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INTPODUCLION

This handbook documents the results of a study in which the ohjectives
were to provide additional analvsis methods of aircraft brake svstems and
to provide the computational software to compute brake energy during air-
craft brake testing. It is not a manual on how to do every tvne of testing,
nor does it cover all analysis methods possible.

Because brake testinag is one of the potentiallvy more hazardous tvnes
of testing done at the AFFTC, control of the testing is vital. A larce nart
of this control is throuqh a build-up sequence approaching the bralke svstems
upper energy and tempverature limits, as defined bv the manufacturar or tech-
nical order. The purnose of this handbobk is to provide a mathodologv which
will allow hrake testing to be safely conducted closer to these limits.

Basically, the tvmes of data analvsis can be divided into three areas;
operational capability assessment, program control, and brake/antiskid sys-
tems analysis. The first consists of analvzing data which is of greatest
interest to the user. It includes flight manual, mainterance, and wear data.
Program control data is used to monitor the test program hv develoring trend
information. System analysis provided an internal view into the working of
the system and can hest pnrovide the information for prohlen solvina and
determining system limits.




THEORY

AIRCRAFT STOPPING PROCESS

The process of stopping an aircraft is one of ereray conversion. The
kinetic energy of the aircraft at the start of slowing is converted to
other forms of energy. One of the prime pieces of information needed in
conducting brake tests is the amount of energy absorbed by the brakes.
Looking at the major forces acting upon the aircraft, as shown in Fiqure 1,
we can see that we have the following enerqgy sources to account for:

1. The kinetic enerqy of the aircraft at the beainning of the stob:

K.E. = ¥mv? or kw/gqV?
where:

K. kinetic enerqy, ft.- lbs.
mass of aircraft, lbs. mass.
aircraft inertial speed, ft/sec.
aircraft gross weiqght, 1lbs,
constant for gravity, ft/sec?.

a £ <S<8m

wnononn

2. The kinetic energy added to or extracted from the aircraft by the
thrust of the propulsion system during the stop.

3. The kinetic =nergy ahsorbed hy asrodynamic draq, including drac
chuts if used, during the ston,

4, The X%inetic esneragv absorbed bv wheel bhrakes during the ston.

These arz the major srerqy terms. Such factors as eneray absorh=d in
tire flexing, tread wear, and runway slone have haen nealectad, due to their
small magnitude. Runway slonae can he important if the testing is nct dorn=
on a nearly level runway.

LIFT

A

INERTIAL FORCE

DKAG ‘::::;‘“”/'EF::::AQ€> -——3> THRUST

BRAKE FRICTION

v

MAIN WHEEL WEXGHT NOSE WHEEL
NORMAL FORCE NORMAL FORCE
FIGURE 1 FORCES ON AIRCRAFT DURING LANDING
)




Figure 2 from Reference 1 illustrates the typical variation of the
various forces acting on the aircraft throughout the landing roll. It is
assumed that the aircraft is at essentially constant positive angle of
attack from the point of nose wheel touchdown; C_ and C_. are constant and -3
the forces of 1lift and drag vary as the sauare of ‘the vp?ocity. Thus, lift
and drag will decrease linearly with a or V¥ from the start of stonmning.

I1f angle of attack is negative, additional down force would he added to tha .
weight acting on the wheels. If the braking coefficient is maintained at [
the maximum value, this maximum value of the ccefficient of friction (drv
runway) is assumed to be essentially constant with speed and the bhraking
friction force will vary as the normal force on the wreels annroaches the
weight of the aircraft.

LIFT :
DRAG + BRAKING FRICTION
= I
<
ES .
® THRUST !
DRAG I
BRAKING ‘
START OF VELOCITY® sTop
BRAKING (decreasing)
FIGURE 2 VAKIATTON OF FORCEY NUPLNG LANDING Roif,

In testing the aircraft brakes, accountina must be made for the enerqv
dissipated by aircraft drag and the energy added to the brakes due to enaine
thrust, Wind will also add or subtract brake enerav denmendina unon direc-
tion. A cross wind component can also create asymmetric lift and drany
causing nonsymmetric braking. Therefore, brake testina should bhe limited
to low wind conditions.

Aerodynamic braking can also be effective immediatelv after main wheel
touchdown for some aircraft., Some delta wing aircraft mav shorten total
landing roll by maintaining a nose-high attitude and conseauently high
aerodynamic drag at high speeds immediately after touchdown. Aerodvnamic
braking is particularly effective durina low friction runwav conditions,

For most aircraft and runway conditions, the aircraft brakes furnish
the most powerful means of deceleration. While details of brakina systams
vary for each system, there are various fundamentals which are common to

all systems.




Friction is the resistance to relative motion of two surfaces in
contact. When relative motion exists between the surfaces, the resistance
to relative motion is termed "kinetic" or "sliding" friction; when no
relative motion exists between the surfaces, the resistance to the im-
pending relative motion is termed “static" friction. The small discon-
tinuities of the surfaces in contact are ahble to mate quite closely when -
relative motion impends rather than exists, so static friction will
generally exceed kinetic friction. The magnitude of the friction forca
between two surfaces will depend in great nart on the tvpes of surfaces
in contact and the magnitude of the force pressinag the surfaces toqgether.
A convenient method of relating the friction characteristics of surfaces
in contact is a proportion of the friction force to the normal (or perpen-
dicular) force pressing the surfaces together. The pronortion defines
the coetficient of friction:

L = F_/F
where: GN
W = Coefficient of Friction (mu), non-dimensional.
F(= Friction Force or Retarding Force, 1lbs.
F.’= Normal Force, lbs.

P

The coefficient of friction of tires on a runway surface is a function
of many factors. Runway surface condition, rubher comnosition, shearing
stress, relative slin speed, tire temperature, etc.,, all are factors which
affect the coefficient of friction. When the tire is rollina alena the
runway without the use of brakes, the friction force resulting is simple
rolling resistance. The coefficient of rolling frictior is on an approxi-
mate magnitude of 0.015 to 0.030 for a drv, hard runway surfaca. The
application of hrakes supplies a torque to the wheel which tends to retard
wheel rotation. liowever, the initial application of brakes creates a
braking torque, but the initial retarding toraque is balanced by the increase
in friction force which produces a driving or rollina torque. "f course,
when the braking torque is eaual to the rollina torque, the wheel experi-
ences no deceleration in rotation and the eaquilibrium of a constant rota-
tional speed is maintained, Thus, the application of hrakas develons a
retarding torque causing an increase in friction hetween the tire and
runway surface. A common nroblem of hrakina is the annlication of exces-
sive hrake pressure vhich creates a braking torque greater than the maximum !
possible rolling torque. In this case, the wheel loses rotational speed u
and decelerates until the wheel is stationary and the result is a locked
wheel with the tire surface subject to a full slio condition. The relation- ¢
ship of friction force, normal force, braking torque, and rollirqg is
illustrated in Fiaure 3.

Fn = Normal Foree

Direction of Travel
Tg= Byake Torque

Retarding Force = Fg

FIGURE 3 RELATIONSHIP OF FORCES ON A BRAKED WHEEL/TIRE




By taking a closer look at the tire-to-runway relationshin, a
better understanding of the aircraft stoppinag process can be gained,
Whenever a horizontal, tire-to-runway force is generated, some slip
always occurs between the tire and runwavy. This is due to the elastic
nature of the tire and is true for anv force and any tvne of runway
surface. Fiqure 4, shows a tvomical slin/drag curve for a bhraked, tired
wheel. Values vary according to runway condition, tire tvre, condition,
and loading, but the general shape of the curve is alwavs the same,

The curve shows that as brakes are proqressivaly annlied, draa and slin
increase up to a voint of maximum draq, , after wblch a further in-
crease in brake torque results in an 1ncre3<e in slir accomnanied by

a reduction in draa.
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(Curve profile varies greatly, depending
upon runway surface and tire condition/type.)

FIGURE 4 ADHESION/SLIP CURVE

There are thus two nossible tire-to-around conditions durina the
braking process. The first is a stable conditional "slin" at values
up to a slip ratio, , in which brake toraque is bhalanced by tire/aqround
drag. The second is mg unstable condition of "skid" in which the forcas
of brake torque and tire/qround drag bacome unbalanced, with an excess
of brake torque actina to decelerate the wheel rapidlv towards a lock=d
condition. This second condition is clearlv undesirable since it re-
sults in partial loss of hraking =ffort and can lead to loss of direc-
tion control and damage or hlow tires. Tynically an I'-15 with locked
vheel will blow a new tire in less than 300 feet,

v a—-—p
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BRAKE ENERGY

Brake energy must be computed in order to control tasting., The
energy which the brakes absorb is a part of the total aircraft energy.
Other contributions to total aircraft enerqv are tlrust, aerodvnamic
drag, and tire scrubbing, v

Reference 2 develops a set of equations from which stopping distance
and brake enerqy can be computed. These =cuations are valid hetween
any two hraking velocities, where the aircraft confiquration and ground
attitude are constant. Several other assumptions were made in devel-
oping these equations,

1. An average coefficient of friction can be used together with
the vertical forces of the aircraft exerted on the runwvav te describe
braking forces,

2. The aircraft~runway reaction loads are concentrated on the main
landing gear. This, of course, is not exactly true, but the computed |
stopving distances and hrake energies will not bhe affected, since the ’
braking coefficients used to compute stoppina distance and hrake energy ‘
are derived using this same assumption. :

3. Aerodynamic forces due to wind are assumed to he a function of
ground speed and ambient air density rather than airsneed. This assumn-
tion is valid for low wind speeds, whicn should he a limit for hrake
testing,

4., Idle thrust can he reasonably well defined as a function of
velocity squared,

5. Rolling friction is included with the braking coefficient of
friction.

In order to compute brake energy we must first determine the
average brake coefficient, u_,, and in order to do this the 1lift and drag
coefficients (CL & CD) and tge thrust versus velocity function must be
known,

To determine rolling friction and 1ift and drag coefficients a
coast down test (no braking) can be conducted., The data required
should be obtained at low gross weights and at high initial speeds,
These conditions can easily be met during a landing. As soon as the
aircraft touches down it should be confiqured to the desired confiau-
ration and then be allowed to decelerate to as low a sneed as practical
prior to braking or adding power for a go-around.

BRAKE TTSTING ANALYSIS MFTHODS

BRAKE TESTING COMPUTER PROGRAMS
Introduction:

Four computer programs have been developed to assist the engineer in
monitoring brake performance. These programs are based on the AFPTC-TIM-
71-1003, May 1971, Reference 2. Other programs have been developed for
computation of braking coefficients and brake enerqies. These data analysis
programs may be used with the same effectivity as the ones presented here
providing one takes into account such things as forward or reverse thrust
and lift and drag for both the computation of hkraking coefficients and brake
energies. These programs are relatively simple and easy to use and are
fully operational.

12
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The four programs are:

1. (THRUST) A proaram_to define forward or reverse thrust as func-
tions of velocity squared, V This program is used to provide constants
for the braking coeff1c1ent snd enerqy programs,

2. (DRAG) A program which will extract aircraft drag coefficient
data from unbraked coast down data,

3. (COFS) A program which will compute averaqge brakina coefficients
and brake energies between any two braking speeds wherein the aircraft
configuration is constant. The program comnutes brave erergies for thae
entire aircraft so that if an aircraft has two brakes, the eneray per
brake is half of the total braking enerqv.

4, (SPEED) Because not all aircraft that will he tested are ~ouinned
with inertial navigation systems with ground velocitv readmuts ror the
pilot, it is necessary to have the capabilitv to quicklw combute th- indi-
cated airspeed (pneumatic system) where the hrales must Y+ anlisd to pbro-
vide control of the brake energies. This nroaram »rovides an ecuation
for rapid computation of the indicated airsmeed to ol'tain the -l-sirad taraot
ground speed for brake application.

ach of the four programs has the same general format faor o-eration,
Each program requires control cards, followed by the proaram its-=]1f,
followed by user supplied data., Tach s>ctiun is senarated v an 2nd of
record card (7/8/9 in column 1 for C.H.C).

The control cards used for most operations censist of a jo! control
card, followed hy a FORTRAN compiler control card, followed hv an LGO
control card. Fiqgure 5 shows a sample of these control cards,
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Program THRUST Input/Output:

The data needed for program THRUST consists of ordered pairs of ;
Ft and V_, where F, is engine thrust divided by ambient pressure ratio, i
F /Ga, d V_ is &quivalent airspeed. FEach ordered pair is placed on ona '
dSta card in the format (F10,2, 10X, Fl0.2), with F_ being first and V
second. Although the program needs onlv two data psints to operate, the user
should provide at least 8 data points to insure statistical validity.
These data can be obtained from engine manufacturer's data or if the air-
plane is instrumented for thrust, it can be obtained from test. TFigure
6 is given for further clarification of format. Sample output for program
THRUST is shown in Fiqure 7.

Totsl Thryst/Aubient Pressure Ratio (in ibs.)

Blank

Equivalent Airspeed (in ft./sec.)

Blank

FIGURE 6 PROGRAM THRUST DATA FORMAT

c

FHRUS T- AT T ERE SPEEDN w - =99 L. 00 ~3LtUPEtr - TrRUs Loyt = -~ Llaaiqod-—

FIGURE 7 PROGRAM THRUST SAMPLE OUTPUT




Program DRAG Input/Output:

Program DRAG data consists of geheral data including aircraft constants
and ambient air data, and coast down sneed and distance data over two speed
ranges. Each parameter value is placed on one card, along with an identi-
fier for that parameter, and read in the format (Al0, 10X, F20,2). Table
s . 1 summarizes the data needed and the required identifiers to hs used on
; the cards. Figure 8 1is given for further clarification of format., Sample

output for program DRAG is shown in Fiqure 9.

