
light pedal force, Excessive pedul forcve can cuuse
tire failure of all main landing gear tires.

e, Loss of Solenold Shut-Off Power to Only One Anri~8kid Valve
Module

J
Result: Possible tire fajlure to both tires on one side of the '
airplane if high pedal force g applied. A gustained X
cockpit display REL indication vn both atfected wheels
will result. Test prior to landing will not detect this

of both brakes o release during the “‘inboard-outboard’’

J
|
|
failure, Observation by ground personnel of fullure i
test will indicate this failure. l

Acgtion: Quick release of pedal foree upon observing sustained
REL indicators will prevent tire failure. This
to be followed by use of light pedal foree, In the
avent of tire faﬂﬁre of both tires on the same gear,
maintain lateral control with opposite brakes, nose

wheel steering -and rudder.
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N d. Loss of the 400 Hz 26 VAC Circuit Breaker ;E !
ke % a
Result: Cockpit display REL indicators will indieate failures, g} . _,_
With the alrplane in the alr, indicators will not Ji :
extinguish during the ““inboard-outboard® test., With ) 'jj
the airplane on the ground, the indicafors will not 3
illuminate during the “inboard-cutboard?! test. ] i
Action; Use normal braking systemn except apply light pedal
force. -
¢, Sgunt Switch Failed Open E
Result: Loss of touchdown protection on the associnted paried ,
wheels, Cockpil display indicators will indieate the !
failure by not llluminating REL prior lo landing. Brake |
application prior to landing couid result in failure of
one Live on each side of the airplane. ;
Action: Use normud braking system excepl apply light pedal ‘
; ] ; ;
: force. i
[. Syt Bwiteh Failed Closed C
" Result: Loss of braking on two symmetrical brakes below
approximately 15 knofs. Gther two symmetrical ,
brakes ave unaffected. Sustiained illumination ol
REL indicators at low speed indicate this failure. '
Action: Turn off anti-skid system and use normal taxi ] 3 ":2
braking technique. {
.
|
3
: |
P i
o |
F =y § %I
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on the associntad wheel only unlesn otherwise

EFFECT OH AFARILIG

loss of mkid snd
Jucre) whoel control
to associated wheel

Loss of akid and
lacksd whenl control
to asnnociated wheel

nkid and
Yocke wheel control
to associated wvheel

losa ol

Ineffectiva niin
relief, Oppnosite
wheal will lose ! rak-
ine below loe' od whael
level, MNo locend
whenl ‘ppatestions

Feduged braking
efficiency at iuw PPM

Loss of skid and
locked whinel control
to asscciated wheel
S1lizhtly rodueced
braking efficiency
at low PN

Loss of skid and
locked whecl control
to associated wheel

‘o loss of braking
eificimncy

Mo locked whee!l
control available.
Antieskid control
availabla.

Loss of skid contrel
to associated wheal,

lockad wheel contrma?
on_ly .

SLCTION 0, 1 = MALN WHLEEL COLTPRPOL CrpcultT
(Fefar to cchematic %2=527172)
Note: [ ffect whown ls
statnd.
cCONPITION
SYMROL, COMPONENT o TALLUFE EFFCCT ON SYSTLY
cl Capacitor, Open Control zireuit inopara-
Soli Tantalum tive on assuciated whenl
c1 Capacitor, Shorted Control circult inopera-
' Solid Tantalun tive un associated whacl
c2 Capacitor, tpan Control clireuit inopera=
Mylar tive on associated wieel
c2 Capacitor, Shorted Continuous velocity
Mylar 3 signal
]
c3 Capacitor, (pen Pulsating low level skide
Selid Tantalun at lew »I
c3 Capacitor, Shorted “ontrol eircuit inopera-
Solid Tantalum tive on associated whael
Cu Capacitor, fiun S$lightly increased skid
Solid Tantaluw sencitivity pulsating
output at low FI'M
(o} Capacitor, "uorted Control circuit inopera-
Solid Tantaluu tive on acsociated whacl
cs Capacitor, Open Fulsations on locked
Sulid Tantalunm wheel output at the edpe
of locked whael control
cs Capacitor Shorted Loss of locked wheel
S50l1id Tantalum signal
L
c? Capacitor Open No skid signal to rate
50lid Tantalum cireuit
firy PR
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Crl

8elid Tantalee Open

Capacitor, Srerted
Selid Tectalm

Disde, Zaner Open

tiode, Lener horted’

