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NOMENCLATURE

x Distance between leading edge of bow skirt  ce ll  and the
initial trans ition po int of the terrain , positive forward

z Heave displaceme nt

C 
Damping coe f f i c ien t ,  see equat ion 1

I 0 P i tch  angle

C P i tch  ampli tude

- ‘ 
r~atural frequency . see equation I
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ABSTRACT

A series of experiments was performed to eval uate the over land be-

havior of the Amphibious Assaul t  Landinq Craft  Program Air  Cushion Vehi -

c le designated as the JEFF ( A ) .  The experiments consis ted of t ree passages

of the craft over a series of gu l l ies ,  ramps , and steps and a l lowing the

vehicle to pitch and hea ve . The resultant pitch and heave response

functions are presented graphically.

ADMINISTRATIVE INFORMATION

This in l esti gation was funded by the Naval Sea Systems Command and

administered by the Amphibious Assault Landing Craft Program of the

David W . Taylor Naval Ship R&D Cente r under Task Area Sl417 , Task 14174 ,

Work Unit Number 1-1180-740.
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INTRODUCTION

The mission of the Am phibious Assault Landing Craft (AALC) Proqrarn

Air Cushion Vehicl e (ACV) designa ted as the JEFF (A) is to transport

material from a ship to an off-loading site on a beach. The craft must

operate in an overland environment where it is subjected to excitation

from the geometri cal variations in the ground terrain. These geometri-

cal variations include large non-deformab le objects such as ou l lies ,

walls , lo gs , and large boulders. Depending on size , the obstacles may

qive rise to large motion which may be modeled nonlinearly, or it may

impede the craft completely (the limiting case of nonlinearity). For rxar’i-

p le , the craft may ride over a wall , be stopped by it, or be deflected

away from a wall on a new trajectory . The overland dynamic behavior of

the JEFF (A) was investigated in an expe rimental program at the David

W . Taylor Naval Ship Research and Development Center (DTNSRDC). The

results of the experiment are discussed qualitatively in the following

sections and the quantitative motion data are presented as trajectories

in the fi gures appended to this report.

2
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E XP ERIMENTAL IN V EST I GAT I ON

MODEL DESCRI PTI ON

The air-cushion-supported vehicle chosen from this exper imenta l

investigation is a .07 scale mod el of a 150-ton (design displacem ent)

Amphib ious Assault Landing Craft. The model , constructed by the Aero-

jet-General Corporation , is a dynamic model of the AALC JEFF (A) design ,

The vehicle is a fully-sk irted ACV which is designed to opera te over

water , over so l id terrain , and in surf zones . The basic dimensions and

dynamic pro per ties of the JEFF (A) model as tested are listed in T a b l e

A sketch of the model is presented in Fi gure 1 . A complete des-

cr io t ion of the model sk irt and lift system is presented in Reference 1 .~~~

OVERL AN D TEST FAC i L I TY AND PPOCEDURE

The ove rland experimental test facility was located on the concrete

apron alonq the north side of the Maneuvering and Seakeepin a Fac i li t y

( Y A C ~~~ ) a t  t h e D a v i d  W. Taylor Naval Shi p Researc h and flevel np ° I~nt 
( e n tp t .

T k~ t~ t track consisted of a nylon cord stretched between pvlo n s at t He

ext~~ ’s~ ends of the test are3. Vertical plates containing slots in wh ich

t ho  cord f i t were attached to the how and stern of the model . The

model was accelerated prior to a run by pulling on two tow ropes

a t tac h ed t r~
. t he  how . Whe n the desired speed was ach ieved, the r’ndpl was

al l n wp’l to coast ~t consta nt veloc i ty over the test element , fl yn aH cai lv ,

the model was free to pitch , ro l l , heave and su rqe . In practice , the nodel

was fou nd to show l ittle roll or surge respnnse. The power requ~ tod to

ou eratlt t he li f t fans was supp lied from a solid state ADD cycle qenp rator

A References are listed on page 1 1

~ 
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through an electr i ral cable attached to one of the tow l ines .  Data fr r,r’

the mode 1-r ’s~unted instruments were transmitted through cables attached

to the alternate tow line. The siqn al s were displayed as time hi stOri e ’

or a s tri p chart recorder.

