UNCLASSIFIED

AD NUMBER

AD843585

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; Sep 1968.
Other requests shall be referred to
Aeronautical Systems Division, Directorate
of Airframe Subsystems Engineering, Attn:
ASNFL, Wright-Patterson AFB, OH 45433.

AUTHORITY

ASD USAF ltr, 1 May 1972

THIS PAGE IS UNCLASSIFIED



AD843585

ASD-TR-68-34

EVALUATION OF AIRCRAFT LANDING GEAR
GROUND FLOTATION CHARACTERISTICS
FOR OPERATION FROM
UNSURFACED SOIL AIRFIELDS

DONALD H. GRAY

DONALD E. WILLIAMS

TECHNICAL REPORT ASD-TR-68-34

- : SEPTEMBER 1968

<.B,-/

This document is subject to special export controls and each transmittal
to foreign governments or foreign naticnals may be made caly with prior
approval of the Directorate of Airframe Subsystems Engineering
(ASNFL), Aeronautical Systems Division, Wright-Patterson AFB, Ohio
45433. ,

DEPUTY FOR ENGINEERING
AERONAUTICAL SYSTEMS DIVISION
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO

Best Available Copy

_—
E—-—-——’vx .

27



NOTICE

Whez Government drawings, speocifioativhse, or other data are used for any purpose
other than in oonneotion with a definitely related Government proourement operation,
the United States Government thereby inours no responsibility nor any obligation
whatsoever; and the faot that the Government may have formulated, furnished, or in
any way supplied the said drawings, specifioations, orother data, {s not to be regarded
by implioation or ctherwise as in any manner licensing the holder oz any other person
or corporation, or oonveying any rights or permissionto manufaocture, use, or sell any
patented invented invention that may in any way be related thereto.

This dooument is subject to special export oontrols and each tranamittal to foreign
governments or foreignnationals may be made only with prior approval of the Direotor-
ate of Airframe Subsystems Engineering (ASNFL), Aeronautical Systems Division,
Wright-Patterson AFB, Obio 45438,

Distribution of this report is limited because the method presented somewhat
indicates the technical ovompetence and airoraft capabilities of the USAF {n this
technical area.

W.iTE SBC-ICH -
Oy Sstioh

Copies of this report should not be returned unless return is required by security
considerations, contractual obligations, or notice on a specific document.

300 - November 1968 - CO455 - 55-1253




ASD-TR-68-34

EVALUATION OF AIRCRAFT LANDING GEAR
GROUND FLOTATION CHARACTERISTICS
FOR OPERATION FROM
UNSURFACED SOIL AIRFIELDS

DONALD H. GRAY

DONALD E. WILLIAMS

This document is subject to special export controls and each transmittal
to foreign governments or foreign nationals may be made only with prior
approva! of the Directorate of Airframe Subsystems Engincering
(ASNFL), Aeronautical Systems Division, Wright-Patterson AFB, Ohio
45433




ASD-TR-~68-34
FOREWORD

The work reported here has evolved from a need to establish flotation
requirements for several proposed systems and numerous flotation capability
studies for existing aircraft in support of the ASD mission,

This report was submitted by the authors in May 1968.

This technical report is published for use, within the ASD environment, as
a standard method in evaluating aircraft ground flotation capabilities of present
and proposed air-vehicle designs operating from unsurfaced soil airfields.

Publication of this report does not comstitute Air Force appreoval of the
report’s findings or conclusions. It is8 published only for the exchange and

stimulation of ideas.
TRJL TR 22

WILLIAM A. HAMILTON
Chief, Launching & Alighting Division
Directorate of Airframe Subsystems

Engineering
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ABSTRACT

This report presemts a theoretical method of evaluating aircraft landing
gear ground flotation characteristics on unsurfaced soil airfields. Equations
developed in AFFDL~-TR-66-43, Fart I, Aircraft Ground Flotation Investigation,
form the basis for the method used in this report.

It contains a list of definitions of terms used in regard to ground flotation
within ASD and presents & method of evaluating the ground flotation character-
istics and capabilities of aircraft to operate from unsurfaced soil airfields. The
method presented is relatively straightforward and is applicable to most
aircraft having conventiona! landing gear configurations. A sample calculation
is also presented.

