| AD=AO44 498 DAVID W TAYLOR NAVAL SHIP RESEARCH AND DEVELOPMENT CE--ETC F/@

MAY 77 D D MORANs R F MESSALE, L O MURRAY
UNCLASSIFIED SPD=615~06

J ...“

END
DATE
FILMED

IO =77

--

1376 :

OVERLAND DYNAMICS OF THE AMPHIBIOUS ASSAULT LANDING CRAFT JEFF -=ETC(V)




SPD-615-06

ADAG44498

B

LANDING CRAFT JEFF (B) ONE-SIXTH SCALE MODEL

" 1D M.

OVERLAND DYNAMICS OF THE AMPHIBIOUS ASSAULT

DAVID W. TAYLOR NAVAL SHIP

RESEARCH AND DEVELOPMENT CENTER

Bethesda, Md. 20084

OVERLAND DYNAMICS OF THE AMPHIBIOQUS ASSAULT
LANDING CRAFT JEFF (B) ONE-SIXTH SCALE MODEL

by
David D. Moran
Richard F. Messalle
Lawrence 0. Murray

Joseph J. Ricci

DD FILE copy,

May 1977

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

SHIP PERFORMANCE DEPARTMENT ‘_{:.\,E
)

RN 7P
L L
SEp eg 1317

SPD-615-06 4)




MAJOR DTNSRDC ORGANIZATIONAL COMPONENTS

DTNSRDC
COMMANDER

TECHNICAL DIRECTOR

00

01

OFFICER IN-CHARGE
CARDEROCK

OFFICER IN CHARGE

SYSTEMS
DEVELOPMENT

DEPARTMENT "

SHIP PERFORMANCE

DEPARTMENT
15

ANNAPOLIS

l\'\/l/\‘f ION AND
SURFACE EFFECTS

STRUCTURES

DEPARTMENT
17

DEPARTMENT 16

SHIP ACOUSTICS

DEPARTMENT
19

COMPUTATION
MATHEMATICS AND

LOGISTICS DEPARTMENT
18

MATERIALS
DEPARTMENT
28

PROPULSION AND
AUXILIARY SYSTEMS
DEPARTMENT %3

CENTRAL
INSTRUMENTATION

DEFARTMENT 29




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Date Fntered)

S/N 0102-014-6601

RE
/ REPORT DOCUMENTATION PAGE
} " REPCRT NUMBER-~ 2 GOVT ACCESSION NO.[ 3 _RECIPIENT'S CATALOG NUMBER
SPD-615-46 / 1 )
S 0\ 7/
& TITLE (80d SUBLUEL oottt i om e . ' 'TYPE OF REPORT 8 PERIOD COVERED
> Overland Dynamics of the Amphibious Assault
A Landing Craft JEFF (B) One-Sixth Scale Model. | Final
J s 8 B 6 PERFORMING ORG. REPORT NUMBER
i 7 AUTHOR(s) S———- = e 8 CONTRACT OR GRANT NUMBER(a)
' /I Dpavid D./Moran, Richard F./Messalle,
] Lawrence 0. jMurray, Joseph J.fRicci
o/

9 PERFORMING ORGANIZATION NAME AND ADDRESS 10 ::gi“&‘: ERLENENTT‘ PROJEEST, TASK
David W. Taylor Naval Ship R&D Center ~T R ina.
Bethesda, Maryland 20084 el On e TARO I

L3 Fask-Areq 51417

1. CONTROLLING OFFICE NAME AND ADDRESS ; o ) 12, nsPoaLoM‘s_/, ) l'“ "/”V,

Naval Sea Systems Commagg~ s ;’; J May 1977 ZJL;;,— 1=+ £ |
i / 27 o ~ ‘'3 NUMBER OF Pa~ES
Washinaton, D. C. K/ ,/ f 53

14 MONITORING AGENCY NAME & ADDRES;I! differant from Controlling Office) 15. SECURITY CLASS. rof this report)
Amphibious Assault Landing Craft Program Office
David W. Taylor Naval Ship Research and UNCLASSIFIED

