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A B S T R A C T

The sensitivity of the XR—3 roll  behav ior  in calm
sea on sidewall paraleters and force and momen t

calculations is investigated vith the Loads and
Motions com pu ter program and compare d w ith
experim entally measured data. Propulsion and rudder

subroutines and added mass computation are reviewed

and modif ied .  Recomm enda t ions  for  improved s imu l a t i o n
of t h e  X R — 3  rol l  behavior  are given .
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I. INTROD U CTION

A. Background

In the pas t several years the Surface Effec t Sh ip (SES)
has received increased attention in the United States Navy

an d deta ile d inves tiga tion s of its sea perfor nance hav e been
carried out. The two major categories of SES are the Air

Cushion Vehicle (ACV) ari d the Captured Air Bubble Ship

(CAB) . B—type of craft has become of primary interest

to the States Navy and two of the constructed

testc ~~ the Bell Aerospace Systems 100—B and the XR—3

of ap~~~~~ nately 100 and 3 tons of displacement ,

respectively. In 1976 the U.S. Navy Surface Effect Ship SES

100—B of the  C A B — t y p e  established a world  speed record  fo r
surface type ships of 89.4 knots. In April 1976 the SES

100—B launched a missile at 60 knots .  The l a u n c h  was
successful and the missile hi t  i ts  target  f i ve  mi les  a w a y .

In orde r to inves t iga te  the  character ist i :s  of the
CAB—type  SES under  any  design and  opera t ing  condi t ions
w i t h o u t  the costly need of m o d i f y i n g  the actual c ra f t , a
Loads and  Motions d igi ta l  compu te r  p r o g r a m  was developed by
Oceanics , Inc.  ( R e f .  1]. I n  1970 the X R — 3  t e s tc ra f t  was
del ivered to the Nava l Pos tgraduate  School a n d  Leo and
Boncal conver ted the  100 — B Loads and Mot ions  p rog ram to
represen t the XR— 3 . Since there were substantial design

differences between these two ships programming

modif ica t ions  were required in cer ta in  sub rou t ines .

I
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8. Ob jectives

The purpose of this thesis is to inv estiga te one asp ect
of safe maneuverability of these high speed ships , i.e.

their rol]. behavior in a turn maneuver. To fulfill this

ob jec t ive  the  sens i t iv i ty  of the s imula ted  X R — 3  roll
behavior  in turn  maneuve r s  as it is represen ted  by t he  Loads
and Motions Program is inves t iga ted  f o r  i ts  dependence  on
changes in sidewall characteristics. The effect of

modif ica tion s in the add ed mass compu tation , sidewall

parameters and force calculations as well as propulsion and

ru dder inpu t param eter s ar e inve stigated . An evaluation of

the computed performance is obtained by com parison with

experimentally measured steady 5tate roll conditions.

10



II. INITIAL REMARKS

A.  PR O B L E M  OF R E P E A T A B I L I T Y

It has been this author ’s experience as well as all

previous investigators at the Naval Postgraduate School

using the XR—3 Loads and Motions Program that there have

been no observed problems related to repeating the results

for a g iven  i n p u t  condi t ion .  H o w e v e r , d u r i n g  the  a u t h o r ’ s
first studies of the Loads and Motions Program as listed in

i~enzel ’ s thesis [ R e f .  2 ]  an a t t e m p t  was m ade to d u p l i c a t e
some of the simu lat ion run s given in tha t r e f e r ence  wor k . It
was found necessary as a first step to restore the

s imula t ion  program on the IBM 360/67 c o m p u t e r  f r o m  i car~1

source onto a disk. ’ Using the input conditions stated in

R e f .  2 it was impo ssible to ob ta in  ident ica l  t im e
histories, e .g .  f o r  t u rns .  Each t im e s u b r o u t i n e  S I D E W A L L  ias
read i n to  the  c o m p u t e r  t oge the r  w i th  t he  data i n p u t  deck ,
thereby overridin g the stored program , an error message in

the printed output indicated that a division by zero

occurred in this  s u b r o u t i n e .  The error  message was  not
generated when the st ored program w h i c h  con t a ined  an
iden t ica l v er sion of sub rou t ine  S I D E W A L L  was cal led . A
closer look re veal ed tha t in the  S I D E W A L L — v e r s i o n  g iven  in
R e f .  2 the va r i ab le  P BA R (p l enum pressure)  was  ne i the r

L ~t shou ld  also be noted that results obtained in Ref. 2

used the IBM 360/67 Release 20.6 system while the results

obtained in this work used the 21.8B Release with HASP

installed.

11
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p de f i n e d  nor t r a n s f e r r e d  by a COMMON—statement and therefore

a default value of zero was used dur ing t he  c o m p u t a t i o n  of
PB:IEA D (see Appendix C , SDWL 04140) . The missing statement

PBAR = PB — PINF

was inserted to subroutine SIDEWALL. With this correction

the new results were slightly closer to those given in

Ref. 2.

The table g iven  below compares  o u t p u t  va lues  f o r  roll
and p i t ch  angle  in a t u rn  at  20 kn w i t h  cons tan t  t h r u s t  and
a 35 degrees rudder step i n p u t  unde r  calm sea c o n d i t i o n s .

TABLE I

without wit h relative

PBAR—car d PSAR—card Ref. 2 deviation

Roll angle (deg)

first peak 7 •3 14 7 . 3 9  7 . 2  2 .6  %
avrg at 20 sec 2.65 2.77 3.1 11.9 %

Pitch angle (deg)

first peak 1.314 1.33 1.2 9.3 ~
avrg at 20 sec 0.99 0.94 0.8 14.9 %

A l t h o u g h  the d i f fer en ces betw een column s 2 and 3 in T A B L E  I
m i g h t  be considered to  be smal l  as far as magnitudes are

concerned , the r e la t ive  d e v i a t ion is up to 15 % as sho w n in
c o l u m n  4. But wha t  is more  i m p o r t a n t  is the  f a c t  tha t  the
roll and pitch angle responses for the uncorrected (plots 1

and 2 in Appendix A) as well as for the corrected progrant
0 (plots 3 and~ 4) show an unstable craft behavior for t>40 Sec

w here the pitch angle increases rapidly while the roll angle

12
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decreases rapidly approaching the zero degree value. This

uns tab le  condi t io n is p r o b a b l y  due to t he  35 degrees rudder
step input at 20 k n , as it is used in Menzel’s stud y, which

is p h y s i c a l l y  un real since it could never be introduced to
the  X R — 3  t es t cr af t  in an actual run at that speed .

The refore ru dder angles of up t o  15 degrees in t roduced  at a
ra te  of 5 deg/sec wil l  be used t h r o u g h o u t  this  work , as it
is also done on the  t e s t c raf t .

Also , regardin g plots 1—4 again and not considering

whether they really reflect the actual craft behavior , it

should be noted that a short tine history ( t<20 sec in

Ref. 2) could possibly result in wrong conclusions because

the unstable condition is not eviden t at that instant of

time. Therefore , time histories of up to 40 or 50 seconds

will be shown throughout this study.

11

13

- ~~~~~~~~~~_ -~~~~%.T. ~~~-4,c ‘T-~~~~~~~~~ ~~~~~~~~~~~



•

B. STEADY STATE CONDITIONS

Due to the cha nge in su b rou tine SIDEW ALL as mentione d in
the preceding section the steady state conditions for

straight runs in calm water have been reestablished for

various speeds and are listed in Table II.

Table II

~~~~~~~~~~~~~~~~~~~~~~ 2D~

Speed D r a f t  P i tch  P l e n u m  Thrus t
angle  pressure

(k n )  ( in) (deg)  (ps f )  ( ib)

10.0 8.17 1.62 23.93 400.61

12.5  7 .03  1. 11 2 4 . 8 4  3 4 9 .4 2
15.0 6 .74  0 .8 14 2 14 .8 14  335.71
17. 5 6 . 1 4 1  0 .63  2 4 . 8 4  3 146 .45
20 .0  6 . 1 2  0. 148 2 4 . 84  373.44
22 .5  5.87 0.36 2 4 . 8 4  411.53
25 .0  5.66 0 .29  2 4 . 8 4  458 .62
27.5  5.4 8 0 . 2 5  2 4 . 8 4  513.31
30.0 5.34 0 .26 2 4 . 8 4  574 .4 3

These steady state condit io ns have  been established by
first executing the XR— 3 Loads and Motions Program with

constant  speed f o r  40 seconds and t hen  r epea t ing  t he  r u n
keeping the  evaluated t h r u s t  constant .  A comparison of
these s teady stat e values w i t h  those g iven  in R e f .  2 shows
di f ferences  especially in the  lower and  uppe r spee d range  of
again up to 15 % the cause of which could not be suspected
a n y w h e r e  else since the  s imula t ion  p rog ram has not  been
changed since last used by M enzel .

14
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*
C. SIGN CONVENT IONS

The sign conventions used in the XR— 3 Loads and Motions

Program are identical to those used in Report 71—84 by

Oceanics Incorporated (Ref. 1]. A r-~’iht handed coordinate

system is applied to the craft with the positive X—axis

being measured forward and the lateral Y—axis being measured

positive to starboard. The vertical Z—axis is measured

positive downward. Identical signs are used for respective

forces along those axes.

The signs of the angles are def ined in the fo llowi ng
mann er

-
~~ p itch angle bein g posi t ive  u p w a r d

(boat noses up)

roll angle  being posi t ive  to starboard
(boat rolls to starboard)

• yaw angle being positive to starboard

(boat turns to starboard)

rud der angle being posi t ive to por t
(right rudder , ooat turns to port)

Zero pi tch and roll  ang le  are re fe renced  to t he  X—Y
plane paral le l  to the water  surface. 



III. INVE STIGATION OF SIDEWALL EFFECTS

A. AD DED MASS EFF ECT

1. The~~~

A basic elemen t in repre senting the hy d r o d y n an t i c
forces b y  use of slen d er body theory  are t he  t w o — d i m e n s i o n a l
sectional v alues of lateral added mass A22 of the sidewalls,

which are necessar y for the determination of the lateral

force s, as well as the t w o — d i m e n s i o n a l  sectional vert ical
added mass A33 which is also used in determining the roll

mo~nent . These two—dimensional added mass values are give n in

the ‘Surface Effect Ships Aero/Hydrodynamics Technology

Desig n Manual’ [Ref. 3] as

122 = R E P !

and
133 = C *RHO * B*3/8.0

where c is the lateral added mass coefficient
h
C is the vertical, added mass coefficient

v
R HO is the specific dens i ty  of sea w a t e r
D is the  local d ra f t

and B is the wid th  at  the ~~cal s idewall  wa te r l ine .

16
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The C and C values o r ig ina l l y  selected in R e f .  1 were
h v

those corresponding to hign speed with C =0.4 and C 1.0.
h v

Bu t in or~ier to account for variations in sidewall shape ,

an d their influence on the ef f ect ive later al adde d mas s, the
results  of the  research work  described in R e f .  3 led to an
average  value of C =0 .8 .  This new c o e f f i c i e n t  imp r o v e d  the

ag reemen t  between theoret ical  and exper imenta l  data as

stated in Ref. 3 . In t h e  present  XR-3  Loads a n d  Motions
Program a value of C O.14 is used in accordance with Ref. 1

and the  e f fec t  of l e t t ing  C =0.8 will be investigated in

la ter  parts  of thi s thesis.

Considering the equation for the vertical added mass

133, a major difference has been found between that one

given in Ref. 3 and the one used in the XR—3 Loads and

Motions Program (e.g. Ref. 2), where in accor dance with

Ref. 1 (1971) there was an additional P1—factor in the A33s

equation. Th~ letter ‘ s ’ indicates tha t the computation of

the added mass is done at the craft’s stern. Since Ref. 3

• (1976) reflects the experimental and theoretical work being

done based on Ref. 1, the A33s equations in subroutines

SIDEW ALL an d SIDETAB hav e now been changed to the new f orm
given above.

