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STATIC STABILITY 

TRANSVERSE WEIGHT SHIFT EXAMPLE 

A DD 692 DESTROYER IS FLOATING IS SALT 
WATER AT THE FOLLOWING DRAFTS AND KG: 

THE SHIP IS INITIALLY UPRIGHT. 

A 20-TON WEIGHT IS SHIFTED HORIZONTALLY 
FROM PORT TO STARBOARD THROUGH A 
DISTANCE OF 30 FEET, FIND THE 
RESULTING ANGLE OF LIST, 



STATIC STABILITY (CON'T) 

WEIGHT SHIFT EXAMPLE - SOLUTION 
1. FROM CURVES OF FORM AT 

Tm = 13.75 FT: 

FIND, 

DISPLACEMENT (CURVE 1): = 3350 LT. 

= 19.30 m. A.K. KM (CURVE l O ) = 9 6 5 ~ .  ,wT 

2 .  GIVEN K G  = 16.30 q. A.U. 

THEN 

3. APPLY FORMULA, 

FIND +an @, THEN 91 



















STATIC STABILITY (CON'T) 

CROSS CURVES OF STABILITY 

CROSS CURVES ARE PLOTS OF GZ 
VERSUS DISPLACEMENT FOR VARIOUS 
ANGLES OF INCLINATION. 

READ MODERN SHIP DESIGN FOR 
DISCUSSION OF USE OF MECHANICAL 
INTEGRATOR, BUT- 

a TODAY CROSS CURVES ARE ALWAYS 
GENERATED BY COMPUTER PRCGRAM AT 
THE SAME TIME THE OTHER CURVES OF 
FORM ARE GENERATED 



OlSPLACEMENT - TONS 
- 



STATIC STABILITY (CON'T) 

CROSS CURVES MAY BE VISUALIZED IN A 
THREE DIMENSIONAL VIEW 



STATIC STABILITY (CON'T) 

CROSS CURVES OF STABILITY 

ENTER CROSS CURVES WITH 
DISPLACEMENT, FIND GZ FOR VARIOUS 
ANGLES OF INCLINATION, 

a CROSS CURVES ARE BASED ON AN 
ASSUMED KG (SOMETIMES CALLED THE 
AXIS OR THE POLE) 

THE VALUES OF GZ MUST BE CORRECTED 
FOR ACTUAL KG 





STATIC STABILITY (CON'T) 

CORRECTION FOR ACTUAL KG 

a THE ASSUMED KG IS AT A 

THE ACTUAL KG IS AT G 

THE VALUES READ FROM THE CROSS 
CURVES ARE AZ, 



STATIC STABILITY ( C O N ' T )  

C O R R E C T I O N  FOR ACTUAL KG 

GZ = AZ, - AR 
GZ = AZ, - AG sin 9 

T H U S  THE CORRECTION TERM I S  

AG sin@ 



STATIC STABILITY (CON'T) 

CORRECTION FOR ACTUAL KG 

THE CORRECTED STATIC STABILITY CURVE IS 
THE DIFFERENCE BETWEEN THE UNCORRECTED 
CURVE AND SINE CURVE CORRECTION. 

B curve of FG, x sin 4 

Angle of heel In degrees 









STATIC STABILITY (CON'T) 

FINAL CORRECTED CURVE 

I 

VERTICAL coaRCCT10)( 

W I G  INAL S T ~ B I L I T Y  CUWE 

CURVE CORRECTED VERTICALLY 

NOTE THAT THE TRANSVERSE CORRECTION IS 
SUBTRACTED ON THE SIDE TOWARD THE SHIFT 
AND ADDED' ON THE SIDE AWAY FROM THE 
SHIFT. 







S T A T I C  S T A B I L I T Y  ( C O N ' T )  

HULL FORM E F F E C T S  

GZ CURVE LARGER AT L I G H T  DRAFT THAN AT D E E P  
DRAFT,  BUT 

GM GREATER AT DEEP DRAFT THAN AT L I G H T  DRAFT 



eroblem: Basic 

A rectangular barge i s  f l o a t i n s  i n  s a l t  water and has the fo l l ow ing  dimensions 
and dra f ts :  

An i n c l i n i n g  exper iment  i s  now conducted on t h e  barge. Three twen ty - ton  
weights i n i t i a l l y  on the cen te r l i ne  are shifted, f l r s t  20.00 ft. t o  port, then 
back t o  t h e  c e n t e r l i n e ;  t h e n  20.00 ft. t o  s ta rboard ,  t h e n  back t o  t h e  
center l ine.  A 100" long pendulum i s  used t o  measure the def lect ions.  

The resu l t s  are tabulated below: 

h'eight Pendu 1  urn 
easltion Def 1ectio.n 

20.00' p o r t  3. 5dU p o r t  

20.00' stbd 3 .5011 stbd 

(1) On graph paper make a  p l o t  o f  Jnc l  i n i n g  b m e n t  vs. Janaent ef Anale pf 
Inc l ina t ion ,  both po r t  and starboard. 

(2 )  Compute GKt from the p l o t t e d  resu' l ts 

( 3 )  Find K6 and BMt 

( 4 )  Find KG 



BAS1 C NAVAL ARCHITECTURE 

Problem 30 

Problem Level : Basic 

A rectangular barge is floating upright in salt water with no cargo on board. 

Hold /I5 is now filled with homogeneous cargo @ 140 ft3/ton. Find the 
resulting Angle of list. 



P r o b l e m :  Intermediate 

The f o l l ow ing  s p e c i f i c a t i o n  f o r  an e a r l y  sh ipbu i ld ing  venture I s  c i t ed :  

"Make t h e e  an a r k  o f  gopher wood; rooms s h a l t  t h o u  make i n  t h e  ark, 
and s h a l t  p i t c h  i t  w i t h i n  and wf thout  w i t h  p i t ch .  

And t h i s  i s  t h e  f a s h j o n  wh l ch  t h o u  s h a l t  make i t o f :  t h e  l e n g t h  o f  
t h e  a r k  s h a l l  be t h r e e  hundred c u b i t s r *  t h e  b r e a d t h  o f  i t  f i f t y  
c u b i t s  and the  he ight  o f  it t h l r t y  cub i ts .  

A window s h a l t  thou make t o  t he  ark, and i n  a c u b i t  s h a l t  thou f i n i s h  
f t  above; and t he  door o f  t h e  ark  s h a l t  thou se t  I n  t h e  s i de  thereof;  
w i t h  lower, second, and t h i r d  s t o r i e s  s h a l t  thou make it." 

(Genesis 6:14) 

a) Assume t h a t  Noah constructed t he  ark  i n  the  form o f  a rectangular  barge. 

b )  Assume t h a t  c u r r e n t  Load L i n e  R e g u l a t i o n s  f o r  s h e l t e r  deck s h i p s  would 
hzve represented good p r a c t i c e  a t  t h a t  t ime. A freeboard-to-depth r a t i o  
o f  .40 may be taken. 

c )  Fo r  t h i s  t y p e  o f  c o n s t r u c t i o n  and l o a d i n g  t h e  h e i g h t  o f  t h e  c e n t e r  o f  
g r a v i t y  I s  est imated t o  be located a t  60% o f  the  vessel's depth above the 
keel  . 

d l  The r a t i o  o f  t h e  L l g h t - s h i p  w e i g h t  t o  t h e  F u l l  Losd D isp lacement  f o r  a 
wooden s h i p  o f  t h i s  l e n g t h  i s  h i g h  because o f  t h e  heavy s t r u c t u r e  
involved. Take t h i s  r a t i o  t o  be .40. 

a) F u l l  Load Displacement 
b) Deadweight 
c )  Height  o f  Center o f  Buoyancy 
d )  Getacentr ic  Radius 
el Metacentr ic  Height 



P r o b l e m 3 1  (cont inued) 

Problem I evel :  Intermediate 

To examine t he  transverse stab11 i t y  o f  the  ark  assume the  f o l l o w i n g  weights 
i n l t i a l l y  d i s t r i b u t e d  about t h e  cen te r l i ne  have s h i f t e d  t o  t he  extreme beam. 

elephants E 5 tons each 
hippopotamuses @ 4 tons each 
rhinoceroses k? 3 tons each 
walruses @ 1 t o n  each 

2 g i r a f f e s  @ 1 t o n  each 
2  yaks @ .5 t o n  each 
2  horses .5 t o n  each 
2 l i o n s  e .25 t o n  each 
2 t i g e r s  @ .25 each each 

Kiscel laneous 6.4 tons 

f )  The r e s u l t i n g  angle o f  l i s t .  

* 
A c u b i t  i s  u n i t  o f  leng th  = 18" 



Problem Levgl: Intermediate 

During a shipyard a v a i l a b i l i t y  a OD692 (long h u l l )  c lass destroyer i s  f l o a t i n g  
i n  f resh  water w i th  no l i s t  and a t  the fo l low ing dra f ts :  

I n  t h l s  c o n d i t i o n  t h e  s h i p  i s  I n c l i n e d  t o  measure KG. The Angles o f  
i n c l  i n a t i o n  o f  t h e  des t roye r  a r e  measured by measuring t h e  d e f l e c t i o n  o f  a 
pendulum 10011 long. The des t roye r  i s  i n c l i n e d ,  f i r s t  t o  s t a r b o a r d  t h e n  t o  
p o r t ,  by s h i f t i n g  a 39 t o n  we igh t  th rough t r a n s v e r s e  d i s t a n c e s  o f  10.00' and 
20.001 o f f  the center l ine  t o  each slde. The data taken were: 

10 .OO1 stbd 4.80" s tbd 

20.00' stbd 10.20" s tbd 

4 0.20" s tbd 

10 .OO1 p o r t  5 .2011 p o r t  

20.001 po r t  9.80" p o r t  

& 0.20" p o r t  

Procedure 

a) Compute t h e  i n c l i n i n g  moments, w x d, and t h e  t a n s e n t  o f  t h e  ang le  o f  
i n c l  I nation: 

pendulum de f l ec t i on  
t e n  8 - - 

pendulum length 

b )  P l o t  these va lues  on t h e  graph paper prov ided.  Note t h a t  t h e r e  i s  some 
experimental sca t te r  i n  the data. With a straightedge draw the s t r a i g h t  
l i n e  which represents the  best average o f  these points. Measure the slope 
o f  t h i s  average l i ne .  



Problem 34 (cont inued) 

Problem I evel: Intermediate 

w x d  
C )  Solve t he  formula, - = GK t a n  0, f o r  GM. 

w x d  
n 

- 1 
GW = - 

t a n  8 A x s lope 

d l  F ind  KG and LCG. 

A f t e r  complet ing t he  yard a v a i l a b i l i t y  t he  sh ip  f i t s  out, fuels,  and p rov is ions  
f o r  sea. The DCA keeps a r e c o r d  o f  a l l  w e i g h t  a d d i t i o n s  and deduc t i ons  and 
t h e i r  centers. The r e s u l t a n t  o f  a l l  these weight changes i s :  

+660 tons 34.00' a f t  36 15.52' above K 

e l  F ind  the  l o n g i t u d i n a l  and v e r t i c a l  l o c a t i o n  o f  t he  ship's cen te r  o f  g r a v i t y  
when ready f o r  sez. F ind t he  mean d r a f t  and GCI i n  t h i s  condi t ion.  
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 13 

T i t l e :  The s h i p  a t  r e s t  - s t a t i c  s t a b i l i t y  - 3 

Tape Running Time: 27M 13' 

Reading Assignment: MSD, pp 68-70 

A d d i t i o n a l  References : PNA, pp 95-96, 99-103 

Scope : 

The s tudy o f  s t a t i c  s t a b i l i t y  i s  cont inued.  The i m p l i c a t i o n s  of nega t i ve  GM 
and "1 01 1  i ng" are  d iscussed.  

Key P o i n t s  t o  Emphasize: 

1. Discuss t h e  meaning o f  nega t i ve  GM i n  terms of i t s  e f f e c t  on t h e  S t a t i c  
S t a b i l i t y  Curve. E x p l a i n  F igures  3-17, 3-18 and 3-19, MSD, pp 67. 

2. Go over t h e  l o n g i t u d i n a l  weight  s h i f t  example and e x p l a i n  t h e  method o f  
s i m i l a r  t r i a n g l e s  t o  d i s t r i b u t e  t h e  changes i n  d r a f t  f o r e  and a f t ,  

3. Review method f o r  c a l c u l a t i n g  e f f e c t  o f  smal l  we ight  a d d i t i o n s  on trim and 
l i s t .  

Suggested Problem Assignment: one of 27, 28, 32, one o f  35, 36, 37, 38 











STATIC STABILITY (CON'T) 

LONGITUDINAL WEIGHT SHIFT EXAMPLE 

SOLUTION (CON'T) 

THE CHANGE IN TRIM WILL BE: 





















Problem 77 

Problem Level: Basic 

A hopper barge has the  shape shown below: 

a) Calcu la te  t he  displacement i n  s a l t  water a t  f ou r  o r  f i v e  d r a f t s  from zero 
up t o  201-0". P l o t  t h e  Displacement Curve w i t h  d r a f t  as the  o rd ina te  and 
displacement as t h e  abscissa on a sheet o f  graph paper. Use a scale of 1" 
= 4'-0" f o r  d r a f t  and 1" = 400 tons f o r  displacement. 

b) I n  the  L i g h t  Ship cond i t i on  w i t h  no cargo (sand) on board the  barge f l o a t s  
a t  a d r a f t  o f  8'-0" f o r e  and a f t .  From y o u r  D i sp l acemen t  Curve f i n d  t h e  
L i g h t  Ship Displacement a t  t h i s  d ra f t .  

c )  1200 t o n s  o f  Deadweight  (sand) a r e  now loaded  u n i f o r m l y  on t h e  barge. 
From your Displacement Curve f i n d  t he  new mean d ra f t .  

d l  F i n d  t h e  f r eeboa rd  and t h e  r e s e r v e  buoyancy i n  l o n g  t o n s  (s.w.1 w i t h  t h e  
load o f  sand on board. 



Problem Level: Intermediate 

A rec tangular  hopper barge has the  f o l l ow ing  dimensions: 

The barge  i s  loaded  w i t h  sand and mud d redg ings  i n  b r a c k i s h  w a t e r  whose 
s p e c i f i c  volume i s  35.5 f t 3 / t o n .  The d r a f t  i t h l s  c o n d i t i o n  i s  16'-O1I, f o r e  ! and a f t .  The barge i s  now towed t o  sea (35 f t  / ton) and t h e  cargo dumped. The 
d r a f t  a t  sea a f t e r  dumping cargo i s  now 51-0f1r f o r e  and a f t .  

Find: ( a )  Displacement o f  barge and cargo i n  brackish water 
(b )  Displacement o f  t he  barge and cargo a t  sea 
( c )  Dfsplacement o f  t h e  barge a f t e r  t he  cargo i s  dumped 
( d l  Deadweight 



BASIC NAVAL ARCHITECTURE 

Problem 32 

Problem Level:  Advanced 

A sh ipyard ' s  f l o a t i n g  crane mounted on a r e c t a n g u l a r  barge is t o  be used t o  
recover  a heavy o b j e c t  r e s t i n g  on the  bottom i n  30 f e e t  of s a l t  water.  
Gooseneck of the crane boom is  a t  deck l e v e l  of the  barge and 28 f e e t  a f t  of 
amidships. It is es t ima ted  t h a t  the  o b j e c t  weighs 48 tons  i n  a i r  and 

3 d i s p l a c e s  840 f t  of water when f u l l y  submerged. The dimensions and KG of the  
barge before  h o i s t i n g  commences a r e :  

L = 
PP 

105 '-0" 

B = 36'-0" 

=T =T Tf a m = 12 '-0" 

D t 19'-0" 

KG = 7.00' above K 

Hois t ing  of the  o b j e c t  now commences. Find: 

( a )  Dra f t s  at each corner  of the  barge when the  o b j e c t  has been ho i s t ed  
j u s t  c l e a r  of the  bottom. 

