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FOREWORD

This report was prepared by the Aerospace Mechanics Group of the
University of Dayton Research Institute under USAF Contract F33615-70~
C-1170. The work was conducted under the direction of the Vehicle
Eguipment Divigion, Air Force Flight Dynamics Laboratory, Wright-
Patterson Air Force Base, Ohlo, Mr. George J. Sperry (FEM), Project
Engineer,

The authors wish to thank both Mr, Sperry and Capt. William Lamb,
ASD/XRL, for their specific input in relation to the M/STOL aircraft and
their review comments of the initial design procedure. This report was
submitted by the authors in September 1972,

Publication of this report doee not constitute Air Force approval of
the reported findings or conclusions. It is publishcd only for the exchange
and stimulation of ideas, |

[ Y] [ \ '
KENNERLY H. DIGGES
Chief, Mechanical Branch 9

S Vehicle Equipment Division
’ Air Force Flight Dynamics Laboratory 1
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ABSTRACT

This report summarizes a systematic design procedure for estab-
lishing various landing gear combinations of tire sizes, spacings, and
configurations which will minimize rolling drag and satisfy the criteria of
200 nonbraking passes of a salected STOL aircraft operating on a
standardized CBRS (or equivalent) voll surface, The design procedure
presented herein cornbined the latest results of Air Force sponsored landing
gear/soil interaction rescarch with the proviously developed WES coverago
techniques,

This procedure is a first attempt to make the research results of
existing Air Forco Flight Dynamics Laboratory programs available toward
the improvement of flotation design capability. This designh procedure,
subject to certain stated limitations, includes techniques for (1) predicting
rolling and braking drags and drag ratios, (2) incorporating multiwheel
influences on drag and siukage, and (3) determining aircraft passes,
Additionally, the design procedure has been incorporated in a computer
program format for utilization on the CDC 6600 located at Wright-Patterson
Air ¥Force Base, The computer program is restricted at present to aircraft
with tricycle type landing gear systems,
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SECTION 1
SUMMARY (LIMITATIONS/ FUTURE REQUIREMENTS)

The design procedure provided in this report represents a significant
step forward in the development of tools needed by the planner and designer
to optimize aircraft capability to operate on soil surfaces, This procedure
was specifically developed for aircraft having takeotf/landing weights of
150,000 to 250,000 1bs and low horizontal speeds (close to or less than 40
knots), Comparison/prediction capability has been limited to operation on
a cohesive type soll in an unsaturated condition having a strength rating of

CBR6 or equivalent,

For the first time, a systematic technique is made available to
predict/compare the capability of various possible landing gear configurations
In termis of first pass rolling and braked crag, drag ratio, and tire sinkage.
Use of the technique provides a logical basis for the selection of the best
landing design for a specific aircraft to meet its mission requirements,
bearing in mind that applicable trade-offs must be made with other aircraft
landing gear design constraints. A new jinsight is provided concerning the
effects of braking on soil in terms of drag {strut) loads experienced and
excessive runway dammage caused, Maximum braking drag on soil is obtained
under fully locked wheel conditions, whereas on rigid surfaces it is achieved
at approximately 30% wheel slip. Fully locked wheel braking on soil can
result in drag loads and tire sinkages three to eleven times higher than under
free rolling conditions, without considering additional drag induced by side
loads due to wind and steering, In fact, one locked wheel pass over a low
strength soll, particularly sands, can result in rut depths in excess of the
current criteria for surface failure, whereas under free rolling and minimum
braking conditions, many passes would be required over the same soil surface

to reach the limiting rut depth associated with failure, A knowledge of these

factors and the results of applying the procedures contained in this report




provide a mecans to improve braking system design as well as aircraft pilot

instructions for on-soil operation.

Previously developed Army Corps of Engineers Waterways Experiment
Station (WES) criteria is contained in this report as a logical means to
compare the flotation capability of various landing gear. It must be
emphasized that the WES techniques provide only a rough indication of the
number of rolling aircraft passes which can be made under real life conditions
prior to the point that a specitic degree of runway surface failure is exhibited,
Many existing aircraft can effectively operate on runway surfaces which have

a significantly higher degrce of damage.

Adequate criteria does not exist to enable the planner, designer, or
the operating comimand to properly accomplish their functions related to
aircraft operation on soil. The planner requires capability to relate mission
requirements to real life conditions and a sound basis for miaking necessary
tradce offs, Design criteria is needed to insure that required component
capability and strength is provided to achieve established requirements for
aircraft surface handling characteristics and flotation with minimum fatigue
damage to the aircraft, The aircraft operator must be provided realistic
aircraft surface handling characteristics/limitations and procedures for
effective operation on soil; a real time means to determnine airfleld properties
related to aircraft characteristics; and a fast, reliable means to establish
specific aircraft capability to operate at a specific existing soil surfaced

airfield,

A significant amount of active, coordinated work must be done by the
alrcraft and civil engineering communities to develop the minimum criteria
required, For all modes of aircraft operation on scil and their major
variables, methods must be developed to establish the forces resulting at
the landing gear/soil interface and resulting soil surface damage, In addition,
the dynamic interface forces must be related to the operation and fatigue

characteristics of the critically affected aircraft components, To date (1972)

i




an extensive amount of work has been done related to slow speed, straight
rolling conditions, and some work has been done concerning straight roli
and braking in the 5 to 40 knot speed range., Limited knowledge is available
for opcration modes at speeds above 40 knots, The majority of work to date
has bec.. under essentially steady state conditions. Only a very limited
amount of work has heen done related to stezring, turning, point of impact,
and point of rotation modes of operation; and to establish ''roll out! forces
resulting from tire sinkage due to extended parking on soil, engine run-up,
and load/off load cperations, Additionally, a imeans must be developed to
consider the various types, designs, and mechanica'! properties of aircraft
tires in terms of their performance on s0il since existing work has been
restricted to the standard bias tire size, Inflation pressure, and flat surface
deflection relationships, The major constitutive strength propertics of soil
related to tire soil interaction have not been fully established, Current
methods such as CBR, California Bearing Ratio, and Cone Index do not enable
reliable or accurate prediction of tire/soil interface forces and resulting
surface damage, Simple, rapid techniques are needed to establish soil
surface strength, roughness, and texture properties which can be related to

various aircraft surface operating modes,

This report, which is an initial step, represents a significant improve-
ment in the criteria available for determining aircraft/ground design and
operational characteristics, Further improvements in the criteria will '

require the full energy and cooperation of the aircraft and civil engineering

communities if fully adequate criteria is to be developed,
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SEGCTION II
) INTRODUGCTION

’ This report presents a standardized procedure for incorporating
maximum surface flotation capability into the landing gear system for a
proposed Medium STOL aircrafi which includes in its mission the capability
to operate on unsurfaced (soil) runways, The ability of the aircraft to
operate on soil runways is defined as flotation., The basic design criteria

used in the following flotation analysis procedure is the minimization of

rolling tire horizontal drag loads in the takeoff mode while inauri% the

required minimum number of aircraft nonbraked passes using the WES

coverage technique. This minimization of drag is an important consideration

with reference to takeoff length, thrust, and lift requirements, Additionally,

PR __‘L‘A-

a technique is given to determine the horizontal braked drag forces for braked

P tire operation on soil. Each of the above fagtors can be assigned a weighting
factor to develop its contribution towards the final landing gear candidate
selection, Note that this procedure is not a complete landing gear design {

approach, but rather just that part which predicts the tire/soil interaction

drag and sinkage in the rolling and braking mode and runway coverages, The
h designer must devise his own techniques for the selection of suitable weighting
factors applied to the information given here and to the added information that

he has available concerning landing gear weight, gear position, wind drag,

etc., leading to a final landing gear design satisfying USAF requirements.