(Distribution of this abstract is unlimited.)
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AP

CBR
CBRji
CcP

ESWL

GW

M

SYMBOLS

Single tire contact area (square inches)
Alircraft passes

Lateral distance between centerlines of the most inboard and most
outboard tires of one main landing gear assembly (inches)

Tire deflection (percent)

Coverage

California Bearing Ratio (percent)

CBR required for one coverage

Contact pressure - not inflation pressure (pounds per square inch)

Lateral distance between the centerlines of the most outboard tires of
the nose landing gear assembly (inches)

Dynamic wheel loads (kips)
Wheel flange diameter (inches) (bead dia. +2 tiines flange height)
Tire outside diameter-nominal for new tires (inches)

‘re radial deflection (inches)

Lateral distance between centerlinec of the left and right main landing
gear assembiles {inches)

Equivalent single wheel load (kips)

Forward to aft distance between the centerlines of the main and nose
landing gear assemblies (inches)

Gross weight of aircraft (pounds)
Aircraft passes correction factor due to main landing gear spacing
Height of CG (at gross weight under consideration)

Alircra'. passes correction factor due to relative spacing of main and
nose l.nding gear assemblies

Dists -.ce maximum forward CG (at gross weight under consideration)
is af* of nose landing gear centerline (inches)

I {¢ .ance maximum aft CG (at gross weight under consideration) is
forward of main landing gear ¢ nterline (inches)

vi
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SYMBOLS (CONTD)

N Number of tires of a landing gear assembly

P Passes

P/C Passes per coverage ratio

R Tire contact area radius (inches) R = ,564 JA

SWL Single wheel load (kips)

w Width of single tire contact area (inches) W = . 875 vA

w Tire section width - nominal for new tires (inches)

Subscript Symbols

M Main landing gear factor

N Nose landing gear factor

vil
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DEFINITTON OF FRIEMN
Assembly Lond
The landing goar ansombly load uned for ground flotation oaloulations ahall

bo that statio load whivh romults from thoe spocifiod alreraft grows woight
condition,

Californiu Bouring Rutio (CHR)

A measure of the bearing capacity of sotl, The CBR of a null ir expronsed
in terms of u percentage of the bearingcapacity of n stundurd vrushed lHmestono
surface, Detaila of tost proceduros used to determine the CHBR of a soil are
contained in MIL-STD-621,

ggverage (C)

This term when applied to a point means one movemunt of the wheel over
that point. Coverage of an area is defined as the covering of every point in the
area.

Equivalent Single Wheel Load (ESWL)

The theoretical load which, if acting on a single tire, with a contact area
equal to that of one tire of the assembly, will produce the same effect on the
airfield as the multiple wheel assembly.

Pass or Aircraft Pass (P) or (AP)

A movement or passage of the aircraft past a given lateral station.

Single Wheel Load (SWL)

The calculated load on each tire of a landing gear assembly. It is computed
by dividing the assembly load by the number of tires on the assembly.

Tire Contact Area (A)

The calculated area of the tire footprint which is in contact with the airfield
surface,

viii
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NECTION 1
INTRODUCTION

Phie report (e o pruvide an interim standard for avaluation of alrervafl
lanking pear desime pivposed for operation on uneuefsced sotla. The report
in o publighed o give prsliminary itdanoe for design of advanesd syntoma,

o mothud contained heroin may be uamd (o evaluate relutive groud
flutution performance for atreraft oporation in the copventional takeof! and
Lhawding (CTO1) or mhort flold tukeoff wid landing (NTOQL) made on uneurfuowmd
pofln, Ground flotation porformance In expressod in terms of the numbor of
oporations  that could be performed on u hoavy clay sutl prior t formation of
permuanent rutting to a depth of about throw inches, ‘The mothod allows connidera-
tion of mingle whool loada in the range of 8000 to 76,000 pounds and tire contuct
pressuroes in the range of 20 to 300 pounds per aquare inch,

This report, when specified, supersedes the Theater of Operationa airfield
ground flotation evaluation procedures contained in AFSCM 80-1, Handbook of