Data lcentifier Code

COO0 IR00QL0CLD

poRDRS DO BLLO DY

8lank

Data (See Table | for Units Required)

8lank

ROLORT

000300000000

T

B8000ay

FIGURE 8 PROGRAM DRAG DATA FORMAT
e B g i Ea L T A P T T I DR S
C atlonT cl9rLnailivuy)
moece sS4 43P CF R - : R - biufo
Cuens ity RA P2 V]
g T desust- s -~ - Ziva.utibe—. e =
- tia AL CUtFr [T
— BT L B o R R R N e N & N U Kl
P INITLAL 5P RANE I AL
—— oo - RERNALSPEE e e e Uebibub
CIsTAnCe 49354 L0uNY
G T U RESTAREE e S A5 ulu0Y- - - -
t BYAG- Lusttr Uit = <150 R
AL ING b= lCTION G e B - A1)
' e PPTEXATICO NS Rmrts <Ffruixry o M : -
FIGURE 9 PROGRAM DRAG SAMPLE OQUTPUT
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TABLE 1
Program DNRAG Data

Required Data

Wing Area (sq ft)
Aircraft Weiqht (1lbs)
Ambient Air Density Ratio
Thrust at Zero Speed (Ft /6a)

o
Slope of Thrust Curve
Cosfficient of Lift
Initial Speed -~ First Speed Range
Final Sneed - First Speed Ranae
NDistance Traveled - First Speed Range
Initial Spesed - Second Speed Range
'inal Speed - Second Speed Range
Distance Traveled -~ Second Sweed Range

Identifier Code

WING AREA
WEICHT
DENSTITY PA
THRUST

SILOPF OF 7T
LIFT CORFF
SP1I-1
SPF-1
DISTANCT 1
sSP1-2
SPF=2
NISTANCE 2

Program COFS Input/Output:

Program COI'S data consists of ageneral data including aircraft constants

and ambient air data, and specific brake test data.

Fach parametar value

i3 placed on one card, along with an identifiar for that parameter, and

read in the format (Al10, 10X, ¥20.2).
and the required identifiers to be used on the cards,

output for the program COFS is shown in Figure 10,

Yuwnid vy
N . L .o o . “. Ve L . [N
DR P

“vAC o TEEP LNl s e vl AYAREAD (Ne LY = fhe i, ynw gn

FIGURE 10 PROGRAM COF'S SAMPLE OUTPUT

Table 2 summarizes

EE I R T I P P NN

o marae

B N I RN

TABLE 2
Proaram COFS DNata

Required hata

Viing Area (so ft)
Alrcraft Weight (lbs)
Amhient Air Density Ratio
Thrust at Zero Speed (rt /Ga)
o
Slopa of Thrust Curve
Coefficient of Lift
Coefficient of Drag
Initial Speed
Final Speed
Distance Traveled

Identifier Code

WING AREA
Wricpm
PEMETTY DA
THRUS™

SLOPE OF T
LIFT COLFF
PDRAG COFTT
INITIAL SP
FI'IAL SPLE
NISTANCTE.
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the data neesded
Fiagure R shows th=a

same format required to input the data nseded for Program COFS. Samnle
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Program SPEED Input/OQutput:

Program SPIED data consists of general data including aircraft con- '
stants and ambient air data, and swecific brake test data. Fach paramater ;
value is vlaced on one card, along with an identifier for that parameter,
and read in the format (Al0, 10¥, F20.2). Table 3 summarizes the data
needed and the reauired identifiers to la used on the cards. Figure 8
shows the same format required to innut the data needed for Proaram SPEFD.

Sample output for Program SPEED is shown in "igure 11.

wlNG ANEN PRI ITEN !

at (ol S oL e - -
Pty lTYy RA e
frwe s ¥ - - - sad Uy Us) - - -
SsLaovr CH T oo !
LlIFT Lt beEe B L el e e - . . - e PR .- e e————
Usdu CULHd RS ]
HRaK NG O - R s l4 - —_— - - - - - i
ENERGY 275060.00 :
P OtS IREND nARE tNERGY = o3 trx vo INITiAL HPtry - ~qU, 00 NUdyrk tr FFir<al juhy «rdviwcy = Su.
STEPPING DISTAN(E v — —103, 49 = mwmm— o = - - - - {
° - .
FIGURE 11 PROGRAM SPEED SAMPLE OUTPUT
TABLL 3
Program SPLED Data
t Az2aquired Data Identifier Code
vina hrea (sq ft) WING ARFA
} Aircraft Weight (1lbs) WrIcuT
{ ambient Nir Density Ratio PENSITY A
F Thrust at Zero Sp=ed (Ft /51) THRUST
: o 7
Slons of Thrust Curve STLOPE OF' T
Coefficient of Lift LITT COLEFF
Coefficient of Drag DRAG COETF
Brakina Ccefficient BRAKIMA® CO
Desirad Brake Imergy (ft-1bs) EIIFRGY




PROGRAI CONTROYL PLOTS

Program control plots are required to qive the test enaineer an %
idea of the trends involved with the tests. DPlottina the data from !
each individual test provides a graph of information which can be
psed to identify deviations from expected results and to predict crit-
ical test points. Without such trend information, some prohlems mav
not be identified and unexprctad results mav he more fracuent than
normal.

One verv useful type of control nlot consists of psak brake tem~
peratures versus input brake enerav (Fiqure 12). Since most lLrake
tests are done in an increasing aircraft kinetic enerqgv method, this
tvne of nlot can be used to identify wheh dangerous temnarature levels
can bz expected. This tyme of plot is generated from dynamometer
tests, normallv presented in the contractor's hrake .qualification re-
Qort, therefore flight test data can be overlayad on ths dvnamometer
data to identifv deviations.

PEAK BRAKE TEMPERATURE (°C)

BRAKE ENERGY (ft - lbs)

FIGURE 12 PEAK BRAKE TEMPERATURE VS BRAKE ENERGY

"he only difficult nortion of this analysis is detarmining how
much of the aircraft kinetic energy actuallv was absorbed bv the
brakess, Raferences 2-5 all nresent methods of computina brale en-
erqy and any consistently used method should work. The method from
reference 10 was presented in the Brake I'nergyv Section. .

Another type of tracking plot is average braking coefficient vs input
brake energy (Figure 13). This method computes an average value of braking
coefficient for each run and plots this versus energy absorbed by the
brakes. (See References 2 and 3.) Since coefficient of friction
may be relatively constant for some classes of brakes (carbon, for
example), this trend information would only show sianificant changes
in brakina coefficient with increasing eneray absorntion by the
brakes. Steel brakes, for example, show a decreasf in average brak-
ing coefficient with increased absorption, This is due to brake fade.




s’

BRAKE ENERGY (ft - 1bs)

AVERAGE BRAKING COEFFICIENT (u

FIGURE 13 AVERAGE BRAKING COEFFICIENT VS BRAKE ENERGY .

A similar type of macroscopic analysis for trend information
would be plotting average slip ratio obtained during a run versus inertial
velocity (Fiqure 14). Slip ratio is defined as the difference between
aircraft velocity and wheel velocity divided by aircraft velocity.

=
o
-
g
o
=]
J
%]
INERTIAL VELOCITY (ft/sec)
FIGURE 14 SLIP RATIO VS INERTIAL VELOCITY

As with the average braking coefficient, the slip ratios achieved
should be consistent and any major deviation would be a cause for
deeper investigation.

Program control plots enabie the test engineer to monitor the
pulse of the braking system, Major, unexplained changes are signs of
some problem in the system and additional analvsis should be done Le-
fore the program continues. In this way, some of the danagers of
brake testing can be limited and the test nrogram will be under con-

trol.
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BRAKE/ANTISKID SYSTEM ANALYSIS
Introduction:

) The qoa}s of this type testing ara to obtain ar in-denth fanl
how the braking svstem works and to determine how efficisntly tha
svstem takes advantaae of the braking conditions., Th= r=aujrement for
svstem analysis data 2xists to nrovide an ireide look a* the working
Svstam,  Using onlv an axternal viev, such as stennina diatance achievaqd,
ths test engineer cannot diaanose problems nor rrediect hav the gvat am
will react under different conditions. Bv analv-ing the svstem on
tha micro level, the test engineer can bhetter understancd tha evetem
and do>2sn't have to test to failure. ’ )

] This type of data analvsis cannot ke ochtained chaanle, houaver,
First of all, highly accurate instrumentation has tc he installsd on
tha test vahicle to tell the story of the svustem, Gacondlyv, the data
analvsis software and procedur2s have to be develoned and checked out.
Third, the reduced data has to he vrocessed cmicklv eroudh te he ysed
Lefore subsequent tests, All of these take dedicated time and monav,
Without this supnort, the analysis =2fforts will l.s of limited use.

[t is preferred that the data he telemeterad €from tha aircraft so

as to be availahle to the enaineer(s) and t=st conductor in near r=al-
tima. This is necessary for control of the tastina as w=ll as for
rapid data analysis hetwveen tests.

for

Antiskid Operation:

The theory of opsration for an artiskid svstem can he learned
from manufacturer's literature. Determinira how well it actuallv
vorks reauires analvsis of the svstem on the aircraft, To do this,
sracial instrumentation of the antiskid svstem control unit has to be
installed. he location of instrumentation varies with the differant
antishid svstem control logic. The followina raraararhs precent an
axamule of what could he done for one antiskid svstem,

Jna common antiskid svstem is the llvdro-Mire “lard ITI, Basicalle,
tha Mark III is a velocitv-rate-controllad svstem, The antiskjd con-
trol logic compares the instantaneous wheel velocitv (comnuted from 1
digital wheel 2PM ccunter) to the aircraft forward velocity (derived
by subtracting the computed deceleration from the last known frae
wheeling velocity). 1If the difference between the +vo valocitias
axceads a threshold value, the antiskid releases the trakes to allow
ths wheels to smin un, This threshold velocitv is iritiallv sot ar
17 feat per second hut decreases with increased slid activitv. (For
a mora detailed descrintion of the Mark 1IT antiskid svetem, sSee Ref=-
eraence €.)

It should be notad that in nrevious systems tests, the manufagtur-
er's descrintion did not agree with how the system actuall- was built
to operate, If the tests show the svstem does not onerateixﬂ gccordanve
with the manufacturar's description, before vou can dctgrm%nq if a
malfunction has occurred you must first determjne if this is reallv
how it is designed to work. These discreoanc1s§ are probahl' the .
result of noor communication between svystem desianers and manual writ-
e Analvsis to determine how well this svstem works w@uld c=anter on
tasting tﬁe accuracy of the velocities it uses and testxnomh?wfgloie
the system operates at its self-imnosad threchrld Xalue. ‘?—v4;;s~h .
«will show if the innuts to the system are valid, The s2coné w sho!
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if the system controls bhrakina to the begt of i+ts al.ilitw,
the antishid values, durmlicate irstrumentation wvould have
ed. RP" counters could he racorded, converted to thes)

To test
to be install

velocityv and checked against the antiskid value,

tioning data
tial Vavigati
which can be
o test
could b2 used

detarmine how

ing generally occurs at slip velocities between 19% anc 20% of the
n.

lccurate snace posi-

ohtained from either external (7s'ania}

on Systems = INS) could te used to dstarmin=s aircraft velocity e
value,
ti

compared with the antiskid derived

the internal efficiencv of *+h2 soLiar,

to comnare slip velocities and slin
velocities could then be commared to the antiskid

or irternal (Ir .r-

-~ ovelecity data

ratios. Th= s51in
threshold value to

optimallv the svstem is beina controlled. The hast bhral-

aircratt velocitv or at slin ratios hetween 9,1

7, 8, and 9.,)

drake/Antiskid Compatibility:

thach of

the AFFTC hrake testina has bheen dona to comprare Adi€for-

ant hrake disks. This tvne of testing reauires

tests on the

sure. Runwavw
information.

friction transition response will

2

and

an aralveie of the f
compatibility hetween the hrake and antiskid svetems in addition to !
brake disks themselves. A main area of interest would V.o
in the brake torque response to changes in antiskid annlied brale nreac-

also
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Dynamic Pressure Torque Response:

The torque response to changes in anplied birake nressure provides
a good indication of brake/antiskid compatibilitv. I.ooking at the
pressure-torque plot for a braking run shows the rasponse of tha2 hralke
pressure applied by the antiskid svstem. Fiqure 1% is an examnle of
such a plot.

©r
w
2P ®
/E":;:/n.'ycle
/ .
- 2
9 10
@ PRESSUKE
FIGURE 15 TORQUE VS PRESSURE RELATIONSHIP

The plot clearly shows the hysteretic rature 0 thae nressure-torcue
relationshin. Point A renresents the minimum pressure reauired tc
collanse the hrake stack to heain toraque resrnonse, ~s the nrecesure oOn
the bhrakes increases, the torrue develoned b the hralkes also increasss,
This continues until *he toreque evcaeds the available ground reacrior
force and the wheel enters a skid, Point B. The antishkid svstem d-taects
the skid and dumns the brake nressure, As tha pressure drons, however,
tha brake torque for a given hrake pressure ie hicher than it was whenp
the nressure was increasing. Thig is in part due to brake surface
friction characteristics, brake stack construction, and hvdraulic laas.
In general, smaller hvsteresis loons mean a hatter brake st+ack,

Ideally, the brake pressure plot should he a sinale line without

hysteresis (Figure 16).

o
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PRESSURE
FIGURE 16 IDEAL PRESSURE VS TORQUE RELATIONSHIP
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”NaTAi*, ‘or a given hrake pressure input there wnuld onlv be one torque
possible. The antiskid system could then determine the optimum torque
for branina and keen the brake nressure at that lavel.

