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PREFACE

rhis report was prcpared b•y M. K. Wahi, S. M. Warren,. and 11. H Stlaub of the Boeing
Commercial Airplane (•ompany under a USAF Contract F3365 7-74-4-0129 (extended). The
program wa,, divided into three tak., Task I involved the formulation of a tire -'orrelation

imodel, a test outilne to %alidatc thO model, establishment of a friction prediction subsystem
speCifiCatio0n L.rterid a:d aluatuon of' existing ground vehliles. The work completed under
[ask I of thi, co'nttact was perl'otmed from May 1975 to December 1975 and all aspects of
that work are de-.cribcd in a separate report , ASD-TR-77-7.

lask II invol--ed a sensflivitý. analysis of airplane braking distance by using the Boeing Brake
Control Simud.itor for th: USAF B-52, KC" 135 and F-II I airplanes to validate the general
prediction model developed in the pre% iously contracted effort Task III objectives were to
establish ~ompatihity between Task Ii aiad Task I subsystems and to recommend a test pro-

gram to •erity the effe~t~v.nes, and reliability of this Totas Braking Prediction System tTBPS,.
-rhe present volume I -o this repoi t describes the hardware and antiskid systems used on the
brake control simulator as well as the test conditions and parameters used in deveioping data
icquired for the dimensional analysis. The work described herein was performed tronm
August 1975 to December 1-Q76.

Flhe authors are tndebted to Messers N. S. Attr. and A. J. P. Lloyd for their guidance and
technical Lontrih,-tion as respcctive program managers at various stages of the contract.

I lhe authors arc also indebted ic. Messers W. B. T"racy ASDiENFEM. D. B. Tremb!ay ASD,[
LNFI-. I t. Col. R Ke-inab. ASD,'AEAA and Ma:. R. Cauley, AFCEC/EMR of the USAF for
their program stippor!.
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SECTION I
INTRODUCTION

This volume describes the hardware and antiskid systems used on the brake control simulator

plus the test conditions and parameters used in developing data for the dimensional analysis
in the study.

SECTION II
BASIC BRAKE CONTROL HYDRAULIC SYSTEM

The hydraulcw portion of the brake control simulator employed standard aircraft hydraulic
system components. The actual hydraulic configuration of each of the three aircraft was
mocked up. The major components common to most of the aircraft braking system are:

* Aitiskid valve

* Pilot metering valve

• Brakes

A Accumu'ator

* Tubing

To generate the proper hydraulic system response, line lengths and diameters, valve locations,
and restrictions were implemented as specified by the technical documents for each airplane.
The brake hydraulic system of each aircraft is activated by a pilot input to the pilot metering
valve. As the pilot applies force to the brake pedals pressure is metered to the antiskid valve
and brake.

"1 he main function of the antiskid valve is to modulate the brake pressure based on an electrical
signal from a control box. To maintain the proper pressure and flow characteristics through
the antiskid valve and pilot metering valve, actual aircraft brakes were used. This ensured that

the correct pressure-volume relationship existed during system operation. Because the system
pressure is modulated by the antiskid valve, large demands can be placed on the hydraulic

supply. To partially eliminate the resulting supply pressure fluctuations, an accumulator is

placed in the system supply line.,



SECTION III
B-52H BRAKE CONTROL SYSTEM DESCRIPTION

AND SYSTEM CHARACTERISTICS

The B-52 Brake Control System consists of skid and locked wheel detectors, control shields,
a hydraulic system and brakes. The control system is designed to automatically release and
reapply the brakes in response to signals generated by the detector and control shield.

The hydraulic system mockup used in the B-52 sensitivity tests is shown in Figure 1. The
mockup represents one quarter of a B-52's brake system. Each of the four systems has its
own hydraulic supply and control shield. Each system operates independently, but all are
actuated by a single pilot command. Figure 2 is a system schematicý identifying the mockup
components. Table 1, in conjunction with Figure 2, defines the significant hydraulic system
information. Table 2 details the specific hardware used in the mockup.

1. SYSTEM DESCRIPTION

A. ANTISKID CONTROL SYSTEM

The B-52 Mark I antiskid control system consists of three components; the skid and locked
wheel detector, the control shield, and the solenoid valve. The detector is an electro-mechan-
ical device, providing logic signals to the control shield. The shield is a power conditioner
containing a series of relays. The relays interpret the logic signals from the detector and
apply an electrical signal to the hydraulic solenoid valve, to dump or apply metered brake
pressure.

The detector shown in Figure 3 is the heart of the antiskid system. Its function in the system
is to signal wheel decelerations above a preset value. The device is mounted in the axle and
is driven by wheel hubcap rotation. The skid sensing portion of the detector consists of an
inertia flywheel and an overload-release clutch. When wheel deceleration exceeds a predeter-
mined rate, the flywheel's inertia causes the springloaded clutch to release, The overload
torque decelerates the flywheel at a rate which is much smaller than the wheel lock-up dcceler-
ation rate. This causes a set of electrical points to move into contact, thereby completing the
skid circuit to the control shield. The shield in turn provides an electrical signal to the anti-
skid solenoid valve resulting in a release of brake pressure.

As the wheel accelerates back to synchronous speed, the contacts in the detector open, re-
movi:ng dhe signal from the antiskid solenoid valve. Thus, the pilot's metered pressure is again
applied to the brake, allowing the skid cycle to repeat.

The antiskid control system, as described above, is rcpresented by the functional block diagram
of Figure 4.

The second function of the detector is to provide locked-wheel protection for the paired wheel
in a lock-wheel set. A commutating switch simply senses the existence of wheel speed. This
switch allows completion of the skid circuit during a locked-wheel condition.

f 2



Figure 1.-B.52H Brake Hydr,aulit System Mockup
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Table I.-B-52H Brake Hydraulic System Mockup

LINE
LINE LINE LENGTH

DESCRIPTION NUMBER SIZE (INCHES)

ACCUMULATOR LINE 1 8535 21

SUPPLY LINE 2 8S35 17

METERED PRESSURE LINE 3 8A35 92

A-BRAKE PRESSURE LINE 4 6A35 10

5 6A35 24

S6 6S28 30

7 8S35 13.5

8 3/8" 50
Hose

9 6S28 21

A-RELIEF PRESSURE LINE 10 6A35 15

B-BRAKE PRESSURE LINE 11 6A35 10

12 6A35 14

13 6S28 29

14 8S35 13.5

15 3/8" 50
Hose

16 6535 17

B-RELIEF PRESSURE LINE 17 6A35 22

METERED PRESSURE RETURN LINE 18 8A35 ks necessar)

BRAKE PRESSURE RETURN LINE 19 6A35

RELIEF PRESSURE RETURN LINE 20 8A35

COMMON PRESSURE RETURN LINE 21 8A35

COMMON PRESSURE RETURN LINE 22 8A35

;4 . .5



Table 2.-B-52H Brake Hydraulic System Mockup Components

NATIONAL
ITEM STOCK NUMBER QUANTITY

CONTROL SHIELD 1630-00-621-0657 1
SKID AND LOCKED WHEEL DETECTOR 1630-00-650-0788 1

PILOT METERING VALVE (MECHANICAL 1650-00-332-5721LE 1
ACTUATION)

DUAL ANTISKID VALVE 1630-00-620-4452 1

RESTRICTOR 1
FUSE 1650-00-839-7856 2

CHECK VALVE 48aO-0O-698-3314 2

RELIEF VALVE 4820-00-529-4180 1

BRAKE SWIVEL ASSEMBLY 1650-00-306-9778 2

ACCUMULATOR 1650-00-898-983 1

BRAKE ASSEMBLY 1630-00-777-6698 2

I

I!
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B. LOCKED-WHELL AND "TOUCHDOWN PROTE(2TION

rlhe two wheels of Vach gear arc connected as a p;air to provide locked-wheel pr,,tection. 'lhe
iocked-whioel prot,.-ection vactjiated whetn onc wheel of a pair reache a velov;ity of at least
3o rpm. A lo. ke-fd-wieel .jgna, if) provided when one wheel of the pair locks or faiis to spin-
up. i"e rotadt:ng wheel then supplies a braker release signal, allowng the wheel io spin-up to
sM iicliro;o:us speed. I lowever., -0outd both wheels ol i lo,.ked wheel pair stop rotating no
protecton , provided.

-osichdown protection vi viovided by squat switch logic In the air the switch is closed
conpit, ing a skid cIrcuit resulting it, a brake release signal to the antiskid valve.

C. BRAKE HYDRAULIC SYSTEM

"Tie B-52 brake i;ydrauhc system is composed of four simular subsy,.tems. E cli subsystem
supplys the two brakes off a gear with brake pressure. Tie descrip;o: to follow ;s typical
of each subsystem, however. differences are also explainwd.

lac-h hydraulic subsystem consists of a pilot metering valve, a dual antiskid (solenoid) valve.
an accumulator, restrictors. fuses ar-d the associated tubing. Hydratilic pressure at 3000 psi
enters the pilot metering valve. The valve designed to control pressure, meters hydraulic%
pressure to the antiskid valve in dliett proportion to the force applied to the valve. T"he input
force is controlled by the pilot. The two forward metering valves are mechanically actuated
by a cable and linkage airangement from the flight deck, The two aft metering valves are
hydraulically slaved to the left forward metering valve.

The output pressure of the metering valves is limited to 700psi by restricting the input force.
Pressure from the metering valve enters a dual antiskid valve and is ultimately routed to the
brakes through a restrictor and fuse.

'rhe B-52 antisk'd valve is an electrically operated solenoid valve. Its function in the brake
system is to modulate brake pre5sure. The valve is spring loaded and biased open to supply
pressure in the unenergized state In this condition the brake is pressurized. When energized by
by a skid sigi:al the supply to brake port is closed and the brake to return port is opened. In
this :ondition, brake pressure is reduced to return pressure resulting in a brake release.

The accumulator located on the supply pressuie side of the pilot metering valve serves a dual
purpose in the system. First, it helps to maintain pressure at a constant level by absorbing
fluctuations iii supply pressure. The accumulator also allows limited brake application in the
event of a hydraulic supply system failure.

D. BRAKES

The B-52 brake is a multiple disc design with 4 i'otors. The brakes used during this study
were overhauled Bendix units.



2. BRAKING SYSTEM CHARACTERISTICS

Preliminary to the sensitivity study, various system and component characteristics were
measured. The dynamic response of the B-52 brake hydraulic system is shown in Figure 5.

j This figure is a representative step response curve for the system. At time equal zero, a step
change in brake pressure is commanded, the time history of brake pressure is then recorded.,
Tile signal for step response was applied to the antiskid valve while the maximum pressure
level was controlled with the metering valve. A compilation of flhe step response data is
shown in Table 3.

Due to the on-off characteristic of the B-52 antiskid valve, frequency response and pressure-
current characteristics were not run.

The pressure-volume characteristic of the standard B-52 brake is shown in Figure 6.

3. SIMULATION AND TESTING OF B-52 SKID DETECTOR

The B-52 Mark I skid and locked-wheel detector is an active dynamic component in the anti-
skid system with time dependent behavior. This required that its operational characteristics
be included to assure proper antiskid system performance., Equipment and instrumentation
restrictions dictated that the detector be simulated on an analog computer.,

The detector provides the brake control system with a signal which results in step changes in
co•itmanded brake pressure. Tile inherent delay times and duration of the pressure command
are unique characteristics of the device and must be duplicated for proper brake control sys-
tem response.

The skid detector is shown schematically in Figure 7. The major components simulated are a
rotor. clutch and flywheel. The rotor is mechanically connected to the wheel-tire assembly,
and provides the input to which the clutch and flywheel react. A spring connecting the
rotor and clutch acts to center the clutch during synchronous operation. The clutch and
rotor can rotate relative to one another until the rotor impacts a clutch travel limit which is
simulated with a stiff spring.

During synchronous operation, the rotor, clutch and flywheel all rotate at the same speed. At
"the initiation of a skid the rotor angular velocity decreases, resulting in relative motion between
rotor and clutch until the travel limit is impacted. Then the inertia forces of the flywheel
overload the clutch and cause the flywheel to slip around the clutch. This slipping action is an
indication of a continuing skid, holding :he electrical contacts closed. When the wheel re-
covers from the skid, the rotor speeds up, causing relative motion between rotor and clutch,
opening the electrical contacts. As the opposite travel stop is impacted. the clutch is forced
to move with the rotor, causing an overload in the opposite direction, until the flywheel
spced matches that of the rotor.

A block'diagram of the skid detector is shown in Figure 8 and defines the skid detector's

dynamic characteristics. The values of the parameters used in the skid detector simulation
were determined from engineering drawings of the device and laboratory test results and are

s.hown in Table 4.

ii10



00

4 * . c%

CL

*U ,~ . 4

. .r C/)

L&J

*: iw LL) ~

co A
-. 03

........ 00

C CD
U-<

&n 10 I



LLiJ

Ln CL UjL~ I I I I
V) La C ~LAJ
LAJ- CL C
CX (A

M-

M Lo V .) in- to .co (D (%

>. 0..

Lai La Lai

-)LaC(-) C. 0D Un 0D i LO 0D
LL) a LAJ 0-. rE C_ CD

V) La (

V) ix

m LW.'

a, '4- (A3 C'O C*4 C) 'n
Ln C)"..) 0o 0l 0D 0o 0W 0

w~ V, La c n n L.I o

La (AnC>C

0e V) 0.-
C') -: 4u 4'A ~ in 0D iO

Oj J(A~ W J w qr . iý n in 01
uJi- L.J.. E (D

-0 :5

(A 0 0 n 0 10 0 0

C.-0 0 0 0 0 0

QC CD CDCIC)

in 0 in .t' 0ý in
LAJ i. en r -. kD ell

I-)

V). (A

~LA-
A< LAJ LAJ

* i-a C~) 12



800-

7~ 00 - -

200 -

5001

3003



SPRING

CLUTCH

CLTC, 
FLYWHEEL

CL TC

ROTOR, MECHANICALLY----- STOP
CONNECTED TO WHEEL
AND TIRE ASSEMBLY

Figure 7.-8-52 Skid Detector Schematic
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Table 4.-B-52H Skid Detector Parameters

PARAMETER DEFINITION UNITS VALUE

C Rotor-Clutch Damping Coefficient lbf-ft-sec 6.82 x 10-4

K Rotor-Clutch Spring Coefficient lbf-ft 4.15 x 10-4

K1 , K2  Skid Stop-Spring Coefficient lbf-ft 6.49 x 10-2

Ic Clutch Inertia lbf-ft-sec 2  Q1.097 x 10-6

If Flywheel Inertia lbf-ft-sec2  3.25 x 10-4

T Clutch Overload Release Torque ft-lbf 2.156 x 10-

01 Skid Stop Rotation Angle Radians .4363

e2 Recovery Stop Rotation Angle Radians .2269

I2

tI
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To make the skid detector simulation absolutely correct, the overload release torque should
be a function of position difference rather than speed dillerence. Due to compurcr limitations
this aspect was compromised, however, the dynamic response of the detectors was not effected
significantly.

In order to "tune" the skid detector simulation, actual hardware performance laboratory tests
were conducted by connecting the detector to a high response hydraulic" motor, Skid signal
delay anld contact times were measured as a function of initial rotor speed and deceleration
rates A typical test trace is shown in Figure 9. Test results indicated the skid signal delay
iitm.s inversely related to rotor deceleration rate, as slihwn on Figure 10. Only a very slight

dependence of delay time (less than 7';) on initial rotor velocity was noted over the test range.
As shown on Figure II, the contact time is directly dependent on initial rotor speed. Analog
computer simulation results for a series of similar skid detector tests are also shown in Figure
10 and 11. Good agreement between test and simulation results can be noted.

In addition to the analog simulation of the skid detector dynamics, two electronic circuits
were required to complete the detector simulation. Figure 1 2 depicts the circuit used to
simulate the skid detector's point contact during a skid cycle. When a skid occurs, the output
of the analog simulation is a high voltage which turns transistor Q1 on. Point A is grounded,
completing the detector's skid circuit.

To provide locked-wheel protection, the detector's wheel ,peed commutator was slmulatd.,
A schematic of the resulting circuit is given in Figure 13. As shown, wheel speed from the
analog computer is used to drive a voltage control oscillator (VCO) at the appropriate fre-
quency. The output of the VCO in turn causes transistor Q2 to turn on and off simulating
the commutator's action. The trim pot is used to provide adjustment of tne commutator's
pulse width (see Figure 13).

I
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B-52H SKID DETECTOR
PART #40-193A

0 AVERAGED DATA
o3 COMPUTER DATA
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DECELERATION (rad/sec 2 )

Figure 10.-B-52 Skid Detector Delay Time Vs. Deceleration
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SECTION IV
KC-135 BRAKE CONTROL SYSTEM DESCRIPTION

AND SYSTEM CHARACTERISTICS

'['he KC-1 35 scnýtitvav studies were conducted with the Mark 1I Antiskid System modification.
1 he initial KC-1 35 I)rake system wa o a Mark I on-off zystein, while the Mark 11 is a modulating
pressure system. Figure 14 shows the KC-I 3IS brake hydraulic system mockup used for these
tests The mockup represents the bIrjke hydraulics associated with one main landing gear or
one-half of the brake system. Figure i 5 is a schematic of the mockup and can be used to
identify individual irydrmlic, comiponents. In addition, this figure, along with Table 5, details
the hydraulic configuration. Table 6 is included to identify the components used in the
mockup.

1.. SYSTEM DESCRIPTION

A WHEEL SPEED TRANSDUCER

The KC`-l 35 wheel speed transducer consists of a rotor and a coil assembly as shown in Figure
16. A transducer is mounted in the axle of each t)raked wheel with the rotor attached to the
wheel by a hubcap. Rotation of the rotor produces a transducer output currer.t with frequency
proportional to wheel speed. The transducer's basic operation is as follows. Current is supplied
to the coil assembly which creates a magnetic field. The rotor turns within this magnetic field.
Teeth on the rotor cut through the magnetic field inducing an alternating current on the coil
current. This alternating current is fed into the antiskid brake control box providing wheel
speed information.

* - B. ANTISKID CONTROL SYSTEM

The sensitivity study of the KC-1 35 was conducted with a Mark 11 antiskid control system.
lhe Mark 11 is a product of the Hydro-Aire Division of the Crane Company. A simplified
block diagram of the system is presented in Figure 17.

t The Mark !1 antiskid system requires active wheel speed information which is supplied by an
-• A. C. wheel speed transducer located in each wheel. The A. C. signal with frequency propor-

tional to wheel speed is received by the antiskid control box's squaring circuit. The squaring
circuit converts the sinusoidal wheel speed to a square wave with frequency proportional to
wheel speed. The velocity amplifier converts this signal to a D. C. voltage. The magnitude

of the D. C. voltage is a measure of actual wheel speed. The D. C. wheel speed is differentiated
S •in the deceleration amplifier to produce instantaneous wheel deceleration and compared to a

fixed threshold. When the derived deceleration exceeds the threshold, a brake release signal
is initiated. The duration and magnitude of the brake release is dependent upon the amount
by which the threshold is exceeded. In addition to this control, a pressure bias modulation
(PBM) circuit provides extended control after the wheel has recovered from a skid. The PBM
is basically a capacitor circuit, during a skid the capacitor is charged to a level proportional
to the duration and magnitude of the skid. After the wheel has recovered from a skid, the

capacitor discharges ramping pressure on. To ensure that the same brake pressure is not
reapplied after a skid, the PBM is chars..d to a higher level than it had prior to the skid.

2 I3V 3
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Table 5.-KC- 135 Brake Hydraulic System Mockup

DESCRIPTION LINE LINE LINE
NUMBER SIZE ýýNGýH)

ACCUMULATOR LINE 1 6S35 60

SUPPLY PRESSURE LINE 2 8S49 60

13 6S35 60

METERED PRESSURE LINE 4 8S49 60

PORT 1 BRAKE PRESSURE LIN.L 5 8S49 11

I6 8S49 16

I-7 8S49 170

- 8 1/2 in.hosE 81

BRAKE #1 PRESSURE LINE 9 6S35 63

BRAKE f2 PRESSURE LINE 10 3/8in.hose 24

PORT 2 BRAKE PRESSURE LINE 11 8S49 15

12 8S49 159

13 1/2 in. hose 81

BRAKE #3 PRESSURE LINE 14 6S35 63

BRAKE #4 PRESSURE LINE 15 3(8in.hose 24

"PILOT METERING VALVE RETURN 16 8A35 AS REQUIRED

ANTISKID VALVE RETURN 17 8A35 AS REQUIRED

2
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I
Table 6.-KC- 135 Brake '!,,Idraulic System Mockup Components

ITEM NATIONAL STOCK NUMBER QUANTITY

SKID CONTROL BOX 1630-00-918-0340 1

SKID DETECTOR 1630-00-918-0339 1

PILOT METERING VALVE 1630-00-610-7199 1

DUAL ANTISKID VALVE 1630-00-908-9999 1

FUSE 1650-00-672-8013 2

DEBOOST VALVE 1650-00-570-8397 2

I ACCUMULATOR 1650-00-584-9343 1

BRAKE ASSEMBLY 1630-00-058-5242 4

27
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1 lie singals from the PBM and deceleration amplifier provide the input to the valve dirver.
The valve driver provides current to the antiskid valve in relationship to input voltage.

