
_ _  

•- 

_ _

END

I

_- a - -  
/



-.

DAVID W. TAYLOR NAVAL SHIP
RESEARCH AND DEVELOPMENT CENTER

Bethesda, Md. 20084

OVERLAND DYNAMICS OF THE AMPHIBIOUS ASSAULT

LANDING CRAFT JEFF (B) ONE-SIXTH SCALE MODEL

by

Davi d D. Moran

Richard F. Messalle

Lawrenc e 0. Murray

Joseph J. Ricci

APPROVED FOR PUBLIC RELEASE : DISTRIBUTION UNLIMITED
>-

~~- L~1

~ D
r r ’ ~~~~~

U- --- / i,i_i SHIP PERFORMANCE DEPARTMENT n~j2.r . :-

U- 

~J J IL) UJ

— 

U
, 

~~L
• 

,

May 1977 SPD-615-06

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _



MAJOR DTNSRDC ORGANIZATIONAL COMPONENTS

DTNSMDC
COMMANDER

00
TECHNICAL DIRECTOR

___________ 
01

[ O F F I C E R  IN CHARGE I OFF ICER IN CHARGE

I CARDEROCK ANNAPOL IS
____________________________ 

04

S Y S T E M  S
DEVELO PMENT
D E P A R T  MEN T

SHIP PE R F O R MA N C E  1
DE P A R T M E N T  

15 

_
~
____••_

~1
[ 

SU RIA CE E F F E C T S

~T PUCT UR ES 
C UM PUTAT ION

D E P A R T M E N T  
MATH E M A T I C S  A ND

LO GISTICS D E P A R T M E  NT
_______________________ 18

SHIP ACOUSTICS PPOPULSIU~ •~~~~ D

DEPARTMENT AIJ~~I L I ~~~~Y c Y ’ T PM ’

19 1 D F P A R ~~’ E N ~

MATERIALS C E N T P A L

DE PARTM E NT 
28 

INST~~UM E N T A ~~iON

J



r —

tI~ JL1~ 5 FiLD
S E C U R I T Y  C L A S S I F I C A T I O N  OF T H I S  P A G E  (When O.t . Fnl.,od)

REPORT DOCUMENTATION PAGE
‘ / I ~ ~~~~~~~~~~~~~~~~~~~~~~ U o o v i  A C C E S S I O N  NO 3 R t C I P I F N T ~~ I A T A L ’Y. N~~ M HF R

/

____  I 
_____—- _ _ _ _ _ _ _ _ _ _ _

~

r R E P O R T  6 P E R I G O  ‘±~~~~ E R E D

Overland Dynamics of the Amph ibious Assault  /
Landing Craft JEFF (B) One-S ixth Scale Model , jFina l - 

-
,

- - - 
6 P E R F O R M I N G  O R G  R E P~~ R~ N U M B E R

7 A U 1 p jQ R (~~ - — _.— - e C O N T R A C T  OR G R A N T  N U M B E R ( ~~I

Dav id 0./Moran, Richa rd F./ Messa l le,
Lawrence O.1Murray , Joseph J.,R icci /

9 P E R F O R M I N G  O R G A N I Z A T I O N  N A M E  AND A D D R E S S  10 P R O G R A M  E L E M E N T  PROj E C T . T A S K

Dav id W . Taylor Nava l Ship R&D Center -

Bethesda , Maryland 20084 — - -

L. S14 17
I I  C O N T R O L L I N G  O E F I C E  N A M E  A N D  A D D R E S S  12 .  8~~FQaL- GA1 E

Naval Sea Systems Comman,~-- May 1977 ~~
) 

~ i- -i

Washin gton , 0. C. / ) i 
I~~~

3

N U M B E R O F  P* ° E S

4 MO N I T O R I N G  A G E N C Y  N A M E  A A D O R E S S I I I  diIf~ ,.nl f,on, ConI~oIIIna OIf Ir~~) IS  S E C U R I T Y  C L A S S  (Of thI

Amph ibious Assault Landin g Craft Program Off ice UNCLASS IFI  D
David W . Taylor Nava l Ship Research and 