Instructions for Aircraft l.)esiﬂg._

The general procedure for evaluation of landing gear flotation for operation
from unsurfuced soils consists of computation of the number of passes that the
aircraft should be able to perform on a specifieu strength airfield prior t¢
attainment of a defined feilure condition, The number of passes predicted is then
compared with the required number of passes to determine if the landing gear
is acceptable. Due to the many variables involved, it is essential that a standard
calculation procedure be used.
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SECTION 1
AIRCRAEF U GROUND FLOTATION ANALYSIS

Fhe following han been developed an an tintortm standand procedure:

Detormination of Stngle Wheoel |oad (SW1)

Main Landing Gear Wheelh — Analyse the aireraft at the speolfied gross
welght conditton and the mont eritical contor of gravity posttion (most eritioal
for ground flotation), using Fligate In to dotermine the individual tanding gour
angembly londs, Divide the ansembly load by the numbuer of tires por ussembly

to dotermine the single wheel load,

Nose [anding Gear Whoola — Analyze the aircraft at the spocified gross
weight condition und the moat oritical center of gravity position (most oritioal
for overall alrcraft ground flutation) W determine the dynamic load on the nose
landing gear ussembly due to braking at u deceleration rate of 10 feet/second/
second. The procedure outlined in Figure 1b will be used. The assembly load
is divided by the number of tires on the assembly to determine the single wheel

load.

Tire Inflation Pressure

The tire inflation pressure used for ground flotation analysis should be the
pressure required to support the most severe loading condition without ex-
ceeding the specified tire deflection limits. Therefore, in the following ground
flotation analysis, loads resulting from a maximum forward center of gravity
(CG) position will be used in nose landing gear tire inflation pressure calcula-
tions and, accordingly, the main landing gear tire inflation pressures will be

based on main landing gear loads resulting from an aft CG position.

The following calculations should be m..: - for both the main and nose gear

assemblies.
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Dotermination of Tire Contact Area (A)

Tire contact aren shall be determined by use of the following relations:

A=236d /(D,-d1({w-d] and

200
where A = Tire contact area
d = Tire radial deflection in inches
l)0 = Tire outside diameter in inches
w = Tire section width in inches
= Tire deflection under consideration in per cent
Dp = Wheel flange diameter in inches

Tire Contact Pressure (CP)

Tire contact pressure is determined by dividing the single wheel load by
the calculated contact area.

Equivalent Single Wheel Load (ESWL)

Figure 2 is used to determine the equivalent single wheel load. Determine
the center to center spacing in radii by dividing the actual tire spacing by the
radius of a circle of areu equal to the single tire contact area. Increase the
single wheel load for each adjacent wheel by the percentage indicated by Figure 2
to determine the equivalent single wheel load. This adjacent wheel may be
“‘adjacent’’ by virtue of either a twin or tandem wheel arrangement. In either
case, if it is more than 5 1/2 single tire contact area radii from the wheel under
consideration, it will not be considered in determining the equivalent single
wheel load. Note that in the case of a landing gear with a single isolated wheel,
the equivalent single wheel load is equal to the single wheel load.

Coverages (C)

Enter Figure 3 with the equivalent single wheel load and lire contact

pressure of the assembly in question to determine u value of CBRl. The
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number of coverages to failure of the airfield is then determined by the following

relation: }

:
§
q
i
i
i
i
i
%

CBR

‘ ) (c BR )6
Coverages = ——
l

Where CBR is the strength of the airfield under consideration.

(Figure 4 can be used to simplify this calculation.)

Passes Per Coverage Ratio (P/C)

Use the procedures of Figure 5 to determine the passes per coverage for
the assembly under consideration.

Passes (P)

Multiply the number of coverages by the passes per coverage ratic to
determine the number of passes that the assembly can accomplish prior to

failure of the airfield,

Aircraft Passes (AP)

Use the procedures of Figure 6 to determine the number of passes of the
aircraft that can be accomplished prior to failure of the airfield.
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SECTION III

SAMPLE CALCULATIONS

EXAMPLE SITUATION

How many pac~rs can an aircraft weighing 60,000 pounds and configured as
below make on an unprepared airfield with CBR of 4 without failure of the
surface provided the tires are allowed to operate 50% deflected.