Note that this procedure permits the optimization of the flotation characteristics
of the landing gear contact elements but does not supercede the load factor
procedure currently specified in Mil Spec AFSC DH2-1, used for designing

the structural requirements of the landing gear, The abuve procedure is

subject to the limitations described in Section I,

Glossary of Flotation/Operation Terminology {

Thig analysis procedure is derived from research done by the University

(1,2,3,4) and from methods published by the USAF(S' 6). \

PRSI

of Dayton Research Institute




The following glossary is intended to familiarize the designer with the current

flotation terminology.

Braking Drag Ratio (RB/P)

California Bearing Ratio

(CBR)

Cone Penetration Test (Cl)

: g - Coverages

~ The bLrraking drag ratio is numerically equal
to the longitudinal load or a braked aircraft
tire (or landing gear) divided by the vertical
load (or landing gear vertical load). The
longitudinal load is referred to as the braked
drag load (R B) and the vertical load as P,

= A measure of the bearing capacity of soil.
The CBR is expressed in comparative terms
as a percentage of the bearing capacity of a
given soil to that of a standard crushed
limestone surface. Details of the test pro-
cedures used to determine the CBR value of

a soil are contained in Mil-Std -621,

- The cone penetration test is performed with
a mobility cone penetrometer, This test
measures the resistance to penetration profile
of a soil by measuring the load necessary to
force a rod equipped with a cone tip into the
surface to a given depth, The Cone Index, CI,
value is then computed as the average force
necessary for penetration to a certain depth
(usually 6'") divided by the cone top's cross
section area (0.5 8q, in, for the Mobility
Cone), See TM5-530 or AFM 88-51,

- One coverage is equal to the number of passes
of a given tire or aircraft (group of tires) to

completely cover the given width of airfield

once,




Equivalent Single Wheel Load ~ The theoretical load which, if acting on a

(ESWL)

F'lotation

Multiple Wheel Drag
Modifier (MM)

Rolling Drag (R) /

Rolling Drag Ratio (R/P)

Sinkage Ratio (Z/D)

single tire and with a contact area equal to
that of one tire of the assembly, will produce
the same runway deterioration effect on the

airfield as the multiple wheel assembly.

Flotation is a term used to describe the
overall capability of an aircraft to operate
on a soil runway. Flotation includes the
consideration of such items as: type of
surface, mode of operation (taxie, takeoff,

landing), turning, etc.

The MM value is a number, calculated frorn
semi-empirical relationships, that describes
the effect upon the rolling drag ratio (R/P)

of a single tire caused by adjaceunt tires.

The longitudinal force experienced by a
rolling tire (or landing gear) is called rolling

drag.

The rolling drag ratio is a dimensionless
quantity equal to the rolling drag load divided
by the tire vertical load at any instant. It
can also be used to express the average drag
ratio for an aircraft by dividing the total
drag force on the aircraft by the gross weight
transmitted to the ground by the landing gear

system.

The sinkage ratio is equal to the inastantaneous
sinkage of the tire into the so0il divided by the

unloaded tire diameter.




Slip

Tandem Tires

Tire Load

Twin Tires

- Slip defines the degree of braking., Zero

percent slip represents a rolling wheel
and 100% slip represents a locked

wheel,

Tandem tires are two or more tires that are
not operating about the same theoretical wheel
axis. Tandem tracking tires are two or more

tires that operate in the same lonyitudinal

"centerline. Tandem nontracking tires are

neithex operating in the same longitudinal

centerline or about the sarne wheel axis,

The tire load is considered that portion of the
aircraft gross weight transmitted through any

given tire at any instant to the ground,

Twin tires are two or more tires that operate

about the same theoretical wheel axis,
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SECTION III-
DESIGN PROCEDURE

This section presents the standardized design procedure for the purpose
of optimizing the flotation capability of a landing gear. In particular, the
analysis procedures have been develoged for a 150, 000 to 250,000 1b STOL
aircraft with the requirements of a minimum of 200 passes on a CBR6 (or

equivalent) soil,

The general procedure for optimizing the flotation capability of landing
gears consists of a series of calculations which must be performed for each
of the selectéd tires and landing gea> systems (group of tires). The result
will be a number of tire/landing gear syatems to which appropriate weighting
factors can be assigned for:

- minimization of rolling drag

- maximization of pasees

- maximization of braking drag.

Additional weighting factors must be assigned to such considerations as gear
weight, surface area of gear, etorage volume requirements, etc,, leading to

the final selection of the tire/landing gear system which is most appropriate

for the aircraft,

The Gross Weight (GW) of the aircraft used to determine the Total Static
Main Gear Load (TSMGL) or Total Static Nose Gear Load (TSNGL) is the static
gross weight for the aircraft operating on soil runways, This &esign static 1
gross weight for operations on soil runways may be less than the deasign static

gross weight for aircraft operations on paved runwaye. In determining rolling

— aa ..

; and braked tire drags, the vertical load, P, given in the equations should be
taken to SWL), or S'WI..N depending on whether the calculation is being made

‘ for a main gear wheel or nose gear wheel respectively, 4

Computation of Aircraft Rolling Drag Ratio, R/P )

1. Selecta group of candidate tires which encompass a range of tire
diameters (D) and allowable tire gross loads. Each different tire will be

{
o : o 8 , f
:} : ’

R L TR AN TR Y Y R et e o s o L e s e




loaded only to its rated static load as given by Mil-T-5041, Therefore, the

total number of tires in the main gear, for example, can be calculated as the

total gear load divided by the rated static load for the tires used on that gear

(see Figure 1),

2. For each of the selected tires (main and nose), calculate the

following parameters using a percent tire deflection, 8, for which the tire

will operate on a soil runway (this percent tire deflection is normally larger

' al

bl

Co

&
!
}
i
1
{
!
2
£

for soil operations than for hard surface operations).

Tire Footprint Length, &

Tire manufacturer test data on flat surface footprint length,
2, should be used whenever possible due to tire variations, For
tire types other than the current standard bias tires, manu-
facturers data for footprint length should be used,

5(D - D..)
d = —~ 35— © tire deflection (units of length)
D = Tire Diameter

DF = Rim Flange Diametar

Tire Contact Area, A

Tire manufacturer test data for a specific tire which estab-
lishes the tire flat surface contact area, A, should be used when-
ever possible due to tire variations. For tire types other than
current standard bias tires,manufacturers data for the contact

arez must be used,

Tire Contact Radius, r

/A
Y =\ -
w

Single Wheel Load, SWL
{see Figure 1)

Rigid Surface Contact Pressure, FP/A

P
= tire contact area

P = SWL ' .