17
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2. ~~~~~~~~~~~~ 3tate onditions

The change in the simulated XR— 3 performance due to

the reformulated A33s computation can be observed from

TA BLE III givin g the new steady state con dit ions for
s t ra ight  runs  in calm sea for various speeds which are

identical for noth (0.4 and 0.8) lateral added mass

coeff ic ien ts .

TABLE III

Speed D r a f t  P i tch  P l e n u m  T h r u s t
angle pressure

(kn)  ( i n )  (deg) (psf)  ( lb )

15.0 6 .80  0.86 2 4 . 8 1 4  336.30
17 .5 6 . 4 6  0.65 2 4 . 8 4  

- 

3 147 .23
20.0 6 .17  0 .4 9  24 .8 14  374 . 38
2 2 . 5  5 .92  0.37 24 .84 4 1 2 . 6 2
25.0 5.71 0.30 24 .84  ‘4 59.90
27 .5 5.53 0 .27  24 .84  514 .89
30.0  5.40 0.28 2 14.84  576 .66

Comparing these steady state values with those previously

given in TABLE II in Sect. 11.9 one finds in general for all

spee ds that

— draft has increased by about 0.05 in (0.8 %)

— pitcn angle has increa sed by 0.02 deg (2 to 7 %)

— t h rus t  has s l igh t ly  increased by less t h a n  0 .5  %

18
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3. E f f e c t  im a T u r n  m a n e u v e r

The e f f ec t  of the change  in the  f o r m u l a t i o n  of the
vert ical  added mass in a simulated t u r n  maneuve r  has been
stidied next. After a 5 sec straight run at 20 kn in calm

sea a port rudder deflection was introduced at a rate of

5 deg/sec and then kept fixed at 15 degrees result ing in a

turn to port. The deadrise forces are computed at the

transom. In TABLE IV are shown the steady state conditions

an d the roll, moments contributed from the bow seal (FKBS) ,
stern seal (FK S S) , sidewalls ( F K S W )  , rudder (FKRUD) ,
propuls ion  system (FK? ) , aerodynamics  (FK. t ED)  and  p l enu m
pressure (ABPB*PHI*Z)

old A33s new A33s deviation

pitch angle (deg) 0.48 0.52 8.3 %

• roll angle (deg) 2.0 1 .98 — 1.0 %

draft (in) 5.86 5.94 1.14 %

speed (kn) 19.25 19.27 0.1 %

mome nts:
P1(35 —391.1 —386.3 — 1.2 %

PKSS — 3.6 — 3.6 0.0 %

FKSW 191.0 202 .0  5.8 %
FKRud — 97.5 — 1 1 0 . 0  — 1 2 . 8  %
YKP 0 .2  0 .2 0 .0  %
PiCked — 5 4 .’4 — 53.5 1.7 %

p A BPB *P HI *Z  355.4 351.9  1.0 ~

19
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From TABLE IV it can b e seen that, due to the
mo d ifie d A 33s co m p utat ion , the counteracting roll mcments

from the sidewall (FKSW) and rudder (FKRUD) changed by about

6 and 13 %, res pec tiv ely, resul t ing in only a li tt le ef fec t

in genera tin g a ten d ency to war d a smalle r roll angle which
is directed out of the turn. Other major contributions to

the roll angle are from the bow seal (FKBS directed into the

turn) and from the plenu m pressure (ABPB*PHI*Z) directed out

of the turn. The corresponding plots (plots 5 - 8 for old

A33s , plots 9 — 12 for new A33s) show that with the new

equation for A33s the pitch and roll angle response curves

are less dampe d th an they wer e using the former equat ion for
vertical added mass calculation as would be expected.

It should be noted that the roll moment due to

rudder is fairly large an d c han ges qui te signi fica ntly while
the moment ccntribtited by the propulsion is very small and

constant . The cause of this will be investigated in

chapter IV.
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B. D E A D R I S E  A N GLE

S

1.

Surface E f f e c t  Ships (SE S) of the  c a p t u r e d  a i r
bubble type (CAB) have rigid sidewalls immersed into the

water , thereby — together with the bow and stern seal —
cap turing the air in the plenum ch amber and red ucing atr
leakage. Since the sidewalls of the XR—3 are not uniform in

cross—sectional shape throughout their length but are curved

on the outboard side near the bow similar to a single hull

ship, th e express ion “side hulls” woul d be more app ro p r ia te ,
as can be found in modern literature.

The impor tance of the correct understanding of the

effect of the sidewalls on the craft’ s performance is
readily seen • from a report on SES Research wit h the XR—1

testcraft (Ref. 5]. As reported , the first test series were
carried out successfully with a 45 degrees sidewall deadrise

angle , which is the angle between the horizontal plane and

the ship ’s outer sidewall surface. In 1964, after a

modifica tion of the craf t to 60 degrees leadrise angle and
articulating seals, an unstable roll condition occurred

during a turn at 35—37 knots, a man euver performed many
times before. The testcraft heeled out of the turn , nosed
down due to the retraction of the bow seal, continue d its
outward roll motion and then flipped over. The report,

however , does not mention the rudder action generating the

turn. After this accident , the deadrise angle ha d been
changed back to 45 degrees. From this experience the

surface effect ship ’s roll stability should be expected to

_ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _  
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be sensitive to the deadrise angle and an investigation of

this sensitivity is reported in the following sections.

2. ?orces~~ ue to p,~adrise An~ ie

The deadrise angle , as pointed out by Ref . 3 and 4 ,

has a major effect on the craft’s roll mo tion and there f ore
is an impor tan t desig n cons idera t ion .  Dur ing  a t u r n  the
c ra f t  is desire d to heel in boar d, thereby minimizing the

a p p a r e n t  t r a n s v e r s e  a c c e l e r a t i o n  (a coord ina ted  t u r n ) .  ?or

t yp i ca l  SES des igns , it  is not possible to ach ieve  pe r fec t
coord ina t ion , b u t  it is possible to ach ieve  n e a r l y  f l a t
t u r ns  if the  c r a f t  is des igned  p r o p e r l y .  The p r inc ipa l

f ac to r s  a f f e c t i n g  roll  s tab i l i t y  at speed a re

* si dewall geom etr y

* seal char acteri st ics

* vertical location of the center of gravity.

The forces acting at the  center of g r a v i t y  station of the
starboard sidewall in a port turn are shown in Figure 1.

The cen trifugal force genera ted ac ts away from the center  of
the  t u r n .  This force  must  be counteracted by hydrodynam ic

forces which a re  created by y a w i n g  the  s h i p  in to  the  t u r n .
To an observer aboard the craft, it w oul d appear as if the
craft is sideslipping. Wave buildup on the outboard sides of

the s idewalls  increases the  pres sure t h e r e , while on ly  small
pressure changes  occ ur on the in board side of the opposi te
sidewall gene ra t ing  a small (negl ig ib le )  ver t ical  force.
The p r inc ipa l  fo rce arises f r o m  the outboard side of the
sidewall. The direc tion of this force depends on the slope

of the  deadrise ang le .  If  the resulta nt force passes above
the center  of g r a v i t y  (solid lin e in Fig.  1) a res tor ing

22
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mo me n t resul ts, ten d ing to heel the craf t into the turn
t he r eby  i m p r o v i n g  i ts roll stability. If the deadrise  angle
is chosen to be larg er ( e .g .  70 deg, shown dashed) , the
resultant force passes below the center of gravity,

resulting in a moment tending to heel the craft out of the

t u r n .

T hus , once the  SES geometry  and the  exact  vert ical
location of the cen te r  of g r a v i t y  are k n o w n , an a p p r o x im a t e
check f or stabili t y in a t u r n  can be made .

C.G.~ >
C. F.

F” -~ 
-

~~

-
~~~ ~~ 

,__i
I 

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

Figure  1 — G E N E R A L ROLL STABILITY CHECK IN A PORT T U R N
(C.? . C E N T R I F U G A L  FORCE , C. G. CE N T E R  OF G R A V I T Y )

‘p
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3.

From the construction data entered into the sidewall

table (subroutine SIDETAB) Figure 2 has been drawn showing

the cross sections at several selected stations of the

starboard sidewall. Since in most simulation runs (which

will  be discussed late r) d r a f t  was less t h a n  7 i nches , the
deadrise angles for all stations immersing into the water

h a v e  been ca lcu la ted  by s t r a i g h t  l ine a p p r o x im a t i o n  and  are

given in TABLE V. The stations are counted from bow

(stat ion 0) to stern (statiOn 28) and are not equally spaced

for station numbers less than 11 . The center of gravity has

been located experimentally at station 14. The average

deadrise angle of all stations listed is 64.3 degrees.

TABLE V

S t r a ig~h t  l ine a2~ r ox i na t i o n  f o r  7 ’’_ d~~~~~

Station Deadrise angle Station Deadrise a n g l e
5 67.6 17 62.1

6 70.8 18 611.0

7 57 .9  19 65 .3
8 5L~.4 20 66.7

9 53.7 21 6 8 . 1
10 5 3 . 7  22 6 . 9 6

— 11 53.7 23 7 0 . 3

12 55.6 24 7 1 . 1
13 57.3  25 72 . 1*
14 58.5  26 7 3 . 8
15 59.7 27 76.9

16 6 0 . 9  28 78 .8

2 14
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Figure 2 — X R — 3  STAR BOAR D SIDEWALL CROSS SECTIONS

(STAT IONS AS I N D I C A T E D , U IJ ITS  IN F T . )

25

-. -—- -.~~~~
-:~.

- 
~~~~~~~~~~~~~~ —~.

