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l .\  I NTRODUCT I ON
C

The purpose of the subject report is to present a technical

practice for the design of rudders and diving planes. This re-

port precedes NAVSEC Report 6136-74-272 , t i t l e d  “ D e v e l o p m e n t  of

a Technical Practice for Rudders and Diving Planes , Part II ,

Torque Predictions ” which assumes a given control surface configu-

ration and provides a procedure for calculating the forces and

moments acting on the rudder. This report addresses those design

considerations not involved in the actual control surface torque

calculation. I n  the course of this development the current NAVSEC

procedure for certain aspects of control surface desi gn was updated

and documented , the current state of the art for control surface

design was defined and recommendations were made for future research

and development to fill gaps in the current techno logy .~-

Section 2 of this report contains the documentation of the

following current procedur es.

(1) Size , Shape and Location of Rudders and Diving Planes

I (2) Computer Programs for Control Surfaces Design

‘1 (3) Stress An a lysis of Surface Ship Rudders

(4) Minimum Cost and Minimum Weight of Surface Ship Rudders

In addition to documenting the pr ocedure for estimating the

minimum cost and wei g ht of rudders a correction was made to the

equation for rudder cost which yields answers different from

those obtained with the  orig indl equation from Mr. Hewitt Lo

in Code 6136.
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in Section 3 the current state of the art Is defined. Em-

phasis is placed on describing the handling q uality criteria

and the methods of prediction of ship motion as these are the

areas of greatest interest relative to NAVSEC ’ s design procedure.

Section 14 presents our recommendations for future research

and development based on the survey and Interpretation of litera-

ture reviewed. The Technical Practices Manual has been revised

0 

to properly represent current rudder design practice.
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2. DOCUMENTATION OF CURRENT DESIGN PROCEDURES

2.1 Size 1 Shape and Location of Rudders and Divi n g  Planes

2 .1. 1 Surface Ship Rudders

In general the number of rudders , their size and

location are determined on the basis of previous experience as

well as the particular requirements on the design itself.

2 .1 .1.1 Number of Rudders

The number of rudders nearly always matches

the number of propellers. Even on a single screw ship with strin-

gent maneuverability requirements , one rudder would generall y be

preferred over two since two rudders are costlier , heavier , and

require more area for the same lift produced. For a twin screw

ship two rudders are usually called for in order to obtain better

maneuverability at low speed by placing each rudder in the wake

of the propeUer .

2. 1 .1.2 Rudder Location

Rudders are generally located away from the

position directly in line with the propeller shafting in order  to

avoid the propeller cone vortex. This is even done , wherever

possible , for high power sing le screw ships. However , the rudder

is always placed parti a l l y in the propeller race.

Adequate clearance should be provided to

m i n i m i z e  the risk of vibration and allow the removal of the pro-

0 pe lI er without unshi pp lng the rudder. In some cases unshi pping

the tai l  shaft may require turning the rudder and removing portable

rudder plates , although this i s  avoided whenever possible.
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To avoid vibra tion the m i n i m u m  distance

allowed between the leading edge of the rudder and a point on the

line of maximum thickness of the propeller blade and 0.7 radius

from the shaft centerline should equal one-half the propeller

diameter.

The rudder - rudder stock combination

sho u ld be d e s i g n e d so as to perm i t unsh i pping the rudder without

special high b l ocking. Where the rudder canno t be dro pp ed enou g h

directly downward , provis ion should be made for firs t l i f t i n g  the

stock w i t h i n  the ship. T i l t i n g  the rudder on the rudder stock

is possible but should be avoided except as a last resort.

The rudder shou ld  be w e l l  submerged even

with the ship li g h t l y  l o a d e d  af t a n d  h e e l i ng in a turn. In some

c a s e s  it m ay be n e c e s s a r y  to use a rudder stoo l to obtain proper

rudder immersion and to p lace more of the rudder In to the pro-

pe l l e r  race. The rudder should extend below the baseline as

l i t t l e  as possible to m i n i m i z e  grounding damage. However , so m e

rudders extend as much as six feet below the baseline to obtain

ade quate submergence and the desired aspect ratio.

2. 1 .1. 3 Rudder Shape

Rudder sec tion shape is defined by the NACA

symmetrical four-digit series. The maximum thickn ess/chord

ratio normally permitted Is 0.23.

Spade rudders are generally prefe rred over

0 f the horn rudders since they develop more li f t  for the same area ,

are easi er to unship and the desi gn data is less empirical than

4 2-2
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t h a t  f o r  h o r n  r u d d e r s .

The af ter edge has a definite half -breath

and is left sharp since this slightly improves lift. The sharp

edges do not add to the cost and provide the required strength.

Sections are specified at the root and tip chord with strai ght lines

c o n n e c t i n g  l i k e  n u m b e r e d  s t a t i o n s .

The rudder profile should be ta pered to

save we ight and reduce the bending moment.

2.1 .1.4 Rudder Size

R u d d e r  a r e a s  a re  g e n e r a l l y  pro po r t i o n e d

upon length and draft from similar previous ships. An approxima-

tion for the required ru dder size to provide adequate directional

0 
stability and the required turn ing radius can be obtained from

statistical data. 1)1MB translation #321 provides a graph for

minimum rudd er sizes for directional stability and for rudder

size ~nd turnin g a b i l i t y  a t a 35 deqree rudde r an q l e. For des-

t r o y e r  ty pe s h i p s  the tactical diameter can be checked to see If

it meets the re quirements in the ship specification by running

ft NSRDC program Code 1524 for several rudder areas. The output from

this pro gram is turning diameter in shi plengths and yards versus

rudder an g le and speed -length ratio.

0 2 .1.1 .5 Verification of Prelimina ry_ Design Estimate

In the final contract design free running

model tests are run to verify the computer results. These model

tests when compared to full scale results are accurate to +5%.

H o w e v e r , to ensure meeting the re quired turning radius in sea

(-
~
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t r i a l s  a m i n i m u m  of a 10% marg in over model test predictions

should be provided since ful l  scale t r i a l  data may be erratic.

In a d d i t i o n , to tactical diameter model tests , zi g-zags (Kemp f

or Z maneuver) and spiral maneuver (Dieudo r ~n~ ) tests are run.

2 .1.2 Sub marine Control Surfaces

The basic function of submarine control surfaces

is to give positive directional s t a b i l i t y ,  good depth and course

keeping a b i l i t y  and good a b i l i t y  to i n i t i a t e  and check trajectory

changes. The p r e l i m i n a r y  design estimate of required control

surfaces is generally model tested b y NSRDC and adjustments made

as n ecessary.

2.1.2.1 Submarine Rudders and Rudder Stools

rhe des i g n of sub m a r ine rudders  i s g e n e r a l l y

s i m i l a r  to that of surface ships. One special p rob le m a s s o c i a ted

w i t h  the topside rudder of a submarine is the flow disturbance

caused by the sail aei d the superstructure. Because of this wake

disturbance the topside rudder Is not very ef Fective for directional

s t a bi ii ty w h e r e  sm a l l  an g l e s  a r e  i n v o l v e d  e v e n  t h o u g h  q u it e

effective for turning. In some des i gns the topside rudder is

mounted on a rudder stool to decrease the wake disturbance and

improve the directional s t a b i l i t y .  Directional s t a b i l i t y  may be

improved with the use of vert ical stabilizers which may also house

the sonar units.

For an i n i t i a l  estimate , rudder area is

cons idered proportional to d isplacement and ratios or these are

0 0
• obtained from s i m i l a r  previous submarines. The rudder may extend

below the baseline if necessary.
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2.1 .2 .2 Fa i rwater Plane s

Fa i rwa ter p l a n e s  a re mo re co mm o n l y c a l l e d

for i n d e s i g n  t han bow p lanes. Bow plan es have to be stowed by

foldi n g  or ro tating when surfaced. Even when folded they pro trude

f ro m t he hu l l  so pounding i n a seaw ay is  i n c r e a s e d  a n d dock ing is

made more d i f f i c u l t .  The use of fairwater planes also releases

space forward for sonar and torpedo tubes , removes forward plane

n o i s e  f ro m t he sona r dom e a rea , and fai rwater planes may be used

as a gangway for access.

F a i r wa te r p lane ou t reach i s  u s ua ll y kept

w i t h i n  maximum hull dimensions to allow for ro l l ing a l o n g s i de a

dock. The heigh t of the planes is of importance in r elation to

a v o i d i n g  d i f f i c u l t i e s  in p e r i s c o p e  - depth control. P o s i t i o n i n g

the p lanes too high may cause loss of plane effectiveness at

p e r i s c o p e  d e p t h .

The lead ing edge is u s u a l l y raked to de-

flect mine cables. Ti ps should be rounded to reduce noise levels.

As with the submarine rudders , the fairwater

p lane areas are proportional w i t h  d i splacement and ratios of

ft these are obtained from s i m i l a r  previous submarines.

2.1.2. 3 Stern Planes and S t a b i l i z e r s

Stern plane area is d i r e c t l y proportional

to di s p l a ce m e nt and inve r se l y proportional to length. The area

required is u s u a l l y  too large to be a l l  moveable to accommodate

the necessary steering gear so part of it is i n s t a l l e d  as a fixed

s t a b i l i z e r .
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The p lanform and location of stern plane

and s t a b i l i z e r  are selected with the following considerations in

ad d i t i o n  to conventional hydrodynamic efficiency.

a) The leading edge rake should be such as

to de l f l e c t  mine cables; for no rake or very sm a l l  rake , cabl e

guards should be provided.

b) A m i n i m u m  distance equal to one pro p e l l e r

radius should be m a i n t a i n e d  between a point located on the l i n e  of

maximum blade thickne ss 0.7 radius from the shaft cent e r l i n e  to the

nea rest edge of the stern plane.

c) The span which u s u a l l y  exceeds the beam

should be l i m i t e d  so as to f a c i l i t a t e  n e sting, coming alongside a

dock , and for large r subs to increase the a v a i l a b i l i t y  of the number

of d rydocks and b u i l d i n g  ways that may be employed.

2.1 .2. 14 X—S tern

The X-s tern is another arrangement of the

contro l surfac es in the stern of a submarine. The X-stern of the

Albaco re (AG 596) has been tested and results are a v a i l a b l e  in

fo rmal DTMB cl a s s i f i e d  reports.

The X—S tern:

a) Solves the problem of getting adequate

rudder effectiveness without exceeding h u l l  block dimensions.

b) Adds some complexity to the controls.

c) Prov ides even more d i v i n g  plane effec-

ti v eness than the cruciform stern than is desirable at hig h speeds.

~ (.~
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2 .1 .2.5 Ver i f ication of Pr e l i m i n a r y  Design Estimate

Once the ini tial control surface configura-

tions are established a computer program is run to determine the

l inear coefficients and these can be inserted Into a linear equation

of motion to check for dir e c t i o n a l  s t a b i l i t y .  The accuracy of

t hese c a l c u l a ted c o e f f i c e n t s ar e checked la ter by ca p t i ve model

tank tests. The s ize of the control surface may be altered de-

pe n d i n g  on the results obta ined from the model tests. Free running

mode l  tes t s se rv e as a f i nal  check  on t he cont rol su r fac e des i gn.

2.2 Computer Programs for Control Surface Design

2.2.1 Com puter Program Documentation for Rudder and

Fairwater Plane Design

T h i s  pro gr am pe r f o r m s torque c a l c u l a t i ons fo r

rudder and fairwater planes and permits the use of an it e r a t i v e

procedure to determine opti mum stock locations and diameters .

The g e n e r a l  m e t hod emp loyed in th i s p rogra m i s

the m i n i m i z a t i o n  of the difference between the most positive

(u psetting) and most negative (restoring) torques. These torques

a re c a l c u l a ted a t d i f f e r e nt d e f l e c t io n ang les of the con t rol

surface and the largest positive torque is compared with the most

negative torque. The stock location which gives this m i n i m u m

diffe rence w i t h i n  some small interval is the answer. The output

con si s t s of t he f i na l rudder conf i gura t ion , stock location and

stock diameter and the hydrodyna mic chara cteristics of the rudder.

2-7
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The final rud der co n fi q ur ~ t ion includes a small change of rudder

root chord to ensure the stock location is set at an even measure-

tiient (i.e. to the nearest 1/8”).

Ihe progra m do cum entd t i. on in the report titled

“Control Surfaces Calculations ~
, Prog ra ms ” f o u n d  i n f i l e  Code  6136

is complete . Sections of that report are reproduced in Appendix G

of Part 11 (NAVSLC Repo rt 6136_ 7e’-272).