_________________

Development Center 11 D~~C~~~~S S I F I C A T I O N  O O * N O R * D ~~NG 
- -

Bethesda , Mary land 
________________________

6 D I S T R I B U T I O N  S T A T E M E N T  (of Ib Is  R.pOrI I

APPROVED FOR PUBLIC RELEAS E : DISTRIBUT ION UNLIMITED

l7 D I S T R I B U T I O N  ST A T E M E N T  of lb. .b.f,aol nn1~~,sd In B l oo k  2 0,  I f  dIIf.,00f f,os, R.po,I)

l B S U P P L C M E N~~ A R~ b O l E S

K Ev W O R DS  ‘ConIlnu• on r e v e r s e , do if  ner .f lar,-  wd Id e n t I f y  by bloc k n,,mbor)

ACV Dynamics , Amph ibious ACV , Overland Response

20 A B ST P60  ‘Co, l fnon te r s e •I~ le If ,,ec....h td f e i  I~ hi hlo k no,yh.,j

~~~ The dynamic response of the AALC 1/6 scale JEFF (B) model for craft passage
over gul l ies or ground plane indentat ions is presented for a series of gully
lengths. The experimental results are compared with responses predicted by a
stat ic mat hematical model of the JEF F (B) vertica l plane response.

,

DD ~~~~~~~~~~~ 1473 ~~~~ t G I 0 O N  OF I N O V A S ? S G B S O L E T E  UNCLASSIFIED
S S (I I ’ 2 5 l 4  hO I ____________________________________________________

- -  
S E C U R I T Y  C L A S S I F I C A T I O N  (SF T H I S  PA G E  (O~len f i o~. R o i . , O~ i

I I
- / ‘ -

I

~~~E~~~~~ L 
- 

_ __



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~~~~~~~~~~~

I I I  i L  A~~ ,I IL A t~ i bIs  P A G E  I4I,~~,i [1.1. Entered) 
— ——

S E ° I P I T V  C L A S S I F I C A T I O N  OF ‘ HI S PA GF ’W l fe , ,  1701. F o t r r~~d

Li - ~~~~~ ~~ --



~~~~~-— - -~~~- —~~~~~~~~~~~~~

TABLE OF CONTENTS

P~ qe
ABSTRACT

ADMINISTRATIVE INFORMAT ION 1

INTRODUCTION 2

EXPERIMENTAL INVESTIGAT ION 4

EXPERIMENTAL RESULTS 5

STATIC MODEL 6

CONCLUSIONS g

RECOMMENDAT iONS 9

AC K NOWL FnG!~ENT 10

REFERENCES 11

- ON faf /

~TIS WMe Section
6~$f Section ~J

0

1’ ,
i )  -

, I~ -
- c •-

LI 
‘ - _~~ ~~~~~~~~~~~~~~~ Jt ~~~~~-



LIST OF TABLE S

Page
Table 1 - Physical Characteristics of the 1/6 Scale JEFF (B) Model 12

Table 2 - Bag and Cushion Pressures for JEF F (B) Model 13

Tabl e 3 - Bag to Cushion Pressure Ratios for JEFF (B) Model 14

Table 4 - Predicted Static Heave over Gully 15

LIST OF FIGURE S

Figure 1 - Sketch of the 1/6 Scale JEFF (B) Mode l Traversin ci a Gully 16
at  X = 0

Figure 2 - JEFF (B) 1/6 Scale  Model Pressure Tap Locat ions 17

Figure 3 - Heave versus Distance for the 1/6 Sca le  JEFF (B)  Model of
the AALC Traversing a 4 Inch by 12 Inch Gully 18

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

Figure 5 - Heave versus Distance for the 1/6 Scale JEFF (B) Model of
the AALC Traversing a 4 Inch by 18 Inch Gully 20

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

Figure 7 - Hea ve versus Distance for the 1/6 Scale JEFF (B) Model of
the AALC Traversing a 4 Inch by 24 Inch Gully 22

Filiure 8 - Pitch Angl e versus Distance for the 1/6 Scale JEFF (B)
Model of the AI4LC Tra versing a 4 Inch by 24 Inch Gull y 23

• 11

_U, ~~~~~~~~~~~ 
- - . 

~~~~~ ~~~~~~~~~~ - -
.

-~-“~~~ -~-
, 

~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~



NOTATION

A Discharge area

B Cush i on beam

CG Discharge coefficient for the gully

Cs Dischar ge coefficient under the skirt

h Gull y height

L Gull y length

Cushion length

x Di stance from the vert i cal face of
the gull y to the lead i ng edge of
the bow fingers

z Heave

An gle between downstream face of
the gully and the horizontal plane
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ABSTRACT

The dynamic response of the AALC 1/6 scale JEFF (B) model for craft

passage over gullies or ground p lane i ndenta tions is presen ted for a seri es

of gully lengths. The experimental results are compared with responses

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

response.