In actualityv, the wide range of nressure which can produce a de-
rived torque output necessitates wide variations ir annlied brake
oressure, Jompnarison of the dvnamic pressure-torcu2 rasroncse should
nrovide a gyood feel for the relative 2€fectiveness of the brale stachn,

sucit tests can be easily run or a dvnamometer but should also he
done on aircraft to insure desired nmarformance. It st.ould .2 noten
that spocial tests are not needed to acquire this data,

Punvay Priction Transition “a2sponse:

In adadition to looking at tihe nressure-torque resnonse, investi-
gation of the svystem resmonse to changing runwav friction could prove
interasting, The svstem resnonse as t*e landing g-ar goes from a dry
surface to a wet surface vill reflact or ths effectivornaera gf the s§5-~
i roam, “uch *ests are routinelv accomnlishad at the 1782 Lancaler Landir:
) Loads "acility., (See References 10, 11, ard 123.)

Figures 17 and 18 are =axamples of two different antishkid s'stems,
Tha' are interestino in the fact that thev show twvo verv different re-
snons=2 characteristics, In Fiaure 17 th2 wheel sgnead and bralke pres-
sure dron off as exvnected whan the aircraft encountars =2 flooded
ar=a. Tha same occurs in Fiqure 18 hut the wheel sneed irareas=c much
more -tuickl, which allows the hrake nressure to he reannliad more auict-
Iv and braling can once more bheain.

mha long time reauired for the brake pressure to ircrease in Fiqg-
ur= 17 shows that the svstem responds slowlyv to the chanainag runwav
condition., Imacine vhat could hannen i there were a numbar of hadl-
svacad nuddles on the runway; it is nossible that verv little braving
would occur,
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The high frequency brake nressure of the signals ir Fiaqure 18
showg Fhat the antiskid system can resnond very quickly to chanaging
conditions., The activity after the aircraft passes into the flooded
area shows that the system continues to brake under the degraded con-
ditions, although to a lesser degree than Lefore. Fiaure 17 signral
activity in the flooded area is much less and signifies braking to a
much lesser degree.
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FIGURE 18 ANTISKID RESPONSE 2

The differences in response could be due to differences in the
antiskid syvstems or in brake/antiskid comvatibilitv. 1In either case,
rapid response and high frequency cvclina generallv remnresent the best
braking. Whether commaring different antiskid svstems or different
brakes on one antiskid system, the svstem resnonse is verv important.

Braking Efficiencv:

Internal analysis of the antiskid system vrovides a good under-
standing of the system operation but the analysis of how well the sys-
tem takes advantaae of the available friction forces provides the best
measure of hraking efficiency. The difficultv in this tvpe of aralvsis
is measuring the parameters in the highly dvnamic environment of the
landing gear. Good analysis, therefore, reaquires verv accurate
instrumentation and data recording.

Efficiency calculations involve approximatina the maximum avail-
able braking level and determining the percent of this level which is
achieved by the braking system. The most common procedure used is the
time historv plot of a measured parameter (usually draqg forge, brake
torque, or brake pressure) (Fiaure 19). T?e peaks of the time history
curve represent the points of incipient skid. At tbese p01n§s the.level
of braking was reduced to prevent a locked wheel stid. SFralqht lines
connecting the peaks represent the maximum availab}e braking force,
Therefore, the efficiency of the system is the ratio of the area under
the time history curve to the area under the peak-to-peak stra}qht
lines. The ratio of these two areas results ir a percentaaqe f!qure.
which approximates how well the antiskid system controlled the braking.
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FIGURE 19 EFFICIENCY CALCULATION PLOT

The parameters normallv used in efficiency calculations ar~ drag '
forca, bhrake torque, and hrake nressure. The followino sactions exnlain !
tha apnroximations and problems involved with each of these paramsters. L
Th= vurpose of these sections is to present scme of the errors involved
with using the efficiency calculations.

The analysis methods should not be used llindly without knowing
possible sources of error. The sections occur ir ordar of derrsasina
validitv. Dpraq force afficiency involves the least possibility for error,
IFrake torque is next, and brake nressure efficiency involves the great-
23t possibility for error. The order of occurence, however, is also
of increasing ease of measurement., So the method of analvsis will
depend on how willing the orogram manager is to tracde accuracv for
effort or cost of instrumanting the aircraft.

Draqg Force:

Drag force is the horizontal force generatad bnotween the tira and
the ground during brakina, The maximum value which this force car
obtain is a function of the coefficient of friction () and the v-r-
tical load (Fvert) on the tirs, or

Phraa =¥ Foert
Max
For maximum hraking, this maximum value of drag force should he achieved,
Obtaining this optimum drag force, however, is very difficult since hoth
¢ and the aircraft load are changing durina braking. ™he ohjective for
antiskid systems is to find the maximum available force ancd brake at
that level,

The peaks of the drag force time history nlot thus represent the
maximum available braking force. These peaks are clearlv the points of
maximum braking and using the ratio of the areas to determine hraking
efficiency is valid., The only source of error js in the recordina of.
the data. If the instrumentation and data recordinag are accurate, this
procedure will provide excellent efficiency data. )

The AFFTC, however, has little experience ir instrumentina for draua
force., Such work has been contracted out hut this adds exnensa, The
size and orientation of the landing gear structural members make the
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instrumentation difficult., In the “ASA Lanaley tests, (sea References

10, 11, and 12), the strut was replaced by five dvnomometer sunnort heams.
Two of the beams were used for measuring vertical forces, two were used
for drag forces, and one was used for side forces. Three accelaromaters
on the test wheel axle provided information for irnertia corrections to

the force data. If this problem of data collactior proves irsurmountable,
the next best efficiency calculation would be brake toraue.

Torgue:

Brake torque is the wheel spin down toraue createsd by mechanically
braking a rolling aircraft with wheel brakes. It irs a resistive toraue
and must equal the sum of all the other toraues artinag on tha wheel at
any instant,

<o <

h
A_<__
F
drag
.+,F
vert
FIGURE 20 WHEEL TORQUE AND MOMENTS DIAGRAM

From Figure 20, the eguation for hrake toraue (7)) is:
T = Frrag h-F o d+ Io
'Drag is the drag force acting on the tire at+ the ground |
is the distance between the ground and the wheel axle ‘
 vert %s the vertical force acting or the tire at the ground
i is the distance the vertical load center of pressure is
of fset from the center of the tire (positive is forward)
I is the moment of inertia of the rotating wheel
o is the angular acceleration of the wheel (positive is spin
down)
A is the anqular velocitv of the wheel
This shows that brake torcque cannot be completely defined hy the
product of drag force and its moment arm, This product mav closelv
reflect the torque when the tire onerates at a fixed slin velocitv
where « becomes negligible and d is rather small. However, in most
cases antiskid cycling results in rapid wheel sneed changes and sianif-
icant shifts in the fore and aft nosition of tte tire footnrint canter
of pressure (d). .
Therefore, it is important to understand that when brake toraue is
used to approximate hraking efficiency, the results will pot he idanti-
cal to those obtained from drag force data. 'IASA Langley comparjsons
of the tuo officiencies show that the differencas are small, The NASA

wWhere:

Q™Mo ™
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Landing Loads Facility has a much more consistant braking surface than
most runways, thus their coefficient of friction for the surface did
nNot vary as much as it does in real bhrakina situations. Paint, rubher
deposits, and surface inconsistencies nrovide for a much more chandinq
availahle friction force and this mav cause the differencas hetween the
torque and drag force efficiencies to be greater,

Brake Pressure:

Brake pressure is the pressure of the hvdraulic fluid which comnress-
es the brake stack. It is often used for efficiency determination since
it is very easy to measure. The neak values of brale pressura on the tima
historv plot represent the roints at which the antiskid detectad a skid
and then reduced the nressure.

However, even more so +than with brake toraue efficiency, there is a
question of how well the brake pressure naaks actually represent the
points of true peak draq forces. Since the level of pressure is producad
by the antiskid and not bv the extent of brakina, the hrake pressure peaks
could be somewhat offset, For instance, the neaks could bhe lower because
the antiskid reacted to some threshold other than peal brakina, or the
peaks could bhe higher due to some laq which causes the hrake pressure to
continue to increase while the wheel is actually enterina a sbkid.

As with brake torque efficiency, NASA Langley results show that pras-
sure efficiencies do corresvond with draq force efficiencies but differences
in the level of test control could change results., Rrake pressure efficien-
cies can be used but the possible errors should he understood.

TFST PLANNING
ADVANCE PLANMNING

When the Flight Test Center is assigned as the Responsihle Tast Organi-
zation (RTO) for brake system testing, a certain amount of advance planning
is required. An estimate of the number of flights (ground tests also) and
hours required to evaluate the svstem will be made, The number of tests
and hours will depend upon the test objectives ard other factors which
must he agreed upon between the RTO and test sponsor.

OBJECTIVES

General objectives for braking tests and anrtiskid compatihilitv tests
are as follows:

A. Determine hrake comnatibility with respect to:

{1) Antiskid system (wet and drv runwav)

(2) Aircraft structure/landing gear structure

(3) Engine run-up capability (wet and drv brake)

(4) wheel and tire temperature (relationshin with eneray
absorbed)

{5) Aircraft directional control (differential hrakira)

(6) Mixed brales, i.e., brakes from one vendor on one side of
aircraft and brakes from another vendor on the other side
of the aircraft.

B, Gather brake stack wear data

C. Gather maximum brake stack temperature data vs brake eneraies
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D. Perform reliability and maintainability evaluation

E. Obtain comparative braking distance data

INSTRUMENTATION

The following instrumentation is recommended for all brake and arnti-
skid compatibility tests:

PARAMETER

Brake Pedal Force

Rudder Pedal Force
or Position

Nose Gear Angle
Nose Gear Strut
ressure
(used to determine
weight on nose gear)
Skid Control Value
Input and Output
Pressure

Skid Cc..trol Value
Signal

Main Gear Wheel
Speed
Main Gear Strut

Pressure

Mose Gear Steer-
ing Mode

Brake Stack
Temperature

Aircraft Ground
Speed - Inertial

Airspeed
Fuel Quantity
Brake Torque or

Force

Altitude

TYPICAL
RANGE /UNITS

0-200 1bs

0-200 1bs

+70°

0-2000 psig

0-3000 psig
0-12 voltsDhC

RPM Fauiv of
N-180 kts

0-3000 peiq
Niscrete
0-2000°¢

N-180 kts
0-200 kts

Dependent on
A/C Type

Dependent on
A/C Type

n-5000 ft

FREQUENCY
RESPONSE
Shz

20-100hz

Shz

20=100hz

20=100hz

5N-100hz

50-100hz

5N-100hz

lhz

l1h2z
lhz

lhz

20-50hz

lhz

]

PRIOCRITY
SFI. NOTE

B

AR

A,B

COMMENTS

L/R

Both L/R

All Gear

All Brakes

From INS

Fuel Quantity
Indicators

L/R




Aircraft Velocity, !
Deceleration, Dis- B

Askania !
tance Traveled (

coverage
Photographs (still, ;
motion wicture, on-
board/on ground B
Wind Velocity and B Portable
Direction Weather
Faquinment
Ambient Temperature B

Correlation Signal
Between Onboard and
Askania Data B3

Notes: 1. Priority Code: A - Safety of Flight lPequired (cocknjt dishlas
or T.M.) C

B ~ Required for Fngineering Analvsis

C - Nesirable for Ingine=arina Analvsis

2. Safety of fliaght recuired parameters must all b= onerational
or testing cannot he accomplished,

3. Fngineerina required narameters must be omerational or a thor-
ough technical evaluation cannot be comnletad, At lr,ast one
side of the aircraft (left or right aear) should haves all naram-
eters operational.

For control of tests, readouts of hrake temperature, velocitv, and fuel quan-
tity must he available to the test conductor.

TrsST CONDITIONS

Various types of testina are necessary to evaluate aircraft brakes
and antiskid systems. Basically the tests are of two tvnas; taxi, and
various stopping tests or wet or drv runwavs.

Control of brake temperatures and eneraies must he exercised in all
tests. Tracking test results is vital for followinea the proaress of indi-
vidual tests and for identifyina trends, Thase are methods of n»roviding
this data to the analvsis section., Because temneratures are critical to
conducting safe tests, a plot of peak brake temnerature versus hbrale enerav
is probably the most useful for test control. Further, it is possilile to
compare temperature/enerqgy data directly to dvnamometer tests., Sianjficant
deviations from anticipated temnerature trends must ba resolved hefors pro-
ceeding to critical test conditions.