For a com p lete description of the aerodynamic method

used in developin g this program refer to NAVSEC Report 6136-74-272

titled “Development of a Technical Practice for Rudders and Diving

P l a n e s , P a r t  I I .” Thi s report also contains a detaile d hand cal-

culation procedure as used in this program. As discussed in the

above report , t h i s  p r o g r a m  d oes n o t  p r o v i d e  t h e  p r o p e r  b a l a n c e  r a t i o

for surface ship ru dders or fairwater planes. At the present time

this correction must be performed by hand with the aid of the

c o m p u t e r .

2.2.2 Com p~~ter  Program Documentation fo r  ern Pl ane Des ign

Th is program performs torque calculations for stern

p lanes with sta b i l i z e r s  and permits the use of an iterative pro-

cedure to determ ine optimum stock location arid balance. The out-

put is the geometric location of the balanced stock; at the

corres pondin g torque r e c u lts for intermediate calculations are

given. The pr og ram documentation in the report titled “Co ’itro l

Surfaces Calcula tions and Programs ” found in f ile Code 6136 is

comp lete. Sect io ns of that report are reproduced in Appendix H

of P.~rt r i  (NAVSEC Report 6136-74-272).

b r a  com p lete description of the semi—empirical

method used in developing thi l ; program and a complete example

2-8
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hand calculation , refer to NAVS [C Report 6136—74-272 , titled

“Development of a Technic al Practice for Rudders and Diving Planes ,

P a r t  I I ” . This prograt ir does not properly balance the negative

a n d  positive torque curves so this must be corrected by a hand

calculation , with the aid of the computer.

2 .3 S t r e s s  A~~j 1~js~~j  Surf ace Shi~p_ R u d d e r s

A rou gh stress analysis is made during preliminary design

and the shipbuilder is usuall y required to make one to determine

actual scant l i n qs. Stresses are limited so as to provide a minimum

factor of safet y of 2.0 on yiel d po int for spade rudders , w h e r e

l o a d s  a re  c a l c u l a t e d  u s i n g a e r o dynamic or hydrodynamic data and

a f a c tor o f s a f e t y of 2.5 on y i e l d  po i nt  f o r  h o r n  ru d d e r s , w h e r e

loads are calculated usin g DTI-1 B Report 915.

2. 3. 1 Spade Rudder

The following steps outl ine the procedure for

the stress a n a l y s i s  of a spade rudder. A rudder and stock stress

d i a g r a m  for  t he 1) 093 1 C l a s s  found in Code 6136 , meets  the spec i -

f i c a t i o n s  set  by the Nav y.

S ps i~ _~pade Ru dder Stress A n a l y s i s

‘1 ( 1 )  D e t e r m i n e  f o r c e s  a c t i n g  on the rudder :

a ) Hy d r o d y n a m i c  f o r ce  - See S e c t i o n  2 . 2 . 1  of

t h i s  r epo r t  b r  the c a l c u la t i o n  of  the total result ant force and

c e n t e r of p r e s s u r e . T h i s  method  s u p e r s e d e s  the rudder torque

c a l c u l a t i o n  shown on th e s t r e s s  d i a g r a m  fo r  the 1) 093 1 c l a s s .

b ) Sea S l a p  - T he p r a c t i c e  is  to assume a

ma ximum s t a t i c  l oa d  of  1000 pounds  per squa re  f o o t .  Over  the

rudder span a tr ian g ular load is assumed wi th the maximum load

4 2-9
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a t the root chord. Over the rudder chord a uniform d i s t r i b u t i o n

is used. Us ing this loading the structure may be stressed up to

the yiel d  point.

c) Hydrostatic force - This pressure in head

of wa ter i s  s imp l y equal to the depth of water of the point on

the rudder for which the pressure is calculated.

d) For rudder p late panel design all three

forc es (a), (b) and (c) are considered , but in c a l c u l a t i n g  the

bending stress , only (a) is cons idered.

(2) De term ine the reactions for the two bearing

suppor t s

Eu Reac t ion at upp er bear i ng

F
L Reaction at l owe r bearing

— D i s tance of ce nt er of p r e s s u r e  f rom

the root chord.

L 1 — D i s tance between b e a r i n g s

L2 — Distance from l owe r bearing to root chord

FR — Resultant force at center of pr essure

Equations for Bearing Reactions

Eu — FR (
Z + L~ )

F L FR + Eu

Solve the two equations for the two unknowns Eu

and FL.

( 3) Deve lop the sp a nw ise  load curve over the span

of the rudder and the chordwise load curve over the chord of the

rudder. The load d i s t r i b u t i o n  is trapezoidal in form and is derived

so the centro id of the trapezoid coincides with the spanwise

(

4
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or chorc . -. T s e  c e n t e r  of pressure. Note that if the rudder is not

l o c a t e d  c o m p l e t e l y w i t h i n  the p r o p e l l e r  race , two se p ara t e c h o r d w i s e

and s p a n w i s e  c e n t e r  of pressures m ust be calculated . The basic

p rocedu re  d e s c r i b e d  b e l o w  remains the same.

CP +

cp~+ / ~ Pro pe l le r~~~~ce

SKETCH OF RUDDER PARTIA LLY IN A PROPELLER RA CE

Cal c u l a t i o n  of load d i s t r i b u t i o n  over chord.

a — l o a d  a t a f t e n d  of cho r d

b — load a t fo rw a r d  end of chord

x — di stance of center of p r e s s u r e  f r o m .f o r w a r d

edge of chord
- L chord

Load per foot of chord
L

Force— Are a of trapezoid

L 2

a + b’. 
~~~~~ ( i)
L

2 - i l

4
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Equation for Centroid of trap ezoid

x — L (2a + b)

3 (a + b )

2a + b = (x) (3) (a + b) (2 )
L

Solve equation (1) and (2) for the unknow n s

a and b. Follow the sarn e p~ oce -du re for ca 1 c~~l at ng the spa nwi se

load d i S t  r i bu t ion •

( 1.) Integrate the load curves over the span and

chord of the rudder to obtain the shear curves.

V — fwdx

V — Shear force

w Load/Ft.

X = D i s tance a l o n g  s p an or chord

I C ~~ ~~~~~~~~~~~~~~~~ •‘“ :~~:: : .~~~~~: :. ~~~~~~~~~~~~~~~~

momen t curves.

M — fVdx

- 14 — Bending Moment

(6) In te g ra t e t he ben d ing mom en t curves  tw i ce  to

obtain the deflection curves.

— 11
El

y i. jy ldx

— Angu l ar deflection

— y Vertical deflec tion

( 7 )  Determine the spanwis e and chordwise moment

of inert ia.

( 
—

~~
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(8) Calculate the stress in various sections

along the span and chord.

(9) The stress in the rudder key, t i l l e r  key

and rudder hub w i l l  be calculated separately.

(10) De termine the thickness for the rudder hub

an d yoke. DTMB Report 1592 gives values for K which equals

ex perimenta l stress for a socketed connection. This report may
theoretical stress

b e u sed to de te rm i n e  t he s t r e s s  f o r  t he h u b  a n d  yoke casting.

See A ppendix B for the report t i t l e d  “Experimental Stress Anal ysis

of a Socke ted Connection in Ben ding. ” Page 15 of this report presents

graph of K versus stock penetration.

(11) Determine the stress in the rudder stock

using the equations be low .

2. = d i s tance f rom t he ce nt er of p r e s s u re

to t he s tock cen te r l i ne

to r s i o n a l  momen t

= F R X 
~

d = s h a f t d i a m e t e r

Maximum Normal Stress

(S n )max = .....L~. 
(M + 1142 + M ~~ )

ir d 3  -

Maximum Shear Stress

(S s)m x  
+

lT d3

No te that the y i e l d  stress d i v i d e d  by the factor of safety may

be substituted above and the diameter solved for di r e c t l y .

4
2- 13
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An example c a l c u l a t i o n  for stress analysis of spade rudders

can be found in Code 6136 fil e .

T h i s  was perfo riii ed for the flD93l Class. Note that the stress calcu—

lat i ons should be tabulated in the same manner as done for the 1)0931.

2 . 3 . 2  H o r n  R u d d e r

The followin g steps outline the procedure for the stress

a n a l y s i s  of a horn rudder. A horn rudder and stock stress diagram

for the BB 61 that meets the specif ications set by the Navy m a y

be found in Code 6136 files.

S t e p s  in Horn Rudder S t r e s s  A n a l y s i s

( 1 )  De te rm ine  f o r c e s  a c t i n g  on the rudder

a ) Ely d rod ynamic  f o r ce  - See N A V S E C  Repor t  6 1 3 6 - 7 4 - 2 7 2 ,

titled “Development of a Technical Pract ice f o r  R u d d e r s  a n d  D i v ing P la n

Part II” for the calculation method for total resultant force and

cente r of p r e s s u r e .  The method  p r o v i d e s  an ana l y t i c a l  approach

i n s t e a d  of re l y ing on model  t es t  da ta  as shown on the stress diagram

for  the BB-6 l c l a s s .  Note t ha t  in t h i s  c a l L u l a t i o n  p rocedure  for the - .

hy d rodyna m ic  f o r ce , the f o r c e  nor mal  to the c hord of  the rudder is

‘1 calculated and this is assumed to be equal to the resultant force.

b) Sea Slap - Follow the same practice as used

for spade rudders (See Section 2.3 .1).

c) l!ydrostat ic force - Follow the same practice as

u s e d  f o r  spade rudders (See Section 2.3 .1).

d ) For rudder  p l a t e  panel desi gn all three forces (a),i,

(b) and (c) are considered , but in calculating the bending stress.

(

_ 
S
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a n d rudder tor qu e , only (a) is considered.

(2) De termine the pressure d i s t r i b u t i o n  on each bearing and

the resultant force acting on the bearing. See the “Bearing P r e s s u re

D i a g r a m” on the stress diagram for the BB 61. The following steps

are followed in de te r m i n i n g  the pressure d i s t r i b u t i o n .

a) Es tab l i s h  a baseline for pressures due to

direct load and to eccentr icity.

b) Find the center of gravity of the projected

• bearing areas.

c) Determine the eccentricity which is the distance

from the eccentric load (resultant force) to the center of gra v i t y

of the projected bear ing areas.

d) Find the resultant bearing pressure by esta-

b l i s h i n g  unknown pressure f d u e  to eccen t r i c it y i s es t a b l i s h e d  a t

the top to the upper bear ing. The bearing pressure is assumed

to va r y l i n e a r l y so a l i n e  may be drawn throu g h the cen ter of

gravity to indicate in terms of f , t he resu l t a nt p r e s s u r e s  due

to eccentricity for the other bearings. A moment equation about

the center of grav it y is written to solve for f.

e) D iv i d e  the eccentric load by the total bearing

area to obtain the pressure due to direct load.

f) E s t a b l i s h  a baseline for resultant pressures

P/A from the bas e l i n e  for direct load.

g) Sum mary of pressure due to eccentricity and

d irect load.

2- 1 5
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h) Calcula te the magnitude and location of

the resultant force on each bearing. The pressur e d i s t r i b u t i o n

for each bearing is trapezoidal in form so the magnitude and

location of the resultant force on each beari ng can be

calcula ted using equations for the area and center of gravity

of a trapezoid.

(3 )  Construct a load d i s t r i b u t i o n  along the rudder

stock using the forces determined in step 2 - h .

(4) I ntegrate the load curve over the rudder stock

to obtain a shear curve. See step (4) of spade rudder calcu-

la tion for the equation for shear.

(5) In tegrate the shear curves to obtain bending

moment curves. See step ( 5 )  for the spade rudder.

(6) Determine the moment of inertia over the rudder

stock for various sections along the stock.

(7) Calculate the stress for the sections used in

step (6). See step (11) for the spade rudder.

(8) Determine the stress for sections a l o n g  t h e  s p a n

and chord of the rudder by fol lowing steps (3) throug h ( 8)

for the spade rudder.

S teps i n Ske g S t r e s s  A n a l y s i s :
- 

- 
(1) The hydrod yna mi c fo rce  ac ti ng on t he skeg is

calculated by as suming the skeg is a spade rudder. A calculation

is performed for the norma l force on the skeg alone and this is

added to the normal force of the rudder at the l owe r bearing to

ob tai n  the total force on the skeg.

(2) Th e bend i n g ,  torsion and combined stress is calculated

2-16
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for a sec tion taken at the root chord. See the calculation for

sec ti on “A—A” on the rudder stress diagram for the BB-6 1 .

(3) The stresses in step 2 are also calcula ted for the skeg

jus t above the gudgeon. See the calculation for section “B-B” on

rudder stress diagram for the BB—6 1.

(4) The stress calc u l a t i o n  for a non- tapered rudder gudgeon

is calculated using NAVSEC envelope 010809 t itled  “Method of Calcu-

l a t i n g  Stress in a Gudgeon. ” Refer to the stress curve on page

17 of the above report to obtain the stress per square un i t .  Th i s
p repor t is  re p rodu ced in A ppendix C. The total load per inch of

le ngth of the gudgeon is calculated. A ratio of this load to the

load per inch calculated w i t h  the chart is used to correct the stress.

The stress calculation for a tapered gudgeon can be per-

for m ed u s i n g DTMB Re port 1592. This report is reproduced in A p-

pendix B. The ca l c u l a t i o n  procedure followed is the sqme as that

fo r the spade rudder (see section 2.3.1 step 10).

2.4 Opt i m i z a t i o n  of Surface Ship Rudde r We i g h t and Cos t

This procedure establishes the m i n i m u m  wei g ht and m i n i m u m

cost for rudders. In t h i s  process the stress is assumed to be ade-

qua te.

The cos t of the rudder is determined by the cost of mater-

ia l , i ron worker (i n c l u d i n g  i n s t a l l a t i o n , tes ting and pa i n t i n g )  and

welding. The cos t of the m a te r i a l  and ir on worker  can be measured

by t he we i ght of the material and the cost of the welder is jud ged

by the linea r  foot of welding. The following pages describe the

calcula tion procedure for m i n i m u m  rudder thickness using equations

4 2-17
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for m i n i m u m  weight and m i n i m u m  cost. Usi ng these values for m i n i m u m

thickness , the wei g ht and cost of the rudder may be determined. Ap-

pendix A provides the deriva tion of the equations for m i n i m u m  thick-

ness based  on m in i m um cos t  and we i gh t and a de ta i led exa mp le calc u-

la tion using the pro cedure outlined in this section.

‘1
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2.4.1 C a l c u l a t i o n  of Rudder Plate Thickness for M i n i m u m  Weig ht

W = Wt . of Rudder , Lb s .

A = Rudder area Ft.

t — M m .  Rudder P la te T h i c k n e ss or Ad jus te d Th i c k n e s s , inches.

t ’= Stiffeners and F la t  Bars Thickness , i n c h e s

b = Rudder Span = Ft.

c Mean Cho rd = Ft.

D = Aver age R u dder Th i ck ne ss = 0.684 x Mean Thickness =

rn = Stiffener Panel Constant = 50 (For the Example

in A ppendix A)

Mean T h i c k n e s s = Maximum Thickness at Mean Chord c. , F t .

a 1 b x c x D =

a2— A ~ 12 =

a
3— 

(b + c) - 48 =

t a 1 x t’

Lm~ 2 + a 3 x t ’)

_ _  

-~~ _

t ’ a 3 x ~~~ ~)+ a  2 x ~~
For Mm Wt

(

_

~~ 

2 - 19
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2 . 4 . 2  C a l c u l a t i o n of M i n i m u m l h ic k n e s s

To determine m i n i m u m  thickness based on cost

the equation below must be iterated using an assumed thickness

t u n t i l  the result equals zero. It w i l l  be useful to plot

the result of each iteration versus t to speed convergence

to the value of zero. Since the equation is a cubical equa-

tion , at least three points should be plotted. Note that

one of these points should have an opposite si gn com rared

with the other points.

a4 = 81.7 (A) =

a5 = 2 0 . 4 2  (b + c ) =

a~ aj ( 2. .2. ) =

N = KPw — 6 (or an actual number derived from a
cost study)

a 7 = N (ai) ( 
~~~~~~~~ =