ADMINISTRATIVE INFORMAT ION

This study was sponsored by the Nava l Sea Systems Conilland under Task

Area 51417 , Task 14174 ; and administered by the Amphibious Assault Landing
—

----

Craft Program Office , Systems Development Department , David W. Taylor

Nava l Ship Research and Development Center under Work Unit Number

1-1180-740.
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INTRODU CTION

The overland dynamics of the Amphibious Assault Landing Craft (AALC)

air cushion vehicles (ACV) have been examined both analytically 1 and ex-

perimen tall y2’3 as part of the technolog ical development effort of the

AALC program . The motivations for these studies include general analy-

tic model development and validation , prep aration for continued AALC

design efforts and preparation for full-scale AALC Navy trials. All of

these goals require the examination of model-scale da ta 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 ch is geometrically and dynamically equivalent to that which

th craft will encounter . The expense of such an experimental

prog’am makes it imposs ible to implem ent. 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 classi fied

by a small number of parameters . The gullies chosen for examination

in this experimental program adequately satisfy these requirements .

Indentations are corniion in overland terrain suitable for ACV oper-

ations. These indentations which are here referred to as gullies cor-

respond to stream beds , roadside drainage ditch es , agricul tu ral drainage

ditches , natura l surface discontinu iti es 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

_______ ____________________ 
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gully chosen to represent this variety of natural terrains is a trapezoidal

indenta tion represen ted by three parameters in an otherwise horizontal

plane . The three parameters are the depth of the gully, h , the length of

the gull y at the level of the l ower plane, L, and the angle that the down-

stream face of the gully makes with the horizonta l , ~~. These parameters are

shown in Figure 1 where the long itudina l coordinate , x , is defined as the

distance between the upstream vertical face of the gully and the leadina

bottom edge of the bow fingers of the JEFF (B) ACV.

The gully geometry represented allows a wide variety of operational

conditions to be tested. In addition to gullies of discrete length , the

geometry inc ludes vertica l face down-steps and walls or up-steps with sloping

leading edges for a specified condition of infinite gull y length . It is

also possible to represent additional skirt leakage with this geometry through

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

3
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EXPERIMENTAL INVESTIGATI ON

The experimenta l program consisted of forward speed passa g es of the

1 /6 JE FF (B) model ove r vario us d iscrete gu l l ies .  The gul l ies are two-d imen-

s~onal , rectanqular in lonqitudina l cross -sect ion and ranged in lenqth from

12 to 48 inches ( .30 to 1.22 meters) and in depth from 4 to 7.5 inches ( . 10

to . 19 meters) .  Fi gure 1 shows schema t ica l ly  the model cross in g a typical

gully.

The inst rumentat ion for this ser ies of experiments consist ed of a timer

and a color video camera . Measurements of craf t  at t i tude as a function of

time and pos it i on  were obtained from the video screen of a s top-ac t ion  re-

corder - p l a y e r .

The 1 /6 scale JEFF (B) model is shown schema t ical ly  in Figure 1. The

~~ys i c a l  charac ter is t i cs  of the model are l i s ted in Table 1. The JEFF (B)

model has oeen completely described by the Bell Aeros pac e Company . The

model has a radio controlled prop ulsion system and for the high speed runs ,

tb~ model was se l f -propel led using the bow thrusters and the propel lers .