( b )  Dra f t s  a t  each corner  of the  barge when the  o b j e c t  j u s t  c l e a r s  the  
water su r face .  W i l l  the  deck edge of the  barge submerge a t  any 
po in t?  

" I  * I I - I 



BASIC NAVAL ARCHITECTURE 

Problem 35 

Problem Level  : Basic 

An FFG-7-type f r i g a t e  i s  i n  a sh ipyard  i n  s a l t  water  prepar ing  t o  leave f o r  
sea. The d r a f t s  and KG are: 

KG - - 18.00' above bottom o f  keel 

( 1 )  Find t h e  displacement o f  t h e  ship. 

( 2 )  From t h e  Cross Curves o f  S t a b i l i t y  f i n d  t h e  R i g h t i n g  Arms a t  t h e  above 
displacement up t o  an Angle o f  I n c l i n a t i o n  o f  60'. 

Co r rec t  t h e  values read from t h e  curves f o r  t h e  ac tua l  value o f  KG. 
Remember t h a t  s ince  the  ac tua l  KG i s  below t h e  value assumed i n  t h e  
curves o f  19.00 ft., t h e  c o r r e c t i o n  i s  p o s i t i v e ,  i.e. 

GZ = AP + AG s i n 8  

(3) P l o t  t h e  co r rec ted  curve on graph paper t o  t h e  f o l l o w i n g  scales:  

Angle o f  I n c l i n a t i o n :  1" = 10' 

R i g h t i n g  Arm:  1" = 0.50' 



Problem 36 

P r o b l e m :  Intermediate 

A DD692 ( long h u l l )  c lass  dest royer  i s  f l o a t i n g  i n  s a l t  water a t  t h e  f o l l o w i n g  
d r a f t s :  

KG - - 16 .501 above 

Ca lcu la te  and p l o t  t he  Curve o f  S t a t l c a l  S t a b i l i t y  and t he  Curve o f  Dynamical 
S t a b i l i t y  f o r  t h i s  condi t ion.  F ind t he  maximum Right ing A r m  and the  Angle o f  
I n c l i n a t i o n  a t  which i t  occurs .  F i n d  t h e  Range o f  S t a b i l  Sty. E s t i m a t e  GMt  
from the  curve. 

Procedure 

F i n d  t h e  d i sp l acemen t  co r respond ing  t o  t h e  d r a f t s  g iven .  E n t e r  t h e  Cross 
Curves o f  S t a b i l i t y  (attached) w i t h  t h i s  displacement and f i n d  R igh t ing  Arms as 
a  f unc t i on  o f  Angle o f  I n c l  i ne t ion .  The Cross Curves a re  based on an Assumed 
Cen te r  o f  G r a v i t y ,  KA, o f  14.00' above t h e  base l i n e .  The R i g h t i n g  Arms, APl 
o b t a i n e d  f r o m  t h e  Cross Curves mus t  be c o r r e c t e d  t o  t h e  a c t u a l  KG u s i n g  t h e  
formula: 

P l o t  t h i s  c o r r e c t e d  cu rve  o f  GZ ve r sus  Anqlo o f  I n c l i n a t i o n  on graph paper. 
D iv ide  the range o f  s t a b i l i t y  i n t o  a  number o f  equal i n t e r v a l s  and record the  
value o f  the  Right ing A r m  (cor rected)  a t  each o f  these s ta t ions .  The Curve o f  
Dynamical S t a b i l i t y  ;s a curve whose o rd ina te  represents work done on sh ip  i n  
i n c l i n i n g  up t o  t h a t  sngle. I n  o ther  words it i s  the i n t e g r a l  o f  the  S t a t i c a l  
S t a b i l i t y  Curve when t h $ t  curve i s  p l o t t e d  as Right ing Moment versus Angle o f  
I n c l i n a t i o n  i n  r a d i a n s  . To compute t h e  cu r ve  use t h e  t r a p e z o i d a l  r u l e  t o  
i n t e g r a t e  s u c c e s s i v e l y  f r o m  t h e  o r i g i n  ove r  t o  t h e  s t a t i o n s  ass igned  above. 
Or, you may s imply  accumulate areas o f  i n d i v i d u a l  trapezoids. Be sure t o  apply 
a c o r r e c t i o n  f a c t o r  t o  conver t  R igh t ing  Arms t o  R ish t ing  Moments and ansles t o  
rad ian  measure. P l o t  t h i s  curve on t he  same graph using an appropr ia te  sca le  
f o r  the  ordinate.  

* 180' 
One rad ian  = - = 57.3O 'n 



CROSS CURVES OF STABILITY 
DO 692 (LONG HULL) 

DISPLACEMENT - TONS 



BASIC NAVAL ARCHITECTURE 

Problem 37 

Problem Level : Basic 

For t h e  FFG-7-type f r i g a t e  o f  Problem 35, i n i t i a l l y  u p r i g h t  and f l o a t i n g  a t  
the  f o l l o w i n g  d r a f t s  and KG, 

KG - - 18.00' above bottom o f  keel  

f i n d  t h e  weight which when s h i f t e d  20.00' o f f  c e n t e r l i n e  t o  s tarboard would 
cause a  l i s t  o f  15' t o  starboard. 

On graph paper, p l o t  t h e  Curve o f  S t a t i c  S t a b i l i t y  f o r  t h i s  cond i t i on ,  both t o  
p o r t  and t o  starboard. Use t h e  f o l l o w i n g  scales: 

Angle o f  I n c l i n a t i o n :  1" = 10' 

R igh t ing  Arm: 1" = 1.00' (some over f low)  



BASIC NAVAI ARCHITECTUPJ 

Problem Level: Basic 

An FFG7-Class f r i g a t e  i s  underway a t  sea w i t h  t he  f o l l ow ing  est imated d ra f t s :  

( a )  F ind  t he  displacement and LCG i n  t h i s  condi t ion.  

A h e l i c o p t e r  c a r r y i n g  s t o r e s  has a g r o s s  w e i g h t  o f  31,600 l b s .  and l a n d s  
on t he  helodeck 165.0' a f t  o f  amidships. 

( b )  F ind  t h e  displacements, LCG, and d r a f t s  i n  t h i s  cond i t i on .  

( c )  I n  which d i r e c t i o n  and how much weight would have t o  be s h i f t e d  through a  
d is tance o f  60.0 ft. t o  r es to re  t h e  sh ip  t o  l e v e l  t r i m ?  
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 14 

T i t l e :  - The sh ip  a t  r e s t  - s t a t i c  s t a b i l i t y  - 4 

Tape Running Time: 27M 20' 

Reading Assignment: MSD, pp 329-331 

A d d i t i o n a l  References: PNA, pp 99-103 ( repeated)  

Scope : 

The t rea tmen t  o f  s t a t i c  s t a b i  1 i t y  i s  concluded by examples of de te rm ina t ion  o f  
d r a f t s  and 1 i s t  f o l l o w i n g  mu1 t i p l e  weight  a d d i t i o n s  and/or removals. 

Key Po in ts  t o  Em~has ize :  

1. Review example given. 

2. Emphasize t h a t  same t a b u l a r  procedure i s  fo l lowed f o r  weight  removals, 
except t h a t  s i g n  i s  changed i n  weight  and moment columns. 

Suggested Problem Assignment: one o f  19, 20, 33, one o f  39, 40, 41 



STATIC STABILITY (CON'T) 

WEIGHT ADDITIONS - 

LARGER WEIGHTS OR MULTIPLE WEIGHTS 

USE TABULAR FORMAT. (NOTE: CAN ALSO 
USE THIS METHOD FOR SMALL WEIGHT CASE) 

ILLUSTRATE BY EXAMPLE. 

t . 
ITEM WEIGHT CG MOMENT 





STATIC STABILITY (CON'T) 
WEIGHT ADDITION EXAMPLE (CON'T) 

1. FIND DISPLACEMENT AND HYDROSTATICS 
IN ORIGINAL CONDITION 

LCB = 2.65 FT F 
LCF = I 6.9 ~7 A 
TPI = 30.a T W S / I ~  

HTI = 652 P ~ - T O W S / I ~  

NOTE: BE CAREFUL OF SCALES WHEN READING 
CURVES. 









STATIC STABILITY ICON'T) 
- 

WEIGHT ADDITION EXAMPLE (CON'T) 

3. WE ARE NOW READY TO DO THE CALCULATION 
IN TABULAR FORMAT. 

ITEM 

ORIG SHIP 
AMMO 
STORES 
FUELOIL 
NEW SHIP I 3, I I 5 1 0.15~1 4-1 20.01 1 6~33')  1 a09613 I 3o0P 

TM 

o 
o 

3ooP 
o 

WT 

Zq35 
80 
69 
4 0  

VM 

s@,q~+ 
2 , ~  

sco 

TCG 

0.0 

0.0 
S.OP 
0.0 

VCG 

20.10 

24.00 

(s.00 
3.00 

LCG 

1.35 A 
13o.of 
1~0.0 A 
52.0 F 

LM 

39624 b 

~oflmF 
Q,cm A 
~ , W F  



STATIC STABILITY (CON'T) 

WEIGHT ADDITION EXAMPLE (CON'T) 

4 .  FIND NEW DRAFTS. 

FROM CURVES OF FORM AT NEW 
DISPLACEMENT: 

AT A, = 3115, T I 11 LCF 
= l3.60F-T = 13'-7/4 

LCB - 
II 1.00 FT F 

LCF = 21.10 FT A 

TPI = 30.92 w s / ; w  

MTI = 693 FT-TWS/IN 





STATIC STABILITY (CONmT) 

WEIGHT ADDITION EXAMPLE (CONmT) 

T = \3'-714" = l 3 ' - ~ % "  LCF 
d - - (+)2 '4" - (-, 234" 

df 
- 

a 
T I /I = 13'09 h 

Tf 
= /5'-4I/Z" 

a 





STATIC STABILITY (CON'T) 

WEIGHT ADDITION EXAMPLE (CONCLUDED) 

RECAP: AFTER WRIGHT ADDITIONS THE DRAFTS 
AND ANGLE OF Lisa WILL BE 

LIST = = z.zO (%ST) 



STATIC STABILITY (CON'T) 

WEIGHT REMOVALS 

SAME PROCEDURE AS WEIGHT ADDITIONS, EXCEPT - 

1. MINUS SIGN IN WEIGHT COLUMN 

2. MINUS SIGN IN WEIGHT COLUMN CHANGES THE 
SIGN IN MOMENT COLUMNS. 



Problem: Basic 

R e f e r  t o  t h e  Curves o f  Form f o r  t h e  FFG7-type f r i g a t e .  Note t h a t  t h e r e  i s  no 
curve prov ided f o r  Cor rec t ion  t o  Displacement due t o  One Foot Change o f  T r im by 
t he  S te rn  (CDlTA) 

The formula f o r  t h i s  parameter i s :  

AWp x LCF 
CDlTA = 

35 L~~ 

where t he  LCF i s  measured from midships and i s  taken as p o s i t i v e  a f t  

The w a t e r p l a n e  a rea ,  A may be  f o u n d  f r o m  t h e  r e l a t i o n s h i p  f o r  
Tons aer  Inch Immersion, (a' 

(1) Der ive a  formula f o r  CDlTA i n  terms o f  TP3, LCF, and L  P P 

The l o c a t i o n  o f  t h e  LCG IF t h e  l e v e l  t r i m  c o n d i t i o n  may be found  f r o m  t h e  
Curves o f  Form by f i n d i n g  t h e  LCB a t  t h e  l e v e l  t r i m  d r a f t ,  s i n c e  t h e  LCB and 
t h e  LCG a r e  a1 ways i n  a  v e r t i c a l  l i n e .  To f i n d  t h e  s h i f t  i n  t h e  LCG t h a t  has 
caused t he  sh ip  t o  assume a  trimmed a t t i t u d e  use t h e  f o l l o w i n g  re l a t i onsh ips :  

Tr im - - = Ta - Tf 

MTI x Tr im 
S h i f t  i n  G = GE1 - - 

A 
where MTI = Moment t o  Tr im One Inch 

( 2 )  An FFG7-type f r i g a t e  i s  f l o a t i n g  a t  t he  f o l l ow ing  d r a f t s :  

Find: LCG, LCB, LCF, KB, KF:T. b?TI, PI, A,,, A,, CDlTA, . 



BASIC NAVAL ARQl1TECTUR.E 

Problem 20 

Problem Level: Basic 

A PD-214-type container ship i s  alongside a dock i n  a shipyard i n  f resh  water 
(36.0 f t3 / ton )  a t  the following d r a f t s :  

Find the displacement and LCG i n  t h i s  condition. 

The ship now steams out to sea. Find the d ra f t s  a t  sea with the following 
fue l  o i l  burn-off: 

W t  
Item - It - 

LCG 
Ft from Midships 

Fuel Burned 230.00 38.00 F 



Problem Level:  Baslc 

Using "Displacement and Other Curves" f o r  a DD692 Class destroyer furnlshed i n  
Hodern  S h i ~  D e s m ,  f i n d  t h e  d i s p l a c e m e n t  (sew.) and LCG o f  t h e  s h i p  a t  t h e  
f o l  low1 ng draf ts .  



Problem I evel: Basic 

A PD-214-type c o n t a i n e r  sh ip  has t h e  f o l l o w i n g  weight  breakdown i n  t h e  f u l l  
load condit ion: 

Weight VCG LCG 
J~S~D 1.2 -L ~t from ~ i d s h u  

Crew and E f fec ts  20 89.00 170.00 A 

Stores 3 0 52.50 124.50 A 

Potable Water 200 14.50 137.00 A 

B o i l e r  Feed Water 200 2.80 151.30 A 

Lube O i l  5 0 8.00 190.20 A 

Diesel O i l  1 1.80 190.20 A 

Fuel O i l  23 00 14.00 38.10 F 

Containers 8 19.45 It 
Hold: 411 
On deck-2 high: 142 
On deck-3rd t i e r :  61 

S.W. B a l l a s t  1860 2.60 58.40 F 

Find: 

Deadweight 
Drafts, forward and af t ,  w i t h  a l l  weights on board except containers 

and S.W. b a l l a s t  
Drafts, forward and a f t r  LCG and KG i n  the F u l l  Load condi t ion 
GKt i n  t he  F u l l  Load cond i t ion  without f ree surface correct ion 

Note: Use tabu lar  format f o r  CG calculat ions. 



BASIC NAVAL ARCH I TECTURE 

Problem 40 

Problem Level : In termediate  

A PD-214-type conta inersh ip  i s  i n  s a l t  water alongside a load ing p i e r .  The 
d r a f t s  and est imated KG are: 

( 1 )  Find t he  displacement and LCG i n  t h i s  cond i t i on .  

( 2 )  Twenty conta iners  w i t h  an average weight of 20 tons each are s h i f t e d  
forward from Hold #5 t o  Hold #2, d is tance of 260.0 ft. KG a f t e r  t h e  
s h i f t  remains t he  same. Find t he  LCG and d ra f t s  i n  t h i s  condi t ion.  