-— - .— — —---- ,
~~ 

.--
- 

- - - - 
~~

---- - 
—



4. 
~~~~~~~~~~~~~~~~~~~~

From the previous discussion the surface effect

ship ’s stability behavior is expected to be sensitive to tne

si dewalls ’ deadrise angle. In the XR— 3 Loads and Motions

P r o g r a m  listed in Ref . 2 t h e  deadr i se  a n g l e  at t h e  t r a n s o m

(78.8 deg)  had been used fo r  t h e  c o m p u t a t i o n  of t h e  deadr ise
forces .  Th i s  ca lcu la t ion  was  imp l e m e n t e d  i n to  s u b r o u t i n e
S I D E W A L L  u s i n g  t he  f o l l o w i n g  s t a t em e n t s :

FYH (J) =—A22S *U* ( V + X s5 *R— Z5 *p )
.

CTNDR O . O

I F ( D S S . L E . 0 . 0 )  GO TO 22

CTN CR (~~S—3 B (1) ) /DSS
IF ( T H E T A . L T . O . O )  CTND R ~~0. 3 39 1

22 CONTINUE

F Z H O L D  (J)  FZH (3)

F Z H D R P  (3) P M 1 * F Y ~ (J) *C T N D R * P R O M Q 1

F ZH (J) F Z H ( J )  + F Z H D R P ( J )

FK= (FZH (2)—FZH(1))*YSW+?KD—FY*ZS

The p ro jec t ion  of the latera l force FYH(J) at each sidewall

p (3=1 for port , 3=2 for starboard side) produced the

respective ccmponent of vertical force FZM , where FZHDRP is

the projected force and CTNDR is the cotangent of the

dea drise’angle. The roll angle had been already taken into

account in t he  c omp ut at i o n  of DSS ( d r a f t  a t  the s t e rn )  . The

factor PBCMO1 simply provided a means to arbitrarily change

the vertical projected force for studies undertaken in

Ref. 2. The factor PM1 introduced the necessary sign change

26



P in the sidewall force computation being dependent on the

craft’s side (~ M 1=— 1 for port , PM1= ’l for starboard side).

The roll moment FK was partly determine-i from the vertical

forces of both sidewalls.

Comparing the deadrise angles give n in TABLE V it is

seen that the transom deadrise angle of 78.8 degrees is

uni que an d the larges t alon g each sidew all and no reason
could be found why just the transom deadrise angle should be

used for the vertica l force computation. This fact rather

came up when Leo -and Boncal (Ref. 8) scaled down the

simulation program of the 100—B testcraft to create the X~—3

Loads and Motions Program . For the 100—B testcraft the

sidewall cross sections are uniformly shaped throughout most

of its length. This uniformity does not occur for the XR— 3 ,
as shown in Figure 2. Therefore it has been supposed  t ha t
a n o t h e r  deadr ise  ang le  w h i c h  is more  r e p r e s e n t a t i v e  f o r  all
angles existing along the XR— 3 sidewa lls, e.g. the deadrise

angle at the center of gravity location (station 14), coul d
possibly be more appropriate for the vertical force

com putation. To investigate the effect of this suppos ition ,

turn maneuvers in calm sea at 20 knots and various rudder

angles have teen simulated for both deadrise angles and

lateral added mass coefficients.

TAB LE VI

Ru dder Deadrise force computation at Experimental

angle transo m center of gravity testcraft

C 0 . 4  C 0 . 4  C ~0 .8  data ( R e f . 6 )
h h h

5 0 . 5 2  0. 32 0 . 2 9  0 . 0 9

9 1.07 0.78 0.72 0.28

C 12 1.50 1.15 1.11 0.58

-: 15 1.98 1 .53  u n s t a b l e  1.36

_ _ _ _ _ _ _ _  
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* Ta ble V I  sho ws the stea d y state values for the roll

angle which are compared with those measured experimentally

in 1974 and documented in Ref. 6. Sinc e the XR— 3 Loads and

Motions Program under investigation represents the XR—3

craft configuration as it existed in 19714 , Ref. 6 may  serve
to check whether the results produced by certain changes in

the simulation program are favorable or not. It is not

an t i c ipa ted  to exactly match the results obtained from the

simula te d runs to the mea sur ed valu es since f or the
testcraft data the following precisions for the measuring

devices are state d in Ref. 6 pitch and roll angle jO.50,
rudder angle ±1.00 and speed ±1 kn. From TABLE VI it is

obvious that the steady state values for roll angle using

C =0.14 as the lateral added mass coefficient and the center
h

— of gravity deadrise angle for the vertica l force computation

are closer by 25 to L40 % to the measured angles than are the

corresponding roll angles considering the transom deadrise

angle .

Using the center of gravity deadrise angle and the

lateral added mass coefficient C =0.8 as suggested in

Ref. 3, the  a g r e e m e n t  in s t e a d y  state ro l l  angle s co ul d be

improved by another 3 to 10 % for rudder angles up to

12 degrees. This improvement has also been reported in

Ref. 3. Comparing the roll ang le responses for turns

generated by a 12 degrees rudder angle to port with C =0.14

(plots 21 and 22) and (plots 23 and 24) it is found

that the smaller lateral added mass coefficient generates a

little higher pea k roll angle (1.470) than does the larger

coef f i c i en t  ( 1 . 2 7 0 )  . Bo th res ponses show the same num ber of
— oscil lat ions (el~.-ven  cycles) u n t i l  t h e y  die out.  The  larger

lateral  added mass coefficien t genera tes a small ne ga ti ve

28
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roll angle shortly after the port rudder motion has been
introduced. However , for a 15 degrees port rudder angle the
simulaticn progra m showed an unstable response with
i nc reas ing  amp l i t udes of oscillation for pitch and roll
angle  (see plots 17 and 18) . F r o m  t h i s  the  l a t e r a l  adde d
mass coef f ic ien t  bei ng 0 .8  does not seem to be ap p r o p r i a t e
fo r t h e  X R— 3 s imu la t i on  if both s idewal ls  are  cons idered  for
t h e  ve r t i ca l  deadr ise  force  c om o u t a t i o n .  The e f f e c t  of
using bo th  l a te ra l  added mass c o e f f i c i e n t s  wi l l  be
considered aga in  i n  Sections I I I . D  and E.

From TABLE V I I  it can be seen t h a t  the roll  m o m e n t s
con t r i b u t e d  by the bow seal (FKBS ) , p lenu m p res su re
(ABPB *P H I *Z ) ,  r udder  (F~ R U D )  an d  s idewal ls  (FKSW) c h a n g e  the
most. Comparing t he  e f f e c t  due to  t h e  change  f r o m  t r a n s o m  to
center of gravity deadrise angle it is found that

— bow seal inward  e f f e c t  decreases

— plenum pressure  o u t w a r d  e f f e c t  decreases

— r udde r  i n w a r d  e f f e c t  decreases

— s idewall  o u t w a r d  e f fe c t increases

= ou tward  roll a n g l e  decreases .

The t ime his tories fo r  s imula t ed  t u r n  m a n e u v e r s  wi th

15 deg rees port rudder  ang le  using cen t e r  of g r a v i t y  and
transom deadrise angle (3ABLE VII) are shown in Appendix A
as plots 1 3 — 1 6  and 9 — 1 2 , r e spec t ive ly .  Compar ing  these
plots the e f f e c t  of the  r h a n g e  f rom t r ansom to center  of
g r a v i t y  d eadrise ang le  and C = 0 . 4  can be observed as

4’.

p- ~~
.

29

- 

~~-~~~~~i -  —
~~~~~~~ - 

- 
-~~~~ ~-



— p i t ch  a n g l e  response be ing  m ore  damped

— roll angle  r e s p o n s e  b e i n g  more  d a mp e d

— pitch and  roll rate responses being more damped

and  hav ing  smal le r  peak values .

TABLE VII

Deadrise Angle Transom C. of G. arbitrarily chosen

(degrees)  78 .9  58.5 31.6 28 .7

Pi tch  a n g l e  (deg)  0 .52  0 . 145  0 .52
Roll angle ~deg) 1.9d 1.53 0.31* — 0.33*

Draft (in) 5.914 5.31 6.07 6.52

Speed (k n)  19 .27  19.37 19.1 18.7
FTSW —824.0 —821.9 —810.0 —801.0

FYRUD 40.0 32.7 39.5 55.8

FYAED — 19.5  — 20.0 — 19.1 — 17.6

R*V *AM 803.5 809.2 789.6 762.8

PK E S —386.3 -336.1* — ó 8 .4  71 .6
FK SS — 3.6 — 2.7 — 0 .5 0 . 5

FKSW 202.0 212.1 175.0 184.0

FK R U D  - 1 1 0 . 0  — 89 .9  — 1 0 8 . 4  — 1 5 3 . 0
? K A E D  — 53 .5 — 56 .0  — 52.14 — 1*6.2

FKP 0.19 0.114 0.03 — 0.03

ABPB*PHI*Z 351.9 273.5 514.6 — 57.2

FYB (P/S) —39/—147 — ‘45/—126 —78/—95 —1071—88

PYD —637.8 —651.4 —637.3 —607.0

Note  = s till decreasing

** = still inc reas ing ,  not qui te  s teady s t a t e

. 1  
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The reason for the si dewall roll momen t an d there by
the net roll effec t not changing more pronounced (TABLE VII)

is that not cnly the lateral force FYM must be considered in

order to determine the force F effecting roll stability

(Sec~~. III.B.2, Fig. 1) but also the lateral drag force FYD

has to be taken into account. Considering the XR— 3 geometry

us ing  t h e  center  of g r a v i t y  l eadr i se  a n g l e , as i t  is sh o w n
in solid l ines in Fig.  3 , the lateral force FY11 can be seen

to g e n e r a t e  t he  vert ica l pro jec ted  fo rce  F Z H D R P  a n d  t h e
force F, which is directed well above the center of gravity.

Bu t since FYD has to be added vectorially to the force F and

its strength bein 3 several times l a r g e r  th a n  FY~1 ( T A B L E  V I I )
t h e  n e w  r e s u l t a n t  fo rce  F’ determining the craft’ s roll
behav io r  is directed well  below the  cen te r  of g r a v i t y
(although F being directed above it). Thereby an outward

roll angle is generated.

cc

FYD FZHDRP

F 
F~~~.. _ _ _ _ _ _ _

FY H 

F i g u r e  3 — DEADRISE AND DRAG FORCES IN A PORT TURN

(CG= CEN T E R  OF R A V I T Y , WL W A T E R  L I N E )
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4 Also f rom Fig.  3 the  e f f e c t of cons ide r ing  t h e
center of gravity versus the transom deadrise angle on the

fo rce  g e n e r a t i n g  the  i n w a r d  or o u tw a r d  roll m o m e n t  can be
seen. The  center  of g r a v i t y  dea dr ise ang le  and  i ts
c o r r e s p o n d i n g  forces are s h o w n  in  soli d or dashed l i n e s  w i t h
F being directed above the center of gravity. The transom

dea drise ang le , shown in dotted l ines, genera tes  a fo rce  ~
being directed below the cen te r  of g r a v i t y  p r o d u c i n g  an

ou twar d roll mom ent which ge ts rein forc ed b y add in g

vectorially FYD. From this the general stability check

yield s a smaller outward roll moment and angle using ~he

cen te r  of g r a v i t y  ve rsus  t h e  t r a n s o m  d e a d r i s e  a n g l e .  Thi s is

in agree~~ent  w i t h  the  resu l t s  g ive n in T A B L Z  v i .

Nex t , some s i m u l a t i o n  runs  w i t h  a r b i t r a r y  dea dr i s e
angles  chosen such tha t smal l  pos i t i ve  a n d  n e g a t i v e  s t e ady
s ta te  roll angles  resul t  a re  presented  in  o rder  to , f i r st ,
find out which deadrise angle would generate the moments

necessary to simulate flat turns, and , second , verify tne

t read  of the  chang e in the  r e spec t ive  m o m e n t s  w h i c h  has  been
observed for the change from tra nsom to center of gravity

deadrise angle  in T A B L E  V I I .  The v a l u e  of the  l a t e r a l  a d d e d
mass coefficient in these runs was 0.1* as it was in all runs

l isted in T A B L E  V I I .  Con s i d e r in g t h e  r o l l  m o m e n t s  over the

r a n g e  of deadrise angles f r o m  78.9  to 28 .7  degrees , t~~e
m o m e n t s  due  to the  bow seal , s t e r n  seal , p r o p u l s i o n  and
p lenum pressure ch ang e consis tan t ly in magn itude w~iile those
due  to sidewalls , rudder  and aerodynamics reach some extreme
value an d then inc rease again. Regarding the steady state

roll an g les lis ted ~~~t
-
~ TA B LE VII , it can be seen that the

a r b i t r a r y  chosen dea drise ang les  happen  to be n e a r l y
s ym me t r i c  about  t h e  deadr ise  angle that would generate zero
roll ang le  ( f l a t  t u r n )  under  these s i m u l a t i o n  c o n d i t i o n s .
Keepin g this symmetry in mind one finds that the values -of

the roll oments due to bow seal (?K BS), stern seal (FKSS) ,
A

propulsion (Fl~P) and plenum pressure (ABPB*PHI*Z) are also
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symme tric with respect to zero moments. For propulsio n and

plenum pressure the sign of the moments are identica l to

that of the roll angle while for bow and stern sea l t nc tn en t s
the signs are reverse. From the results given in TABLE 111

with positi ve steady state roll angles Figure 4 has been

drawn where the dotted line represents the craft ’s initial

state, the dashed line represents the craft’s steady state

c o n s i d e r i n g  the  t r ansom dead r i s e  a n g l e  a n d  t he  sol id l ine

represen ts  t h e  c r a f t’ s s t e a d y  s ta te  ( sma l l e r  ro l l  angle)
consider ing the  cen te r  of g r a v i t y  deadrise a n g l e  f o r  t h e
ve r t i ca l  force  ca l cu l a t i on .  S a m e  m a r k i n g s  appl y to the
moment vectors shown from which their change in magnitude

fo r  bo th  dead:ise angles  can  be seen.