C. TOUCHDOWN AND LOCKED-WHEEL PROTECTION

Locked-wheel protection in the Mark It antiskid system consists of an arming circuit and a
detection circuit. Trhe tour inboard wheels are combined to form one locked-wheel set, the
remaining four outboard wheels form another locked-wheel set. The system is armed when
either of the locked-wheel sets are rotating faster than 20 knots. If a wheel speed drops
below 15 knots after the system is armed, a signal is then produced to completely remove
brake pressure. Locked-wheel protection exists as long as at least one wheel in the set is
rotating above 20 knots. If all four wheels in a set lock simultaneously no locked-wheel
protection exists.

Squat switch logicý arms the system in the air to provide touchdown protection.

D., BRAKE HYDRAULIC SYSTEM

The KC-135 brake hydraulic system as pictures in Figure 14 and 15 consists of the following
major components: an accumulator, a pilot metering valve, an antiskid valve, two deboost
valves, and four brakes. During normal operation the pilot metering valve is supplied 3000
psi hydraulic pressure from the utility pressure system. The accumulator in the supply line
serves two functions. Under normal conditions the accumulator decreases fluctuations in
supply pressure due to large flow demands; in case of hydraulic power loss or shutdown the
accumulator supplies limited hydraulic pressure to the brake system.

The pilot metering valve is a pressure control valve with output pressure proportional to the

force applied to the valve's actuator levers. The pilot controls the force through a mechanical
brake pedal and cable linkage. The function of the pilot metering valve in the brake system
is to control the maximum pressure available to the antiskid valve. Output pressure from the
metering valve enters a dual antiskid valve, From each of the two antiskid valve output
ports, pressure is routed through a deboost valve to two brakes.

j]Tilie dual antiskid valve is an electro-hydraulic pressure control valve., It has two individual

hydraulic circuits, each of which is controlled by a separate current input. Figure 18 is a

schematic of the valve, however, only one hydraulic circuit is showr Tlhe valve contains two
stages. The first stage is designed to convert the electrical signal from the skid control box
into a hydraulic signal., A torque motor, nozzles and flapper make up the first stage. The
application of current to the torque motor causes the flapper to move from the neutral posi-
tion (maximum pressure). Movement creates a pressure imbalance in the hydraulic bridge
formed by the nozzles. This differential pressure is applied to the second stage spool. The
resulting hydraulic force imbalance causes the spool to move allowing brake pressure to
change. As the ouput (brake) pressure changes, hydraulic feedback causes the forces on the
spool to approach equilibrium. When a force balance occurs, both the spool position and
brake pressure are in equilibrium. Thus, modulation of the electrical signal results in a
modulation of brake pressure.

30
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The deboost valve between the antiskid valve and brake simply reduces the line pressure. The
pressure iatio (output dtntiskid valve pressure to brake pressure) lor the KC-135 is 3.11 to 1.

As notd previously a single antiskrd valve output supplies pressure to !wo brakes. The KC-135
has a tour wheel truck type gear. A forward and aft brake on each side of the truck are paired
to receive a common antiskid pressure.,

F, BRAKES

The Mark I1 antiskid system modification of the KC-135 incorporates a 5 rotor disk type
t rake Modulation of brake pressures causes compression or relaxation of the brake stack
resulting in controlled braking action.

2. BRAKING SYSTEM CHARACTERISTICS

Various characteristics of the KC-135's brake hydraulic system were measured during the
sensitivity study. The dynamic response of the hydraulic system is pictured in Figures 19
and 20. Figure 19 is a respresentative plot of frequency response, while Figure 20 is a typical
step response. Tables 7 and 8 are a compilation of the dynamic response data resulting from
the sensitivity study.

The Mark 1I antiskid valve used on the KC-135 is a pressure control valve. Figure 21 is a
plot ef the valve's pressure-current characteristic. The effect of varying the metered pressure
is depicted by the three different curves. "lhe pressure-volume characteristic of the five rotor
KC- 35 brake is shown in Figure 22.
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Figure 21.-KC- 135 Antiskid Valve Pressure-Current Characteristics
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SECTION V
F-I I ! BRAKE CONTROL SYSTEM DESCRIPTION AND

SYSTEM CHARACTERISTICS

The' ;ensItp.It, study of tile F-I I :.-ade use oi hte brake hydrauhc system mofLku,; pictured
in Figure 23. 1 1W hm LoIkup. utIng .4toJ hardware. ldurhlcates ihc cntire brake" hydraulic'
system of the air,.ralt. File h',draulhC system scihmat•L. l-;gure 24. identifies the pertinent
s•,steim components. 'I h:s figure along with Table 9. definLes the s.ginicant dimensions and

tihing materils tised In the mo,'kup. I able 10 is included to detail the actual aircraft hard-
ware used in t'ie mockup and simulator.

1. SYSTEM DESCRIPTION

-' A. WHEEL SPEED TRANSDUCER

rule F-I I wheel speed transducer provides instantaneous wheel speed information to the
skid control box. The transducer, as pictured in Figure 25, is a 1). C voltage generator pro-
ducing a signal proportional to wheel speed. The device is completely self-contained and is
mounted in the axle. The arma ture of the generator is :ittached to the wheel and rotates with
it. The basic parts of the transducer as shown in Figure 25 are a permanent magnet, armature.
commutator, and brush assembly. Rotation of the commutator in the magnet field induces
an electrical signal proportional to wheel speed.

B. ANTISKID CONTROL SYSTEM

The brake control system employed on the F-I 11 is manufactured by the Goodyear Tire and
Rubber Company. The basic control elements of the system are represented in the block
diagram of Figure 26. The wheel speed transducers mounted in each wheel provide instanta-
Sneous wheel speed information to the control box. During normal antiskid operation the

transducer provides wheel deceleration information. This is accomplished within the deceler-
atIon detector, where the wheel speed is differentiated to produce deceleration. This deceler-

Sation is then compared with a threshold. When the deceleration threshold is exceeded a
,ignal is applied to the valve driver. The signal from the driver is proportional to the output
of the comparator, plus any signal from the pressure bias circuit. The valve driver output is
applied to the antiskid valve, and a modulator circuit. The modulator, coupled with the
pressur,- bias ircuit, provides an extension of the original control signal after the wheel has

Srecovered from a skid. The modulator charges to a level proportional to the frequency,
S .maen,.',de and duration of skid signals. After recovery of the wheel from a skid, the

modulator discharges. When applied io the valve driver through the pressure bias cir-
cult., the modulator signal ensures that a lower brake pressure is applied after a skid. In
addition, as the modulator discharges, brake pressure is ramped on. The modulator
signal is also applied to the deceleration threshold, automatically adjusting it to meet the
existing braking condition.

C, TOUCHDOWN AND LOCKED WHEEL PROTECTION

Touchdown protection is provided on the F-i I I to prevent application of brake pressure prior to
main gear touchdown, A squat switch is used to provide a logic signal to the antiskid circuit.
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VALVE ANDRETURN

ANTISKID VALVE
ASSEMBLY

SUPPLY

S•i • •BRAKE
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Table 9.-F- 111 Brake Hydraulic System Mockup

LINE LINE LINE
DESCRIPTION NUMBER SIZE LENGTH

(IN)

SUPPLY PRESSURE LINE 1 4S20 30

ACCUMULATOR #1 LINE 2 4S20 50

ACCUMULATOR #2 LINE 3 4S20 30

VENT LINE 4 8S28 35
iot on mock-
UP

HAND PUMP PRESSURE 5 4S20 78
Not on mock
up

BRAKE PRESSURE LINE 6 4S20 192
Typical

I 4 places

j7 1/4" hose 60

Typical
4 places

RETURN PRESSURE LINE 8 8A28 50

A4
,.' 42



Table 1O.--F- 111 Brake Hydraulic System Mockup Components

ITEM PART NUM3ER QUANTITY

SKID CONTROL BOX 1630-00-050-7726
SKID DETECTOR 6115-00-939-3245 LE

VALVE ASSEMBLY
PILOT METERING VALVE 1630-00-925-3156
ANTISKID VALVE 1630-00-949-7849 2

ACCUNULATOR 1650-00-880-3176 2
BRAKE ASSEMBLY 1630-00-082-7955

i4
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Prior to aii plane touchdown the circuit supplies a dump command to the antiskid valve
which prevents metered pressure from entering the brakes. A wheel speed signal above
20 knots will over-ride touchdown protection.

Locked wheel protection is provided by comparing the wheel speed signals from the F-I I1 's
main gear wheels. In the esept one wheel speed drops below 20 knots, the locked wheel
protection logic supplies a brake release signal to the antiskid valve of the low s'3eed wheel.
If the wheel does not spin up after 1.35 seconds (approximate) the antiskid system is auto-
matically de-energized.

D. BRAKE HYDRAULIC SYSTEM

The F-I 11 brake hydraulic system is composed c:. two accumulators, a pilot metering valve,
two antiskid valves, hydraulic tubing and brakes. Hydraulic pressure at 3000 psi is supplied
to the metering valve by the utility hydraulic system during normal operation. In emergency
and power off braking situations the two hydraulic accumulators provide pressure for braking.

The brake hydraulic system is a dual-normal design, two independent hydraulic circuits
supply pressure to each brake. This design, along with a directional control requirement,
results in a need for four pilot metering valves. Each metering valve controls pressure to one
hydraulic circuit. The metering valve is a pressure control valve, its output is directly pro-
portional to the force applied to the valve's actuator lever. The force is controlled by the
pilot from the cockput through conventional brake pedals mechanically linked to the meter-
ing valve actuator. Pressure from the meter valve enters an antiskid valve and is then routed
to the brake.

The antiskid valve is an electrically operated pressure control valve and is shown schematically
in Figure 27. The purpose of the valve is to modulate thc brake pressure eliminating deep
wheel skids. The antiskid valve receives its electrical control signal from the skid control box.
As seen in Figure 27, the valve's basic components are a linear force motor, a first stage spool
and sleeve and two second stage spools and sleeves. The valve's basic operation is as f,'dlows.
An electrical signal is applied to the linear force motor, generating an imbalance of forces on
the first stage spool. First stage control pressure will change until the pressure force equals
the motor force. The resulting control pressure is applied to the second stage, causing a force
imbalance on the spool. The second stage output pressure will change until it balances the
force due to the first stage control pressure. Second stage pressure is directed to the brakes.
Modulation of the electrical signal to the first stage ultimately results in brake pressure modu-
lation.

The pilot metering valve and antiskid valves on the F-1I I have been integrated into one
assembly. The essential hydraulic circuits of the unit are shown in Figure 27.

E. BRAKES

rhe F-I II A has two main wheel brakes per aircraft. The brakes are a multiple disk-type
assembly, each consisting of rotors, stators. pre:ýsre plate, hydraulic housing and pressure
pistons. The housing contains two independent pressure chambers, with each chamber actu-
at:ng one-half the pressure pistons. When brake pressure is applied, the pressure pistons force
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the pressure plate, rotors and stators into contact. This action creates a friction force which
decelerates the wheel. Removal of pressure releases the brake allowing the wheel to free roll.

2. BRAKING SYSTEM CHARACTERISTICS

During the teting of the F-I I , the characteristics of the brake hydraulic system and individ-
ual components were measured. The dynamic response of the hydraulic system is shown in
Figures 28 and 29. Figure 28 is a typical system frequency response plot, while Figure 29 is
a representative step response plot. Tables 11 and 12 compile the dynamic response results
from various test conditions.

The pressure-current characteristic of the F-I ii antiskid :alve is shown in Figure 30. The
effect of varying metered pressures is also depicted.

The pressure-volume curve of the F-I II brake is shown in Figure 31. The P-V characteristic
was measured by externally connecting the two individual hydraulic chambers together.
Consequently, the volume of both chambers were combined.
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SECTION VI
REGION OF ANTISKID SYSTEM OPERATION ON MU-SLIP CURVE

The purpose of an antiskid system is to maximize the braking effort and at the same time

prevent tire skidding. The actual level of braking attained is a dixect result of the antiskid
system design and implementation. During the sensitivity studies, an effort was made to
measure how effective each antiskid system was at maximizing braking. To determine the
level of operation, an os.illoscope was used to plot grouna friction ( mu) versus wheel slip

"1 he ideal antiskid system should operate at the peak of the mu-slip curve, maximizing friction
and limiting slip. Actual systems opciate over a region of slip and at friction levels lower than

Max~inum. Early antiskid systems tend to operate over a wide range of slip, which results in
a %ery low friction level. Present systems are designed to operate over ! smaller slip region
near the peak friction value.

The actual region of mu-slip operation is described for each antiskid system in the following
paragraphs. Regions 1, 11 I11, and IV, as depicted in Figure 32, will be used to define the
operational characteristiLs of each system.

1,• B-52H MARK I

Tile B-52H brake system is torque limited when ground friction is greater than .4 and/or the

aircraft's landing weight is above 250,000 pounds. Under these conditions, the wheel oper-

ates on the front side of the mu-shp curve (Region I). As available ground mu drops or air-

Lraft weight is lowered (torque limiting does not occur) skid activity will occur with the

antiskid system operating in region I at high speed. Deeper skids occur as the aircraft slows

(Lycling from region I into regions If and 111) until full wheel lockups (Region IV) occur at

about 40 knots. From this point on. the wheel simply cycles between 0 and 100',' slip
(region I to IV).

2. KC-135 MARK 11

The KC-135 Mark I1 antiskid system operates in regions 11 and Ill at all values of peak mu.

During high speed operation, the system cycles in region 11 only. As the aircraft slows de,.per

skids occur with the system cycling into region Ill. As the antiskid system initiates brake

releases, the wheel recovers from the high slip condition by cycling up the back side of the

curve into region If.

3. F-i I I GOODYEAR SYSTEM

The Goodycai antiskid system found on the F-I 11, allows the wheel to operate primarily in

regions I and II at all peak available mu levels. However, a- the aircraft slows the skid depth

increases extending system operation into regions Ill and IV.
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i
SECTION VII

DETAILED SENSITIVITY STUDY TEST PROCEDURE AND SEQUENCE

1. T1ST PROCEDURE

Flhe sensitivity study ot the braking sci~nen• consisted of nine separate system tests. The
tests were implemented as the system parameters were varied, one at a time, to determine the
scsitivity ol aircraft performance to each parameter. rhe tests can be divided into three
,:at egories

* Stability studies

* Performance studies

• Hydraulic system studies.

Tile tests performed in each of these categories are outlined below.

A. STABILITY STUDIES (Test 1)

System sta, ility is directly related to stopping performance in that severe instability will
result in loss of braking and can present a serious safety hazard, In this study, the ability Oi

a brake control system to contribute to the stability of the landing gear was evaluated. The
stability margin of the system was determined by finding the damping required for stability.

The ,'.rpose of the te, t was to determine the contribution of the brake control system to
I- dmng gear oscillations.. During a run, the brake torque was caused to peak from its nominMl
value to its maximum value numerous times during a stop. The timing was varied so that the
steps wouIl occur during all operational modes of the control system. The strut displacement
was monitored to determine the influence of the control system on strut stability. Two gear
frequencies were evaluated to cover tihe expected range of natural frequencies for the system.
Gear damping was varied to find the point where the system becomes unstable.

I he, gear frequencies were changed by altering gear mass or gear compliance., The ability of
the system to dampen gear oscillations for two different compliances and masses was assessed.

B. PERFORMANCL. STUDIES

I lie brake system was evaluated under four different conditions chosen to provide a measure
ol its performance capability. These include airplane touchdown dynamics, stabilized landing,
step mu change, and wet runway. Of the four tests, three fall into the general category of
hystem adaptability to typical operating conditions. Icy or wet patches on an otherwise dry
runway were simulated by the step mu test. Typical load changes encountered during high
sink rate landings were simulated. Mu changes with speed as encountered on a wet runway
were evaluated. The other condition covers the general category of stabilized performance.
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1. Touchdo, ni Dynam.cs (Test 2)

The purpose was to deternine trauii':ent response up(on toucldown. The test was initiated
by applying the aircraft brakes at a speed VA. During the run front speed VA to VB. v.rical
ground force was varied in a manner to simulate a typical touchdown load piofiie of the an-
plane being tested. The vertical ground fo,:ce was restored to its lull value when the braked-
vehicle speed reached a value of VB. Full pilot metered pressure was vailable during this and
other runs, unless specifically mentioned otLerwise.

2. Stabilized Landing (Test 3)

"The purpose of these tests was to measure brake system efficiency under a stabilized braked

)ndition. The tests determined a baseline performance for each system.

During the tests, the vehicle wa,, braked at a preselected braked speed VA. Braking was
continued until the vehicle was brought to a full stop. During these tests, the peak ovailable
ground mu was held at a constant value throughout the entire run. rhis value was varied
from one run to another to cover the entire range of available ground mu (0.05, 0. 1, 0.2.
0.3, 0.4, 0.5, and 0.6).

3. Mu Steps tTest 4)

The purpose of this test was to measure brake system adaptability under adverse runway
conditions. The test was designed to simulate sudden changes of available ground mu result-
ing from water puddles, icy patches, or the presence of tr strips.

The braking run proceeded for the first few seconds with a high available m1. Then the first of
several mu step changes occurred. Each consisted of a pulse width of 750 milliseconds drop-
ping the mu to 0.15. Aftr each pulse, the mu was restored to its high value for 5 seconds.
Thus, auring the test, the system was subjected to sever d step changes so that its operation
under a variety of conditions could be observed.

4. Wet Runway (Test 5)

The purpose of this test was to study system performance under adverse ri nway conditions,
During the test, the value of peak available ground mu was made to vary from a low value
at high speed to a high value at low speed. This relationship is representative of the available
ground mu normally encountered on a wet runway. Thie value of mu at high speed was mod-
it ied in some cases to allow the wheel ample ground friction to spin up the wheel.

C. HYDRAULIC SYSTEM STUDIES

1.: Hydraulic System Response (Test 6 and 7)

Frequency response and step response tests were run on the brake hydraulic system. Fre-
quency response tests were run over the frequer.cý range of 0.5 to 50 Hz and at amplitudes
ol ± 100 psi and ± 200 psi. This test was conducted at mean pressure levels of 33'7, and 66%
ol supply pressure.
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The step response curves consisted )I'lhe following steps indicated in percentage of supply
pressure:

From To

0 50

0 90

100 20

100 0

90 20

The input to both tests was valve current, and the 'utput was the pressure at the brake.

2. Antiskid Valve Characteristics (Test 8)

Static pressure versus current curves were also *un on the servo valve foi each airplane at
metered pressure levels of 337c, 667,,. and 100% of supply.

3. Hydraulic System Pressure - Volume Characteristics (Test 9)

Pressure-volume characteristics were measured for each brake.

2. TEST SEQUENCE

The sequence of the tests is given in Table 13.

59



Table 13.- Test Sequence

AIRPLANE VARIABLE CHANGES

AI RPLANE

BASELINE 1 - 9

AIRPLANE

la - Id 3,5 W, Iyy, Vi
le - lh 3,5 W, Iyy

2A & 2b 3,5 Iyy, LAs LB

3a - 3f 3,5 VI

4a - 4e 3,5 CL' CD

4f - 4i 3,5 FEO, KE

5a & 5b 3,5 PILOT'S METERED PRESSURE

RUNWAY AND ENVI RONMENTAL SYSTEM

la - if 3,5 Vwind

2a & 2b 3,5 RHO

LANDING GEAR SYSTEM

la - Id 3,5 j.o SHAPE

Vi
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SECTION VIII

PERFORMANCE INDICES

Tables 14 through 19 contain the numerical values of the performance indices for all of the
aircraft tested. Listed for each test condition is the available friction (mu), airplane braking
distance (XA)- perfect braking distance (Xp), and braking distance efficiency (6.).
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Table 14.-B-52 Baseline Braking Data

TEST CONDITION Mu Xa

.6 618 1858 33.3

.5 720 1864 38.6

TEST #2 .4 867 1905 45.5

TOUCHDOWN

DYNAMICS .3 1100 2105 52.3

.2 1527 4062 37.6

.1 2594 6024 43.1

.05 4214 8219 51.3

.6 571 1779 32.1

.55 619 1766 35.1

.5 675 1754 38.5

TEST.45 
743 1762 42.2

.4 825 1775 46.5
STABILIZED .35 929 1748 53.1

STOPS .3 1063 1852 57.4

.25 1242

.2 1497 3904 38.3

.15 1887 4434 42.6

.1 2574 5694 45.2

.05 4209 7830 53.8

ESi v4 MU-STEP 720 1953 36.9

TEST #5 WET-RUNWAY 1985 3434 57.8
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Table 15.-B-52 Sensitivity Test Data

;4t4T ontcro,,% No I. c~ it

Lwdsg te3h 9,týt_

_ _ _ _ 2_ _ 4 - -I I_ _ _ %

ý 47e4 2840s~ 4.4

5.'m iflý. a's p544t V!