P/A

L e e A e
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l L M |~
cag CG !
FWD AFT
J |
|
Static
¥ L Ground Line
]
- ¥ -
Center of Gravity Center of Gravity
of Nosa Gear System. of Main Gear System

1. Main Gear
Total Static Main Gear Load (TSMGL) = —QY-V—"—F—M

Single Wheel Load = SWL_, = {ZomGL), GWx (F-M)
MM Fx N

¢. Nose Gear

Total Static Nose Gear Load (TSNGL) = GWx (F-L) "F F-L

a. SWL for Rolling Drag Calculation

Single Wheel Load = SWL,__ = JTSNGL) A GWx(F-L
N NN Fx NN

b, SWL for Qperations Calculation (deceleration rate assumed to be

10 ft/sec?)

- GW x (F-1.) + 10x GW x J
N Fx NN 2,.2x Fx NN

8ingle Wheel Load = SWL

whe re:
GW = Alrcraft Gross Weight
N! = Number of Main Tires on A/C

M

NN = Number of Nose Tires on A/C

Figure 1, Aircraft Weight Distribution
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Based on a CBR6 (or oquivalent) Soil

f. Sinkage Characteristic, %—

4

|

|

' Z = Sinkage

i %—: f( P/A), determine from Figure 2

: g. Sinkage Ratio, %

: i . 2 1

B " g D '

i

' h. Horizontal Single Wheel Rolling Drag Ratio, (R/P)s

. (R/P)s = {(Z/D), determine from Figure 3

. This last parameter (R/P)a is the rolling single wheel ratio of the horizontal
soil drag force (R) to the vertical load on the tire (P) for the CBR6 (or
aquivalent) soil, The smaller the value of (R/P)s, the botter the flotation

capacity of the aircraft when operating on soil runways (less drag, shorter

in maximizing aircraft passes on soil runways.

‘ takeoff lengths). It has also been shown that minimizing rolling drag results
3, Arrange each size tire into reasonable configurations for landing
f gear bogie. Several configurations (I each size tire may be possible., When
|
‘ initiully setting the tire spacings, follow the spacing guidelines shown in
Figure 4, Due to the use of a CBR6 strength soil, Figure 4 was developed

from experimental data in the low sinkage range (less than 1/2' to 3/4"),

Calculate a multiwheel modifier (MM) for each gear configuration
selected as described above, MM is determined by use of Figures 5a and 5b
and the equation given below. 'The following instructions describe the use of

' Note that tandem~nontracking spacing limitations must be adhered to.
|
.’
i , Figures 5u and 5b,

; ,

Instructions
’ 1. Calculate spacings in terms of n and m,
‘ 2. Enter the charts (Figures 5a and 5b) and get values for the drag |
modifiers (1 - K ), (1 - K_).

11
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Figure 2, Sinkage Characteristic va. Vertical
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. g, § g,
5 1
}
|
; =
i < — Snl
; : T
' b
’l .| " L L]
] n
" b o
. . ™D
b = tire width
D = tire diameter
Optimun Spacing
) = s&o i Yy i
1.75bL Sn 5b Optimum Spacing
1.50D=S5 <s2.50D
m

” &, Twin Tires

b. Tandem='Tracking Tires

I 4

j
e Sn——bl 1
ri= = Eﬁ&m j
Vbz + D2 Sn>1.25b (‘
where Sm-'-"'l.?.SD &

2 4
L=Vis )2 + (s,

" ¢, Tandem~Nontracking Tires

Figure 4. Optimum Spacings for Multiwheel Configurations for
Low Sinkage Conditions (leas than 1/2' to 3/4")
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3. Using the drag modifier values, calculate M.,k from the

M
equation below.

Nn Nm
MM= 1- "1\7(1 -Kn)+-_ﬁ-(l -Km)
where
N = total number of wheels per landing gear (main or nose)
n = number of wheels {of N) that are in a twin situation

Nm = number of wheels {(of N) that are in a tandem-tracking
situation

Note: no correction for tandem-nontracking wheels,

This modifier (MM) when multiplied by the (R/P)El for each gear configuration
will determine a rating number (R/P)M for each of the sel-cted main gear
configurations and each of the nose gear configurations, This rating number

' is also the multiple wheel drag ratio for the gear.

.
4. Using the value of (R/P)M for the main and nose gear finally selected,

the A/C (R/P) can be calculated based on a weiphted average using total static

} load carried by each gear as defined by
N ER/P)M' Main Goar ® TSMGL}RR/P)M. Nose Geay ¥ TSNGL]
TSMGL + TSNGL
where

TSMGL + TSNGL = Gross weight of aircraft for aircraft operation on

soil runway.

The A/C (R/P) when multiplied times the total A/C weight (GW) yields the

value of the soil drag on the A/C during taxi operations,

Compute the Number of A/C Passes

From the above group of rated landing gear configurations (nose and

main), select a limited number of what appear to be the best candidates for
design., The next step is to calculate the number of passes that an aircraft
can perform on the CBRé6 or equivalent soil runway for each of the design

candidates selected from above. Using some of the parameters previously
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calculated, the following procedure is followed. Note that the single wheel
load for the nose gear used in this passes procedure is that shown in Figure 1
for Operations Calculations. The SWL__ used for passes calculation is greater

N

than the SWLN used for drag determinations due to the greater deterioration

of the soil runway associated with the dynamic phenomena of landing operations,
1. Equivalent Single Wheel Load (ESWL)

Figure 1, which was used previously, is also used to determine the
equivalent single wheel load in the coverage criteria, Determine the center
to center spacing in radii by dividing the actual tire spacing by the radius (r)
of a circle of area equal to the single tire rigid surface contact area. Increase
the single wheel load for each adjacont wheel by the percentage indicated by
Figure 6 to determine the equivalent single wh2el load (ESWL), This adjacent
wheel may be '"adjacent' by virtue of either a twin or tandem wheel arrange-
ment, In eithe.r case, if it is more than 5-1/2 single tire contact area radii
from the wheel under consideration, it will not contribute to any increase in
the ESWL. Note that in the case of a landing gear with a single isolated wheel, 1
the ESWL is equal tu the single wheel load (SWL).

2, Coverages (C)

Enter Figure 7 with the equivalent single wheel load and tire contact
pressure of the assembly in question to determine a value of CIBR1 {the CBR
required for one coverage)., The number of coverages to failure for the

CBRb or equivalent so0il runway is then determined by the following relation.

6
) 6
Coverages = a-ﬁ—ﬁ—l— >

— e m

Note that the number of coverages calculated by this procedure is 4
based on previously established runway width of 80" plus the width of one main
gear bogie and that 75% of the passes are within this runway width, It is

further based on a failure criteria of 3" of permanent rut depth., Therefore, l

the number of passes calculated for a given aircraft does not reflect actual |
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Figure 6. Equivalent Single«Wheel LoadwAdjustment
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number of passes that might be performed but rather the number of rolling
passes that an aircraft could perform on a given soil runway up to the defined

failure criteria,
3. Passes per Coverage Ratio (Pa/C)

Because multiple tire landing gears are very often used in design,
a simple relationship does not exist between aircraft passes and aircraft
coverages on a soil runway. It is necessary then to convert coverages to
passes in order to determine if a candidate landing gear system will satisfy
the minimum requirernent of 200 passes for the Medium STOL aircraft. Use
the procedures of Figure 8 to determine the pasaes per coverage (Pa/C) for

each of the assemblies under consideration,
4, Passes (Pa)

Multiply the number of coverages by the passes per coverage ratio
to determine the number of passes that each of the assemblies can accomplish

prior to failure of the soil runway.
5. Aircraft Passes (AP)