Development Center TSa  DECLASSIFICATION DOWNGRADING |
Bethesda, Maryland
16 DOISTRIBUTION STATEMENT (of this Report)
APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, i different from Report)

18 SUPPLEMENTARY NOTES

19 KEY WORDS /Continue on reverse aide if neceasary and Identify by block numbaer)

ACV Dynamics, Amphibious ACV, Overland Response
20 ARBSTRACT 7Continue on raverse aide If necessary and (dentify by block number)
= The dynamic response of the AALC 1/6 scale JEFF (B) model for craft passage
over qullies or ground plane indentations is presented for a series of qully

lengths. The experimental results are compared with responses predicted by a

static mathematical model of the JEFF (B) vertical plane response.

DD , 728", 1473 |£oimion oF 1 nov 63 15 oBsoLETE UNCLASSIFIED

g

/

/

SECURITY CLASSIFICATION OF THIS PAGE (When Dara Entered)




UTY CLASSIFICATION OF THIS PAGEWhen Data Entered)

SECURITY CLASSIFICATION OF THIS PAGE/When Data Fm:ad‘




ABSTRACT

AUMINISTRATIVE INFORMATION
INTRODUCTION

EXPERIMENTAL INVESTIGATION
EXPERIMENTAL RESULTS
STATIC MODEL

CONCLUSTONS
RECOMMENDAT IONS
ACKNOWLEDGMENT

REFERENCES

"CESSION for
: N-NS White Saction
Qhlv gutf Section [
MARNOUNCID 0O

' USTIFICATION e

TABLE OF CONTENTS

Page

10
11




Table
Table
Table

Table

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Fiqure

LIST OF TABLES

Physical Characteristics of the 1/6 Scale JEFF (B) Model P?ge
Bag and Cushion Pressures for JEFF (B) Model 13
Bag to Cushion Pressure Ratios for JEFF (B) Model 14
Predicted Static Heave over Gully 15

LIST OF FIGURES

Sketch of the 1/6 Scale JEFF (B) Model Traversinag a Gully 16
at X = 0

JEFF (B) 1/6 Scale Model Pressure Tap Locations 17

Heave versus Distance for the 1/6 Scale JEFF (B) Model of
the AALC Traversing a 4 Inch by 12 Inch Gully 18

Pitch Angle versus Distance for the 1/6 Scale JEFF (B) Model
of the AALC Traversing a 4 Inch by 12 Inch Gully 19

Heave versus Distance for the 1/6 Scale JEFF (B) Model of
the AALC Traversing a 4 Inch by 18 Inch Gully 20

Pitch Angle versus Distance for the 1/6 Scale JEFF (B)
Model of the AALC Traversing a 4 Inch by 18 Inch Gully 21

Heave versus Distance for the 1/6 Scale JEFF (B) Model of
the AALC Traversing a 4 Inch by 24 Inch Gully 22

Pitch Angle versus Distance for the 1/6 Scale JEFF (B)
Model of the AALC Traversing a 4 Inch by 24 Inch Gully 23

ii




a

NOTATION

Discharge area

Cushion beam

Discharge coefficient for the qully
Discharge coefficient under the skirt
Gully height

Gully length

Cushion length

Distance from the vertical face of
the gully to the leading edge of

the bow fingers

Heave

Angle between downstream face of
the gully and the horizontal plane




ABSTRACT
The dynamic response of the AALC 1/6 scale JEFF (B) model for craft
passage over gullies or ground plane indentations is presented for a series
of gully lengths. The experimental results are compared with responses

predicted by a static mathematical model of the JEFF (B) vertical plane
response.
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INTRODUCTION