0' .. v.4. 720 I 44 A

-t0 
Z,43 54.

"0,ý eP i ho t e j 4 j S .5 8 -7 5 ,5 S

[04 *47 805 4 4

0e 'SZ 14 1 5,8

L. (65 2414 44.0

*0 -45 -8.. -1 Z-1

* 457 5%b%

1. ~ ~ j-1 4.4%6; __ _

It, 2". Tc 612.OC.mW

j 2 4ZSA -A, 41

" "19.0 2,14 4'?a
%% ~04 Z,46% %4.4

2 4 410A 17 4-5

-?401L 2041 458

04 4.5500 6 X4$ 84-5

*0~~~ 2 4. 45 5
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Table 15.-B-52 Sensitivity Data (Continued)

condition Des rtpt. an I9j X

Sl Bake Aliplicatla' Speed - 30 . _________

Stabilized Landinq 0 6 Z 1 5-5 5 5.

0 2 465%
0 1 .~o 55 '1

wet Runway 4-550 :s . 0

f341 $rake Acpplication Speed - n

Stabilze Lan4~uding 0 6 1(- Vs 51 5's 2

0 4 112 4, 4 51

Wet P.-,,4 -~e, 9s

if &rake Ap'plication 5Peqn - 10 In

Stabilized Landing 0 6 a I - '

04 IM. 4.4.0 45 x

0.2 Se t

0 1 Lill 4 21 457

Wet R~unway 3011 *551

too Spo.ilers ____ ____ ____

S SUbi Hzed Landing 0 6 1155 1.5 1.

0 4 Z.4( 511 45

0 2 4.00 '110 4c,

0 1 4.,-40 1104-5 4ss

Wet Ruwa.y 41-50 2.4,1 561.

41, WS Effective !poilers

Stabilized Landing 0 6 9 55 90

0 4 117. 8%1 400

0.2 S0440 IS45 INS2

0 1 5'"- 2.5 4.

Wet Runway S51.V1 20ý1. S1 I5

4C 601 Effective Spoilers

Stailized Lard1119 0.6 I-IS (.06 MA4Z

0 4 '96 15 469

0 2 4026 %%,1 400
0 1 5s11%0 2,4, 41Z

wet Ruma.56 X.4Z -.05

4d 401 Effective Spoilers ____ ____

Stabilized Landing 0 6 if.6 "s2 54.

0 4 'essi 5.0b 404

0 2 4,4. ý 1'.44. 5,51

0 1 1.051 Z15110 410

Wet Runiway 3151 lfl. sdll

4. 201 Efffective Spollers

Stabilized Landing 0.6 16'%5 452t sss

0 4 1501 1 'a 495I

*0 ?_ 4284 tics Iss
0.1 6.204 X11151 415

____ Wet Runway. .%50 25.11 -5-11,0

4f 120% Enlgine Idle Thrvit_____ ________________

Stabilized Landing 0.S15 1 510
0 4 !764 IS53 4(67

0.1 1.4 5. 457.Z

______ Wet RunMway "536 201 iS

40 1101 Engine Idle Thrust_____
Stabilized !&-lding 0 6 .1110 55 5

0 4 "I'll 625l 4%1k6

0 1 1 Z,.44 4465

We. Pw~y_____ 41 Ol 6Ij

I I' 64



Table 15.-B-52 Sensitivity Data (Continued)

11"d, I IA on. I'A

m 9,01% (nFn 880 Tu

S 44 40c0

wet Runway I__t s18 888

3 4 s.'X 6.1 ____4

0 2 .11%0 1471 t

O 1 S002. 4488 as it

Wet Ri2. S14 s44t is
o 751 of Full Meteried -reS.-t

s1 it .zed LIfdlnq 0.6

0 41 UST NT 0OT

Wet Runway

Sl 50' of full i*tered Pressre--

Stabili .zed Landing 0 6

0 T 4 TET MCT I 8

W11% '4.a8

S.tbilized Landin9g 36 0 si s

0 2 VL5. 40 0

4tfL itsi 41I

I R yC> I -r0-A 4

Stabillz.d Londing 0'6 .,. 4A j W55

a 1. Zi x its Sf-,,

, , 319% 'Ils 8 S.

met.1wa 2.3. -S 4 4 .

Stabilized L%2.ni 0.6 , nI , l |

0 4 1z 10-5I

.12

0,1 %soli't.•4

""
10 t

Stblzd161i . kQ 30. 4 ý A-



Table 15.-B.52 Sensitivity Data (Concluded)

"4t.t Day H1gh Altltudl__

Stabilized Ladifng 0 6

0,4 rn-I sýc 4,%2.0 2 Z • ,,b

0.1 SI - G(.s 440

Met Runway __11_ I__ _•s_ .5$ a

.,,,,, |ted Ln4,n9 0.6 _ _t. 5-.' 5,.•

0? 2 a 41 .5

0.1 4S0 r* ~
wet Ruwayce -Do510

Flat . - Peak

"lb Low T ire Heating

Stab lized Ln4ding 0.6 n'. -' 52 S
0.4 N7cS 8214 4 .G '

0.2 i 4es 4ý 1
0 1 6527- 2412 .3x Z

wet Runway _____ 5~

Ic Tire Inflatton Pressure g0; of

Nominhral Stabhilzed landmnq 0.6 114 S"7 5Z Z

0 4 Z225 S-1 51

_ _0 5*02 Z 42 s 4

1d T re Inflation Pr'sure 12014 of

MnI Stabilized Landing 0.6 18 10

•.~~~3 0.0'• •

0___ 1 55 f5 4S

wet Runway %SoSS 45 •

:4 __ _ _ _ _ __

ik

I! I
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Table 16.-KC- 135 Baseline Braking Data

TEST CONDITION Mu Xp Xa 7S

.6 1367 1631 83.8

.55 1461 1839 79.4

TEST #2 .5 1571 1974 79.6

.45 1701 2137 79.6

TOUCHDOWN .4 1859 2345 79.3

DYNAMICS .35 2057 2624 78.4

.3 2310 3074 75.1

.25 2644 3912 67.6

.2 3111 5120 60.8

.15 3817 6926 55.1

.1 5030 10135 49.6

.05 7793 .... .-

.6 1317 1552 84.9

.55 1411 1703 82.9

.5 1522 1893 80.4

TEST #3 .45 1655 2064 80.2

.4 1816 2283 79.5

STABILIZED .35 2016 2569 78.5

STOPS .3 2272 3040 74.7

.25 2612 3884 67.3

.2 3086 5108 60.4

.5 3800 7082 53.7

.1 5021 10885 46.1

_.05 7789 --- ...

TEST #4 MU-STEP 1625 2260 71.9

TEST #5 WET-RUNWAY 4132 6205 66.6

"" I6
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Table 17.-KC- 135 Sensitivity Test Data

'*d' %104 ~ Decrtlo., A

si J� o�, 44'"g weight With V,!

t40 6Ze• L 0 . 40%% 24 %IS _
04 4..0 Z%%I - 16

Itt ASIy is0

i'g ohd-9n, Weght Wit, 0! 1 1

2 ' 14(.
0.? '81 40%% 1 70

"" •, I*,az~~",m .di ng W~eigh t Wit .h o~ V!,,

I I Z

44Wet Runway .Io ,.

[ Mli- L ehdI44 We igiit 44.th V! _____ __________

Stailizedt Landing 0.6 _10___4_

0.4 1,*% It 7

0,t 6I4*aI • t S-2S, '-i b

~06

e4 Mwntuw.r. and'14Ag 0 Weig t Witou -I

Statb' lzq L1Idig9 0.6 Z21%0 1 N% 144I 1

I 0.4 "L0

02 41654 ala _ __

Wet Rti"86 " -, 1:__, I_

40 4 t_____ II .
4620 41

V * ~~0.4 14I '

02 LO.. Lancin hegh 0t4tV

StW M Lnig0 1 1446 .'I .26 6

0 ~ r 4 ~ 4.61

Ott 4 R 4441.1 0 6 .0 24 I%- Z 7 44 -

.a

0 2 asks is 04

* 4' zo
0.1.1 q. 68__ 1 0_I

wet__ Q.. 6k'.

00444 1144 .1514. 06tat4

; 1-

_____ wet koway t45 341-1 ____%

2t. ft 9ntt of g~ G 4 4. ty otV _____

Stab.',lt Landing414 0.6 W200 'XIO ,ý %
0.4 %es

02 1 .4 ~ 7

Wit0 417iAWi

F ~ A' Ct.!. 0. 042 I1. 68.



Table 17.-KC- 135 Sensitivity Data (Continued)

Canditi i Detcription

Sl• zdLn ng 0.2 •L.'. • ,Z7.b , -

•lt Rm0.y1 lI
5

,. I. i , 4 41
3b Drake Application Speed * 10 Kn._ _ _ _,

Stabilized Landliq 0.6 i14o 85S

0.4 Z~W 4 b13 s
0. %5"16 IZA1 , ".16

0.1 IiiJ5 I se.. 4

wat 4Iiefty 1.q,7 As 1'.1 7s

b Drake Appl cation $I o 2010 Kn.

Stabilized Landing 0.6 z4 s I 1 5.'*

- I

0 4 slbbL jiB. 81

0.2 z2l. -slits______4

0.1 46 *2

Wet Rutay 1 ±7, 6 . ' ,

3d Brake Application Speed - 20 a,.

I

Stabilized Landing 0.6 2014 I.' l

0.4 61 'T

0.2 414 4 Z•64..

0.1 li 41 50 4"

Wet Bd'WY 41,000

34 $rake Application Sped 1t 0 Kn.1
Stabilized Landing 0.64 X.t I' 0St.14U6.4

i.2 14-3 43,l1 6407

me1S t Rfectv (.ft ..

Stabi lized La•dOll9 0.6 1_ _ _ _ _*,4 _ _

0-..Z.4 ZIso 24210q ?i •

3# brok Applicatioe Spoleed! -. 5sz Kn.

aStabilited LaInding 0.6 1441 1%-% %A,,

0.4 t4'it--

0.2 '4.15 516h 0

0.1t 0.04 4-12 o 461

3f Broke Appicati o Speed -1

Stabilized Landing 0.6 swbz '11L. IN,

0.4 1%5sZ1 -re,

0.2 150 . 1

0.1 11-150 4401 411%

we &m4.iay J 1.ZV1'

40 40 poil6r



Table 17.-KC- 135 Sensitivity Data (Continued)

I0 Eff'ective _________

S b i led Landing 0.6 11614. l.t

Ci f~si i. s

Wet Runway 61114 %b.

41 120% Enin Idle vmh. 5

0 2 06,14 %.Isla
V-0, sztee %1%4. z

Wet IOway %`401 4s41 16'

49 1101 Engine 'Alt "trustt
Stabilized Lending 0.6 Wto ii 4

0 4 ZIA~ 5.2 Is& fi 4
0.2 soft SIlOi %4.4

0. 6~061F 441

Wet Runw'ay 4%5sm Alao. .S

4h, 90% Ergtn* Idle Thrust--
Stabiliz~ed Landing 0.6 Isis ISO& *5i4

0 4 ties 11601 1% a

0.2 so514. 0

0.1 101.1% 45.%4. 44.4.

4i 91 SM Engin We1 Thrust .4 04 A4
Stabi lized Landing 0.6 6446~ a

0.4 241. It got

0.2 41160 13

0.1 _______ 41MS 41

Wet RunayA1ts5 1j 4

7,50% oful Alee ~Presure 0 ~ l I: l

0.4 2112*5 to '7

0.2 $,be1 less 1 9"

Wet 
6
tie~ 4.50 4.20.1

wet S u.& too 4144.&*4 IStabiliz:ed Lanin~g 0.6 .4..7 1115 r.1 6
0.4- Ital 1"12, *AS
0.2 1w~ .v. 1 17.
0.1 Soso p55 4S

wet 
9
Mft&Y 4.154 MI4 4.%%0

IC 1Kn~ot Wind
Stabi It~e led Lanin 0.6 *2.44 Mia 02.5

-0.4- 211-S 0%.21 _ 1 5r
0.2 401 11111A SO5

*0.1 %37 34S% 840.

0.2v 4%1 -- Isvt 6,11

qr~~e01t.. gatr Cuo~ Lmi (0.10 SItMI

Wet RU70



Table ' .-- KC-135 Sensitivity Data (Concluded)

Caori titw opcerptio ON XA IF

Id 20 Knot MWnd

St.a lized LadMlrg 0.6 1114. 42L "4
0.4 S.*4 (I,.O I 11

0.1 ftft It" 4

1t -S Knot Widnd
S11billied Laiding 0.6 11.1 44 •44

0.4 1,41.M1 4b4 I" s

0e %ma 461 2. 44111 4I4

,If -10 Knot Wind
SSti 1114 Laiding 0.6 4s&t "4 44 I

0.4 so4 ~3 0

0. 2 1.4 bf.4 011c.
O. '44 t (.&41 44 I

wat Ola a.4. 401 L 1

2o "a Day - High AMtot.

Stabliliad Loading 0.6 '"L31

0.4 242, '044 I44
0.2 %S,4 'stlz fteo

0.1 IL10 15•'' •4.0 4SA-
4414. 4%,-7 *110 .2.44Tr1t 44.0 44.1

C2S Cold Day - Sao -evelf,

Stabilizde Lading 0.6 1 4I "304o 64.3
0.4 1-1oft I1"1 00 s

0.2 4I%.1 4.4 2.5

0.1 1141Z 4%6s 402

Wet Riwmy V'S 1•-,00, o I

14 Flat - a lPak

Stab I i ad Ladntdi 0.6 ,•4A ft•-T 44
0,4 z1. ,'.o ~ q

0,2 4• 3.1,I n.lt,

0.1 1,41.07 400 a4

Not RwAft~ c

lb LW Tire Hatingt

Itabilikad Lalding 0.5 $am* I 3.I

,,0.4 •,I• -1•Ib•"

" € TIeS SInllt810 Prelssara _________0___

lUminal: StabilfaaE L~ldiag 0.6" I1.40 41.1 4

0.4 4•t'0 40 4

40,0umI t 4,'I ,,.14
0.1 l4Z0 l040 447

vat HAimawl 1.02 4151. "&4a

'0fil 'tbl~ Landing___ ___sf IA e

.... 0.2 •~ ,, .

vat mt. --
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Table 18.-F- 111 Baseline Braking Data

J TEST CONDITION Mu Xp Xans

.6 1642 2192 74.9

.55 1751 2358 74.3

.5 1879 2648 71.0

.45 2034 2925 69.5
TEST #2 .4 2223 3349 66.4

.35 2457 3893 63.1

TOUCHDOWN 3 2762 4885 56.5

DYNAMICS .25 3170 6099 52.0

.2 3740 7958 47.0

.15 4621 9555 48.5

.1*
• I* --- --

.05*

.6 1574 2111 74.6

.55 1684 2304 73.1

.5 1812 2556 70.9

TEST #3 .45 1967 2861 68.8

.4 2156 3300 65.3
STABILIZED .35 2392 3909 61.2

STOPS .3 2696 4857 55.5

.25 3102 6315 49.1

.2 3677 7966 46.2

.15 455• 10054 45.3

.1*

.05 -----

TEST #4 MU-STEP 1955 2850 68.6

TEST #5 WET-RUNWAY 3528 6652 53.0

*See F-111 Test Note.
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Table 19.-F- 11 Sensitivity Data
cond, t iar Descrption NJ XA I It ns
|i a f. •." LLandltng weight With VI

Staiblized Landing 0 6 Z*14 r £11 1-1 I

0.4 .1 o1 s0%.. s.I

I U Z 1 0 54.V

Wet V•unway 2 5 4%4.% W.1

ht) High Landing Weight With V'I

Stabilized Ldlng 0 6 L.IL em 4.,s S41

0.2 so*, 4555l S4 4.

0.15 101'0 %41% 1 60% 1
Wet kunay 404 4960 4.1

Ic Low Landing Weight With VI
Stgbl dzed Landing 111,0 146 lat I 4

0 4 56131 552 4- .

0 2 7505s 24-ft 44.1

0.5 .0 diO410j 41 •

Wet Runway %"_,2. I.LSS 1 544

id Minimum L.andlng Weilght With VI I
Stabilized LIndlrl 0.1 IS4L. .1b b 4%

0.4 %150 1- 1 V %7

0.2 1.114 341ý%. j 44.A
0 15 6 1IL 554 SIb 4&%

Wet liurtly -&-irO l1iva so41Q

S Maxilmo. tLanding Weight Withn.t 00
Ubta. lized Land-g 0.6 4%%0 a&50 .1 4

0.2 '.15% S*46 ".5
0. 5 %,'cm. 4ex-b 4% 4 I

Wet Rgnway #wO 1.. 1615%1 624

it f 9'gh Landlng Weight Wit-tot VI
Stabilized kdlndg 0o6 -IS 1%161% 4

0.4 -12.0 tI "10

0.2 , oiL II'm 5"1

0.15 111411 4'r. 4*1
Wet Runway 1 - 01% '. m

19 1 ow La-ling Weight Without VI I

Stabl liz1. Landing 0.6 4 0,l1 I 1-10 ","q -1

v354 G4 1 144 .41

0 2 Z,.55 .455f s1

0.15 i 45 44*1 41 l

Wet Runway U.2.4b 54 to VU5

in Miniffý La1nding Wuigh. Witho.,t VI
Stabili2zed Lapd...g 0.6 %IL,' I51 ~ 1.

0 4 5504 115 4.016

0.2 4It •k~e S

0. 15 moo 44550 102.

Wr" R.-.ay &sixl_, 54. I %4x1 4

0.2 4ZS4 4004 ! 4

0.15 434 418

Wet 0un.1y ao s 355%. 41a

2b .ft 4tete of Gravity j
Stab- 1ize Landnn') 0.6 4,s 154 "13

0 4 M.150 504. 4"t•

T , 0.15 314.1 43%%1 446
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Table 19.-F-1l Sensitivity Data (Continued)

Conit, o Descriptbio NJ) x 0 p n

3a Brake Applicataio Speed - 5 KA __________ __________

Stailized Landing 0 6 12,la4 14.%] ISO

0 4 SS49 23,07 (.A 0

0 is 1 4S0. 4.

we t Ru.nway Ob 1,04 S5115 sis
BaeApplication Speed - 10 lin ____

II Sae Stabilized Landir. 0.6 j Zia* tel I51.

0 4 ~ U45 &44.- "411,

0.2 S116. 44.to 410ci

0.lb 40~~ t6

Sae Wet Runiway *2 11 ~ 1 5

Stabilized Landing 2..4.20. 12

0 4 .0 16 444

0.2 11144% A45b 40%

0.15 1 a2.V% SS"- 455S

W ___ et Rwftwiy W-%.1 440? TV%-

3d Brakei Apallcation Speed * 30 Kn.
Stabilized Landing 0.6 2.550 21al 111.

0.4 4-l 14 .

0.16 .o .S 55f30 rk Apication Speed - 5 Kn._ ___

S Stab01ilized Landing 0.6 alai 1"s 1 4

0 is 144 '63S011 44.7

t f rake Applicationi Speed -ý 10 v. ms 44

StabJlzed Landin2 0 6 1645l isia I

0.2 Z111111 511± 44.

0. IsStIS 4(% 44 .1
0.t15 561bll a.e 441

48 Nto Spoilers E t. :4 0

StAbi Ize d Landing 0.6 ow t4 70

0.4 4ss5 254 55
0.2 scaý* " - ,

0.15 4'bI *.so

Wet ~Muway 50 4

Oft Effective Spoi lers

Stabilized Landing 04 21 I.- 14

0.4 15 1. .4

0.2 sulk 5516-l 44.5

a 15 @601110 4011111 44as

wet Smumno flub V7 'so Sit I

4c 60% Effective S~aiars

Stabilized Landing 0.6 xZj2 ji45 144a

0.4 310'1 91100 4AI

0~ 674.3 46101L 44.5S

1.S 621M. g*055 401

Wet NUmjfWA %116__ Stt 5G

44 401 Effective Speilers

Stablizhed Landing 0 6 2.545 SSG 11a

0.4 ]4Q50 2045 a.'

0.2 J55
0.15 soo 5421 4151

Met %wtAeay - j 155 4126t jjjjfl
itMQfettrsI SYiitw aild not funaction
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Table 19.-F-ill1 Sensitivity Data (Continued)

[17777 [ ___________________ XA I 7P V '
-011i~Ze L41,1019 0 6 Ill, 5 _____

0.4 ~ ;;;.__!