Use the procedures of Figure 9 to determine the number of pass-es
of the Medium STOL aircraft that can be accomplished prior to failure of the
soil runway for each of the landing gear configurations selacted for analysis.
Each of these configurations should then be listed according to the number of
aircraft passes, The configuration with tha largest number of aircraft passes
is the best landing gear from an operations standpoint. The aircraft is limited

by the gear with the miinimum number of A/C passes,

Computation of Braked Tire Drag Ratio

Drag ratios and einkages associated with braked tire operation on soil
are vastly different by comparison to rolling drag ratios and sinkages., Pre-
liminary analytical technriques and braked tire experimental efforts can be

utilized to provide preliminary determinations of aircraft tire braking drag

ratios (R B/ P) for aircraft opsrating on ﬁonllickened {due to rain) aoil runways
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Procedure

B+80+WM

Main Assembly:P, /C =
a (0.75) (NM) (WM)

D'+ 80 + WN
(0.75) (Ny) (WN)

Nose Assembly: F,/C =

Symbols
F,/C Passes per Coverage
N Number of Tires per Main Gear Bogie
N Number of Tires per Nose Gear Assembly
w Width of Main Single Tire Contact Area
WM = 0.874 AM
Width of Nose Single Tire Contact Area
W = 0874/ Ay
A Single Tire Contact Area of Main Tirews

A Single Tire Contact Area of Nose Tires

Figure 8. Pawsses per Coverage




o b

0 40 80 100 0 4 80 100
(a) X (inches) Y (inchos)
(b) (c)
Procedure

1. Determine dimension

X=E-WM-B

- --'
Y_—,E WM WN B-D

2 1
2. Use Figure (b) to determine '"H" and Figure (c) to determine "K'
3. Compute: ' *

oOP
8 MPN

M SOPN-I- (BO-H)PN+(80-K)PM

AP

BOP
MPN

N 80PN1+(EO-H)PN+(80-K)PN

AP

where

‘ PM = allowable pasaes for the main gear
i PN = allowable passes for the nose gear
§ 4, The allowable number of aircraft passes (AP) is then equal to the smaller
X _

value, APM or APN. ‘

5, All dimensions are in inches.

Figure 9. Number of Aircraft Passes
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in the lower velocity range (less than 15 knots), The results of previously

4., 7)

conducted test programas were used together with a CBR6 soil strength

to develop the following braking equation,

5.3.3.»100 z +45‘0Dz E.\”Z '_§_ 1/2
P D P D} 100

¢0.06, where

oj

for 0.0l g

(—f’s is the sinkage ratio previously calculated for a given rolling tire
P=

vertical load on the tire (reference to Figure 1 - SWLM or SWLN)

S = percent tire slip

The braking drag ratio should be determined for each of the candidate tires
and the results listed according to the magnitude of RB/P. The aircraft tire
with the maximum R B/ P will provide the shortest stopping distance due to
braked tire/soil interaction for the aircraft in a braking mode, Note that
braked tire sinkages will range f;pm two to four times rolling sinkages (the
above equation accounts for this phenomena) and that the maximum RB/P in
the above equation will vccur at a slip value of between 90 to 100%, This
differs markedly from rigid surface braked tire performance in that an aircraft
on pavement normally obtains maximum braking resistance at approximately
30% slip. Aircraft with systems that actually limit slip to less than 90

to 100% in soil (i.e., anti-skid systems), will experience a braking resistance

that can be calculated from the above squation by using the appropriate value

for M6,




SECTION 1V
TYPICAL DESIGN EXAMPLE

The following example will run through the procedure described in
Section II for a single tire selaction for the main gear (tricycle gear), and
a single tire selection for the noss gear, A 100,000 pound aircraft will be
used for this example with the wheel base and center of gravity locations as
shown below, Note that these dimensions must be approximated for the

calculations that follow if they are not known,

]
235" w15/ -we—25''—)
CcG CcG
¥wWD AFT
8 1
l Field Level
Center of Gravity Center of Gravity

of Nose Gear Systems of Main Gear Systems

Horizontal Drag Ratio Calculation

1. Tire Selection

Nose Tire Selection Main Tire Selection
9.50«16 Type III 12,.50=16 Type II
D = 33, 4" D = 38,5"
DF = 18. 0" DF = 18,5"
b= 35% 8 = 359
b=9,7" - b = 12,75"
Rated Static Load = 92504 Rated Static Load = 128004

Max, Allow., Load = 0,80%*x11200 =
89604

* A roduction factor is often used in design to permit a welight growth in later
production models of certain aircraft,

}
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From Figure 1:

~100,000(25)

= = 14
TSNGL 775 9091

Usc 2 Nose Tires

2. Single Tire Paramoters

Nose Tire Selection
- 38« (33.4-18)

d 200
= 2,70
L=1.72.7(33.4-2.7)
= 15, 5
A =2.36+2,7V(33.4=2.7)(9.7=2.7)

= 93,4 8q, in.
See Figure 1, Part B

_100,000(25) _ .
SWLN =75 % 2 = 4545% (load per
‘ nose tire)
P 4545 _ )
A °593.4° 48,7 psi

From Figure 2:

=[N
"

. 022

1
.022 % 15,6 x 33 4

ol
[}

0.010

From Figure 3:

g
=| =0.07
3l

From Figure 1:

TSMGL L 020705250 = 909094

90909
N\t = 12800

Usc 8 Main Tires

=7.1

Main Tire Selection

_35. (38.5.18.5)
200

3,50

= 1,7V3.5(38. 53, 5)

18, 8"

= 2,36+ 3.5\/(38.5-3.5)(12.75-3. 5)
14B.6 8q. in.

See Figure 1, Part A

. 100,000(250) _ 11364# (load per

n

t.
2

i

>
i

SWIL

M 215 % 8 main tire)
P 11364 _ .
ry = 148.6 =276,5 psi

From Figure 2!

Z

l "'5039

4 1

D --039x 18.8){38.5
= 0.019

From Figure 3:

R) N
21 = 0,095
5,




! 3. Multiwheel Configuration

The configuration shown is one possible solution chosen abritrarily

P from many possibilities. Note that the spacings given in Figure 4 were used.
1
| - 70I|—ﬁ
l o
25, 5l G,
1 = C:D ‘
]
Leb— ' 1
140" '
’ T - - {
ZOH ‘
= .
i
C 1D
o D
4. Multiwhuel Modifier
From Figures 5a and 5b: From Figures 5a and 5b:
Nose Gear Main Gear
ko _ 28,56
n—9'7,,—£.06 (use 2.1) n~~—--—-12.75-2
=0
m =0 m-38.5~1.82
(l-Kn)=0.13 (1~Kn)=0.13 f
(1~ Km) = does not apply (1~ Km) =0.04 1
|
2 4 4
=1 & =] - —= (0, 13) + = (0,04
MM 1 [+Z(0.l3):| MM [+4( 13) 4( ):l |

= 0,87 = 0.83 &




Calculation of Average Aircraft Drag Ratio

Using the multiwheel drag ratio, (R/P)M, for the main and nose gear,
the total aircraft drag can be calculated. This value divided by the aircraft

weight will be the average aircraft drag ratio value, A/C (R/P)M. For the

previous example:

Drag on NMose Drag on Main

Drag N =,061 x 2 x 4545 Drag M = ,079 x B x 11364
= 5544 = 71824
Total Drag = 554 + 7182 = 7736

7736
AlC (R/P)M = 100,000 = 0.08

Aircraft Operations - Passes Calculation

1. Equivalent Single Wheel Load (ESWI.)

Nose Gear ) Main Gear
r = .564/A r_ =.564/A
= ,564y93, 4 =, 564\ 148, 6
= 5, 45" = 6, 88"
twin wheel
PR ? H -
wheel spacing 20" 3,67 spacing 2.5.5" = 3.71
r 5.45" T &, 880
n m
From Figure 1, Part B or
(Operations SWL): tandem wheel
- 100,000(40) . 10 x 100,000x 80 spacinﬂ _ 7o
SWLnN = 375 %2 32,2 x 275 x 2 T = ggg7 ® 10 (no influence
m from tandem
SWLN = 11,789# tires)
From Figure 6: From Figure 6:
ESWLN = SWLN + Factor ESWLM = SWLM + Factor
= 11789 + 29% = 11364 + 27%

= 152084 = 144344




2. Coverage Calculation

Nose Gear
From Figure 7!
for ESWLN = 152084

SW1L
and R = 126,2 psi (tire contact
pressure)

obtain CBR 1% 4.5

Main Gear

From Flgure 7:

for ESWLM = 14434%

M
A

= 76,5 psi

obtain CBR I’M 2,7

for CBR =6 for CBR =6
c ..(_g_" e )
N 4.5 M \2.7

= 5.6 coverages

3. Passes Per Coverage Ratio (P/C)

Nosc Geoar

From Figure 8:

120 coverages

Main Gear

From Figure 8:

= . i - . 1. 1 2-

W =.874 - 93,4 in. 2 Wy, =.874 - V1486 in,
= 8.,45" = 10, 65"

Y _20 480+ 8.45 Fa_25.5 + 80 + 10.65

C 0.15x 2x 8, 45 C " 0.75x 4x 10.65

= 8.56

4, Passes Calculation

Nose Gear

PN =5,6x 8,56 = 47,9

= 3,62

Main Gear

P, =120x 3,62 = 434

M

Aircraft Passes

From Figure 9 (also refer to Figure 8 for symbol notation)

x = 140 b 10165 - 25|5

= 104"
H = 80 (see Figure 9)

. 140 - 10.65 - 8,45 - 25.5 - 20

¥ 2
= 37,1
K = 37,7" (see Figure 9)




- 80 x 434x 47,9
M BOx 47.9 + (80 - B0) 47.9 + (B0 = 37.7)x 434

=76

AP

R B0 x 434 x 47.9
N 80x 434 + {80 - 80) 47,9 + (80 - 37.7)x 47,9

=45

Thorefore, the maximum allowable passes for the aircraft =45,

AP

Calculation of Braked Tire Drag Ratio (for S = 25%)

Nose Gear

(usu only if aircraft is equipped with noso gear braklng)

From previous calculations
4
D = 0.010

Thereforu,

2o o) ¢ BERA o002 (22102
1—1“1'13 0.100 + 0,552
P
i-]-}- = 0, 65 (assuming S = 25%)
P
Main Gear
From previous calculations
£ < 0.019
Thorefore,
=10 (0.019) + EJI%%LZ. (0. 019)! /2 (%)”Z

Rp
P
)
P
Rp
P

=0,190 + 0,404

= 0,59 (assuming S = 25%)

)




SECTION V
COMPUTER PROGRAM AND TEST CASE

1. Computer Program

The computer program for determining the design procedure for cstab-
lishing aircraft capability to operate on soil surface has been written and
debugged, The computer program was set up for an aircraft with a tricycle
type landing gear configuration, A general flow chart of the computer
prograrn is shown in Figure 10, A Fortran IV source program listing of the
computer program, a list of definition of symbols, and some remarks about

running the program are given in paragraphs 4, 5, and 6,
2. Test Case

The computer program is presently being used for calculating the
following case, which has load, tires, and aircraft parameters the same as

in the example in Section IIL.

il
—

Number of Test Cases Run: DASET

Load Parameters:

Gross Weight GW = 100, 000 pounds
Deflection of Nose Tires DE = 35%
Deflection of Main Tires DEM = 35%
Percent of Slip 5=25%

Tire Parameters:

Diameter of Nose Tires DN = 33,4 inches
Rim Diameter of Nose Tires DFN = 18,0 inches
Section Width of Nose Tires BN = 9,7 inches
Number of Nose Tires NN =2,0
Diameter of Main Tires DM = 38,5 inches
Rirz Diameter of Main Tires DFM = 18,5 inches
Section Width of Main Tires BM = 12,75 inches
Nose Gear Tire Type TN =3

Main Gear Tire Type T™ =3

— e ad
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Kead in Input Varsneters —&

Calculate Tirn Parsimotere

!

Calculate Rolling Drags « Print Qut

Caloulnts Rolling Drag Hatlos ~ Print

Out

Calaulale MullisW

Print Out

huul Drag Rattu

Y

Calculata Multl o Wheal Dray A

Print Out

\

Calvulate uuhlm! Drag - Print
Ou

Calculate Bruking Drag Antlos « Print

Dl
Y
Nosw Tires
e~ Cualoulate Equivalant Single Wheal Load
1 auwd Tire Contact Prassurs
Subroutine \
CHR

Malg Tires

‘ | Caluulate Xquivalent Single Wheal Lusd and

Tirs Cun'aci Prevaure

Caloulate Number of Alraraft Pasees «

Peint Out

Check of Allowabls Pasees = Prist Out

Figure 10, General Flow Chart of the Cor
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) Nose Gear Tire Type TN = 3
Main Gear Tire Type ™ =3
Number of Main Tires in a Tandem-

P Tracking Situation NMl = 4

Number of Main Tires in a Twin

Situation NNI = 4

Aircraft Parameters:
Distance from Center of Gravity of
Nore Gears to Center of Gravity
of FWD L, = 235, 0 inches
Distance from Center of Gravity of
Nose Gear to Center of Gravity
of AFT LL = 250, 0 inches

Distance from Center of Gravity of
Nose Gear to Center of Gravity
of Main Gear F = 275.0 inches

Distance from Center of Gravity of
Main Gears to Center of Gravity
of FWD M = 25, 0 inches

Distance from Center of Gravity
from Ground Level to Center of
Gravity of FWD U = 80.0 inches

Distance from Center of Gravity of
One Main Gear to Center of Gravity
of the Other Main Gear E

Distance from outer tire to outer tire

140. 0 inches

twin type of spacing within a main

gear (see Fighre 8) | Bl = 25,5 inches
Spacing of nose tires (see

Figure 5a) SN = 20.0 inches
Spacing of Tandem~Tracking Tires -

Main - x SNM = 25,5 inches
Spacing of Twin Tires - Main .. SM =70,0 inches

33
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3, Test Results and Discussion

) Comparison of these results to the hand calculated results in Section III J

were made and demonstrated the speed and accuracy of the computer program.

T

When the computer turn around time is small, or when the pragram can be

operated on a time-share remote terminal setup, the utilization of the computer

—

| program to calculate many different configurations, tires, and aircraft types
will significantly benefit the user, Although the program is set up for a
tricycle configuration, the program can be modified for other types of con-

) figurations for which the user may be designing,

‘L"AL

4, Procedurc for Running the Computer Program
1, Specify the first four data cards:

First Card - Specify number of test case runs,

Second Card - Spucify four parameters: gross welight (lbs,),
deflection of nose tires, deflection of main tires,
slip. !