The overland dynamics of the Amphibious Assault Landing Craft (AALC)
air cushion vehicles (ACV) have been examined both ana]ytica]ly] and ex-

perimenta]]yz’3

as part of the technological development effort of the
AALC program. The motivations for these studies include general analy-

tic model development and validation, preparation for continued AALC

design efforts and preparation for full-scale AALC Navy trials. All of
these goals require the examination of model-scale data generated by
realistic operation over various ground terrains. This is especially
important in the preparation for full-scale overland trials where it is
necessary to provide a priori assurance that the ACV's will be neither
damaged nor severely impeded by any ground terrain encountered during the

trials. This goal can be completely satisfied by operating a model over a

test - “h is geometrically and dynamically equivalent to that which
the craft will encounter. The expense of such an experimental
proqgram makes it impossible to implement. It is therefore necessary to

test the vehicle over generalized obstacles which are representative of
actual full-scale terrain elements, but which may be easily classified
by a small number of parameters. The qullies chosen for examination
in this experimental program adequately satisfy these requirements.
Indentations are common in overland terrain suitable for ACV oper-
ations. These indentations which are here referred to as qullies cor-
respond to stream beds, roadside drainage ditches, agricultural drainage
ditches, natural surface discontinuities such as low elevation bluffs in
beach areas, trenches, variations in elevation of dense vegetation, and

finally natural sand dune formations in coastal areas. The generalized

*References are listed on page 1




gully chosen to represent this variety of natural terrains is a trapezoidal
indentation represented by three parameters in an otherwise horizontal
plane. The three parameters are the depth of the gully, h, the length of
the gully at the level of the lower plane, L, and the angle that the down-
stream face of the gully makes with the horizontal, a«. These parameters are
shown in Figure 1 where the longitudinal coordinate, x, is defined as the
distance between the upstream vertical face of the qully and the leading
bottom edge of the bow fingers of the JEFF (B) ACV.

The qully geometry represented allows a wide variety of operational
conditions to be tested. In addition to gqullies of discrete length, the
geometry includes vertical face down-steps and walls or up-steps with sloping
leading edges for a specified condition of infinite qully length. It is
also possible to represent additional skirt leakage with this aeometry through

the consideration of very deep (large h) but short (small L) qullies.




EXPERIMENTAL INVESTIGATION

The experimental program consisted of forward speed passages of the
1/6 JEFF (B) model over various discrete gullies. The gullies are two-dimen-
sional, rectangular in longitudinal cross-section and ranged in length from
12 to 48 inches (.30 to 1.22 meters) and in depth from 4 to 7.5 inches (.10
to .19 meters). Figure 1 shows schematically the model crossing a typical
qully.

The instrumentation for this series of experiments consisted of a timer
and a color video camera. Measurements of craft attitude as a function of
time and position were obtained from the video screen of a stop-action re-
corder-player.

The 1/6 scale JEFF (B) model is shown schematically in Fiqure 1. The
physical characteristics of the model are listed in Table 1. The JEFF (B)
model has been completely described by the Bell Aerospace Company.4 The
model has a radio controlled propulsion system and for the high speed runs,
the model was self-propelled using the bow thrusters and the propellers.
During the low speed runs, the model was towed across the gully by hand.
Model speed was measured by timing the passage over the gully using the video-
tape record of the model motion and a continuously running clock recorded on
the video tape.

Prior to the performance of the overland experiments, the model was bal-
anced to design displacement and trim. The 1ift system was adjusted to pro-
vide design values of cushion and bag pressures and the 1ift/thrust system
discharge was adjusted to the recommended full-scale ratio. The measured
pressures are presented in Table 2. The locations of the pressure taps noted

in Table 2 are shown on Figure 2. Table 3 shows the various bag to cushion

pressure ratios.




EXPERIMENTAL RESULTS

Seven gully passages are presented in Fiqures 3 through & of this re-
port. Each case consists of heave position and pitch attitude as a function
of craft position relative to the leading edge of the qully. Six signifi-
cant events are shown on each fiqure. These are x=0, where the bottom
leading edge of the bow fingers encounters the first edge; A, the bow fin-
gers encounter the second edge; B, the stability keel crosses the first
edge; C, the stability keel crosses the second edge; D, the stern fingers :
cross the first edge; and £, where the stern fingers cross the second edge.

The two runs presented in Figures 3 and 4 are for the model passing
over a 4-inch by 12-inch (10cm by 30 cm) qully. These fiaures show that
the model sinks and pitches sharply bow down as the bow crosses the qully.