,i SW

RUD

Figure  1* — ROLL ~O~ ENTS IN A PORT TURN

(ROLL MOMENTS A N D  ANGLE NOT TO SCAL E)

Legend :  AED A e r o d y n a m i c  CG Cente r  of g r a v i t y
ES Bowseal PP Plenum pre ssur e
SS Sternseal  SW S idewa l l s

~UD R u d d e r  P Propulsion
Deadrise an gle : — — — Tran som

• 
_____ C e n t e r  of gra v it y
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Since the simulation run with the center of gravity

deadrise angle being used for the vertica l force computation

gave results tha t were more favorable (better damped time

histories and steady state values closer to those measured

ex perim entally ) this c h a n g e  in ver t ica l force c om p u t a t i o n
was implemented into the XR— 3 Loads and ~1otion Program.

Starting with the deadrise angle given in Table V for draft

up to seven inche s, again straight line approximations for

the e f f e c t i v e  deadrise angle at the center of gravity

location (station 14) for larger drafts have been performed

resulting in an almost linear relationship. This par t of

subroutine SIDEWALL is now valid for any draft and contains

the following statements which have been used in this form

for all simulation run s to follow in this study:

D D R A N G O .0
IF (D S . G T .0 .5833)  D D R A N G = ( D S — 0 . 5 8 3 3 ) * 0 . 0 6 2 9
DRANG= 1 .021+DDRANG— PM1 *PHI

CTNDP COTAN ( D R A N G )
FZROLD (.3) FZH (.3)

F Z H D R P ( J ) 2L11 *F YH (. 3)  *CTNDR*PROMO1

FZH (.3) = F Z H ( J )  + ?Z 11DRP ( .3)
S

.

FK (PZH (2) —FZH (1) )*y5W+FKD—py*ZS

It shoul d be no ted t h a t  v e r t i c a l  pro jected  forces
frcm ~~~~ sidewa l ls ar e used in compu tin g the roll mc m e n ts
in the X R — 3  Loads and Motions P r o g r a m .  Sect ion I I I .E  of  th is
thesis will be concerned with the effect of changing the

simula tion progr am to conside r th e dea drise pro jec ted force
only f r o m  the  o u t w a r d  s idewall  in a t u r n  m a n e u v e r as it is
discussed in Sect. I I I . B . 2
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C. CROSS—FLOW DRAG

In the preceding section the lateral force FYD which is

due to cross—flo w drag has been found to be rather large

compared to FY11, thereby changing the direction of the

resultant force significantly. FYD is computed in

subroutine SIDEWALL by summ ing the contributions DF of all

stations :

DF(I,J) = —HRHO*CDSW *VREL*a3S(VREL)*DSWAV (I,J)

w h e r e  D F ( I ,J) is t h e  l a t e r a l  d rag  c o n t r i b u t e d  by

the j—th element of each (i—th) sidewa ll

HRHO is RUO/2.

YREL is relative velocity

DELX is the incremental distance used for the

wetted draft calculation along each sidewall

DSWAV is the average wetted draft over one

i nc remen ta l  dis tance
CDSW is the cross—flow drag coefficient for one

s idewal l

The cross—flow drag coefficient being used in the present

XR— 3 Loads and ~iot ions Program is the value corr es p on d ing to
that for flcw nor mal to a long flat plate being CDSW=1 .28

Ref. 3 points out that an investigation of cross—flow drag

forces an d coefficien ts (be for e the ver tical added mass k 33
had been reformulated as discussed in Sect. III.A. 1) showed

better agreement between theoretica l and experimental

results if CDSW=2.-O , represen tin g the normal dra g

coe f ficien t for a shar p fla t p la te , had been used instead.

After the refor mulation of A 33 the agreement bet ween

• c modified theory and experiment had very tnuch improved , so
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that the former drag coefficient could be used again. Since

in this thesis work the change in A33s did not effect the

rol l  behav io r  s i g n i f i c a n t l y  ( T A B L E  IV ) , some turn maneuvers

at 20 kn and  15 degr ees rudder angle have been simulate-i for
various drag coefficients in order to investigate which CDSW

would better mat ch simulated and experimental steady state

roll angle. From TABLE VII a decrease in roll angle and

roll m om ent is desireable and therefore the cross—flow drag

force FYD should be decreased via reducing CDSW . The steady

state values are shown in TABLE VIII with the lateral added

mass coefficient being unchanged C =0.1*.

TABLE VIII

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

CDSW 1.23 1.16 1.0 0.7

Pitch angle 0.43 0.1*3 0.414 0.1*6

Roll angle 1.55 1.1*8 1.38 1 .11 *

Draft 5.78 5.80 5.83 5.91

Speed 19.39 19.36 19.31 19.19

FKBS —343.0 —330.5 —308.1 —252.8

FKSS — 2 . 7  — 2 .6  — 2.4 — 2.0

FKSW 207.8 175.0 127 .8 40.0

F K B U D  — 82 .2  — 1*7.9 — 2 . 3  80 .4
PKAED — 56.6 - 58.7 — 61 .6  — 67.6

FKP 0 . 1 4  0.1 1* 0 . 13  0 .11
ABPB*PHI*Z 276.1* 264.6 21*6.5 201.9

FY11 (P,S) —43/—125 —1 *5/—125 —48/—124 —57/— 121

F YD — 6 5 4 . 9  — 6 1 6 . 9  — 5 6 1 . 0  — 4 3 6 . 0

Compar i son  w i t h  R e f .  6 (Table  V I )  shows close agreement
in roll angle (1.36°) for the run with CDSW=1 .O . But these
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trial runs have been executed with arbitrary smaller drag

coe f f i c i en ts because an i nc rease  in d r a g  c o e f f i c i e n t  ( e . g .
CDSW=2.O for sharp fla-~ plate dS ifl R e f .  3) would have

enlarged the disagreement be~ wee n simulate-i and e x p e r i m e n t a l
data . Also , from plot 2~ for CDSW=1 .2~3 and plot 31 for

CDSW=1 . 16 it is seen that •i s m a l l e r  dr ag  c o e f f i c i e n t  results
in more lamping in the roll response , in this case six

versus  n i n e  cycies  of distinguishable oscillations. Since

the choice of CDsW=1 .0 cannot be declared to be appropriate

for the actual shape of the KR— 3 sidewalls it will not be

considered any further in this study. CDSW=1 .16 generated a

~4 % change (about 15 ~ is desired) toward the experimentally

measured roil angle and its effect will be investigated

together with the present cross—flow drag coefficient

CDS~ =1 .2d in the studies to follow.

Shown below in Figure 5 is the dependence of steady

state roll angie in turn s generated by a 15 degrees rudder

angle to port at 20 kn ~a the cross—flow drag coefficients

used in the s imula t ion run s ( T A B L E  V I I I )

Roll ang le

15

- 

0~~~~~~~~ 8 0 ~9 1 ~~~~~~~~~ 1’2 
• >CDSW

Figure 5 — S.S. ROLL ANGLE VERSUS CDSW
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D. THRUST MAPPING

In turn maneuvers as they have be en discussed in the

preceding sections another important point to be considered

is the change in thrust on both engines. Since the engines

m o u n t e d  on the XR— 3 provide constant power for a given

t h r o t t l e  s e t t i ng ,  the  a c t u a l  t h r u s t  d e l i v e r e d  d u r i n g  a t u r n

maneuver may vary even though the throttle remains fixed.

In all siLoulation runs shown in this thesis unt il now

constant- thrust has been used. In Ref. 6 experimentally

measured reduction in thrust is given for turn maneuvers at

20 kn and various rudder angles. From this and Ref. 7

providing more detailed information the thrust—rudder

d e p e n d e n c e  was as listed below.

- TABLE IX

in t u r n m a n e u v e r s  a t  2 3  k n

Rudder angle total reduction in thrust (Ref. 6)

(deg) (%)

5 — 2 . 8
9 — 3.3

12 — 4 . 3

TA B L E  IX has been used fo r  th rus t ma pping (Block 16 of
the data input) in the simulation runs. Due to

unavailability of more precise data it has been assumed that

the total reduction in thrust is contributed from both

engines in equal  am o u n ts . 3ut th i s  n ay not be q u i t e  t r u e ,

1’ since due  to t h e  c r a f t’ s roll angle a d iff e rence in
i m m e r s i o n  depth  f o r  bo th eng ines coul d resul t in un equal
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changes in thrust. TABLE X shows the stead y state values of

these  s i m u l a t i o n s  c o n s ide r i n g  t w o  c r o s s — f l o w  dr a g

coefficients , deadriso force contributions from both

s idewal ls  c omp u t e d  a t  the  c e n t e r  of cravity as well as both

lateral added mass coefficients C =0.1* (0.8)
h

- 

T A B L E  X

Rudder angle Roll angle (deg) Speed (kn)

(deg) simulation ~ef. 6 s i m u l a t i o n  R e f .  6

CD SW=1 .28

5 0.30(0.25) 0.09 19.3(19.2) 19.3

9 0.71 (0.61) 0.28 18.9(19.0) 19.5

12 0.99(0.99) 0.58 18.5(18.6) 19.2

CDSW 1.16 -

5 0.28(0.23) 0.09 19.2(19.2) 19.3

9 0.67(0.57) 0.28 18.9(19.0) 1°.5

12 0.94(0.94) 0.58 18.14 (18.6) 19.2

C o m p a r i n g  the stead y s ta te  roll angles  o b t a i ned  if
thrust mapping is used with those listed in TABLE VI (no

thrust mapping , deadrise force computation at the center of

gravity) , a change in roll angle by 6 to 114 % for C =0 .14 and

by 14 to 20 % for C =0.8 toward the measured angle can be

observed. The steady state roll angles found in the

simula tion runs still differ fro m the roll angles given in

Ref. 6 by a factor of about two and three but can be

expected to be a little closer to the se if proper thrust

map ping , i.e. different maps for port and starboard engine ,

is used . By this also the steady state velocities which

-

~ 
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differ by about 2 . 5  % can  be exp ect ed  to come in t e t ter

agreement , i.e. to increase for smaller roll angles.

Regardin-~ the roll a n g l e  t i m e  r e s p o n s e s  f o r  simulation

runs using both lateral added mass coefficients (0.1* and

0 . 8 )  a n d  12 degrees r u d d e r  a n g l e  the  f o l l o w i n g

characteristics have been found: the runs using thrust

m app ing (Table X , plot 33 (35)) show almost the same

transient behavior as do the runs without thrust m aPping

(Table VI , plot 21 (23)) with about ten cycles of oscillation

before the transients die out. 3ut the runs using thrust

mapping need quite a long time (t>14 5 sec) before they reach

the steady state roll angle.

The ef”ect of using a larger lateral added mass

coefficient (0.8) can be observed in plot 35. Comparing

this with plct 33 , the roil angle response in plot 35 shows

a smaller peak roll ang le (1.250 versus 1 .4 7 0 )  and the

transients have smaller amplitudes . But both die out after

ten cycles. This effect has already been noted in Section

III. 5.1*.

Investigating the effect of chang ing the coefficient

CDSW=L28 to 1.16 by comparison of the roll responses shown

in plots 33 and 37 or 35 and 39 , a significant damping

effect as has been found previously in Section III.C can not

be observed here.
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E. DEADRIS FORCE OF OUTWA RD SIDEWALL

This part of the investigation on how to effect the roll

behavior of the testcraft simulation is again concerned with

t he  dead r i se  a n g l e .