a~ = 
N (48 )

m~~
0 + bc ) =

1 --_

~ ® I T E R A T I O N  CHECK
A s s  um ed

t a5xt 
a6x t ’ __~~~~~~ 

—
~~~~
. (i2~ - - ~~ 1) If ~~ O then

t t t - + a4 assumed t t
for m i n i m u m
cost

2) If ~3,’o assume
a new t and

__________ ________ ______—- _______ _________ 

itera te aga i n
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2.4.3 Calcul ation of Rudder Wei ght

a 10 — A 6 — 6 —
= (b + c)  ~ 24 — 2 X a

3 — 2x —
a 12

2bcD~~~~m 2 a 1 ~~m = 2 x

a 13 
= (b + c) X 0 12

a 14 = b x C ~ m = —

a 15 = (a 13  + a 14
) = + —

W = 490 Ea io + a 1 1 t ’)t  + a 12 (_f J 
+ (a 1 3 + a 14 )

_ _ _ _  _ _ _ _ _---- - -- - -__ - -- ~~~ - 5.. -

~2) 7) w

t a 11 xt ’ 2)+a 10 ~
‘)x t a 12 xt ’/t a 15 x t ’ ~~~~~ 5~ + ~ 4 90 x

I

2—21

4

1~~~~~~~~~ IT~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~-



_ _ _ _

2.4.4 Calcula tion of Rudder Cost

a 1~ — 288~~~ .J.

a 77 = b + c + D S

Cos t — W + N 
~~~ 

+ 2 x a
liJ 

-

~ 

®

t c~ Ca 17 N x~~~~+~~~~+~~ J W + ~~~

‘1

4
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3. CURRENT STATE OF THE ART FOR CONTROL SURFACE D E S I G N

3 .1 In troduction

In d e s cribing the cu rrent state of the art for cont rol

s u r f a c e  d es i g n , emphasis w i l l  be placed on those aspects of design

which contribute d i r e c t l y  to the NAVSEC desi gn procedure. Generall y

when the control surface design is conducted , the hu l l  shape , s h i p

powering and speed have already been determined. Therefore , the

control surface des i gn problem is a problem of selecting a control

surface which w i l l  enable the ship  to satisf y a l l  of its maneuver-

a b i l i t y  requirements as o u t l i n e d  in a d i r e c t i v e  from Project Manager

Shi ps (PMS). To test a shi p to see if its requirements are met

necessitates some cr iteria which can quantitatively measure shi p

m a n e u v e r a b i l i t y .  Using this c r i t e r i a , predictions must be made

for control surface characteristics which w i l l  satisfy the sh i p

requirements.

This section on the state of the art is directed to the

most up-to-date maneuvering c r i t e r i a  for surface shi ps and sub-

mar i n e s  and the a v a i l a b l e  techniques used to predict the ship

motions resulting from a given control surface configuration .

Prediction techni ques from commercial practice as well as NAVSEC ’ s

practice are discussed here.

3.2 Handling Qu a l i t y  Cr i t e r i a  f o r  S u r f a c e  Sh i ps

3 .2 .1 Standard Man euvers

There are three maneuvers now In common use by th e

U.S. Navy as well as in commercial practice and are referred to as

the Standard Maneuvers. The Standard Maneuvers is a set of tri a l s

c o n s i s t i n g  of a t u r n i n g  c i r c l e , a z i g - z a g  and a sp ir a l  maneuver.

4
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The ITTC m a n e u v e r a b i l i t y  committee has made up a standard procedure

fo r these tests and p u b l i s h e d  it in its 12th ITTC meeting (14)* .

Since these tests are in common use their procedure w i l l  not be

explained here.

3.2.2 New D e f i n i t i v e  Maneuvers

New maneuvers have been es t a b l i s h e d  over the last

few years to deal in p a r t i c u l a r  w i t h  u n s t a b l e  shi ps and to provide

a more thorough d e f i n i  t i o n  of sh i p control for a l l  shi ps.

One new method introduced by Bech in 1966 i s  the

reversed s p i r a l  test which has now r e c e i v e d  w i d e  suppor t  ( 14 ) .

Like the s p i r a l  test this is a way of e x a m i n i n g  a shi ps course keep-

ing abi l i t y .  In this test the rudder ang le 6 which w i l l  give a

s p e c i f i e d  t u r n i n g  rate r is measured. This is just the opposite

of the usua l  sp iral  test where the t u r n i n g  rate is measured as a

• f u n c t i on of speci f i e d  rudder ang les. Advantages of the reversed

s p i r a l  test are that i t produces an r-~ r e l a t i o n s h i p  for the com-

plete range of rudder angles w h i l e  the curve from the sp ir a l  test

forms a hysteresis loop. This method works p a r t i c u l a r l y  w e l l  for

d i r e c t i o n a l l y unst a b l e  shi ps. The reversed s p i r a l  test also has

the advantage that the test takes less time and sea room than the

s p i r a l  test.

Another new test suggested b y Thieme and Motora is

the m o d i f i e d  zig-zag test where instead of ru n n i n g  the tests at

e q u a l  rudder  a n g l e s  and s w i t c h i n g  head ing  a n g l e s  10 0 _ l O O
. l5 0 _ l 5 0 ,

e t c . ,  the switching angle is made less than the rudder ang le ( 1 ) .

This avoids the problem encountered with unstable shi ps at small

rudder ang les where the results tend to diverge.

~Number in parenthesis refers to reference listed in Section 3.5.
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Two other maneuvers called the p u l l  out and weave

maneuvers more accurately define the Di eudonn ~ spiral loop. The

pu l l  ou t ma ne u v e r  i s  a tes t w h e r e  t he s h i p Is f i r s t  kept t u r n i n g

at a specified rudder angle and then the rudder is s e t  to ze ro a n d

the successive heading angle is recorded u n t i l  the s h i p ’ s motion

becomes steady. The steady turning rate obtained w i l l  be equal

t o t h e  he i g ht of the hysteresis 1oop of the r- 6 curve. The weave

maneuver is b a s i c a l l y  a mod i fied zi g-zag maneuver conducted with a

var i ety of rudder angles and yaw angles of small magnitude. By

t r i a l  and error the lower l i m i t i n g  value of the rudder execute

angle as a function of yaw angle can be determined. Ex t r a p o l a t i o n

of these values to zero g ives the width of the Dieudonne sp i r a l

l oop .

One im porta n t aspect of ship m a n e u v e r a b i l i t y ,  which

is not d i r e c t l y measured b y any of the tests mentioned , is the

a b i l i t y  of a shi p to r u n  a l o n g s i d e  in close proximity to another

s h i p. Newton performed some tests which indicated that the most

i m p o r t a n t  f a c t o r s  g o v e r n i n g  the a b i l i t y  of a sh i p to pass  c l o s e l y

to another is the speed of the shi p s  and the magnitude of the

transverse distance between them , assuming that both ships are

d i r e c t i o n a l l y  stable. In view of this stud y it is not important

to es t a b l i s h  a special c r i t e r i a  for this si tuation but the des i gner

should make sure the sh ips are d i r e c t i o n a l l y  stable according to the

c r i t e r i a  outlined above.

3— 3
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3.3 Predic t i o n  of Ship M a n e u v e r a b i l i t y  for  S u r f a c e  S hi ps

It is d esirable to predict for surface shi ps and sub-

marines the h a n d l i n g  c haracteristics before the shi p is b u i l t .

A l l  of the methods described attempt to predict ship m a n e u v e r a b i l i t y

in terms of the standard maneuvers.

3 .3.1 Use of St a t i s t i c a l  Data

it is s t i l l  part of the present NAVSEC desi gn pro-

• cedure to rel y on statistical data based on parent shi ps. This g ives
p 

an approximation for the required rudder size to provide adequate

d i r e c t i o n a l  s t a b i l i t y  and the required t u r n i n g  radius. For a

f i r s t  roug h cut  of d e t e r m i n i n g  rudder  size , the report “Design of

S h i p  Rudde rs ” by H. Thieme (12) could be used. In this reference

Th ieme provides a g r a p h  f o r  m i n i m u m  rudder si zes for dire c t i o n a l

s t a b i  i i t y  and for  rudder  s i z e  and t u r n i n g  ab i  l i t y  at  a 35 degree

rudder ang le. The accuracy of this data is based on a small number

of shi p parameters and over a l i m i t e d  range of shi p characteristics.

Another problem is that this method does not provide an accurate

prediction of the shi p meeting the hand l i n g  c r i t e r i a  requirements.

As a quick estimating tool this method i s s t i l l  use fu l , but the

fol lowing methods for the prediction of shi p m a n e u v e r a b i l i t y  hold

greater promise for accuracy and v e r s a t i l i t y .

3 .3 .2 Free R un n i n g  M o d e l  Tes t s

Free running model tests offer the most direct

m ethod of predicting ship motions , however , there are drawbacks

to th i s  me thod of prediction. The bi ggest problem is that the

3-4
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scaling laws ca nnot be completely satisfied. Because of the fric-

t ion correction due to Reynolds number scale effect , the l o a d i n g

of the model propel ler is larger than that of a full  scale pro-

peller. The mode l s l i p  stream is increased and t h i s i n c r e a s e s  t he

effec tiveness of the rudder. This could account for the fact that

at low rudder angles model ships tend to have greater d i r e c t i o n a l

s t a b i l i t y  than the fu l l  size ship. Another problem is that the

difference in Re ynolds number between the model and ship must be

considered since the thickness of the boundary layer which varies

with Reynolds number determines the point of flow separation on the

rudder. Rakamarie has performed tests where the rudder is heated

to provide an apparent increase in Reynolds number. For the very

l i m i t e d  range of temperature and Reynolds number tested, this appears

to y i e l d  good results.