The inertial effects in the response are evident in the time delay (shown

here as a spatial lag) in both heave and pitch at the higher speed when
compared to the lower. In fact, at the higher speed the model does not
show significant response in heave until one-third of the model has crossed
the gully. Passage of the stability keel across the gqully produces no
discernible response. When the stern nears the qully, the model pitches
bow up and the heave position becomes sharply positive. Throughout the major
(central) portion of the passage, the craft simply sinks by approximately
0.6 inches and slides across the qully at level pitch trim.

Figures 5 and 6 present the results for the model passing over a
4-inch by 18-inch (10cm by 45 cm) gully at two different speeds. The
model response becomes clearly more complicated for this longer qully.

At the lower speed, the model heaves as the bow enters the gully, but shows




no pitch response until the bow crosses the second edge. At that point,

the model suddenly raises up and then settles at a point midway between
the maximum and minimum heave positions. When the stability keel passes
the gully, the model pitches bow-up and sinks. Data were not obtained

for stern crossings of the gully because the reference points could not

be clearly seen on the video screen for this series of runs. The hiagher
speed shows more gentle motion than at the lower speed but with basically
similar response.

The final three runs presented in Fiqures 7 and 8 pertain to passage
over a qully 4 inches deep and 24 inches long (10 cm by 60 cm). At all
three speeds, the model pitches bow down when the bow crosses the qully.
At the highest speed, the model pitches so much that the model rises in heave
before falling. When the stability keel crosses the qully, the pitch attitude

becomes positive and the model rises.

STATIC MODEL

The static heave displacement of an ACV standing over a qully may
be estimated by a procedure which employs a simple discharge model. If
it is assumed that the transverse stability keel of the JEFF (B) has no
effect on the static heave position, then for level pitch trim, the sum of
the cushion fluid discharges under the skirt and throuah the qully cross-
sectional area is equal to the 1ift system discharge over level around.
Three cases must be considered: (1) the heave displacement is less than
the cushion gap height and cushion discharge occurs at the gully and
around the craft perimeter, ( 2, the heave displacement is greater than

the gap height and the cushion discharge occurs completely at the qully

with no discharge on the craft perimeter, (3) the qully length is greater




than the craft length and the vertical displacement of the craft is
equal to the qully height. MWriting the discharge equalities for the three

cases leads to the static heave displacement, 2z, as
C

SRR gl for Zi = hen el
i BFL C £ .
i C S
I C
ZI h+h - A . s for h <z <h, I =L (1)
A\ R £ ¢
g
h for o>l
¢ C

where hC is the gap height, A is the discharge area, LC and B are the cushion
length and beam and CG and C3 are the discharge coefficients for the gqully
and under skirt flow area respectively. The resultant expression is static
since it involves no inertial effects and is therefore independent of craft
speed. Further, the static model does not include the effect of skirt !
deformation over the horizontal plane.

Figures 3 to 8 show that the heave displacement is greater than the

cushion gap height and less than the gully height; thus, the second expression
for heave is appropriate. Since the mode] fingers were raaged and worn and

ripped in several places from previous overland experiments, the aap height,
Z 2
¥

hc’ is approximately zero. Assuming a discharge area of 120 in” (750 cm

L Cs
:

(]

0.6 and CG = 0.9, then the heave displacement expression (in inches) is

il h - 40 (2)

The accuracy of the static model represented by the previous equation
is shown in Table 4 through a comparison of predicted and measured heave
positions for the qully lengths and transit speeds examined experimentally.
The equation over-predicts the measured displacement as expected, but the
magnitude of the error is not great enough to discourage the use of this
simple equation for rapid engineering estimates of the expected heave

7




displacement of an ACV operating at low speed over a gully.

Comparison between the experimental results and the static model
shows that the dynamic effects must be considered in order to accurately
predict heave. One of the main trends shown in Table 4 is that the heave
displacement is greater for higher speeds. This can possibly be explained
by the fact that the engine speed was set for a propeller pitch of 10 de-
grees. This propeller pitch was used for the higher speed runs, but for
the low speed runs, the propeller pitch was set to zero without readjusting
the engine speed. The engines consequently speeded up and the 1ift fans
produced a higher flow and a stiffer cushion.