While it is possible to use total aircraft enerav as the abscissa of
temperature control nlots, it must ha recognized that total a%rcraft and
brake energy are not the same. Other contributors to total aircraft energv
are thrust, aerodynamic draq, and tire scrubbina. These are accounted for
in the computer programs in Apoendix A. ' ) o

Other control nlots can be obtained from average brakina gonff1c1gnts
and slip ratios, Both of these tynes of plots shoul@ provide insight into
brake and antiskid performance. It should be recoqnlzed.that each prake
and antiskid system may have specific characteristics which would dictate
the tracking of other important or meaningful parameters.
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DETAILED PLANNING

Test Information Sheet (7TIS):

After the preliminary test nlanning has haen identified, documented,
and provided to the nroject engineer, the svstems analvst (teat apainaer
- responsible for the analysis of test data or the hrale svstem) skould begin
: detailed test planning. AFFTC regulations 80-12 and 8N-13 should h“e con-
sulted., The Systems Fnaineerina Handbook has a s=ction on TIS nramaration.
An example TIS is includea ir Aprnendix B. A discussion of the TIS tovrics
follows in maraqgravis which are numbered as thev are addressad ir the TIS,

i by m

1.0 References: The first reference to hs list=d is the Jir i'orce manage-
ment document that is used to generate the aircraft or svstem cortract,
This document will detail the onerational reauirements that w=ra irtended
to be satisfied. The next reference document will »~ the contractor's
svstem specification document. In this document, tYe contractor tries to
quantity the onerational requirements contracted for b the Air Force,

The third reference document should he the detailed }brakira svstem 3speci-
fication documert nublished hy the bralkina svstem marufacturer., Thoare mav
Le senarate refarences for the brakes and tre antiskid svstem., The fourth
reference document should be the aircraft flight manual shovina hiow ths
svstem overates., & fifth document is the dvnamometer t=s5t r occrt, ~11 of
the maintenance documents used at thea AFFTC to maintain the s-atem should
also bhe referenced,

2.7 “est Ttem Description: The descrintior should nat ba o a Praling
svstem in aeneral, but rather what mates un this varticular Yraling svestenm.,
Identifv all the aircraft commonants that are corscidered o s a nart of
the braking svsten and that wvill be ircluded i» #hs ccqting,  occrjibs Lhe
antistid svsten and the control nedes,

3.0 Tast bjective: The test objective will v wvhat was aarced uron b
tha PN and customer, i,»., J>termine bhrale sost.or comnmarivilitr i+l other
aircraft svstems,

4.7 Success Criteria: What detarminas 1€ tha svaten i adsouats, maets
snzcifications, or is onerationalle suitable? [f anv doavalonnent chana=s
ars made to the svstem after the testira has hean comnlaetad and i€ +those
changss could affect the svstem narformance, th-r siconificant re-t-ostina
may be reauired. Operational suitabilitv testina v111 econtinue to the 2rd
of the test vroaram,

5.0  nata Peauirements: What data is recnirad frop the tasts and
how is lata to he presented: i.~,, nrogaram control nlots,

¢round test data should t.= obtained and comparesd with™ the saecifica-
tions called out in the maintaenance technical publications,

f.0 Tast Procedures: This saction will contain the ovarall tast plans
for the brake/anti-skid swstem, Spscific t=st technicues are desaribed
in tais soction.

7.0 Support “eauirements: This section should detail all of the snrrvices
furnished bv orqgani-ations other than the enainﬁarts ovn division or
branch. Included should be a list of instrumantation parameters, range
sunnort, weather support, data support, photo sunnort, fire d-partment,
weight and halance, etc.
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DATA COLLECTION

) Collection of the brake system data is the responsibility of the test
englnger assigned to evaluate the brake system. The test engineer mﬁst'
pPlan in great detail how the test points are to be ohtained, After he has
planned how to obtain the points for each mission, he should make up cards
for‘this part of the testing, He should discuss the test cards with the
project personnel to make sure that all test points are practical. A test
support summary should be written for each test flight detailina flight
speed and duration, photo or safety chase requirements, range surport re-
quirements, and instrumentation support requirements.

Instrumentation support requirements should produce a prioritized
list of parameters which must be operating for data analysis and safety
on each mission. The planning should also identifv any srecial instrumen-
tation pre- and post-flight requirements.

TEST CONDUCT

GENERAL

All critical tests should be conducted on Edwards AFB Runway 94
1f the lake bed is usable. If the lakz bhed is not usable, and if th=
aircraft is ecuipvned with an arresting hook, the tests may he performad
on Runwav 22, If Runway 22 is used, nrovisions must bLe mads to assursa
that the arrasting system is operational. A determination if th2 runvav
is to be used should take into consideration lake bed condition, aircraft
arr=sting hook capability, and barrier arresting svstem capability.
Testing should be terminated whenever winds axceed previously detzrminad
t2st limits, including qusts in any direction.

nfter each test, cooling fans will be used to lower the whzel/tire/
braks temnerature for the next test (probably down to about 1917%).
Consideration should be given to nrepositioning the coolina fans so that
tha aircraft can be taxied into position without using personnel to
nlaca tha fans, TFan nlacement near the hot tire/wheel is a hazardous
tast. and should he done with axtreme caution. Airhorne coolinag of
Lrakes can be accomplished if telemetered brake temperaturs is availabl=2
to the test conductor.

After each test, (when the temnerature has lowared to a point wvhich
is safa) tir=s wear will be measured, tires examined for flat snots,
chunking and separation, and the hrake visuallv inspacted for vhe21 and
tire damage. If found accentable, the aircraft will taxi slowlw to the
and of Runwav 04 for the next test.

(lots: For safety, any time a hot vheel/tire has to he appreachad, it
should be from the front or rear direction {not the sides) cdue to the
nossibility of bursting because of over pressurization. This includes
cooling fan placement.)

COMMAND CONTROL

Jvarall control of the test operations will be exercised bv the
project engineer or his designated rapresentative as the test conductor.
Ths water trucks and all the fire fighting ecuipment will = undar
diract control of the fire chief on dutv or his desiqnated.raprgsonta—
tive, who will respond for normal test omerations to the direction of
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the test conductor. If a tire is hlown or anv othsr mishan occurs, control
of clearina the runway and/or r>covering tha aircraft will revart to the
on-site Or or-scene commancder in accordance with nermal crash recavers nlans
and rocedures.
Specifically, the runwav will »2 clos2d to normal taka0ff and landing
traffic during testing. Thes towear will clear vahiclss and rersenn=1 onto :
and off rhe runway through the t:st conductor. /fter the aircraft has stor- r
i»ad, and prior te the next t=st, v:=hiclas and narzornel wrill 'z clearad onto
and off tha runwvay btv the t- st conductor. The t=st conductor i1l notify
the tewer vhen t:e runwav ic cl=aar for ths n=xt t-«+, Th- +:5t cordurtor
+ill mairtain communication with the tower at all timas in order to cl=ar
the runvav ir casa arv other ircraft must math: an smoroencer landing.
= orle o vohicles allow=d on thr o runvav during testipa i1l Voo ghe i
trat=r rruct =, tha fira chi=f's, ar' the tea:ct conductor's, Viaurs 21 shious
lecations (or e various v-hiecl=as an? th= rapnocay wo+tad ar-a. [

CYREG o prgms

varicns tvn-ts of tretira ars nacz2ssarv to thorouahl evaluats the air- b
~raf+t hraves and antishid sostsm, Th~ follovina subaaraaranhs i:tail thes ;
commer tasts recuired and thes order in which thav gbould e iarformad: .

rit and Turction Ch-al: b

If the brakss hava not r=2n us2d on the aircraft nr=viously, cha=chs
s"tould Ha ma = for hvdrauliec lina cl=arancs, a+c, iith th- aircraft on
jacks, =ach gear stould b= slowlv reatracts? to nots cl=arancas batweesn
tralie and the strut, g-ar door, anrd 2cuismant in the whaal well (door must
> disconnected from actuator to rhocl whee]l =11 clsarances).

Taxi Masts:

A numbar of low sne2d taxi t=sts ill be dons on the runwayv to snsure
irt=aqrity of the nodifications, ard to ensure nroner functionina of the
instrumentation and hrake svstem, Braka topra2raturss must e ronitored
during thesz tests *o 2nsur=s that no Limits are axcacdad, Tralss nust ha
Al Tovsd €n cool Tefora atartina additional t=sts,  Taxi t=oata shculd ha
dona at low wveights at 50=fN krote wvith liabt braking hnildine un to heave
‘ravipa. Tire taxi limits as to distance/weiaght must not ta axcasdad,

ilrake Tacts:

Since *mas2 tests mav b used for a varietv of te=st objectives, +he
nroc>dures dzfined hare are ganeral in natrure, ut ~ill follow what is
nermally required, The msthodoloav ie always to use a huildup of =nsrav
l=avels and +o monitor temneratur=as and wear/condition of tires/Yrak=s.
Generallv, at laast five stons vill be reauired at graduallv increased
hrala anergizss for each tsst obhijective, i,o,, Arv runwav antiskid or, drv
runwvay antiskid off, wet runvav antislid on, etc,

“Mmerational Check:

| Four or five stops will he made in the normal gross weidht ranges on a
drv runway. Drakinag should !'= moderate, such that antiskid activityv is kent
at a nminimum. Braking should be terminated at the flight manual recommendad
speed. A buildup apnroach will be usad such that the highast irale anerqv
will be on the last test. Maximum enargv permitted would not =axcaad the

i normal brake enargy zone for the aircraft.
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Antiskid Compatibility:

Four to five bralking stons will bLe raguir=d to verif: compatibilit-
hetween the brake and antislid system, Mormall: this will consist of thrs=
wat runway braking stops and two drv runwavy stons,

BRANING TEST
————————
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The order of these tests should be as follows:

Type of Stop Runway Conditjion Acft. fiross Wt. Range
Land;nq Wet Maximum Landing
Land}ng Wet “inimum Fuel Reserve
Landing nry Mirnimum Fuel Reserve
RTO Wet Maximum Takeoff
RTO Dry ffaximum Takeoff

The braking speeds should be controlled such that all aircraft spsarqies
will be essentially the same for each test noint and this energy level
should not exceed the midpoint bhetween the normal and overlead bLrake anaraqv
zones. All of the braking stops during this test should ha heavy braking,
i.e., full brake pedal deflection, down *o the Flight Manual recommendad
I'rake release speed,

Maximum Brake Capability:

Four to five rejected takeoffs on a drv runwav s»ould be performed
to verify the brakes' capability in aiding the aircraft to ston, or abort
a takeoff, at maximum gross weight. The iritial brake enerqgy should be
slightly higher than the antiskid compatibility test erarqgv and each
successive stop should he incrementally higher until the maximum nlannad
2n2rgy or temperature is attained.

Wet Brake:

The brakes should he snraved for one minute with water from a fire
hose so that static and dynamic torque can he svaluated., C(velinag the
brake pedals will aid in assuring all brake disks are exvnosad to watar.
7o evaluate static torque, scak the hrakes in arn engine runun area with
chocked tires. After the soak, remove the chocks, holdl the hrakes and
slowly increase engine power until normal takeoff runun powar is achieved
or until the aircraft moves. For dvnamic toraue use the sam= snaking
and chocking procedure. After the soak, remove the chocks and parform
a taxi stop with one brake from approximatelv 27 knots. Ranea* the soeaking
and stop for the other brake,

"Mixed Brake:

If the particular aircraft program has tvo or more gqualifiad “heel
and brake vendors, it is necessary to conduct a mixed bhrake test., This
test will be a repeat of the test conditions and procedures identified for
the antiskid compatibility tests in the paragqraph describina those tests,
It should he noted that both vendors' hrakes must have completed all test-
ing identified in this section prior to the mixed brake test. DNDuring this
test, every combination of using one vendor's brake on ope side of the air-
craft with a different vendor's hrake on the other side should be evaluated.

RUNWAY WETTING PROCEDURE

It is important to observe the procedure and locale for vettina the
runway, Standard wetting procedures are as follows:

A. Enter active runway, . i
B. Wet a 50 foot wide test section to one side of the centerline
starting at the 11,000 foot runway remainina marker and proceed toward
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the anproach end of Runwav 04 at arproximately 10 mnh,

C. ©5top wetting at the 31 0 foot runway remainina marler. Fxit

the runway.

D. Notify the pilot and test conductor when wattino is comnlete.

The wetting pass should be made with a 1.1 percent foam/water mixture.

The second pass should use water only. With these two passes the first
wet runway test can be performed. After each aircraft pass, the runwav
should be re-wet alternating hetween the foam/water mixture and witer only.
It is mandatory that the aircraft make its test run immediately after the
water trucks exit the active runway to assure that water consistency, or

runway slipperiness, is maintained between test points.

See Figure 21 for

the test section locale.

CHECKLISTS

AIRCREW CHECKLIST

Call Sign
Test Frequency

1.
2.
3.
4,
5.
6.
7.
8.

qQ

-

19.
11.
12.
13.
14.

15.
l6.
17.
18.
19.

20.
21.
22.
23,

Taxi to end of test runway.

*Notifv test conductor when ready for first wettina pass.

*otify test conductor when ready for second wettina nass.

Turn data recorder on, Time

Fuel quantity. 1bs. fuel

Notify test conductor when ready to start run.

Antiskid as called for. (down/off)

Push event switch for time correlation. (hive countdown feor Askania.)
Start test run.

Accelerate to test velocitv,

lote fuel aquantity and sneed,

Throttle to idle.

Apply maximum (or as specified) brakina unon anterina tast section.
liold brake pressure on until sneed is bhelow 2N knots or aircraft exits
watted test section, where annlicable,

salow 20 knots release hrakes and turn antiskid off.

vall data off, nush event and turn recorder gii.

“onitor bhrake temperature.

‘lotify test conductor of entry speed and weiaht,

Test conductor will notify crew whether or not hrake eneraqv limit has
been exceeded.

Aircraft will be taxied *+o noint where ccolina fans are to h~ anplied.
When brakes cool to 100°F, crew chief will irsmect tires and hrakes.
Tread wear measurement will be made.

Tast conductor will notifv when to taxi for naxt tast point.