In the present XR-3 Loads and Motions Program doadrise

forces fcr both sidewalls are computed with the deadrise

angle appropriately corr ected by the roll angle for port and

starboard sidewalls. The idea behind this , e.g. in a port

turn , is to consider a pressure buildup (large F Y H  (5)) on

t he  o u t b o a r d  side of t h e  s t a r b o a r d  s i d e w a l l  and a r e d u c t i o n

in pressure  on the  o u t b o a r d  s ide  of t h e  p o r t  s i d e w a l l  ( smal l

?YR(P)) . Thereby an upward vertical force FZHDRP (with

negative sign) is obtained for starboard side, while a

downward vertica l force (positive sign) is compute d for port

side. Both vertical forces are then added to the buoyancy

force of their side. The forces obtained by this approach

are  s h o w n  in Fig ur e 6.

In Ref. 14, however , a different philosophy in regarding

the acting forces is presented . As discussed in

Section III.E.2 an approximate chec k on the craft ’s roll

stability can be made if the SES geometry and the vertical

location of its center of gravity are known (Fig. 1) . In a

port turn the principal force effecting the tOll behavior

aris es from the ou tboard sid e of the star boar~ sidewall

(rela tive high pre ssure on the s truc tur e there due to wa ve
buildu p) while th er e is only a small force (due to sm all
pressur e chang e) on the 

~~~~~~~ 
side of the port sidewall

con tributing a roll moment only if there exists a roll

angle. Now both vertical forces are directed upward. This

ap proach and the resulting forces are shown in Figure 7.
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/ h~~~~~~
CF

_ /
~~~~~~~~~~~ FZHD P(S)

FZHDRP(P) FYH(S)

Figure 6 — ACTING DEADRISE FORCES (TWO SIDEWALLS )