Third Card - Specify seven tire parameters: diametor of nose

tires (inches), rim diameter of nose tires (lnches), 1

section width of nose tires (inches), nunber of
nose tires, diameter of main tires (inches), rim ]

diameter of main tires (inches), section width of l

main tires .(inches), ‘

1

Fourth Card - Specify two tire types: nose tires, main tires, {
|

Fifth Card - Specify four main tire parameters; total number |
of main tires, number of tires per main bogie,
number of tires that are in a tandem -tracking
situation, number of tires that are in a twin 1

gituation,

Sixth Card « Specify ten aircrait parameters: (1.,) distance from

center of gravity of nose gear to center of gravity
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§

FWD (inches), (L') distance from center of gravity
of nose gear to center of gravity of AFT (inches),
(F) distance from center of gravity of nose gear to
center of gravity of main gear (inches), (M)
distance from center of gravity of miain gear to
center of gravity FWD (inches), (J) distance from
ground level to center of gravity of one main gear
to center of gravity of the other main gear (inches),
(B) distance from outer tire to outer tire twin type
spacing within a main gear (inches), (Sy) spacing
of nose tires (inches), (Sy) spacing of tandem -
tracking tires~-main gear (inches), (S),) spacing

of twin tircs-main gear (inches).

2. With the second, third, and sixth input cards, the input is to be
typed in as real values. The input data on the first, fourth, and fifth cards

Is to be typed in as integers.

3. To make more than one continuous run, additional cards with the
same information as data cards 1, 2, 3, 4, 5, and 6 must be inserted behind

the original set of data.

5. Fortran IV Source Program Listing

(Fortran IV Program is on the succeeding pages)

- A_‘A._J




121

luv

Ilu

11e

_ FROGRAN DF:AG (INFUT, OUTPUT,TAPE S5=INPUT)

REAL NNsyLyMyLiyKLiyN2yN3y ML, MM14MM2,4L 2L L

REAL PMAGMI

REAL A(17412)

INTLGLR TYFESTN,TM,DASET

DLSIGN PRCGRAM SETUP FOR CBR6 CR EGIVALENT TYYFE CF SOIL

KREAD (vyi21) DASCT

FCRMAT (Ii4d)

0C Luld LN=1,DASET

READ (85,1C00) GHyDEOLPF,4S

FCRMAT (4FS,2)

READ (55105) ONs DFNyBRNyNNyOM, 0FM,BM

FCRNMAT (7F9,2)

ReAD (45103) TNyTH

FCRMAT (219)

READ (5,110) NMyN1iyNNM1,NN1

FCKRMAT (L19)

READ (Y,110) LyLLsFyMyUyEyBL SNy SAM,y SV

FCRMAT (1(F8.2)
DATA((A(JQI)'I‘ipiz)|J’1117)’QG0n)5.’7-,10-’1“012Cn,EBQQEOOIHOCQ
JolegbUup7lep300aypCa3ylatbyllaBylleS5913091305y)14a54917491845,2045,

C22e9 92500 y7eTyBely84739:351059884912054348318,95174915,6%,
E2GUnpieF9pbalhigtard T e3yBer8eb59902910uab912:8913459154,
156G 94e T gl eOglaB ool pEaBp6.034€.8y7:.9)%0910s5124y
!1?5,,3.5,3.TU.A.,H.u,h.6,5-3,5.6,6.5,7.5,8.5,9.5,
10U 920892098 )39 3elipRaBphaIpha95e259649€E4C374¢S

7900 9200927 320993029 3et ) 3uByuelslbelByBebobely?ely

BEL s g 2129920924898 8)pTal o3yl Tobe395: 9547 9EeEy
Cl00y1:98 9201926 T9244539207 92099242593 475 )lalygleySals
FEUspdvTp1u8316932129Cebs24€92:893adyTulyhabEey

Bl ydokplecbyleb8y10892e92a29204y228592039308yb42y
(4091029102931 0359108987 p1elylrypcolglallpilylety

L35 93e1910415,14239803924%99106592.08924152.5924%,3.3,

t 3u.,d.9?,1.1,1.15.1.2,1.3,1.%&.1.6,1,85,2.25.2.6,2.9.
F?‘.:'.,ll.&&,.‘.zn99,1-1,1.20,1-3,1.‘00,1.?,1.95,2-25.2.&',
C2UwypUe7B89peB2yub879:93,1¢191:15,1425510591¢7592092425/

PRINT &

FCRMAT (*%1%,*PROGRAM COMPUTES ROLLING ORAGs; MULTI=wWFEEL CRAG)BREKED NRAG,
1AND MUMBeR OF AIRCRAFT PASSES FOR A P/STCL AIRCREFT#)
TENGL=(GWY{F=LL)) /F

SWLN 2 TSANGLZNN

ShiNI=(GWN¥ (F=L)/(F*NN))+((10*CR*U)/(22.2%F*NN))

TSMEL2 (GHY (F=M)) /F
SHLMaTSMGL/ZNM

U1 (CE*(OMN=-0FN)) /2.0
Li=1.7*SGRT(DL1*(ON=D1))
TYPL=TN
MA=24SART(NDI*(NN=01) )
MI=2*SOQRT(Ci*(BN=C1))
FrA=(Q, §5*VA
IF(TYPE.LTWA6) GO TO 15
CCEF=1.0 :

GC TC 16
IF(TYRE.LTL3) GO TO 17 .
GCEFR),93.




P -y ——— R

i/
16

13
19

GO TQ 16

CCLF=).84

FMI=FMI¥CCEF

IF(TYPELGT,1) GO TO 1¢

CCLf1=C.8E

GC TC 19

CCLF1=0.95

Al=)  785*FFA*FMI*COEF1
C2={Le.M*(CM=DFM)) /200D

LZ2=1,7*SQR1(02* (DM=-D2))

TYPE=TM

MA=2*¥SQRT (L2%(0OM=C2))

MI=2*SQRT (C2*(BM=-D2))

FFNA= |, 85% MA

IFC(TYFELLT.B) GO TO 25

CCEF =1,

GC TC 206

IF(TYRELLT.3) GO TO 27

CCEF=).93

GC TC 26

CCEF=0.84

FrMI=VL*CCEF

IF(TYPELGT.1) GO TO 28

CCEF{=0,8¢

GC TC 29

CCLF1=0.95

A2=.785*FVAXFII*COEFL

CP1=SHLN/ Y
ZL1=CP1/ (2419, By~ (L, 9E207*CP1))
2C01=(ZL1i*L1) /0N
RPSN=J,032933+ (3, 37572%2D1)
CFr2=SWLNM/RZ
ZL2=CP2/ (eul9, Ea= (Le SE207¥CP2))
2C2=(2L2%LE)/0M

KPSM=1,032533 + (3.,375724202)
NZ2=Sh/7BN

YiA=(04s 354336=(N,7 320814¥N2)=(0,0525284%N2*¥2)
Y1B=(J b QP0B6¥ N2 *3) =~ (L bUSQELYN2Z* Y, )
YIC= () 08E1LEI*N2*¥5)="([,LWIETLECT*N2¥YE)
YaYiA+YLB+YLC

MMiz1=Y

RFN=RPEN*FM1

ACKPA=KPA¥TSNGL

N3=ShNM/BM
Y2A=0,354326(0,732081"N3)~(0,0525284*N3*42)
Y2E= (U 697206 N3**) ({4 4OSUELYNI¥ )
Y2U=(0s0861469¥N3*+*S5)«(0+00631E67*N3*¥¢)
Yé=YZA+YRB+ Y2C

Mi=SM/70OM
YIAm«0,1926L-C0, 048567 ML) +(0,9520€E1%M1%+2)
Y'B-(-U.b‘%ﬁ&*ﬁi*'3)+(u.12163?*"1"#)
YIC==),00985133%M1¥*g

Yi=YIA+Y IE+Y3IC
Hr2n1~(((LhilNi)*Y2)+((NPi/Ni)'YS))
RFHnRFSM'rFZ .