0 2 10411 j44.5. 440

0.15 1204.s SS024 4-55

121 Ru",2eT.~ 112 -%t -t

StAbfllltd Landleg [ 06 t414 4

~0.2 8206 b1416 .4%

0.15 00%- 44."'T 430

19 101ngine Idle Thrust L I
StlbIflhzed Labdln 0.6 zilbe 1551$ Ib %

0 4 A.44 aS.

0.2 8044 S", I 44

1)lJ5 *01.414 4(.#e 4S%

Wet Rwi,.ay f.1 63, %1 -1

4h. 90 Engfn. Idle Thrust _____

0tab' 114.4 Landing 0 S.0 4-5m

04 S204 1144 .3

0.2 S418 4.4%. 4-15

0.1 SILZ 4%oz 444
Ott Runway 44 l~ose.'&

I"StAbliI'ledLanding 6 2.04.111 Iss.1X VS4

0.15 Irba, 4- S 415

Ie~ l. 4Auoy 1___ *166 34Wl out

54 V5 .F v11' tictered 'resswe _____

50-Abll*zt. 0.. 06 last as*~4 5

0 4 3905 j 2.M. 1041.

0 2 1 731 bt 154.7 SSIS
1.15 vttA 4'b55 goo

01j1,*114t4 Loon4ing 0.6 1101 IS4, 0

0.4 2-3411 2154. 64 f.

0.2 4.Z 3w,'" 433

00 is S *6'.. 430S$1

k 1St ~wind 4.2 21

Stt~t,1lize '.Medinj 0 6 k%5% 134,4 'IS*

0.4 1U4. 204. 4. 4

ýtbiItZed Lan41ng - 10 - -4

0.4 8.544 41.15 4.

0.2 (696% £58.1, x I

0.15 usoc us%_% 415
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Table 19.-F-i111 Sensitivity Data (Concluded)---

LSta l'zed Landing 0 6 IS111 [ 124 [
0.4 Zb'%% 151-0 [' 5I

0 2 SQZ7 Z54.0 sob

0 15 " 1.1 ~ % 0

Stab.lized &andinqg 0 6 2L7% I-s

0 2 ~ h 44 4

0.15 -17 o 40111 42 -1

Wet Runlway S"___ % 4. 4-1,

1 '0 nt Wind _____

Stabilized Landhinfg 0.6 Z41A esi. 1(,..

0.4 is" 250 f."

0 2 DA1.% 4SU7 4o- I

0.15 1 X% 2- %412. 42 o

2a Ho0t ':wy - High Altitude ____

Stabilized Landing. ZIi ~ 5 %I

0.4 i.114. xx0 6.5%

0.15 to104 4`62.1 4160

2) Cold Day - Sea Level_____ _____

Stabilized Lanlding9 6 2 ' ., 1

0.4 S.4% Loso, ~ 4.

0.2 1.01 %a so 4W I

-~ ~ is :' ~dfl 060-6 42.12. 4.1 -

Sta zdLnig0 6 loss 1514 USoI
0 4 3.0 &.,1. so 11.5

0.5 4n5 4's5 tso
wet Room..y S.14 5SZS 4622

Low Tire "C~t,Il ________________

Stabilszea Lomdl~q 0.6 jec14 gis'1 11021

0. Is .1111111vll 'ss, o

Wet Pkanw.ay _____ a 5 18 1. 4.

-ft ,qfiatlon pressure 00% Of __________IFWa,".al. Stabilized Landin) 0. I-54 12 7

0.4 516AZ ZIS____.__

0.2 Il, _5__1__So_

0.15 10541 ___ 140__

Wet Runway ______ _____ ________
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SECTION IX
STABILITY TEST RESULTS

i. STRUT DAMPING

In addition to the performance studies, stability studies were conducted to evaluate the
tendency of a skid control system to contribute to the stability of the landing gear. These
tests were designed to measure system ability to provide damping to the strut motion or,
conversely, its tendency to couple in the oscillation, thereby causing divergence.,

The fore-aft damping in the landing gear model was varied until the point of divergent gear
oscillation was reached, The damping ratio was then determined at this point., By comparing
the damping ratio of the baseline airplane to the damping ratio resulting from a parameter
changes a qualitative statement may be made about the effect such a change would have on
gear stability and stopping performance.

The damping ratio is a measure of how fast strut oscillations are attenuated. To determine
the damping ratio a step torque input was made to the strut model. The resulting strut
displacement was monitored as a function of time, The damping ratio was then calculated from

Ao
Rn~

•"- x 1007C
2wn

where:

uamping ratio (in percent)

n number of full strut oscillations

Ao = strut amplitude at time zero

A(t) strut amplitude after n strut oscillations.

The stability test conditions and results are listed in Tables 20 and 21 respectively for
S . each aircraft.

I
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SECTION X
TEST NOTES

1. TORQUE LIMITED BRAKING

Torque limiting of the brake ot-cur. when the available torque due to ground force is greater
than the available brake torque, Under this condition, the wheel will not skid, but will decel-
erate at the same rate as the airplane. During such operation the antiskid system is inactive
and no longer controls the wheel: full metered pressure is applied to the brake.

lorque limiting most often occurs on high mu runways with heavy gross weight airplanes.
During this sensitivity study, torque limiting occurred in numerous test conditions. Table
22 hsts those conditions for which torque limiting occurred during siome portion of the
braking run.

2. LOW FRICTION OPERATION - F-I 11

During the testing of the F-I 11, it was found that antiskid system operation was sporadic on
runways with a coefficient of friction lower than. 15. On such runways, the wheels would
go into an immediate and deep skid., The system would only allow the wheel to partially
recover before reapplying pressure, resulting in another skid. Such skid cycling would occur
for several seconds before the antiskid system would autcmatically deenergize. In an effort
to determine if the antiskid box was functioning properly. a number of tests were performed
as specified in T., 0. IF-I I IA-2-9-1 ,. Section 6-1, Operational Checkout of Skid Control
System., No malfunction of the box could be detected., As a result a lower mu limit of. 15
instead of 0.05 was used during sensitivity testing to insure a uniform data base.

3. STRUT STABILITY F-I I I

During the strut stability testing, it was found that with frequencies below 16 Hertz
the antiskid system operation was unstable. Testing revealed that strut oscillations were
viewed as successive skids causing unnecessary reductions in brake p, .sure. Immediately
after a skid, pressure was reapplied to a high level resulting in another skid. In this mode of
operation, the strut would continue to oscillate undamped at about 10 to 11 hertz.

4. PRESSURE APPLICATION

The maximum metered pressure level on the B-52j.! ?ad F-iI I is controlled by a force limit-
ing mechanism. At the time of testing, these mechanisms were unavailable. A similar mechan-
sini which would allow the simulation of pilot brake pedal action (i.e., ramping on of brake
pressure) was devised. However, a repeatable maximum metered pressure level could not be
obtaiaed., As a result it was necessary to eliminate the pilot action feature and start witit
high metered pressure. This method tended to cause an unusually deep skid at the start of
each test run.

i8



Table 22.-Torque Limited Cases (Tests la-ld only)

TORQUE LIMITED RUNS (MU)*

TEST CONDITION

F-ill KC-135 B-52

BASFLINE * .23 thru .6

la MAXIMUM LANDING WEIGHT .4, thru.6 .4, thru .6 .15 thru .6

lb HIGH INTERMEDIATE LANDING .6 .6 .2, thru.6

WEIGHT

Ic LOW INTERMEDIATE LANDING * .4, thru .6
WEIGHT

ld MINIMUM LANDING WEIGHT .35 thru .6

* NORMAL ANTISKID SYSTEM ACTIVITY

8
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S. BASELINE DATA VARIATION - KC-135

During the sensitivity testing of the KC-1 35, variations in the baseline braking distanLe were
noted. Normal simulator braking distance repeatability is about 1%. The KC-135 however,
exhibited an average distance variation of about ± 4.51/c, Extensive testing revealed that the
antiskid valve pressure - current characteristic changed with operating history, as shown in
Figure 33. The changing shape of the curve effects system response and ultimately braking
distance.

.8i
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Figure 33.- Variable KC- 135 Valve Response
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SECTION XI
PARAMETER RATINGS

The following tables present the baseline braking distance percentages for frictional values
of 0.6, 0.4, 0.2, and 0.1. Also shown in the parameter rating index (PRI) for all test con-
ditions. Table 23 summarizes the percentages for all aircraft studied and lists the composite
PRI. Tables 24 thiough 26 contain individual PRI values for the B-52, KC-135 and F-I 11.

I
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Table 23.-Summary of Parameter Ratings

BASELINE BRAKING DISTANCE
(DRY - STABILIZED LAZNDINGS) PRI

TLST C(OUIT1ILi Mu z 0.6 0.4 0.2 0.15 0.1

B-52 KC-134-l11 r8-52 KC-134F-1ll B-52kc-135F-Ill F-111 B-52 .5135

Ia. Maximum Weight with VI *2k, , e!r) ;• • 2.4 Soz ;3 , 43Be

lb. High Weight Wlth VI * I *j 46 la i ' I1 tol I C"-7 C"_ 5 2z

Ic. LOW Weight witn VI 84 ')4 1 14 . s A 8 9 z 89 * 4--S'-

Id. Minimum Weight with VI ' "7s 91 "18 - - 8(. F5 81 A 58 ,,o

le. Maximum Weight without VI 58 148 Dl i15 '04 to 9 8Z 8 5 'Z17 l9 9Z 2-5 4Z

If. nigh Weight without VI I._1 I t 11 Z.: 95 9?. 1 -1 8S 9Z 98 O1 8 4 3 0c

1g. Low Weight without VI S5 1 0, 86 ,ts-4. ( i 5 9lo 51 90 94. 9'o5

lI. Minimum Weight without VI 70 ') 1Os e -J I 0(1 1 82 84 9• S 33 9t. -3 50

2a. furward 'ýenter ,if Gravity 10' rieA ,5 JOZ 105 j ItFSr 105 1 ( 03 90 S ES. • o.so

2b Aft Center of CGravi ty 2"1i "1'" 94 J0o 91- '5 97 97 5)9 9-1 9 8 63 3 .'7

3a. Brakes on Speed +5 kts. io' ?t •0 io io" 07 c I 0 , -t 104 105 0 o'I oz. 5sz.

3b. Brakes on Speed +10 kts. 119 115 1 :5 2 1, ;13 1, 4 oS I I•? . 1_ o I 05 10-1 to(. I( I E5

Sc. Brakes on Speed +20 kts. 131 1!1 1, o Zt 11Q 9 Z 1-3 I Z(, i 124 jl9 If? II?. 1I? 2 2.' 5

3d. 6rakes on Speed +30 kts. ,55 I 4Z s2 1 44 140 t?,4 13Z iz4- 149 /20 120 3 5Z

3e Brakes on Speed -5 kts. _?2. 9 3 _,4 Z S95 94 5S, 93 3S Sr. 90 .95 1700

3f Brakes on Speed -I kts. 8.o S, I-1 eZ S' 89 3 5 85 9 S1 8-? •9, 275

4a. No Spoilers 104 t 5 145 !22 i S5 149 f 1 4"7 14 1Z 13? 11'7 13• 35 so

4b. 60 Effective Spoilers to0 Im 0n100 1 (0' 105 1C), 107 105 •0- oOZ 2 -15

4c. 60, Effective Spoilers 10i 1IZ I I 01 3 112 103 Zo 1)0 1 2 z10. to .5,0

4d. 40 Lffective Spoilers 10Z 1,, F iZO 104 1z ,23 106, iZS 22 IZ tor.- %09 14.52.

4e ,, T ffective Spoilers .C53 1 Z-i 1i3 101 Il 3 1 -! 110 1j4 6 I4 12'J8 9 -A ' z 4-L

4f -.20 Engine Icie Thrust I1C Ioi 1 01 01 lot 01 t04 101 104 108 iOb 112 B. .58

4g 110, Engine Idle Thrust S,9 , , I'li 100 /0 "Ila 10'.) 1OB 10. I0 o 10' I 0. 2 00

4h 70. Lngine Idle Thrust 9.1 I I )_) I7 0 57 C5 i03 D, 595 93 2 75

41. eý0, Lngine Idle Thrust ý1. 1-i- 99 59- 9 ' 15 L2 136 5') 93 85 05 5 25

5a 75, Full Metered Pressure 0 1391 F - 1 05 -JI - 051 9s 1 0l + 8 4

5b. 50X Full Metered Pressure 140 ''4 - lo, -7' 105 "-is 84 . + 1s5i

Ia S Kn'ot Wind 8-7 )4 ')I 8% q, go SO) 95 1% es 9•e g• Wi

lb 10 Knot Wind - F39 5.5 77-(- 3, 8 5 -1, 89 7E 80 Go7 71. 20,50

I C. 15 )n~ot Wind t5 1D 7S (*G 79 -7 - (.0 -71. -1_ 55 46(015 1 ¶,

Id 20 Knot Wind 5(6 14 '.5 55 "2 ' "4 7o 1.9 (.Z 6,Z. 4-(1 57 317 (.7

le. -5 Knot Wind 14 Io. 10B 115 106 109 it, 114 14 '-17 12 40 I' p

If. -10 Knot Wind I2.9 11-1 115 125 II( 11-7 j27 12.5 149 ,29 132 1 4 1 Z3 "3

Za. not Day 104 9s it'Y -i5 io2 102 1,0 104 i04 ,0 s1 4iA 5-15
*b Loid Day 9__ Z 5 s1  9 97 9584 9, 5)0885 c"" a -7

14. F]at ',-•lp Peak _ 5- S3 ' 9$ 9 31, ( I ! 94 i 8 S4 • , 8. S3J Sze

lb. Lo Tire Heating 99 9t, 'j5 -, 54 -% 9'. 84. 85 87 95 658
6i. •0 Tire Inflati0n l'ressure 1 95 Ibr 24 99 IC4 98 I4 9o 5 9' 92

Id .20' Tire IntIationPressuee I D OI5 00o ,oo 1311 ý , , 5 lo 4 15 i.4ZI ___ __-------

"Test conditi0n not' consistent with B-52 operational procedures.

lTest rnct r•n

-Brake Control System wo~Id 'lOt function.

*Braking diStdnce jre'ater than computer inlt
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Table 24.-B-52H Parameter Ratings

TEST DESCRIPTr, PARAMETE R

RAINK CONDITIONDECPTO

1 id +20 KNOT WIND 48.25

2 la MAXIMUM LANDING. WEIGHT 41.00

3 3d BRAKE APPLICATION SPEED 4-30 KNOTS 40.00.

4 Ic +15 KNOT WIND 38.50

5 If -10 KNOT WIND 29.50

6 Ib +10 KNOT WIND 27.50

7 3c BRAKE APPLICATION SPEED + 20 KNOTS 25.50

8 lb HIGH INTERMEDIATE LANDING WEIGHT 22.00

9 ld MINIMUM LANDING WEIGHT 21.00

10 if BRAKc APPLICATION SPEED -10 KNOTS 16.00

11 la +5 KNOT WIND 14.25

"12 4a NO SPOILERS 14.00

13 3b BRAKE APPLICATION SPEED +10 KNOTS 13.50

14 le -5 KNOT WIND 13.00

15 ic LOW INTERMEDIAtE LANDING WEIGHT 12.00

16 2b COLD DAY 10.75

17 3e BRAKE APPLICATION SPEED -5 KNOTS 9.25

18 ic TIRE INFLATION PRESSURE 80% OF NORMAL 8.75

19 2a HOT DAY 7.50

20 4e 20% EFFECTIVE SPOILERS 7.25

21 4i 80% ENGINE IDLE THRUST 6.30

22 3a BRAKE APPLICATION SPEED +5 KNOTS 5.75

23 la FLAT MU-SLIP PEAK 5.50

24 lb LOW TIRE HEATING 5.00

25 4d 40% EFFECTIVE SPOILERS 4.50

4h 90% ENGINE IDLE THRUST 4 50

27 4f 120% lNGINE IDLE THRUST 3.50

28 2a FOkEWARD CENTER OF GRAVITY 2.00

29 4c 60% EFFECTIVE SPOILERS 1.75

2b A0T CENTER OF GRAVITY 1.50

31 Id TIRE INFLATION PRESSURE 120% OF NORMAL 1.25

32 4q 110% ENGINE IDLE THRUST .50

33 4b 80% EFFECTIVE SPOILERS .26

8o



Table 25.-KC- 135 Parameter Ratings

ITEST RAIL
RATING

RANK CONDITION DESCRIPTION INDEX

1 la MAXIMUM LANDING WEIGHT W/VI 71.75
2 4a NO SPOILERS 43.25
3 3d BRAKE APPLICATION SPEED + 30 KNOTS 36.50
4 Id + 20 KNOT WIND 32.00
5 4e 20% EFFECTIVE SPOILERS 29.25
6 Ic +15 KNOT WIND 25.00

lb HIGH INTERMEDIATE LANDING WEIGHT W/VI 25.00
8 3c BRAKE APPLICATION SPEED + 20 KNOTS 23.50
9 if -10 KNOT WIND 20.50
10 le MAXIMUM LANDING WEIGHT W/O VI 19.50
11 4d 40% EFFECTIVE SPOILERS 19.00
12 Id MINIMUM LANDING WEIGHT W/VI 15.50

lb + 10 KNOT WIND 15.50
14 5b 50% OF FULL METERED PRESSURE 15.33
15 ic LOW INTERMEDIATE LANDING WEIGHT W/VI 13.75
16 4c 60% EFFECTIVE SPOILERS 13.50
17 lh MINIMUM LANDING WEIGHT W/O VI 13.25
18 3f BRAKE APPLICATION SPEED - 10 KNOTS 12.00
19 3b BRAKE APPLICATION SPEED + 10 KNOTS 11.50
20 if HIGH INTERMEDIATE LANDING WEIGHT W/O VI 10.00
21 le -5 KNOT WIND 9.00
22 la +5 KNOT WIND 8.00
23 la FLAT MU-.SLIP PEAK 7.50
24 2b COLD DAY 6 50

3e BRAKE APPLICATION SPEED - 5 KNOTS 6.50
26 5a 75% OF FULL METERED PRESSURE 6.33
27 2b AFT CENTER OF GRAVITY 5.75
28 lb LOW TIRE HEATING 5.50
29 2a HOT DAY 5.25

Id TIRE INFLATION PRESSURE 120% OF NORMAL 5.25
3a BRAKE APPLICATION SPEED + 5 KNOTS 5.25
Ig LOW INTERMEDIATE WEIGHT W/O Vi 5.25

33 4b 80% EFFECTIVE SPOILERS 5.00
34 2a FORWARD CENTER OF GRAVITY 4.50
35 4g 110% ENGINE IDLE THRUST 4.00
36 4f 120% ENGINE IDLE THRUST 3.75
37 ic TIRE INFLATION PRESSURE 80% OF NORMAL 3.50
38 4i 80% ENGINE IDLE THRUST 3.00
39 4h 90% ENGINE IDLE THRUST 1.50
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Table 26.-F-ll Parameter Ratings

TEST PARAMETER

RANK CONDITION DESCRIPTION RATING
INDEX

I 4a NO SPOILERS 43.25
2 Id 20 KNOT WIND 32.75
3 3d BRAKE APPLICATION SPEED + 30 KNOTS 31.25
4 4e 20% EFFECTIVE SPOILERS 30.75
5 Ic 15 KNOT WIND 25.75
6 4d 40% EFFECTIVE SPOILERS 21.25
7 3c BRAKE APPLICATION SPEED + 20 KNOTS 20.75
8 if -10 KNOT WIND 20.00
9 lb 10 KNOT WIND 18.50
10 la MAXIMUM LANDING WEIGHT W/VI 16.00

5b 50% OF FULL METERED PRESSURE 16.00
2 2a FORWARD CENTER OF GRAVITY 13.00

13 la FLAT MU-SLIP PEAK 12.75
14 le -3 KNOT WIND 12.00
15 id MINIMUM LANDING WEIGHT W/VI 11.50

S16 4c 60% EFFECTIVE SPOILERS 11.25
la 5 KNOT WIND 11.25

18 3b BRAKE APPLICATION SPEED + 10 KNOTS 10.50
19 3f BRAKE APPLICATION SPEED - 10 KNOTS 10.25
20 Id TIRE INFLATION PRESSURE 120% OF NORMAL 9.75

le MAXIMUM LANDING WEIGHT W./VI 9.75
22 5a 75% OF FULL METERED PRESSURE 9.50
23 lb LOW TIRE HEATING 9.25
24 Ic LOW INTERMEDIATE WEIGHT W/VI. 7.50
25 2b COLD DAY 7.25

if HIGH INTERMEDIATE WEIGHT W/O VI 7.25
27 ic TIRE INFLATION PRESSURE 80% OF NORMAL 6.75
28 3a BRAKE APPLICATION SPEED + 5 KNOTS 6.67
29 lh MINIMUM LANDING WEIGHT W/O VI, 6.25

4i 80% ENGINE IDLE THRUST 6.25
31 4b 80% EFFECTIVE SPOILERS 6.00
32 lb HIGH INTERMEDIATE WEIGHT W/VI 5.50
33 3e BRAKE APPLICATION SPEED - 5 KNOTS 5.25
34 2a HOT DAY 4.75
35 2b AFT CENTER OF GRAVITY 3.75
36 4f 120% ENGINE IDLE THRUST 3.50
37 ig LOW INTERMEDIATE WEIGHT W/O VI 3.00
38 4g 110% ENGINE IDLE THRUST 2.50
39 4h 90% ENGINE IDLE THRUST 2.25
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SECTION XII
CALCULATION OF PI TERMS

Tables 27., 28. and 29 contain information needed to cslkulate varot,, pi terms. The data
consists of baselne values is %ell as values used in the brake system sinulation parametric
study. Tabke, 30 through 32 show the: actual calculation sterb to obtain pi terms for each
condition and all airplane models. The ,alculations for 7r,, r, , anda '3 are straightforward.
For 7r4 ;alculation.s. the term F, was obtained using the f1llowing relationship:

=e + KE1%+
e eo -.7"t stopJ

where:

Feo = engine idle thrus. at zero velocity

KE = change of idle thrust with velocity

SVtop= velocity at which stopping distance calculation
was stopped on the simulator.