Pover on valve trensient

Fate ssplifier blased ofT

loss of precise regulation

Fantrel ptruts inoperetive

. .A 00 Bvenue » Durbeah rolifvwnus + variuma ¥ 1331 Bavl . M m .
Weoe? =9 e
comprres WYY OF P7CT 08
LN NI RBALDD
Capecitor Faerisd Lose of brekes
Selid Tontslm cestisnous okid lovel
oulput
Copacitor, Cpen Ater otien of response Slight less of braking offi.
Selld Testelm pRressteors oleney
Cepacitor Rerted Loss of rete oigmal ard Loos of okid and 1. 1ked vheal
Sel1d Tentelm locked wheel eignal ot
Capaeitor, Opon Alter etion in ayvien Slight loss of brekiag effi-
Selid Tectalm redpende pereaeters L 4
f-pusur. Therted lose o rute sigmel Less of skid scutrel
Selid Testalm
Capaciter Open Loas of PPN Reduced broking offfolsncy Jue %o
Selid ‘hlk‘n (Preseure biss sodulstion ) emwessive cyelirg.
Cijecitor Serted leso of PIR llé:'as‘:l breki.g offielency due teo
$o11d Testelum exesssive eysling
Capasitor, Open Dependent wpoa 2¢ weld $11-%4 loss of bruking eofficioncy
, Bolld Tantel bus nelse) imeressed skid for high performacce landings
sensitivity
Capaciter, Shorted Contrel system incperstive Lese of ekid and lecked whool
Solid Tentalwm on associsted vbeol scatrel te asseciated vhesl
Capesiter, Open Pessible high frequeanscy Regligidle
Vetalised Mylar eseillation i regulater
Cepaciter, Storted Partial less of regulatien Incressed skid secaitivity and
Vetalined Mylar s+d imeresse ia Do ehange of leeked vhael sctuatiies

lavel

Mozentary leses of trali-g for 2.5
ssconds after power em

Loes of skid eontreol te asee-
elated vheel. Llocked vheol
eontrol oaly

Slightly increesed skid senaitivi.
vy

less of akid and locked vheel
protection
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CONDITION

SYMHOL COMPONLNT QFf FALLURE EFFECT ON SYSTEM

cr2
CRr2

crI
CR3

CRe
CRe

CRrS
CkS
CRé

CRré

CR?
CR?

Crs

CRO

CRY

CR9

dip ok g "
A = N

Dlode 7ener

Diode Zener

Plode
Silicon

Diode
Silieon

Diode
Silicon

Diode
$ilicon

Dlode
Silicon

Liode
Silicon

Diode

~ 8ilicon :
~ Diode

Silicon

Diode Zener
DPiods Zener

Diode
Silicon

Diode
Silicon

Diode
Germanium

Diode
Germanium

Open

Shorted

Open
Shorted

Open

Shorted

Open
Shorted
Cpen

Shorted

Open
Shorted

Open

Shorted

Open

Shortcd‘

‘Change in velocity
calibration and tempera-

ture compensation

Lose of veleecity
signal

None

Control circuit inop-
erative

Loess of locked wheal
velocity~logic rela-
tionship

Loss of {solation
between rate and
locked wheel

Loss of locked wheel

Support oo associated
whael

Saturation of rate
anplifier

Decreased skid thresh-
old

No release indication
Release indication on
skid signals ;

Loss of locked wheel
signal

Small locked wheel
drive at high tempera-
tures

Increased PPM charge
time

PPM signal shorted out

saee 3
8/20/6%

SgeOa? ko P=344

ETTECT ON BRAKING

Reduced efficlency at
high spands and high
performance landings.

Losa of brakes to
associatad wheel, above
locked wheel level.

Lonn of braking

Momentary loess of brakes
near locked wheel level

Loss of brakes at low
kRPM and stop

Lockad wheel protection

Unavailable for asesociat-
ed wheal

Loss of braking
'
Braking efficiancy de-

creaned due to reduced
alid threshold. )

ql"'d
Huona

Lockad wheal protection
is unavailable

Small standing voltage
on valve at high tempera~-
ture

Reduced eofficiency dus
to more rapld cycling

Reduced officiency due
to more rapid cyeling
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CONDITION
SYNBOL COMPONENT OF FAILURE EFFECT O SY:TEM ELTTCT OM _ARAXING
(431 Diode Open Loss of veloeity Lose of brakes above
Zener eignal locked wheel level. MNe
locked wheel protection
for opposite wheel,
tmn Node Shortad  Paduced velarity Foor aVvi/ Asracting
Zener eignal seneitivity and high
locked wheel KRPM lavel,
- loss of brakes betweesn
offset and normal locked
= vhael level
cril Diode Open Loss of ¢l d level Loss of efficiency due
Silicon on eontrel signal to excessive pressure
dump
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frensister
Silteem
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Trensistor
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Transiotor
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811100
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Opgn
Werisd
Gpes