3.3.3 Approximate NSRDC Prediction Method for

Tactical Diameter

T h i s  method  d e v e l o p e d  b y NSRDC is v e r y  u s e f u l  for

p r e l i m i n a r y  desi g n of con t ro l  su r f a c e s.  A p i l o t  study was performed

for pred i c t i n g  the tactical diameter for twin ~crew destroyers.

This method u t i l i z e s  h i s t o r i c a l  data gathered from previous tank

tests for a large number of twin screw destroyers. Shi p and rudder

parameters were selected. To determine the r e l a t i o n s h i p s  of these

parameters with tactical diameter , a m u l t i ple regression an al ysis

was used. The tactical diameter can then be expressed in terms

of an equation der ived from these curves. This method produces

results which may be accurate to + 5~ for a certain range of rudder

angles althoug h an error of 1St may occur if the ship f a l l s  near the

4
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ends of the data curves. The greatest accuracy occurs if the ship

in question f a l l s  i n  the region of greatest data concentration.

Eda performed a study for the Coast Guard which was

s i m i l a r  to that of NS RDC in hat he used a large amount of data

from previous free-running model tests to est a b l i s h  equations for

s h i p trajectories (4). His method permits a greater range of para-

meters to be varied and gives good correlation with model tests as

i n d i ca t ed b y s a m p le test runs in his report.

3.3.4 Semi-Emp i r i c a l  Method

In commercial practice a semi-emp i r i c a l  approach

u t i l i z i n g  both the non-linear equations of motion and tank test

results , provides the most accurate means of predict i n g  ship

maneuvering. The bi ggest problem with this method is p r e d i c t i n g

the d ynamic d e r i v a t i v e  of force and moment for the higher order

non-linear equations. Captive model tests may be used to determine

• these coefficients. In this test the model is forced to perform

d e f i n i t e  motions , and dynamometers are used to measure the cor-

responding h y drody n am ic force responses. The derivatives of these

responses y ield  the coefficients of the motion parameters. rhe most

commonl y used test mechanisms are the rotating arm and the Planar

M o t i o n  M e c h a n i s m  ( P M M ) .

T h e  r o t a t i n g  a r m  i s  w e l l  suited for the generation

of yaw velocity and the combination of dr i f t  angle and yaw ve l o c i t y .

Due to the l i m i t e d  r a d i u s  of the rotating arm it is d i f f i c u l t  to

measure the li n e a r  coefficients so these are commonly measured by

d r i f t a n g le (oblique flow) tests i n  a conventional towing tank.
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Acceleration derivatives cannot be obtained w i th

the rotating arm. The PMM techni q ue is  more ve r sa t i l e  than the

rotating arm in that it enables a l l  of the coefficients to be

measured but in practice it may be d i f f i c u l t  to measure the non-

l i n e a r  coefficients in the d e r i v a t i v e  of the yaw velocity accuratel y.

Large yaw velocity may be obtained only at hig h frequency of os-

c i l l a t i o n  which ma y cause frequency problems. These problems

a r i s e  f rom the f a c t t ha t so me of the a c c e l e r a ti on a n d  swa y da mp i n g

d e r i v a t i v e s  are frequency dependent. The new hig h  a m p l i t u d e  Hy A-PMM

recentl y constructed in the Hydro-0 9-Laboratoriu m in Denmark may

solve this problem.

Once the hy d r o d y n a m i c  d e r i v a t i v e s  a re  obtained

f rom tank  t e s t s , the di g i t a l  computer is used to solve the n o n - l i n e a r

e q u a t i o n s  of m o t i o n . S t r o m - T e j s e n  has produced a computer program

for  s u r f a c e  shi ps w h i c h  accu r a te l y predicts the Standard Maneuvers (8

The b a s i c  inpu t  d a t a  for  the p r o g r a m  c o n s i s t s  o f :  1.  p r i n c i pal

s h i p  d a t a , 2. effective horsepowe r data and open water propeller

c h a r a c t e r i s t i c s  and 3. nondimensional coefficients from PMM or

r otating arm tests. From the l i m i t e d  results studied , this progra m

appears to g ive very accurate results for the prediction of tur n i n g

c i r c l e  parameters , t u r n i n g  c i r c l e s , zi g-zag maneuvers and s p i r a l

maneuvers. More recent programs inc lud e subrout ines for the

effect of wind and bow th rusters.

The mai n  advantages of the s e m i - e m p i r i c a l  method is

that s c a l i n g  laws to correct for Reynolds number , prop e l l e r  RPM and

s h i p speed can be taken  i n t o  a c c o u n t .  T h i s  p rov i des mo re accu rac y

and once the coe fficients are obtained , i n d i v i dual  parame ters  such
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as rud der rate can be measured. S i m u l a t i o n s  can be performed for

a u t o - p i l o t  design or for t r a i n i n g  purposes. Many more operating

co n d i t i o n s  can be stu died than would be practical for free -

runn ing models.

3.3.5 Ana l yt ical Method

In commercial practice tank testing techni ques have been

developed to the point whe re they now yi eld accurate results but

are costl y and time consuming. In an effort to reduce this cost

many researchers have been trying different approaches to obtain

a comp le tely a n a l y t i c a l  method for determining the derivatives for

the equation of motion.

Jaco bs has developed equations based on s i m p l i f i e d  poten-

t i a l  flow theory and low aspect ratio wing theory with  e m p i r i c a l

modifications for a re al  vi scous f l u i d to de te rm ine f i r s t orde r

h ydrodynam i c force and moment derivatives (16), (17). In this

approach the bound vortex and direction of the free vortex sheet

are properly assumed to g ive reasonable results. However , since

the hydrodyna mic relation between the vortex d i s t r i b u t i o n  and the

shi ps form has not been c l a r i f i e d , the modifications made for

viscosity are in need of verification.

Inoue (22) and Fedyaevsky (23) have derived semi-empirical

f o rmu l a s  f o r  the h y d r o d y n a m i c  f o r c e a n d mo m en t v e l o c i t y d e r i va t i v e s

by introducing coefficients which are chosen to fit each ship ’ s for m.

A c c e l e r a t ion der i va ti ves can be ob tai ned w i th the use of

Le wis form sections and the stri p  method. Agreement is good for the

force derivatives but , only fair for the moment deriva tives accord ing

to graphs in reference (I).
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By t he co m b i n a ti on o f the a b o v e t h e o r i e s , f a i r l y accurate

• l i n e a r  coeff icients may be deter mined. Althoug h theore ti c a l  velo-

c i t y derivatives conta in a non-linear term due to cross-flow , the

theory has not been deve loped to the point to be able to g ive

h i g h e r  o r d e r  d e r i v a t i v e s  c o n t a i n i n g  non — l i n e a r  p a r t s  ( 1 ) .  For

immediate a p p l i c a t i o n  these theories would have to be supplemented

by tank tests.

3.4 Ha n d l i n g  Q u a l i t y  C r i t e r i a  for Submarines

U n l i k e  surface ships there is no fixed cr i t e r i a  for defin-

ing the m a n e u v e r a b i l i t y  characteristics of a submarine (29).

Standard maneuvers exist but p r e l i m i n a r y  specifications spec if y

only in general terms , levels of performance required for sub-

marine directional control . Althoug h few defi n i t e  requirements

are e s t ab l i she d , the designer is interested i n  predicting the motion

of the submarine before the s h i p  construction commences , and if in

h is  o p i n i o n  p e r f o r m a n c e  is  u n s a t i s f a c t o r y ,  a d j u s t m e n t s  wi l l  be m ade

to the size and location of the control surfaces. The maneuvers

which are i n i t i a l l y  studied are the d e f i n i t i v e maneuvers which play

an important role in s i z i ng the control surfaces and the emergency

maneuvers. The nor mal maneuvers are studied later in the design

sequence in order to predict the cap a b i l i t y  of the submarine to

perform specific operational or tactical maneuvers. Many of these

operational maneuvers are c l o s e d  loop,  that is , involve the action

of a helmsman or autopilot. Listed below are  t hose m aneuve rs  of

interest to the desi gner (26):
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1 . D e f i n i t i v e  maneuvers (open loop) to evaluate inherent h a n d l i n g

q u a l i t i e s

a. Meanders (vertical plane)
b. V e r t i c a l  overshoots
c. Horizontal steady turns
d. Horizontal overshoots
e. Horizontal sp i r a l s
f. Acceleration and deceleration in stra i g h t l i n e  motion

2. Norma l maneuvers (operational or tactical)

a. Depthkeep in g and coursekeep ing at various speeds in-
c l u d i n g  hovering, u s i n y  manual or automatic control

Near—surface under various sea states
2 .  Near-bottom i n c l u d i n g  lar ge-scale bottom

i r r e g u l a r i t i e s

b. Transient horizontal turns using manual , semi—automatic ,
or automatic control

c. Mission p r o f i l e s  of various types i n c l u d i n g  target
tra c k i n g ,  weapons d e l i v e r y ,  a nd a va r i e ty of evas i ve
maneuvers

d. L i m i t  dives using manua l , sem i-automatic , or automa-
tic control.

3. Emergency Maneuvers

a. Recovery from sternplane jam casualties using ‘.~arious
combinations of recovery measures

b. Recovery from flooding casualties using  various com-
bin a ti ons of recov e ry measures

c. Buoyan t ascents to develop safe procedures for exer-
c i s i n g e m e rg e n c y  b a l l a s t  b l ow s y s t e m s

3.5 Predic tion of Submarine Maneuverability

I t is d e s i r a b l e  for the designer to predict how the sub-

ma r i n e  w i l l  perform the maneuvers listed above as early as possible in

th e desi g n se qu e n ce .  The des i g ner w i l l  m ake use of ana l ytic estimating

m e t h o d s , ca pti ve mode l  tes t ing and f re e  runn i ng model tes ti ng to a i d

in the p r e d i c t i o n  of submarine maneuvers. The advantages and l imi ta-

tions of each of the three pred i ction methods are described below .
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3.5 .1 A n a l y t i c a l  Techni que

In recent years greater use has been made of an

an a l y t i c  approach to the prediction of submarine maneuvers. Now

it is p ossible to estimate a l l  of the coefficients required for

the S t a n d a r d  E q u a t i o n s  of m o t i o n .  One compute r  program called

D E R I V S  can e s t i m a t e  the l i n e a r  hy d rod y n a m i c  s t a b i l i t y  and c o n t r o l

d e r i v a t i v e s .  The p r o g r a m  is  b a s e d  on v a r i o u s  hy d o d y n a m i c  t h e o r i e s

such a s  p o t e n t i a l  f l o w , s l e n d e r  body ,  l i f t i n g  l i n e  and boundary

layer theory as we l l  as exp e r i m e n t a l  data from Planar Motion

M e c h a n i s m  studies. A d e t a i l e d  explanation of how these various

techniques were incorporated in the program has not yet been

documented. The program D E R IV S  is a p p l i c a b l e  to submarine h u l l s

w hich are streamlined bodies of revolution wi t h  p a r a l l e l  m i d d l e b o d i e s .

The fineness ratio of the h u l l  should be greater than seven.

The appendages of the submarine may i n c lude : a deck s i m i la r

to that on the Fleet B a l l a s t i c  M i s s i l e  submarines , a fairwater

forward of the center of g r a v i t y ,  a s i n g l e  p r o p e l l e r , a cruciform

t a i l  c o n f i g u r a t i o n  w i t h  d i v i n g  p l a n es , rudders , and vertical stabili-

zers and s a i l p l a n e s .  The i n p u t  data for a g iven submarine confi gu-

rat io n inc l udes geometric c h a r a c t e r i s t i c s  of the h u l l  and the

appendages. Output i n c l u d e s  the non-dimensional s t a b i l i t y  and

control d e r i v a t R e s , mass , estimated moments of i n e r t i a  and the

v e r t i c a l  and horizontal plane ind i c e s  for dynamic s t a b i l i t y .