—G—
~~~~~

4

~

kG 
—)~CF

FZHD P(S)

FYH(P)
FYH(S)

Figure 7 — ACTING DEADRISE FORCES (ONE SIDEWALL)

Note Since the vertical force contributed by the inboard

s idewal l  is r a t h e r  small , as sh odn above , i t  can be
neglec ted in the roll stability check (Sect. iII.B.2) .

(4
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To i n v e s t i g a t e  t h e  e f f e c t  of th i s  i n t e r p r et a t i o n  of t h e

a c t i n g  fo rce s  t w o  s t a t em e n t s  c o n t r o l l i n g  t h e  c o m p u t a t i o n  of

deadrise forces via the sign of the rudder angle RUDANO

(port rudder is positive) and the sidewall under

investigation (P11 1=—i for port side) have been added to the

computation procedure for the vertica l projected force

DDRANG=O. 0

IF (DS.GT.0.5833) DDRANG= (DS—0.5833)*0.0629

DRANG= 1.O2 1+DD RANG — PM1~~PHI

CTNDB=COTAN (DRANG)

R U D S I G = S I G . ~ (1 ., R t J D A N G )

I F ( R U D S I G . r ~E . P M 1 )  C T N J 3 = P :~1 * T A N ( 2 ~i:)

PZ }I OLD (J) = F Z H  (3)
?Z Ij D R P  (J)  = P M 1  *FYM (3) *CTNDH *PR0MQ1

F Z H  (3) = F Z H  (3) +?ZHDRP (3)

The steady state values for simulated turn maneuv ers using

thrust mapping and center of gravity deadrise angle are

shown below considering two cros s—flow drag coefficients and

b’ith lateral added mass coefficients C =0.4(0.5).
h

T A B L E  XI
Steady state conditions

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

Rudder angle Roll angle (deg) Speed (kn)

(deg) simulation Ref. 6 simulation Ref. 6

CDSW= 1.28

5 0.43(0.52) 0.09 19.4(19.5) 19.8

9 0.90(1.00) 0.25 19.1(19.4) 19.5

12 1.22(1. 34) 0.61 18.7 (19.0) 19.2

CDSW 1. 1 6
1 

-

- 

5 0. 4 1 ( 0.5 1) 0 .09  19 . 3 ( 1 9 . 5 )  19.8

C 9 0 . 8 7 ( 0 . 9 8)  0 . 2 9  1 9 . 1 ( 1 9 . 3 )  19.5
)  

- 12 1 . 1 7 ( 1 . 3 0 )  0 .61  18 . 6 ( 1 9 . 0 )  1 9 . 2
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Comparing the steady s t a t e  v a lu e s  for simulated runs in

tables X and XI , the effect of using only the outward

sidewall for the deadrise force computation can be observed

to give less favorable (little larger) steady state roll

angles but mcre favorable (larger) stead y state velocities.

T h i s  is e x a c t l y  w h a t  ha s  been expec ted  since, as s h o w n  in

Figures 6 and 7, if deadrise force contributions from bot h

sidewalls are used , the -leadrise force from t h e  port

s id e w a l l  w i l l  r e i n f o r c e  th e  one fr o m  t h e  s t a r b o a rd  s id ew a l l

t~~w a r d  a less o u t w a r d  r o l l  m o m e n t  ( F i g .  6) w h i l e  ap o ly i n g

the  p h i l o s o p h y  dep ic ted in Fig. 7 t.-te vertical force from

the port sidewall counteracts the starboard deadrise force.

i~egarding the roll angle responses shown in Appen lix A

f o r  12 degrees rudder angle with CDSJ=1 .28 (plots 141 and u3)

and CDSW 1 .16 (plots 145 and 47) and comparing these with the

corresponding ones from the previous section (plot 33, 35

and 37, 39) the change in the vertical force computation

considering the outwar d sidewall only is seen t result in

about 8 versus 10 cycles of transient oscillations with less

amplitude. Using C =0.8 (plots 43 and 147) has a quite

significant dampin g effect and makes the roll angle response

more resemble a step, which is in accordance with the

experience gained by Ref . 7. Also , comparing these plots

with plots 35 and 39, the negative roll angle occurring at

the moment when the rudder has been introduced does not show

up any  more .

I. -
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F. VERTICAL LOCAT ION OF CENTER OF GRAVITY

In Section 111.8.2 it was discussed how to check for the

t e s t c r a f t’ s rol l b a h a v ior  in a t u r n  p r o v id e d t h e  ~ES

geometry and the location of the center of gravity are

known. This section will be concerned with tue effect of

different vertical locations of the center of gravity on the

simulated XR— 3 roll behavior

From experimental measurement the location of the center

of gravity of the XR— 3 has been determined to be 13.05 ft

forwa rd of the transom and Leo and Boncal established ~ te

vertical location at 2.54 ft above the keel on th~
longitudinal cente r line of the craft. As modifications to

the tes-tcraft were introduced (e.g. engines and seals) the

horizontal locatio n of the center of gravity was again

established experimentally. No such changes were made on the

vertica l location. In order to investigate the sensitivity

of the steady state roll angle to vertical locations of the

center of grav ity, reductions in height (in accordance with

th e stability check geometry depicted in Figure 1) in

increments of 0.1 ft were entered into the Loads and 11oti~ n

Prc gram.

Simul at ion r~i-s with constant thrust and initial speed

of 20 kn introducing a 15 degrees port rudder angle ,

deadrise fo rce  con t r i b u t i o n s  f r o m  both s idewal ls  c o m p u t e d  at
the cen ter of gravi ty, the si dewall drag co ef f ic ien t
CDSW=1.28 and the lateral added mass coefficient being 0.14

were execu ted and the results are shown in Tanle XII. From

the listed data it follows that with a lower ver t ical
location of the center of gravity a tendency toward an

i n w a r d  roll  ang l e  (here  a c t u a l l y  a s m a lle r  o u t w a r d  roll

145
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angle) can be achieved. As shown , a decrease in vertical

distance by 0.1 f t  resulted in about 0.1 degree decrease for

both peak and steady state roll angle (almost linearly

related) . From the corresponding plot s as indicated in

Table  X I I  a roll damp ing effect -due to the relocation of the

cen ter of gravity can hardly be recogn ized. The number of

cycles of transient oscillations and the steady state speed

were about the same for all runs listed in Table XII.

T A B LE X II
Roll conditions in 20 kr. turn witu constant thrust

vertical location of CO experimental

2.514 2.144 2.34 2.24 testcraft dat a

steady state

roll angle 1.55 1.43 1.32 1.22 1.3ó

peak
roll angle 1.67 1.53 1.36 1.35

pea k
roll rate 2.13 2.37 1.98 1.91

cycles of
transjents 8 8 8 8

refer to
plots 13—1 4 49—50 51-~52 53— 54

stead y s ta te
speed 19. 14 19.3 19.3  19.3 18.7

Table XIII shows th~ effect of changing the vertica l

location of t he  ce nter  of g r a v i t y  for  s i m u l a t i o n  r u n s  at
20 kn with 12 degrees port rudder angle and thrust mapping

applied , dea drise force computation for both sidewalls at

th e  center  of g r a v i t y  and t h e  coe f f i c i en t s  being 3 . 4  fo r  the
lateral added mass and CDSW=1 .28 for the sidewall drag.

These conditions were similar to those used in Table X.
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P From Table XIII the effect of reducing the vertical location

of the center of gravity in 0.1 ft increments over a

reasonable range can be obse rved  to  also resul t  in l inear
reductions in m aximum and steady state roll angle for the

case if thrust mapp ing is used. Nonlinear reductions appear

for the peak roll rate. The number of cycles during the

transient period (ten) is again not effected my the vertical

relocation of the center of gravity. Regarding the

corresponding plot s a very slight damping effect can be

observed for reduced vertical locations. The results given

in Table XIII are graphically represented in Figure 8

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

vertical location of CO experimental

2.54 2.1414 2.3(4 2.24 testcraft -data

s t e a d y  s ta te
roll angle 0.99 0.91 0.94 0.77 0.58

pea k
roll angle 1.47 1.36 1.25 1.16

peak
roll rate 2.114 1.92 1.714 1.58

cycles of

r t r a n s i e n t s  10 10 10 10
re fe r  to

plots 33 — 3 4 55—56 57— 58 5 9 — 6 0
s t e a d y  s ta te

speed 18.5 18.4 18. 14 18 .4  19 .2

(4 7
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0max ~~max
0gm

- 

0max

1.0_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ax

2.24 2.34 2.44 2.54

Figure  8 — ROLL CONDITIONS VERSUS

VERTICAL LOCATION OF CENTER OF GRAVITY (TABLE XIII)
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G. ROLL EANEING DUE TO VERTICAL WAV E GENERATION

One part of subroutine SIDEWALL is concerned with the

roll d am p ing effec t which is due to vertical wave generation

durin g a roll motion . The computation of the roll damp ing

term was developed by Oceanic s Inc. and added to the

program by Nenzel C Ref. 2]. The principles use d in tue
development cf this addition were not provided by Oceanics

Inc . ,  n o w e v e r , t h e  a p p a r e n t  idea is to reduce the computed

roll moment FK by some value which is dependent on the

craft s roll rate and its draft , thereby on t h e  ve r t i ca l
added mass A33. During the study of the effect of these

addi tional terms a d iscr epancy was no ted in the d imens ions
used in the calculations.

The roll momen t FK is calculated by the equation given

in SDWL195O and cons idering the expressions leading to this

sta t e m e n t  i t  is f o u n d  that

d im ( F K ]  = lb . f t

which is the correct dimension for a moment vector. Now

considering the dimensio n of the roll damping term

dim fPROMO2*YSW*YsW*BC2*P/PI ]

which is subtracte d from ?K (SDWL2200) it is found

PRCP~O2 ‘and P1 are dim ensionless

dim [ISV ] = f t

d i m  [ P )  = rad/sec
dim £ 8C2 ) = dim £A C2 ]

= dim (F C2 * len gth]
= dim (P 2 * cos(x)  * leng th ]

C, = dim [133 * leng th]
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= dim [ R H O  * fl * B *  l e n g t h) -- - •— - .~~~~~ - -
= (lb . sec 2 / f t4 )  . f t  . f t  . f t

So for the rcll dampin g term

dim [YSW * YSW * p * BC2]
= f t2  . (ra d/sec) . (lb . sec 2/ f t4 )  . ft3

= lb . f t  . sec

whic h is not the correct dimension for a moment expression.

Assum: .g that only the given terms may be involved in the

roll dampin g calcu lation, it is possible to come up wi th the
proper dimension if the roll rat e P were squared but keeping

its sign , thus getting

roll damping term = PRO�102*YSW*YSW*BC2*P*ABS (P)/PI

Also the vertical added mass shou ld  be associated w i t h  some

‘ velocity squared’  — expression which is absent in the

orig inal version of th is par t of the pro g ram but coul d be
generated by squaring the roll rate P. The effect of the

modified expression will be an incr ease in the damping

effect for roll rates 2>1.0 which exist only in the initial

phase of the turn man euver (maxi mu m roll ra te in all
simulation runs was about 2.0) . But for most of the run

l eng th  P is less than unity and the supposed modification

will decrease the damping effect especially when approaching

steady state (P 0.0)

The PR0~02 — t e rm provi des a means to arbitr aril y se t a
roll damping factor which , as stated in R eference 2, has
been found from experiments to be 16.0 . U n t i l  now
PROP~O2 1.0 has been used in this thesis w o r k .  So t h e  effect
of cha n ging it to the exper imen tal value is inves tigatad
n ext .  In the runs to be discussed turn maneuvers at 20 km

with a 12 degrees port rudder angle have been simulated with

deadr ise forces being computed at the center of grav3.’y,
using t he  expe r imen ta l  d a m p i n g  fac tor  P R O M O 2 = 16 . 0  and  the
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coefficients CDSW=1.28 for the sidewall drag and for

the lateral added mass.

1. Thrust is held constant with deadrise force contributions

from both sidewalls

Comparing the obtained plots 61— 62 with plots 21—22

(PRONO2=1.O) only a slight damp ing effect on roll angle

response can be observed (peak roll angle 1 . 4 50  versus
1.470), but the number of transient oscillations decreases

from eleven to nine. The pea k roll rate decreased from 2. 14

to 2.10 for PROMO2=16 .0 and the damping effect is more

pronounced in the roll rate time history.

2. Thrust is mapped with deadrise force contributions from

both sidewalls

Ccwparing the plots 63—614 with the corresponding ones

(33—34) for PRO~ O2=1 .O , again only a slight damping effect

can DC noticed. The peak roll angle is again reduced from

1.147 to 1.1450 and the number of cycles of transient

oscillations is uneffected.

If the damping term is changed to include the P*ABS(P)

expression (plots 65—66) there result eleven v e r s u s  n i n e
cycles of t r ans i en t  osci l lat ions w i t h  l i t t l e  higher
ampli tud es (pea k rol l angl e is again 1. 14 70 as it was for

PR OMO2=1.O ) . The roll rat e time history also shows little

larger amplitudes (peak roll rate is 2.14 versus 2. 10)

3. Thrust is mappe d with deadrise force contribution from

the ou tward  sidewall  on ly  and la tera l  added mass
coe f f i c i en t  C =0 .8

h
Comparing these plots (67—68) for PROMO2=16.O with plots

L$ 3— ( 44 whe re  P R C M O 2 = 1 . 0  aga in  on ly  a s l igh t  d a m p i n g  e f f ~ ct
in roll angle response can be noticed with the number of
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transient oscillations being uneffected. Using the P*ABS(P)

term the slight damping effect shown in plot 67 is cancelled

as shown in clot 69.

The above observations show that the experimentally

determined roll damping factor PRONO2=16.O h a s  onl y a
neg l ig ib l e  d a m p i n g  e f f e c t .  C o n s i d e r i n g  t h e  roll d a m p ing te rm
again as it was added to t he  present  X R — 3  Loads and  !lotions
Program in 1974 , ther e was  a 1/21 — f a c to r  whic h ac tual ly
cancelled the  21 — fac tor  con ta ined  in t h e  fo rmer  express ion
for  the  ver t ica l  added mass A33S (Sect ion I I I . A )  . Since ~ he

Pr — fac to r  a l ready  has been e l im i n a t e d  by co r rec t ing  the
A 33S — expression , there is no further- need to cancel it in

the damping term by the 1/21 — term which therefore also

could be eliminated. This change is expected to cause an

increase in sidewall roll damp ing by a factor of P1 and has

been investigated by an additiona l run.

4.  T h r u s t  is mapped  with deadrise force contribution from

the ou twar d sidewall only, roll damp ing tern being

16.O*YSW*YSW*BC2*P

and lateral added mass coefficient C =0.8
h

From plots 7 1—72 again only a s l ight  d a m p i n g  e f f e c t  versus
plots 67—68 can be noticed.

The inves t iga t ion described in t h i s  section shows that

the roll damping due to vertical wave generation as included

— 
in su brou tine SIDE WALL is no t very effec t ive even if the
factor PBONO2 in the dampin g term is increased from 16.0 to

50.0 • There also is a lack in ma tch ing  dimensions

(statement SDWL2200)
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IV. PROPULSION AND RUDDER SUBROUTINES

In all simulation runs executed during this study the

XR—3 Loads and ~1otions Program as given in Ref. 2 has been

used except for the rnodifications mentioned in this work.

This simula tion progra m contains Forbes ’ version [Ref. 9]

of ‘SUBROUTINE PROP’ which included some revisions of the

original version given by Leo and Soncal [Ref. 8]. Since in

TABLE VII (Section EII.B.14) the roll moment contributed by

the propulsion system (PKP) is rather small (0.1 to 0.2) an

additional run using Leo and Boncal’s version has been

executed under the conditions as stated for TABLE VII

(center of gravity ‘deadrise angle) . The steady state values

a re  shown  below (in pa ran theses  a r e  t h e  va lues  o b t a i n e d
using Forbes ’ versio n) :

pitch angle 0.414(0.45) draft 5.73( 5.81)

roll angle  1.6 7 ( 1 .5 3 )  speed 1 9 . 3 9 ( 1 9 . 3 7 )

FYSW —909.14 (—821.9) FYRUD — 5 L e . 7 (  3 2 . 7 )
FTAED — 21.3(— 20.0) R*V *AM 888.4( 809.2)

FTP 9 7 . 0 (  0 .0)

F1~BS —348.0(—336.4) FKSS — 3 . O ( —  2 . 7 )
FKSW 269.9( 212.1) FKRUD 150.3(— 89.9)

FF.AED — 63.5(— 56.0) FKP —305.2( 0.14)

AB PB *P HI *Z 2 9 9 . 5 (  273.5)

FYD — 7 2 9 . 2 ( — 6 5 1 . L$ ) FY 11 (P/B) — 4 3 / — 1 3 7 ( — 4 5 / — 12 6 )
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Regarding these values drastic differences are found for

FTP and FYRUD as well as for FKP and FKRUD , though the

steady state values for pitch and roll angle , draft and

speed are close to those obtained using Forbes ’ version.

The pitch and roll angle responses are given in plots 25—28.

Comparing these with the corresponding ones using Forbes ’

version (plots 13— 16) it is seen that Leo and Soncal’s

version gEnerates more oscillatory roll and pitch angle

responses. Therefore a review of subroutine PROP especially

the computation of the respective forces and mom ents has

been carried out and are discussed below .

The review resulted in force and moment equations which

are identical to those given by Leo and Boncal [Ref. 8].

Ancther point that supports the s~ pposition to use this

version of subroutine PROP is the fact that it provides a

r easonab le  roll moment due to the propulsion system (Forbes ’

version provides almost zero roll moment) . In order to test

the effect of chang ing subroutine PROP to its orig inal  f orm ,

simulation runs 1. and 2. from the preceding section have

been repeated and their time histories for the roll behavior

are shown in plots 73—74 and 75—76, respectively. Comparing

these with the corresponding ones using Forbes ’ version of

subroutine PROP , plots 61—62 and 63-64, it is observed that

the steady state and peak roll angles are larger by about

7 % and the number of transient oscillations is uneffected

by this change.
—...

Next  a rev iew of s u b r o u t i n e  RUDDER has been carried out
in o rder to inv estigate the cau se of the chan ge in si g n f or
FYR UD and FKRUD depending on the propulsion subroutine used

(For bes ’ or Leo and Bon cal’s version)  a l t h o u g h  ident ical
R U i) D E R — su b r o u t i n e s  hav e been used in both cases. The

impor tant equations to be considered are

— i
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DSR Z+ZS—XR*THETA

ENDFAC=i. + DSR/(DSR+~ SPA~1)

V H V  + XR *R — Z R *P

EFFA NG=RUDA NG — ENDFAC*VH/U

FY=RHO *U*U*RA REA *EN DFAC*RCLB* EFFAN G

FK —ZR*FY

The above equa tions com pute
— draft at the rudder location
— endfactor depending on the rudder length below the

craft’s keel
— sideslip velocity
— effective rudder angle depending on the craft’ s forward

and sideslip velocities
— lateral force depending on rudder area and effective

rudder angle
— roll moment due to rudder

The sign of the roll ~oment FK is dependent on the sign

of the lateral force F! which depends on the sign of the

effective rudder angle EFFANG. This in turn depends of

course on the introduced rudder angle , but the magnitude of

the second term of this equation (sideslip angle) is

responsible for the actual sign of EFFANG. VH/U represents