The experimental pitching motion must also be considered in connection
with the pitching moments induced by the propulsors and thrusters used
during the high speed runs. Additionally, the changes in 1ift fan flow
rate and cushion stiffness for the lower speeds must be considered. Finally,

since the model was pushed across the gullies, some additional damping could

have been artificially produced through the test procedure.




CONCLUSTONS

The one-sixth scale model JEFF (B) was tested over three qully widths
at several speeds. The following conclusions can be drawn from the results
of this limited number of cases and conditions.

1. The pitch motion in all cases is lessened by an increase in speed.

2. The bow pitches down into the qully until it reaches the far side,

then level trim is restored and finally the bow pitches up when
the stern crosses the gully.

3. The effect of the stability keel increases by reducing pitching

as the gully length increases.

4. The heave displacement is not affected by the stability keel.

5. The heave displacement is affected by the qully length and 1ift
fan flow rate.

The figures provided are only examples of data obtained from this

experimental program. The primary product of the experiment is the re-
corded observation of craft response, which, although it is not quantitative
in nature, is invaluable for an understanding of the dynamic behavior of
the craft.
RECOMMENDAT IONS
For any further tests of this type, the following recommendations are
made:

1. Ultrasonic wave height sensors should be used to obtain the pitch
and heave motion.

2. Static measurements on the gully should be made.

3. The lift system flow rate should be adjusted so that it is the
same for all speeds.
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TABLE 1

PHYSICAL CHARACTERISTICS OF THE 1/6 SCALE JEFF (B) MODEL

LOA

BOA

Length, overall

Length, cushion, effective
Beam, overall

Beam, cushion, maximum
Mass, tested

Fan speed, rpm

Angle of bow fingures
Height of bow figures

Bow fingers to stability keel

14.6 ft
13.33 ft
7.84 ft
6.64 ft
38.84 sluas
3300-3400
45° + 1°
3.9<4.8 in

6.-42 ft

4.45 m
4.06 m
2.39m
2.02 m

567 kg

9.9<12.1 cm
1.96 m

12
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TABLE 2

BAG AND CUSHION PRESSURES FOR JEFF (B) MODEL

Tap No. Tap Location Pressure
]b/ft2 Pascals
1 Bow bag 19.1 914.5
2 Starboard forward cushion 13.8 660.7
3 Starboard forward bag 18.4 881.0
4 Starboard forward cushion 14.5 694.3
5 Starboard stern bag 18.4 881.0
6 Starboard stern cushion 127 608.1
7 Stern bag 17.7 847.5
8 Port stern cushion 11354 627.2
9 Port stern bag 18.4 881.0
10 Port forward cushion 13.8 660.7
2| Port forward bag W77 847.5
12 Port forward cushion 13.8 660.7

13




TABLE 3

BAG TO CUSHION PRESSURE RATIOS FOR JEFF (B) MODEL

Bag to Cushion Location

Pressure Ratio

Starboard forward
Port forward
Starboard aft
Port aft

Bow

Stern

Average

1.30
1.28
1.44
1.41
1.37
.37
1.34

14




TABLE 4
PREDICTED STATIC HEAVE OVER GULLY

Height Length Speed Heave Responses
h k L u Z measured 7 predicted
in cm mn cm kts m/sec in cm in cm
4 10 12 30.5 7 .40 0.6 1.5 .65 1.6 ?
£ an foa s we | sor iwmrzf ne ous G ¥ "
4 10 18 46 1.39 N2 0.6 s 1.8 4.6
4 10 18 46 3.38 1.74 1.1 2.8 1.8 4.6
4 10 24 61 1.78 292 1955 358 2.33 5.9
4 10 24 61 2.84 1.46 15505 2.7 2533 b
4 10 24 61 3.79 1.95 1.8 4.6 2.33 5.9

15
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