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POREWDRD 

The investigation described herein constitutes one phase of studies 
conducted during I96U and 1965 at the U. S. Army Engineer Waterways Ex- 
periment Station (WES) under U. S. Air Force Project No. hlO-k,  MIPR 
No. AS-^-177, "Development of Landing Gear Design Criteria for the CX-HIß 
Aircraft." (The CX-HIS is now designated C-5A.) This project was spon- 
sored and directed by the Landing Gear Group, Air Force Flight Dynamics 
Laboratory, Research and Technology Division, Mr. R. J. Parker, Project 
Engineer. 

These tests were conducted by personnel of the WES Flexible Pavement 
Branch, Soils Division, under the general supervision of Messrs. W. J. 
Turnbull, A. A. Maxwell, and R. G. Ahlvin, and the direct supervision of 
Mr. D. N. Brown. Other personnel actively engaged in this study were 
Messrs. C. D. Burns, D. M. Ladd, H. H. Ulery, Jr., W. J. Hill, Jr., J. E. 
Watkins, and G. M. Hammitt II. This report was prepared by Messrs. 
Watklns and Hammitt. 

Directors of WES during the conduct of this investigation and prep- 
aration of this report were Col. Alex G. Sutton, Jr., CE, and Col. John R. 
Oswalt, Jr., CE. Technical Director was Mr. J. B. Tiffany. 

Publication of this technical documentary report dees not constitute 
Air Force approval of the report's findings or conclusions. It is pub- 
lished onlv for the exchange and stimulation of ideas. 

KENNERLI H. DIGOES 
Chief. Mechanical toanch 
Vehicle Equipment Division 
AF Flight Dynamics Laboratory 
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ABSTRACT 

This data report describes work uiidertaken as part of an overall 
program to develop ground-flotation criteria for the C-5A aircraft. A 
test section was constructed to a width adequate for one test lane. The 
lane was divided into three items, each having different subgrade CBR 
values. Item 1 was surfaced with modified Til aluminum landing mat, 
item 2 was surfaced with M8 steel landing mat, and item 3 remained un- 
surfaced. Traffic was applied to the lane using a 12-wheel (four abreast 
in three rows) tracking assembly with 100-psi tire inflation pressure and 
273,000-lb loading. The wheel assembly consisted of twelve 20.00-20, 
22-ply aircraft tires. 

The information reported herein includes layout of the test lanes, 
characteristics and print dimensions of the load assembly tires, and data 
collected on soil strengths, surface deformations and deflections, and 
drawbar pull. The traffic coverage level at which each test item was con- 
sidered failed is given. 
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SUMMARY 

Tests on Section 16 are one phase of a comprehensive research program 
to develop ground-flotation criteria for heavy cargo-type aircraft. Sec- 
tion 16 consisted of one traffic lane, lane 35, which was divided into 
three items having different subgrade CBR values (figure 9)- 

Traffic was applied to the test lane using a 12-wheel (four abreast 
in three rows) tracking assembly with 100-psi tire inflation pressure and 
273,000-lb loading. The wheel assembly consisted of twelve 20.00-20, 22- 
ply aircraft tires. The tire spacings were 3k-kk-3h in. abreast and 123 
in. between tandems. Figure 11 gives pertinent tire-print dimensions and 
tire characteristics. 

The test lane was trafficked in accordance with the criteria desig- 
nated in Part I of this report. Data were recorded throughout testing 
to give a behavior history of each item. Using the test criteria men- 
tioned above, it was possible to determine the effect of trafficking with 
a simulated C-!iA load. Basic performance data are summarized in the fol- 
lowing paragraphs. 

Item 1 

Item 1 was considered failed due to roughness at 210 coverages. The 
rated CBR of the item was 2.2. 

Item 2 

Traffic on this item was discontinued at 1300 coverages, with no 
failure. The rated CBR was 5.7. 