(3) A f t e r  t he  conta iner  s h i f t  t he  sh ip  has a l i s t  o f  5" t o  starboard.  How 
many more containers a t  20 tons each can he loaded t o  b r i n g  t h e  sh ip  t o  
l e v e l  t r i m  a t  her f u l l  load d r a f t  o f  30'-0"? The added conta iners  w i l l  
be placed on deck and i n  holds w i t h  an average VCG fo r  t h e  added load  o f  
78.60 f ee t  above the keel. What w i l l  be the  requi red l o n g i t u d i n a l  and 
t ransverse  center  o f  g r a v i t y  of t he  added conta iner  cargo t o  achieve 
l e v e l  t r i m  w i t h  no l i s t ?  



BASIC NAVAL ARCH I TECTURE 

Problem 41 

Problem Level : In termedia te  

The FFG-7-type f r i g a t e  of Problem 35 i s  a t  sea w i t h  the  f o l l o w i n g  d r a f t s  and 
KG:  

K G  - - 18.00' above bottom o f  keel  

( a )  Convert t h e  R igh t ing  Arms found i n  Problem 35 t o  R i g h t i n g  Moments by 
means o f  t h e  re1 a t  ionsh ip :  

R i g h t i n g  Moment = G 2 . A  

P l o t  t h e  curve o f  R igh t ing  Moments versus Angle o f  I n c l i n a t i o n ,  8 . 
Righ t ing  Moments: 1' = 2000 f t - t o n s  

Angle o f  I n c l i n a t i o n :  1" = 10' 

( b )  Calcu la te  t h e  Dynamical S t a b i l i t y  i n  increments of 10' up t o  60'. P l o t  
on t h e  same sca le  as f o r  R igh t ing  Moments. 

Recal l  t h a t  Dynamical S t a b i l i t y  i s  t h e  area under t h e  S t a t i c  S t a b i l i t y  
Curve when t h a t  curve i s  p l o t t e d  as R i g h t i n g  Moment versus Angle o f  
I n c l i n a t i o n  i n  radians. 1 rad ian = 180/7 = 57.3 degrees. Use t h e  
Trapezoidal  ~ u l e m c u l  a te  area:. Ref: G i  1  lmer, pp 333. 

( c )  A h e e l i n g  arm due t o  beam wind has been c a l c u l a t e d  and i s  represented by 
t h e  equat ion:  

Wind hee l ing  arm = 1.50 (cos O ) 2 

where O i s  t h e  Angle o f  I n c l i n a t i o n .  Ca lcu la te  t h e  Wind hee l ing  moments 
and p l o t  on t h e  same p l o t .  Determine t h e  angle of steady heel due t o  a  
beam wi nd. 
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 15 

T i t l e :  - Ship hazards and v u l n e r a b i l i t y  - 1 

Tape Running Time: 3oM 25' 

Reading Assignment: MSD, pp 71-76 

A d d i t i o n a l  References: PNA, pp 78-88, 121-133, 141-149 

Scope: 

F l  oodabl e  l e n g t h  d e f i n i t i o n s  a r e  i n t r o d u c e d  and t h e  meaning of f l  oodable 
l e n g t h  curves i s  exp la ined.  Free s u r f a c e  e f f e c t s  on t h e  v i r t u a l  r i s e  i n  G a r e  
i n t  roduced. 

Key Po in ts  t o  Emphasize: 

1. Review d e f i n i t i o n s  o f  f l o o d a b l e  l e n g t h  terms. 

2. Emphasize t y p i c a l  shape o f  f l o o d a b l e  l e n g t h  curves w i t h  minimum and 
maximum p o i n t s .  

3. Discuss i n f l u e n c e  o f  f reeboard,  sheer, form. 

4. Discuss importance i n  s e t t i n g  bulkheads i n  e a r l y  stage design.  

5. Emphasize g raph ica l  i n t e r p r e t a t i o n  us ing  a rc  t a n  2  t r i a n g l e s .  

6. E x p l a i n  F i g u r e  4-3, MSD, pp 73. Discuss f looded s t a b i l i t y .  

7. Discuss f r e e  su r face  efs;ect. E x p l a i n  t h a t  t h e  f r e e  su r face  c rea tes  a  
t r a n s v e r s e  weight  s h i f t  t h a t  can be t r e a t e d  as a  v i r t u a l  r i s e  i n  G. 

8. Go over  c a l c u l a t i o n  o f  moment o f  i n e r t i a  o f  f r e e  sur face,  d e n s i t y  
c o r r e c t i o n ,  e f f e c t  on S t a t i c  S t a b i l i t y  Curve (F ig .  4-5, MSD, pp 75). 

9. If t i m e  pe rm i t s  comment on paragraphs 5.9 and 5.10, PNA, pp 88. 

Suggested Problem Assignment: 26, 42 o r  43 



SHIP HAZARDS AND VULNERABILITY 

RESERVE BUOYANCY 

RESERVE BUOYANCY IS THE TOTAL WATERTIGHT 
VOLUME CONTAINED BETWEEN THE WATERLINE AND 
THE UPPERMOST WATERTIGHT DECK 

UPPERMOST WATERTIGHT DECK 

\ 
RESERVE BUOYANCY' 











SHIP HAZARDS AND VULNERABILITY (CON'T) 

CURVE OF FLOODABLE LENGTH 

THE CURVE OF FLOODABLE LENGTH IS A CURVE 
THAT AT EVERY POINT IN ITS LENGTH HAS AN 
ORDINATE REPRESENTING THE LENGTH OF SHIP 
WHICH MAY BE FLOODED WITH THE CENTER OF 
LENGTH AT THAT POINT AND WITHOUT THE MARGIN 
LINE BEING SUBMERGED 





rn 'el 
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SHIP HAZARDS AND VULNERABILITY (CON'T) 

FLOODABLE LENGTH CURVE EXAMPLE 





SHIP HAZARDS AND VULNERABILITY (CON'T) 

FLOODABLE LENGTH LIMITED BY TRANSVERSE 
STABILITY 

TREATMENT SO FAR HAS BEEN BASED ON THE 
LIMITS OF SINKAGE AND TRIM CAUSED BY 
SHELL-TO-SHELL FLOODING OF A DAMAGED 
COMPARTMENT 

8 FLOODING ALSO AFFECTS TRANSVERSE 
STABILITY 

- LOSS OF WATERPLANE INERTIA LOWERS M 
- ADDED WATER CAUSES RISE IN G 
FLOODABLE LENGTH LIMITED BY TRANSVERSE 
STABILITY IS MOST AFFECTED IN MIDSHIPS 
REGION 







S H I P  HAZARDS AND VULNERABILITY (CON'T) 

FREE SURFACE E F F E C T  

NOTE THAT T H E  S H I F T  O F  T H E  WEDGE O F  L I Q U I D  
C A U S E S  A LARGE T R A N S V E R S E  S H I F T  COMPARED T O  
A S L I G H T  R I S E  I N  T H E  CG OF T H E  WEDGE. 



S H I P  HAZARDS AND VULNERABILITY (CON'T) 

FREE SURFACE EFFECT 







S H I P  HAZARDS AND V U L N E R A B I L I T Y  ( C O N ' T )  

F R E E  SURFACE EFFECT 

THE MOMENT O F  I N E R T I A  OF A RECTANGULAR FREE 
SURFACE 

MESSAGE: THE FREE SURFACE E F F E C T  I S  
PROPORTIONAL TO THE CUBE OF THE BREADTH OF 
THE TANK. LONG,  NARROW TANKS WILL HAVE 
SMALLER FREE SURFACE LOSSES. 





SHIP HAZARDS AND VULNERABILITY (CON'T) 

FREE SURFACE - POCKETING 

I Unconrcted for kee  Surface 
2 Free Surface Ltfect not eonetted for Pockdinm 
3 Corrected for Unrestricted h e r  Surface 
4 Free Surface Meet corrected for Pockdin8 
6 Corrrcted for Pocketed hem Sudace 

- 
Angle of k;k.-gnu 



Problem I evel:  Basic 

A r e c t a n g u l a r  barge  120' x 35' x 10' has a  d r a f t  o f  4.0 ft. i n  s a l t  water.  KG 
= 5 ft. The barge  t h e n  f l o o d s  an o f f  c e n t e r  tank,  d imens ions  35 f t .  f o r e  and 
a f t  by 15 ft. a t h w a r t s h i p s  t o  a  dep th  o f  4 f e e t  i n  s a l t  water.  The c e n t e r  o f  
g r a v i t y  o f  t h e  f l o o d f n g  wa te r  i s  l o c a t e d  20 f e e t  t o  s t a r b o a r d  o f  t h e  & , 40 
f e e t  a f t  o f  the  c,f. and 5 f e e t  above t he  keel. Find:. (a) new displacement i n  
tons, (b) new mean d ra f t ,  ( c )  GF! corrected f o r  f r e e  surface, ( d l  Angle o f  L i s t .  



BAS1 C NAVAL ARCHITECTURE 

Problem 42 

Problem Level  : Basic 

A r e c t a n g u l a r  barge has t h e  f o l l o w i n g  dimension, d r a f t s  and KG i n  s a l t  water :  

KG - - 5.00' above BL 

I n i t i a l l y ,  t h e  barge has no l i s t .  

An o f f - c e n t e r  tank,  dimensions 35.0 ft f o r e  and a f t  by 15.0 ft a thwar tsh ips ,  
i s  f l ooded  t o  a  mean depth  o f  4.0 f t  w i t h  s a l t  water. The c e n t e r  o f  g r a v i t y  
of t h e  water  i n  t h e  tank  i s  10.0 ft t o  s ta rboa rd  of t h e  c e n t e r l i n e .  

F ind:  ( a )  o r i g i n a l  displacement, KB, BMt, and GMt 

( b )  d i  sp l  acement and volume o f  d i  s p l  acement a f t e r  f l o o d i n g  

( c )  KB, and K% a f t e r  f l o o d i n g  

( d )  GG1 due t o  added weight  o f  f l o o d i n g  water  

( e )  moment of i n e r t i a  of t h e  sur face o f  t h e  f l o o d i n g  water 

( f )  f r e e  su r face  co r rec t i on ,  GIGv, due t o  f l o o d i n g  water 

( g )  G,Mt? me tacen t r i c  he igh t  c o r r e c t e d  f o r  cen te r  of 
g r a v i t y  s h i f t  and f ree  sur face 

( h )  Angle o f  L i s t  



BASIC NAVAL ARCHITECTURE 

Problem 43 

Problem Level : Basic 

A FFG-7-Class f r i g a t e  i s  f l o a t i n g  i n  s a l t  water a t  t he  f o l l o w i n g  d r a f t s  and 
KG: 

KG - - 20.00' above BL 

( a )  Find the  displacement, LCG and GMt i n  t h i s  condi t ion.  

(b) From t h e  Cross Curves o f  s t a b i l i t y  cons t ruc t  t he  S t a t i c  S t a b i l i t y  Curve 
f o r  t h i s  cond i t i on .  

( c )  Damage t o  t he  sh ip  r e s u l t s  i n  500 tons o f  f l ood ing  water being admit ted 
t o  t he  ship. The c.g. o f  t h e  f l ood ing  water i s  on t he  c e n t e r l i n e  and 
12.50 f t  above t h e  baseline. The f r e e  sur face loss  due t o  t he  f l ood ing  
water i s  2.0 ft. There i s  no f r e e  communication e f f e c t .  Find t h e  
metacent r i c  he ight .  P l o t  the  R igh t ing  Moment curve. 

(d)  The wind hee l ing  moment f o r  t he  sh ip  a t  0' i n c l i n a t i o n  i s  1600 f t-  
tons. P l o t  t he  Wind Heel ing Moment curve on t he  same p l o t  as ( c )  above 
and f i n d  t h e  angle o f  steady heel t h a t  you ld  r esu l t .  (Recal l  t h a t  t h e  
wind hee l ing  moment i s  a  func t ion  o f  coSQ ). 
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 16 

T i t l e :  Ship hazards and v u l n e r a b i l i t y  - 2 

Tape Running Time: 35M 35S 

Reading Assignment: MSD, pp 79-85, 91-93, 253-255, 333-339 

A d d i t i o n a l  References: USN Design Data Sheet 079-1 
CFR 46, Subchapter 5 

Scope : 

The e f f e c t  of a s h i p  holed so t h a t  f l o o d i n g  water  i s  i n  f r e e  communication 
w i t h  t h e  sea i s  discussed, USN and CFR 46 s t a b i l i t y  c r i t e r i a  a re  ou t1  ined.  

Key P o i n t s  t o  Emphasize: 

1. I n s t r u c t o r  should o b t a i n  and rev iew USN DDS 079-1 and CFR 46 Subchapter 5 
be fore  t h i s  c l a s s  session. 

2 .  Go over  s teps  i n  f r e e  communication s o l u t i o n ,  MSD, pp 80-81, 

3. Emphasize t h a t  f r e e  communication e f f e c t  appl  i e s  o n l y  t o  unsymmetrical 
f l o o d i n g ,  Discuss des ign  imp1 i c a t i o n s  on l o c a t i o n  of l o n g i t u d i n a l  
b u l  kheads, c ross  connect ion  arrangements. 

4. USN S t a b i l i t y  C r i t e r i a .  Emphasize energy concepts, Emphasize a r t i f i c i a l  
y e t  p r a c t i c a l  na tu re  of c r i t e r i a ,  Student should understand t h i s  c r i t e r i a  
t ho rough ly .  

5 .  Review CFR 46 s t a b i l i t y  c r i t e r i a  and a p p l i c a b i l i t y ,  

Suggested Problem Assignment: 44 o r  45 



SHIP HAZARDS AND VULNERABILITY (CON'T) 

FREE COMMUNICATION EFFECT 

IF A SHIP'S HULL IS HOLED BELOW THE WATERLINE 
SO THAT THE SEA MAY FLOW FREELY INTO AND OUT 
OF THE DAMAGED COMPARTMENT THE CONDITION IS 
DESCRIBED AS PARTIAL FLOODING WITH FREE 
COMMUNICATION WITH THE SEA. 





SHIP HAZARDS AND VULNERABILITY (CON'T) 

FREE COMMUNICATION EFFECT 

FREE COMM EFFECT 



SHIP HAZARDS AND VULNERABILITY (CON'T) 

FREE COMMUNICATION EFFECT 

STUDENT SHOULD FOLLOW DERIVATION OF ADDED 
WEIGHT METHOD, PP80-81, MSD. 