The rig id terrain elements consisted of a series of separately

tested gullies, raliq Cs , and steps. The major variables of interest were :

craft speed , gully length and depth , ramp hei ght, ramp slope , and step

height. in order to make these variations efficiently, easily, and in

a cost-effective manner , wooden ramps and platforms were used that were

constructed for the experiments of Reference 2. The ground terrain over

which the experi ments were performed and the step platforms were hori-

zonta l and level with height variations of no more than 0.2 cm (1/16 inc h~

model scale, over the test section length .

IN ST RUMENTAT I ON

The crdf t instrumentation consisted of three ultrasonic displacement

center-receiver transducers . Two were mounted in the vertical direction

equidistant from the JEFF (A) center of gravity , one on the bow and one

on the stern. These probes were used to measure pitch and heave motion.

The third probe was mounted in the horizontal direction and directed

forward . The horizontal unit was used to measure the distance traveled

as a function of time. The average slope of the distance curve with re-

spect to time was used to determine the speed for each run. A manomete r

was used to determine static bag and cushion pressures prior to testin g .

DATA COLLECTION AND ANALYSI S

Time histories of the output of the three ultrasonic probe s pl us the

sum and difference of the two vertical probes were collected on a Sandhorn

4
Ii
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str ip char t recor der . Values of pit ch , heave , d i s tance  tr a v e l l e d , and

speed as a function of time were obta ined from this record . The

values of pitch and heave were then plotted as functions of the d is tance,  x ,

travelled relat ive to an ori gin defined for the bow fingers encountering

the f i rst  point of a transit ion and defined pos i t i ve  in the di re c t i o n of

motion . The plots obtained we re scaled to full sca le  JEFF (A )  dimensions

and are presented in Fi gures 3 through 20.

EXPERIMENTAL RESULTS

ZERO SPEED AND LOW SPEED RESPONSE

The first portion of the experimental study was concerned with the

gross capability of the craft to negotiate step discont inuiti es . Step

hei ghts of 1.18* metre (3.87 ft) and 1.81 metre (5.95 ft) were used for

this portion of the program.

The JEFF (A) ascends and descends the 1.18 metre step with no diffi-

culty at any speed in the forward direction ; however the craft will not

back over a step discontinuity of this height . During a backing op-

eration , the stern ce l ls  col lapse and then the hard s t ruc tu re  c o n t a c t s

the step. Giving the craft a small yaw angle does not aid in the oassaae.

If a 45° ramp is placed in front of the step, the craft is found to back

easily over the ramp .

The craft will not ascend a 1.81 metre (5.95 ft) step from any direc-

tion at low speed. A l so , when descending, the craft hard structure under

the vehicle hits, and the craft slides along the hard structure . The

craft is capable of traversing a 1.81 metre 450 ram p, however , in either

direction with little or no hard structure contact.

* All va l ues in this report are full scale except as noted .

5
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DECLINING OSCILLAT ION RESULTS

Decl ining osc i l lat ion experiments were conducted over a level riqid

surface for osc i l l a t ion  response in p i tch , heave , and roll at zero for-

ward speed . The temporal responses of the bow and stern ultrasonic probes

were recorded and the data were anal yzed to compute the frequency , 
~ 

and

damoina coefficient i~. The behavior of the craft  was assume d to fol low

a simple decay model as given by Equation 1.