r~uring 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 cont inuously runninq c lock recorded on

~~~ video tape .

Prior to the performance of the over land experiments , the model was bal-

anced to design displacemen t and trim. The l i f t  system was adj usted to pro-

vide design va lues of cushion and bag pressures and the l i f t /t hrust system

discharge was adjusted tn the recomme nded f u l l - sca le  rat io .  The measured

pressur es are presented in Tab le 2 . The locat ions of the pressure taps noted

in Table 2 are shown on Fi gure 2. Tahie 3 shows the various baq to cushion

pressure ratios.

~ 
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EXPER iMENTAL RESULTS

Seven gully passages are presented in Figures 3 through ~3 of th is  re-

port . Each cas~ cons is ts  of heave posi t ion and pi tch at t i tude as a f unct ion

of craf t  pos i t ion re lat ive to the leading ed ge of the gully . Six signifi-

cant events are shown on each fi gure . These are x=O, 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 fi rst

edge; C, the stability keel crosses the second edge ; D , the stern finqers

cross the first edge; and E , where the stern fingers cross the second edge .

The two runs presented in Figures 3 and 4 are for the model passin g

over a 4 - inch by 12 - inch ( 10cm by 30 cm) gul ly.  These f inures show that

the model s inks and p i tches sharply bow down as the bow crosses the qul ly.

The iner t ia l  ef fects in the response are evident in the time delay (shown

here as a spat ia l  lag )  in both heave and pitch at the hi gher speed when

c ompared to the lower.  In f ac t ,  at the hiqher speed the model does not

show si gn i f i can t  response in heave unti l  one- th i rd of the model has c rossed

the gull y. Passage of the s tab i l i t y  keel across the gully produces no

discernible response. When the stern nears the gully, the model pitches

bow up and the heave posi t ion becomes sharply posi t ive . Throughout the major

( cen t ra l )  portion of the passage , the c ra f t  s imply s inks  by app rox i ma te l y

0.6 inches and s l ides ac ross the gully 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 di f ferent speeds . The

model response becomes c lear l y more complicated for this longer gully.

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

5
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no pi tch response until the bow crosses the second edge . At tha t point ,

the model suddenly raises up and then settles at a point midway between

the ma ximu m and minimum heave positions. When the stability keel passes

the gull y , the model pitches bow-up and sinks . Data were not obtained

for stern crossings of the gully because the re ference points could not

be clearl y seen on the video screen for this series of runs. The higher

speed shows more gentle motion than at the l ower speed but with basically

similar response.

The f inal  three runs presented in Fi gures 7 and 8 pertain to passage

over a gully 4 inches deep and 24 inches long ( 10 cm by 60 cm) . At a l l

three speeds , the model pitches bow down when the bow crosses the gully.

At the hi ghest speed , the model pitches so much that the model rises in heave

before falling. When the stability kee l crosses the gull y, the p itch attitude

becomes positive and the model r i s e s .

STATIC MODEL

The s ta t ic  heave displacement of an ACV standing over a gully may

be estima ted by a procedure which employs a simple discharge model. If

it is assumed that the t ransverse s tab i l i t y  keel of the JEFF (B)  has no

ef fect  on the s ta t i c  heave pos i t ion,  then for level p i tch trim , the sum of

the cushion fluid discharges under the skirt and throucih the gul ly c ross-

sectional area is equal to the lift system discharge over level around.

Three cases must be considered: (1) the heave displacement is less than

the cushion gap height and cushion dischar ge occurs at the gully and

around the craf t  perimeter , ( 2 )  the heave displacement is greater than

the gap hei ght and the cushion discharge occurs completel y at the gully

w i th  no d ischarge on the craft  perimeter , (3)  the gully length is greater

6
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than the craft length and the vertical displacement of the craft is

equa l to the gully hei ght. Writing the discharge equalities for the three

cases leads to the static heave displacement, z,as

Lh . for z - - h , L - L
B + L  C c c

c s

z = h + h _ A . CS for h ~z~~~h , L ~~~L (1)
• c 2L C c c

g

h for
c

where h
c 

is the gap height, A is the discharge area , Lc and B are the cushion

• length and beam and CG and C are the discharge coefficients for the gully

and under skirt flow area respectively. The resultant expression is static

since it involves no inertial effects and is therefore i ndependent 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 hei ght; thus , the second express ion

for hea ve is appropriate . Since the mode l fingers were raoqed and worn and

ripped in several places from previous overland experiments , the nap height .

hc~ 
is approximately zero . Assuming a discharge area of 120 in 2 (750 cm2),

C
~ 

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

Z r  h -  (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 gully lengths and transit speeds examined experim entally.

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 equatio n for rap id eng ineering estimates of the expected heave

7
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displacement of an ACV operating at low speed over a gully.

Comparison between the experimenta l results and the static model

shows that the dynamic effects must be considered in order to accura tely

predict hea ve . One of the main trends shown in Table 4 is that the heave

displacement is grea ter for higher speeds . This can possibly be explained

by the fact tha t the engine speed was set for a propeller pi tch 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 eng ine speed. The engines consequently speeded up and the lift fans

prod uced a hi gher 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 lift fan flow

rate and cushion stiffness for the l ower speeds must be considered . Finall y.

since the model was pushed across the gullies , some additional dampin a could

have been artificially produced through the test procedure .

8
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CONCLUSION S

The one-sixth scale model JEFF (B) was tested over three gully widths

at severa l speeds . The followi ng conclusions can be drawn from the results

of this limited n umber 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 gul ly until it reaches the far side ,

then level trim is restored and finally the bow p itches up when

the stern crosses the gu ll y.

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

as the gull y length incrpasec .

• 4. The heave disp lacement is not affected by the stability kee l.

5. The heave displacement is affected by the gully length and lift

fan flow rate .

The fi gures provided are only examples of data obtained from this

experimenta l program. The prima ry product of the experiment is the re-

corded observation of craft response, which , although it is not auantitative

in nature , is invaluable for an understanding of the dynamic behavior of

the craft.

RECOMMENDAT ION S

For any further tests of this type , the following recommendations are

made :

1. Ultrasonic wave height sensors should be used to obtain the p i t c h

and heave motion .

2. Static measurements on the gully should be made .

3. The lift system flow ra te should be adjusted so that it is the

same for all speeds.

9
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TABLE 1

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

LOA Length , overall 14 .6 ft 4.45 m

L Length , cushion , effective 13.33 ft 4.06 m

BOA Beam , overall 7.84 ft 2.39 m

B Beam , cushion , maximum 6.64 ft 2.02 m

M Mass , tested 38.84 sluas 567 kg

RPM Fan speed, rpm 3300-3400

1 Angle of bow fingures 45~ n- 1 ’

hF Height of bow figures 3.9 <4. 8 in 9. 9< 12.1 cm

X K Bow fingers to stabi l i ty  keel 6.42 ft 1.96 m

12
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TABLE 2

BAG AND CUSHION PRESSURES FOR JEFF (B) MODE L

Tap No. Tap Location Pressure

l b/ft2 Pascals

1 Bow bag 19 .1 914.5

2 Starboard forward cushion 13.8 660.7

3 Starboa rd forwa rd bag 18.4 881.0

4 Starboard forward cushion 14 .5 694.3

5 Starboard stern bag 18.4 881.0

6 Sta rboard stern cushion 12.7 608.1

7 Stern bag 17.7 847.5

8 Port stern cushion 13.1 627.2

9 Port stern bag 18.4 881.0

10 Port forward cushion 13.8 660.7

11 Port forward bag 17.7 847.5

12 Port forward cushion 13.8 660.7

13 

-- ---.



rr - —- --- -