8
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Table 27.-Baseline Values Used in Airplane Simulation and Prediction Model

Airplane Parameter Airplane

Symbol 'Jnits B-52 KC-135 F-111

CD .321 .202 .237

..--- 305 .310 .280

Feo Tbf 4800 2400 904

KE lbf--sec/ft -10,65 -5.825 -1.2582 4

lb-sec /ft .00238 .00238 .00238

fp's 152 209 219.8

Vt fs 24 24 24

I 1 290000 18500C 57000

9I I 90
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Table 28. -Parametric Study Data

Test Condition and Airplane Model
Parameter Changed B-52 KC-135 F-ill

Airplane Parameters

la Maximum Landing Weight
WA 450000 300000 80000
VI 6[ 267.3 261.5
IYY x i- 6  8.16 4.927 .225

lb High Landing !!eight
WA 370000 242500 68500
VI [61 240.8 241.5
IYY x 10-6 6.37 4.344 .217

Ic Low Landing Weight
WA 245000 142500 52900
VI [i6 133.3 211.0
IYY x 10 6  4.37 3.330 .205

id Minimum Landing Weight
WA 200000 125000 48800
VI 1-] 171.7 202.3
IYY x 10-6 4.14 3.153 .202

3a Brake Application Speed +
5 Knots

VI 160.4 217.4 228.2

3b Brake Application Speed +
10 Knots

VI 168.9 225.9 236.7

3c Brake Application Speed +
20 Knots

VI 185.8 242.8 253.6

3d Brake Application Speed +
30 Knots

VI 202.7 259.7 270.5

3e Brake Application Speed -

5 Knots
VI 143.6 200.6 211.4

3f Brake Application Speed -
'.0 Knots

VI 135.2 192.1 202.9

ý,Equivalent value calculated using Appendix B , Volume I
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Table 28.-Parametric Study Data (Concluded)

Test Condition and Airplane Model
Parameter Changed B-52 KC-135 F-111

Airolane Parameters

4a No Spoilers
CL 1.0 .360 1.05
CD .257 .131 .144

4b 80% Effective Spoilers
CL .444 .420 .434
CD .3082 .1873 .2184

4c 60% Effective Spoilers
CL .583 .530 .588
CD .2954 .1736 .1998

4d 40% Effective Spoilers
SCL .722 .640 .742

CD .2826 .1594 .1812

4e 20% Effective Spoilers
CL .361 .750 .896
CD .2698 .1452 .1626

4f 120% Engine Idle Thrust
FEO 5760 2880 1085
KE -8.52 -4.26 -1.006

4g 110% Engine Idle Thrust
FEO 5280 2640 994
KE -9.59 -4.793 -1.132

4h 90% Engine Idle Thrust
FEO 4320 2160 814

KE -11.72 -5.858 -1.384

4i 30% Engine Idle Thrust
FEO 3840 1920 723

KE -12.78 -6.39 -1.51

"2a hot Day
RHO .00189 .00139 .00189

2b Cold Day

RHO .00309 .00309 .00309

I



- 0 0%m 0 .-

o~ 0 0 - 0 o0t

(7o (n c% ('4 Le cy -r i t
( 4 0 94 U n 0% " f-. r- .

* 0% en r% 4'. 0D in C 0 C IO n)

in p Pn to in o 0% c c O.tc 7 m r

-t 0 o ' ) a
C) .l) 0 '4 '

'V~~r * ' .- I--0 ( 03

0ý ('A 044 tc C (' 4 m %I

toL C' 0in*t

V.. in C'J 0%% ff.(4 '
0 ~ tO :0 C cw)

of m0 ? LC* 0% Cln - r

0 o to 0 ff c 0 -(

in in in te tO o to Le

C' en4l c 0 CD wJ L.! %C I > tmI-O

le ~ ~ ~ ' C'! C -mr CCj c .) c
r-j qr l 0 tof m cim ý e

0 n m' a. inc " f %0
U('4 D '-W (I CD ! -n q ý LO L

IT .~j Cj c

to 40 to Lo c u(CUýclj r
a) u- t to ('4 0 0 u %0 %n U) ItLf L

0 C'- 0 n S! t - -T in -4. 0
C '. '. 0-: ('4 ('0 %D - to

ON % ! CN 'V.

-, 4= f* Wc

ul 0- U! 0c 0% 0l3 w k % C

%- 4j I. Z n V ' () 0 G ! 1 4 1
0 V. ý %0 0 cc &. m -. Cj OD %D in Lio LA . A (

C) r- in M. o; n L 04 CCV V i

to C) ('D C . - -
I. Lc -- - - - - - - - - - - - -

CL 0 L C c A IL
M EA ) L ) C '. : 3l

93



CJ ~C%J LA ' '

a-)4c 00 ali c -4 ' * 0 - * 1

LAC V )L) to * A

lII at C

N A L~N Ln u- I= V) Lý M'

~ - a ~ (M -- - CI) . - .

It it at kD

I.- Ina I.- .zr -(
-. N- V) U..l

an n LA- un L - *) A- (1 0) aL-

IIn
cl to C)-~ a A La. ~ NI

NM Ln La.. (n'- Ln LA) LV. t a A La

a-j -4 cI to

%C 04 lqr r- 0)U-

V) U- *~ I= (n IL %D V ) LA-
LA (.5 L a-) at d) L * L) C

4: C
('4 I U I a~ ~ - t.... L

Co) Nr LA L. A N L L. A0 A L± 0 N L a.

Cta CIN a-) ('P
U)17 1O L.t '4n '. 0

it I It

N L LA.. LO Nf (A) LU- 0 1 LA Li.. C) Nl LA La CD0

u)-t (-4 CD L

a.!. cm M' c'.5i

0) En4 A-)(nG

Nn U- - A N In LA N tn C")

P 4 -" CA

I?) Ad m ~ u)

LA.4 m4

a.I



II
V) LA - -: "0 ko %0 rt CI= . rY C0 m) :T

.0 koco C:) COi C

(N j ko Lj )) U') Q
0' q- 4*') 00C0k

Ln U); U) LA; Lc

C ) ) inj t.
I) L- C) Co 0o C) U

I=) c-. L U)

I.. 40 C) U) V)

('O CAj co 03-

ON ON --In

;: U) 0ý OD4 In U" c
* -. - i LC) Ul) 0

LA Nl ý Ný Ný N C\;

OT ko in) co Co Co r
Nl LA LL- 00 C) 0 O

r-. r. co 00 '-4

to - -

Nn r.- LC) AIII
-l C) Co- CAi LA C4

0) U-) CV C)i A A i
4) LAN C\JN N

~ LA L~ . Co0 :'4 CA L

Cl Krco Coj Co Co

C-.) inn. i 0' 0

"\i' ~ C~j LAi .-\1

CV) -J t

4) -)0 4) o) Q C

C N 0 0' C . i

in 01N-4 0

(a C0 Co C) U 0

9'-4



Table 30-B-52 Pi Determination (Concluded)

pV6 V2 = .6 r2 = .4 n2 = .2 r2 = .2

V Feo Fe Feg2

CONDITION - - S S g/V2  S Sg/V 2  S Sg/V 2  S Sg/V 2

FPS Lbf Lbf 1 FT nI FT ri FT r, FT 71i

BASELINE 152 4800 3863 7341 1779 2.477 1775 2.472 3904 5.436 5694 7.929

MAX WT 4800 3586 46217 2822 2.182 2798 2.239 2784 3.880 5784 5.684

HIGH WT > 4800 3724 19638 2278 2.313 2288 2.368 2989 4.166 136 6.520

LOW WT 4800 3940 3926 1517 2.585 1519 2.551 3564 5.917 5150 8.502

MIN WT >14800 4018 1962 1246 2.652 1473 2.053 3216 6.476 4613 9.172

SVB +5 160.4 4800 3818 10257 1916 2.396 1934 2.418 4030 5.039 5875 7.346

VB + 10 168.9 4800 3773 14149 2116 2.386 2109 2.378 4254 4.798 6105 6.885

VB + 20 185.8 4800 3683 25687 2418 2.253 2470 2.302 4508 4.201 6390 5.955

VB + 30 202.7 4800 3693 44392 2155 2.157 2866 2.244 4855 3.802 6850 5.364

VB - 5 143.6 4800 3908 5160 1633 2.548 1625 2.535 3466 5.408 5112 7.976

VB 10 135.2 4800 3952 3553 1457 2.564 1460 2.570 3300 5.808 4967 8.74

120% Fe 152 5760 5010 5660 1795 2.500 1784 2.484 4059 5.652 6142 8.554

110% Fe 152 5280 4436 6393 1770 2.465 1771 2.466 3900 5.431 5751 8.00O

90% Fe 152 4320 3289 8623 1724 2.401 1723 2.399 3715 5.173 5280 7.32E

80% Fe 152 3840 2715 10444 1715 2.388 1726 2.403 3580 4.985 5082 7.07;

HOT DAY 152 4800 3863 5830 1857 2.586 1857 2.586 4279 5.958 6281 18.74

COLD DAY 152 4800 3863 9532 1628 2.267 1650 2.298 3413 4.753 4835 6.73j

Calculate using Appendix B, Volume 1.
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Table 31. - KC- 135 Pi Determination (Concluded)

S oV6 2 = .6 •2 : .4 72 = 42 2 •

V Feo Fe Feg 2" S/CONDITION v e eIFg2 S S9/V 2 S Sg/V,2 IS Sg/V 2 S Sg/V 2

FP Lbf Lbf T FT T1 FT Il1  FT I FT 7
T i

Baseline 209.0 2400 1780 10768 1552 1.14312283 1.681 5108 3.762 10885 8.017

Max. Wt. 267,312400 1624 51631 4095 3.016 4110 3.026 6329 2.850 12939 5.826

High Wt., 240.8 2400 1695 24483 2476 1.823 2746 1.524 5787 3.211 11669 6.47

Low Wt. 183.3 2400 1878 47193 1310 1.254 1925 1.843 4561 4.367 9527 9.122

Min Wt. 171.7 2400 1879 31357 1182 1.290 1789 1.952 4386 4.786 ... ...

V +5B 217.4 2400 1757 138146 1669 1.136 2436 1.658 5318 3.620 11139 7.582

VB + 10 225.9 2400 1735 176161 1790 1.128 2589 1.632 5719 3.606 11515 7.260

VB + 20 242.8 2400 1690 278816 2024 1.105 2920 1.594 6346 3.463 12203 6.660

VB + 30 259.7 2400 1645 428923 '321 1.107 3282 1.566 6749 3.219 13037 6.21S

V B - 5 200.6 2400 1802 8'.4 V 144i 1.152 2127 1.701 4759 3.805 10314 8.24f

VB - 10 192.1 2400 1825 63330 1332 1.161 1987 1.732 4518 3.939 9909 8.63ý

120% Fe 209.( 2880 2384 80398 1568 1.155 2302 1.695 5174 3.811 12221 9.00:

1101 Fe 209.C 2640 2C82 92066 1570 1.156 2313 1.704 5512 4.060 11545 8.501

90% Fe 209.C 2160 1478 12970f 1575 1.160 2285 1.683 5249 3.866 10625 7.82f

80% Fe 209.( 1920 1176 163021 1543 1.136 2246 1.654 4880 3.594 10303 7.50

Hot Day 209.C 2400 1780 85517 1538 1.133 2329 1.715 5314 3.914 12397 9.131

Cold Day 209. 2400 1780 13981 1537 1.132 2208 1.626 4662 3.434 9472 6.97f
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Table 32. -F- 111 Pi Determination (Concluded)

, V6
T 2 = .6 T2 = .4 r 2 .2 , = .15

V Feo Fe Feg

CONDITION S Sgl2 S S Sg/V2 S Sg/V 2

FPS Lbf Lbf 4 FT I FT E FT FT Ti

Baseline 219.8 904 751 345422 2111 1.406 3300 2.198 7966 5.305 10054 6.695

S2874 1.914 3737 2.489Max. Wt. 904 --- TL TL TL TL 8092 4.623 11331 6.474

High Wt. 904 --- 2252 1.500 3543 2.11818051 5.116 10780 .851
- - - - TL TL - - - - -

Low Wt. 904 756 1980 1.417 3137 2.246 7305 5.935 8910 7.239

Min Wt. 904 758 1928 1.434 3076 2.287 7084 5.994 8129 .540
V+5 - Not

B 228.2 904 745 435657 2254 1.393 3548 2.192 8397 5.188 Run ---

"VB+ 0 236.7 904 740 546471 2396 1.376 3769 2.164,8776 5.039 10526 6.044

VB + 20B 253.6 904 729 838604 2667 1.334 4170 - 086 9449 4.727 11299 5.652

VB + 30B 270.5 904 719 1250662 2990 1.315 4616 2.030 9874 4.341 11990 5.272

V -5
VB 211.4 904 756 271498 1991 1.433 3095 2.228 7575 5.453 9611 6.919

VB - 10 202.9 904 761 210/51 1845 1.442 2929 2.289 7315 5.716 9139 7.142

120% Fe 219.8 085 962 269430 2184 1.454 3343 2.226 8286 5.518 10856 7.229

110% Fe 219.8 994 856 302907 2138 1.424 3246 2.162 8044 5.357 10644 7.088

90% Fe 219.8 814 645 401820 2100 1.398 3204 2.134 7672 5.109 9922 6.601

80% Fe 219.8 723 539 481120 2069 1.378 3149 2.097 7058 4.700 9301 6.194

Hot Day 219.8 904 751 274305 2165 1.442 3376 2.248 8317 5.538 11031 7.346

Cold Day 219.3 904 751 448468 2060 1.372 3149 2.097 7187 4.786 8806 5.864

Calculated using procedure of Appendix B. Volume I

Calculated using value.

TL Torque Limited
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I SECTION XIII
ARRANGEMENT OF P1 TERMS

t

The experimentai data converted to nondinensional pi terms must be arranged so that
all of the ri terms containing independent vanables, exLept one, remain constant T1,,1
remaining term is then varied to establish a relationship between it and 7I , the term
containing the dependent variable. This procedure is repeated for each of the independ-
ently variable pi terms in the function. Tables 33 through 35 show the arrangement for
each uf the three airplanes. Each group of two pages is a complete data set with four sets
per table., to show the data at 0.6p, 0. 4 p, 0. 2 p, and O.1 (O.15u for F-I I) conditions.

'11
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Table 33. -B.52 Pi Arrangement

INDEENDENTI DEPENDENT , TERMS HELD CONSTANT
,t T E RM { i T E R M C O N D I T IO

I'2 { i 1  
OND IT ION(, 2) ( '1 l')t 4)

.60 2.477 0.94 7341 BASEUINE

.55 2.459

.50 2.442

t 45 2.454

.40 2. 472

.35 2.434

.30 2.579

2 .25

.20

.15

.10 ---

S~.ost.

(-3) (•l) IT2) (T4) CONDITION

0.950 2.477 0.60 7341 BASELINE

1.441 2.487 8 0% SPOILERS

1.974 2.513 60% SPOILERS

2.555 2.532 40t SPOILERS

3.191 2.555 20% SPOILERS

3.981 2.580 ___ __ _NO SPOILERS

I04



Table 33.-B-52 Pi Arrangement (Continued)

INDEPENDENT DEPENDENT n TERMS HELD CONSTANT
7 TERM TERM

('4) ( 1) T2 7T3  CONDITION

0.60 0.94
7341 2.477 06 09 BASELINE

46217 2.182 MAX WT

19638 2.313 HIGH WT

3926 2.585 LOW WT

1962 2.658 MIN WT

10257 2.396 VB + 5

~VB + 10
14149 2.386 B

25687 2.253 VB + 20

44392 2.157 VB + 30

5160 2.548 VB -5

3553 2.564 VB -10

5660 2.500 120% Fe

6393 2.465 110% Fe

S8623 2.401 900 Fe

10444 2.388 80% Fe

5830 2.585 HOT DAY

9532 2.267 _ COL& b I
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Table 33. -8-52 Pi Arrangement (Continued)

INDEPENDENT DEPENDENT i TERMS HELD CONSTANT
STERM i TERM CONDITION

(rd2) (TI ) (13) (;4)
0.95 7341 BASE.INE

.60 2. 477

.55 2.459

.50 2.442

.45 2.454

.40 2.472

.35 2.434

.30 2.579

@~) (t) (~ (;)CONDITION3 1 2) 4 __________

0.950 2.472 0.40 7341 BASELINE

1.441 2.467 80% SPOILERS

1.974 2.504 60% SPOILERS

2.555 2.559 40% SPOILERS

o;

3.191 2.655 20% SPOILERS

3.891 3.013 NO SPOILERSTj

I

II
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Table 33.-B-52 Pi Arrangement (Continued)

INDEPENDENT DEPENDENT nt TERMS HELD CONSTANT
iT TERM TEPRM

I(T4) 1T 2  7T3  CONDITION

7341 2.472 0.40 0.95 BASELINE

46217 2.239 MAX WT

19638 2.368 HIGH WT

3926 2.551 LOW WT

1962 2.053 MIN WT

10257 2.718 VB+ 5

v /B + 10
14149 2.378

25687 2.302 VB + 20

44392 2.244 VB + 30

5160 2.535 vB 5

3553 2.570 VB -10

5660 2.484 120% Fe

6393 2.466 1, I 110% Fe

8613 2,399 90ý Fe

10444 2.403 80% Fe

5830 2.586 HOT CY

9532 2.298 COLD DAY

t I
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Table 33.-B-52 Pi Arrangement (Continued)

INDEPENDENT DEPENDENT i TERMS HELD CONSTANT
,'TER,4 irTERM ..... CONDITION

_w21 1_ _ )13) I;4)
0.95 7341 BASE.INE

.225 5.064

.200 5.436

.175 5.911

.150 6.174

.125 6.784

.10 7.929

.09 8.344

.08 8.780

.07 9.449

.06 10.030

F .05 16 )03 r

. (r3) () (-2) (y4) CONDITION

0.950 5.436 0.20 7341 BASELINE

1.441 5.486 80% SPOILERS

1.974 5.605 60% SPOILEiS

2.555 5.773 40% SPOILERS

3.191 5.965 20% SPOILERS

3.891 6.127 NO SPOILERS
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Table 33.-B-52 Pi Arrangement (Continued)

INDEPENDENT DEPENDENT i TERMS HELD CONSTANT
ITr TERM i TEr@4 .. ..

f(f4 ) (Tr1) 2 'T3  CONDITION

7341 5.436 0.20 BASELINE

46217 3.880 MAX WT

19638 4.166 HIGH WT

3926 5.917 LOW WI

1962 6.476 MIN WT

10257 5.039 VB + 5
j !v8 + 10

14149 4.798 B

25687 4.201- VB + 20

44392 3.802 VB + 30

5160 5.408 VB -

3553 5.808 -10

5660 5.652 120% Fe

6393 5.431 110% Fe

8623 5.1739c'F

10444 4.985 8V Fe

5830 5.958

5830 HOT DAY

9532 4.753 CDLDAY
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Table 33. -8-52 Pi Arrangement (Continued)