Item 3 

Item 3 was considered failed due to roughness at lt55 coverages.    The 
rated CBR was 9.0. 

vi 
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AIRCRAFT GROUM)-FLOTATION INVESTIGATION 

PART XVII DATA REPORT ON TEST SECTION 16 

SECTION I: INTRODUCTION 

The investigation reported herein is one phase of a comprehensive 
research program being conducted at the U. S. Amy Engineer Waterways Ex- 
periment Station (WES), Vicksburg, Miss., as part of U. S. Air Force 
Project No. UlO-A, MIPR No. AS-4-177, to develop ground-flotation criteria 
for the C-i,A, a heavy cargo-type aircraft. Specifically9 the tests re- 
ported herein are part of a series of tests to determine the degree of 
interaction of the wheels of multiple-wheel larding gear assemblies on 
landing mat and unsurfaced soils under various conditions of loading. 

Prosecution of this investigation consisted of constructing one 
traffic lane and subjecting it to traffic of a 12-wheel (four abreast in 
three rows) assembly. This report presents a description of the test 
section and wheel assembly and gives results of trafficking. Equipment 
used, types of data and methods of recording them, end general test 
criteria are summarized in this part with more complete explanations and 
illustrations appearing in Part I of this report. 



SECTION II: DESCRIPTION OF TEST SECTION AND LOAD VEHICLE 

Description of Test Section 

Test Section 16 (figure 9) was constructed within a roofed area to 
allow control of the subgrade GBR (California Bearing Ratio) in the test 
items. Section 16 was located on the same site as prior Test Sections 13 
and 15 of this series. The construction of Test Section 15 is described 
in Part XVI of this report. The underlying subgrade was undisturbed by 
prior tests on the site so that in construction of Section 16 only the 
upper 2k  in. of soil was excavated, nie surface exposed by excavation 
was scarified and recompacted before backfilling the area in for^ compacted 
lifts with a heavy clay soil (buckshot; classified as CH accord ig to the 
Unified Soil Classification System, MIL-STD-619). The fill mat rial used 
was a local clay with a plastic limit of 27, liquid limit of 58, and 
plasticity index of 31« Gradation and class if ioat ion data for the subgrade 
material are given in Part I. 

One traffic lane divided into three items was constructed in the test 
section. Item 1 was surfaced with modified Til aluminum mat, and item 2 
was surfaced with M8 steel mat (figure 10). Item 3 remained unsurfaced. 
Different subgrade strengths were obtained in the items by controlling 
the water content and compaction effort. 

Load Vehicle 

The multiwheel load vehicle used in trafficking lane 35 Is shown in 
figure 2. This vehicle consists of an electrically powered prime mover 
with three load carts. The  load carts are attached to the prime mover 
through a torsion bar, and to each other by use of parallel bars that 
maintain horizontal stability while allowing the load carts to oscillate 
vertically. The test load was 22,750 lb per wheel for a total load of 
273,000 lb. The wheel assembly consisted of twelve 20.00-20, 22-ply tires 
inflated to a pressure of 100 psi, spaced 3^-^-3^ in. abreast and 123 in. 
between tandems. Typical tire contact area dimensions, overall assembly 
dimensions, and pertinent tire characteristics axe  shown in figure 11. 



SECTION III: APPLICATICIf OF TRAFFIC, FAILURE CRITERIA, 
AMD DATA COLLECTED 

► 

Application of Traffic 

Traffic was applied to the test lane in a nonunlform pattern with 
Intensity of traffic being varied to approximate the bell-shaped traffic 
distribution curve which results from the wander of aircraft from a runway 
center line. The multlwheel traffic was distributed across the lane width 
in four zones of about 100, 80, 6o, and 20 percent traffic coverage (fig- 
ure l). The coverage levels referred to in the tables and text of this 
data report are the total number of coverages applied to the 100 percent 
coverage zone. The corresponding number of coverages applied to the outer 
traffic zones is proportional to the percentage factor for the respective 
zones as shown In figure 1. 

u 
o 
J 

Figure 1. Traffic distribution pattern for Test Section l6 

Failure Criteria and Data Collected 

Failure criteria used in this investigation and descriptive terms 
used in presentation and discussion of data in all reports in this series 
are presented in Part I. A general outline of types of data collected is 
given in the following paragraphs. 