the tangent of the sideslip angle which — applying small

an gle ap proxi m at ion — is sub tracted f r o m  t h e  i n t r o d u c e d
rudder angle (see Figure 9) . Since ENDFAC 1.73 and 0 was

the same for both runs, a difference in VH which was larger

in Leo and Boncal’s version by about 50 % caused the

negative sign (versus a positive sign using Forbes ’ version)

for the effective rudder angle EFFANG and thereby FT. So

the only way to introduce a change toward an i n w a r d  roll
behavior  here (FKRUD was positive) is to first check the

i n p u t  va lue  for RSPAN and second to eventually modify the

craft’s engines to have larger immersion into the water.
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With regard to the first item , if RSPAN would increase,

ENDFAC would decrease as would the magnitudes of EFFAN G

(negative) , F! ( n e g a t i v e )  a n d  FK (positive)

SSA :

/
~~

ESSA

)VH

EFFA NG RUDANG

ESSA

SSA = VH/U sideslip angle

E S SA=E N DFAC *VH / U effective sideslip angle

RUDANG rudder angle
• EFFANG effective rudder angle

Figure 9 — EFFECTIV E RUDDER ANGLE IN A TURN MANEU VER

Considering next the fact that the engines of the XR— 3

ha d been repla ced in 1976 a recen t me asuremen t of the rud de r
an d pro peller loca tion yi eld ed the followin g data (origina l
i n p u t  v a l u e s  shown in  p a r an t h e s e s )

XP O = — 1 . 5 0  ( — 1 . 2 7 5 )
ZPO = —1.333 (—0.604)

X R O = — 1 . 0 8 3  ( — 1 . 1 2 5 )
R S P A N  1.333 ( 1.21
R A R E A  1 .4 2 ( 0.68
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Two of the runs discussed in the preceding section have

been repeated usin g the original roll damping term and the

n e w  propulsicn and rudder input pa rame ters.

1. Thrust is mapped with deadrise force contributions from

both sidewalls with C =0.4
h

Comparing plots 77—78 with the corresponding ones for the

forme r rudder and propulsion parameters (plots 63— 614) the

expected effect due to a decrease in PKRUD can be observed

resulting in smaller peak roll angle ( 1 . 3 4 0  versus 1.45°)

and a significantly decreased steady state roll angle (0.65°

versus 0.99° at t=50 sec) . The transient period of the roll

angle response in plot 77 shows the same number of transient

oscillations as plot 63 but the response did not reach

steady state even after 45 sec • The steady state roll

angle could be estimated to be about 0.3 to 0.4 degrees.

2.  Same  cond i t i ons  as in t h e  p r e v i o u s  r u n  b u t  w i t h  deadr ise

force contribution from the outward sidewall only and

C =0.8
h

Regardin~ plots 79—80 versus plots 71—72 a similar effect as

mentioned befo re is observed. Now the roll angle response

shows a more oscillatory transient period. The pea k roll

angle reduced from 1.146 to 1.36 degrees while the roll angle

at t=53 sec changed from 1.314 to 0.97 degrees . For this run

the steady state roll angle could be estimated to be about

0.8 degrees since the roll angle response again did not

reach steady state for the run using the recently determined

ru dder and propulsion parameters. The initial small

negative roll angl e which appeared in the previous run

(plot 77) at the moment when the rudder moti on is

introduced , does not show up any more. -The overall roll

response  shown in  plot 79 does no t fall off as s teeply

— 
( cowpareu  to plot 77) if , in a turn ma neuver , dead rise force
con tribution from the outward sidewall only is considered.
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From these runs it is obvious that the rudder and

propulsion parameters Df the new engines result in a more

favorable X R — 3  ro l l  b e h a v i o r  w i t h  a s i g n i f i c a n t l y  less

steady state outward roll angle. At the time of this

s e n s i t i v i t y  s tudy  R e f e r e n c e  7 po in ted  out that there

actually is no roll angle indicated by the measuring devices

in a port turn at 20 knots and 12 or 15 degrees rudder

angle. Keep ing the device sensitivity of ~0.5 degr ees in

m i n d , it can be concluded that the stead y sta te r oll ang l e
provided by the present X R—3 Loads and ~otions Program

including the before mentioned pro~ :an modificati ons by the

author , is quite well in agreement with the actual craft

data. Further efforts shoild be undertaken to obtain a

better damp ing effect during the transient period.

R emark
Although the new engines extend about 0.5 ft deeper into the

water than the old engines , the new input value for RSPAN is

close to the forme r value. In Reference 1 the denominator of

the second term in the equation for ENDFAC i~ uetined to be

the distance from the water surface to the bottom tip of the

rudder. The equati on for ENDFAC used in the present program

accounts for changes in draft DSR in both the numer ato~ and

the  de n o m i n a t o r .  The R S P A N — t e r m  shou ld  t h e n  be d e f i n e d  to
be the distance from the craft’s keel to the bottom tip of

the rudder. The author suspects that formerly there has b e e n

chosen too large a value for RSPAN in the case of the old

engines (RSPAN=1 . 21 ft, probably from water surface to

bottom tip of the rudder) . Since the bottom tip of the

rudder and the center of tne propeller were located at

almost  the same d i s t a n c e  f r o m  the  c r a ft ’s keel  the
magnitudes of ZPO and RS PAN should be about the same which

is not true for the f o r m e r  chosen va lu es .  F r o m  these

L 

observations the author concludes that until now a too
4-

optimistic roll behavior resulted due to a too large value

for R SPAN .
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V. CONCL tJSIJNS AND RECOMMEND ATIONS

The preceding sections of this chapter reflect the

results of an in vestigation on how the X R— 3 roll benavior in

turn maneuvers at 20 kn simulated with the Loads and Motions

Program is affected by certain changes in parameters ari d

forces. The results of this sensitivity study are

summarized as follows

* Added mass effect

A reformulation of the vertical added mass computation which

r educed  the  A 33s— va l u e  by a factor of 1/PI had only a little

effect in changing steady state draft , pitch angle and

required thrust for constant speed in stra ight runs. In

turn maneuvers this change resulted in less damped responses

f or pi tch an d roll angle an~ affected the steady state

values for pitch angle by +8.3 % , roll angle by -1.0 % and

draft by +1 .14 % . Considering the roll behavior , the effect

of reducing the A33s—value by a factor of 1/PI in the

vertical added mass computation was negligible.

A chang e in t h e  la tera l  added mass c o e f f i c i e n t  C~~~O . 1 4  to

0.8 had the effect of reducing the amplitudes of the

t r a n s i e n t  osc i l la t ions  and t h e  s teady state roll angle  by
0.1 degree toward the experimentally measured value. since

in a turn maneuver with 15 degrees rudder angle an unstaole

craft behavior showed up which had not been experienced in

pract ice , t h e  value  of is not r ea l i s t i c  if deadrise

( force contributions from both sidewalls are considered. If

d ead rise force con tri b ution fr om the ou twar d sidewall only
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is used in the simulation program the increase in lateral

added mass coefficient caises a n  increase in the steady

state roll angle by about 0. 1 degree . But since now the

roll angle response is quite significantly damped and

resembles a step as it does in practice, the choice of the

l a r g e r  c o e f f i c i e n t  (0 .8 )  seems to be appropriate for the

case of the deadrise force contributed from the outward

sidewall cnly .

* Deadrise angle effect

The deadnise angle s over the length of the curved X P—3

sidewalls are not uniform. Changing the deadrise angle which

is usel in the dea 3rise force computation from the transom

(78.8°) to trie center of gravity (58.5°) resulted in m ore

damped respcnses for pitch and roll motion in turn

maneuvers. For all chosen rudder angles generating port

turns at 20 kn the steady state roll angle changed favorably

by 23 to 38 % toward the corresponding roll angle measured

e x p e r i m e n t a l l y  and documented in Ref . 6.

* Cross-flow drag coefficient

Changing the cross—flow drag coefficient (CDSW 1.28 for a

long flat plate) to lower va lues, e.g. CDSW=1.00 , the
- 

testcraft ’s simulated roll behavior could be forced to match

the measured steady state values. But since this

coefficient has been chosen arbitrarily and cannot ~e

declared to be appropriate for the actual XR—3 s idewalls
(CDSW 1.0 means  t h a t  the re  is no e f f e c t i v e  drag c o e f f i c i e n t )
this CDSW—value has not been considered any longer. Another

suggested cross-flow drag coefficient CDSW=1.16 [R ef. 3)

resu l ted  in abou t 5 % r e d u c t i o n  in s teady sta te roll ang le
and  a sh or te r  t r a n s i e n t  per iod (about  20 %) w i t h  smal le r
am plitudes of oscillation than did t~e runs using CDSW=1.28.
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* Thrust mapping

Performing thrust ~m-; pping in the simulation runs using the

data provided in Ref. 6 and assunin~ that both engines lose

equal amounts of thrust in turn ma neuvers , the simulated

steady state roll angles could be shown to agree better with

the measured angles by about another 10 % but the roll angle

response did not quite reach steady state even aft er 145

seconds.

* Deadrise force from ou tward sidewall only

The s i m u l a t i o n  runs  e x e c u t e d  with the deadrise force

computed for the outward sidewall only and thrust mapping as

done before , showed less agreement for both C =O .L$ (0.8)

wit h the corresponding measured steady state roll angles

than did the runs considering deadrise forces from both

sidevalls. But for C~~ O.8 the roll angle response was

s i g n i f i c a n t l y  dam ped and looked more like a step, as was

experienced in practice.

* Vertical location of the center of g r a v i t y

The given value for the vertica l location of the center of

gravity (2.54 ft above the keel) mi ght not be quite correct

due to the d i f f i c u l t i e s  in experimentally determining it.

The significant effect of the vertica l center of gravity

location on the X R—3 roll behavior is obvious from Figur es 1

a n d  8 and  t h e  disc ussion in Section I I I .? .  Since it contr ols
exceedingly  the  X R — 3  roll b e h a v i o r  it is i m p o r t a n t  t h a t
f u t u r e  i nves t iga to r s  ob t a in  an  accura te  m e a s u r e m e n t  of t ie
C.G. location before taking testcraft data.

Hn

_ _ _ _  _ _ _  
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* Sub rou t ine PROP

A r ev i ew  of the propulsion subroutine revealed that the

force an d mom ent calculation s as given by Leo and Boncal

(Ref. 8) should be used instead of the version stated by

Forbes (Ref . 9 ) .  This  change  results  in  a 7 % larger outward
stead y state roll angle but it provides a reasonable roll

momen t due to the propulsion system.

* Roll damping d ue to ver t ica l w ave genera t ion

The roll damping calcu lation included in subroutine SID~ W &LL
ha s only a negligible effect on the craft’s ne t roll
behavior over the rang e of the dam pin g fac tor
1.0<PRONO2<50.0 . Since there also is a discrepancy in the

d imension of the roll dam p in g term the source of thi s par t
of the program should be investigated.

* Sug ges ted areas f or fur ther inv est iga tion

During the studies undertaken with the XR— 3 Loads and 2lotion

Pro gram the author found the f ollowing poin ts eit her in the
i n p u t  da ta  fro m the  t e s t c ra f t  or in the  p rogram t h a t  requi re
f u r t h e r  inves t iga t ion

. Rudder/ t h rus t ang le

As learned from R e f .  7 the  rudder/thr ust motion is d i r e c t l y
introduced to the port engine while the starboard engine

follows this via a metal bar connecting both engines. The

starboard rudder and thr ust vector may be off by 2 or 3

degrees to either side , depen ding on the direction of the
rudder/tnrust action . Thereby the roll behavior will

ce r t a in ly  be eff ected. Since r u d d e r/ t h r u s t  m a p p i n g  is
avai lable  in the Loads and Motion Program , it is i m p o r t a n t
that accurate data be collected for each engine during a

‘
-‘S test run .
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• X R — 3  w e i g h t

D u r i n g  each test run there is a possib ility that the weight

is not exac t s ince , as learned from Ref . 7, the testcraft

takes on water in the seals and thereby its weight increases

causing larger  d r a f t  which  also effects  t he  roll behav io r .
This add i t iona l  w e i g h t  can be subs t an t i a l  and a t t e m p t s
should be made to measure  or estimate the additional weight
to be used in the Loads and Motion Program.

• Cross— flow drag coefficient

Further efforts should be undertaken to establish the proper

value of the cross— flow dra g coefficient since CDSW=1.28

might not be quite appropriate for the actual shape of the

XR— 3 sidewalls.

• Sideslip velocity

T hose par ts of the Loa ds an d ~fot ion s Program w here  terms
contributing to the lateral velocity V are computed should

be reviewed since a large value of V ma y resul t in a change
in the effective rudder angle from positive to negative.

In this  sens i t iv i ty  s tudy  it has been shown  tha t  the
most significant effect on the simulated XR-3 roll behavior

are con t r ibu ted  by

* deadrise angle

* ver t ica l  location of the  center of g r a v i t y

* rudde r  and propeller  locat ion .

Less significant effects are contributed by

* t h rus t  m a p p i n g

* c r o s s — f l o w  drag coef f ic ien t
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For further studies concerned with the XR— 3 Loads and

Not ions Pro g ram for im prov ed roll behav ior repr esen ta t ion it
is rec ommend e d to use

— the reformulated equation for the vertical added mass
A33

— deadrise angle  at t he  center of g r a v i t y  locat ion

— deadrise force contribution from the outward sidewall

only

— subrou tin e PR OP as given by Leo an d Boncal and in
A p p e n d i x  C of  this thesis

— thrust and rudder mapping.
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A P P E N D I X  A

PLOTS

In the table given below are listed all plots with the

respective parameters used in the corresponding simulation

run. The table contains the following abbreviations

COEF coefficien t CG cen ter of gra v ity
CDSW sidewall drag C lateral added mass coef.

ch4 chap ter IV

DRANG deadrise angle DF16 PRONO2=16.0

PA p i tch  angle  PR pi tch ra te
R A roll angle RH roll r ate
REFTAB refer to table RUDANG rudder angle

TE Tran s o m
L— E Leo an d Boncal ’s v ersion of su b rou tine ‘PROP’ used

P*~ p~ or P*PI P replaced by ... in SDWL2200 (Section III.G)

ZS—O.1 vertical location of CG is 2.54 — 0.1 (ft)

PLOT REF RESP ROD DR COB? COB? THRUST SDWL— REMARK

NO TAB ANG ANG C CDSW MAP FORCES
h

1 1 BA 35 TR 0.4 1.28 no both 1no
2 1 PA 35 TR 0.4 1.28 no both J?BAR

3 1 BA 35 TR 0. 14 1.28 no both 1with
4 1 ~A 35 TR 0.14 1.28 no both fPBAR

5 14 HA 15 TR O.~ 1.28 no both

6 ‘4 PP 15 TR 0. 14 1.28 no both  old

~~ 7 ‘4 PA 15 TR 0 . 14  1 . 2 8  no both A33s
8 ‘4 PR 15 TR 0 .4  1.28 no bot h
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PLCT REF RESP ROD DR COB? COEF THRUST SD~IL— REMARK

NO T A B  A N G  ANG C CDSW M A P  FORCES
h

9 14 ,6 BA 15 TR 0. 14 1 .28 no both
10 4 , 6 BR 15 TB 0 . 14  1.28 no bot h
11 4 , 6 PA 15 TB O .~ 1 . 2 8  no both

12 4 , 6 PB 15 TB 0. 14 1.28 no b o t h
13 6 HA 15 CG 0.14 1.28 no both

14 6 BR 15 CG 0 . 14  1.28 no both
15 6 PA 15 CG 0. 14 1 .28  no bo th
16 6 PR 15 CO 0.14 1.28 no both

17 6 BA 15 CG 0.8 1.28 no both

18 6 BR 15 CG 0.8 1.28 no bot h
19 6 BA 12 TR 0.14 1.28 no both

20 6 ER 12 TB 0 . 14  1.28 no bo th
21 6 HA 12 CG 0.14 1.28 no both

22 6 RB 12 CG 0.14 1.29 no bot h

23 6 BA 12 CG 0.8 1.28 no both

24 6 BR 12 CG 0.8 1.28 no both

25 ch4 BA 15 CG 0.14 1.28 no both L—B

26 ch14 BR 15 CG 0.14 1.28 no both

27 chL4 PA 15 CG 0.14 1.28 no both L—B

28 ch4 PR 15 CG 0.4 1.28 no bot h L—B

29 8 BA 15 CC 0.4 1.28 no both

30 8 RE 15 CG 0.14 1.28 no both

31 8 RA 15 CG 0.4 1.16 no both

32 8 R H 15 CG 0. 14 1 . 1 6  no bot h

33 10 R A 12 CG 0.4 1.28 yes both
314 10 BR 12 CC 0.4 1.28 yes both

35 10 RA 12 CG 0.8 1.28 yes both

36 10 BR 12 CG 0.8 1.28 yes bot h

37 10 RA 12 CG 0.4 1.16 yes both

38 10 BR 12 CC 0.14 1.16 yes both

39 10 HA 12 CG 0.8 1.16 yes both

‘I 
‘
~ ‘10 10 BR 12 CC 0.8 1.16 yes bot h

t 66
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PLOT REF RESP ROD DR COEF COEF THRUST SDWL— REMARK

NO T A B  A N G  ANO C CDS~ M A P  F O R C E S
h

41 11 BA 12 CG 0. 14 1 .28 yes one
(12 1 1  ER 12 CC 0 . 14  1.28 yes one
43 11 RA 12 CG 0.8 1 .28 yes  one
44 11 BR 12 CG 0 .9  1.28 yes one
L15 11 HA 12 CG 0. 14 1.16 yes one
46 11 BR 12 CG 0.14 1.16 yes one

‘47 11 BA 12 CC 0.8 1.16 yes one

~4 8  11 ER 12 CG 0 .8  1 .16 yes one
149 12 HA 15 CC 0. 14 1. 28 no bo th  Z S — O . 1
50 12 ER 15 CG 0 .4  1 .28 no both  Z~ — 0. 1
51 12 BA 15 CG 0 .4  1 .28  no both  Z S — O . 2
52 12 BR 15 CG 0. 4 1 .28  no both  Z S — 0 . 2
53 12 BA 15 CC 0.14 1.28 no both ZS—O.3

54 12 BR 15 CG 0. 14 1.28 no bo th  Z S — 0 . 3
55 13 BA 12 CG 0.4 1 .28 yes both ZS—0. 1

56 13 RE 12 CG 0. 14 1 .28  yes bo th  Z S — 0 . 1
57 13 BA 12 CC 0 .4  1 .28  yes bo th  Z S — 0 . 2
5d 13 RR 12 CG 0. 14 1.28 yes bot h ZS—0 .2

59 13 HA 12 CC 0. 14 1 .28  yes both ZS—0.3

60 13 ER 12 CG 0 .4  1.28 yes both ZS—0.3

61 ch4 BA 12 CG 0. 14 1 .28 no bo th  DF1 6
62 ch4 ER 12 CG 0. 14 1.28 no bo th  DF16
63 ch4 BA 12 CC 0.14 1.28 yes both DF16

6L4 ch4 BR 12 CC 0. 14 1 .28 yes  b o t h  DF1 6
65 ch ’4 BA 12 CG 0. 14 1 .28  yes both ~DP1 ô

66 ch4 HR 12 CG 0. 14 1.28 yes both 1p*~ p i
67 chL4 BA 12 CG 0.8 1.28 yes one DP’16

68 ch’e BR 12 CC 0.8 1.28 yes one DF16

69 ch’4 HA 12 CC 0.8 1.28 yes one 1DF16

70 ch4 RB 12 CG 0.8 1.28 yes one ~
‘P*jPI

71 ch4 HA 12 CC 0.8 1.28 yes one IDF16

72 ch4 RB 12 CC 0.8 1.28 yes one

_____________________ 
_ _ _  
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PLOT REF RESP ROD DR COEF COEF THRUST SD~~L — R E I~A R K
NO T A B  A N G  ANG C CDS W M A P  FORCES

h

73 ch’4 BA 12 CC 0.4 1.29 no both 1DF1o
74 ch4 RR 12 CG 0. 14 1 .28 no both f l— B

7 5 ch4  BA 12 CG 0 .4  1 .28  yes both  )DF 16
76 ch4 HP. 12 CC 0 . 14  1 .28 yes bo th  j~L—B

77 ch4  BA 12 CC 0.14 1.28 yes both

7 8 ch4 RB 12 CC 0 .4  1.28 yes bot h
79 ch4 HA 12 CG 0.8 1.28 yes one m e w
80 ch4 HR 12 CG 0.8 1.28 yes one fRud

68 
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79 .
5

,