INDEPENDENT DEPENDENT Yr TERMS HELD CONSTANT

STERM I TERM CONDITION

1 _f2) ( i13) (;4)
0.95 7341 BASE INE

.225 5.064 T

.200 5.436

.175 5.911

.150 6.174

.125 6.784

.10 7.929

k .09 8.344

.08 8.480

.07 9.449

.06 10.030

.05 10.903

0(13) (WI) (d2) (4) CONDITION

0.950 7.929 0.10 7341 BASELINE

1.441 7,904 80% SPOILERS

1.974 8.085 60% SPOILERS

2.555 8.405 40% SPOILERS

3.191 8.639 201 SPOILERS

3.891 9.246 I NO SPOILERS

I110
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Table ?3. -B-52 Pi Arrangement (Concluded)

INDEPENDENT DEPENDENT nr TERMS HELD CONSTANT
Tr TERM _ _ TERM

(T4) 7) 12 7T3  CONDITION

7341 7.929 0.10 0.95 BASELINE

46217 5.681 MAX WT

19638 6.520 HIGH WT

3926 8.5''2 LOW WT

1962 9.172 MIN WT

10257 7.346 VB + 5

VB + 10

14149 6.885

25687 5.955 VB + 20

VB + 30
44392 5.364

5160 7.976 VB 5

3553 8.742 B-

5660 8.554 120% Fe

6393 8.008 110% Fe

8623 7.352 90* Fe

10444 7.077 80% Fe

5830 8.746 HOT DAY

9532 6.733 _ 1 COLD DY

III



Table 34.- KC- 135 Pi Arrangement

INDEPENDENT DEPENDENT ir TERMS HELD CONSTANT
w TERM r TERM CONDITION

(___ (!i) (Tr3) 1;4)

.60 1.143 1.535 107688 BAS,-INE

.55 1.254

.50 1.394

.45 1.520

.40 1.681

.35 1.892

.325 2.053

.30 2.239

.20 ---

.15

.10

.05 - -I

(3) ( (2 (n4) CONDITION

1.535 1.143 .6 107688 BASELINE

2.236 1.199 80% SPOILERS

3.053 1.278 60% SPOILEiS

4.015 1.347 40% SPOILERS

5.165 1.455 20% SPOILERS

S1 ~6.565 1.583 , NO SPOILERS

.• 112



Table 34.- KC- 135 Pi Arrangement (Continued)

INDEPENDENT DEPENDENT wr TERMS HELD CONSTANT
7r TERM Tr TERM

(74) (7r]) T2 7 3  CONDITION

.6 1.535
107688 1. 143 BASELINE

516319 3.016 MAX WT

"264483 1.823 HIGH WT

47193 1.254 LOW WI

31357 1.290 MIN WT

138146 1.136 VB + 5

176161 1.128 VB + 10

278816 1,105 VB + 20

428923 1.107 VB + 30

83148 1.152 V 5

63330 1.161 VB -10

80398 1.155 120% Fe

92066 1.156 110% Fe

129706 1.160 90% Fe

163024 1.136 80% Fe

85517 1.133 I'OT DAY

139813 1.132 _ _ _ _ COLD DAY
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Table 34.-KC- 135 Pi Arrangement (Continued)

INDEPENDENT DEPENDENT iT TERMS HELD CONSTANT
_r TERM 7_ TERM CONDITION

(rd2) (w]) (3) (;4)

.60 1.143 1.535 107688 BASE.INE

.55 1.254

.50 1.394

•.45 1.520

.40 1.681

.35 1.892

.325 2.053

.30 2.239

.20

.15

.10- -

L.05

(713) (I) (12) (44) CONDITION

1.535 1.681 0.4 107688 BASELINE

2.236 1.776 80% SPOILERS

3.053 1.899 60% SPOILERS

4.915 2.038 40% SPOILERS

5.165 2.210 20% SPOILERS

6.565 9.600 NO SPOILERS
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Table 34. -KC- 135 Pi Arrangement (Continued)

INDEPENDENT DEPENDENT w TERMS HELD CONSTANT
7r TERM. it TER _M

('4) (1) r2  Tr3  CONDITION

0.4 1.535
107688 1.581 BASELINE

516319 3.026 & MAX WT

264483 1.524 HIGH WT

47193 l.t143 LOW WT

31357 1.952 MIN WT

138146 1.658 VB + 5

V B + 10

176161 1.632

278816 1.594 VB + 20

428923 1.566 VB + 30

83148 1.701 VB 5

63330 1.732 -10

80398 1.695 120% Fe

92066 1.704 110% Fe

129706 1.683 9V' Fe

163024 1.654 80V Fe

85517 1.715 HOT DAY

139813 1.626 CI DAY
5COLD AY
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Table 34. -KC- 135 Pi Arrangement (Continued)

INDEPENDENT DEPENDENT n TERMS HELD CONSTANT
irTERM iT TERM CONDITION

1"2) (WI) (it3) (7r4)

.60 1.535 107688 BASE INE

.55

.50 ---

.45

.40 ---

.35

.275 2.527

.25 2.861

.20 3.762

.15 5.216

.16L 6. 337

.10 8.017 I

(r3) (WI) n 2) (W4) CONDITION

1.535 3.762 0.2 107688 BASELINE

2.236 4.016 80W SPOILERS

3.053 4.515 60% SPOILERS

4.015 4,818 40 SPOILERS

5.165 5.033 20% SPOILERS

6.565 5.539 NO SPOILERS

1i
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Table 34.- KC- 135 Pi Arrangement (Continued)

INDEPENDENT DEPENDENT Tr TERMS HELD CONSTANT
TERM n' TERM

( T4 1) O "2 "T3 CONDITION
0.2 1.535

107688 3.762 0. 15 BASELINE

516319 2.850 MAX WT

264483 3.211 HIGH WT

47193 4.367 LOW WT

31357 4.786 MIN WT

138146 3.620 
V B + 5

176161 3.606

278816 3.463 VB + 20

4 3.V + 30

83148 3.805 VB B

63330 3.939 
v -10

80398 3.811 120% Fe

92066 4.060 110% Fe

129706 3.866 90% Fe

163024 3.594 80% Fe

85517 3.914 HOT DAY

139813 3.434 COLD DAY
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Table 34.- KC- 135 Pi Arrangement (Continued)

I INDEPENDENT DEPENDENT "w TERMS HELD CONSTANT
71 TERM i TERM CONDITION

(712) (7,,I (n 3 (714)

.1.535 107688 BASE INE
.60--

.55

".50 ---

.45 ---

.40 ---

.35 ---

.275 2.527

.25 2.861

.20 3.762

.15 5.216

.125 6.337

.10 8.017

(713) (it,) (2) (O4) CONDITION

1.535 8.017 0.1 107688 BASELINE

2.236 8.186 80% SPOILERS

3.053 8.776 60% SPOILERS

4.015 8.730 40% SPOILERS

6.165 9.981 20% SPOILER!

6.565 10.668 NO SPOILE"-

'1 1
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Table 34. -KC- 135 Pi Arrangement (Concluded)

INDEPENDENT DEPENDENT wT TERMS HELD CONSTANT
STER4 T, TERM

(- 4 ) (it1 ) "T2  Tr3  CONDITION

107688 8.317 0.1 1.535 BASELINE

516319 5.826 MAX WT

264483 f.474 HIGH WT

47193 9.122 LOW WT

311357 --- MIN WT

S+B + 5
138146 7.582 B

i 'VB + 10
176161 7.260 B

278816 6.660 VB + 20

428923 6.219 
VB + 30

83148 8.246 VB 5

63330 8.639 B-1

80398 9.001 120% Fe

92066 8.503 110% Fe

129706 7.826 90,°0 Fe

163024 7.588 80% Fe

85517 9.131 HOT DAY

139813 6.976 COLD DAY
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Table 35. -F- 111 Pi Arrangement

INDEPENDENT DEPENDENT ii TERMS HELD CONSTANT
1. TERM TERM CONDITION

______ 1 ) 13) 64)

.1.181 345422 BASE INE.60 1. 406
I I

.55 1.534

.50 1.702

.45 1.905

.40 2.198

.35 2.603

.30 ---

.25

.20I

-•..o I:.110

.05

I(3) (_ ) _ _ 2) (4 - CONDITION

1.181 1.406 0.6 345422 BASELINE
I

1.98 i 1.499 80 SPOILERS

2.943 1.566 60% SPOILERS

4.095 1.693 40% SPOILERS

F 5.510 1.845 20' SPOILE%

7.292 2.038 __ !! NO 'h1PO)I:ER,

i1
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Table 35. -F- 111 Pi Arrangement (Continued)

INDEPENDENT DEPENDENT , TERMS HELD CUNSTANT
r TERM 7! TER4 _

("4) (I)- 1T2 3 CONDITION

345422 1. 406 0.6 1.181 BASELINE

- 1.914 TL M
_____MAX WT

1.500 TL HIGH WT

276293 1.417 LOW WT

245635 1,434 MIN WT

435657 1.393 VB 5

VB + 10
4B

546471 1.376

838604 1.334 VB + 20

1250622 1.315 VB + 30

27149o 1.433 VB -5

210751 1.442 VB -10

269430 1.454 120% Fe

302907 1.424 110. Fe

401820 1.398 90% Fe

481120 1.378 80% Fe

274305 1.442 HOT DAY

448468 1.372 !_ _ COLD DAY

TL Torque Limited
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Table 35. -F- 111 Pi Arrangeme,,? tContinued)

INDEPENDENT DEPENDENT i TERMS HELD CONSTANT
it TERM Ti TERM CONDITION

("d2) , (_,_ (3) (W,4).

1.181 345422 BASE 11ff
.60 1.406

.55 1.534

.50 1.702

.45 1.905

.40 2.198

.35 2.603

.30 ---

.25 ---

p. . ..

.15 ---

.10

.05

- 4 (n3) (2) ) _ (4) CONDITION

1.181 2.198 0.4 345422 BASELINE
I

1.987 2.303 80% SPOILERS

2.943 2.469 60% SPOILEiS
--i

4.095 2.697 401 SPOILERS

5.510 2.919 20" SPOILERS

7.292 3.276 ti, SPOILERS
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Table 35.-F- 111 Pi Arrangement (Continued)

'INDEPENDENT DEPENDENT i TERMS HELD CONSTANT
_TERM TERM

( 4) 1(7) )2 f3 CONDITION

345422 2.198 0.4 1.181 BASELINE

2.489 TL V X WT

482585 2.11d HIGH WT

276293 2.246 LOW WT

245635 2.287 MIN WT

435657 2.192 VB + 5

546471 2.164 
V8 + 10

538604 2.086 v B + 20

1250662 2.030 VB + 30

271498 2.228 VB 5

210751 Z.289 VB -10

269430 2.226 120% Fe

302907 2.162 110% Fe

401820 2.134 90% Fe

481120 2.097 80% Fe

274305 2.248 HOT DAY

448468 2.097 COLD DAY

TL = Torque Limited
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ITable 35.-F- 111 Pi Arrangement (Continued)

iNDEPENDENT DEPENDENT 1w TERMS HELD CONSTANT
ir TERM it TERM SCONDITION

.1.181 345422 BASE.INE.300 3. 234

.275 3.595

.260 3.849

.250 4.205

.240 4.237

.230 4.457

.220 4.679

.210 4.889

.200 5.305

.190 5.405

.175 5.82/

S.150 6.695

(i 3 ) (w1 ) 72 ( CONDITION

1.181 5.305 .2 345422 BASELINE

1.987 5.546 80% SPOILERS

2.943 5.835 60% SPOILERS

4.095 6.494 40% SPOILERS

5.510 6.933 20" SPOILERS

7.292 7.548 NO SPOILFRS
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Table 35. -F- 111 Pi Arrangement (Continued)

INDEPENDENT DEPENDENT " TERMS HELD CONSTANT

Tr TERM n.TERM
('Y4) (it) Tr2 T3 CONDITION

345422 5.305 .2 1.181 BASELINE

555118 4.623 Mw., WT

399186 5.116 HIGH WT

186981 5.935 LOW WT

164990 5.994 MIN WT

435657 5.188 VB + 5

VB + 10
546471 5.039 1

838604 4.727 VB + 20

1250662 4.341 VB + 30

271498 5.453 VB -5

210751 5./16 VB -10

269430 5.518 120% Fe

302907 5.357 110% Fe

401820 5.109, 90;" Fe

481120 4.700 80% Fe

274305 5.b38 HOT DAY
448468 4.786 _ _ _COLD DAY
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Table 35. -F- 111 Pi Arrangement (Continued)

ANDEF•'LhlT ULEPENUEN iT TERMb HELU C.UNSTANI
"n TERM i TERM CONDITION

- - CONDITION

(1T2) (wi) Or 3) (T4)

.300 3.234 1.181 345422 BASE.INE

.275 3.595

.260 3.849

.250 4.205

.240 4.237

.230 4.457

"= .220 4.679

.210 4.889

.200 5.305

.190 5.405

.175 5.827

.150 6.695 _ _ _ _ _r

(O3) ((i) I ( (W41 CONDITION

1.181 6.695 .15 345422 BASELINE

1.987 7.197 L 80' SPOILERS

2.943 7.522 10 0'SPO!LERS

4.095 8.004 40, SPOILERS

5.510 8.569 ?0" SPO*,LERS

7.292 -.20 1:0SPOILERS
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Table 35.-F- 111 Pi Arrangement (Concluded)

INDEPENDENT DEPENDENT wr TERMS HELD CONSTANT

w TEW w TEU4 _

(if4 ) (ir1 ) 7r2 7T3 CONDITION

345422 6.695 .15 1.181 BASELINE

555118 6.474 MAX WT

399186 6.851 HIGH WT

186981 7.239 LOW WT

164990 8.540 MIN WT

4367VB + 5
435657 --- v

iI VB + 10

546471 6.044 B

838604 5.652 VB + 20

1250662 5.272 
VB + 30

271498 6.919 VB -5

210751 7.142 VB -10

269430 7.229 120% Fe

302907 7.088 110% Fe

401820 6.607 90% Fe

481120 6.194 80% Fe

274305 7.346 HOT DAY

44848 5.864
rCOLD [AY

*1 ___127



SECTION XIV
FORMULATION OF MODEL PREDICTION EQUATIONS AND
MODEL- TO-SIMULATOR CORRELATION CALCULATIONS

After the conditions have been met for the function to be a product, a prediction equation

is formed by multiplying all component equations and the constant term C. That is:

(i1) = CfI (1 2 , i 3 , -)f 2 (i' 2, r3 , f4) f3 (7r2,'3, r4 )

Therefore, for the B-52 airplane atW-2 = 0.6: -

(w!) = 0.16561 x 2.3931 (r 2 ) ".040072.4772('3) [.03021-.01786%SP]
4,

4.4960()14) f 9.05Ap-.06803]

or:

(rl) 4.4138(w2)-0.04007(w[3)[.03021-.01786%SP(r 4)[9.05Ap-.06803] (I)1

For the B-52 at2 = 0.4: -

S- 04007 1 [. 285-.2227%SPJ 4.0297(74)[8.486p-.05541(irl) = 0.16272 x 2.,,393i(•.2)' " 2.481 5(r3) 409(4

or:

L "= 04007 [.I285-.2227%SP] (94)[8.486p-.0554] (2)

and so on.

This process was repeated for the other airplanes and corresponding prediction equations
were obtained. The prediction equations were then used to calculate prediction stopping
distance (O term) and compared with actual stopping distance (7 term) for correlation. The
difference between the two was converted to a percentage error based on the actual stopping

distance (w term). Tables 36 through 38 illustrate this correlation comparison.

12
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Table 36. -B-52 Model- To-Simulator Correlation

0.6p
4.4139(112)-.04007(,3) .03021-.01786%SP (".) 9.015.!-.06803

DATA FORir2  0.6 _ATAFORr2 = 0.4 0,6*

PREDICTED ACTUAL PREDICTED ACTUAL
(1I) (i 1 ) % ERROR (WI) (71I) % ERROR CONDITION

2.457 2.477 .81 2.497 2.472 -1.04 BASELINE

2.473 2.487 .56 2.514 2.467 -1.87 80% SP

2.492 2.513 .87 2.532 2.564 -1.14 60% SP

2.513 2.532 .75 2.554 2.559 .22 40% SP

2.536 2.555 .75 2.577 2.655 2.94 20% SP

2.562 2.580 .72 2.604 3.013 13.6 NO SP

2.168 2.182 .62 2.220 2.239 .86 MAX WT

2.298 2.313 .65 2.345 2.368 .97 HIGH WT

2.564 2.585 .82 2.598 2.551 -1.83 LOW WT

2.688 2.658 -1.12 --- --- --- MIN WT

2.402 2.396 -. 25 2.441 2.418 -. 94 V8 + 5 Kn

2.350 2.386 1.53 2.388 2.378 -. 42 VB + 10

2.256 2.253 -. 14 2.293 2.302 .37 VB + 20

2.174 2.157 -. 78 2.210 2.244 1.54 VB + 30

2.517 2.548 1.21 2.558 2.535 -. 90 VB -5

2.582 2.564 -. 67 2.624 2.570 -2.11 VB -10

2.501 2.500 -. 06 2.542 2.484 -2.33 120% Fe

2.480 2.465 -. 64 2.521 2.466 -2.23 110% Fe

2.430 2.401 -1.24 2.470 2.399 -2.96 90% Fe

2.399 2.388 -. 45 2.438 2.403 -1.45 80% Fe

2.557 2.586 1.1 0 2.599 2.586 -0.50 HOT IDY_

2.244 2.267 1.00 2.280 2.298 0.78 COLD DAY

* Value of p for data set used to arrive at the prediction equation shown.
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Table 36.-B.52 Model- To-Simulator Correlation (Continued)

0.4p

(j) =3.8939(7:,)-'04007("3) .1285-.2227%SP ("4) 8.48Ac,-.0554

DATA FOR i2 0.4 DATAFOR T 2 0.6 = 0.4"
PRL.DICTED ACTUAL PREDICTED ACTUAL

(____) (iT1 ) % ERROR (iTr) (-r 1 ) % ERROR CONDITION

2.479 2.472 -. 29 2.439 2.477 .54 BASELINE
2.423 2.467 1.82 2.383 2.487 4.16 80% SP
2.458 2.504 1.81 2.419 2.513 3.77 60% SP
2.560 2.559 -. 02 2.518 2.532 0.52 40% SP
2.719 2.655 -2.41 2.675 2.555 -4.70 20% SP
2.938 3.013 2.51 2.890 2.580 -12.0 NO SP
2.252 2.239 -. 58 2.202 2.182 -. 95 MAX WT
2.355 2.368 .55 2.309 2.313 .16 HIGH WT
2.560 2.551 -. 34 2.525 2.585 2.34 LOW WI

_........ 2.624 2.658 1.30 MIN WT
2.433 2.418 -. 62 2.394 2.396 .08 8B + 5 Kn
2.390 2.378 -. 50 2.352 2.386 1.46 B + 10
"2.313 2.302 -. 47 2.275 2.253 -.97 V8 + 20
2.244 2.244 .02 2.207 2.157 -2.32 VB + 30
2.528 2.535 .29 2.487 2.548 2.39 V8 -5
2.581 2.570 -. 42 2.539 2.564 1.00 VB -10
2.515 2.484 -1.24 2.474 2.500 1.02 120% Fe
2.498 2.466 -1.29 2.457 2.465 .29 110% Fe
2.457 2.399 -2.40 2.417 2.401 -.68 90% Fe

2.431 2.403 -i.14 2.392 2.388 -. 14 80% Fe
2.603 2.586 -0.64 2.560 2.586 1.00 HOT DAY
2.312 2.298 -0.60 2.275 2.267 0.35 COLD DAY
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Table 36.-B-52 Model- To-Simuldtor Correlation (Continued)

-. 2 3

(•l) = .90063(2)-22504() 13006-'077411P (-.,) 17.75t'.-.18364
Wet Runway

DATAFOR IT2 = 0.D DATAFOR ; 2 = 0.23 . = 0.23

PREDICTED ACTUAL PREDICTED ACTUAL
(_I) (IT) % ERROR (-rI) (I1) % ERROR CONDITION

_ 4.785 4.782 -. 07 BASELINE

4.919 4.967 .97 80% SP

5.079 5.062 -. 33 60% SP

5.265 5.286 .39 40% SP

5.480 5.472 -. 14 20% SP

1 _5.725 5.751 .45 NO SP

_3.530 3.468 -1.78 MAX WT

4.071 3.996 -1.87 HIGH WT

5.295 5.426 2.41 LOW WT

5.862 5.995 2.22 MIN WT

4.499 4.482 -. 39 VB + 5 Kn

4.240 4.288 1.11 B + 10
__3.799 3.884 2.19 B + 20

3.435 3.563 3.58 VB + 30

5.106 4.958 -2.98 VB -5v

5.469 5.328 -2.66 VB -10
5.020 5.010 -. 19 120% Fe

4.909 4.842 -1.38 110% Fe

4.645 4.673 .60 90% Fe

4.484 4.559 1.64 80% Fe

5.415 5.438 0.42 HOT DAY

4.088 4.126 0.42 COLD DAY
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Table 36.-B-52 Model- To-Simulator Correlatiot, (Continued)