CBR, water content, and dry density 

CBR, water content, and dry density of the subgrade soil were mea- 
sured for each test item prior to application of traffic, at intendediate 



coverage levels, and at failure or suspension of traffic if no failure 
condition was reached.   After traffic was concluded on an item, a measure 
of snbgrade strength termed "rated CBR" was determined.    Rated CBR is 
generally the average CBR value obtained from all the determinations made 
in the top 12 in. of soil during the test life of an item.    In certain 
instances, extreme or Irregular values may be ignored if the analyst 
decides tl^at they are not properly representative. 

Surface roughness, or 
differential deformation 

Surface roughness, or differential deformation, measurements were 
made using a 10-ft straightedge at various traffic coverage levels on all 
items.    Rut depths were measured for unsurfaced items, and dishing effects 
of individual mat panels in the mat-surfaced items were recorded. 

Defoimations 

Deformations, defined as permanent surface changes in cross section 
or profile of em item, were charted by means of level readings at pertinent 
traffic coverage levels. 

Deflection 

Deflection of the test surface under static load of the tracking 
assembly was measured at various traffic coverage levels on both surfaced 
and unsurfaced items.    Level readings on the item surface on each side of 
the load wheels and on a pin and cap device directly beneath a load wheel 
provided deflection data.   Both total and elastic (recoverable) deflec- 
tions were measured on unsurfaced items.    All mat deflection was for 
practical purposes recoverable, i.e. total deflection equaled elastic 
deflection.    The pin and cap device for measuring deflection directly 
beneath load wheels was Installed in the subgrade of surfaced items through 
a hole (existing or cut) in the mat. 

Rolling resistance 

Rolling resistance, or drawbar pull, roeaeurements were performed 
with the load vehicle over each test item at designated coverage levels. 
Apparatus and procedures for determining drawbar pull values are illus- 
trated and explained in Part I. 

Mat breaks 

Mat breaks on the surfaced items were inspected, classified by type, 
and recorded on the data sheet at various coverage levels.    Illustrations 
and descriptions of each type of break in the Til and M8 mats are given in 
Part I. 

~ 
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SECTION IV: BEHAVIOR OF ITEMS UNDER TRAFFIC AND TEST RESULTS 

Behavior of Items Under Traffic 

Item 1 

Figure 3 shows item 1 after 1 pass. After 210 coverages the item 
was considered failed due to roughness (figure h).    The rated CBR was 
2.2. 

Item 2 

Figure 5 shows item 2 after 1 pass. Traffic was continued to 1300 
coverages, at which time traffic was terminated even though the item was 
not considered failed (figure 6). The rated CBR was 5.7. 

Item 3 

Figure 7 shows item 3 after 1 pass. After ^55 coverages the item 
was considered failed due to excessive roughness (figure 8). The rated 
CBR was 9.0. 

Test Results 

Test results are summarized in table 1. Soil test data are pre- 
sented in table 2. 

Item 1 

Item 1 was considered failed at 210 coverages of the load vehicle. 
The following information was obtained from traffic tests on item 1. 

Roughness,    At failure the maximum and average transverse differ- 
ential deformations measured 1.88 and l.kj in., respectively.    The maximum 
and average diagonal differential deformations measured 2.50 and 2.10 in., 
respectively (see table l) . 