- ~~~~~
- — ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~,I.~~~-’~~~~— r-—--- -



• -
S

- 
‘

I I

- — 

I -

- 
“

( J i - -

- I 
~

_
4 

- I :~~ ~~~

PLOT 12
— f o r  app l i ed  parameter s  see f i r s t  page of this  a p p e n d i x

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  

80 

_ _ _ _ _ _ _-~~~ - - ‘%. ._ ~~~~~~~~~~~~~~~~~~~ _ ‘ • ‘“5-”  - ‘ ‘~~~~~ ~~ ‘‘



C

C

/ —--- -  --- - - - - - —- - ——~~~ . 
——_______ - -

~~~~~~~
-- - - -

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~fl LS,

r - — — - - — - . ‘ ‘ “ -

-

_ ‘ :  1 _~
_ T I~~~~fl~~ ~~~ I

i
— I~~ ~ . L I —

~~~ I ~: ~~1~~L_ fl~~~~~~ E ~~~~~~~ 
T J ~7E

L PLOT 13

for a~plied parame ters see fir st page of this ap pe nd ix

il 
81 -

:

~~~~~~~~~~~~~~~~~~~~~ ~~~H” ‘ - 
~~~~~~~~~~~~~~~~ ~ 

‘.
~~~~~~~

‘ ‘ “ “~~~~ 
- - - - - - - -



-S

—- 7

-~ I I

i
~ 

- —

~~~~~~~

.4. —---—.5 -/

I - ~~ fl I - -$ -~~ ‘ L . - -
~~~~~ s s.. Li S~~~~~~~IJ_ ‘. _ , I i L ) 

~~~~“ ‘ s.J 5

~~ -J
r-

~~~~L~~
-- -  

~
,
~~

1
~~

- _ j 1  
~:t ~~~ 3 1 ”

,~~ - , r  I I ~~’ I 
p- i n k - I — -

I I I ~~ I~~~ 
V I I 

_ I I L 2

- 

15 P’I~~L R~ T E .‘E1P5L~5- T IME

t C, 
PLOT 14

f o r  app l i ed  p a r a~ eter3 see f i r s t  page of this  a p p e n d i x
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for applied parame ters see first page of this appendix
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for applied parameters see first page of this appendix
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for applied parameters see first page of this appendix
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for applied parameters see first page of this appendix
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for applied parame ters see first page of this appendix
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for applied parameters see first page of this appendix
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for applied parameters see first page of this appendix
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for applied para~eters see first page of this appendix
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for applied parameters see first page of this appendix
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for applied parameters see first page of this appendix
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for ap plied parameters see first page of this appendix
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for applied para~ete~~ see first page of this appendix
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for applied paramete rs see first page of this appendix
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for applied parameters see first page of this appendix
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for applied parameters see first page of this appendix
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for applied parameters see first page of this appendix
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C’ for applied par~~eters see first page of this appendix
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for applied parameters see first page of this appendix
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for applied parameters see first page of this appe ndix
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APPENDIX B

MODIFICATIONS OF THE SIMULATION PROGRAM

- Duri ng the course ~f studies undertaken wit h the XR—3

Loads and Motion Program some statements have been added or

changed in order to improve the work with the simulation

program.

* MAIN program

The statements

C3M~1ON /AIR/ PINF ,RHOINF ,GAM ,IQUIT (MAINOO5O)

IF (NYTIME(D(JN) .LT.IQUIT) GO TO 12 (MAINO661)

have been modified and added to the MAIN—progra m . The

purpose of the second statement is to start the writing of

tae output values desired if computer time has reached the

demanded time (jobcard) reduced by IQ~JIT which is the

expected amount of time (in 10 ‘ seconds) required to print

the output. The user may input the desired value of IQ UIT as

the fourth parameter (110—Format , columns 36—45) on the 107

data car- i . Defaul t value for IQUIT is 600000 (60 seconds).

* Subroutine INCON

The added statements are

IQUIT=600000 (INCNO881)

to set the defaul t value  and

R E A D  (5,2041) 1Q01? (1NCN1455)
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to read the set value for 1Q01? t~iereby overriding the

default value.

* Subroutine RHS

In Menzel’s version E Ref. 2 )  of the XR— 3 Loads and Motions

Program the entered craft’s velocity 00 (kn) is changed in

Subroutine INCON to U (ft/sec) by

U = 00*1.6889 (1NCN4580)

and in Subroutine RHS transformed back to units in knots

(RHS 1850) by

VEL = 0.5925*0 . (RHS 1850)

From these two equations follows

VEL = 0.592 5*00*1.6889

and for 00=20 kn there results VEL = 20.0135 ka . But since
- - it is desired that VEL=LJ Q the statement has been corrected

to -

VEL = 0/1.6889

Statements MA INO84O , RHS 1140 have been changed accordingly.

* Subroutine INTGRL

To this subrcutine the statement

CALL COLPIL (INT 1021)
C -— ).

has been added in or-ler to provide the output values already

calcula ted to the user if the minimum time interval allowed

in the integration process is undergone. Before this

addi tion only  the warn in g message

‘DELTA TIME L ESS TRAM 1.OE— 6 — — JOB STOPS ’

appeared and the output values have been lost.

______________________________________________ ____________________ - - - 
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