SUMMARY OF CORRECTIONS 

1. ADDED WEIGHT OF FLOODING WATER CAUSES 
VERTICAL CG SHIFT, GG1 
CORRECTION = GG1 s i n #  (RISE , DOWN +) 

2 FREE SURFACE = rn sin# (VIRT RISE - 1  
"I 

3 FREE COMMUNICATION = sin# v 
4 rn TRANSVERSE SHIFT = 2z cos# 4 



SHIP HAZARDS AND VULNERABILITY 

ADDED WEIGHT VERSUS LOST BUOYANCY 

PROBLEMS INVOLVING FLOODING, E.G., 

- FLOODABLE LENGTH 

- FREE COMMUNICATION 

HAY BE TREATED BY CONSIDERING THE 

FLOODING WATER AN ADDED WEIGHT, 

OR, 

BY CONSIDERING THE FLOODED SPACE A 

LOST BUOYANT VOLUME 





SHIP HAZARDS AND VULNERABILITY (CON'T) 

STABILITY CHARACTERISTICS 

INDICATORS OF A SHIP'S STABILITY 
CHARACTERISTICS ARE: 

GM 

RANGE OF STABILITY 

a AREA UNDER GZ CURVE 

BUT THE MOST IMPORTANT IS 

MAXIMUM RIGHTING ARM AND 
THE ANGLE AT WHICH IT OCCURS 







SHIP HAZARDS AND VULNERABILITY (CON'T) 

U.S. NAVY INTACT STABILITY CRITERIA 

THE HEELING MOMENT - IN FOOT-LBS IS - 
H .  = (PRESSURE) (AREA) (LVR) 

PRESSURE WIND AREA LVR 
COEFF. VELOCITY 

THE cos# TERM ACCOUNTS FOR THE CHANGE IN 
PROJECTED AREA AND LEVER ARM 

THE HEELING ARM = HEELING MOMENT 
2240 





SHIP HAZARDS AND VULNERABILITY (CONaT) 

U . S .  NAVY I N T A C T  S T A B I L I T Y  C R I T E R I A  

CURVE A IS THE RIGHTING ARM CURVE 

CURVE B IS THE HEELING ARM CURVE 

POINT C IS THE ANGLE OF STEADY HEEL DUE TO 
WIND 



SHIP HAZARDS AND VULNERABILITY (CON'T) 

U . S .  NAVY INTACT STABILITY CRITERIA 

CRITERIA 

- HEELING ARM AT POINT C NO MORE THAN 60% 
OF MAXIMUM GZ 

- ANGLE OF STEADY HEEL CANNOT EXCEED lo0 
(15O FOR SHIPS IN SERVICE) 









SHIP HAZARDS AND VULNERABILITY (CON'T) 

CFR 46 STABILITY REQUIREMENTS 

SUBCHAPTER S f  CFR 46 

ADMINISTERED BY USCG 

REQUIREMENTS VARY WITH VESSEL TYPE, 
LENGTH AND GROSS TONNAGE 

STABILITY TEST (INCLINING EXPERIMENT) 
REQUIRED TO FIND LIGHTSHIP, VCG, LCG, 
AND /\ 
REQUIREMENTS ARE SPECIFIED FOR THE 
LOCATION OF W.T. DOORS 

CORRECTIONS FOR FREE SURFACES. ARE 
REQUIRED 







Problem 44 

Problem I eve l :  Intermediate 

An FFG-7 Class f r i g a t e  i s  underway a t  sea w i t h  t he  f o l l o w i n g  es t imated  d r a f t s  
and GM: 

Whi le i n  t h i s  c o n d i t i o n  t h e  sh ip  i s  damaged below t h e  wa te r l i ne  and f l oods  a  
compar tment  25.0 ft. f o r e  and a f t  by  14.0 ft. a t h w a r t s h i p s  w i t h  90 t o n s  o f  
seawater i n  f r e e  communication w i t h  t h e  sea. The cog. o f  t he  f l o o d i n g  water i s  
10.0 f t .  above t h e  k e e l  and 7.0' t o  s t a r b o a r d  o f  t h e  c e n t e r 1  ine.  F i nd :  ( a )  

due t o  t h e  added w e i g h t  o f  t h e  f l o o d i n g  w a t e r ?  ( b )  f r e e  s u r f a c e  
e f  e c t ,  and ( c )  KG1 f r e e  commun i ca t i on  e f f e c t ,  ( d l  f i n a l  m e t a c e n t r i c  h e i g h t  a f t e r  
f lood ing,  and (e l  l i s t  due t o  t h e  f lood ing.  



BAS 1 C NAVAL ARCHITECTURE 

Problem 45 

Problem Level : In termediate  

A DD 692 ( long  h u l l )  c lass dest royer  i n i t i a l l y  up r i gh t  and a t  l e ve l  trim i s  
engaged i n  b a t t l e  ac t i on  a t  the f o l l o w i n g  displacement and GM: 

A - - 3500 LTSW 

The sh ip  i s  damaged a t  the  water l ine.  The f o l l o w i n g  compartments are f looded 
w i t h  a mean depth o f  4.0 f t  o f  f l ood ing  water i n  t he  compartment: 

Compartment Locat ion Length Breadth 

C-201E Frs. 145-157 15.75' 13.00' 

C-203L Frs. 157-170 22.75' 39.00' 

( a )  Find the  added weight o f  f l ood ing  water i n  each compartment. 

( b )  Find t h e  f r ee  surface loss  i n  GM due t o  t he  damage i n  each compartment. 

( c )  Find the  loss  i n  GM due t o  f r e e  communication e f f o r t .  

( d )  Find t he  r e s u l t i n g  GM and angle of l i s t .  



















"c. 9 = 13,21 FT e < -  
' c . 2 ~ 3 ~  

\,NG N O W  b C r D  K*, O F  TUG S K I P  
( w I T - ~  PREP SJ=F;-QP. CC~~(MJL I (CAT~OJ  
WXGCTi 045) , 









BAS1 C NAVAL ARCH1 TECTURE 

U n i t  Number: 17 

T i t l e :  - Ship hazards and v u l n e r a b i l i t y  - 3 

Tape Running Time: 35M 45S 

Reading Assignment: MSD, pp 85-93 

Add i t i ona l  References: PNA, pp 118-120, 149-165 

I n t r o d u c t i o n  t o  Naval A r c h i t e c t u r e  (INA) . G i  1  lmer. DD 

Scope: 

Factors  a f f e c t i n g  t h e  s u r v i v a b i l i t y  o f  naval ships are discussed, i n c l u d i n g  
a b i l i t y  t o  s u r v i v e  underwater a t tack ,  p r o t e c t i o n  of v i t a l  systems aga ins t  
f l o o d i n g ,  p r o t e c t i o n  aga ins t  c o l  1  i s i o n  and stranding.  The approach t o  damaged 
s t a b i l i t y  ana lys i s  i s  out1 ined bu t  d e t a i l s  are no t  developed. Assumed damage 
c o n d i t i o n s  and c r i t e r i a  f o r  s u r v i v a l  a re  o u t l i n e d ,  

Kev Po in ts  t o  Em~hasize:  

1. Supplement v ideo graph ics  w i t h  photographs of damaged sh ips  as ava i  lab1 e. 

2 .  Stress damaged c o n d i t i o n s  which are  assumed and c r i t e r i a  f o r  s u r v i v a l .  

3. Go over t h e  e f f e c t  o f  s t r a n d i n g  on G and method o f  ana lys is ,  Drydocking 
ana lys i s  example w i l l  be g iven i n  next  u n i t .  

4. Discuss "vee-1 ines"  and design imp1 i c a t i o n s ,  

Suggested Problem Assignment: 47, one o f  48, 49, 50 



SHIP HAZARDS AND VULNERABILITY (CON'T) 

SUBDIVISION OF NAVAL SHIPS 

CONSIDERATIONS: 

8 ABILITY TO SURVIVE UNDERWATER ATTACK 

PROTECTION OFVITAL SPACES AGAINST 
FLOODING 

a INTERFERENCE OF SUBDIVISION WITH 
ARRANGEMENTS 

INTERFERENCE OF SUBDIVISION WITH ACCESS 
AND SYSTEMS 

PROVISION FOR CARRYING LIQUIDS 

POSSIBILITY OF COLLISION DAMAGE 

POSSIBILITY OF STRANDING 











SHIP HAZARDS AND VULNERABILITY (CON'T) 

SIDE PROTECTION SYSTEMS - NAVAL SHIPS 

U e S . S e  
PEARL H 

CXIC;INAL 
mLKUEAD 
LOCATIONS 

FINAL 
WLKUF;AD 
LOUGTlOHS 

WEST VIRGINIA AFTER TORPEDO HIT AT 
ARBOR 







SHIP HAZARDS AND VULNERABILITY (CON'T) 

ASSUMED DAMAGE CONDITIONS - NAVAL SHIPS 
2 .  SHIPS WITHOUT SIDE PROTECTION SYSTEMS. 

UNDER 100 FEET IN LENGTH 
- MUST BE ABLE TO WITHSTAND 

FLOODING OF ANY ONE MAIN 
COMPARTMENT. 

100 FEET TO 300 FEET IN LENGTH. 
- MUST BE ABLE TO WITHSTAND 

FLOODING OF ANY TWO ADJACENT 
COMPARTMENTS. 















GROUNDING AND STRANDING 

W H E N  THE SHIP IS AGROUND THE SHIP IS NO 
LONGER A TWO FORCE SYSTEM. A THIRD 
FORCE, THE GROUNDING FORCE IS NOW 
INTRODUCED. 

I ' 'GROUNDING FORCE 

WEIGHT AND BUOYANCY ARE NO LONGER 
VERTICALLY ALIGNED. 
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Problem I evel :  Intermediate 

An FFG-7-type f r i g a t e  w i t h  low f u e l  and no b z l l a s t  I n  t he  f u e l  tanks i s  i n  the 
f o l l ow ing  cond i t i on  i n  s a l t  water: 

Ta 
t 1.4 ' -0" 

KG D 20.50' above t he  kee l  

( a )  P l o t  the  S t a t i c  S t a b i l i t y  Curve f o r  the  sh ip  i n  t h i s  condi t ion.  

De te rmine  t h e  ang le  o f  s teady  w ind  heel ,  P o i n t  C on F i g  4-11, pp 84,  gill^, 
using t he  wind heel l ng  arm equat ion g iven  on pp 84. Take: 

vw 
- - 100 knots 

Notes : 

(1) The FFG-7 30' cross curve i s  p l o t t e d  s l i g h t l y  lower than i t  should be. 
( 2 )  I n  the formula on pp 84, M i s  t he  heel ing - arm, no t  t he  heel ing 

moment (confusing notat iony.  2  2  
( 3 )  T h e i t s  bur ied i n  the constant .0035 a re  I b s / f t  k t  



Problem 48 

Problem l e v e l :  Basic 

An FFG7 C lass  f r i g a t e  e n t e r s  a g r a v i n g  dock i n  f r e s h  w a t e r  a t  t h e  f o l l o w i n g  
d r a f t s  and KG. 

KG = 18.001 above kee l  

The s i d e  b l o c k s  i n  t h e  dock mus t  be f i t t e d  a f t e r  t h e  s h i p  has s e t t l e d  o n  t h e  
kee l  b locks  bu t  before t h e  water l e v e l  has been lowered t o  t h e  p o f n t  where t h e  
sh ip  w i l l  develop a l i s t .  Thus t h e  c r i t i c a l  cond i t i on  occurs when GM becomes 
negat i ve. 

F ind t h e  ship's mean d r a f t  when GFI = 0 and t h e r e a f t e r  becomes negative. F ind  
t he  t o t a l  load on t he  kee l  b locks  a t  t h i s  po in t .  



Problem I evel :  Intermediate 

A DD 692 ( l o n g  h u l l )  c l a s s  d e s t r o y e r  i s  underway  a t  sea w i t h  t h e  f o l l o w i n g  
approximate d r a f t s  and KG: 

KG - - 16.50' above keel  

Find: (a )  LCBI LX, and displacement a f l o a t  

The sh ip  grounds on a  co ra l  reef .  A survey shows t h a t  the  sh ip  i s  r e s t i n g  on a  
c o r a l  l edge  between f r ames  80 and 90 and t h a t  t h e  h u l l  i s  i n t a c t  and n o t  
se r i ous l y  damaged. The d r a f t s  are now: 

Find: ( b )  l o c a t i o n  and magn i tude  o f  t h e  buoyan t  f o r c e  i n  t h e  grounded 
c o n d i t i o n  

( c )  l o c a t i o n  and magn i tude  o f  t h e  g round ing  f o r c e  e x e r t e d  by  t h e  
ree f  on t he  sh ip  

( d l  614 i n  t h e  grounded cond i t i on  

A r i s e  o f  t i d e  o f  1.25 ft. i s  expec ted  i n  abou t  t w o  hours  when t h e  n e x t  h i g h  
t i d e  occurs, 

( e l  Make an es t im te  o f  the  grounding fo rce  a t  the  h igh  t i d e  



Problem 50 

C a l c u l a t e  t h e  f o l l o w i n g  p a r a m e t e r s  and c o e f f i c i e n t s  f o r  t h e  s h i p  d a t a  g i v e n  
below: 

Ship Speed = V = 20.00knots  

Ship Length = Lpp = 400'-0" 

V 
Find: Speed-Length Ra t i o  = - 

6 
v 

Froude C!umber - = Fn - F 
VL 

Reynolds Number - 
= Rn - -  J a t  53' F sea water 

- ITTC F r i c t i o n  C o e f f i c i e n t  = Cf - 
(logl0 R, - 2)  2 

Tab les  o f  K i n e m a t i c  V i s c o s i t y  and D e n s i t y  o f  f r e s h  w a t e r  and sea w a t e r  a r e  
g iven  i n  t h e  Appendix t o  t h e  Problem S e t .  
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 18 

T i t l e :  Ship hazards and v u l n e r a b i l i t y  - 4 

Tape Running Time: 27M 28' 

Reading Assignment : 

A d d i t i o n a l  References: 

MSD, pp 90-91 ( repea t )  

PNA, pp 118-120, 256-270 

Scope : 

Types of drydocks and drydock procedures a r e  discussed. An example of 
s t a b i l i t y  a n a l y s i s  d u r i n g  drydock ing i s  g iven.  

Key F o i n t s  t o  Emphasize: 

1. I f  sponsor ing i n s t i t u t i o n  i s  a sh ipya rd  i n s t r u c t o r ,  should d e s c r i b e  
sh ipya rd  drydocks and drydock ing procedure. 

2. Review some h i s t o r y  of l oad  l i n e  assignment f o r  merchant vessels.  Discuss 
form parameters which a re  cons idered i n  l oad  1 i n e  c a l c u l a t i o n s .  Review 
l o a d  l i n e  marks and t h e i r  meaning. 

3. Obta in  a copy o f  DDS 079-2. Discuss f a c t o r s  which a re  cons idered i n  
e s t a b l i s h i n g  f reeboards f o r  naval  ships.  

Suggested Problem Assignment: 46, one of unassigned problems 48, 49,  50 







DRYDOCKING 

S T A B I L I T Y  DURING DOCKING 

- AS WATER LEVEL I S  LOWERED S H I P  MAKES 

CONTACT WITH KEEL BLOCKS. 

- LOAD ON KEEL BLOCKS ACTS L I K E  WEIGHT 

REMOVAL AT KEEL.  

S I M I L A R  TO GROUNDING PROBLEM, 

MUST HAVE S I D E  BLOCKS SET BEFORE 



DRYDOCKING 

EXAMPLE : 

A BEAR CLASS CUTTER E N T E R S  A GRAVING DOCK 
WITH THE FOLLOWING D R A F T S  AND E S T I M A T E D  K G :  

THE SHIP I S  I N I T I A L L Y  U P R I G H T .  T H E  K E E L  
BLOCKS ARE L E V E L  AND ' 4 ' 0 0 "  ABOVE DOCK F L O O R .  
AS T H E  WATER L E V E L  I S  LOWERED AND T H E  S H I P  
S E T T L E S  ON T H E  KEEL B L O C K S ,  F I N D  THE WATER 
L E V E L  A T  WHICH T H E  S H I P ' S  GM = 0 .  























FREEBOARD AND LOAD LINES - NAVAL SHIPS 

MAJOR CONSIDERATION IS DECK WETNESS. 

SUBDIVISION, RESERVE BUOYANCY ARE COVERED 
BY OTHER REQUIREMENTS. 

METHODS SET FORTH IN DDS 079 -2 .  