Deformation.    Permanent mat and soil cress-section deformation plots 
at failure are shown in figure 12.    It should be pointed out that the mat 
was fully embedded in the subgrade at the start of traffic.    However,  as 
traffic was applied,  the soft clay soil was displaced laterally from under 
the load wheels, which caused the mat to raise up and actually bridge 
over or stand off from the subgrade in the traffic lane.    Note the 

'•' 



difference between mat and subgrade elevations at the end of traffic. 
Figure 13 shows a permanent deformation profile along the center line 
of the traffic lane.    The maximum mat deformation measured at failure 
was 1.9 in.    The maximum permanent soil deformation at failure measured 
U.5 in. 

Deflections.   Deflection plots are shown in figure Ik.    All deflec- 
tion measurements showed an increase with the application of traffic.    At 
failure, the maximum quarter point, center point, and Joint deflections 
measured 6.2, 5.7> and 5.2 in., respectively (see table l).   Elastic 
soil deflection at failure measured 2.6 in. 

Rolling resistance.    Rolling resistance increased with the applica- 
tion of traffic (see table l).    Initial drawbar pull (DBF) increased from 
29.0 kips at 0 coverages to 30.U kips at failure.    Peak DBF Increased 
from 16.7 kips at 0 coverages to 23.7 kips at failure.    Rolling DBF In- 
creased from lU.5 kips at 0 coverages to 21.0 kips at failure. 

Item 2 

Item 2 did not fail.    The following information was obtained from 
traffic tests on item 2. 

Roughness.   When traff' - was terminated at 1300 coverages,  Item 2 
was still in good condition.    The maximum and average transverse dif- 
ferential deformations measured I.87 and 1.59 In., respectively (see 
table 1). 

Deformation.    Mat deformation plots are shown in figure 12, and a 
profile deformation k ft west of the traffic lane center line is shown in 
figure 13.    Although some subgrade consolidation occurred, there was very 
little mat deformation.    When traffic was terminated, the maximum mat 
defonnation measured was 1.6 in. {k ft west of the traffic lane center 
line). 

Deflections.    Deflection plots are shown in figure 1+.    All deflec- 
tion measurements generally showed a slight increase with the application 
of traffic.    When traffic was halted, the maximum quarter point, center 
point, and joint deflections measured 1.5, 1.6, and 1.5 in., respectively. 
Elastic soil deflection at 1300 coverages measured 1.8 in. 

Rolling resistance.    Rolling resistance values are shown in table 1. 
Initial, peak, and rolling DBF increased with the application of traffic 
from 0 to 130 coverages and then remained relatively the same until traf- 
fic was discontinued at 1300 coverages. 

Item 3 

Item 3 was considered failed at 1^55 coverages. The following Infor- 
mation was obtained from traffic tests on item 3- 
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Roughness.    At failure, maximum and average transverse differential 
deformations measured k.60 and 3*93 in«) respectively.   Maximum and average 
rut depths measured 2.25 and 1.53 in., respectively (see table l). 

Deformation.   Permanent soil deformation plots are shown in figure 12. 
Figure 13 shows a profile along the traffic lane center line.    The maximum 
permanent soil deformation at failure measured 2.1 In. 

Deflection.   Only cap and pin deflections were measured in item 3« 
The maximum total deflection at failure measured 0.6 in.    The elastic soil 
deflection at failure measured 0.5 in. (see table l). 

Rolling resiatance.   Rolling resistance generally increased with the 
application of traffic (see table l).    Initial DBF Increased from lU.2 
kips at 0 coverages to 17.5 kips at failure.    Feak DBF Increased from 10.0 
kips at 0 coverages to 17.7 kips at failure,.    Rolling DBF increased from 
6.6 kips at 0 coverages to 11.0 kips at failure. 
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SECTION V:    PRINCIPAL FINDINGS 

From the foregoing discussion, the principal findings relating test 
load, «heel assembly, tire inflation pressure,  subgrade CBR, and traffic 
coverages are as follows: 

oype Rated Coverages 
Load, Wheel Assembly, of Subgrade at 
and Tire Pressure Surface 