*Wet Runway Only
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TEST CONDUCTOR CHECKLIST

Call sign
Test Frequency

Check that all vehicles and aircraft are in the staqging area.
Make sure all communications and telemetry is uvrn and onerating.
Obtain meteorological data from base weather.
Obtain initial tire, wheel, and outside brake temperatures from on-
site engineer,
Re-brief test conditions and check that all sunport »ersonn:] are r=adv,
Notify pilot when clear to proceed with run,
Nlotify pilot if data shows siagns of a "wheel lock"”.
Note time at brake application.
Check actual hrake energy.
Monitor brake temperatures for clearances to on site personnel,
After brake temperature is less than 210°F, clear enaineer and crs=w
chief to visually inspect brakes and tires.

1f satisfactory for next test point, clear aircraft to staging ar=a.

FNGINEER/CREW CHIFF CHECKLIST

Take tire/wheel and hrake temperatures with hand held nvrometer,
Notify test conductor of findings and test status,

Prior to run, drive to center runway,

During run, monitor wheels with field glasses and notifv nilot if a
wheel lock 1is snotted,

Keep all personnel ciear from the aircraft and take temperatures at
clearance from test conductor.

FIRE CHIL'F CHECKLIST

Call Sign
Test Frequency

Prior to first test run, wet the runway test section with a 1.1 percent
foam/water mixture.

a. FEnter runway from center taxiway when cleared onto runway by test
conductor.

b, Wet a 50 foot wide test section to one side of the centarline,
starting halfway between the 50N0 foot and 400N foot runway remainina
markers and proceed toward the approach end of Runwav 04 at aponroxi-
matelv 10 mph,

c. Stop wetting halfway hetween the 12000 foot and 13700 foot runwav
remaining markers.

d, Notifyv test conductor when wetting complete.

e. Fxit runway at taxiway at approach end of Runway 04,

f. Notifv test conductor when clear of runway.

g. Proceed to refllling point and refilY trucks. When full, return
to position on center taxiway and stand bv.

Re~wet runway using above procedures when directed by test conductor.
Fach subsequent wetting pass will be alternated between a 1.1 percent
foam/water mixture and water only,




SAFFTY

HAZARDS INVOLVED

The tests will consist of brakina tests on wet and drv runwavs. Th.
tests are necessarvy to evaluate wet and dry hrake svectem pcrfnrwahca, in-
clgdinq the antiskid system. The hazards involvad are nessitle hrate
failure, blown tires, loss of directional contrnl, and hrake fires,

TEST PROCEDURES AND PRECAUTIONS

1. A thorough hriefing of the pilot, enacinsars, and tes+ conductor
will be held prior to each day's testing,

2. In addition to normal duty crews, a*+ least one fire truck and an
ambulance will be positioned near where the aircraft is exnacted tc stoo,

3. If possible, all runs will be made toward the lake hed,

4. There will bhe a 4500 foot section of dry runway a* the axit end
of the wetted test section to rrovide a good brakina surface ir the avent
the aircraft cannot ston in the wetted section.

5. Although the drag chute will not normallv br used durina the Ston-
ping tests, one will he aboard the aircraft, if so eauipred, to he used as
needed,

6. Brake pressure will he released prior to comina to a comnlate stor
(about 20 knots) to nrevent brake seizure. This ererqy, not cynended, nes?=
to be accounted for.

7. Brake temneratures will be monitored on hoard the aircraft (pref-
erahbly in rear cocknit/copilot nosition). It is highly desirahle to T.M,
this data so as to he available to the test conductor,

8. The maximum temperature of the wheals and tires due to heat trans-
fer from the krakes is estimated to occur anproximately 20 to 39" minutas
after stopping. Therefore, the time hetween comino tc a ston and taxi to
cool the wheels/tires with fans will not exceed 1" minutes.

9. If the stopoing kinetic energy exceeds the maximum allowahlae 1imit,
or if tires are flat spotted, the aircraft will h~ taxied directlv to the
hot gun line and parked. The area immediatelv adjacent to the aircraft
will be evacuated and a fire truck will stand by urtil the bralec</tirss .
have cooled. H

10. Tire tread measurements will be taken only when the tires a-e
cool between tests.

11. The brakes will be insmected for wear and anv evidence of hrake
component failure bhefore each tsst veriod. The brakes will he sarviead/
changed in accordance with the applicable Technical Order,

12. To obtain good data, testing will he terminated whenesver winds axcaed
eight knots including gusts irn anv direction. This linit is w211 Lalow
any wind limit for safety purposes.

13. Alrcraft wheels/tires are protected from exnlosive failure, due
to extreme pressure huildup caused by high temperatures, with fuse pluas
which melt at certain specified temperatures. Plugs at a sn=acified meltin~
temperature will be required for the tires/wheels/brakes to he tested, It
has been found that batches of nlugs vary in melting temparatur= from that
given by the manufacturer. To ensure safety of the tests, the melting tem-
parature of the bhatch to be used (ensure that a sufficient sunnlv from one
hatch is on hand) must be determined by selecting in a random manner at
least 5 plugs and by using a high temperature oven to determipe their melF-
ing temperature. If the melting temnerature is found to b~ hiagher than thn
maximum allowed, a new batch must be ordered and the test roneated,

A sample Operating Hazard Analysis (?FFTC Form 28A) and a samnle

Test Project Safety Review (AFFTC Form 28) are shown in
k)
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Appendix C. Additional information on control plots and brake erergy is
found in the Brake Analysis Section.

The most important element in conducting these tests is control, which
can only occur from program trackino of brake enerav and temneratures,
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11.

12.

13,
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APPENDIX A

BRAKE TESTING COMPUTER PROGRAMS
PROGRAMMERS GUIDE

To aid the test engineer in brake test planning and data reduction,
four short computer programs have hesen written in FORTRAN IV extended.
Fach program consists of a control nrogram and one or more subroutines.
Some of the subroutines are used by two or more of the programs. Thea
four programs are THRUST, DRAR, COFS, and SPEIrD,

Program THRUST:

Program THRUST consists of a control proaram called THRUST, and a sin-
gle subroutine called LINFIT. THRUST reads the ordarad pairs of F, and
V., establishes a new set of ordered nairs of Ft and Vé, calls subgoutine
LINFIT, and writes the result.

Subroutine LINFIT comes from Reference 13, performs a linear least
squares fit on an array of up to 5N vairs of data points. It reauires an
X-array of up to 57 values, a Y-arrav of up to 50 values, and the number
of points to be analyzed. The subroutine then transfers the slope and Y-
intercept. A complete program listinag follows.




X ks Xz X2 Xaka

oo GO0 aOnn

2
3

4

UVE = »F1(.8)

PRCGRAM THRUSTUINPUT,OUTPUT»TAPLEO=INPUT»TAPEL=LUTPUT)
DIMENSION FT(50)
DIMENSIOM VE(S0)

THIS PROCRAM DETERMINS THE ZkkU SPEED ThKUST ANL THE SLOPE OF
THE THRUST CURVE, [T USES 4 LINEAR LEAST SQUAKES FIT .
INPUT REQUIRED
FT==TCTAL THRUST DIVIDEL BY AMBIENT PRESSURE RATIO
VE==ECLIVALENT AIKRSPEED

J=0

CC 2 1=1,%0
REAUCSSLIFTLLIIHVEL(I])
FORMAT(F1C.251CXyF1l0.2)
ITF(EQF(5) NELCIGE TO 3
J=Jel

VECI)=VE(T)*VE(])

CONTINUE

CALL LINFITUVESFTyd sk TUIRK)
WRITE(by4)FTO4RK
FCRMAT(Z2LH]1 THRUST AT ZERO SPEED = sF1Ce2926H SLUPE DF THKUST (LR

STUP
ENC
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SUBKOUTIMNE LINFITUX3YyNPTSyA98B)

~=-THIS SUBKOUTINE FINDS THt LEAST SCUARES STRAIGHT LINE FIT FUR
LP TU 90 PAIRS COF UATA POINTS,
(ASSUMING LQUATION Y=Ae¢BX)
RECUIRED INPUT
Xx==ARRAY OF X VALUES (1L ODIMENSIONALy 50 SPACES)
Y==ARRAY OF Y VALUES (1 OIMENSIONAL, 50 VALUES)
NPTS--hUMBEX UUF DATA POILINTS
GUTPUT TRANSHERCED
A==Y INTLRCEPT
8==5SL0PE
REFERENCE :
BEVINGTCNWPHILIP R.sDATA REDUCTIUN ANC ERROR ANALYSIS FCUR THE
PHYSICAL SCIENCES MCORAW—HILL BUCK CUMPANY,NEW YORKy 19¢9.

CIMENSILAN X(50)

DIMENSIOM Y(50)

SUMX=0.0

SUMY=0.0

SUMXX=0,.C

SLMXY=0.C

BC 1 INDX=Ll4NPTS

SUMX=SUMX+X{INCX)

SUMY=SUMY+Y(INDX)
SUMXX=SUPXX+{X{INDX)*X{INDX))
SUMXY=SUPXY+(X(ENDX)*Y(INDX))
CCATINUE

SQSMX=SUPMXESUMX
CELTA=NPTS*SUMXX-SQSMX
A=(1eO0/DELTA)#(SUMXXESUMY-S5UMX®SUMXY)
B={1.0/DELTAPS{NPTSESUMXY~-SUMXESUMY)
RETURN

END
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Program DRAG:

Program DRAG has been written to compute the drag coefficient and the
rolling friction coefficient from coast down data. The program consists of
the main program called DRAG, and two subroutines called DIST and TFINDC,

Program DRAG reads the data and performs the top level of a tvo level
iteration process, by iterating the drag coefficient to obtain an accept-
able rolling friction coefficient. The result is the simultaneous solution
of two equations in two unknowns,

Subroutine FINDC performs the second level iteration reaquired by nro-
gram DRAG. It iterates the coefficient of friction (either rolling or
braking) to obtain an acceptable stopping distance.

Subroutine DIST calculates the stopping distance given a rolling fric-
tion or hraking friction coefficient and a drag coefficient, Suhroutine
DIST directly solves the equation for stopping distance.

A complete nrogram listing follows.

LY

Bame.

e

o a i aln i,




NG EGEGGEEEG RG]

(=N}

2

-

30

a0

50

o0

70

PROGRAM LCRAGUINPUT,OUTPUT »TAPES=INPUT, TAPEO=QUTPUT)
COMPCON /FILES/ SouTsSIGMASFTUsRKsCD9CL 9VGIsVGF 4D
DIFENSIOM DRG(3)

THIS PRCGRAM COMPUTES THE ORAG COEFFICIENT (CC) AND THE ROLLING
FRICTIOM COEFFICIENT GIVEN COAST DOWN DATA OVER TWO SPEED RANGES.
IT USES AN ITTERATIVE PROCESS.
REQUIRED DATA
GENERAL
WING AREA
ATRCRAFT WEIGHT
AMBIENT DENSITY RATIO
THRUST AT ZERQ SPEED
SLOPE OF THRUST CURVE
COEFFICEENT OF LIFT
FIRST SPEED RANGE
INITIAL SPLED
FINAL SPEED
DISTANCE TRAVELED
SECOND SPEED RANGE
INITIAL SPEED
FIMAL SPEED
DISTANCE TRAVELED

READ (5,2C) DATA,VAKE

FORMAT (A10410X,F20.2)
WRITE(b921)IDATA,VARE
FORMAT(1CX3A10,1CXyF20.5)

IF (DATA.EQ.10HKING AREA ) S=VARE

IF (DATA,EQ.1OHWEIGHT } WT=VARE.
IF (DATALEQ.LOHDENSITY RA) SIGMA=VARE
IF (DATALEQ.LOKTHRUST ) FTO=VARE

IF (DATA.EV.IOHSLOPE OF T) RK=VARE
IF (DATALEC.LOHLIFT CUEFF) CL=VARE

IF (DATA.EUQ.10HSP1-1 ) VG1I=VARE
IF (DATA.EQ.10hSPI-2 ) VGIF=VARE
IF (DATALEQ.10HSPF-1 ) VGFI=VARE
IF (DATA.EC.1OHSPF-2 ) VGFF=VARE

IF (DATA.EQ.1OFDISTANCE 1) XA=VARE
IF (DATA.EQ.1OHDISTANCE 2) XB=VARE
IF (EOF(%)«EQ.C.C) GU TO 10
CRG(1)=0,150

CRG(2)=0.140

ORG(3)=0,130

CELTA=Q.C1O

22C.0

Y=1.0

CIFF=1,0

VG1=vGIl

YGF=VYGFI

CS=XxA

CO=DRG(1}

CALL FINCLC (CUEFF,y5A)

VGI=VGIF

I=2¢14,0

VGF=VGFF

IF (2.67,50) GC 10 50

CS=xB

C0=DRG(1)

CALL FINCC (COEF,4S8)
DIF=ABSt{CCEF-CUEFF)

IF (DIF.LE..00005) GO TO 50

IF (DIFF.LT.DIF) GO TD 40

CIFF=DIF

ODRG(3)=0DRC(2)

CRGE2)=DRC(L)

DRG(1)=DRCE1)+DFLTA

COEFF=COEF

GC 10 30

Y=Y+0,.5
DELTA={(1./2.,%4Y)#(ORGI{2)-DRG(1D))
CIFF=DIF

ORGi3)=DRC(2)

DRG(2)=DRC(L)

ORGI{L)=DRGI1)+DELTA

COEFF=COEF

¢C 10 30

AVGE=(CUEF*COEFF)/2.0

HRITE (6460) CCoAVYGE

FORFAT (Z2CHIDRAG COEFFICIENT = 4F7439/732H ROLLING FRICTICN CUEFFIC
LIENT = yF7.4)