This program w i l l  provide the coefficients required for l i m i t e d

m ane u v e r s  and can be used to tes t i ni t i a l  sub m ar i ne conf i g u r a t i o n s

fo r d i r e c t i o n a l  s t a b i l i t y  w h i c h  require onl y the l i n e a r  equations

of motion.
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For more complex maneuvers ( p a r t i c u l a r l y  closed loop),

non- ’ i near and cross-coupling coefficients are required and these

are obtained from a second program. This progra m determines cer-

tain c ross-coupling c o e f f i c i e n t s  which cannot be determined e a s i l y

f r o m  s u b m e r g e d , s t r a i g h t l i n e  c a p t i v e  mode l  experiments using the

PMM syste m . The progra m u t i l i z e s  both semi-emp i r i c a l  and t h e o r e t i c a l

e q u a t i o n s .  The i n p u t  data consists of s h i p  g e o m e t r i c  d a t a  and co-

e f f i c i e n t s  f o r  the  S t a n d a r d  E q u a t i o n  wh i c h  can be d e t e r m i n e d  w i t h

the program D E R IV S .

By c o m b i n i n g  these two programs it is p ossible to

s o l v e  the  S t a n d a r d  E q u a t i o n s  and p r e d i c t  the  t r a j e c t o r i e s  f o r  the

d e f i n i t i v e  maneuvers. In orde r to solve the equations of motion

f o r  man y  n o r m a l  and e m e r g e n c y  m a n e u v e r s , special subroutines are

requi red to provide a complete s i m u l a t i o n  of the  m o t i o n  of the

s u b m a r i n e .  For examp le one s u b r o u t i n e  for sternp lane jams provides

S 
a ti m e  h i s t o r y  for the control surface movements , p r o p e l l e r  RPM

change from f u l l  ahead to back emergency and for the wei g ht of

b a l l a s t  water dis c h a r g e d  or ta ken on. Another subroutine cal l e d

the sea-state analog provides a representation for the effects of

ahead random s e a s  f o r  nea r  s u r f a c e  o p e r a t i o n .  T yp i c a l  d a t a  re-

quired for these subroutines are coe f f i c i e n t s  or forcing functions

f o r  the p a r t i c u l a r  p henomenon b e i n g  s i m u l a t e d .  The d a t a  i s  o b t a i n e d

by specia l model experiments , b y theory or a combination of both.

T h e  an a l y t i c  approach described above is always

checked by c a p t i v e  model testing to v e r i f y  the estimated co-

e f f i c i e n t s .  The P l a n a r  Motion Mechanism is used to obtain these

co e f f i c i e n t s  but some cros scoup Hng terms and those n o n - l i n e a r i t i e s
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associated with high values of non-dimensional velocity components ,

such as those associated w i t h  t i g h t  turns , can be more accuratel y

de termined by theoretical methods.

3.5.2 F ree Running Tests

Free running model tests are g e n e r a l l y run to test

the f i n a l  submarine confi guration. This enables the desi gner to

v e r i f y the results obtained from the a n a l y t i c a l  study and captive

model tes t i n g .  These tests are p a r t i c u l a r l y  important for those

p 
motions such as snap ro l l  w hich cannot be accurately determined w i t h

these two techni ques.

3 .5 .3 Val i d i t y  of P r e d i c t i o n  Techniques

When u s i n g  the  S t a n d a r d  E q u a t i o n s  of Motion for pre-

d i c t i o n , it is very important to check the results obtained with

f u l l  scale t r i a l  results , p a r t i c u l a r l y  if the coefficients were

a n a l y t i c a l l y derived , I t is d i f f i c u l t  to prov ide a f u l l  account

of the correlation between computer pre d i c t i o n s  and f u l l  scale

t r i a l  results. Althoug h a g rea t dea l  of co r r e l a ti on work  has bee n

performed , very l i t t l e  of this work has been published. In May 1970
I
; some data was pu b l i s h e d  for the SSBN 610 and 617 which indicated

that v e r t i c a l  plane maneuver computer data correlated very closely

w i t h  f u l l  scale results. For the horizontal plane , da ta was avail-

able only for the SSBN 617 . For t h i s vess e l , correla tions of com-

pu ter  r e s u l t s w i t h f u l l  s c a l e  a r e o n l y  f a i r a n d  predictions of snap

r o l l  are poor. Fortunately, co rrelation between f u l l  scale and

fr ee-running model results for tur n i n g  diameter and snap roll are

qu i t e  good. Linear theory is weak fo r these m aneuve r s , so f ree

r u n n i n g  tests are w e l l  j u s t i f i e d .  Correlation work is being
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performed in the area of near surfa ce depth keep ing , v e r t i c a l

p lane behav ior in turns , and emergency maneuvers. Althoug h the

work  i s no t comple t e , t he g e n e r a l  i n d i c a t i ons are  t ha t co mput e r

p r e d i c t i o n s  show better depth keeping performance and that stern-

p lane jam recovery p r e d i c t i o n s  y i e l d  greater depth and pi t c h

excursions than expe rienced in f u l l  s c a l e .  The c r o s s - c o u p l i n g

effects which occur in emergency recovery operations are not

c o m p l e t e l y u n d e r s t a n d a b le or p r e d i c t a b l e .

D i s c u s s i o n s  with some of the desi gners at NAVSEC
S.

have indicated that w i t h  some of the more recent projects such

as the SSN 688 and the T r i d e n t , t he a n a l y t i c a l  e s t i m a t i o n  of

the d e f i n i t i v e  and emergency maneuvers seem to correlate w e l l

w i t h  the model tests. The a n a l y s i s  included the new cross-

c o u p l i n g  terms calculated in the computer prog ram described above.

Documentation of these correlation studies would be help ful

in d e t e r m i n i n g  whether the Standard Equ a t i o n s  of Motion should

be extended to in c l u d e  a d d i t i o n a l  cross-coupling terms.
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4. RECOMMENDATIONS

The recom mendations discussed be l ow are based on the study of

t he s ta te of t he ar t and t he cu r ren t NAVSEC des i gn p rocedure fo r

co ntrol surfaces. Emphasis has been placed on the deve lopment of

an a n a l y t i c a l  approach to control surface design since this develop-

ment could provide good results at s u b s t a n t i a l l y lower cost when

compared wit h  model testing.

This section on recommendations is d i v i d e d  into three groups

as  f o l  l o w s :

1. Proposed future research and development is presented

u s i n g as a bas is , the state of the art as discussed in

section 3 of this report.

2.  R e v i s i o n s  a r e  recommended  for those specific desi gn pro-

cedures discussed in section 2 of this report.

3. T h e  te c h ni c a l  practices manual is upøated to reflect

the c u r r e n t  N A V S E C  desi gn procedur e. The section con-

cerning rudder torque calculation is not included since

it may be found in NAVSEC ’ s report t i t l e d  “ E s t a b l i s h m e n t

‘1 of  D e s i gn P r a c t i ce  for  R u d d e r s  and D i v i n g  P l a n e s ” ( M R & S

R e p o r t  2 4 9 9 - 2 ) .

4 . 1 Future Research and Development

4.1.1 Su rface Ships

No change to the surface shi p h a n d l i n g  c r i t e r i a  is

recommended at this time . The three Standard Maneuvers provide an

adequate quantitative measure of the shi p ’s m a n e u v e r a b i l i t y  char-

a c t e r i s t i c s .  There may be so m e c a s e s  where sp e c i a l  m a n e u v e r s  m a y

be required to define p a r t i c u l a r  tact I cal or operational maneuvers

4
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of the ship. Most of the a n a l y t i c a l  me thods have been developed

to handle only the Standa rd Maneuvers. In order to measure a

special tactical requirement , special test procedures w i l l

be necessary bo th in f u l l  scale t r i a l s  and model tests. As

t he a n a l y t i c a l  and emp i r i c a l  methods of pre d i c t i n g  ship maneuver-

a b i l i t y  improve in accuracy, further development of the h a n d l i n g

c r i t e r i a  wou ld be p r a c t i c a l .

The approximate N SRDC computer program for ta c t i c a l

d i a m e t e r  is very useful for p r e l i m i n a r y  design , and is r e l a t i v e l y

inexpensive compared wi t h  other methods of pr e d i c t i o n .  Where

sufficient model test data exists this method should be extended

to i n c l u d e  s p i r a l  and zi g-zag maneuvers. The current method i s

restricted to twin screw destroyers so other shi p types should be

i n c l u d e d .  This technique would be extreme l y v a l u a b l e  in q u i c k l y

estimating a good rudder and skeg confi guration before the ex-

pensive model testing commences.

It would be d e s i r a b l e  to l i m i t  the amount of model

test i n g  required for a new desi gn to reduce cost. I d e a l l y  then a

complete anal y t i c a l  procedure could enable the desi gner to p r e d i c t

the ship  m a n e u v e r a b i l i t y  characteristics for the Standard Maneuvers

w i t h o u t  any tank testing. The first step toward th i s  goa l would be

S to  u t i l i z e  the e q u a t i o n s  w h i c h  now e x i s t  to d e t e r m i n e  the l i n e a r

c o e f f i c i e n t s  for  the equations of motion. Unfortunately hi g her

order n o n - l i n e a r  coefficients cannot be obtained accuratel y us i n g

theory as developed up to this time. Further work should proceed

4-2
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w i t h  r e f i n i n g  p o t e n t i a l f l o w , low a s p e c t  w i n g ,  s l e n d e r  body and

boundary layer theory to obtain s u i t a b l e  equations for these co-

e f f i c i e n t s .  In the meantim e , a se mi-emp i r i c a l  a n a l y t i c a l  method

could be developed w hich u t i l i z e s  both theory and ex p e r i m e n t a l

data. Past c a p t i v e  model tests could provid e data for n o n - l i n e a r

c o e f f i c i e n t s  and e q u a t i o n s  fo r  t h e s e  c o e f f i c i e n t s  c o u l d  be d e v e l o p e d

u s i n g  a regression ~n ai y s i s . Since the Navy has not used captive

t mode l  e x p e r i m e n t s  e x t e n s i v e l y fo r  s u r f a c e  sh i p d e s i gn , the use of

da ’a from tests of s i m i l a r  commercial sh i p s  may be necessary.

More extensive use should be made of captive model

tests ‘ or the reasons cited in section 3.3.4. In a d d i t i o n  to pro-

v i d i n g  a more accurate anal ysis of the m a n e u v e r a b i l i t y  of a g iven

c h p ,  t h e r e s u l t s  of these tests could also be u t i l i z e d  in the

anal y t i c  method described above. Free running mode i tests wou ld

o~~1y be preferable if a very l i m i t e d  study of the ship was required.

F i n a l l y, a complete correlation w i t h  f u l l  scale t r i a l

results should be undertaken to ve r i f y the accuracy of the method of
.
~

p r e d i c t i o n  emp loyed. This is p a r t i c u l a r l y important for the

a n a l y t i c a l  method since it is necessary to know the s e n s i t i v i t y  of

the various coefficients in the e q u a t i o n  of m o t i o n  and the a d e q u a c y

of the e q u a t i o n  used.

The fol l o w i n g  task statements summarize the recom-

mendations made above for surface sh i p  rudder desi gn:

1. U t i l i z e  the S t a n d a r d  M a n e u v e r s  as the

h a n d l i n g  qua l i t y  c r i t e r i a .

4 
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2. Develop further the NSRDC programs for the

predict i o n  of the tactical diameter for

s u r f ace sh i ps so it i ncludes more ship types.

Where su f f i c i e n t  data exists from sea t r i a l s  or

free running model tests , the sp iral and zi g-zag

m a n e u v e r s  cou ld a l s o  be i n c l u d e d .

3. De.ve lop further the present h ydrodynam i c theories

in an effort to predict the non-linear coefficients

fo r  the e q u a t i o n s  of mo t i o n .

14 . Develop an an a l y t i c  procedure for p r e d i c t i n g  a l l

of the  c o e f f i c i e n t s  fo r  the e q u a t i o n s  of m o t i o n .

This method should be calculated u s i n g  a computer .

5. Make greater use of captive model tests in l i e u

of or in a d d i t i o n  to free runnin g  model tests.

6. Conduct a c o n t i n u i n g  study to correlate f u l l

• scale t r i a l  results with the results obtained

w i t h  the p red i c t i o n  method  u s e d .

4 .1 .2 Sub marines

No h a n d l i n g  c r i t e r i a  ex i s t s  for  s u b m a r i n e s  in the

current procedure. In the past th i s  was unavo i d a b l e  since l i t t l e

information existed for the m a n e u v e r i n g  c a p a b i l i t y  for  modern sub-

marine desi gns. Now a s u b s t a n t i a l  amount of test data ex ists for

the most modern subma rines and it should be possible to specify

requirements for the maneuverability and control of the submarine.

The maneuvers that are recommended for use as a c r i t e r i a  are the

d e f i n i t i v e  and emergency maneuvers which would apply to a l l  sub-

ma rines as lis t e d  in Section 3.4 The norma l maneuvers would have

4
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to be se l e c t e d  for  the  p a r t i c u l a r  s u b m a r i n e  under study.