Modified Til 

CBR Failure 

273,000-lb load, 12-wheel 2.2 210 
assembly; 20.00-20, 22-ply aluminum 
tires at 100-psi inflation landing mat 
press'ire 

M8 steel 5.7 1300 (no 
landing mat failure) 

Unsurfaced 9.0 k55 
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TABU; 2 

SUMMARY 07 CBR, DENSITY, AND WATER CONTENT DATA» 
TEST SECTION 16, LANE 33 I 

Test Item* 
Type of 
Surface 

No. of 
Traffic 

Coverages 
Depth 

CBR 

Water 
Content 

ßry 
Density 

(Ib/cu ft) 

1 Modified Til 

landing mat 

■ 

0 

0 

6 

12 

2.2 

1.8 

2.6 

28.9 

31.!+ 
29.8 

91.0 

87.3 

88.9 

0 2.6 28.8 92.1 

210 6 2.0 28.8 91.2 

12 2.0 29.8 91.1 

2 M8 steel 
landing mat 0 

0 

6 

k.l 

3.3 

26.7 
28.2 

9M 
92.3 

12 5.7 25.u 97.3 

0 5.7 25.5 97.0 

1300 6 7.2 2U.0 99.1 
12 8.3 23.8 99.2 

3 Unsurfaced 0 9.0 23.0 98.U 

0 6 11.0 22.2 97.8 

12 9.0 2l|.l 99.0 

0 10.0 22.0 101.9 

U55 6 7.0 21.9 102.2 

12 6.0 22.2 100.9 

f 

Note:    For coverage-failure information, see remarks column in table 1. 
*   Subgrade material was a heavy clay (buckshot; classified as CH) 

'        in all test items. 

11 



+> 
0/ 

EH 

OJ 

0) 

a 

W 

—- 



■ _ 

^ 

. 

f 

13 



KMMMMMMMM —    I   I I I ^ I I  -I 

,■ 

0) 
!> 
O 
o 

o 
H 
OJ 

•p 
CO 

00 

-4" 

0) I 
•H 

14 



* 

I 
u 

Ol 

I 

ITv 

IS 

- 



^.   i  .mmrnn i. ■1..1.1  ... 

■ 

£m 

rl 
•H 
cd 
t* 

o 
a 

w 
0) 

a) 
> o o 

8 
H 

f-( 
(1) 

•P 
5 
<M 

-P 
•H 

no 
a) 
s 

a) 

•H 

16 



17 



——-—. 
■ 

I   ■ 

w 
0) 

(1) 
> 
o 
o 

in 

■P 
a) 

H 
•H 

on 

co 

ID 

•H 

ia 



  

'igure 9 



IM. -—'£L 

3 

5           ■ 
k 1 

1 

1 

j 
ft 
* 

5 
1           1          ' 1 

? 

- 

* i s 
8 

a 

8 
• 

* 

üh s •- 8 
* 

o 

M 

, .        1 - 

— HOUOWt JSMJ ,Si   

w 
2 
üJ 
H 

o - 

5 is 
3 uz 

O w 
t  1Ü 

J 
Figure 10 

80 



li.  I , - ___. I  ir ■HIM 

INT   41 

m 
MT- 

■i- 

1 

IK 

iJ 
■«—«*r 

A 

Mil 
-l4.tS 

IK 

i 
-5- 

/fifK 

« j«»        » 

Ivf   4 

-«*•- 
ii ■ f 

Wli 
«»•- 

IM 
*«•- -MM 

-#»* » 

iJ 

^ 
-<««•- 

^li 

i\ 
i- 

1M 

/[jff Ihl 
1 Iv 

ill V\ 

/lUI 
Tflv—T 

 jr——• 

1KT   4 

i 
--IJO-- 

% 

IK 

i 
-«.<•- 

TMC size »00-20 
NQ OF PUTS at 
WCRMC CONTACT ANtA, MM. MO 
AMCIIASC CONTACT PNCSSURC, Ml M 
MTLATION FNU9UI«, PSI 100 
AVERACC OCFUCTHN, » U 
GNOU AsanatY LOAO«27J^OO LI 