WRITE (6470) 2

FORPAT C1X9F3,0027H ITTERATIONS wERE RECUIRED)
sTapP
END __
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SUBROUTIME OIST (COEFF,$S)
COMMON /FILES/ SoWToSIGMAsFTUsRKYCDHCL9YCI»VGF 0SS

~~~~===TFIS SUBROUTINE CALCULATES THE STOPPING DISTANCE GIVEN &
-~-==BRAKING COEFFICIENT AND OTHER OATA (TRANSFERED IN THE COMMON
----- STATEMENT) .
RECUIRED INPUT
COEFF==B8RAKING CUEFFICLENT
OLTPUT TRANSFERED
SS==STOPPING DISTANCE

OO0

$S$=Q.

IF (COEFF«GTaloeO) RETUKRN
B=(SIGMA#5/841.4)%(COEFF#CL-CD) +RK

g A=FYO-COEFF*aT

; C=ALOG((1.0+(B/A)EVGI*VGI)/(1U+(B/AISVGF#*VGF))
SS=((~1.CoWT)/C64.348%8))%(

IF (SS.L7.,0.0) §$5=0.1

RE TURN

END

r
|

SUBROUTINE FINOC (COEF42)
COMMON /FILES/ SeWToSIGMASFTUSRKSCDICL 9VGIsVGF 4DS

THIS SUBROUTINE CALCULATES THE BRAKING CUEFFICIENT FROM THE
DATA RECIEVED IN THE COMMON STATEMENT. IV USES AN ITTERATIVE
PRGCESS .

DAT# TRANSFERED
COEF == COEFFICIENT OF FRICTICM
I == NUMBER OF ITTERATIUNS

COOOOOOO

I=0.0
Y=1.0
CDEFF=0,2¢
COEF=0.25
COFF=0.26
DELTA=-0.C4
CALL UDIST (COEFF,35A)
DSA=ABS(CS-5A)
IF (DSA.LT.1.0) GO YO 20
10 COEF=COEFF+DELTA
CALL OIST (COEF,S8)
2=22+1,
CSB=ABS(CS-58)
IF {(DSB.LT.1.0) GO Tu 20
0BS=0SA-CSB
IF (00SeLTe0e0) DELTA=—-1.0%DELTA
TEST={DS-SA)*(DS-5B)
IF (TEST.LTL.0.0) GO TO 30
SA=S8
0SA=0S8
COFF=COEFF
COEFF=COEF
G0 10 10
20 RETURN
30 Y=Ye0.5
CELTA=((1.0/2.0#¢#Y)*(COFF~COLEFF))
SA=S8
BSA=0S8
COFF=COEFF
COEFF=COEF
60 10 10
END




Program COFS

Program COFS calculates the braking coefficient and braking enerqv
from brake test data and ambient air data. It uses subroutines FIMNDC and
DIST to perform the required iteration. (See the discussion of proaram
DRAG for more on FINDC and DIST.) Program COFS reads the data, calls the
nacessary subroutines and writes the results.

After the braking coefficient has peen determined by FINDC, then nro-
gram CNFS calls subroutine FNERG. FENERG astermines the bhraking eneragy.

A complete program listing follows.
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PROGKAM COFSCINPUTAUUTPUT »TAFES=INPUT s TAPEOG=UUTPUT)
COMMUN /7 FILES / SemTodlGMAt TUSKKSCUPCL VGl 9 VOGS USENER

o

------- THIS PRLGRAM CALLUULATLYS THt BKAKING CLEFFICIENT FRUM THE 0DATA
————— ReAL #iLOW.
REUUIREL CATA
nING AREA
AIRCKAFT weluntd
AMBIENT DENSITY RATIU
THRUST AT Zexd SPELUD
SLOPe CF THRUST CUkVe
LRAG COEFELCIUNT
LIFT CUErFICLENT
INITIAL >Pr
FINAL SPELD
OISTANCE TRAVELED

[

[ aekakzksKa sk ak e

ENER=0,0
DU ¢ 1DUM=1,10

Cmmmm——- GATA CARUS ARE REAU

REALISs1) DATA,VAR]

FURMATIALC,10XsF20.¢)

TF(UATALECL.LUHWING AKkEA ) S=VAKI

TF(CATALECLLUHAELRGHT 1aT=VAKIL

IFCULATALEC.LOADENSITY wA)S1IGMA=VAR]

[E(DATA L ECLJOMTHRUST JETU=VvaR]

TFEDATALECLIOHSLLPE Uk TIRK=VAKI

IF(UATALECLIOHDRAG CuckFiCu=VvaKl

IF(UATALEC.LUALIFT Cutrb)CL=VvARI

IF(CATALECLLOHINITIAL SPIVGE=VARIE

FF(OATALECOLUHFINAL SPet )} YOGR=VARI

TF(CATALEC,1OHLESTANCY JUS=VAKI

2 CONTINUGE
nRITEL(H,2)

3 FCRFMAT("1 INPLUT OATA"™)
ARLTECO41S»aT s SICMA L TUsRR yCUHLL s ¥VGT 9 VUF 0

4 FURPATCAF 5= sr 640991t al= 31 10e298h SICFA= 3F5,499H FTU=9Fbalo4n
IK= 3F 10t s%H Cu= »b4a399H CL= yF4e296H V¥Gl= sFtely6H VG2= shbelylih GISTAN
v LISTANCE= 4F7.1)

-

¢ SUnRUULTINES ARE CALLeD

CALL HEINLCLLUEE )
CALL ENERCECULF ot G)
CALL GISTUCLEF eS8

Lt C/1GEC(Lu.
aRITrEloy9) CUbF st 9D/

G FURMATL™( REDULTS ARE™y/ "™ BRAKING COLFFICIENT = “yF7.64" BKAKING
IENEKRGY - “ybnale™ LEx Ub STUPFING OISTANCE = "3Flu.2 " NUMDER UF
4F ITTERATIUNS REQUEXKEU = "oF 4,010

>TLP
ENLG

e e e —— a— — —— —— —— —— — —— — — — — — — — — m— an— a—

SULBKUUTINE tNERGICLEFRE ot )
COMMUN /7 BILS 7/ SemTanluMaAsbTuerK sl oL e VL1 9¥GF,0>

(-=---=-- LS SULUKCUTINE CALCULATES The TOTAL PRAKINGL: ENERGY GIVEN A
C=m=~-BRAKING (LERE JUTENT AMU UTHER ODATA (TRANSELRED IN THE CUMPUMN
L~ STATEMe N1,
“FCLIRE G iNPUIT
CUt bl == AKING CRFFFICIENY
JLTPUT TRANOFLRED
==BXAKING t NERGY

e e

BagSTUMARS/841.4)2(LULPF*CL-LL) #RK

AzFTU=CULFF&aT

C=ALUGEL LU (B/7212V0IAVLI I/ {1e0e(B/A)EVGERVGE L)
C=(SILMASS/bAL )L

Je(wTelu/EB/A)))2C
E2x((COLFI*nT)/(04,348%8) )% (Co((VLI*VGLE)-(YLFREVGERD }=1))
Rt TURN

ENG

e . — v — c— —— —— SEER . Sy e S G e e e e om—w — ——
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SUBROUTINE FINDC(COEFyZ)
CCMMUN / FILES 7/ SeynTsSIGMASFTOWRK sCDsCLIVGI3VGF40S

THIS SUBROUTINE CALCULATES THE BRAKING COEFFICIENT FROM THE
DATA RECIEVED IN THE COMMON STATLMEMNT. IT USES AN ITTERATIVE
PROCESS.

DATA TRANSFERED
COEF == CUEFFICIENT OF FRICTICA
Z == NUMBER UF ITTERATIGNS

OO0

[ X 2]

2=C.0
¥Y=1.0
COEFF=0.¢5
CCEF=0.25
COFF=0.2%
DELTA=-0.(4
CALL DIST(COEFFSA)
DSA=ABS(CS~SA)
IF(DSA.LT.1.0360 T0 9
7 COEF=CUEFF+DELTA
CALL DISTU(CUEF,SB)
1=1+1.
CSB=ABS(LS-58)
IF(DSB.LT.1.0)G0 TO o
CCS=0SA-LSB
: IF(DDS.LT.0.0)DELTA==-1.0%DELTA
‘ TEST=(DS-SA)*(DS-SB)
IF(TEST.LT.0.0)G0 TO 11
; SA=SB
! DSA=DSB
: COFF=COEFF
COEFF=COEF
GC 1O 7
11 Y=Y+0.5
DELTA=((1.0/2.02%%Y)%{COFF-COEFF))
SA=S8
0SA=DSB
CCFF=COEFF
COEFF=COEF
GC TO 7
5 RETURN
ENC

s ey e—— s e e Ee TR e Gees D GEEm awee IR s sememe  euey

SUBROUTINMNE DIST(COEFF,y5S)
CCMMON / FILES / SeWToSIGMARFTUSRK9CDsCLIVGI»VGF,D5S

------- THIS SUEROUTINE CALCULATES THE STOPPING UISTANCE GIVEN A
----- BRAKING CCEFFICIENT AND OTHER DATA (TRANSFERED IN THE COMMUN
————— STATEMENT ).
RECUIRED INPUT
COEFF==BRAKING COEFFICLIENT
OLTPUT TRANSFERED
$S==STOPPING DISTANCL

2Kz s Kz XaXaXxnXaXz]

$5=C.
IF(COEFF.CT.1.0) RETURN
B=(SIGMA*S/841.4)%(COEFF*CL-CD)+RK
A=FTO-COEFF*WT

’ C=ALOG((1.0¢(B/AISVGCI*VGCIN/(1.0¢(B/AY*VGF*VGF))
SS=((-1.C*NT)/(64.348%8))%C

IF(SS.LT.C.0)S55=0.1

RETURN
END




'-..-.-y-!nm T e ——

Program SPEED:

Program SPEED is desiqgned to aid the engineer in determinina an inij-
tial speed for a braking test to yield a desired bhraking er<rqy.

Program SPFED consists of a control proaram called SPIrn, and three
subroutines called VEL, DIST, and ENERG. Program SPFI'D reads the data,
calls the needed subroutines, and writes some of the results,

Subroutine VEL calculates the initial sneed ne=sded to vi=1d the dasir<qd
hraking -2neraqv Hv using an iterative process. (For more information on
subroutine ENERG, see the discussion of program COFS.)

A complete program listing follows.




PROGRAM SPEED(INPUTUUTPUT»TAPES=INPUT ,TAPLO=ULTPUT)
COMMON /7 FILES /7 SowToSIGMAsFTOWKK yCOsCL9VGI s VGCFyI)SeENER

------- THIS PKOGRAM READS THt DATA ANU CALLS THE SUBRUUTINFS fOUK
----- FOR CALCLLATING THE INITIAL SPEEU NELCED FUR A DESIRED BKRAKE
----- ENERGY.

e

REQUIRED DATA
WING AREA
ATRCRAFT Wt IGhT
AFMBIENT DENSITY RATI|U
THRUST AT ZERGU >PEEU
SLUPE UF THRUST CURVE
DRAG CULFFICIENT
LIFT CUurFFICLENT
BRAKING FRICTIUN CUEHFICIENT
DESIRED BKAKING ENEKGY

[Nz EzE ks Xa ke ks s s anXxksl

—

CO 2 IDuUr=1,9

READ(S,1) DATA, VAKL
1 FORMAT(ALIC,10XyF20.2)
WRITE(6,S)JUATA,VARE
FCRMAT(1Xx5A1042X+F20.2)
IF(DATALEC.LOHNING AKEA )S=VARL
IF(DATALEC.10HAEIGHT JWT=VARE
IF(DATALEC.LOHOENSITY RA)SIGMA=VAKE
IF(DATALEC.10HTHRUST JFTO=YARE
IF(DATALEC.10HSLOPE UF TIRK=VARE
IF(DATALEC.10HDRAG CUEFF)ICU=VARE
IF(DATALEC.10HLIFT CUtFF)CL=VARE
IF{DATA.EC.10HBRAKING CUICOEF=VARE
IF(DATA.EC.IOHENERGY JENEK=VARE
2 CCONTINUE

WRITE(b,42)
3 FCRPAT(LF1)

CALL VEL(CUEF)

CALL DISTU(COEF,SS)

nRITE(6,4)SS
4 FORMAT(/2cIH STCPPING DISTANCE = 4F10.2)

STCP

END

S )

SUBRCUTINE DISTU(COEFF,S5>)
CCMMON / FILES / SewTeSIGMAZFTUSRKSCDsCLIVGIHZVEFH0S

------- THIS SULBROUTINE CALCULATES THF STUPPING DISTANCE GIYLN A
----- BRAKING CCEFFICIENT AND UTHEK OATA (TRANSHERED IN THt COMMUN
----- STATEMENT)
RECUIRED INPUT
COEFF==BRAKING CUEFFICIENT
OLTPUT TRANSFERLUY
$S==STOPPING DISTANCE

G R EIRRE)

$$=0.

IF(COEFF.GT.1+0) RETURN
B=(SIGMA#S5/841.4)*(COEFF*CL-CD) +RK
AaFTO-COEFF%nT
C=ALOG((1.0+(B/AIAVGI®VGI)/(1eU+(B/ZA)EVGFEVGF))
$SS=((-1.C*wT)/(64.348%8))%C

IF(S5.LT.C.0)55=0.1

RETURN

END

b——————————————-_—-
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SLERLUTENE vEL{CUHE)
CLUMMUN / FHLES 4/ SemladLOMA T Lo RA SLL o (L 4VLIpYLYsdHhet NI R

S=IrES sebrLUTINE CALCULATe S &0 INITEAL SPLeu BUK A ot Shxbw
dRAKING ENEROGY IT ude> AN 1T TokATIVE PxUCE DS
wboUIRED INPUT
CLtF==LxAKEING CLEEETGCTENT CF bxlCTLUN
ALl GUTPUl ThRANSFEREL B TRL CLMPUN STATE MiNT

YG =200,

vGE=Ceu

TECEMRGEC DD RE TUKN

1=C.0

Y=1l.u

vCu=vol-1C,

vCII=¥Y01

LELTAS30,

CALL ENERCLCLEF e Gl

CEA=ABY(ENER=-LCL)
IF(OEALLTLLOCT10a T ¢

VOI=VGIiekelTA

l3lvl .0

IF(ZbwesCdCL TU ¢

CALL vt RKC(CuttarLil)

Cb=AUdS{ENER=2 Uil
[F(Ced.CT,10CU1060 T

Cot=0ta-L¢8

TFIRU oL ToCad) ot b Tae=1a%ut LA

TEST=(eNEK=FGI ¥ e Ne =L ull)

IFETedT et TetaIbL T 4

EGE=t Gt

CEA=Lt

viC=vGll

¥ClI=vid

cu Tu L

ENtC=rui s UGaCCu.

mRLTE by 2hENCGaY¥LT o/

FURMATU 2SO Ut SRty oAt ekl = g b Ealyg®™ o2 Jy INFTIAL HPet
2 Tebtecg™ NUYHESD e B e XATIUNY Riuwglkbg o7 Y d.u)

<t TLeN

Y=Y 0.

Lot TA = {lloo/csU3=Y)4lvhu=-v01 1))

tGl=v Gl

CtaA=Lt ¢

vou=vsll

Yelli=vul

e TL 1

ENU

. e e e e — e — — — ]

SUBFGUTINE ENERCICLEEE 4 )
Cu™MuU~ /7 FILi > / SewT e IOMAGETULIkK gcizg CL VLI o VTF 4GS

~=THIS SULEFUUT L CALCULATE S Tt TULTAL eRAKING tNe ROLY GIVES A
BRAKING CLUFEFTICIEANTY Awy LTtk UVALA (TRANSFERCO N THE LUMMUA
STATEMENT ),
<tLLIR U ENFUIT
CLYFR == A bive Lot b juat Bl
DLIPUT TrANSEE® )
FozdkAKING toar ¥OY

A={SIOGMASS/nala)¥(LLEYH®CL~CliiorrK

BzFTU=CutfFFoal

CrALUGLEL U+ B/AIIVOL VG LLaut N /ASVLEEYVLED )
G=(S51GMARS/Bal sad (L

C=(nTo(l7tR/7AD)D 5L

ExLILOENF2nT ) /{uae 34 3% )3 A0S 0IVLLIAVEL )=tV LSV LE))~0)
RETURN

ENG
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APPENDIN B

SAMPLE TI'ST IMPORMATIOMN SPFR™ (TIS)




" CATE
‘ [ AFFTC TEST mronmfz;gr:asopzeﬁm (s » race ] org Prces
,‘ .TTLE QF TESY VERICLRE TrPE TS NUMBER
| F-15 13 !
\ F-15 GOOGYEAR GENERATION 5 CARBON BRAKE EVAL "';;B“”’ REvisiom £ |
VS TAPE COCATION OF TEST TESTINGACTIVITY WAZARGSUVURUSTAC Y2RY
i CJeuan (Memoceounad | Edwards AFB CA AFFTC J

1.0 BACKGROUND The Air Force has a critical spares shortage for F-15A/B brakes
(Generation &) due to the unavailability of the carbon fiber to the vendor. The new
[Generat1on 5 brake has no materials availability problems. In addition, the Generation‘
{5 brakes have lower manufacturing costs and improved durability as shown through
.dynamometer verification tests. ASD/AEAA and ASD/YFA (TEST) have requested in
|fmmediate compatibility test to qualify the Generation 5 brakes on F-15A/B aircraft.

!2 0 TEST OBJECTIVES: To verify compatibility between the F-1% anti-skid ¢. .tem and
.Goodvear 1 fieneratior 5 rarbos bra:es Demonstrats tnat the sto  ing disranc  of the !
‘Generction © brake 15 compatible with tne V-15A/L 1light manua. Verify th. the hot
and cold static torque is sufficient for engine runup. Verify compatibiiity cof mixed !
sets of Goodyear Fourth and .ifth Generation brakes with tne F-15 anti-skid system,