~~~~ 

c - -- 

TABLE 3

BAG TO CUSHION PRESSURE RAT I OS FOR JEFF (B) MODEL

Bag to Cus hi on Locat i on Pressure Rat i o

Starboa rd forward 1.30

Port forward 1.28

Starboa rd aft 1.44

Port aft 1.41

Bow 1.37

Stern 1.37

Average 1 .34

14
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TABLE 4

PREDICTED STATIC HEAVE OVER GULLY

Height Length Speed Heave Responses

h L U Z measured Z predi cted
in cm in cm kts rn/sec in cm in crr

4 10 12 30.5 .77 .40 0.6 1.5 .65 1 .6

4 10 12 30.5 6.07 3.12 0.6 1.5 .65 1.6

4 10 18 46 1 .39 .72 0.6 1.5 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 .92 1.5 3.8 2.33 5.9

4 10 24 61 2.84 1.46 1.05 2.7 2.33 5.9

4 10 24 61 3.79 1.95 1.8 4 .6 2 .33  5. 9

I
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DTNSRDC ISSUES THREE TYPES OF REPORTS

(1)  DTNSRDC REPORTS . A FORMAL SERIES PUBLISHING INFORMATION OF
PERMANENT TECHNICAL VALUE . DESIGNATED BY A SERIAL REPORT NUMBER

(2 ) DEPARTMENTAL REPORTS , A SEMIFORMAL SERIES , RECORDING INFO RMA

lION OF A PRELIMINARY OR TE MPORARY NATURE . OR OF L IMITED INTEREST OR

SIGNIFICANCE . CARRYING A DEPARTMENTAL ALPHANUMERIC IDENTIF ICATION

(3) TECHNICAL MEMORANDA . AN INFORMAL SER IES . USUALL Y INTERNAL

WORKING PAPERS OR DIRECT REPORTS TO SPONSORS , NUMBERED AS TM SERIES

REPORTS, NOT FOR GENERAL DISTRIBUTION .
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