TIRE-PRINT DIMENSIONS AND 
TIRE CHARACTERISTICS 

TEST SECTION 10 
LANE 35 

Figure 11 
2l 



■■»—ito—  , 

i 

+ 
o 

5 
< 

\l        f- 

11       * 
El      0 

/      ^ 
 ft- *■ 

I 

\\1 
\\ 

H-t- 

i 
L I 

^ 
r 1 

<i h 
,i 

V 
'■/• 

UJQO § 
Söge 
UJtOff   tf) 

^ »it w 
JS 111   UJ go i- 
Ü 

Ni'Noiivnwoiia 

Figure 12 

IHI „—, 



  mmm 

-10 
ITEM I. PROFILE ALONG CENTER LINE 

40    42    44    4«    4«     SO     »a     54    M     M     M     U     «4 70     72     74     70     70     N 

5 
S       n \ / 

^«0 

i     0 

s j A / V /^ "^ -^ ^ ^ /s ̂
 ̂  

?0 ./Kk ^\ 
o sat 

Aooeo- V A x«^ «vy f~* t,       i Ar' 
r     *. ~/ M 

\ V 
^ 

/ V 

-2.0 
AW .-^ 

^ 

ITEM 2. PROFILE 4 FT WEST OF CENTER LINE 

••   no ws  »4 m  m   HO 
1.0, 
kj   1   1 
\ 
> 

<** i 

N 
■^ 

/ 
-/M 

/ 
»^ 

■<> kN 
V j^ / ^: ^ 

r -^^" -»• ^ . 
"~-   

H*' 

ITEM 3,PROFILE ALONG CENTER LINE 

LEGEWO 

«0   NUMKR Of COVCRACCS 

PERMANENT  PROFILE 
DEFORMATIONS 
TEST SECTION  16 

LANE 35 

Figure 13 
23 



 txz 

OtSTANCR mOM CCNTCR UNE OF TWAfFC LANE, FT 

gsoit 
QNJ2WI 

BUtLit 

HUM 15 

QUARTER PONT OF RMCL 

ITEM I 

Hsaua 

o ^ 

"VW W 
ON JOINT 

2 

0 

-2 

n 1 1  ■ ■ i 
i i i 

2 
WNM 

t— 

I 
1 

1 
1 
i 

1 
1 
1 

l 
i 

7 

^V 
M» 5^ ̂ M, -— ^ ^ 

!fiSL£! 
CENTER OF PANEL 

«was 

J-/JOO 
1 
1 

—r 
i 

r 
i 

^^SJ 
<H ^^ ^ ^N 

QUARTER POINT OF PANEL 

ITEM ? 

LtOENO 

NUMBER OF COVERACES 

ELASTIC MAT 
DEFLECTIONS 
TEST SECTION 16 

LANE 35 

Figure Ik 



—^ .  

UNCLASSTWIBD 
Seaiiity Clr—ificatioa 

DOCUMEHT CONTROL DATA • R&D 
(SMWMP elm—MemMm »I Mil«, todr af mkmtmtt mt* Inimmk* —Ulf— mmmt km mUmraä ■*— 0m »wW tmfmtt to «fc»»<««0 

I   «MIGINATIN C ACTIVITY (C 

U. S» Army Engineer Waterways 
Experiment Station 

Sa.  HKPONT «BCUNITV   C L.AMIFICATIOM 
UNCLASSIFIBE» 

tb   •NOW» 

3   RCPONT TITLE 

Aircraft Ground-Flotation Investigation 
Part XVII Data Report on Test Section 16 

4. OCSCNirriVK NOTES fTyp. oi nport an« 

Final Technical Report 
t- AbTHONT» O-aat naaM. flial M 

Watkins, J. B, 
Haamlt, 0. M.   II 

MMaO 

«. RCPOHT OATB 

September 1966 
• a.   CONTRACT OR «RANT NO. 