c~ t )  = c e (
~~~

t 
cos

~ nt ( 1)

The results of the declining osci l la t ion experiments are shown in Ta ble

2. The value for the p i tch osc i l la t ion was obtained by depressing and

then releasing the bow . Heave response could not be obtained since the

damping character is t ic  of the JEFF (A)  overland is so large that less

than one full cycle of motion was measurable with the instrumentation

emp loyed . The roll natural period and roll damping were obtained from

the heave reading. This was made possible since the character is t ic  mo-

tion of the JEFF (A )  in roll is such that the craf t  sinks as the roll

angle is increased. The roll decay coefficient given in Table 2 should

therefore be taken as an approximation only since it is based upon a

comb ined roll induced heave mo tion . As expected , the natura l frequency

in roll is higher than the corresponding frequency in pitch.

TERRAIN RESPONSE

The third part of the experime nta l program consisted of forwar) speed

passages of the JEFF (A) model over various discrete terrain confiqura-

tions. The obstacles used were constructed from two platforms with ver-

tica l edges 0.63 metre in height, similar platforms 1.18 metre in height ,

an d a 45 0 ramp 1. 18 metre in height. These obstacles were combined in

6
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vario us ways to obtain the gul l ies , steps , and ramps used in the invest i-

gation. Examples of the vari ous obstacles used in the program alon g w i th

the si gn i f icant  events for each type of obstacle are presented in Figure

2. Table 3 lists all runs and conditions which were exam ined and includes

comments on important events observed such as hard structure impac t ;  w i t h

the terrain.

During the preliminary runs , it was discovered that the model would

not, in all cases , coast over the obstacles at constant velocity . There-

fore, the model was pulled li ghtly while crossin ci the obstacles unless

othe rwise noted in Table 3. Runs in which the model did not complete the

pas s over the obstac le  are not presented on the ligures , but a re  noted

i n  T ab le  3.

The f i rst  o b s t a c l e s  i nves t i gated we re rectan q u l ar g u l l i es . The

gullies were of 2.18 metre (7.15 ft), 4.36 metre (14.29 ft) and 6.53

metre (21. 43) in length and 0.63 metre (2.08 ft), 1.18 metre (3.79 ft).

and 1 .81 metre (5.95 ft) in depth. The data for the qully pas ses are

presen ted in Figures 3-12 . In general, the craft seems to cross the

gullies most easily at higher speeds. This may be explained by the fact

that for hi gh speeds , the maximum bow down pitch attitude occurs after

the bow passes the full length of the gully, i.e. at point A (second

edge) whereas , at l ower speeds , the maximum p itch down occurs when the bow

is in the gully. Further , the maximum pitch displacement decrea ces with

increasing craft speed . The craft also heaves less as the how crosce~
the qul ly at higher speeds so the craft tends to bounce less v i o l e n t l y

when the second edqe is encountered.

7
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The second type of obstacles exami ned was a 450 ramp . The ramps

were at 0.55 metre and 1 .18 metr e in height leading to a leve l plat-

form of the same height. The ramps were chosen for investigation since

it was found tha t the veh icle could not consistentl y negotiate ver t ica l l y

faced steps of a height which was physically meaningful or which pro-

duced interesting craft response. These results are shown in Figures 13

and 14 . The most important response characterist ic is that the motion is

nearly independent of speed. Both heave and pitch trajectories are

nearly identical for al l  speeds tested. The second response cha racter-

istic of major interest is the linea r heave motion . The craft experi-

ences a vertical acceleration which results in a constant vertical

heave velocity as the vehicle passes over the ramp . The main difference

due to speed in the ramp response was a subjective one ; namely that the

force needed to pull the craft up the ramp dec reased wi th  increas ing opeed .

The third type of obstacles investiga ted was a step with vertical

leading edge. The data are shown in Figures 15-1 9. The steps were

0.63 metre , 1.18 metre, and 1.81 metre in hei ght. In general , the re-

sponse to a verticall y faced step is similar to the previousl y described

450 slope ramp results , but with sharper t ransi t ion responses . The heave

motion is seen to be nearly linear with position as the craft either

ascends or descends a step. The pitch response is smooth and regular

for a l l  speeds and step heights . The effect of an init ial pitch angle

on the veh ic le  response is shown in Figure 15 for the 14.68 knot run.

A bow up initial trim angle of approxima tely I degree was produced by the

tc~~lines in this run. Under these conditions the craft travels approxi-

ma tely one -half  of the cushion length before the effects of the initial

trim disappear in the pitch response.

8 
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Impact events can be seen in the runs presented in Fi gure 19 fo r