VARIOUS FORMULAE ARE GIVEN 

-BASED ON SHIP MOTION MODEL TESTS AND 
COMPUTER STUDIES 

- FOR DIFFERENT* SHIP TYPES 
BASIC ANALYTICAL TOOL IS SHIP MOTION 
COMPUTER PROGRAM, SMP. 



Problem Level: Advanced 

P a r t  ll. A CVE c l a s s  s h i p  i s  t i e d  up, s ta rboa rd  s i d e  to,  a longs ide  t h e  
o u t f i t t i n g  p i e r s  a t  Boston Naval Shipyard ( s a l t  water).  You a r e  sh lp  
super in tenden t  and a re  respons ib le  f o r  t h e  s a f e t y  o f  t h e  s h i p  w h i l e  i t f s  
undergoing conversion and modernization. 

P r i o r  t o  enter ing the shipyard, the ship had a displacement o f  28,000 tons w i th  
an actual l oca t i on  o f  the CG (uncorrected fo r  free surface e f f e c t )  29.5' above 
the keel. An est imated 1500 tons o f  stores, water and o i l  were removed having 
an aggregate CG o f  10.8' above t h e  kee l .  A l l  t anks  were pumped d ry  and t h e  
shfp 58s no l i s t .  

U t i l i z i n g  the general s t a b i l i t y  diagram, determine f o r  the  above cond i t ion  the 
ship's:  

1) Maximum r i g h t i n g  arrc 
2 )  Angle o f  maximum r i g h t i n g  arm 
3) Range o f  s t a b i l i t y  

P a r t  0. The s ta rboa rd  mai n  engine, condenser, r e d u c t i o n  gear, p r o p e l l e r ,  
s h a f t i n g ,  and assoc ia ted  a u x i l i a r y  machinery are  removed. The wetght  and 
l oca t i on  o f  items removed are as fo l lous :  

CG LOCATION 

kE.mI HT. ABOVF K F U  DIST. FRO!' 6 PORT/STRD 

Tu rb i nes 45,920 Ibs  15 fee t  25 f e e t  Stbd 
Condenser 47,264 Ibs  8  fee t  28 f e e t  Stbd 
Reduct i on  Gear 43,904 I b s  12 fee t  26 f e e t  Stbd 
Shaft ing 67,200 1bs 6  fee t  26 f e e t  Stbd 
Prope l le r  20,675 1bs 1 foo t  26 f e e t  Stbd 
Aux. Rachi nery 223,037 Ibs  4  fee t  26 f e e t  Stbd 

Af te r  removal o f  the above machi nery: 

1) l+!hat t~ou ld  be t h e  ship 's  l i s t ?  
2) Nhat would be the ship's GI? (approx.)? Calculate t h i s  value. 



Problem 46 ( con t i  nued) 

Problem Level: Advanced 

Par t  C. In order t o  main ta in  the ship wi thout  l i s t  a counterwelght i s  placed 
on deck, i t s  CG 401 above the keel and 35 fee t  o f f  the ship 's  center l lne.  

1) How much counteruelght i s  necessary? 
2 )  Has t h e  s t a b i l l t y  o f  t h e  sh ip  been markedly a f f e c t e d  so as t o  

endanger i t s  safety? Give angle and magnitude o f  the  max. r i g h t i n s  
arm and range o f  s t a b i l i t y .  

P a r t  Dk During the n igh t  the covering on the starboard s te rn  tube works loose 
i n  rough water. An area 12.5' wlde and 140' l o n g  f l o o d s  t o  a depth o f  5 f e e t  
w l t h  s a l t  water. Th i s  area i s  i n  f r e e  communicat ion w i t h  t h e  sea and i s  28 
f e e t  o f f  the center l ine  on the  starboard side. 

1) Khat I s  the change i n  s t a b i l i t y  o f  t he  ship on the a f fec ted  side? 

P a r t  EL There i s  danger t h a t  an a d d i t i o n a l  area 20 f e e t  wide by 50 f e e t  long 
w i l l  f l ood  t o  a depth o f  3.5 f ee t  (not  fn f r ee  communication w i th  the sea). 

1) I f  t h i s  area f loods w i l l  the ship capsize? 
2) What would be the e f f e c t  o f  removing the counterweight from on deck? 
3 )  What would be the  f i n a l  s t a b i l i t y  condit ions i f  the add i t iona l  area 

d i d  f l ood  and the counterweight were removed? 
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 19 

T i t l e :  - Submarine h y d r o s t a t i c s  and s t a b i l  i t y  

Tape Running Time: 2gM 

Reading Assignment : MSD, pp 41-49, 76-79 

A d d i t i o n a l  References: PNA, pp 98-99, 106-112, 116-117 

Scope : 

Bas ic  f e a t u r e s  o f  submarines, and t h e i r  ba l  l a s t i n c ,  systems a re  descr ibed.  
Sequence o f  b a l l a s t i n g  opera t i ons  t o  submerge and t o  sur face i s  o u t l i n e d .  
R e l a t i o n s h i p  o f  B, G, and M f o r  submarines i s  def ined.  S t a t i c  s t a b i l i t y  curve 
f o r  t y p i c a l  submarine i s  presented. 

Key P o i n t s  t o  Emphasize: 

1, Review names, l o c a t i o n s ,  and purposes o f  submarine b a l l a s t  tanks.  

2, Review bas ic  sequence o f  b a l l a s t i n g  opera t ions ,  Fig.  2-18, MSD, pp 42. 
' 

3. A t  i n s t r u c t o r ' s  o p t i o n  go over t h e  e q u i l i b r i u m  polygon, Fig. 2-26, MSD, pp 
48-49. 

4. Review and e x p l a i n  Fig.  4-7, MSD, pp 76-79. Note t h a t  Fig.  4-7 i s ,  f o r  
W W I I  f l e e t  boats. 

Suggested Problem Assignment: 

















SUBMARINE HYDROSTATICS AND STABILITY 

SUBMARINE FEATURES (CON'T) 

MAIN BALLAST TANKS (MBT'S) ARE BALLASTED 
WITH SEA WATER TO INCREASE THE DISPLACEMENT 
OF THE SUBMARINE AND CAUSE IT TO SUBMERGE, 
MBT'S ARE "SOFT STRUCTURE" EXTERNAL TO THE 
PRESSURE HULL AND ARE DESIGNED TO SUPPORT 
THE HYDROSTATIC PRESSURE IN THE SURFACED 
CONDITION, 

VARIABLE BALLAST TANKS ARE USED TO MAKE 
ADJUSTMENTS IN THE WEIGHT AND TRIM OF THE 
SUBMERGED SUBMARINE AND INCLUDE: 

FORWARD TRIM TANK (FTT ) 
AFTER TRIM TANK ( ATT 
AUXILIARY TANKS (AUx ) 
DEPTH CONTROL TANK (DC) 



SUBMARINE HYDROSTATICS AND STABILITY 

SUBMARINE FEATURES (CONmT) 

RESIDUAL WATER IS THE WATER LEFT IN A TANK 
AFTER DEBALLASTINGO 

FAIRWATER PLANES ARE CONTROL SURFACES 
LOCATED ON THE FAIRWATER, OR SAIL, OF THE 
SUBMARINE AND ARE USED FOR DYNAMIC DEPTH 
AND TRIM CONTROL. 

STERN PLANES ARE CONTROL PLANES AT THE 
STERN OF THE SHIP AND ARE ALSO USED FOR 
DEPTH AND TRIM CONTROL. 





SUBMARINE HYDROSTATICS AND STABILITY 

RESERVE BUOYANCY AND MBT'S 

- 
RESIOUAL WATER 





SUBMARINE HYDROSTATICS AND STABILITY 

SURFACED SUBMARINE IN DIVING TRIM 

FORWARD TRlM (F.T.) 

AFTER TRlM (A.T.) 





SUBMARINE HYDROSTATICS AND STABILITY 

SUBMARINE STABILITY 

IN THE SUBMERGED CONDITION G MUST BE BELOW B. 







SUBMARINE HYDROSTATICS AND STABILITY 

ABILITY WHEN SUBMERGING AND SURFACING 
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SUBMARINE HYDROSTATICS AND STABILITY 

STABILITY CURVES - DD VS SUB 
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BASIC NAVAL ARCHITECTURE 

Problem 21 

Prob l  em Level : Basic 

3 An a t t a c k  submarine i s  i n  a sh ipyard  i n  s a l t  water  (35.0 f t  / t o n ) .  Four MK48 
torpedoes weighing 4000 Ibs .  each a re  moved 25 f e e t  fo rward  and one MK37 
weighing 1790 l b s  i s  moved a f t  30 feet. How many g a l l o n s  of water must be 
s h i f t e d  between forward  and a f t e r  trim tanks i f  t h e  cen te rs  o f  t h e  tanks  a r e  
270.0 f e e t  a p a r t ?  Take t h e  weight of one g a l l o n  of sea water  t o  be 8.55 Ibs .  



BAS I C NAVAL ARCXITE CTURE 

Problem 22 

Problem Level : Intermediate  

A submarine is  u d e r  ay a t  sea  on the  s u r f a c e  where the dens i ty  of sea  water f 21' i s  1.9870 lb-sec /f t . The boat i n  t h i s  cond i t ion  has a displacement of 7000 
tons.  The volume of reserve buoyancy is 24,500 f t3e  The boat now f loods  the  
main b a l l a s t  tanks and submerges t o  per iscope depth where it is  j u s t  n e u t r a l l y  
buoyant. 

Find : a )  The dens i ty  f a c t o r  ( s p e c i f i c  volume) of the  su r face  sea  
3 water i n  f t  / ton.  Carry your answer t o  two decimal p laces .  

b)  The weight of s e a  water i n  tons taken on i n  t h e  main b a l l a s t  
tanks.  

The boat now dives  t o  a depth of 600 f e t  and encounters a l a y e r  of cold water 0 where the  dens i ty  is 1.9970 lb-sec2/f t . 
Find : c )  The number of pounds of b a l l a s t  water t h a t  must be taken on 

o r  discharged t o  compensate f o r  the  change i n  dens i ty .  

Note: Take g = 32.17 f t / s e c 2 .  







<:: r : .  - ,. 





BASIC NAVAL ARCHITECTURE 

U n i t  Number: 2  0 

T i t l e :  - Forces opposed t o  p r o p u l s i o n  - 1 

Tape Running Time: 36M 5' 

Reading Assignment: MSD, pp 95-102, 106-110 

A d d i t i o n a l  References: PNA, pp 288-312 

Scope : 

T h i s  i s  t h e  f i r s t  o f  seven u n i t s  cove r ing  t h e  r e s i s t a n c e  and p r o p u l s i o n  o f  
ships.  Wave-making and f r i c t i o n a l  r e s i s t a n c e  components a r e  d iscussed u s i n g  
Froude 's  work as a  theme. The use o f  model t e s t i n g  i s  descr ibed.  Froude's 
Law o f  Comparison i s  in t roduced.  Residuary res i s tance  i s  def ined.  Resistance 
coe f  f i c i  en t  s  a r e  def ined.  

Key P o i n t s  t o  Emphasize: 

1. I n t r o d u c e  t h e  bas i c  types o f  r e s i s t a n c e  which w i l l  be d iscussed:  wave- 
making, f r i c t i o n a l  , eddy-maki ng, a i  r. 

2. Emphasize Froude's Law o f  Comparison. 

3. Descr ibe  components o f  g r a v i t y  wave systems and s h i  p-generated wave 
systems. Emphasize t h a t  i n  ship-generated wave systems t h e  s h i p  speed 
e s t a b l i s h e s  t h e  wave speed and t h e  l e n g t h  o f  t h e  waves a d j u s t  a c c o r d i n g l y  
i n  p r o p o r t i o n  t o  v e l o c i t y  squared. 

4.  Sketch s h i p  wave p r o f i l e s  f o r  va r ious  speed l e n g t h  r a t i o s .  De f ine  h u l l  
speed. 

5. Emphasize t h e  d e f i n i t i o n s  o f  r e s i s t a n c e  c o e f f i c i e n t s .  

6. Descr ibe  l am ina r  and t u r b u l e n t  f l o w  regimes i n  v iscous f low.  I n t r c d u c e  
Reynold 's Number and ITTC f r i c t i o n  formula. 

7. Out1 i n e  t h e  b a s i c  method o f  expanding model t e s t  r e s u l t s .  

Suggested Problem Assignment: Use t h i s  o p p o r t u n i t y  t o  ass ign p r e v i o u s l y  
unassi  gned p r o b l  ems. 







F O R C E S  O P P O S E D  T O  P R O P U L S I O N  -- - 

BACKGROUND ( C O N ' T )  

THE D I M E N S I O N A L L Y  CORRECT FORM I S  FROUDE ------ 

NUMBER - 

v = MODEL OR SHIP SPEED. FT/SEC. 

g = ACCELERATION OF GRAVITY, 
32.17 F T I S E C Z .  





FORCES OPPOSED TO PROPULSION 

FROUDE'S LAW OF COMPARISON 

1. GEOMETRICALLY SIMILAR HULL FORMS MOVING 
AT CORRESPONDING SPEEDS (SO THAT THEIR 
WAVE MAKING PATTERNS ARE THE SAME) HAVE 
WAVE MAKING RESISTANCES THAT ARE 
PROPORTIONAL TO THEIR DISPLACEMENTS. 

WHERE R = WAVE MAKING RESISTANCE. 
W 





FORCES OPPOSED TO PROPULSION 

FROUDE'S LAW OF COMPARISON (CON'T) 

3 .  SINCB 

THEN, 

4. FINALLY, 

Rt = SHIP TOTAL RESISTANCE. 
S 

R = SHIP WAVE MAKING RESISTANCE. 
s 

Rf = SHIP FRICTIONAL RESISTANCE. 
S 













FORCES OPPOSED TO PROPULSION 

GRAVITY WAVES 

MESSAGE: THE VELOCITY OF A GRAVITY WAVE IS 
PROPORTIONAL TO THE SQUARE ROOT OF 
I T S  LENGTH, 

IN THE CASE OF SHIP WAVES THE SHIP IS FORCING 
THE WAVES TO TRAVEL AT THE SPEED OF THE S H I P .  

THE LENGTH OF THE SHIP WAVES WILL B E  
DETERMINED BY THE SPEED OF THE SHIP. 



FORCES OPPOSED TO PROPULSION 
.- 

WAVE LENGTH AND SPEED-LENGTH RATIO 

NOTE: THE SHIP SPEED AT WHICH WAVE LENGTH = 
SHIP LENGTH IS KNOWN AS "HULL .- SPEED", 
APPROXIMATELY 1.2tL TO 1.3TL. 



FORCES OPPOSED TO PROPULSION 

SHIP WAVE SYSTEMS 

FROUDE'S SKETCH OF A SHIP'S WAVE SYSTEM: 

NOTE: DIVERGENT WAVE SYSTEM AND TRANSVERSE 
WAVE SYSTEM. 





FORCES OPPOSED TO PROPULSION 

FRICTIONAL RESISTANCE 

JUST AS DIMENSIONAL ANALYSIS MAY BE USED TO 
SHOW THAT WAVE MAKING RESISTANCE IS A 
FUNCTION OF FROUDE NUMBER, IT MAY ALSO BE 
SHOWN THAT FRICTIONAL RESISTANCE IS A 
FUNCTION OF REYNOLDS NUMBER, 

v = MODEL OR SHIP VELOCITY, FTISEC. 

L = MODEL OR SHIP LENGTH, FT. 

3 = KINEMATIC VISCOSITY OF FLUID, FTz/SEC. 