Nose Tires - 9.50-1G Type | |1

33.4"

o
]

i18.0"

o
"

50 %

o
"

9.7"

t
[}

=

18"(D)
<=
25 "(F)

FORWARD
-~y e e

I-o—- 200" (1.) -—«ﬂ 'r-ss"(m-
| I ahe

‘ 105 "'(J)

Main Tires - 12.50-16 Type |11

38,5"

O
0

18.5"

O
"

S0%

-4
[y

12.75"

£
1]

FWD AFT
CG CG

—€:>— -0~ 140"(E)

5

Example Configuration
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a. Single Wheel Load Calculation (SWL) - Reference Figure 1

Main Wheels: Nose Wheeis :
. GW x(F-M . GWx (F-L) 1I0Ox GW x J
SWLy * —Fx N WLy = Fx R Y2Z2xFxN
M N N
- 80,000 (275-593) = 60,0005275-200)_._ 10 x 60,000x 105
275 x 4 275 x 2 3R.2x 275x 2
= 12,000 (bs = 8,180 + 3,550
= 11,730 Ibs
b. Single Tire Contact Area (A)
Main Wheels: Nose Whee!s:
b -D b (D -D
4= (D E’ 4 = { E’
200 200
_ 50(38.5-18.5) - 50 (33.4-18)
200 200
= 5.0" deflection = 3.85" deflection
A = 2.36d/ (D,~d) (w-d} A = 2.36d /(D,-d) (w-d)
= 2.36 x 5./(38.5-5)(12.75-5) = 2.36x 3.85./(33.4-3.85)(9.7-3.85)
z 190 sq in 2 {19.5 sq in
¢. Contact Pressure Calculation (CP)
Main Wheels: Nose Wheels:
i SWI.M _SVILN
0™ A, By =R,
M M N N
. _12,000 - 1,730
190 119.5
= 63 psi = 98.lpsi
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d. Equivalent Single Wheel Load Calculations (ESWL) - Reference Figure 2

Main Wheels: Nose Wheels:

Single tire contact area Single tire contact ar ea
radius — radius —
R~=.564JA RN=.564JA

= .564 /190 = . 564 . /119.8
= 7.78 inches = 6.17 inches

B 24, : D _ 18 _ N

RM * 78 3.08 radii RN 617 2.92 radii
ESWLM = SWLM + (Fig 2 Factor) ESWLN = SWLN + (Fig 2 Factor)
= 12,000 +53 % = 11,730 +59%

= 18,350 Ibs = 18,650 (bs

e. Coverages Calculations (C) - Reference Figures 3 and 4

Main Wheels: Nose Wheels :
From Fig 3 with From Fig 3 with
ESWL = 18,350 Ibs ESWL - 18,650 Ibs
; P = 63 psi P = 98 psi
Obtain CBR, = 2.4 Obtain CBR, =3.7
. c - (S8R Y c = (CBR 6
M CBR, N CBR,
4 \6 [a \S
'(2.4) - (3.7)
= (1.67F. = (1.08)8

I.6 coverages

2) coverages

Sppres

R I LA
-3
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f. Passes per Coverage Ratio Calculations (P/C) - Reference Figure 5

Main Wheels: Nose Wheels:
B+80+W D+ 80 +W
P/C = — N wM PIC = =i
) MM ) N N
_ 24 +80+ .874./190 _18+20+ 874 /119
.75 x 2 x .874./190 75 x 2 x .874./119
- 116.0 - 107
18.2 14.3
= 6.4 P/C = 7.5 P/C

g Passes Calculation (P)

Main Wheels: NOSE Wheels:
PM 22l x 6.4 = |34 passes PN = 1.6 x 7.5 = 12 passes

Aircraft Passes Calculations (AP) - Reference Figure 6

x
[

=E-w —B Y =E-W -W -B-0D
140— 12.75—-24 2

. 140-12.75 - 9.7~ 24 - 18

2(03
2
from Fig 6 (B)
H =80
= 38
from Fig 6 (C)
K = 38
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h. Aircraft Passes Calculations (AP) (Continued)