MIPR AS-4-177 
k.   FROJKCT NO. 

41^ 

23_ 
7*   NO. 

fa. oRiatMAioR-s RWORT NuimKN(*> 

AFFDL-TR-66-43,   Part XVII. 

**■ £™"" *f*omr MOW r4nr aAarmaBkara ffti 

None 

10. AVAILAaiLITV/UMITATION H9TICU This docunenv is subject to special export coo» 
trols and each transaittal to foreign gcvernuent or foreign nationals a»y 
be made only with prior approval of the Air Force Plight Dynamics Laboratory 
(FDFM). Wrioht-Pattarson AFBf Ohio 45433-  
11   SIIPPLCMENTANY NOTES 1«. SKMSORIN4 MUTARY ACTIVITY 

Air Force Plight Dynamics Laboratory 
Research and Technology Division 
AF Systems C «, f^lfB. Ohio 

IS- ABSTRACT 

This data report describes the results of work undertaken as part of an 
overall program to develop ground-flotation criteria for the CSA aircraft. 

DD FORM 
I JAN «4 1473 UNCLASSIPIBD 

Secnritjr CiasEificatioa 



-  *m 

r S»CTri(y CUxtftCTtio« 

KCVVORM 
  

MNK » 
NOl.K 

LIMK ■ 
NObK 

LINKC 

Aircraft Qbrovad Flotation 
RoUiu Roalstanco 
Roar Araa Airf lolds 
SwppoKt Araa Airfiolda 
Foxward Araa Alrf iolds 
Vohiclo Mobility 

IMTRUCTION8 
L  OWOIWATIIIO ACnVmf:   Eotartl» 
Of th# COVVACrtUC» ••DCCBtfÄCtOFi gfMNCF» 

•cttvity or otlM* 
»ID»- 

anlftor) lanla« 

2«.   KBPOKT tBCUMTT CXAaQVICATlON:   Entor tb* 
•11 MewMy claaoU>c«ttea «f tha raport.   ladicata a<mhat 
"■MMCM4 Oala" la Indadud   Makl« U to b« In Kcar* 

v#cwrlty rocuBtiOASt 

3k.  GUROUP:   AMoaHic domvadla« ta v^Ulad la UoO Di- 
wcttf SaWHO —4 Aww< rwc» Irf—trial Ummui. Entar 
»ba povp ■■■>II.   Ala«, «tea ■|>Ucirtlt, aho« that optional 
■Mills« I»** •>••■ "••^ tm Qraap 3 and Group 4 M author- 

TTTUfc   Matm tha coa^tata raport titla la all 
TlUaa in aU caaaa ohoolii ba unclaaaiflxl 

Uli« caoaot ba aalactad «itlmrt claaeltlca- 
IM« cUaaiflcallor- la all capttala In paranthaala 
1 Mlowtat tba tula. 

3, 

4.   DIKJIV'nVB HOTHÄ 
»•port. •.», Matte.. 
Olva tte lticl«ml»a 4MM 

If i>pi o^rtta, «Misr tha typa of 
■[■■■■MI. aaanbl. et fteri. 

■tea a ^aeiflc Mpwting pariod la 

5.  AVnname   Batrf tha a«aa(a) o( authoK«) •• 
w la tha («port.   Bnlar IMI Maw, Oral aaata, ■Odd! 
If xUUanr, ateat raak rad branch of aarvlca.   Tte oaaw of 
tte principal «utter ia Ml ataelwta atiateaw raqoiratMuL 

a   REPORT DATE:   Bntar tte data of Uta raport «a day, 
N»   If ■or» than on* data »paata 

4«« of publlcat«on. 