Shorted

Srerted

b

Gantinueus mete oigmal Lese of brakes $ie te

amiiniad cootro. wgnal,

Lese of elaay lowel to
oentrel olgmsl

fodueed offialoncy due to o~
eessive pressure dump of cemtrel
velve

fote oigrnal sheried owt. Ineffective skid omtrol
Incrvaned londing of lecked output and scmevhat redeced
vhoel oignal lecked wvheel contprel

Less of B¢ Loes of ski4 and looked vhoel
sontrel te ssosciated vhool

Miper lees of ¢ffieiency ea high
perfermanoe saé high slip landiag
eonditions &uve te lscressed rete
sensitivisiy and valve overdrive

Cirenit B* {s o fenetion
of syoten veltage

Lose of brakes above losked
wheel level, Mo logked vhesl
protaction fer opresite vhesl,
lcee of brakms above locked
wheol lavel, Fo iocked vhesl
rotection for oprosite Wieel,
88 of trakng s>ove locked
vhoe!l level. No locked whesl
protecticn for oprosite vheel. l

Lose of velc ity 0igmal
Loss of vekuty veltege

Loss of welecity sigm]

Pull veleeity signel Loss of okid a3 ..- o. dwel
205005 5C atactince: vhewl,
Prake relecse on opposite vheel

below 1ozind vheel level. |
[ ] f

Lose of Sraine a~ove lonked
woel level, Bo locked vaeel

ca for oppcaite vheel.
Loeked vheel signal sherted Laes of locked whael contrel
oxt bra¥s relaste ca cpposits wheal
Sow locksd whool lowels

Loss of lecksd vheel contrel te
sssceiated vhesl - normal amti-
skid contrel svailable

Be vheol velosity te
logked vheel eomparisen

BHo locked whoel sirmal te
valvre driver

Sizalates leaqul rotetion FRelease of bLrebes t9 mssoclsae
of wposite wme ted wvhael balov loeked
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[ Trens i ter Opea 1000 of
S1licee seturation Orakes teo assseisted vheel
of rete omplifier
@ Tronstotor Shor tad fosovnl of okid veleeity lMederete loses of officiensy éwe
$ilteen smpenest - alterstion of decressed okid densitivity
= i okid thresheld sensitivity 3
w_ Tremister  Opes Loss of rete oignel lase of skid soutrel
81lieen
Tremsister Snorted Continuous rete sigmel Lose of brakes
Silieen
wn Tremister Opsa Lese of walve signel Loos of okid and lecked vheel
Siliess vontrel :
Transister Sherted Pull valwe drive Loss of brades
S1liomm
Trensioter Open Less of valve drive Loss of skid snd locked vhool
$1l4e0n eoatrel
Trenslotor Sherted Pull velve drive Loss of brekes
$1lie0e
Qo Trensioter Open Less of release indicetic. Neme
$1)4eon
Q0 Treraloter Sherted Continuous relesse Reps |
8)i1econ indissticm
ol ®rensister Open loss of velosity sigral Leoo of skid eo-trol te soseeivte
Mlleon te rete azplifier mhz « loeke? voel ~ontrel amal
ot N
1 Trensloter horted Continuors velocity signal Loss of brakes,stove lodked
Silicen wheal lavel., bo lockad vhesd
protecticn for opposite wheel,
n Ras istor Open Lose of B¢ Lose of skid snd lecked vheel
Conposition contrel te sseceiated vheel
n Meistor Shorted Yore Rome
Conpesition
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Reodoter Open
Compesition

oloter
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Teoister Sper
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Sherted
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fesistor
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s veleeity signal

Fo welecity oipmal

Fo system test sigmal

Degredstion of G2 due
to sysen tast

Ne velocity oignal

Less of velesity sigmal

Be wveleosity olgnal

Sherted TVelceoity 8igrel inervased

Change ia
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Less of okid snd loshed vhesl
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perforusnee landinge duws %
inereesad oskid senaitivity

Loss of brakes above lecked

~rotect ian !ep':-}-n' - m-
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Lose of brekes sdove locked
vhael level, BNo locksd wheel
protestiem fer an-celte wieel,

Sonevhat reduced breking offi-
elency Gue Vo decreesed okid
sons itivity

Lass of trek ing

L0009 of brakes above looked
vhesl level, UNo logked vheel
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1. MANUAL BRAKE SYSTEM FAILURE ANALYSIS

A,

Description of the Manual Brake System

The Buffalo brake system is hydraulically powered and controlled
manually by brake metering valves which are connected to the

pilot’s brake pedals thru a linkage system. Both the pilot and eopilot
have a pair of brake pedals, and both pairs are interconnected by

tie rods such that the brakes can be applied by either pilot or, by
both pilots simultanecusly,

All four main gear wheels (two on each landing gear) are fitted with
heat sink type disk brakes. Each pair of brakes is hydraulically
actuated through a brake metering valve, The left main gear and
the right main gear brake metering valves can be operated simult-
anecusly or individually to provide for differential braking.