_Moin Wheels: Nose Wheeis:
P - 80 PM PN ap = 80 PM PN
M 80P +(80-HIP -+(80-KIP, M BOP, +(BO-HIP + (80-KIP,
) 80 x 134 x {2 ) 80 x 134 x 12
(80x 12)+ (BO-80) 12 +(80-38)|34 (80x134)+(80-80)12+(80-38) 12
) 128,640 _ 128,640
" 960 + 0 + 5628 10,720 + 0 + 504
_ 128,640 _ 128,640
6,588 1,224

1.5 aircraft passes

19.5 aircraft posses

SOLUTION

Comparing the calculated values of APM and APN. paragraph h, it is
indicated that the aircraft in question could make 11 passes on an unprepared

surface having a CBR of 4.
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J MAIN WHEEL

NOSE WHEEL l

| —STAT!IC
GROUND LINE

T ] 1

r1=~ F —"l

a, Main Gear - Single Wheel Static Load

Where :
W x (F-
SWL . = 6W x (F-M) GW
M F x Ny N
M

u

Aircraft Gross Weight

Number of main wheels
onaircraft

b. Nose Gear - Single Wheel Dynamic Load

GWx (F-L) 10 xGWxJ  ohere

3 GW
N
Fx NN 32.2 x Fx NN NN

SwL Aircraft Gross Weight

Number of nose wheels

Figure 1. Single Wheel Loads

12
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INCREASE iN SINGLE- WHEEL LOAD FOR EACH

100

@x
Q

PERCENT™

¢

ADJACENT WHEEL
» o
o o)

n
Q

//’

i 2 3 4 5
C-C TIRE SPACING, RADII

*
Increase in load on a single wheel of a

multiple-wheel gear 10 account for
effects of adjacent wheels of the
Multiple-wheel gear inarriving atan
equivalent single-wheel load.

Figure 2. Equivalent Single-Wheel Load-Adjustment
Curve For Unsurfaced Soils

13
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4000 } NN <r_-. RNV S ;-r E—
. e e e -
3000 r |
e o - R it o ) Gimalaaiiass e o -
2000
] NI U RN SR
1000 —T ———
800 ]
600
400~
300
200
@ 100
¢ 8O
&
W 60
> - - —
8 40
30
20
/ Lol
IO
8
6
- -
4
3
2
, ]
1.0 1.2 L4 16 e 20 22 24 26 28 30 3.2 34
CBR
ATI F|——
RATIO O (CBRI)
CBR
Figure 4. CBRy Coverages
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ity

—.—‘D‘-‘__

|
|
|
|

PROCEDURE

8+80+WM

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

D+ 80+ wy,
(0.75) (NN) (WN)

Nose Assembly: P/C =

SYMBOLS

P/C Passes per coverage
NM Number of tires per main gear assy

NN Number of tires per nose geor
assambly

WM Width of main single tire
contact area Wy = 0.874 JAM

WN Width of nose single tire
contact oreq WN = 0‘874‘/AN

AM Single tire contact area of main
tires

AN Single tire contact areo of nose
tires

Figure 5, Passes Per Coverage

16
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mo0

X —!
v | 80} ~ - -~ ——— —
' H ! t ‘ '
40} -- b b
e L -
| | | | }
O " - [ 0 e ]
0O 40 80 100 O 40 80 100
X(INCHES) Y{INCHES)
(A) (B) (C)
PROCEDURE
i, Determine dimension
XsE - Wy~ B
E-W,-W,-B-0
Yy = M N
2
2. Use figure (B) to detennine "H'" and figure (C) to determine "K"
3. Compute:
APM i 80 PM PN
+ (R0 - H + (B0-K) P
80 PN , )PN (80 -K) M
AP = 80 PM PN
N + (80 - + - P
BOP“ (80 - H) PN (80 - K) N
Where
PM = ollowable passes for the main gear
PN = ollowable pcsses for the nose gear
4. The allowable number of aircraft passes (AP) is then equal to the smaller

value, APy, or APy.

5.

All dimensions are in inches.

Figure 6. Alrcraft Passes

17
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