7a.   TOTAL MUMBER OF PAOEa   Tha total par; covot 
•hould fallow —Ml pagtaMtioa ptocadwaa. Lab. anUr tte 
a—tef af >aaaa raaläaii iafaiaMtlon 

ilk.   NUUiER Or RBFERENCBSc   Entar tte total Diunbar of 
rafaraneaa cltad la tte report. 

•«.   OOJTTRACT OR ORAHT NUMBER:   If •pproprlMa, aatar 
tte appllcabla onabar af tte contract or pant ondar «*ich 
tte raport craa niittaa 

■a a. a at PROJECT NUMBER: wmm tte mm**» 
military d^artant Idaotlflcatlon. auch aa ptojact auabar. 
ateprajact naaa», ayataa anaban, taak naafcar, ate 

fa.  ORKUNATOR** REPORT NUIIBER(S):   »alar tte offi- 
cial r«port nmabar by «Meh tte dccaaal wiU ba Idaot Ulad 
mi caMiallad by tte arlglallag activity.  Thlt manbor amat 
ba aalqua to thia raport. 

«a OTHER REPORT NUMBERS):  U tte raport tea tea« 
aaal«M4 any othor raport awadilia (•ilhtt by tha oHgituitor 
ar »y <te aponaorX tf aa aatar thia euabaKa). 

ia   AVALABnJTY/LMTATION NOTICEft   Entar any I la- 
itationa aa fatter diaaawlaaHea of tte raport. otter ttea tteaa 

IRM—< by aacurltt clasalflcaticn, ualng atandan* statements 
aaekaar 

(1)   "Qaaliflad mmmtfm* aay obtain copies of this 
iDDC" 

(2) "roraiga aaMtoncaaaut and dissemination of this 
raport by DDC la not authorised." 

(3) "U. a OnTamawnl agaoclaa may obtain copies of 
thia raport diractly tea DDC.   Other qualified DDC 
usars atell requast through 

(4)    "U. a military afanciaa may obtain copies of this 
raport diractly boa DDC   Otter qualified users 
atell raqnast through 

(S)    "AlldlstrilMiticmof this report is controlled.  Qusl- 
Ulad DDC users shall request throogh 

If tte raport tea been fundated to tte Office of Technical 
Sarricaa, Dtpataatt of CoaaMrca, for sale to tte public, Indi- 
cate thia fact and antar tte price, if known. 

IL SUPPLEMENTARY NOTES: Use for addiUonrt eiplana- 
tory notes. 
12. SPONSORINT. MkUTAr r ACTIVITY: Eater tte naaa of 
tte d^ataaidal Mojact oft ica or laboratory aponoorinc fpar 
ind 'or) tte raaaa cb and a ralopaovt   Include address. 

13. ABSTRACT:   Enter a« abstraot giving; a brief and factual 
iwaaaiy of tte docaaeat indicative of the report, even though 
It may also appear elcewtere In tte body of the technical re- 
port.   If additional space la required, a ccatinuation sheet atell 
be attached. 

It ia highly desirable that the abstract of classified reports 
be unclassified.   Each paragraph of tte abstract atell and with 
an indication of tte ailllaiy security classificstion of the in- 
fotaatloo in the paragraph, repreaented as (TS), (S), (C), or 'VJ. 

There ia no Uailatioo on the length of tte abstract.   How- 
isted length is boa ISO to 225 words. 

14.   EET WORDS:   Eay word* are technically meaningful terms 
er short phrases that characterise a report and aay he used aa 
indes anMea for cataloging tte report.   Key words aust be 
aalactad so that no security classificstion is requitad.   Identi- 
flnra. each aa aqalpaant aodel dealnatlon. trade name, military 
project coda naaa, gtognphic location, aay ba need aa key 
words bat «ill be followed by an indication of technical con- 

Tte assignsMnt of links, rules, and weights la optional. 

UNCLASSIFIRD 
Security Clauificatioa 