the JEFF (A) descending from a 1.81 metre platform . For 4 x a r p l u , in the

10.66 knot run , the bottom of the craft hits the step repeatedly beginning

some 30 feet aft of the bow (full scale) until two-thirds of the craft

length has passed the step.

The final type of terrain obstacle tested was an irregular step

c o n s i s t i n g  of ve r t i ca l  faced step w i t h  a 1. 18 metre 45 0 ramp on top.

This obstacle was studied since it  was found that a 1.81 met re step

could not be crossed by the craft without at least a partial leadin g

edge slope. It should be noted that even thouqh the step could not he

negot iated ,  the step-ramp produced no d i f f i c u l t y  in the c ra f t  passa g e .

~he heave and pitch trajectories for this obstacle are presented in

Fiq ure 20. In genera l , the response is similar to the previous ramp and

step resu l ts , but w i th  the maximum angle reaching a s l i ght ly hiciher

magni tude.

The heave response of the veh ic le  has been found to be nearly

independent of speed . The relationship between heave and the qeometry of

the obs tac le  is determined pr imari ly by the leakaae of cushion air under

the skirts . This is shown for the combined oull y showin g the maximum

(Or equilibrium heave where approximate) heave displacement as a function

of the cross -sect ional area of the gully (gully length and depth). The

leakage area dependence is demons trated by the l inear re la t ionsh ip  be-

tween these two variables.

9
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SUMMARY

Experimenta l investi gation of the overland behavior of AALC JEFF

(A) ai r-cushion-supported vehicle has increased the availabl e information

concern ing the dynamic response of this craft to passage over rigid

surfaces . In a number of experiments , the cra ft was run at vary ing speeds

over a ser ies of gullies, ramps, and steps.

The JEFF (A) appears to negotiate easily mos t obstacles of reasonable

size and shape. The ease of passage is increased with increasing speed

as the craft has less time to respond inertia lly before equilibrium

conditions are reestablished in the gully passages . Hard structure im-

pacts are possible, but occur only for opera ti on ove r terra i ns whe re t hey

may be expec ted such as for passage over sharp edged steps wi th a step

height as large as the cushion hei ght of the vehicle.

The heave mot i on i n each of the test seri es has been foun d to be

inear wit h t i me . Th~ cra ft is th~refnrp suhie ct to an approxi-

mately constant vertical velocity as it passes over overland obstacles .

This is particularly true for the larger and uneven gullies . This char-

ac t e r i s t i c res ponse i s a l so  c l ea r l y ev id ent for both ascents  a nd desce nt s

over step faces.

Pitch response is generally smooth and regular. The greater pitch

displacements occur for bow down motion rather than bow up motion . This

is caused by the combined effects of the bow seal being more active dynam-

ically than the stern seal and that cushion venting limits upward motion

of the bow .
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Finally, the heave response of the JEFF (A) to overland gully ex-

citation is clearly determined primarily by the leakage area of the q ul l y

for the range of geometries tested . The effect of craft speed has been

found to be minima l in the craft gully heave response.
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TABLE 1

PHYSICAL CHARACTERISTICS OF THE AALC JEFF (A)

MODEL FULL
AS TESTED SCALE

SCALE RATIO 14.28

LENGTH (OV ERALL) 2.05rn 29.2Dm

BEA~1 (OVERALL) 1.O2m l4.b3m

CUSHION LENGTH (CIIARAC-
TERISTIC LENGTH) 1.82in 26.03m

FAN RPM 10000

DESIGN MASS , in 51.59k g 150400kg

PITCH MO?~~NT OF INERTIA 15.44kg—rn 2 9.l9xlO6kg—m 2

ROLL MOMENT OF INERTIA 4.35kg-rn2 2 .S8xlO6kg— rn2

CUSHION PRESSURE 313 .1N /tn 4473 .N/m

PRESSURE RATIO (BOW
BAG / CUSHION) 1.35

TABLE 2

DECLINING-OSCILLATION EXPER~~ENTS AT ZERO

FORWARD SPEED , JEFF (A)

TYPE OF NATURAL DECAY

OSCILLATION FREQUE~CY COEFFICIENT

~&1 l I3ec  6 1/sec

MODEL SCALE VALUES
PITCH 8 .6 2.8

h EAVE NOT OBTAINABLE , OVERDAMPED

ROLL INDUCED HEAV E lb.5 3.5

FULL SCALE VALUES

PITCH 
- 

2.3 0.7

ROLL I NDUCED HEAVE 4.4 0.9
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a

Gully of Length a and Dep th b and c.

Signficant Eve nts in rip~ures 3 12;
X — 0 — Bow on the r ira t Edge
A — Bow on the Second Edge
B — Stern on the First Edge
C — Stern on the Second Edge

_ _

45 Degr ee Ramp of Hei ght a

Signficant Even ts in Figures 13 and 14:
X — 0 — Bow at the Beginning of the ~amp
A — Bow at the End of the Ramp
B — Stern at the Beginninc~ of the Ramp
C — Stern at the End of the Ramp

- - r~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Step of  Height a

S ignficant Events in Figures 15 — 19:
X C) — Bow at the Step
A — Stern at the Step

- -

Ste p of hl e i~’.ht a with -a 45 Degree Ramp of Height b
on Top

Si gnfic ant Event s in Figure 20;
0 — Bo~-~ at the Step—R amp

A — Bow at the End o~ the Ramp
B — Stern at the Step—Ramp
C — Stern at the End of the Ramp C

1f gure 2 — Examples of the Gullies , Rasp s , and S t eps
Enc ounter ed in the Experiments.
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