BASIC NAVAL ARCHITECTURE 

U n i t  Number: 

T i t l e :  - Forces opposed t o  p r o p u l s i o n  - 2  

Tape Running Time: 35M oS 

Reading Assignment : MSD, pp 102-114 

A d d i t i o n a l  References: PNA,. pp 288-312 ( repeated) ,  312-320 

Scope : 

The t reatment  o f  components o f  s h i p  res i s tance  cont inues.  C o r r e l a t i o n  
a1 lowance, f r i c t i o n  c o e f f f  c i e n t s ,  res idua ry  res is tance,  form drag a re  
discussed. The a c t i o n  o f  a  bulbous bow i s  discussed. 

Kev Po in ts  t o  Emhas ize :  

1. Residuary r e s i s t a n c e  inc ludes o t h e r  e f f e c t s  beside wave making res is tance.  

2. Emphasize d e f i n i t i o n s  o f  res i s tance  c o e f f i c i e n t s .  

3. See PNA, pp 313, f o r  exp lanat ion  of form drag. 

4. Emphasize Fig. 5-15, MSD, pp 112, Fig. 7-12, MSD, pp 135, Fig. 7-4, MSD, 
pp 140, Fig. 10, PNA, pp 303. Discuss cho ice  o f  h u l l  form as a  f u n c t i o n  
o f  speed-1 ength r a t i o .  

5. Emphasize t h a t  a c t i o n  o f  a  bulbous bow i s  much more complex than j u s t  
cancel 1  a t  i o n  o f  s u r f e  h u l l  -generated waves. 

Suggested Problem Assignment: Sel e c t  from p r e v i o u s l y  unassigned problems. 











FORCES OPPOSED TO PROPULSION 

HORE ABOUT FRICTION LINES 



FORCES OPPOSED TO PROPULSION 

FRICTION LINES - MESSAGES 
THE COEFFICIENT OF FRICTION FOR SHIPS IS 
HUCH LOWER THAN ON MODELS, 

THUS, THE PERCENTAGE OF TOTAL RESISTANCE 
DUE TO FRICTION IS LESS ON SHIPS THAN ON 
HODELS. 

THE BOUNDARY LAYER IS MUCH THICKER, 
PROPORTIONATELY, ON HODELS THAN ON SHIPS. 

THE FRICTION LINES ARE FOR FULLY TURBULEIT 
FLOW , ERRORS ARE INTRODUCED IF PATCHES OF 
LLHINAR FLOW ARE PRESENT ON THE HODEL. 
SIALLER HODELS HAY REQUIRE THE USE OF 
TURBULENCE STIHULATORS TO AVOID LAMINAR 
FLOW. 





FORCES OPPOSED TO PROPULSION 

BORE ABOUT RESIDUARY RESISTANCE 

.2 A A .a 8 . 0  

8PEED-LENQTH R A T I O  

NOTE THAT Cr IS A CONSTANT AT LOW SPEED- 
LENGTH RATIOS. 











FORCES OPPOSED TO PROPULSION 

FORH DRAG 

MODEL TOTAL RESISTANCE r - -  I 

$ (COG BASE I R,- - 





F O R C E S  O P P O S E D  T O  P R O P U L S I O N  

BULBOUS BOWS 

C O N S I D E R  F I R S T  THE BOW WAVE O F  A SHIP WITHOUT 
A BULBOUS BOW. 

NOW C O N S I D E R  T H E  WAVE CREATED BY A SUBHERGED 
S P H E R E  HOVIWG AT T H E  SAHE S P E E D .  

I 





B A S I C  NAVAL ARCHITECTURE 

U n i t  Number: 22 

T i t l e :  - Forces opposed t o  p r o p u l s i o n  - 3  
P ropu ls i ve  fo rces  and p r o p u l s i o n  systems - 1 

Tape Running Time: 35M 4gS 

Reading Assignment: MSD, pp 102-114 ( repeated) ,  115-116 

A d d i t i o n a l  References: PNA, pp 320-329, 370-382 

Scope : 

Spec ia l  t o p i c s  i n  r e s i s t a n c e  are  d iscussed:  r e s i s t a n c e  of deeply submerged 
submarines; appendage res is tance;  r e s i s t a n c e  i n  s h a l l  ow water ;  added 
r e s i s t a n c e  i n  a  seaway; h u l l  roughness. Types o f  p ropu lso rs  are  l i s t e d .  
Powering and e f f i c i e n c y  d e f i n i t i o n s  are  presented. Basic concepts o f  t h e  
p rope l  1  e r  b lade as a  1  i f t i n g  sur face a re  descr ibed.  

Key Po in t s  t o  Emphasize: 

1. Discuss t h e  wave-maki ng r e s i s t a n c e  of deeply-submerged submari nes t o  
emphasize t h e  f a c t  t h a t  wave-making i s  a  phenomena t h a t  occurs a t  t h e  
i n t e r f a c e  o f  two f l u i d s .  

2. Discuss appendage res i s tance  and s h a l l  ow water  r e s i s t a n c e  b r i e f l y .  
Discuss t h e  cause and magnitude o f  added r e s i s t a n c e  i n  a  seaway. 

3. Emphasize t h e  r o l e  o f  h u l l  roughness i n  added power requirements and t h e  
i n f l u e n c e  o f  h u l l  c l ean ing  ( i n  a  sh ipya rd )  bo th  drydocked and i n  . s i t u ,  i n  
reduc ing  t h i s  power l o s s  i n  serv ice .  

4. Emphasize t h e  l i f t - d r a g  concept o f  p r o p e l l e r  b lade ac t i on .  Emphasize t h e  
f a c t  t h a t  t h e  p r o p e l l e r  b lade i s  a  h y d r o f o i l  as i s  t h e  rudder, and t h e  
h y d r o f o i l s  o f  a  h y d r o f o i l  c r a f t .  Emphasize t h e  s i m i l a r i t y  between 
h y d r o f o i l s  and a i r f o i i ; .  F ig.  84, PNA, pp 378 and Fig.  86, PNA, pp 379 
are  p a r t i c u l a r l y  impor tan t .  

Suggested Problem Assignment: Se lec t  from p r e v i o u s l y  unassigned problems. 



FORCES OPPOSED TO PROPULSION 

RESISTANCE OF SUBHARINES 

SURFACED SUBHARINES HAVE HORRIBLE 
RESISTANCE CHARACTERISTICS, BUT - 

DEEPLY SUBHERGED SUBHARINES (SAY 4 OR 5 
DIAHETERS) HAVE N A  SURFACE WAVE HAKING 
RESISTANCE. 

THEY DO HAVE -. 

- FRICTIONAL RESISTANCE 
- FORM DRAG. 

FOR THIS REASON SUBHERGED SUBHARINES ARE 
IDEAL HIGH SPEED VEHICLES. 















PROPULSIVE FORCES AND PROPULSION SYSTEHS 

TYPES OF PROPULSORS 

SCREW PROPELLERS 

- FIXED PITCH 
- CONTROLLABLE PITCH 
- SHROUDED PROPELLERS 
- COUNTER-ROTATING PROPELLERS 
PADDLE YBEELS 

WATER JET PROPULSORS 

- SUBHERGED 
- SURFACE 
VERTICAL AXIS PROPELLERS 



PROPULSIVE FORCES AND PROPULSION SYSTEMS 

POWERING DEFINITIONS 

BBP - BRAKE HORSEPOYER 
SHP - SHAFT HORSEPOWER 

PEP - PROPELLER HORSEPOWER (ALSO KNOWN AS 
DBP, DELIVERED HORSEPOWER) 
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PROPULSIVE FORCES AND PROPULSION SYSTEMS 

THE SCREW PROPELLER 

TEE WING OF AN AIRPLANE AND TEE BLADE OF A 
MARINE SCREW PROPELLER OPERATE ON THE SAXE 
PRINCIPLE: ONE IS CALLED AN AIRFOIL - TEE 
OTHER IS CALLED A HYDROFOIL. 

TEE BLADE SECTION OPERATES AT AN ANGLE OF 
ATTACK TO THE INCOMING FLOW. 

FLUID TRAVELING OVER THE UPPER (FORWARD) 
SURFACE TRAVELS FASTER. FLUID TRAVELING OVER 
THE LOWER (AFT) SURFACE TRAVELS SLOWER. THE 
LOW PRESSURE CREATED ON THE UPPER SURFACE AND 
TEE EIGHER PRESSURE ON TEE LOWER SURFACE 
CREATE LIFT. 



PROPULSIVE FORCES AND PROPULSION SYSTEHS 







PROPULSIVE FORCES AND PROPULSION SYSTEMS 

LIFT AND D R A G  COEFFICIENTS 

ZERO LIFT 
ANGLE a, 







BASIC NAVAL ARCHITECTURE 

U n i t  Number: 

T i t l e :  P ropu ls i ve  fo rces  and p ropu ls ion  systems - 1 

Tape Running Time: 36M 1 5 ~  

Reading Assignment: MSD, pp 116-124 

A d d i t i o n a l  References: PNA, pp 373-376 ( repeated) ,  397-399 

Scope : 

Momentum theo ry  o f  p r o p e l l e r  a c t i n g  i s  i n t roduced  t o  g i v e  t h e  s tudent  a  
phys i ca l  f e e l  f o r  t h e  genera t ion  of t h r u s t  by a  screw p r o p e l l e r ,  but  w i t h o u t  
mathemat ical  t rea tment .  Propel l e r  geometry i s  i n t roduced  w i t h  emphasis on t h e  
b lade as a  l i f t i n g  sur face.  Wake and s l i p  a re  def ined.  P r o p e l l e r  design by 
t h e o r y  and by des ign  c h a r t  i s  i n t roduced  b r i e f l y .  The arrangement o f  a  
p r o p e l l e r  drawing i s  shown. 

Key Po in t s  t o  Emphasize: 

1. In t roduce  momentum theo ry  and use t o  e x p l a i n  t h e  genera t i on  o f  t h r u s t  by a  
screw p rope l  1  er. Suggest t h a t  mathemat ical  t rea tment  no t  be s t ressed.  

2. Use t h e  bas i c  ideas o f  h y d r o f o i l  l i f t  and drag presented i n  U n i t  22 t o  
e x p l a i n  how a  p r o p e l l e r  b lade s e c t i o n  conver ts  t o rque  i n t o  t h r u s t .  See 
F ig .  6-2, MSD, pp 118 and Figs. 89, 90, 91, PNA, pp 380-381. 

3. Exp la in  how t o  recogn ize  t h e  d i r e c t i o n  o f  r o t a t i o n  of a  p r o p e l l e r .  E x p l a i n  
why a  p r o p e l l e r  b lade appears t o  be tw i s ted .  See Fig. 87, PNA, pp 379. 

4. Discuss wake and s l i p .  Thrus t  deduc t i on  w i l l  be i n t roduced  i n  nex t  u n i t .  

5. P r o p e l l e r  design curves should be shown t o  i l l u s t r a t e  t h a t  t h i s  i s  a  
method o f  p rope l  1 e r  design, b u t  w i t h o u t  d e t a i l e d  exp lana t i on .  

6, P r o p e l l e r  design drawing should be i n t roduced  s imply so t h a t  t h e  s tudent  
w i l l  recogn ize  one i f  he encounters it, but  w i thou t  any at tempt t o  e x p l a i n  
t h e  p r o j e c t i o n  t h a t  i s  i nvo l ved .  

7. Note se r i ous  e r r o r s  i n  MSD, pp 122-123. Pa;e 122, d e f i n i t i o n  o f  KT; 
v d e l e t e  " o r  T / V ~  ". Page 123, "Advance c o e f f i c i e n t "  should be J = E - ~  . 

Dele te  " P r o p e l l e r  l oad ing "  c o e f f i c i e n t  e n t i  r e l y .  ( I f  any th ing  i t  should 
n 

be KT/J b u t  i t i s  mis lead ing . )  "Basic v a r i a b l e "  should be 

- 9.5 
n ( p i p l - - ;  6 i s  t h e  T a y l o r  advance c o e f f i c i e n t ,  6 = . See PNA, B~ - - - 2 . 5  v - 'a 

pp 386 B o t t o m  ( n o t e  t h a t  VA i s  i n  fps here)  and pp 412 bot tom ( i n  t h i s  

case VA i s  i n  knots) .  E i t h e r  d i s t r i b u t e  a  c o r r e c t i o n  i n s e r t  o r  have 

s tudents  make pen and i n k  c o r r e c t i o n s .  Also no te  t h a t  G i l l m e r  uses t h e  

o l d e r  term, PHP, p r o p e l l e r  horsepower. Curent usage, as i n  PNA, i s  DHP, 

d e l  i v e r e d  horsepower. 

Suggested Problem Assignment: 51 





PROPULSIVE FORCES AND PROPULSIOI SYSTEMS 

PITCH AND PITCH ANGLE 



PROPULSIVE FORCES AND PROPULSION SYSTEHS 

VELOCITY OF WATER RELATIVE TO BLADE 

M 

'1 o w  > a c 

0 
w *  
g 3 BLAOE 

SECTION AT - 2  
7 '  t 

ROTATIONAL VELOCITY -lL 
2 7l n r = w r  



PROPULSIVE FORCES AND PROPULSION SYSTEMS 

THE HELIX 













PROPULSIVE FORCES AND PROPULSION SYSTEHS 

OPEN WATER PROPELLER CURVES 

1 I 1 1 I I 

1.0 
J 

0.8 0.6 0.4 Q2 0 -0.2 
SCALE O f  SLIP RATIO 

No. of blades - 4 
Face pitch ratio = 1.00 





PROPULSIVE FORCES AND PROPULSION SYSTEHS 

PROPELLER DESIGN CHARTS 

B o w  caoiilclrnt Bp, 



P R O P U L S I V E  F O R C E S  AND P R O P U L S I O N  S Y S T E M S  

P R O P E L L E R  D R A W I N G  



Problem I evel :  Advanced 

b c k a  rou nd 

The c o n d i t i o n  o f  a sh ip ' s  unde rwa te r  h u l l  d e t e r i o r a t e s  i n  s e r v i c e  due t o  an 
i n c r e a s e  i n  roughness f r om c o r r o s i o n  o f  t h e  h u l l  s t e e l  and f r o m  t h e  
development  o f  ma r i ne  g r o w t h  such as s l ime ,  grasses, and barnac les.  
In te res t ing ly ,  t h i s  growth occurs on ly  when the  sh ip  i s  I n  port .  When a sh ip  
enters  drydock f o r  i t s  r ou t i ne  a v a i l a b i l i t y ,  it i s  customary t o  sandblast t he  
underwater h u l l  and t o  apply a n t i - c o r r o s i o n  and a n t i - f o u l  a n t  coa t ings ,  The 
ex ten t  and the  frequency o f  c leaning and recoat ing the  underwater h u l l  va r ies  
w i d e l y  w i t h  d i f f e r e n t  owners and d i f f e r e n t  t y p e s  o f  s e r v i c e  c o n d i t i o n s .  
Shipyards and sh ip  operators have g rea t  i n t e r e s t  i n  op t im iz ing  the  economics 
of ou te r  h u l l  maintenance; however, the  sub jec t  i s  much more complex than the 
problem t h a t  i s  presented here. 