0.2

( 1 1) .i'6779(T2)"' 5 1 6 6 (3' .09091-.07014M SP (-,) 12.5A -. 182052

DATA FOR 'r2 = 0.2 tATAFOR iv2 = 0.1 - 0.2

PREDICT•D ACTUAL PREDICTED ACTUAL
(n1) (11) % ERROR (nI) (r.1) % ERROR CONDITION

5.299 5.436 2.52 7.581 7.929 4.38 BASELINE

5.373 5.486 2.07 7.686 7.904 2.75 80% SP

5.484 5.605 2.15 7.845 8.085 2.96 60% SP

5.627 5.173 2.53 8.050 8.405 4.22 40% SP

5.800 5.965 2.77 8.297 8.639 3.95 20% SP

6.002 6.127 2.03 8.587 9.246 7.13* NO SP

.......... _5.678 5.681 0.06 MAX WT

......... _6.504 6.520 0.25 HIGH WT

t5.852 5.917 1.10 8.345 8.502 1.84 LOW WT

6.523 6.476 '-0.73 9.266 9.172 -1.02 MIN WT

4.986 5.039 1.05 7.133 1 7.346 2.90 VB + 5 Kn

4.703 4.798 1.98 6.728 6.885 2.29 B + 10

4.219 4.201 -0.42 6.035 5.955 -1.35 VB + 20

3.819 3.802 -0.46 5.463 5.364 -1.86 B + 30

5.651 5.408 -4.50 8.084 7.976 -1.36 B -5

6.048 5.808 -4.12 8.652 8.742 1.03 B -10

5.556 5.652 1.69 7.949 8.554 7.08* 120% Fe

5.435 5.431 -0.07 7.775 8.008 2.92 110% Fe

5.146 5.173 0.52 7.362 7.352 -0.13 90% Fe

4.970 4.985 0.30 7.110 7.077 -0.47 80% Fe

5.829 5.958 2.16 8.339 8.746 4..65 HOT DY

4.660 4.753. 1.96 16.667 7.633 0.98 COLD DAY

12
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Table 36.-B-52 Model- To -Simulator Correlation (Concluded)

(3) = 13.5275(T2)-5165 .11144-.1367%SP (T.) 16.11tj)-.196156

DATAFOR'T2 = 0.1 DATAFOR'2 = 0.2 _ = 0.1

PREDICTED ACTUAL PREDICTED ACTUAL
( rI) (I) % ERROR (Il) (nj) % ERROR CONDITION

7.744 7.929 2.33 5.413 5.436 0.42 BASELINE

7.740 7.904 2.07 5.410 5.486 1.38 80% SP

7.891 8.085 2.40 5.516 5.605 1.59 60% SP

8.157 8.405 2.95 5.702 5.773 1.23 40% SP

8.527 8.639 1.29 5.961 5.965 0.08 20% SP

8.999 9.246 2.68 6.290 6.127 -2.66 NO SP

5.672 5.681 0.17 .... ... MAX WT

6.565 6.520 -0.69 -.--- --- HIGH WT

8.589 8.502 -1.02 6.024 6.917 -1.81 LOW WT

9.614 9.172 -4.81 6.772 6.476 -4.56 MIN WT

7.253 7.346 1.28 5.070 5.039 -0.60 VB + 5 Kn

6.809 6.885 1.10 4.760 4.798 0.79 VB + 10

* 6.057 5.955 -1.72 4.234 4.201 -0.78 VB + 20

5.441 5.364 -1.44 3.803 3.802 -0.05 B + 30

8.299 7.976 -4.05 5.801 5.408 -7.28* VB -5

8.929 8.742 -2.13 6.241 5.808 -7.46* B -10

8.150 8.554 4.73 5.697 5.652 -0.79 120% Fe

7.957 8.008 0.64 5.562 5.431 -2.42 110% Fe

7.504 7.352 -2.06 5.245 5.173 -1.39 90% Fe

7.227 7.077 -2.12 5.052 4.985 -1.34 80% Fe

8.699 8.746 0.53 6.081 5.958 2.06 HOT DAY

6.644 6.733 1.33 4.644 4.753 2.29 COLD DAY
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Table 37.-- 135 Model- To-Simulator Correlation

S0...28745(T,-.9420(r') .1903-.1090%SP (,,,)-.05414

DAFT FOR `2 = _0.6 OATAFOR 2  0.4 _ 0.6*

PREDICTED ACTUAL PREDICTED 1 ACTUAL
(Tr' ('I) ERROR (IT) (NI) % ERROR CONDITION

1.152 1.143 -. 77 1.688 1.681 -. 36 BASELINE
1.209 1.199 -. 80 1.771 1.776 .27 80% SP

1.279 1.278 -. 07 1.874 1.899 1.36 60% SP
1.364 1.347 -1.26 1.999 2.038 1.94 40% SP

i.467 1.455 -. 79 2.149 2.210 2.73 20% SP

_.591, 1.583 -. 54 2.332 2.600 10.32* NO SP

_... . .... .. ... .M A X W T
---.... - - 1.607 1.524 -5.51* HIGH WT

1.204 1.254 3.98 1.765 1.843 4.26 LOW WT

111.231 1.290 4.53 1.804 1.952 7.59* MIN WT

1.136 1.136 -. 03 1.665 1.658 -. 41 VB + 5 Kn

1.122 1.128 .61 1.643 1.632 -. 67 B + 10
1.094 1.105 .95 1.603 1.594 -. 59 B + 20

i 1.069 1.107 3.46 1.566 1.566 -. 02 VB + 30

S1.168 j1.152 -1.39 1.711 1.701 -. 64 VB -5

1 1.185 1.161 -2.08 1.737 1.732 -. 26 VB -10
1.170 1.155 -1.33 1.715 1.695 -1.12 120% Fe

1.162 1.156 -. 46 1.702 1.704 .09 110% Fe

1.140 1.160 1.70 1.671 1.683 .73 90% Fe

1 ..12b 1.136 .90 1.650 1.654 .25 80% Fe

1. 166 1.133 -2.96 1.709 1.715 .38 HOT DAY

[1.136 J1.132 -. 32 1.664 1.626 -2.32 COLD DAY
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rdble 37.-KC- 135 fvlod.l- To-Simulator Correlation (Continued)

(- ) : -. 9420 .2233-.2072%SP -. 08228

i2 0.4 0.4 0.6 P__0.4_ _

PREDICTED ACTUAL PREDICTED ACTUAL
(1) (IT1 ) % ERROR (, (7r1 ) % ERROR CONDITION

1.693 1.681 -. 67 1.155 1.143 -1.07 BASELINE

1.761 1.776 .84 1.202 1.199 -. 23 80% SP

1.877 1.899 1.16 1.281 1.278 -. 28 60% SP

2.043 2,038 -. 27 1.395 1.347 -3.52 40% SP

2.266 2.210 -2.55 1.547 1.455 -6.27* 20% SP

2.559 2.600 1.68 1.747 1.583 -10.35* NO SP

- ---.... --- ----- MAX WT

1.572 1.524 -3.19 --- --- HIGH WT

1.812 1.843 1.71 1.237 1.254 1.42 LOW WT

1.874 1.952 4.03 '.279 1.290 .86 MIN WT

1.658 1.658 -. 01 1.132 1.136 .37 VB + 5 Kn

1.626 1.632 .41 1.110 1.128 1.68 VB + 10

1 1.565 1.594 1.77 1.068 1.105 3.28 VB + 20

1.5I1 1.566 3.50 1.031 1.107 6.86* B + 30

1.729 1.701 -1.68 1.180 1.162 -2.44 VB -5

1.768 1.732 -2.08 1.207 ..161 BV -10

1.734 1.695 -2.27 1.183 1.155 -2.48 120% Fe

1.715 1.704 -.65 1.170 1.156 -1.21 110% Fe

1.667 1.683 .94 1.138 1.160 1.91 90% Fe

1.636 1.654 1.10 1.117 '.136 1.75 80% Fe

1.725 1.715 -. 57 1.177 1.133 -3.95 HOT DAY

1.657 1.626 -1.88 1.131 1.132 .11 COLD DAY

I
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Table 37.--KC-135 Model- To-Snmulator Correlatin (Contued)

0.2

3.1969 (i 2 ) -1.1410 (IT' .2577-.0267%SP (I4) 3.5Ao -. 152082

_ 0.23_

PREDICTED ACTUAL PREDICTED ACTUAL
(1) () % ERROR (7I) (WI) % ERROR CONDITION

3.801 3.762 -1.04 BASELINE

4.164 4.016 -3.69 80% SP

4.509 4.515 .13 60% SP

4.854 4.818 -. 73 40% SP

5.210 5.033 -3.53 20% SP

5.591 5.539 -. 95 NO SP

i 2.995 2.850 -5.09 MAX WT

3.316 3.211 -3.26 HIGH WT

S4.309 4.367 1.33 LOW WT

4.586 4.786 4.19 MIN WT

S_ _ _____ ___ 3.660 3.620 -1.10 VB + 5 Kn

3.527 3.606 2.18 VB + 10
3.289 3.463 5.03 +B 20

S_3.081 3.219 4.31 B + 30

_.... 3.954 3.805 -3.91 VB -5

_4.121 3.939 -4.62 VB -10

_ _3.974 3.811 -4.28 120% Fe

;_.893 4.060 4.11 110% Fe

S3.695 3.866 4.42 90% Fe

i 3.569 3.594 .71 80% Fe

S4.013 3.914 -. 53 HOT DAY

3.546 3.434 3.26 COLD DAY
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Table 37.--KC- 135 Model- To-Simulator Correlation (Cocluded)

0.1
6.0204 (T 2 ) -1.1410 ( .r .1485-.1643%SP ( 4 12.65, - .200863

"_______ ".22 "O. 1

PREDICTED ACTUAL PREDICTED ACTUAL
(i) (TI) % ERROR (Ti) (7r) % ERROR CONDITION

8.071 8.017 -. 67 BASELINE

8.238 8.186 -. 64 80% SP

8.591 8.776 2.11 60% SP

9.116 8.730 -4.43 40% SP

9.825 9.981 1.57 20% SP

10.745 10.668 -. 72 NO SP

_5.891 5.826 -1.10 MAX WT

__6.738 6.474 -4.07 HIGH WT

9.525 9.122 -4.42 LOW WT

---....... -MIN WT

7.677 7.582 -1.25 VB + 5 Kn

7.311 7.260 -. 71 B + 10

6.667 6.660 -. 11 VB + 20

6.114 6.219 1.68 VB + 30

8.501 8.246 -3.09 VB -5

• 8.979 6.639 -3.94 V -10

8.559 9.001 4.91 120% Fe

__8.329 8.503 2.05 110% Fe

7.775 7.826 .65 90% Fe

7.426 7.588 2.14 80% Fe

_ _ _.... 9.069 9.131 0.68 HOT DAY

6.885 6.976 1.32 COLD DAY

137



Table 38.-F-i 111 Model- To-Simulator Correlatlon

0.6
(TY) =1.6343 (T2) -1.1401 ( 3) ..1890-.1286%SP (T4)-.05843

T r 2 =• 2 = O .6

PREDICTED ACTUAL PREDICTED ACTUAL
( 1) (-N1) % ERROR (,n.) (V1 ) % ERROR CONDITION

1.404 1.406 .15 2.229 2.198 -1.45 BASELINE

1.474 1.499 1.65 2.342 2.303 -1.69 80% SP

1.568 1.566 -. 11 2.490 2.469 -. 88 60% SP

1.687 1.693 .38 2.680 2.697 .65 40% SP

1.836 1.845 .49 2.916 2.919 .10 20% SP

2.023 2.038 .73 3.213 3.276 1.91 NO SP

--- --- --- --- --- MAX WT

4__-..2.186 2.118 -3.24 HIGH WT

1. 422 1.417 -. 34 2.259 2.246 -. 59 LOW WT

1.432 1.434 .12 2.274 2.287 .57 MIN WT

1.385 1.393 .56 2.199 2.192 -. 34 VB + 5 Kn

1.367 1.376 .68 2.170 2.164 -. 29 B + 10

1.333 1 334 .10 2.117 2.086 -1.48 VB + 20
1.30/4 1.315 .97 2.068 2.030 -1.88 VB + 30

1 1.424 1 1.433 .68 2.261 2.228 -1.48 B -5

1.445 1.442 -. 20 2.295 2.289 -. 25 VB -10

1.424 1.454 2.07 2.262 2.226 -1.61 120% Fe

1.414 1.424 .65 2.247 2.162 3.93 110% Fe

1.391 1.398 .51 2.210 2.134 3.57 90% Fe

1. 377 1.378 .08 2.187 2.097 -4.28 80% Fe

1.423 1.442 1.32 2.260 2.248 -. 51 HOT DAY

1. 3d2 1.372 -. 77 2.196 2.097 -4.71 COLD DAY
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Table 38.-F- 111 Model. Yo-Simulator Correlatlon X Continued)

0.4
(7T,= 1,8069 ('T2) -1.1411 .2060-.1448%SP (74) -. 06742(7t3)_:__1_806_______)_"__(_3)

_ 'T2 0.4

PREDICTED ACTUAL PREDICTED ACTUAL
(I TrI % ERROR (Tr, (r1) % ERROR CONDITION

2.198 2.198 0.0 1.384 1.406 1.55 BASELINE

2.315 2.303 -. 52 1.457 1.499 2.77 80% SP

2.474 2.469 -. 23 1.558 1.566 .53 60% SP

2.681 2.f97 .60 1.688 1.693 .33 40% SP

2.943 2.919 -. 82 1.853 1 845 -. 42 20% SP

3.276 3.276 0.0 2.063 2.038 -1.22 NO SP

S...... ...... --- MAX WT

2.149 2.118 -1.48 --- --- --- HIGH WT

2.232 2.246 .62 1.405 1.417 .87 LOW WT

2.249 2.287 1.66 1.416 1.434 1.22 MIN WT

2.164 2.192 1.27 1.362 1.393 2.16 VB + 5 vn

2.131 2.164 1.52 1.342 1.376 2.47 VB + 10

2.071 2.086 .74 1.304 1.334 2.29 VB + 20

2.015 2.030 .71 1.269 1.315 3.49 VB + 30

2.234 2.228 -. 27 1.407 1.433 1.86 VB"-5

2.273 2.289 .71 1.431 1.442 .76 VB -10

2.235 2.226 -. 41 1.407 1.454 3.23 120% Fe

2.218 2.162 -2.60 1.396 1.424 1.93 110% Fe

2.176 2.134 -1.98 1.370 1.398 2.04 90% Fe

2.150 2.097 -2.51 1.353 1.376 1.77 80% Fe

2.288 2.248 .69 1.406 1.442 2.50 HOT DAY

2.160 2.097 -3.00 1.360 1.372 .87 COLD DAY
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ab/e 3d.-- F- Il Model- To-Sirnulator Correlation, (Continuec')

0.20

() ,7773 f •2) -1.0490 (.t3) ,1885-.1184%SP (T -. 1648

• ____2_-_ .020o
PREDICTED AfTUAL PREDICTED ACTUAL

S(1!1) ,1(n1) % ERROR (Tnr) (%I) ERPOR CONDITION

! 5.205 5.305 1.88 BASELINE

5.,487 5. E46 1.08 80% SP

5.840 5. 3" 5 -. 07 60% SP

6.277 6.494 3.34 40% SP

- 6.816 6.933 1.69 20% SP

- _ _7.481 7.548 .88 NO SP

- .... [ 4.813 4.623 -4.11 MAX WT
S5.082 5.116 .67 HIGH WT

_____________________ 5.759 15.935 2.96 LOW WT

5.879 5.994 1,92 ,MIN WT

I V,_______5.009 5,188 3.43 + 5 Kn

'__4 826 5.039 4.24 V 10
S4.497 4.727 4.86 " 20+ 2

__ __ - __ __ ___ _ _

4.20 4. ,1 3.05 + 305 .415 5. 453 .69 vp -5

1402

5 6 65. 706 ..2, B -10

!I5. 422 5.518 1.73 1 120% Fe
S{5.3 19 5.35-7 .71 110% Fe

5.077 5. 109 .63 90% Fe
1 4.928 4. 700 -4.85 80 ,' Fe

•.J5.406 5,538 1' 2.39 1HOT DAY

S4,986 •I4.786 4.4,i17 COL DAY

, 140



I

Table 38.-F- 111 Model- To-Simulator Correlation (Concluded)

.15

(w1) =9.0207 (T2) -1.0490 (t3) 1656-.0698%SP (•r) 8.8Ap-.1797

w'2 " r2

PREDICTED ACTUAL PREDICTED ACMUAL
(1) (it1 ) % ERROR (Oi) (nt) % ERROR CONDITION

6.780 6.695 -1.26 BASELINE

7.195 7.197 .03 80% SP

1 7.626 7.522 -1.37 60% SP

8.102 8.004 -1.22 40% SP

8.643 8.569 -. 87 20% SP

9.272 9.201 -. 77 NO SP

6.226 6.474 3.83 MAX WT

6.606 6.851 3.58 HIGH WT

7.570 7.239 -4.58 LOW WT

8.726 8 540 -2.13 MIN WT
_......... VB + 5 Kn

6.243 6.0)44 -3.29 '5 ,- 1C
5.781 5.652 -2.27 *B + 20

5.378 5.272 -2.01 VB + 30

S7.079 6.919 -2.32 B -5

S7.409 7.142 -3.74 VB -10
_7.089 7.229 1.94 120V Fe

S6.941 7.088 2.07 i1OZ Fe

_ __6.598 6.607 .14 90% Fe

6.388 6.194 -3.13 80% Fe

7.372 7.34F 0.35 HOT DAY

S.... 5.895 5.864 0.53 COLD DAY
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SECTION XV
WET-RUNWAY ANALYSIS CALCULATIONS

I hi procedure followed in Sections XII, XiI, and, XIV was repeated for the data analysis

ol wet rulnWaJ, Londitlons and predlLtIhon Cquations wereý obtained as before However, a

velocity-dependent mu value was converted into a constant peak a'.aIlable mu value

(independent oh velocity) by using previous irt versus 7rI Ltomponent equations• for example,

equations 11. 21. and 31 in ASD-TR-77-6 Volume 1, Section IX. Tables 39 through 48

illustrate the steps involved.
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Table 40. -B-52 Pi Determination-Wet Runways (Concluded)

V6 71 .23 7. = .175 72 .127
V Feo Fe Feg 2 2

CONDITION S Sg/• S Sg/V2 S Sg/V2

FPS Lh Lbf FT FT FT

Baseline 152.0 4800 3863 7341 3434 4.7 4178 5.818 4922 6.854

Max Wt 198.0 4800 3617 38297 4226 3.46E 4745 3.926 5261 4.388

High Wt 175.0 4800 3740 17658 3804 3.996 ... ... ... ...

Low Wt 139.1 4800 3931 4237 3263 5.42 ... ... ... ...

Min Wt 127. 2 4800 3995 2438 3015 5.995 3481 6.97 3924 7.827

vB + 5 160.41 4800 3818 10257 3584 4.4B2 42E6 5.331 4934 6.17

VB + 10 168.9 4800 3773 14149 3802 4288 4464 5.03ý 5171 5.83

VB + 20 185.814800 3683 25687 4168 3.881 4884 4.552 5527 5.151

VB + 30 202.7 4800 3593 44392 4550 3.56 -... ... ... ...

VB 5 143.6 5800 3908 5160 3178 4.958 ... ... ... ...

VB - 10 135.2 4800 3952 3553 3027 5.328 3625 6.38( 4091 4.20C

120% Fe 152.0 5760 5010 5660 3598 5.010 4329 6.02 4910 6.837

110' Fe 152.0 5280 4436 6393 3477 4.842 --- . . . .

90,6 Fe 152.0 4320 3289 8623 3356 4.673 ---

80% Fe 152.0 3840 2715 10444 3274 4.559 3825 5.326 4520 6.291

Hot Day 152.0 4600 3863 5830 3905 5.438 4721 6.571 5465 7.610

Cold Day 152.0 4800 3863 9532 2963 14.126 3538 4.92, 4009 5.58
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Table 41.-KC- 135 Pi Determination- Wet Runways (Concluded)

V Feo Fe pV6 72 = .166 Tr .154 "2 =.137

Condition -S Sgv S Sg/v2 S ig/v2

FPS Lbf LBf '4  FT 1I FT '1 Ft 'I

Baseline 209.0 2400 1780 10768 6205 4.750 6788 5.000 7756 5.712

Max Wt 267.3 2400 1624 51631 --- --- 9926 4.469 111825.035

high Wt 240.8 2400 1695 26448 7677 .259 ......