Lnorma1 br:king system and emergency braking system.

‘3.0 GE* L INFORMATION: AFFTC and Goodyear engineers will be in attendance for pre-
f1ight anv postflight inspections of the brakes. WWear data will be taken after each
fliaht. ould any hydraulic or structural problem become apparent during insoection,
a fix w1 be made or the brakes will be removed and the project ended. All standard
prefllf-; Jostflight procedures will be followed. During tests, all necessavy fire
;equi nent wili be present along with an engineer in a radio vehicle. The Tes

'Concuctor or the preject pilot will have the authority to suspend further tsst1no at
tany time. Tr - brakes will have thnrmocoup1e< so that stack temperatures can pe moni-
tored dur ag eacr test.

BRAKE TEST MEASURANDS

I
'

'SEQUENCE
{"NUMRER : PARAMETER NAME SAMPLE RATE (5°5)
L suyae . Brake Stack Temp, Left 10 e
sS4 Brake Stack Temp, Right 10 ‘
| Map7* . Wheel Speed, Left 60
| maosr S Wheel Speed, Right ) 0
l SHIL* Brake Pressure, left 60 R ,
I sM12* A Brake Pressure, Right ' 60 h
I SM17* Anti-Skid Control Valve Signal 60
___MN _ar_.__o_FFI_C_.E‘O_R POSlTIO!iPNONE SIGNATURE DAYE‘ -
PREPARE
REVIEW
REV'EW
AR —
RE NEW
APORO VE T

AFFTC ' 3% 281b = FCATES AFFYZ FOMM 2-128. JUN 73 WRICK WILL BE USED.
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AFFTC TEST INFORMATION SHEET (TIS) OATE
TEST PROGRAM) PAGE 2 OF GPAGES
TITLEOF TEST VEMWICLE TYPRE TIS NUMBER
F-15 13
F-15 GOODYEAR GENERATION 5 CARBON BRAKE EVAL EFFECTIVITY REVISION
TBD E

TIS TYPE LOCATION OF TEST TESTING ACTIVITY MAZARDOUS UNUSUAL TEST
[C1Pcan X PROCEDURAL Edwards AFB CA AFFTC

SM15 Pilot Metered Pressure, Left 10

SM16 Pilot Metered Pressure, Right : 10

CF04 Brake Pedal Pressure, lLeft 10

CF05 Brake Pedal Pressure, Right 10

AAO4 Nx 10

ARDS Ny 10

AAD1 Airspeed 10

ENOS INS E-W Velocity 10

ENO6 INS N-S Velocity ' 10

EN4O INS Groundspeed 10

ENO7 INS Heading 10

PFO9 Internal Fuel Quantity 10

*These are no-go parameters which must be operational and telemetered to the real
time control rcom.

Winds will he helow 10 knots for the tests in paraqraphs 4.2 and 4.5.

4.0 BRAKE SUBSYSTEM TESTS:

4.1 OBJECTIVE: To conduct an operational checkout of the Generation 5 brake
through a buildup technique to enerqgy levels that will be required during anti-skid
compatibility testing.

4.1.1 Test Conditions: These tests will be conducted on a dry surface.
A table will be given to the pilot providing different initiation speeds at different
gross weights for desired energy levels. Aircraft will be configured for these tests
with fiaps down and speed brake out.

OPERATIONAL CHECKOUT TEST CONDITIDNS

Gross Stop Total
Test Anti- Weight Initiation Runyax Aircraft Energy drake
Point  Skid  (pounds) Speed (knots) Condition (ft-lbs X 10 Pedal Force
1 NORM 35,000 60 ORY 5.6 MEDIUM
2 OFF 35,000 60 DRY 5.6 AS REQUIRED
3 EMER 35,000 60 DRY 5.6 AS REQUIRED
4 NORM 35,000 96 DRY 14.4 LIGHT
5 NORM 35,000 108 DRY 18.0 LIGHT-MLDIUM
€ NORM 35,000 116 DRY ¢1.0 MEDTUM-HEAVY
l “ORM 5,100 124 DRy 25.0 KEAVY
AFFTC “0%% 2610 werLaCES A#FTC FORM 02128, JUN 71 WHICH WILL BE USEQ
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AFFTC TESY INFORMATION SHEET (TI$) oaTe
{ TEST PROGRAM} PAGE 3 o-§ PAGES
TIYTLE OF TEST VEMICLE TYPE Ti$ NUMBER
; F-15 13
! F-15 GOODYEAR GENERATION 5 CARBON BRAKE EVAL EFFECTIVITY REVISION ;'
: 18D £ b
E) TS YYPE LOCATION OF EST TESTING ACTIVITY HAZARDOUS/UNUSUAL TEST [
: {3rian _XiProceoumaL Edwards AFB CA FTC

i 4.1.2 Test Procedures: These brake tests will be accomplished prior to the
1 testing of para 4.2. During taxi out to the main runway the pilot will perform

brake applications as required. Brake parameters will be monitored by the Test Con-
ductor in the telemetry room. The Test Conductor will be in radio contact with the

i pilot. The pilot will initiate braking based on INS ground speed. At the conclusion
of each test point, the brake stacks will be cooled to a4 temperature of 100 degrees (
or less before the next test point. This will be accomplished either with cooling
fins or ny using a stop-and-10 technique with the gesr down during the ~o ar-und. 1f
tne sto; and g9 te inique 1 used., the pilut will aero. rake to tne 1nit ats speed.

4 1 3 Support Requirements: A P-2 fire truck with a two-man cve ¢ is
require. Lrasn recavery support will be required for the «oolfing fans

4.1.4 Data: Telemetry data, inspection data, and pilot comments will be
used for evaluation of the brake.

4.2 0BJECTIVE: To verify compatibility between the F-15 anti-skid system and
Goodyear Generation 5 disc brake and to demonstrate that the stopping distance of the
Generation 5 brake agrees with the flight manual.

4.2.1 Test Conditions: Tests will be conducted on both dry and wet

surfaces. Aircraft configuration for these tests will be flaps down, speed brake out
and three ballast tanks.

TAXI/ANTI SKID TEST CONDITIONS

Gross Stop Total Aircraft
Test Weight Initiation Runway Energy 6
Point  (pounds) Speed (knots) Condition (ft-1bs X 10 )
1 35,000 130 Dry 26.2
5 53,000 107 Dry 27.1
b 53,000 130 Dry 39.4
¢ 35,000 136 Wet 28.6
3 44,000 117 Wet 26.7
4 53,300 103 Wet 25.1

Note: Brakes Dynamometer qualified to 24.6 X 106 foot-pounds each. Higher weights
achieved using ballast tanks fiiled with water

4.2.2 Test Procedures: Ouring taxi out, brake temeratures will be
monitored in the telemetry room by the Test Conductor. The brakes will be cooled to
100 degrees C oefore each test point. The pilot and the Test Conductor will insure
that thz anti-skid is in normal position. Heavv braking will be used for each test
point to obtain adequate anti-skid cycling. The Test Conductor will monitor the
telemetry and be in radio contact with the test pilot to prevent hot or locked brakes.
The piint will initiate braking based on INS ground speed. A fire truck wiil be in
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attendance throughout the period of testing. Cooling fans will be used to cool the
brakes. The brakes and tires will be inspected after each test point. At the
completion of these tests, the brakes will be removed from the aircraft for a tear-
down inspection. -

4.2.3 Support Requivements: Same as 4 1.3 Cemineralized water will be
required 'o fill the external ballast tanks.

4.2 4 Data: The data specified in 4.1.4 i< required. A brake inyiection
will be performed and wear data taken at the conclusion of this testing. Dual-station
phototheodolite data 1s required dursng each run.

4.3 QBJECTIVE: Verify that the hot and cold static torque is sufficient for
engine runup.

4.3.1 Test Conditions: The tests will be conductea on a dry surface with
both engines operating. Etngines will be advanced to produce thrust equivalent to that
predicted for 80* RPM at Sea level with a -40 deqree F ambient temperature. Brake
temperatures between ambient and 1000 degree F will be used with at least one test

at 1000 degree F. Tests will also be conducted with one engine at first stage after-

burner.

4.3.2 Test Procedures: These points will usually be points of opportunity
during the brakina tests. [or cach point, the pilot will advance the throttles to
obtain computed RPM/FTIT based on temperature and pressure altitude while holding the
aircraft with the brakes. [If the brakes hold, the pilot will slowly release pedal
pressure until the aircraft just begins to move and then increase the pedal force. If
the brakes do not hold, the pilot will reduce the throttle settings to IOLE, apply
pressure to the brakes (to get maximum brake pressurc) and advance throttles until ‘the

aircraft just begins to move. The pilot will record RPM and FTIT at this point.

4.3.3 Support Requirements: Same as 4.1.3.

4.3.4 Data: Telemetry data, pilot comments, and pilot recorded FTIT and
engine RPM are required.

4.4. OBJECTIVE: To conduct an operational checkout of a mixed set of Goodyear
Generation 4 and Generation 5 carben brakes through a buildup technique to energy
levels that will be required during anti-skid compatibility testing.

4.4.1 Test Conditions: These tests will be conducted on a dry surface. A
table will be given to the pilot providing different initiation speeds at different
gross weights for desired enerqgy levels. The Generation 5 brake can be mounted on
either side of the aircraft. The same test conaitions as in section 4.1.1 will be

used.

4.4.2 Test Procedures: Same as 4.1.2 except these are prerequisites for
4.5,
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4.4.3 Support Requirements: Same as 4.1.3.

4.4.4 Data: Same as 4.1.4.

4.5 OBJECTIVE: To verify compatibility between the F-15 anti-skid system and
a mixed set of Generation 4 and 5 brakes and to demonstrate that the stopping distancd
of the mixed set of brakes agrees with the flight manual.

4.5.1 Test Conditions: Same as 4.2.1.
4.5.2 Test Procedures: Same as 4.2.2.

4.5.3 Support Requirements: Same as 4.2.3.

4.5.4 Data: Same as 4.2.4.

4.6 QOBJECTIVE: To verify that the ho. and cold static torque of a mixed set of
Goodyear Generation 4 and 5 carbon brakes 1; sufficient for engine runup.

4.6.1 Test Conditions- Same as 4.3.1.

4.6.2 Test Procedures: These points will usually be points of opportunity
during the braking tests. For eath point, the pilot will advance the throttles to
obtain computed RPM/FTIT based on temperature and pressure altitude while holding the
aircraft with the brakes. If the brakes hold, the pilot will slowly and evenly
release pedal pressure until either brake begins to slip and then increase pedal
force. If either brake does not hold, the pilot will reduce the throttle settings

to IDLE, apply pressure to the brakes to get maximum brake pressure and advance
throttles until the aircraft just begins to move. The pilot will record RPM and FTIT
at this point.

4.6.3 Support Requirements: Same as 4.1.3.

4.6.4 Data: Same as 4.3.4,
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APPENDIX - AIRCRAFT CHECKLIST
1. Prior to the tests turn records on and record full brake pedal deflection, cycle
of anti-skid switch, and full rudder pedal deflection in the normal and maneuver
modes
2. Notify the Test Conductor that the records are complete. i
3. Before rolling: '
a. Check anti-skid in NORM (if required)
b Check flap position (down)
c. Record fuel quantity
d. Call "recorder on" and turn recorder on.
. 4 While rolling:
a. Check wheel speed indicator
b Wher target speed is attained, retard throttle to IDLE and apply brakes.
¢. Note speed when brakes are abplied.
5 After stop - record fuel quantity.
a. Call "recorder off" and turn recorder off
6. Cool brakes.

7  When cleared by the Test Conductor, taxi back to runway 04 using the brakes
sparingly.