Fo r  t h e  t y p e s  o f  a n t i - c o r r o s i o n  and a n t i - f o u l a n t  c o a t i n g s  t h a t  a r e  most  
commonly used today, t h e  e f f e c t i v e  l i f e  i s  abou t  a year. There a r e  cheaper 
c o a t i n g s  t h a t  do n o t  l a s t  as l o n g  and more expens ive  c o a t i n g s  t h a t  l a s t  
longer ,  and t h i s  i n  i t s e l f  can be t h e  s u b j e c t  o f  a t r a d e - o f f  study. Du r i ng  
the  e f f e c t i v e  l i f e  of the coating, there  i s  very l i t t l e  corros ion and marine 
g r o w t h  f o u l i n g .  A f t e r  t h e  e f f e c t i v e  l i f e  has exp i red ,  t h e  e f f e c t i v e n e s s  o f  
the  coat ing w i l l  dec l ine and cor ros ion  and marine growth w i l l  increase. A f t e r  
a per iod  o f  two  t o  two-and-one-half t imes  t he  e f f e c t i v e  1 i fe ,  the coat ing w i l l  
have completely l o s t  a1 1 i t s  ef fect iveness. 

One i n t e r i m  p rocedure  t h a t  can be a p p l i e d  t o  reduce t h e  added r e s i s t a n c e  o f  
underwater h u l l  roughness i s  t o  c lean t h e  underwater h u l l  whi le  the ship i s  
a l o n g s i d e  a dock. Severa l  systems a r e  a v a i l a b l e  commerc!al ly u s i n g  h i g h  
pressure water j e t s  o r  r o t a t i n g  brushes. These systems are very e f f e c t i v e  i n  
remov ing  s l i m e  and grasses, b u t  l e s s  e f f e c t i v e  i n  removing enc rus ted  
barnac les .  On t h e  o t h e r  hand, t h e  i n t e r v a l  between d rydock ings  may be 
prolonged a b i t ,  and there i s  min imal  in te r fe rence  w i t h  the ship's schedule. 
I n  t h i s  problem, using some ra the r  coarse assumptions, we w i l l  look f o r  the  
t ime  i n  t he  ship's operat ional  cyc le  a t  which t h i s  procedure could p r o f i t a b l y  
be employed. 

Problem Statement 

A diesel-powered cargo sh ip  operates i n  regularly-scheduled l i n e r  serv ice from 
t h e  U.S. G u l f  Coast  t o  t h e  Med i te r ranean.  I n  one round t r i p ,  t h e  s h i p  w i l l  
spend 30.0 days i n  p o r t  and 30.0 days a t  sea. A t  sea, t h e  s h i p  m a i n t a i n s  an 
average speed o f  1 8  knots .  A p l o t  o f  BHP a g a i n s t  RPH i s  at tached. In t h e  
sh ip 's  l o g  book, t h e  average RPM (and t h u s  t h e  average power) has been 
recorded. An ana lys is  of t h i s  data i s  g iven  below. 



Problem 5 1  (cont inued) 

Months Since Average RPM 
Y Q W E  Drvdock i na iciuuwS 

Assumptions: 

(a) Assume t h e  f u e l  r a t e  f o r  t h e  p l a n t  i s  .34 I b s  o f  d i e s e l  f u e l  p e r  BHP p e r  
hour . 

(b) Assume s p e c i f i c  weight o f  f u e l  = 53 l b l f l ? .  

( c )  Assume the  cos t  o f  d iese l  f u e l  t o  be $34 per  b a r r e l  (1 b a r r e l  = 36 gal). 

( d l  Assume t h a t  t o  c lean t he  ship's underwater h u l l  a longside a dock by high- 
p r e s s u r e  j e t  hos ing  w i l l  c o s t  $25,000 and can be accompl i shed  w i t h i n  a  
normal p o r t  t i m e  cycle. 

( e l  Assume t h a t  h i gh -p ressu re  hos ing  w i l l  reduce by 50% t h e  added power 
requ i red t o  overcome roughness. 

( f )  Assume t h a t  the  c r i t e r i a  f o r  deciding when t o  perform an i n t e r i m  dockside 
c l e a n i n g  o f  t h e  unde rwa te r  h u l l  i s  t h a t  t h e  c o s t  o f  c l e a n i n g  must  be 
recovered i n  savings on the  added cos t  o f  f u e l  on the  next round t r i p  o f  
t h e  sh ip .  

Based on t he  dec is ion  c r i t e r i a  i n  ( f )  above, f i n d  the  voyage a f t e r  which the 
i n t e r i m  underwater h u l l  c leaning w i l l  be economically a t t r a c t i v e  t o  perform. 
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RASIC NAVAL ARCHITECTURE 

U n i t  Number: 

T i t l e :  Propu ls ive  forces and p r o p u l s i o n  systems - 3 

Tape Running Time: 

Reading Assignment: MSD, pp 125-130 

Add i t i ona l  References : PNA, pp 387-397, 402-422, 428-439 

Scope : 

The i n f l u e n c e  o f  t h e  number o f  blades i s  discussed. Wake f r a c t i o n ,  t h r u s t  
deduct ion,  h u l l  e f f i c i e n c y  and re1 a t i v e  r o t a t i v e  e f f i c i e n c y  a re  def ined.  The 
e f f i c i e n c y  cha in  i s  int roduced.  C a v i t a t i o n  i s  described. Other p ropu ls ion  
devices i n c l u d i n g  s u p e r c a v i t a t i n g  p rope l l e rs ,  water j e t s ,  c o n t r o l 1  ab le  p i t c h  
prope l  1  ers,  k o r t  no221 es, v e r t i c a l  a x i s  prope l  1 e r s  and counter  r o t a t i n g  
p r o p e l l e r s  are  b r i e f l y  described. 

Kev Po in ts  t o  Em~hasize:  

1. Discuss t h e  i n f l uence  o f  t h e  number o f  b lades ( v i b r a t i o n ) ,  b lade shape 
(skew, v i b r a t i o n )  and blade area ( c a v i t a t i o n ) .  

2. Emphasize a  phys i ca l  i n t e r p r e t a t i o n  of wake f r a c t i o n ,  t h r u s t  deduction, 
and c a v i t a t i o n .  

3. The student  should understand t h e  e f f i c i e n c y  cha in  and t h e  elements t h a t  
go i n t o  i t. 

Suggested Probl em Assignment : 52 



PROPULSIVE FORCES AND PROPULSION SYSTEMS 

NUHBER OF BLADES 

THERE IS A SLIGHT LOSS OF EFFICIENCY IN 
INCREASING THE NUHBER OF BLADES - 1% TO 2% 
LOSS FOR ADDING ONE BLADE. (OTHER FACTORS 
REHAIRING CONSTANT). 

HULL VIBRATIONS ARE CAUSED BY THE BLADE 
PRESSURE PULSE ENCOUNTERING HULL FEATURES - 
DEADWOOD, STRUTS, ETC. 

AN ODD NUHBER OF BLADES WILL USUALLY BE 
SHOOTHER THAN AN EVEN NUHBER. 

FOR DIRECT COUPLED DIESELS TRY TO AVOID A 
NUHBER OF BLADES TEAT IS AN EVEN FRACTION OF 
TEE NUHBER OF CYLINDERS, E.G. FOR 6-CYLINDER 
DIESEL DO NOT USE A 3-BLADED PROPELLER. 







PROPULSIVE FORCES AND PROPULSION SYSTEHS 

HULL-PROPELLER INTERACTIONS - THRUST DEDUCTION 

THE PROPELLER CREATES A LOW PRESSURE REGION 
FORWARD OF THE PROPELLER AND A HIGH PRESSURE 
REGION AFT. THE LOW PRESSURE REGION ACTING ON 
THE STERN OF THE SHIP ACTS LIKE A RESISTANCE 
AUGHENT, OR ALTERNATIVELY, A THRUST DEDUCTION 

t = THRUST DEDUCTION COEFFICIENT. 
1 - t = THRUST DEDUCTION FACTOR. 







PROPULSIVE FORCES AND PROPULSION SYSTEWS 

THE EFFICIENCY CHAIN 

PIP l 'I • lb ' Qr = EHP 
0 

THE PROPULSIVE COEFFICIENT IS 

- EHP - rid - SBP - 'It o m ~ h o ~  r 



PROPULSIVE FORCES AND PROPULSION SYSTEHS 

CAVITATION 

THE PRESSURE ON THE SUCTION SIDE OF THE 
PROPELLER BLADE IS REDUCED BELOW 
ATHOSPBERIC. 

IF THE PROPELLER IS HEAVILY LOADED THIS 
PRESSURE HAY FALL BELOW THE VAPOR PRESSURE 
OF THE SURROUNDING WATER. 

BUBBLES OF WATER VAPOR FORM ON THE SURFACE 
OF THE BLADE, THEN COLLAPSE AS THE LOCAL 
PRESSURE CHANGES. 





PROPULSIVE FORCES AND PROPULSION SYSTEMS 

SUPERCAVITATING PROPELLERS 

CONVENTIONAL PROPELLER, EVEN THOUGH 
DESIGNED FOR HIGH SPEED, WILL ENCOUNTER 
SERIOUS CAVITATION PROBLEHS AT SPEEDS ABOVE 
40-45 KNOTS. 

FOR HIGH SPEED APPLICATIONS SUPERCAVITATING 
PROPELLERS MAY BE DESIGNED. THE WEDGE- 
SHAPED PROPELLER BLADE SECTION CAUSES THE 
ENTIRE BACK FACE TO BE ENVELOPED 1 N . A  
CAVITATION CAVITY, ELIHINATING THE PROBLEM 
CAUSED BY CAVITATION BUBBLE COLLAPSE. 

SUPERCAVITATING PROPELLER PEAK EFFICIENCIES 
ARE NEARLY AS GOOD AS SUBCAVITATING AND 
HUCH BETTER IN THEIR RANGE OF APPLICATION. 









PROPULSION FORCES AND PROPULSION SYSTEM 

WATER JET PROPULSION 



PROPULSIVE FORCES AND PROPULSION SYSXEHS 

CONTROLLABLE PITCB PROPELLERS 

CONTROLLABLE PITCH PROPELLERS HAVE BLADES 
WHICH CAN BE ROTATED BY A HECHANISH PROH 
FULL AHEAD PITCB TO FULL ASTERN PITCH. 

CONTROLLABLE PITCH PROPELLERS PROVIDE A VERY 
HIGH DEGREE OF SPEED CONTROL, 

THE NEED FOR A REVERSING GEAR IS ELIHINATED, 

CONTROLLABLE PITCH PROPELLERS ARE USED ON 
ALL RECENT CLASSES OF FRIGATES, DESTROYERS 
AND CRUISERS WHICH ARE EQUIPPED GAS TURBINE 
PLANTS, 











PROPULSIVE FORCES AND PROPULSION SYSTEHS 

VERTICAL AXIS PROPELLERS 







PROPULSION FORCES AND PROPULSION SYSTEH 

COHPARISON OF PROPULSOR EFFICIENCIES 



B A S I C  NAVAL ARCHITFCTURE 

Problem 52 

Problem I eve l :  Bas ic  

The f o l l o w i n g  p a r t i c u l a r s  apply t o  t he  p r o p e l l e r  o f  a p a t r o l  boat operat ing a t  
22.0 knots:  

P r o p e l l e r  Diameter 0 = 12.00 f t  

- - P 
Pitch/Diameter Ra t i o  - D = 1.10 

Ship Speed - - v = 37.14 f t / s e c  

Speed o f  Advance o f  
Fa te r  i n t o  P r o p e l l e r  = a = 33.43 ft/sec 

P r o p e l l e r  RPM F? = 240 revslrnin 

Find: 

P i t c h  Angle a t  radius,  r / R  = .70, 

Apparent S l i p  Rat io,  Sa 

True S l i p  Rat io,  Sr 

Apparent S l i p  Speed 

True S l i p  Speed 

V e k i  Speed 

(Remember t h a t  RPK must be converted t o  RPSI 



- 

t u n  = - - 
Z T W  2 7 - 4 , Z o  
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 2 5 

T i t l e :  - Propu ls i ve  requirements and power s e l e c t i o n  - 1 

Tape Running Time: 2gM 40' 

Readi ng Assi gnment : MSD, pp 133-141 

A d d i t i o n a l  References : PNA, pp 447-453 

Scope : 

The cho ice  o f  h u l l  form f o r  a g i ven  speed regime i s  aga in  discussed. Sca l i ng  
laws, bo th  geometr ic  and temporal  (Froude), a re  d e f i n e d  and an example 
g iven.  An example o f  t h e  expansion o f  model r e s i s t a n c e  i s  then  presented. 
(The example w i l l  be cont inued i n  U n i t  26.) 

Key P o i n t s  t o  Emphasize: 

1. Use t h e  e n t i r e  t i m e  a v a i l a b l e  t o  go over  s c a l i n g  laws, t h e  s c a l i n g  law 
example, and model r e s i s t a n c e  expansion example. The example w i l l  be 
con t inued  i n  U n i t  26 t o  p r e d i c t  SHP f o r  t h e  example ship.  

Suggested Probl  em Assignment: 53 ,  54 



BULL TYPES AND SPEED REGINES 
70 - 

bok 
/ 

/' 
5 0 -  

40 - 

z5 
5 
Z 30- 











PROPULSIVE REQUIREMENTS & POWER SELECTION 

SCALING LAYS - EXAMPLE 
A SHIP BAS THE FOLLOWING DIHENSIONS AND 
DESIGN SPEED. 

U.S. = 18,750 FT' 

vk = 27 KNOTS 

FIND THE CORRESPONDING HODEL DIHENSIONS AND 
SPEED FOR A = 25. 



PROPULSIVE REQUIREHENTS & POWER SELECTION 

SCALING LAWS - SOLUTION 

a, - - 3,500 x 2,240 3 LBS = 489.0 LBS 
( 25 )  x 1.026 

= 5 - 4 0  KNOTS 



PROPULSIVE REQUIREHENTS & POUER.SELECTION 

MODEL TEST EXPANSION - EXAHPLE 

THE HODEL OF TEE SEIP OF TEE PREVIOUS EXAHPLE 
HAS BEEN TESTED AT DESIGN SPEED WITE TEE 
FOLLOWING RESULTS 

L 1 

A T V m = 9 . 1 2  SEC , R t ~  = 16.43 LBS 

TEST CONDITIONS: 

FRESB WATER AT 70°F 

3 = 1.0519 x 1 0  -5 FTZ 
m SEC 



PROPULSIVE REQUIREMENTS C POWER SELECTION 

HODEL TEST EXPANSION - EXAMPLE 

FIND R t ,  OF TIE S B I P  IN SALT WATER AT 5g°F 

APPLY A CORRELATION ALLOWANCE, 





PROPULSIVE REQUIREMENTS & POWER SELECTION 

HODEL TEST EXPANSION - EXAMPLE (CON'T) 

S T E P  3 .  C A L C U L A T E  C+, = 
.0=?5 

( 1 9 1 0  Rn, - Z )' 

STEP 4 .  FIND 





PROPULSIVE REQUIREMENTS & POWER SELECTION 

HODEL TEST EXPANSION - EXAMPLE (CON'T) 

STEP 7 .  FIND 

STEP 8. CALCULATE Ct 5 = Cr, + C C ~  + CA 



PROPULSIVE REOUIREHENTS & POWER SELECTION 

HODEL TEST EXPANSION - EXAHPLE (CON'T) 

STEP 9. CALCULATE Kt 
5 '  



BASIC NAVAL ARCHITECTURE 

Problem 53 

Problem Level : Bas ic  

The f o l  l o w i n g  h u l l  -propel  1  e r  i n t e r a c t i o n s  have been est imated f o r  a  proposed 
s h i p  des ign a t  16.0 knots:  

Thrust  deduct ion c o e f f i c i e n t  = t = 0.12 

Wake f r a c t i o n  = w  = 0.20 

R e l a t i v e  r o t a t i v e  e f f i c i e n c y  = yr  = 1.02 

The p r o p e l l e r  e f f i c i e n c y  a t  t h e  16-knot speed has been est imated t o  be: 

Open water prope l  1  e r  e f f i c i e n c y  = 7 )  = 0.58 

The horsepower t h e  p r o p e l l e r  must d e l i v e r  t o  t h e  water t o  ach ieve t h e  16-knot 
speed has been est imated t o  be: 

EHP = 8500 HP 

( 1 )  Find:  H u l l  e f f i c i e n c y .  7 
Propu ls i ve  e f f i c i e n c y ,  3 
Propel 1  e r  horsepower. PHP 

The t ransmiss ion  e f f i c i e n c y ,  7 ]  t. i s  es t imated t o  be 0.97. 