• Methods for determining the coefficients for the

equations of motion shou ld be improved using potential , slender

bod y a n d  bou n da r y layer theories. P a r t i c u l a r  emphasis should be

placed on those coe fficients which must now be estimated w i t h  the

use of e m p i r i c a l d a t a .  A c o m p l e t e l y  a n a l y ti ca l procedure for pre-

d i c t i n g  submarine maneuvers would be a powerful desi gn tool. W i t h

the  p r e s e n t  p r o c e d u r e , by the t i m e  the f i n a l  r e s u l t s  a re  o b t a i n e d

from tank tests , it is too often late to i n i t i a t e  major changes

to the control surface configuration. Even an approximate a n a l y t i c

p r e d i c t i o n  method  w o u l d  be useful since i t ~ wo ül d e l i m i n a t e  the

need for major desi gn changes in the d e t a i l  design stage of the

s u b m a r i n e .

E x p e r i m e n t a l t e c h n i q u e s  s h o u l d  be d e v e l o p ed f or

d e t e r m i n i n g  the cross coupling terms for the equat ions of motion

w h i c h  a r e  now d e t e r m i n e d  on ly a n a l y ti ca l l y. This would enable the

d e s i gne r  to  d i r e c t l y chec k the a c c u r a c y  of the  ana l y t i c  me thod

he is now using to calculate these terms. Good experimental data

w o u l d  f a c i  1 i t a t e  c o r r e c t i o n s  to the a n a l y t i c  me thod  s h o u l d  t h i s

be r e q u i r e d .

The t h e o r y  and r a t i o n a l used in d e v e l o p ing the

current computer programs for e s t i m a t i n g  the coef ficients should

be documented to f a c i l i t a t e  a d d i t i o n a l  research in t his area.

A complete correlation study should continuousl y

be e m p l o y e d  to compare  f u l l  scale t r i a l  r e s u l t s w i t h  results obta ined

from captive model tests , free ru n ni n g tests and p a r t i c u l a r l y  w i t h

the new a n a l y t i c  met hod of p r e d i c t i o n  a v a i l a b l e .  One of the biggest
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questions facing the designer w h i c h  only a correlation stud y cou id

a n s we r , is the adequacy of the equations of motion used to predict

submarine maneuvers. Recently, new terms have been added to the

s t a n d a r d  e q u a t i o n s  and r e s u l t s  o b t a i n e d  fo r  the T r i d e n t  and SS N 688

shou ld be c o r r e l a t e d  w i t h  the  f r e e  r u n n i n g  mode l  t e s t  r e s u l t s .

The f o l l o w i n g  t a s k  s t a t e m e n t s  s u m m a r i z e  the recom-

mendations made above for submarine control surface design:

I. U t i l i z e  the norma l and e m e r g e n c y  m a n e u v e r s

l i s t e d  in S e c t i o n  3 . 4 . 1  as the s t a n d a r d  hand-

l i n g  c r i t e r i a .

2. Develop further the e x i s t i n g  h ydrod ynamic theory

to more accuratel y estimate the coefficients re-

qui r e d  for the equations of motion.

3. New experimental techni ques should be developed

to determine d e r i v a t i v e s  for the equations of

motion which cannot be measured now in the test

t a n k .

4. The current computer programs for e s t i m a t i o n  of

h y d rod y na mi c c o e f f i c i e nt s s h o u l d  be co mp l et e l y

• documented i n c l u d i n g  the rational used in their

development.

5 . A complete correlation study should be employed

to compare results of pre d i c t i o n  methods w i t h

f u l l s c a l e  r e s u l t s .

14 .2 Rev isions to the Current NAVSEC Design Procedure

The f o l l o w i n g  revisions are recommended to the desi gn
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procedures discussed in Section 2 of this re port:

1.  The compu te r  p rog rams  for  c o n t r o l  s u r f a c e

to rque  e s t i m a t i o n  s h o u l d  be m o d i f i e d  so that

any d e s i r e d  b a l a n c e  of s t e e r i ng  gear  t o rque

may be o b t a i n e d .

2 . Use the u p dated hydrodynamic torque ca l cula - -

tion as discussed in S e c t i o n  2 . 2  of t h i s  re-

port  in l ieu  of the method shown on the stress

d i a g r a m s  for  the DD-9J 1 (spade rudder) and BB-6 1

• ( ho rn  r u d d e r ) .

3.  ~1odi fy the e q u a t i o n s  for  m in imum c o s t  of  rudders

as indicated by Section 2.4 and Appendix A of

t h i s  r e p o r t .

4 . 3  R e v i s e d  T e c h n i c a l  P r a c t i c e s  Manual

The following pa ges contain the original Technical Prac-

t i ces  Manual  and the changes  made for each page . For changes  made

to Section 3 of Part A and Sections 3 .4, 4 . 2 , 5 .1 and 7 .1 of Part  B

of the Manual , refer to NA V S E C  Report 6136-74-272 , titled “Develo pment

of a Technical Practice for Rudders and Diving p lanes , Part  II , Torque

P r e d i c t i o n s ” .
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Ru d de rs  — N umber of rudders , their six

and location, are determined on the basis of prevI~
experience as we ll as the partirular requirements
of the design Itself. Rudder sect ion shape Is
defined by the NACA-QO section offsets with ,—
thickness to co Wn~tios~~epe ndent on stoc k szz( j
and selected rudder profile . ~~~y deqTs•s ruddel

• swing is considered maximum. Ref~~ n~~ ’mater1a
to ass ist the designer can be found in Code 420
File 2. 100 and a 1953 SNAME paper titled “Some
Hydrc~ynamIc Aspect s of Appendage Design” by

• P.~r. Maridel.
j
~
j Bil ge Keel s —Prelimi rs:iry apoendage

plans generally show tie bilge keels at the mid-
ships snct~on wit h referer~ e to their extent along
the hull. Final location is left for further deveioç
ment depe nding on model tests and detailed str uc-
turr]l considerations . uize is governed by previous

• designs of similar ships t ypes. Guides ore ac~~ingiven by ~~~~ . Mandel’ s 1953 paper.
Ilialts and struts -It is enly necess~~v

to approx imate shaft diam.~ter o~i the prelimirnrv
plan. Ir~~~r~Jocation of the shaft con be deter-
mined with the assistance of the Marine Engineer
(Cxie 430) doing the pre liminary machinery ar-
ra ngement. i4oweve’, sh ft !oc~tior. at t he ç-ropell.
er is dependent on the entire stern n~~~ - e ~ ent.
Such aspects us propeller diar-neter, t i p cleara nce,
and rudder lcratio” , all muqt t~ considered by t i i~designer. Guidance for determining strut and shaft
3i~e ic u - e n  U ~~~~~ C~~4 3Ol-! :n~ 2 . ~! the
“Design Data Book for Ships otT)e United States~Navy . ”

Two additiona l appendages are often re-
quired by the characterist ics of recent ship de-
signs .

a Sonar Domes —The sizes of Sonar
Trans ucers ha-4e grown in recent years to such on
extent t hat considerable emphasis is row placed or

— - - - -  -— the integration of the sonar dome within the hull
Hydrodynamic Des’gn lines. Two fun damental os~e~~ of s onar dome de-

sign mus t be co~~Tdered by t he designer:
Practice: (j_) The effect of s ize , shape , ond loca-

• Preliminary ~ —-- iqn of Ships Aj~~ nriaqes tuon on perloirnance of the sonar tmrsdt~ er.
A cornpl°ted preliminar y ship design frequent- (~) Tha eff ect of size , 51’ a pe, and lc~o-

ly has an c~-penduge plan as part of the drawings tion on the ship’s speed, endurance, structure, arg
S ? describing the ship. The appendage design has an anchoring.

effect on t h--- maneuverabi lity, speed , endurance , To si~ t the designer in determining the
— 

seokij idlinecs , weight - and space of the ship. These effect on sonar perfor mar~ e of his design he should
1 . important aspects must be considered and when call on Code 689 (Sonar branch). To estimate the
L .’ possible predicted by the preliminary designer. For effect on ship sp~~d and endurance C~~e 420 File

this reas on considerable attention is cf t e n given to 1. 708 records the res ults of model tests with
r-- the design of appendages as veil as to assist in the rcthois fcr predicti ng dome resistance . Future

construct icn of models to be tested, ship trials will aid cons iderable In determining
The foll o’.- nq a’pendage s are included on almost good sonar r~ pe-~-1a-ip design practice.