8. Repeat procedures from step 3.
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TEST PROJECT SAFETY REVIEW

These tests are a combination of ground and flight tests to cvaluate
the F-15C (PEP 2000) aircraft. oround tests will include: Mass Pron-
erties and Fuel Gaging, Engine Trim and Static Thrust Calibratinn,
Flight Control System Characteristics, Taxi Tests, 8raking Tests, par-
rier Engacements, Cround Fuel Transfer and Pressvrirzation, Piel System
Failure “odes, wWater Entrapment, Maintainability, and Human factors.
Flight tests include: Takecf: Periormance and Flving gualities, Climbs
Performance, Longitudinal Stability and Contrel, Mancuvering 7l :ht,
Lateral Control, Static Lateral-aerial retucling, Gear Rotraction and
Extension, and Landing and Stopping lerformance. These tests will be
conducted tec evaluate the impact of the PRP 2000 nmodifications on es-
tablished Performance and Flying Qualities, Systems Jualities, anag
Aircrew/Maintenance Procedures. The Electronic Wariare, Hadar, weawo
and Environmental Systems will not be evaluated. The test contiiura-
tions will be lumited to stores currently certitied on F-1%B aircoratt:
however external tanks will be filled with water for some ground tests.

REFERENCES

1. Air Force Technical Order 1F-15A-1, Flight Manual, USAF Series

REVIEW REQUEST
1. SAFETY
PROJECT TESY TITLE & JON PERFUORMING AGENCY
F-15C AFDTSE_ Phase I, J28AZW 6510 TESTW/TEVI
PROJECT MANAGER (Typed Name & Grade) SIGNATURE PHONE NUMBER DATE
UNIY $30 (Typed Name & Grade) SIGNATURE PHONE NUMBER DATE
", SAFETY REVIEW BOARD ACTION
TEST START NG TATE TV -gsT COMPLETION DATE RISK LEVEL CONTROL NuMBER
16 July 1979 | 30 Juge 1980 Medinm Risk 29-48
TEST PLAN AEVIEWED. NO OFERATING HAZARD TEST PLAN REVIEWED, OPERATING NAZARC
ANALYSIS REQUIRED. ANALYSIS APPROVED.
::g:“::!o“ REVIEWED. FURTHER HAZARD ANALYSIS PRESTO HAZARDOUS TEST REPORT REQUIREC
. SAFETY REVIEW BOARD MEMBERS
HAME, GRADE & TITLE SIGNATURE NAME, GRADE & TITLE SIGNATURE
Chairman MSUG Reo
Performance Engl
Systems Engr
Systems Engr Operations Rep
Engr Rep
BRIEF DESCRIPTION AND JUSTIFICATION OF TEST
- Use additional sheet of plain bormt paper (I naedey)

This test program was re:uested by tne F-15 System Program Officc AsUL. Y

A/B_Aircraft, Revision D, Change 1, 1 May 79. (Continucu on Aten Shoet
v, TINAL COORDINATION ANG APPRCVAL ]
COORDINATING OFFICIAL coNCyum CMME N T
oaTE AzOFC
TYPED NAME LHADE ANO TITLE siGNATURE vest an boenf o

Director, F-15 JITF

Dep Director/Test Forces

BB17 LT WM S MMANDER

AEET DIRECTOM NF FARE Ty

ANE o msaneE®
TESTY APUROVED nisAuPKOVECD A2PPAVED SUBJECT O MY REUAAKS TN SE! T1ON vy
TYPED MAME ARD GRADE & "CETT " wUANCLR ] CRATURE OF AT ¥ (wMANLTR ]’b.v(
AFFTC 0% CQEvV OUS ZOITIONS Ame JBSLe TE




v, REMARKS

1. The SRB was held at 1300 hours in the Directorate of Safety Confer-
ence Room on 17 July 1979. 1n addition to the board members listed in
Section 111, the following personnel were present:

2. Test Description: The Production Eagle Package (PEP) 2000 modifica-
tion has increased the internal fuel capacity; increased the takeoff grosk
weight capability to 68,000 ibs and added provision for conformal tanks.
The main landing gear assemblies have been modified to accomodate the
increased takeoff weight. These chanaes include 1ncreased strut pressury
new wheels and brakes, increased tire J>ressure and a new anti-skid, wheel
speed sensor. Numerous minor changes co the routing of hydraulic and
electrical lines as well as flight control linkages were made to accomo-
date the increased internal fuel. The test aircraft also has been modi-
fied to increase the rudder hinge moment. The intent of the desin tor
these changes was to maintain, as much as possible, the same handling
qualities as the F-15A/B.

This test series will address the impact of these changes of the aircraft
operation with the following evaluations:

a. Ground Tests

(1) Aircraft mass properties ind tuel yaging characteristics
will be investigated by use of the weight and balance facility. Fuelin
operations will b performed in the weight and balance hangar while the
fuel gaging system is powered to determine cg variations and fuel system
characteristics.

(2) Standard engine trim and static thrust calibration will be
performed.

(3) Evaluation of the breakout force and hysteresis of the flich
control system by performing control sweeps.

(4) Taxi tests at light and heavy weights (58,780 lbs) to cval-
uvate handling qualities, gear loads, and minimum radius turns.

(5) Braking tests will evaluate brake and antiskiu performancr
at gross welghts up to 59,400 lbs and ur to 80% of brake enerjy cavacity.
The tests will be verformed on both wet and dry runway surfaces.

(6) Landing year loads and structural margins will be evaluateu
during barrier engadements with the BAK-12FER and BAK-13 barriers at uross
weights up to 60,000 lbs with both on and off-center engagements and
speeds up to 140 knots.

(7) The fuel system will be evaluated during normal ground refuel
and defueling operations. Proper fuel system operation will he verified
Hby the use of several normal servicing and trouble shooting T.0. proced-
ures

(8) Maintainability and human factors evaluation will be conduct-
ed qualitatively throughout the test program.

b. Flight Tests

(1} Takeoff performance and handling qualities toth normal and
Pingle engine.

(2) Military check climbs.

(3) Longitudinal trim and irlet structural verification will be
(Continued on Attached Sheet)
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accomplished with level accelerations.
ITCM IV, CONTINULD

REFERENCES CONTINUED

2, Air Force Technical Order 1F-15C-1, Flight Manual USAF Series P-15C/D
Aircraft, 1 Feb 79

Development Test

RETY, Jul; 1957

and Evaluation AFDTSE), Vol I and I1, Final Report

3. AFFTC TR 76-48, F/TF-15A Flying Qualities Air Force

4 AFFTC TR 75-36, Fuel Subsystem Evaluation, Final Report, October 1975

5. AFPTC TR 77-7, F-15 Performance Air Force Development Test and bval-

uation (AFDT&E). Final Report {COLFIDENTIAL) July 1977

6. AFFTC Form 28 Control No. 78-70, F-16-FSD Arresting Hook Svstem,
218570, 7 Aug 1973.

7. AFPTC Form 28 Control No. 79-11, F-15 Dunlop Carb:on Brakes 2098i),
25 Jan 1979.

ITEM V1. REMARKS CONTINUED

{4) Pushover, pullup and windup turn maneuvers will be accon: -
lished to evaluate maneuvering flight characteristics.

{5) Roll performance with 360 degree and 90 dejree rol.is.

(6) Lateral-directinnal stability will be evaluated using
steady heading sideslips.

(7) Short period and Dutch Roll characteristics will be evaiuat.

(8) Handling qualities du.ing tracking (HQDT) using standa: i
profiles will be evaluated.

(9) Fuel system owerations will be evaluated during all nhases
of flight as well us acrial refueling.

(10) Landin: gear ext2nsion and retraction in flight will be eval
vated to verify the existing tiiiht envelope.

(11) Cross wind landings at light jr1oss weichts with heavy sor-
vicing o!f the landing gear up to 30 kts of c¢ross wind.

3. Semneral Procedures.

a. Direct comrunications between flight crew and test cond.o
will be maintained duriny all tests und the tost conductor will prov: i
point- to-potnt clearance on test volats. Burld up will be used on 11l
tests.

b. The mass properties evaluation, enaine trim, tlight cuntrol
and tax) handling qualities tests will be performed prior to first £li;ht

c. Engine calibrations will be accomplished prior to performance
evaluations.

d. After approximatel, cight wecks of testing, additional ins-
trumentation will be added to momitor stractural loads on the landin;
gear and *a1l hook. These moditications are required prior to the iuar-
titatite - X1 tests and Hariivt engaygements.

e. Braking tests will be pertormed as soon as dractical durin:
the test phase. Contractor and AFPE tests have already tusted the bhrake
system to 308 onerqgy leveis 4nd veritied system operation.

f. Aeri1al refueling will be used throujhout the flight test pro-
gram. fuel svstem {ailure modes tests will be comtleted Drior to geriai
{CONTINLLED ON ATTACHED SHERT)
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Vi REMARKS

retucling with external tanks. Mass properties tests will identyty ori-
tical cg tuel loadings and thesce condlitions wiil be monitored during
refuelingoperations.

g. All flight tests are within 7.0 limats,  All test conditioup ;
are CAS on and control ratios AUTO excet tor some of the dynamic stab- '
1lity test polnts and some ot tne HQDT tests.

. Landing tests will be periormed on the main runway except
that che srosys viad landings way be pertorned as touch-and-gos on tne

lakebed.
4. Specific Procedures:

a. Enygine trim, flight control evaluations and fuel s em evalp
uations will be in accordance with estabiished malntenance vrocedures.

b. Operations in the Wetsht and Balance facility will Yollow i
establ.shed procedures.

¢. Fitefighting ¢ juipment will be on standby for all ruel sys-
tem Jround tests.

}

d. Taxi tests on bith wet ane Jr- surfaces will be pertorrod n i

Ccleared ramps aveas which will allow adeguate roum to stop strai jht anead !
wilthout ol:structions.

e Firetrucks and crash rescuc will pe on standby for Larrier i
and brake tests., l

f PRarrier tests will be pertormed on otne bharrier test Cacplyces
at 3outh Basce 1n accor tancd with AFCTCR 80-.4. farrier tests
continued when approaciain: 7H5% tai1l hook aaltimate foad or eu.

wWil. &
la
limit Ioad o0 the landing . ar.

telds

7. High eneray trate teses and single-osns takeot' s wio be
verformed on runway 04 to allow overrun into the lakebed. I
h. Single-enagine takeotfts will utilize a twe cnadne ool gty b F
tu an 1ntermetiate speed Tolltowed by o Sinaie-enilne LakoOl with o
"bad” engine 1n idice. This 15 to maintain takeo! ! 1alls at or bosow
10,000 feet.
1. Prior to single-engine takeoff tests, sinale-enguye oL
pertormance at 1000 fect ASH and sinale-engine hanaling csualitae . o }
5000 teet AGL will be evaluated.

3. 1000 foot runimum separat.on between tracker and target waill
pe maintained during dDT.
h. Safcty chase 15 not roquairesd When chase 1s used, stancdar !
chase procedures will be followeu
5.  The SRB reviewced the attached A and the board considersa thes
test-s o be Low Risk except ior the brake tests and the barrier tests.
: The Rrake Tests were con<idered Medium Risk due to the ance:

taint, 3 heat dissipation characteristics of 'he new brake and wneel
assembly

The Barrier Tests were consiacered Mediam Risk. Although the
propariiity ot loss of control 1s consinered low, little can be

done to
minimize tne potential otfect.
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