Lockout deboost valves between the briake metering valves and brakes
deboost the metered pressure to 38, 3% and limit hydraulic fluid loss
if leakage oceurs on the brake side of the debvost valve, These valves
incorporate an internal replenishing valve which is ope"rated manually
during ground maintenance only, In this way {luid can be transferred
from the thigh pressure side to the brake side to make up for possible
losses from leaks or bleeding. An indicator stem operated by the
deboost vialve piston indicates the amount of fluid on the brake side

of the valve and shows whether servicing is necessary or not.

An existing brake accumulator in the main brake circuit supplies
parking brake pressure after all airplane hydraulic systems are

depressurized,

An unti-skid system of the modulating type minimizes wheel skidding
and prevents locked wheel conditions on all wheels. Dual anti-gkid

valves allow individual wheel control for the four main gear wheels,
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A leak in the main brake system upstream of the metering valve

can result in the loss of hydraulic braking for all main brakes. The
existing pneumatic brake system must be used in this case, The
pneumatic system supplies pressure only to the main brakes from a
compressed nitrogen bottle., The normal hydraulic and the pneumatic
brake systems are separated by shuttle valves at the brakes, The
emergency system has neither anti-slkid nor locked wheel protection

and no differential braking is possible.

Failure Anulysis

For the purpose of this analysis malfunctions will be categorized as
control system failures and hydraulic failures. A control system
failure is defined as a [ailure that causeg loss of control ol the hrake
hydraulic system. A hydraulic failure is defined as a failure of a

component in the brake hydraulic system itself.

1. Jamined Brake Meterving Valve .
a, Jammed in Brakes ‘Gt Position

Result: Loss of braking ability for one main gear, Applica~
tion of operable brakeg on the other main gear would
cause asymmetric braking und airplane yawing,

Action: Uge pneumatic brakes, or remaining hydraulic hrakes.
Rudder pedals and/or nose gear steering will counter-
act yaw moment due to asymunetric braking.

b, Jummed in Brakes *‘On’’ Position

Result: Brakes on one main gear cannot be released, The
airplane yaws unless the braking forces on the other
main gear balance the braking forces of the jammed
brakes, Anti-skid protection remains effective.
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Action: Balance airplane yawing with cpposite brakes, If
this action does not result in sufficient deceleration, _

overbalance and counteract overbalancing moment

with nose pear steering and/or rudder,

2, Broken Control Linkage ut the Metering Valve

Result: Loss of braking ability for one main gear. Application
of operable brakes on the other main gear would cause
asymmetrie braking and airplane yawing,

Action:  Use pneumatic brakes; or remaining hydraulic brakes,
Rudder pedals and/or nose gear steering will counteract
yaw moment due to asymmetric braking,

3. Broken Return Spring

Result: Pedal deflects slightly toward ‘‘brakes on’’ posgition and
the feel forece decreages, but brakes will not be upplied
automatically as a result of spring failure, After hrake
application, pedal will not fully return to neutral, but

brakes will release.

Action:  Use braies normally. X

4, Loss of “B’’ - Hydraulic System Pressure for any reason other

than a leak in the brake system - refer to Figure 1,
Result: Ioss of normal hydraulic brake system.,

Action: Use pneumatic brake system,
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8. Rupture or leak between brake metering valve and brake
accumulator.

Result:  Loss of main gear braking capability and loss of *“B”’
hydraulic system,

Action:  Use pneumatic brakes,

6. Rupture or leak somewhere hetween a brake metering valve and
the deboost valves In the main brake system.

Result:  Opening the metering valve will in time cause loss of
fB?? system fluid, and some main brake ineffectiveness
depending on sizeé ol the leak,

Action: I ‘‘B’’ hydraulic system s lost use pneumatic brakes
with nose gear steering and rudder for directional
control.

7. Rupture or leak between deboost valve and maln brake,

Resull;  Loss of pressure for the one main brake concerned and
agymmetric brakine for equal pedal deflections, The
‘1’ gystem fluid lose is limited to the deboost valve
volume,

Action:  Correct yaw tendency by metering less pressure on un~
failed side. Nose gear steering and rudder may also be
used for directional control.

8. Ruplure or leak of return line between metering valve and return
“ line check valve,

Result: A quantity of fluid will be lost when the brakes are
applied and released with anti-skid on. Braking per-~
formance will be unchanged.
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Action:  Use brakes normally, The pilot will not be aware of
this leak, Gradual loss of reservoir fluid would be
observaed.

Loss of nitrogen precharge in brake system accumulator

Result:  Alrplane cannot be parked unaitended with depressurized
hydraulic systems.

Action:  Chock wheels.,
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