LU-• -7 13 - A, A .588 .
-U L oo0.3 iJ r O'40v 4I±,o r+ i j i t .7Lr

Mi Wt 171.7 2400 1879 31357 4520 .933 4072 5.425 4854 6.467
155.4 1922 16846

" + 5
217.4 2400 1157 13814 6467 4.402 6967 4.742 7871 5.358

VB + 10 225.9 2400 1735 176161 6740 4.249 7225 4.555 8066 5.085

VB + 20 242.8 2400 1690 248816 7272 3.969 8048 4.392 9233 5.039

VB + 30 259.7 2400 1645 428921 7734 3.689 .......

VB - 5 200.6 2400 1802 82148 6008 4.803 6369 4.092 7330 5.860

VB - 10 192.1 2400 1825 63330 5719 4.986 6140 5.353 7085 6.177

120% Fe 209. 2880 2384 80398 6497 4.785 7353 5.420 8465 6.240

110% Fe 209. 2640 2082 92066 6298 4.639

90% Fe 209.( 2160 1478 1297 6148 4.528--------------

80% Fe 209. 1920 1176 16302 5975 4.401 6697 4.932 7628 5.618

Hot Day 20). 2400 1780 85517 7192 4.297 8029 5.914 8750 6.445

Cold Day 209. 2400 1780 13981 5333 3.92J 5762 4.24 6623 4.878

-
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Table 42.-F- 111 Pi Determination-Wet Runways (Concluded)

V F F PI n2 i .231 Tr2 .218 'r2 .193V Feo Fe Fe2 -- - - -

Condition - S Sg/V2 S Sg/v 2  S Sg/v2

FPS Lbf Lbf 4 FT 7t FT FT
_ _ _ _ _ _1 1 FT1

Baseline 219.81 9A4 761 45422 6652 4.430 7094 4.694 8020 5.341

Max Wt 237.3 904 740 555118 7332 4.188 7919 4.505 8807 5.032

High Wt 2250 904 747 399186 6806 4.32

Low Wt 199.0 904 764 186981 5982 4.86C --- . .. .

Min Wt 195.0 904 766 16499( 5990 5.06E 6402 5.417 7319 6.192

VB+ 5 228.2 904 745 43565; 7104 4.38S 7134 4,407 8201 5.067

VB + 10 236.7 904 740 546471 7137 4.09f 7416 4.25f 8633 4.957

VB + 20 253.6 904 729 838604 7657 3.839 7963 3.9& 9177 4.591

VB + 30 270.5 904 719 12506 2 8092 3.5581---

VB - 211.4 904 756 271491 4.46 6675 4.80! 7763 5.58S

"VB - 10 202.9 904 761 21075' 5838 4.56; 6414 5.012 7430 5.806

120% Fe 219.8 1085 962 269431 6625 4.41 7189 4.78 8286 5.51E

110% Fe 219.8 994 856 30290 6783 4.51.

90% Fe 219.8 814 645 40182t 6603 4.39.

Z: 80% Fe 219.8 723 539 48112 5969 3.97! 6679 4.441 7724 5.144

Hot Day 219.8 904 751 27430 7059 4.70 7667 5.100 8745 5.82

Cold Day 219.8 904 751 44846 5741 3.82 6234 4.15 7192 4.78
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Table 43.-8-52 Pi Arrangement-Wet Runways

INDEPENDENT DEPEN~hPT Yt TERMS HELD CONSTANT
i TERM wt TERM CONDITION

(1r2) . ti) (i; 3 ) O1r4)

.95 .7341.280 3.068 BS ,,

.270 3.278

.260 3.678

.230 4.782

.225 5.064

.22 5.198

F ..-..I (") ('2) (~;4) I CONDITION

0.950 4,782 .23 .7341 BASELINE

S1.441 4.967 80% SPOILFRS

1.974 5.062 60% SPOI,' RS

2,555 5.286 40% SPOILERS

3.191 5.472 200 SPOILERS

3.891 5.751 40 SPOILERS
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Table 43. -B-52 Pi Arrangement-Wet Runways (Continued)

INDEPENDENT DEPENDENT ff TERMS HELD CONSTANT
TTF.RM ir TER..

(p4) (T ) 2 7T3  CONDITION

7341 4.782 0.23 0.95 BASELINE

38297 3.468 MAX WT

17658 3.996 HIGH WT

4237 5.426 LOW WT

24 38  5.995 MIN WT

10257 4.482 VB + 5

14149 4.288 VB + 10

25687 3.884 VB + 20

4,4,j92 3.563 B +

5160 4.958 "B 5

3553 5. 3 2 VB -10

5660 5.010 120% Fe

6393 4.84e 110% Fe

8623 4.673 90% Fe

10444 4.559 80% Fe

V 5830 5.438 HOT DAY

9532 4.126 COLD DAY
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Table 43. -B-52 Pi Arrangement-Wet Runways (Continued)

INDEPENDENT DEPENDENT i TERMS HELD CONSTANT
-n TERM Tr TERM CONDITION

(Tr2) (nI) (r 3) ("4)

.225 5.064 . 7341 BASE INE

.200 5.436

.175 5.818

,150 6.174

.10 ,6.854

.100 7.929

.090 8.344

.080 8.780

.070 9.449

.06 10.030

.05 10.903

7(3) ((4) CONDITION

0.950 5.818 .175 .7341 BASELINE

.I- - '801" SPOILERS

1.974 6.011 60% SPOILERS

40% SPOILERS

"[3. 191 6.575 20% SPOILER5

L_3.891 6.900 11f _ _ ,1oSPOILERS
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Table 43. --8-52 Pi Arrangement- Wet Runways (Contiued)

INDEPENDENT DEPENDENT r TERMS HELD CONSTANT
1 TERM 1 TERM ..... .

4) 1) 2 T73 CONDITION

7341 5.818 .175 95 BASELINE

37334 3.926 MAX WT

-..... HHIGH WT

- -..... LOW WT

2380 6.976 MIN WT

10257 5.334 VB + 5

V B + 10
14149 5.034

25687 4.552 VB + 20

VB + 30

v B 5

3553 6.380 VB 10

5660 6.028 120% Fe
i ...... I 0% Fe

I--- --- 110% Fe

t -- --- 90% Fe

10444 5.326 80% Fe

5830 6.574 HOT DAY

9532 4.927 ______COLD DAY
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Table 43. -B-52 Hi Aaranqement-Wet Runways (Continued)

INDEPENDENT DEPENDENT i TERMS HELD CONSTANT
iT TERM i TERM CONDITION

1( 2) (IT, (;3) (_4) I

5 5.064 .95 7341 BASE INE

.200 5.436

.175 5.818

.150 6.174

.127 6.854

.100 7.929

.090 8.344

i .080 8. 780

.070 9.449

,.060 10.030 I
.050 10.903 |

T(i3 ) (OI) ( (;4) t CONDITION

.95 6.854 .127 7341 1 BASEL INE

-- ..... 80' SPOILERS

1.974 7.060 60, SPOILERS

i . 40% SPOILERS

3.191 7.418 20• SPOILERS

3.891 ?,.978 NO SPOILERS
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4 ~Table .13.-8-52 Pi Air.?nge'ment- Wet Run ways (Concluded)

INDEPENDENT DEPENDENT 7 TERMS HELD CONSTANT
ir TERM .T TERM _

(r4) (7I) 712 T73 CONDITION

7341 6.854 .127 95 BASELINE

37334 4.388 MAX WT

- HIGH WT

...--- .LOW WT

2380 7.827 MIN WT

10257 6.170 VB + 5

~VB + 10
14149 5.832 B

25667 5.151 VB + 20

V + 30

VB -5

7 1VB-10

35b3 7.200 B

5660 6.b37 I120% Fe

110% Fe

--- --- 90% Fe

10444 6.294 80% Fe

5830 7.610 HOT DAY

9532 5.582 _ _ _ _ COLD DAY

I4 '55



A

Table 44. -KC- 135 Pi Arrangemoent- Wet Runways

INDEPENDENT DEPENDENT i TERMS HELD CONSTANT
STERM i TERM CONDITION

(r'2" (r.i) ( 3) (T4)

.60 1.535 107688 BASELINE

.55 ---

.50

.166 4.570

.275 2 527

.250 2.861

.200 3,782

.150 5.216 I

.125 6-33.Z

S,100 aN - ?

,137 5.712

S 154 5.000

""I_(•3) (Trl) (2) (v 4 ) CONDITION

1.535 4.570 1.66 .107688 BASELINE

2.236 4.805 80% SPOILERS

3.053 5.052 60% SPOILERS

• 540% SPOILERS

5.165 6,079 20% SPOILERS

6.565 6.337 NO SPOILERS

,I1
Ji 1 156



Table 44.-KC- 135 Pi Arrangement-Wet Runways (Continued)

INDEPENDENT DEPENDENT " TERMS HELD CONSTANT
T TERM n T E.%

r( 4) (71) IT 2 7, 3 CONDITION

107688 4,570 .166 1.535 BASELINE

516319 - - MAX WT

264483 4.259 HIGH WT

47193 4.588 LOW WT

31357 4.933 MIN WT

V +5
138146 4.402 B

VB + 10
176161 4,249

278816 3.969 VB + 20

428923 3.689 VB + 30

83148 4.803 VB 5

63330 4.896 VB -10

80398 4.785 120% Fe

92066 4.639 110% Fe

129706 4.528 90% Fe

163024 4.401 80% Fe

85517 5.297 HOT DAY

139813 3.928 !_ _ _ COLD DAY

157
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Table 44. -KC- 135 Pi Arrangement-Wet Runways (Continued)

I

INDEPENDENT DEPENDENT r TERMS HELD CONSTANT
STERM •r TERM CONDITION

(T'2) (Ti) (';3) 1r 4)

.60 1.5 5 ,107688 BASEAINE

.55 - -

.50 - -

.1 54 5,000)

.275 2.527

.250 2.861

.200 3.762

.150 5.216

.125 6.337

.100 8.017

.137 5,712

.166 A L.570

t -)(r1) (,72 it4 CONDITION

1.535 5.000 .15ý .107688 BASELINE

-- -- 80% SPOILERS

3.053 5.653 60% SPOILEiS

I -- 40% SPOILERS

5.165 6.527 20% SPOILERS

1 6.565 7.330 NO SPOILERS

,15I

S1i58I



Table 44.- KC- 135 Pi Arrangement-Wet Runways (Continued)

INDEPENDENT DEPENDENT i TERMS HELD CONSTANT

STERM , r TERM ........
(r'4) (OT1 ) iT2 IT3 CONDITION

107688 5.000 .154 1.535 BASELINE

516319 4.469 .MAX WT

HIGH WT

LOW WT

16846 5.425 MIN WT

138146 4.742 .B

176161 4.555 
VB + 10

278816 4.392 I VB + 20

VB + 30

83148 B - 5

63330 5.353 .

80398 5.420 12 00% Fe

S - i I0 Fe
• _ _ _ _I 10% Fe

i ' ]90% Fe

163105 4.932 80% Fe

85517 5.914 HOT DAY

139813 4.244 j _ _ _ _ COLD DAY

..' 

I.

i -- --- - -



Table 44.-KC-135 Pi Arrangement-Wet Runways (Continued)

INDEPENDENT DEPENDENT r TERMS HELD CONSTANT
TT TERM T TERM CONDITION

___ _(_ (,•_ ) ( 3) 1•4)
1.535 .107683 BASELINE

.60--

.55 --

.50 - -

.137 5.712

,.275 2.527

.250 2.861

.200 3.762

,1.50 5.216

V.125 6,337

.100 8.017

.154 5.000

.166 4.570

(3, 1 r (2) (I4) CONDITION

.137 .107688 BASELINE1,535 5-712

1.535 5.712 80'j SPOILERS

60% SPOILEIS

3.053 6.237 40' SPOILERS

20" SPOILERS

10 SPOILERS
6.565 18.136 1__________ ________

160
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Table 44. -KC- 135 Pi Arrangement-Wet Runways (Concluded)
3

INDEPENDENT DEPENDENT r TERMS HELD CONSTANT
T TERM 7r TERM4

(T 4 ) (iT) Tr2  CO;,OITION

107688 5.712 1.535 BASELINE

516319 5.035 MAX WT

HIGH WT

LOW WT

16846 6.467 MIN WT

138146 5.358 B

176161 5.085 
VB +- 0

278816 5.039 v VB + 20

VB + 30

83148 5.860 V5  5

63330 6.177 V -10

80398 6.240 120% Fe

-.... - 110t Fe

-.... 90% Fe

163024 5.618 80% Fe

85517 6.445 HOT DAY

139813 4.878 _ _ _ _ COLD DAY

161



Table 45.-F-111 P, Arrangement-Wet Runways

INDEPENDENT DEPENDENT r. TERMS HELD CONSTANT
i TERM it TERM CONDITION

1" 2) (WI) (3) (I4)

.300 3.234 1.181 345422 BASELINE

.275 3.595

".200 3.849

.250 4.205

.240 4.237

.230 4.457

..220 4.679

.210 4,889

.200 5.305

.190 5.405

.175 5,827

.150 6.695 1
""(3_(_("2 (II4) CONDITION

1.181 4.430 .231 345422 BASELINE

1.987 4.744 80% SPOILERS

2.943 5.022 60% SPOILERS

"4.095 5.321 40% SPOILERS

5.510 5.807 20% SPOILERS

' 7.292 NO SPOILERS

I-



Table 45 -F 111 Pi Arrangement- Wet Runways (Continued)

IINDEPENDENT DEPENDENT r TERMS HELD CONSTANT
r TE.RM Tr TERM

(.n4) (TI) i2 Tr3 CONDITION

.231 1 .181
345422 4.430 BASELINE

555118 4.189 MAX WT

399186 4.325 HIGH WT

186981 4.860 LOW WT

164990 5.068 MIN WT

435657 4.389 B+ 5

V + 10
II

546471 4.098 B

838604 3.830 VB + 20

1250662 3.558 + 30

271498 4.462 VB B

210751 4.562 B 10

269430 4.412 120% Fe
1. 110% Fe
S302907 4.517

401820 4.397 90% Fe

481120 3.975 80% Fe

274305 4.701 HOT DAY

448468 3.823"_ __ 11 COLD DAY



Table 45. -F- 111 Pi Arrangement-Wet Runways (Continued)

INDEPENDENT DEPENDENT i IERMS HELD CONSTANT
ir TERM Tr TERM CONDITION

(12) (WI) (73) 3(r4)

1.181 345422 BASE INE
.300 3.234

.275 3.595

,2A6C 3 Mq I

.250 4.205

.240 4.337

.230 4.457

.220 4.679

SI •.210 4-889

.200 5.305

.190 5.405

.175 5.827

.150 6.695 1"

() (Wi1 (2) (T4  CONDITION

.218 345422 BASELINEi ~ 1-.181 4- 694

1.987 - - I I 80% SPOILERS

2.943 5.347 60% SPOILERS

4.095 __!40% SPOILERS
i 40% SPOILERS

5.510 6.247 20% SPOILERS

i 7.292 6.846 NO SPOILERS



Table 45.-F- 111 Pi Arrangement-Wet Runways (Continued)

INDEPENDENT DEPENDENT v TERMS HELD CONSTANT
Tr TERM 7T TERIM

(N4) (Tr2 Tr3  CONDITION

S218 1.181
345422 4.694 BASELINE

555118 4.505 MAX WT

399186 HIGH WT

LOW WT

MIN WT
16499n -.S417
435657 4.407 B

546471 4.258 V

838604 3.983 VB + 20

IBVB + 30
1 2506F2 - - __

271498 4.805 
VB 5

210751 5.012 
VB -10

269430 4.787 120% Fe

• 302907 - - 110% Fe
110% Fe

401820 - -
Fe

481120 4.448 80i .

274305 5.106 HOT DAY

448468 4.151 _ _ ,_ COLD IýY

IiAi)
1!



Table 45. -F- 111 Pi Arrangement-- Wet Runways (Continued)

INDEPENDENT DEPENDENT - TERMS HELD CONSTANT I
r, TERM 7T TERM CONDI

T27() T 4TION

.300 3.234 1. 81 345422 BASEL I NE

.275 3.595

.260 3.849

.250 4. 205

.240 4.237

.230 4.457

.220 4.679

.2TO 4.889

.200 5.305

.190 5.405

.175 5.82

1 .150 6.695 -_____ ________

, (3() (1) CONDITION

1.181 5.341 .193 345422 BASELINE

1.987 -_ T 800 SPOILERS

2.943 6.076 60% SPOILERS

4.095 _ _ 40% SPOILERS

5.510 6.974 20% SPOILERS

7.292 7.904 _ _ _ _ NO SPOILERS

I



Table 45. -F- 111 Pi Arrangement-Wet Runways (Concluded)

INDEPENDENT DEPENDENT "r TERMS HELD CONSTANT
7T TERM T E ___

(74) (Tr1 ) TV2  T3 CONDITION

345422 5.341 .193 1.181 BASELINE

555118 5.032 MAX WT

399186 - - HIGH WT

186981 _ _ LOW WT

164990 6.192 MIN WT

435657 5.067 VB + 5

546471 4.957 VB + 10

838604 4.591 VB + 20

1250662 
VB + 30

271498 5.589 V8  5

210751 5.806 VB -10

269430 5.518 120% Fe

302907 - - 110% Fe

401 820 - 9'0 Fe

481120 5.144 80% Fe

274305 5.823 HOT DAY

448468 4.789 _ _ 1 COLD DAi

S, ,,

_ _ _



7"able 46. -B-52 Model- To-Simulator Correlation-Wet Runways

.175
(Ti = 13.46155 (2) -. 5188 ( .3) 12743-..12585%SP (T4) 19.6Ap-.1991

PREDICTED ACTUAL PREDICTED ACTUAL
(Tr1 ) (I 1T) % ERROR (1) (TrI) % ERROR CONDITION

-; A , CA Ai& 271i6 6L673 6.854 i2.64 BASELINE
80% SP

5,862 6,011 2.49 _6.914 7,060 2.07 60% SP

S. .. .. .. .. .. . _40 % SP
6,371 6,575 3.10 7,516 7.418 -1.32 20% SP

6.728 6.900 2.48 7.936 7.978 0.52 NO SP

4.092 ".926 -4.25 4.852 4.388 -10.57* MAX WT

. .. .. .. .. .. ._ -HIGH WT

-- . .. .. -.. .. LOW WT

7.080 6.976 - .48 8.327 7.827 -6.39* MIN WT

5.293 5.334 0.78 6.243 6.170 -1.19* VB + 5 Kn

4.964 5.034 1.39 5.856 5.832 - .42 + 10
4.409 4.552 3.14 5.200 5.151 - .96 B + 20

- -. .. .. .. .. .. . V B + 30
'- - -VB -5

6.537 6.380 -2.45 7.710 7.200 7.08* VB -10

"5.958 6.028 1.16 7.028 6.837 -2.79 120% Fe

S- - - - - .. .. ..- 110% Fe

-. .. .. .. .. .. . 90% Fe

5.274 5.326 0.98 6.221 6.294 1.16 80% Fe

6.437 6.574 2.08 7.593 7.610 0.22 HOT DAY

4.727 4.927 4.05 5.577 5.582 0.09 COLD DAY

I
i



Table 46. -B-52 Model- To-Simulator Correlation-Wet Runways (Concluded)

.127
(•It) =13.42178 (t 2 ) -. 5188 .10492-.12427%SP 20.97Ao-.197884

13417 r 3) (Tr 4)

PREDICTED ACTUAL PREDICTED ACTUAL
(WI) (IT) % ERROR (1 ) (71 % ERROR CONDITION
6.733 6.854 1.76 5.708 5,818 BASELINE

S.... .. ... .80% SP
6.867 7.060_ 2.74 5.R21 f; -M II_ r_ 60% SP

. ...-.-.. . 40% SP
7.381 7.418 0.49 6.258 6-57S 4 R81 20% SP

7.757 7.978 2.76 6.576 6.900 4.fi NO SP

4.905 4 382 -11.78* 4.137 3 . 92 6 -5.4* MAX WT
S... .. . . .. .. HIGH WT

S... .. .. .. .. .- LOW WT

8.391 7.827 -7.20* 7.13 6.97 . -2-2 MIN WT

6.._2 6.170 -2.14 5.343 5. 334 5 VB + 5 Kn

5.913 5.83," -1.40 5.013 5.034 .42 B + 10

5.255 5.151 -2.02 4.455 4.552 2,12 B + 20

-. .. . VB + 30
-. .. .. .. .. ..- B. VB -5

7.773 7.200 -7.95* 6.590 6.380 -328 VB -10

7.089 6.837 -3.68 6.010 6.C9- 31 120% Fefi
S- .. .. .. .. .. .110 _ 11 % Fe

. .. .. .. ... .. q90% Fe

6.280 6.294 0.23 .. 324 5.326 .05 8,1% Fe

7.699 7.610 -1.17 6.524 6.574 .76 HOT DAY

-5.575 5.582 0.13 4.724 4.927 4.12 COLD DAY
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