every naval ship. A 1- rief descript ion of the de- . 
~~~~L 

Fin Sta b i l i z e rs  — Cole 42O Fde 3.2~~~r— ~~~~~ c acjt ce for determining size , shape , and out linr- : ‘~r presA nt method of determining stooi-
location is given. - lizer capac ity and resulting size of Vms. Again

S
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CHANGES CO MM ENT

Inser t Page 45

Change #1 Delete remainder of
paragraph after “and

selected rudder p r o f i l e ” .
Insert: T h i r t y - f i v e  + two
degrees rudder swing 7’s
considered maximum. Refer-
ence mater i a ’ can be found
in Code 6 1 36.
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future ship trials wilt oil c~nsIderahiy In detrrnjn- Hydrodynomic Desi gn
Ing good In desian practice .

Ptoct ice:
Control Surface Design -

• Hydrodynom i c  Desi gn Maneuveruhility and ‘Itrectiona l stai ’ulity are
• important aspects of a surface ship’s and sub-

; Practice: marine’s operationa l value. çggtj2i sunface design
Prediction of Sur face Ship Motion; Status of (rudders, stern planes and bow planes) is vital in

this consideration.
- The stole of the art of piedicting surface Some guides are given on other sheets (Pie-

r— ship motion rests upon the follow triq areas of en- diction of Directional Stability aid Prethctions of
deavor: Tactica l Dicmwter) .

a. Assumptions of s rrnil nen-!In.~nr’t ies As a first step, ~r-’qs are generally propor-
such that a linea r ~:t herrs~t i: ii m~ :~ i - -i~I suffice. tioned upon len;th x ~~-~‘n, from simi lar previous /

b. The nat ure of the cros s -coupling between ships , modifications and variations are made to
• 

• the degrees of freedom . - suit the ship under consid°rntion. Further guiding
c. Acc uracy I-i c-btnininci ~~~ :,tihftty den y- inIor rrution may ~~ found in fi le 12.160 (G~rera 1

atives used in !he f - : ’ ii e ~i~~~~-en s  f motion Contro l Surface [)ita). iii- ’ #2. 140 (Active Rudders),
r~. Cha ract- ’r i z i ’t - ~ - f ‘he - ::t kIi ;n~ ut • f i le 12.150 (fl~~p”d Control Surfaces). Mandel’s
Present rHy rr~ : ‘ ~~ l’-p~:’~ !c~ on the 1053 SNAME c r 1~r an d ¶ h ’  : edel and ful l-scc le

• use ci a sinr le —.‘t -
~~

-‘ . ‘ :~— ul “ il’ I :n Nhich ite m s rec j l t n  ‘~t rartic’iIir : - : r :n in file ~ 2.60 1
- - a aid b ore then rci.- .~ :‘e I !o~-iord f u t u re investiga - through 2.6 14 and for surfac e ships in file #2 201

tion. Non-h r- -it so i-it ~c’rus ore quite difficult • o through 2 343. and Nie ic of the Manual for Pro-
handle w ithc’j t s~~- :t - ~I -o: ;r’ut ing rm:- h:nes and a dication of Submerged Speeds of Submarines.
proper ~r*i ic~~t’ of trw- ’ actual physica l s:~uaticn.
For ~lb1U Qc~J~~i ,

~r-rrc~ in-~ t ions , ‘he c~~ r - - r u p n r - - s  of
the aerodynan~tc Reil show that the answers obtain- Hy drodynamic Desi gn
ed from such nir--~ iitu r-nt ions are ur- n- - mF H wi t hout
gett ing Invo lved In cc-n~’l~cate-J ‘-n --r-v-u ’ :’-s . For Practice:
example, the ur-iesttO ~’use of turn:rqcon tw- ’ ~1eoi- Submarine [~ i i ” c t i ~ r.~~i St ihulity Prelicti~n
ized as: Positive duent i - ’il sti l ~ y n to e hera-

‘nnta l and veit ical , I t t . - s is in unrc :t ar t  bui l t - t n
- 

~~ ~ 
- y ‘~ - ~~. featu r~ of submonines that h03 a strong effect on
ii I the handling qualatten .

Curren t practice is to follow the procedure
t’ r ’ - ~‘1’ , r ’ - ~~~

‘ 
~~ ~‘j in file 25~) (Predicti r~n Method5 — Directional

— 
s r 

~ - Stability) . Str1~ilizang area and shc~ e are detem~in-
ed by tri al-and-error until a value of thoutf :-O,~jH s- I . - ar-i 1 

~~ :t — n  ~f -
~y’ - is  ochue-ie~

lion , o~s n : ~n uhe ‘ - - ;- • • : o-u ~’-l 
n, ,: 2 ,1I ‘-~id- Ilo  Intent is t ke ’~p the c~ntro l surfaces

el is reasonable . It-ui in t ie sj c c ” - r :  •~i ol- ’nining wi thin the blod disnensioru (bean, and draft) if
the in! sin t io tu it ~ ’el under Iten- o and d, possible. This guide, however , h~~ been violated

The Tajlor Mi:”l L~n~ns hs u 1d be able to in a few of our latest submarines.I (utnish expenlrcrnt& inf~r:-yiticn wit h the advent of The directional stu±~iity should be che&ed
I the new f- inj Ii t en — P ’  u~ini p.r-n -u n -I !.t.~--e i’i - -r- by a model test rrcgIcr o at the earliest opportunity.
I big Bas in. TIe measured j P r l ’- a~:vc-: : are ,ss’d to —

t furnish ana l~ -i-i” -r- ’-’~ :--r  sturfie ’t The re s ults
t i can be compared t j  u:m:Inr c l i s ~ht~u: ‘ c gax~liti- Hy dro dynamic Design
c~ tlve evo1uat t~n o u-, --r - ’- ‘ :lOt ur: ship if n-’ t for

qunntitative predict i — n  ~he lat te r  in r:urh more Practice:
ci dlfIIcU o- - n - - ’  • I :ho -1-vious rm~v--: of predict- Surfuce St ur I t ’ i - i ~ fl: v . ” !er r~~--1 i~ t :on

~L! 
Ing and delIneatIng t~’e a r : ruu The ex t e n nt o n of the The terct icol li~~n~ t - r  th ’ut a ship should

I~ res ponse to an oct~~ 1 sociway is presently under- make is ;~~ei i
’ - - i i n  ~‘ :i’ ‘-h ~:oct  - : t S t I C S .  This as

going invest Igation by ar~-!lcrition of the rrincIr !’~ an Important operational r -r,euver.
- of !fnenr r :ire n i -m ; ition an-I aivwi:e- cc n - e~~~ of The c’j rrert pin t : - ’ - o~ : f t c t i - n  cri be

• spectral arr~I~sM. found in file t~o. 2 ? ) 2  (piedactions of loch ccii
- Dianeter). This includes, in an empirical system. —-
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C H A N G E S  CO MMENT

Insert Page 46

Change #2 Rep lace words... length Rudder area is propor-
x beam ... w ith . ..length tiona l to p r o f i l e  area.

x d raft...

Change #3 Delete wo rds after . . . Much of the m a t e r i a l
shi p under considera- l i s t e d  is now out of

t i o n . . . a n d  rep lace  w i t h :  d a t e .
Further g u i d i n g  i n f o r m a t i o n
may be found in f i l e  #6136 ,
DTMB t r a n s l a t i o n  #321 , a n d
NSRDC program Code 15 2 4  for
t a c t i c a l  d i a meter.

Change #4 Delete pa ragr ap h
curre nt.. , i s achieved.

Insert: Control surface
areas are i n i t i a l l y  e s t i mated
w i t h  the a i d of proportional
r e l a t i o n s h i p s  based on data
from s i m i l a r  s u bmarines.
Rudder and fai r w a t e r  p lane
areas are proportional to
d i s p lacement and stern plane
area is d i r e c t l y proportional
to d i s p l a c e m e n t  and inversel y

‘1 p r oportiona l to length.

‘4
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~z i the pertinent [ar1-” i’-r~ tn our prø~.~rit knowl- These maneuvers include turns (pertinen t pa-
cd~jc’ . An in:pcrtant p it t 1 ¶ ! ut : ,  is the rudder ranieter are tactical di anteter, ~~vust ce, transfer ,
design. This an ‘1 h: ihly in l v :  luau isti c p:u-~Htir o tim e to change h~~t lin i ~3 and 180° ra ° of change
(one closely al i t - ’ - -- !  t — thn r nrtt u1ir i-hip) hut this of h” iIincj and p ’ - - i  loss) . ‘ t g-  sag s and l)ieu~~nne T.

— 
would follow loosely the ~~~ncepts outline an spirals. These tests are generall y re~u.ist ed by
SNAME, 1953 Trarisactic-ris . “some Hydrouiynan-iic Cc-tIe 42 1 or .142. eit her - i t  the ~nl of the prelimi-
Aspects of Appendage [ c m gri ” byp.Mandel .  nary design or the bejinning ol the osntia:t uesiqn.

Hydrodynomic Desi gn

— - Practice :
Sul- rninine t 1 st€- u- ciub i li ty r n.t inat e
Maneuv erability of nub--- i r i s - -s  in the verti-

cal arid hon ~r’nt :1 p1 si-’ - i i - a:i in’.portart t feature
of ~ho u ir  :r:: ”s b’-hi.-t ’- r .

- r~~~~
: : :~ 0 ‘~~ ~~~~s . m ’

stt ts cf nr r~ 55 nuitt lomi r—,t-uo ’ i~ - -rs to ci s: rni !ar
- 

‘ ship L-r - i : f f - r - - ‘c”s . n. -uuPuvers inc lude in
r -  the vert ical phine ov-- rsuocts in pitch and depth,

- and time to reach , execute , in the horizontal plane,
overs hocts and ~ t c ~udonnp ~~ : r ~~~: At th ,s i i i :

the results require model tes us in f analogue corn-
outer stud ies , it is tn t u- :pntu ’ ~‘ u t  ut tn’  future

• these can be detennined at the druw in~j board.

Hydrodynomi c Design

Practice :
- — Submarine Angle of Heel in Turns, Pro-

~~ 
diction of

At this t ime, the snap inboard heel , experi-
enced by our mrs 1—rn submarines when ent ering a

~~~ turn , is n I--s ~tn t i - ic r  ‘-a tha speed and t ightness
of turn thit m-r ~ safe ly he acr~mpIished.

The ~i~ ”-i1 d pr’-’di~~inn ~- t ‘ ‘ ‘- t ,v -ru - ~~e of
heel in. a turn rn.av ~e fn’ :nd in f i le ~~~~ The

- 
present crud~- rule of thumb (poor to model results)

,,~~ is to est imat e the snc4 , roll as three times the
steady heel.

Values o f snc~ roll In excess of 35° are Un-
J~
” desirable.

Hydrodynom ic Desi gn

Practice :
Stand-and Maneuvers (Surfac e Ships)
Good itane iverohil i ty and t~irecilona1 stability

~ are Important chrnractenstics of the operation of
naval vessels.

,,.— Current p:u ‘ t ‘u 1 c -:o~- 1-ir — [ T’.~B fren-
- running mroiel to:: tn of Or St i t t O  : t’undar d maneuvers to

a ~trr:1ur ship. At th is ‘ime , - .r  ha-ic not estcib-
- lished firm -t iterri , but I’ is iti’tc i prtt”l that this

f-
~ 

wa ll be accoirplishe l in the near fu ture.
II I’
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CHANGES COMMENTS

Insert Page 47

Change #5 Delete paragrap hs
beg i n n i n g  w i t h

Current practice is...
and These maneuvers...
and insert the f o l l o w i n g :
C u r r e n t  p r a c t i c e  i s  to
compare  DTMB f r e e - r u n n ing
mode l  t e s t s  of c e r t a i n
standard maneuvers to a
s i m i l a r  s h i p .  The hand-
l i n g  c r i t e r i a  used are
three maneuvers referred
to as the Standard Maneu-
vers. The Standard
M a n e u v e r s i s a se t o f
t r i a l s  c o n s i s t i n g  of a
t u r n i n g  c i r c l e , z i g - z a g
and a s p i r a l  maneuver.

‘4
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ity, minus’ ir:’ p r ’ :  ‘i isive l~ :-sos ~~ o - ’ - : i f f  s:~ t must
be Included to s h u n  complete balan.’-o--l design.

- 1.2 The bc-st sources of general dc-sign
practice mire the 1953 Trans. SMAh’TT nit-u- irs “Some
Hydrodynamic Aspect s of A~ çccid nc I c c- i ii” by
P. Mondel and “Hydrodynamics of Ship Design” by
Capt. H. F. saunders. For merchant ship types ,
typical prac s icr’ to 1 -- st shown in J. P. ~‘o’i~~toc k’ s
artic le in ‘‘I r-

~ on art I Construct ion of ~°‘ ‘-— l t Ier-
chant Ships ’’ l-y ,A r~-cII  Two puhlicuti-’rt o , the
SNAME rev! ’- ’5 I c d i t v n  of Princi p les of Naval
Arc h i tec turc ~ ~‘s -

~~~~~
‘ A ’ ’ P P- :r” -t H-I ’D Notes on

Ship Co nt ro lt h- ty sc - ‘  - ; t ~~~~- ’  ‘n Lu os-i d in the
near j ut i t . ’ , he 1-tonuscnipt cc-pies ind:ccte they
will be -.-C’rv

1.3 Per a sp — —if ic  ship tyr~~. usua l dr-sian
pract i~~ is to (tint otudy the dc-sign history c-f ear-
lier ships ot ii:— type and to check with the Type
Desk for maintenance probierrs.

Criteria:
Section 2. — Rudder Pla nfo rm and Locat ion

2.~ Current rmartice in se lectc”-~ r -: 4de r
planfor m and lc ’—uti c n aenerclly follow ‘~ e h-to ry

- in the 1953 Tnaos. SNA’ IE crrticle by P ‘.!oc r i-

The tabulation of ch’uacter istico on pt - : - -  ~~ is
for specific c-h on c-f the U. S. arid Brit ish 1 a y
Ct7 d t~ o :~~~‘: :‘ o s:~.. .~~ 

421 or 442. f.~cieI tests are usually run t o  ver ily
t he predictio n. ~- : p  chcrac te rist:co gen.r-: -t~t - t s n . .-
c-ate desiicd c i-:o uvc rlng pc’ rIC :—c n — e . ‘‘ -~oH ‘ests
t e s t s  for t ac t i ca l  diame ter are usua lly reI:il- le
with in plus ‘--:5 ’ s 5 rercent.  In rare too
tl:o:r’ cr-- H c:- ’ -~- , ‘ - : T ~i O . - ’ ~~~~D

~-.hu:e fu Ii~~co ’ a. ’ . a i dtu n’ ’ ’ - - s s
greater thon :-‘-ie I data (DTBM Reports ~‘-975 and
C-1700). I’ should be noted that full-sc a le tactical

‘1 
- data are sc rnr t :I—’ -st errat ic , so that correlation ‘..ith

model data :o f ]e ,-’ s mcre than just scale ‘ ‘ -cc . A
10 ~w r.’ ’~:c ’ r:~ : i~~ ‘ n 1T i! ~ : c’ c-1oi I-v ” - ‘s - I ‘ - - s t

- - predict — no is -x-ns i  a minimum with ci 15 per-
RUDDFRS AND SUBMARINE CONTROL cent monqin I- : ;~ ‘- :1 t ’~; !c ly a t t i c s  chic .
SURFACES 9220- 1 (Code 442) 2.2 Ad:ii t i rat items to consider are:

(a) R c : 1  Ir~ri- ar- ’ 1’ nr’ mot Ly c—:- -.-c I ‘- ‘ ‘ - f
A. Rudder Desi gn position ~:rr’ ‘ I.- c r  l:s” - . c t h pi ” ~ “Hcr oc . u’ s:

order to a- - ‘ i  cc - - - : - - -r ‘ oi l c r.” -or ’ru- - . I: - s
Practice: is ttrr- e’ -’ n  r s - -

~~
c - - - I-

~~ n te  -. 1 i

Section 1. — General with high ~~~~~~~~ A ~ L 1 is -o n ex :rp’ c~ rt t o  t h i s

LI The aim of rudder ‘1ocign is to provide prac tu e , tcnC- ” ‘ Is rv r ,’:f~--I ‘h.t t ph c- 5 ’ : ”  r ~ 
- ,

t:’; ct ‘ :- :r’ p p - — I  - i l - c I : t v  in nit :‘-— rind sI’ - -:h r t c n s -. -t i — t l ’~’ ’ - t ’ ~~~
,,. c ’ ~~. n ’ : - : c I :  

swing:;  i p . i l y .  -in- I g -— ’’-i~~ —’ c r , . ’- -k ”~ r t ng abil ity. ~O C/c - t  S i c -  u - . . , c -~: I ’ :s: s an i t :  - - - s i t
Q ua nti t a t cve n - - i ot roc of th en -c- tire usually inves- the rudder iri l:’ :- . - ‘~~ ‘hc -  : . i
ligated by t -o : t c :c i - i i t r ’ r’ ’ ”r . z i1 -zcv tn  (Kernpf or (h) - c- - - 1 :r-n!n-t of r-u -~ii ’-rn t~I — -

Z-man eii-: ’- r) c o - i  n- pi :oI  a. u:’ i-icr (I’ ieudonne) lag shui l I he - ;v” . - ’ i-:a t~ I and 1 f”g’ii~~ rH~..rri~~r~~

mode l t r ’ tn - .  Err c -‘-:cichrnent ships , the np- provided w it hn- .ct I~ :v:r to unship a ruri -i~ r In
proac h un - I  :i ’ - :  I -  p~- . ; i t i ’ n- ; - Ire somettis es irives- some cc~ses nn- ; lcipnt n- i the tail shaf t s -nv re~ i t re
ligated in. S n -  I’ll form. Of c -cuss-’ structura l reliabil- turning ftc - r u t  I’-’r on I n” ”  ru ng  pr’mtaHe is : I ’ m

4 pLates. This is avoided wherever possible.
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(c) The rudder should be we ll sub-
merged even with the ship lightly louded oft  and
heelIng in a turn.

(d) The rudder-rudderstock combination of
tapers and location axe mode such as to permit un-
shipping the rudder without special high blocking.
Where the rud:I’a r cannot be dropp”d - i cc -u i l c  direct-

ly do’?.’nwcIr d, pr 0-i ins-n ~hou( i be n - i .- I x f i rs t

lifting the stock wi th in th~ c- hip t ii’ rru~ h- c- ru I—
dci on tI:c- ~to~k a :’ar is possiri l~ , 1 ut is avoid r-I
except as a 1~st resort .
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ice , and IanJ n. c - ro l l  have t - .- i :n - t ’-d cro ck s af te r
~ nic hinq and I :c- :-hi i i  , : t h c pdcl - - rc -  iii the sui ’ - f .
S - :-e’ c- nc-- cc : n~-~ ki~ :1 Ic :: : :c--n - t j o.: c _ -e icc-sn in-
sta lled to protect tlic - steering gear from such
damage.

Sec t i on 5. — Rudder itocl Material
5.1 For rudders welded iictc-urcil ly to the

stock , we ç ’c c - i f t  thc- low raihoic fr -~ae i oteel PiP-
5-70140. ( “ or - L . ( - t - ?8  and pElCUrj plant; fn - c
This c - f tc - i  l u  30 .000 p.a.i. yield and 60,0W p.s.i.
ultin~rte r — t r r - :  ‘h.

5.2 A ‘ ‘ c c : ’ ’ c c ’. c 5 p 1-mn - vjr — ‘ ic - i - 7 - A pri l  1 c--h° steel
f n - r -~in.i :: f -c-- : c i . f - - c Ic-: k - - ‘~--: f:c t - ’ i ’ r - S e C t i n-::: I, -o c-

- - ‘ - I t o  l I t t, i~p ’c. ‘- ‘~L-S-237~ This -
c c  - -  :. - - : c c !  I repccr -‘- ii ab-I :ty  c :on I hi.

-s MI L -  ~ 0 -.% hich had bc-en used for many
years.

- 
‘ 5.3 The cue c- f hi~ hcr n - t r r~n.~c h steels tc r .ds

to  savo v - c :  
~~~ ‘ a- - - pr’r~- ,t~ h:ccn r ic:dd-c - -r s ’ - ’ cn - n ’-