K




. ACHPF=RPK¥TSHGL

2414

13¢
137
170

138

ACRPT=ACRFN  ACRFM
CRET=ACRPT/(TSNGL + TSMNGL)

KPSN1=RPSN*SHLN

RESM1=RPSM*SWLM

PRINTL
CFCRMAT (*=*,#SINGLE WHLEL ROLLING CRAG,y LES.*)
PRINT2

FCEMAT (* ¥y¥ecac. cdcccnnaa Cmammes e -¥)

PRINT3

FORMAT (*C*¥,*NOS: TIR:S MAIN TIRESH)

PRINT BCyRFSNL,RAPSML
FCRMAT (* *,FBs2y1EX,F8,2)
FRINT 132
FORMAT (*¥=%,%SINGLT WHItL ROLLING CRAG RATIC, (R/F)S*)
PRINT 133
FCAMAT (¥ 4y %ccccecuccrmancrmnccnnanarancaaad)
PRINT 134
. FCRMAT (*C*,*NOSE TIREES MAIN TIRES )
PRINT 135 ,RPSN,RPSM
FCREMAT (* *y2XyF543y18%,F5,3)
PRINT 2440
FCRMAT (*'*,*MULTI-NHELE DRAG RATIC, (R/P)V*)
FRINT 202
CFCRMAT (* ty¥ececacucans Cere s n e *)
PRINT 204
FCRMAT (*0*,*NOSZz TIRES MAIN TIRES AIRCRAFT*)
FRINT 206 yRFN,RPM,RPT
FORMAT (¥ * 32X sFiuvlydBXyFS43913XyFE.3)

PRINT 208

FCRMAT (*=*,¥vULTI-WhclL ORAG, LBS.*)

PRINT 2140

FCRMAT (* Yy*=coceccacon memmneal)

PRINT 212

FCRMAT (*0%,#NCSE TIRES MAIN TIRES ATRCRAFT™*)

PRINT 21ay ACRPNy ACRFMyACRPFT

FCRMAT (* * 31X gFH.291eXyFBs241CXyFEs2)
REFN=2(L0, (*Z04)+ C(CHD¥DN*%2) /SN I*SCRT(ZC1)¥SCRT(S/1(0))
KEFN1 = REFN*SHWLN

REFV2 (104 (*2C2)+ 0 ((uS*UM*%2)/SWLM)I¥SQRT (ZCZ)*SART(S/1CC))
REPM1 = REFM*SHWLM

PRINT 13é

FORMAT (%«*,*AJRCKAFT PRAKED [FAGy LBS.*)

PRINT 137

FCEMAT (* % ¥fecanccnnancannncan~und)

PRINT 170,§ |

FCRMAT (® %,%FQOR S=z%,FL,0)

PRINT 138

FCRMAT (*0*%,*NOUSE TIRES MAIN TIRES ¥)

PRIMT 139,kBPN1,RBPMY

FCRMAT (% % ,1X 4 F83,291EXyFB,2)

PRINT 8

FORMAT (*~%,*AIRCRAFT HRAK:D CRAG FATIC, (R/F)E*)

FPRINT 7 : o

FCRHAT " """w.------.w’,-.-c-;n‘-o--u--‘)l

a8
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PRINT 1804S
136 FCRMAT (* #,¥FQR S=%,Fi, 0)
PRINTY
9 FCRMAT (*0%,*N0Sc TIRES MAIN TIRES *)
PRINT 70,RBPN,KAPM
’ FORMAT (* ¥,2X,F5,3,18XyF5,3)
RNz, JS56W¥SQRT (A1)
Z=SN/RN
21271, 78644 (51,056%2)=(25,7336%2%%2)+ (1, 96582%2773)
22=0.112318%2%%4
FN=(Z1+22) /7100
ESKLA=SHLNL+ (SKLNL*FN)
RN2= (. 564 YSURT (A2)
W=SNNM/RN2
IF(W.LTy14) GO TO 75
W1271,78E14 (51, 055%N) = (25, 7398 *W**2) 4+ (1,96582*R**¥3) +(0112318"H
14!&)
Fv=W1/400
o5 WA=5M/RN2Z
IF(WA.LT«1.) GO TC 90
IF (WA,GT.5.3) GO TO @i
WIAZ71,78E1 + (51,055%KHA)=(25,7398¥WA%*2) 4 (1,96562%WAY¥I) 4 (o112
1318%Wa%¥y)
FMi=W1A/1C0
IF(W.LTed1s) GC TO 9O
W2= (SQRT(SM#¥245NM**2)) /RN2
IF (W2,6T+543) GO TO <%
W2A=71278€1 + (51, 055%R2)=(25¢739B¥H24*2)4(1,C€E582%M29¥3)4(,112

13184 h2+%4)
FM2=W2A/100

9) Fri=uy

43 Fhve=y
FMT=FM4FNM1+FM2

ESKLM=SKLF+ (SHLM*FMT)
CF=ShLN1/A1Y
ESHL=ZSWLAN/1000
CALL CBR(AyCPyESWL,CBR1)
CN= (6/CBR1)*#*¢
Wh=0.874%SART (AL)
PCN=(SN#B[+HWN) 7 (0, 75*MNN*HN)
CP=SHWLM/AZ
eSWL=ESWLM/1000
CALL CBR(A,CP,ESHL,CBR1)
CM=(b/GBR1)* %6

WMz 874¥5GRT(A2)
PCM=(04+¢80+WM) /(0,75 N1*KM)
PN=CN* PCN
F¥=(M*FCM
X3E=WM=B]
YAz {K~-WM-WN=B1=~SN)/2
IF (XeLTe8U) GO TO 10
H=8 ¢
GC T0 11