( 2 )  Find:  S h a f t  horsepower, SHP 



P-1: Basic 

For  t h e  model and s h i p  p a r t i c u l a r s  g i v e n  on pp 331-332 o f  GKLmu f i n d  t h e  
fo l low ing f o r  a model speed of 4.100 knots. 

Cf using ITTC f r i c t i o n  formula 
m a t  f resh water = 61' F 

Take Ca = .400 x 10'~. Expand t h e  model r e s u l t s  t o  p r e d i c t  s h i p  EHP I n  

sea water o f  59' F, Find: 

Vs (knots) 

Note t h a t  the subscripts, m, and s, r e f e r  t o  model and ship respect ive ly .  











BASIC NAVAL ARCHITECTURE 

U n i t  Number: 2 6 

T i t l e :  - Propu ls i ve  requirements and power s e l e c t i o n  - 2 

Tape Running Time: 36M 55 

Reading Assignment : MSD, pp 141-149 

A d d i t i o n a l  References: PNA, pp 447-453 ( repeated)  

Mar ine Eng ineer ing  (ME), 1971, R.L. Har r ing ton,  Ed., 
SNAME, pp 1-18 

The example of t h e  p rev ious  u n i t  i s  cont inued t o  p r e d i c t  t h e  r e q u i r e d  BHP f o r  
t h e  example ship.  Serv ice  power margins and t r i a l  speed a re  discussed. 
Engine s e l e c t i o n  i s  then discussed. Type, advantages and disadvantages o f  
d i e s e l  engines. Combined p lan ts ,  d i e s e l  e l e c t r i c  d r i v e s ,  gas t u r b i n e s ,  steam 
p l a n t s ,  and nuc lea r  p l a n t s  a re  descr ibed b r i e f l y  and comparisons given. 

Key P o i n t s  t o  Emphasize: 

1. Complete t h e  e x p l a n a t i o n  o f  t h e  powering p r e d i c t i o n  example. 

2. With any t i m e  remaining supplement t h e  comparisons of t h e  va r ious  t ypes  o f  
p r o p u l s i o n  p l a n t s  w i t h  a d d i t i o n a l  i n f o r m a t i o n  on performance, cos ts ,  
weights and cub ics ,  and f u e l  consumption. 

Suggested Problem Assignment: one o r  two of 55, 56, 57 



PROPULSIVE REQUIREHENTS & POWER SELECTION 

POWER PREDICTION 

INFORHATION NEEDED: 

TRANSHISSIOH LOSSES OR 
TRANSHISSION EFFICIENCY 

BULL-PROPELLXR INTERACTIONS 

RELATIVE ROTATIVE EFFICIENCY 

- OPEN-WATER PROPELLER EFFICIENCY 

KEY RELATIONSHIP: 

Rts . vs EBP = 
5 5 0  

i I 



PROPULSIVE REQUIREHENTS & POWER SELECTION 

POWER-PREDICTION EXAMPLE 

CONTINUE THE PREVIOUS EXAHPLE. 

ADDITIONAL INFORHATION: 

- SHIP IS SINGLE SCREW 

- TRANSHISSION LOSSES: 
REDUCTION GEAR - 
2 SHAFT BEARINGS - 
STERN TUBE - 

- FROH SHIP HODEL TESTS: 

FIND EHP, SHP, BHP. 

1% 
1/48 EACH 
112% 





PROPULSIVE REQUIREHENTS L POWER SELECTION 

POWER PREDICTION EXAMPLE - SOLUTION 

STEP 2. CALCULATE BULL EFFICIENCY. 





PROPULSIVE REQUIREMENTS & POWER SELECTION 

POWER PREDICTION EXAHPLE - SOLUTION 

STEP 4. CALCULATE SIP. 

(SHP IS HEASURED FORWARD OF TEE 

STERN T U B E )  











PROPULSIVE REQUIREMENTS & POYER SELECTION 

ENGINE SELECTION - DIESEL ENGINES 

TYPES BY CYLINDER ARRANGEHENT 

IN-LINE ENGINES 
VEE ENGINES 
OPPOSED PISTON ENGINES 

TYPES BY TYPE OF ASPIRATION 

NATURALLY ASPIRATED 

TURBOCHARGED 
- INTERCOOLED FOUR CYCLE 
- AFTERCOOLED 

I 

SCAVENGED 
TURBOCHARGED 

) TWO CYCLE 









PROPULSIVE REQUIREHENTS & POWER SELECTION 

DIESEL ENGINES - ADVANTAGES AND DISADVANTAGES 

COHBINED PLANTS 

WHERE TEE DESIGN REQUIREHENTS CALL FOR A WIDE RANGE 
OF SPEEDS AND POWER COHBINED PLANTS OFFER SOHE 
ADVANTAGES. 

CODAG COHBINED DIESEL AND GAS TURBINE. 

COSAG COHBINED STEAH AND GAS TURBINE. 

COGAG COHBINED GAS TURBINE AND GAS TURBINE. 

CODOG COHBINED DIESEL O R  GAS TURBINE, 

TEE TWO DIFFERENT PRIHE HOVERS ARE NORHALLY 
INDEPENDENT, BUT TBEY HAY BE GEARED TO TEE SAHE 
PROPELLER SHAFT. ONE PRIHE HOVER IS DEDICATED TO 
SERVICE AT CRUISING SPEED. TBE ADDITIONAL GAS 
TURBINE IS KICKED IN TO PROVIDE BOOST POWER FOR 
HAXIHUH SPEED. 



PROPULSIVE REQUIREHENTS & POWER SELECTION 

COMBINED PLANTS 

REF: ISD, CIAPTER 8 ,  PP 168-169 (NOTE: - - -- rsa-84 CLASS ARE CODOG, NOT CODAG) 

, DIESEL + DIESEL CLUTCH 

FIRST REDUCTION 6 U R  UNIT  
C A I  TURBINE -- 

6AS TURBINE CLUTCH u u  
REDUCTION 6 U R  

DIESEL C L U T C H  - ' DIESEL 





PROPULSIVE REQUIREHENTS & POWER SELECTION 

DIESEL ELECTRIC DRIVES - ADVANTAGES AND DISADVANTAGES 

- DIESEL GENERATOR SETS RUN AT CONSTANT SPEED AND 
GENERATE AC ELECTRICITY. 

- CONVERTED TO DC ELECTRICITY BY SILICONE- 
CONTROLLED RECTIFIER (SCR) CONVERTERS. 

- DC HOTORS ARE USED FOR PROPULSION HOTORS, 
- HIGHER TRANSHISSION LOSSES DUE TO AC-DC 

CONVERSION. 

- NORMALLY DO NOT REQUIRE REDUCTION GEAR. 
- SYSTEH IS BIGGER AND BEAVIER AND HORE EXPENSIVE 

TBAN SIHILAR HEDIUH SPEED GEARED DIESEL PLANT. 

- MAINTAINABILITY IS EXCELLENT BECAUSE OF CONSTANT 
SPEED OPERATION. 

- ECONOHICS BECOHE COHPETITIVE WITB GEARED DIESEL 
WEEN TBERE IS A BIGB PERCENTAGE OF PARTIAL LOAD 
OPERATION. 

- DIESEL GENERATORS CAN BE LOCATED REMOTE FRO1 
PROPULSION UOTOR ROOH. 

- ALHOST INFINITE CONTROL OF SBAFT RPH, 





PROPULSIVE REQUIREMENTS & POWER SELECTION 

STEAH PROPULSION 

AT ONE TIHE ALMOST ALL MERCHANT AND NhVIL SBIPS WERE 
POWERED BY STEAH TURBINE PROPULSION PLANTS. HANY OF 
THESE SHIPS ARE STILL IN SERVICE, HOWEVER - 
YITE TEE AVAILABILITY OF LARGER, HORE EFFICIENT 
MEDIUM AND LOU SPEED DIESEL ENGINES MITE EXCELLENT 
RELIABILITY AND HAINTAINABILITY, STEAH PLANTS EAVE 
BEEP REPLACED BY DIESELS IN COHHERCIAL SHIPS. 

STEAM PLANTS ARE STILL TEE PRIHE HOVER OF CHOICE YITE 
UUCLEAR POYERED NAVAL SBIPS AND SUBHARINES. 





PROPULSIVE REQUIREHENTS & POWER SELECTION 

SHP RATING OF PROPULSION PLANT (THOUSANDS) 









PROPULSIVE REQUIREHENTS & POWER SELECTION 

STANDARD SERIES 

SHIP HODELS 

1. TAYLOR STANDARD SERIES (NAVAL SHIPS, TWIN 
SCREW). 

2. SERIES 60 (HERCBANT SHIPS). 

3. BSRA (BRII'ISH SHIPBUILDING RESEARCH 
ASSOCIATION) STANDARD SERIES (HERCBANT 
SHIPS). 

4. SERIES 63 (ROUND BILGE PLANING BOATS). 

5. SERIES 64 (DESTROYERS). 

6. SERIES 65 (HYDROFOIL HULLS) . 
7. SSPA (SWEDISH STATE SBIPBUILDING 

ASSOCIATION) STANDARD SERIES. 



PROPULSIVE REQUIREHENTS & POWER SELECTION 

STANDARD SERJES 

PROPELLER SERIES 

1 . TAYLOR STANDARD SERIES 

2 .  WAGENINGEN STANDARD SERIES (HERCHANT, 
DUTCH) 

3 .  GAWN-BURRILL STANDARD SERIES (HIGH SPEED 
CRAFT, BRITISH) 



PROPULSIVE REQUIREHENTS & POWER SELECTION 

AUTOHATION 

INCREASING LABOR COSTS ARE DRIVING THE 
SBIPPING INDUSTRY, AS IN HAWY OTHER 
INDUSTRIES, TOWARD INCREASING AUTOHATION. 

THE TRADE-OFF BETWEEN BIGBER LABOR COST AND 
HIGHER CAPITAL COST FAVORS AUTOHATION (IN 
THIS COUNTRY). 

THE SAME PRESSURES EXIST IN NAVAL SHIP 
DESIGN. 



PROPULSIVE REQUIREHENTS & POWER SELECTION 

AUTOHATION (CON'T) 

DIESEL PLANTS AND DIESEL-ELECTRIC PLANTS 
LEND TBEHSELVES WELL TO AUTOHATIOH. 

UNMANNED ENGINE ROOMS WITH FULL BRIDGE 
CONTROL OF THE ENGINEERING PLANT ARE 
BECOMING BORE COMHON. 

FOR NAVAL SHIPS, GAS TURBINE PLANTS ARE 
ALSO WELL-SUITED TO AUTOMATION. 

STEAH PLANTS ARE HUCH HORE-DIFFICULT TO 
AUTOMATE. THE LARGE ENGINE ROOH CREW 
REQUIRED AND TEE INFERIOR FUEL ECONOHY 
ACCOUNT FOR THE LOSS OF POPULARITY OF STEAM 
PLAMTS, 



PROPULSIVE REQUIREMENTS & POWER SELECTION 

14 I6 10 20 22 24 . 26 28 
SH? RATING OF PROPULSION PLANT (T HOUSANOS) 





Problem 55 

Problem Leve l :  Intermediate 

A model o f  a destroyer escor t  i s  b u i l t  t o  a scale ra t i o ,  x= 61.6. 
The model cha rac te r i s t i c s  are: 

- 
L~~ 

- 60. GO" 

B - - 7. 0Ot' 

A .  = 17.90 1b i n  f resh water 

Wetted Surface = 459.4 in2  

(a )  Find the  corresponding cha rac te r i s t i c s  o f  the  f u l l  s i ze  DE f l o a t i n g  a t  the 
same water1 ine  i n  s a l t  water 

The model was tank tested and the  f o l l o w i n g  data were taken a t  the DEts maximum 
speed. 

"m = 3.30 knots 

(b )  Expand t h i s  r e s u l t  t o  f i n d  t h e  EHP r e q u i r e d  f o r  t h e  s h i p  a t  t h e  
correspon ing  speed. What i s  t h i s  speed? Include a c o r r e l a t i o n  allowance 
o f  .4x10-'. Take: 



Problem 5 (cont inued) 

Problem L e a :  Intermediate 

( c )  The f o l l ow ing  e f f i c i e n c i e s  are estimated: 

t ransmission e f f i c i e n c y  - - .98 

h u l l  e f f i c i e n c y  - - .92 

r e l a t i v e  r o t a t i v e  e f f i c i e n c y  = 1.03 

p r o p e l l e r  e f f i c i e n c y  - - .59 

Find the  propuls ive c o e f f i c i e n t  and the  SHP requi red f o r  the DE a t  i t s  maximum 
speed. 



BAS1 C NAVAL ARCHITECTURE 

Problem 56 

Probl em Level : Basic 

The s t r u t  shown below carries four loads applied a t  points A ,  B ,  C ,  and D. 
The s t r u t  i s  314" x 4' f l a t  bar. 

( a )  Is the s t r u t  i n  equilibrium w i t h  the force system shown? 
2 

( b )  F i n d  the s t ress  i n  Ibs/in and the s t ra in  in i n / i n  a t  the midpoints 2 between A and B ,  B and C ,  and C and D. For steel take E = 30 x 106 Ibs/in . 
( c )  F i n d  the total  extension or contraction i n  the length of the s t r u t  under 

load, (Note: Assume for  the purpose of the problem tha t  the stresses 
and the s t ra ins  are  uniform from p o i n t  A to point B ,  from point B to  
p o i n t  C ,  and from p o i n t  C to  point D. (Actually, s tresses and s t ra ins  
will vary i n  the v ic ini ty  of the points of load application). 



The cross sect lon o f  a rectangular beam I s  shown below: 

(a)  F ind the height o f  the neutra l  ax ls  above the x-axfs (Unlts: inches) 

(b) Find the  M ment o f  I n e r t i a  and the Sect ion Modulus o f  the beam sec t l on  S (Unlts:  i n  and in3) 

( c )  The beam a t  t h i s  l oca t i on  I s  acted upon by a bendlng moment o f  20,000 ft- 
I b s  (Note: conve r t  t o  In - lb ) .  F i n d  t h e  maxlmum bending s t r e s s  and t h e  
l o c a t l  n  o f  the  maxlmum bending st ress under these conditlons. (Unlts: I b s  S per i n  

( d l  The m a t e r l a l  ( rood)  has a y l e l d  p c l n t  o f  2500 lbs / i n2 .  The a l l o w a b l e  
st ress f o r  t h i s  service i s  60% o f  y l e l d  stress. 

W i l l  the beam be w i th ln  allowable s t ress  leve ls?  

W i l l  the beam f a i l ?  



M O T S ;  M ~ D ~ L  P-dD S + I ~  WILL e ieSFn br r G =  1 
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