13 H=x

11 IF (YA.LT.80) GO YO 20
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Ki=84,

c¢ TC 21
2 K1=YA
21 AEN= (B OXFEN*PM) / (BO*PM+(B0=H)*FN#+ (BL=K1)*FN)
AFN= (B3%PNCPM) / (BUPN4(80-H) ¥FN+(8(=K1) *PM)
PRINT3D
34 FCNMAT (%=%,*NUMBER OF AIRCRAFT FASSES*)
PRINT 32
32 FCRMAT (% 4 %cccrcsmcnconaccmucmaanauat)
PRINT 34
35 FCRMAT (¥0%,*NOSE TIRES MAIN TIRES ¥)

i PRINT 37,8FN,AFM
37  FCRMAT (* *,3XsFhe0y21XygFleD)
IF CAPNJLT.APNM) GC TO 150
L Ti=AFM
: GC TC 15%
15y T1=APN
126  FRINT 160,71
160 FCKMAT (*-*,*AL LOWABLE NUMEER CF AIRCRAFT FASSES =*,F4.0)
| FRINT 502, SWLN,SHLN1 '
' HJE FORHAT (#4%,%SWLN =%, F1ta3y 10X, *SHLM =%,F16,3)
| PRINT 504 ,01,L14A1
BI4  FCRMAT (*=%,#DEFLECTICN=NCSE =¥,F1643, 10X, *FRINT LENGTH-NCSE =¥,
1F1€. 3y 40X, *CONTACT AREA=NOSE =%,F16.3)
.. PRINT 506, SHLM
Y)E  FCRMAT (#=%,8SHLM =¥,F1¢.3)
PRINT 508, D2,L2,A2
L18  FCRMAT (%= ¥, #DZFLECTION=MAIN =% ,F16.3510X;*FRINT LENCTF-MAIN =%,
1F164 3, 10X y*CONTACT AREA~MAIN =2%,F1€,3)
PRINT 510 y8M1, MM2
Y10  FCRMAT (¥=*,%DRAG MODIFIER=NCSE =* 4 F1€.3,10%,#CRAC MCCIFIER~-MAIN =%
i 1,F16.3)
) PRINT 512,ESHLN,ZSHLM
! Bb12  FCRMAT(¥<4,%ESHLN =%,F1643,10X,%ESALM =% ,F16,2)
: PRINT 544 ,CNyCM
5 Y44 FCRMAT (%= ¥, ¥COVERAGES~NUSE 3%,F16. 210Xy *CCVERAGES=FATN 2*,F16,3)
: . __PRINT 516 4FN,PM ,
V1€  FCRMAT (¥=%,¥PASSES~NOSL =%,F16.3,1uX, *PASSES-VFAIN =2%,F16,3)
000  CCNTINUE
END




SLARCUTING CHR (A, CPyESHL 4CRRY)
REAL A(17,4,12)
G0C au I-'-E,l?
Li=A(I,41)
JFE fCB,GTL1) N=1
IF (CPLG6TWL1) GO TO W
w ) CCNTINUC
v 0C v J=2yle
JI=z A1 ,4d)
IF (ESWLeLTWJ1) KaJ=t
IF (LSWLaLT4dl) GC TOC L&
| CONITINUE
IR Yh= (CR=A(Ny1)) Z{A(N=1,1)=A(N,1))
Y1 ((A IN=1yK)=A(NyK))*YN) +A(N,K)
Y2= ((AIN=1,K+L)=A (NyK+1))*YN) +NA(NyK+1)
CERLI=C(YL=-Y2)* ( (A (1yK+1)~eSHL)/Z (AL 1y K+L)=A{1,K)))) 4Y2
RETURN

LAD




THE FOLLOWING IS A SAMPLE OF INPUT DATA FOR THE PROGRAM

$DATA

1

100000, 35, 35. 25,

33. 4 18. 9.7 2. 38.5 18,5 12,75

3 3

8 4 4 1

235. 250, 275, 25, 80, 140, 25,5 20, 25.5  70.
$EOF




SOLUTION TO TYPICAL DESIGN EXAMPLE OF SECTION IV

STNGLL WH-LL FOLLING CRAG, LBS. 7

--------------- - oy W

hOSe Tlele3 FAIN TIRES
$luved 115043€

SINGLL WHedl KOLLEING CRAC RATIO, (R/P)S

- e O TR B e AN WM W e WS v

NOSr. TINLE ' MAIN TIRES
L2 lbo e097

MULTI=WHeLl DORAG RATIGy (R/PIM

-y T N e W W W M YN

NOSw TINWS ... . VFAIN TIRES
L0uy U8B0

MULTI=WHe oL DF.AGy LIS,

ER R R RN L

NOSC TIRC S TTTTTTURRIN TIRES
u3s.ul _ 7308.87

ALRCKAFT BRAK:D DRAG, LBS.

IR
NOSe TIReS MAIN TIRES
3ub7.29 _ Fra7e27

NIRCRAFT BRAKZD ORAG RAT1O, (R/P)B

FOR S= 2b,
NOS. TIRLS "~ ¥AIN TIRES
N -1 2O 5-3-1-

NUMBER OF AIRCRAFT PASSES

- N B LN W O T EE W

. 25, e eemitn MAIN TIRES
b3 71,

AIRCRAFT
«078

AIKCFAFT
TB4L, 48




6. List of Symbols

ACRPM Multiwheel rolling drag for main tires
P ACRPN Multiwheel rolling drag for nose tires 1

ACRPT Total multiwheel aircraft rolling drag .

APM Number of aircraft passes for main tires

APN Number of aircraft passes for nose tires {

BM Section width of main tires (b) ]
b BN Section width of nose tires (b) 4

Bl Distance from center of gravity of outer tire to center of

gravity of inner tire - main and landing gear (B)

CBR1 California Bearing Ratio (CBR1)

CPM Main tire coatact pressure (CP)

CPN Nose tire contact pressure (CP)

DE Deflection of nose tires (&)

DEM Deflection of main tires (5) (
; DFM Rim diameter of main tires (DF)
i DFN Rim diameter of nose tires (DF)

DM Diameter of main tires (D)

DN Diameter of nose tires (D)

E Distance from center of gravity of one main gear to center

of gravity of the other main gear {E) ‘

ESWLM Equivalent single wheel load for main tires

ESWLN Equivalent single wheel load for nose tires

F Distance frocm centar of gravity of nose gear to center of

gravity of main gear (F)
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Gw

LL

NM

NMI

NN

NN1

N1

PCM

PCN

RBFPM

RBPMI

RBPN

RBPNI

RFPM

RPN

RPT

RPSM

RPSN

RPSMI

Gross v : ght of aircraft (GW)

Distance from center of gravity of nose gear to center of

gravity F.W.D, (L)

Distance from center of gravity of nose gear to center of

gravity A.F, T, (L")

Distance from center of gravity of main gear to center of

gravity F,.W.D. (M)
Number of main tires (NM!')

Number of tires that are in a tandem-tracking situation -

main gear

Number of tires - nose gear (NN)

Number of tires that are in a twin situation « main gear
Number of tires per main landing gear (N)
Passes per coverage main gear

Passes per coverage nose gear

Braked drag ratio - main gear

Braked drag ~ main

Braked drag ratio - nose gear

Braked drag - nose

Multiwheel drag ratio ~ main gear
Multiwheel drag ratio ~ nose gear

Ajrcraft multiwheel drag ratio

Single wheel rolling drag ratio - main gear
Single wheel rolling drag ratio - nose gear

Single wheel rolling drag - main gear

45
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RPSNI Single wheel rolling drag - nose gear

b S Percentage of tire slip (S)
SM Spacing of twin tires - main gear (Sy,)
} SN Spacing of nose tires (SN)
SNM Spacing of tandem-tracking tires - main gear (Sy)
SWLM Single wheel load -~ rnain gear
SWLN Single wheel load ~ nose gear
SWLNI Operational single wheel load - nose gear
™™ Tire type of main tires
TN Tire type of nose tires

U Distance from ground level to center of gravity FWD (J)
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