bot h C! -~. h i ’ c - - re - - s c  ct - I - : - . Ihere a t ’ . hn- .- c - cs~i,the f” I (-c -...-in~ dc :  :c~- :-. (a) It:’’ - ‘ ! - — ‘ ccn -  ~f hn

stoc- k ten 1 - - I -- - - : r - -’oc t ’-r . in~~- I- .’ icc a rotest ia l
problem w ith .;--nls n- rd - (b) ‘ I : ’ ’ nat- i :  al f r r ’  : soc- c-v
‘ends t o to’ I-u -ct , - ‘- (ti-n h prcbah le coc c i - - c s  a l :tth -
:riore pc-ton ’ : if .- I: ~c con.

5.4 V.’Ii ’ - rc - rud-i’-~rstoc k- are rrc - ;-cijec-f t ,  } :a - . —
- - little or rca r O- ’ c -c -  t i n  pn- rm”cc ’ r l i t y ,  c lun:num hro’-~”Section 4. - Rudder and Ru •~.ioc~ Stress Anal ys is  has worked w” ll  cur ~ ‘.1S~O cml !-i~O42 1 C(a~s.

4.1 Bercusr. c( tb-- c~ ct - con - c of rudders cn Wc’r!d W ar 11 cc ir- ,c - -.:eepers hcd r:i-l o~’r -tcd- s ci To-
- ‘ , -

,-,~~-- i., ,
~~

. ~~~~~~~~~~~~~~~~ b r i  ~-ro s~ € .s h .-  - i~~ ~u ( i ~ u ~~~~ ~rJ.cce i f  o r
during dc-sin--n, and the c- u i~ i - i c i dc r  is u~u illy re- and twisted in cc- , hence h~e later desians ocr—Iquired to makr~ one based c-n --i - tc :al  scant lincjs. the high-grade arid costly aluminum bronze.
Stresses are lccoit ~:d Sc ‘is to provide a minimum 5.5 In or-! - st1 n~ rudderotock s , cc - n rc -s ic - n re-

- - factor of s-xfe ’y c- f 2.0 on ‘ nc - I l  with buds cu up- i ted “
~ 

sistance is d’ n- Ic’ i I  Ic (since i-rctect ive coatinna ore
- i as Ind isat ’— I inc ~-e :is:s i 7  . r’ Inn- Is ‘on-’ cc— t ::- i t— ’-_.._ - ’ riot y - t  r- -1 :- ~H-~ . :-I .”c ry ! : t c - : - ,-’ cc ’ :“t cc’1: t - ‘c —ed b’, lc’sc- cc- Ic - c h In ‘ - c - nc 

~- - . t -  i - n- -sc -el’s foc~~ulg ) c-I to to— a pc- c- H--’ :- c - i n c -- n- t here ire n- nc- :aL i-, m l - ,- athe m inim um factor ci safety is token as 2.5 on few cycles c-f high stress a year (sci p at full r- --vc -ryield. with full rudder angle). Notch toughness is highly de-.
4.2 For semi-balanc ed rudders with horn, the,. sirable, since corrosI~ i pitting is probable over t i-c e

best pract ice is available in Code 442 files for the 
~~~~ 

cow’se of years.
BB61 stress analysis by ~I’ - ,’; Yor k Naval Shipyard.
For qud y’orc n- ! rcn n- Ih  ( ‘ I- - Sc  p ’  1 n-s e !an t : c  arch) a Se ction 6. — Rudder Platin g an d Fram ing

t met hod dc - -.- :sc - l  b-~ L. .V. Fer r is  is used and available 6.1 Pre cnt practice is to ci j u - t  plating and
in the Co le -P I c es - framing to riot t -  inc-I s i c c s  c--f p~n-r, “ psi 1 to oI c- - i t

4.3 For spade c’i-I’-:s the I~st practice is 40 thicknescc ec- c-f ri’atina. Earlier dc-signs with
shown in Code 4-12 lii’- ; f - - c t Ic  c1cbbn - and Co~ (~~

“

~ 

greater spars (.‘ q. l’t5 -1- 1~- Cl ‘ins, I~E’ d2 C!asi - ,
stress ana lysis of DD931 Cl-ass and DL2 Class 1s~—’ CVA4 I Clans) c - n - c i t -n - r e d loss c -f no Her plat in-~ fromrudders. panting, frit ig ri r- , r c’rrosion , n’ I ‘ - r n - s i c - n .

4.4 A ccs-putciti r’cc for rudder hub strength is 6.2 Eor rudders not in ci ~irope l1er race thesho- .’,-n in t b —  C’ — 1 - - - 1-U’ ‘ : !r- o Hr TV A(Ute~ . PT’ .IA ‘7\ plating is usually I ’S .  (e.q. 1 I I ) .  U- r id let s :n
Rr- j

~
- t t  Ex pe r n c e n r .- r l  5’ , rs ~ An-i i - ~~,s o f a 5oc~ete d \,~ .) a prepeller race . S.T~~. or HY ~ c rr r r’ :co ” n - ( iy¶ Connect ion in Bend.n~ icy L A P”cker has same specified (e.g. [‘[.7 Clan - n- )  toc - nq ccsc - c-I sic i crier

useful ‘ c - - i  I-s-i . strength anti i- Ic :f- ’ Iy irrp-ro~ed corros ion resistance
-1. 5 1 Yr” -‘to’ tIcu ’ s r - H  -“ n  cc -sb n—~n-h~~’ica- compared w i h  l .1 .~ . mind f I5 •

dynamic Ic- - c c - n-n c - c - I  o’r - . -“.~~~ ,-\ AGR , n-nd LST 6.3 At the trai ling edge of the rudder , a
types hcxvc- .t w c ’ c t c - - l  rud Icc-u t -nL::; while operating in rabbeted casting cc forging, wit h equal galvanic

. . 
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C H A N G E S  C OMMENTS

Insert Page 149
(Starting with Section 4)

Change #6 Section 4.1 - D e l e t e
w o r d s  a f t e r  . . .“safety

of 2 . 0 . ,  ,“ and i n s e r t  “on
y i e l d  f o r  s p a d e  r u d d e r s  and
2 . 5  on y i e l d  for horn rudders. ”

C h a n g e  # 7  S e c t i o n  4 . 2  - Delete
e x i s t i n g  paragraph and

add the f o l l o w i n g :  For semi—
balanced rudders w i t h  a horn ,
the best documentat ion is in
MR&S Report 2566-3 and the
B861 stress anal ysis d i a g r a m
w h i c h  is a v a i l a b l e  in
Co de 6136 f i l e s .

Cha nge #8 Section 4.3 - Delete
paragraph and add:

For spade rudders the proce-
dure is documented in MR &S
Re port 2566-3 and the DD93)
and DL2 stress a n a l y s i s
diagrams which are a v a i l a b l e
in Code 6 1 3 6  f i l e s .

Change #9 Change the words
Code 4 42  to Code 6 1 3 6 .

Change #10 Add Sect ion 4.6: For
non-tapered gudgeons ,

the gudgeon strengt h is deter-
mined w i t h  the aid of the
report t i t l e d  “method of
C a l c u l a t i n g  S t r e s s  in a
Gudgeon - Envelope 010809.
For d e t e r m i n i n g  the strength
of tapered gudgeons use the
report t i t l e d  “Experimental
S t r ess  A n a l y s i s  of a Socket-
ed Connection in B e n d i n g ”
by L. A. Becker.
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property as the sid c- pI~it ic r p pin -v rcI- -: -  the st ronqest Plans SS5~~-S1lO8-935524 and ~SN585 -5 lh-l 7 i3 ?37 .
constr uction (e.g. DL2). Where economy is impor- A calculation for clearance in the bearing ,vj t h the -

tant, the si~e plates con be welded to one another stock in its deflected shape i’; shown in plc-n SSN585-
(e.g. DEIOO6). 845-1716223.

6.4 Valuable tnfonnation on this subject is - 7.5 Anti-frict Ion beamings are fairl y ox-
available in TbIF3 Aept. P—354 “Not ’-s n-n Casual- pensive and require some prc-cision machining
ties to t i e  Twin F :  ~- l- -r c- f United States Destroyers ” to install. They have tire ccn:pensatory r’i lv~~fl-

by Captain If. £ .~~aiin-dcns . tuges of peiTsitt irl”l siqriilc- n-st reducticir of
steering gear t rque (in t f:-n - or der of 40~- )  cmi

Section 7 , - Bear ings  con be self-ouigninq (so that rudderstock de-
7.1 Pr- ri c - 

~
-- “in’ I c -  1 -~ -1---- , i - i c - - ’- I i- c tcike the flections and hull mo~-enr,ent do not cause hind-

iii I — c -  - -c  - cc - - c - i l  - c c i  : t ’  cc : ;  I ~
- -r  -s ic r - I  i cc-  ra Her— ing). Thore rite several r::unui’- rcturern of cc,! er

stc:I- liexural ‘ cc- I i - ’ c c ’  - i hrs ’~ rice -- p- c - t ed us bearin-~s (~ph~ric- -il and nc-ri c-pherical) , v.’ h ic h
ing: tends to ki~ p to e price rc — c c- c:’ ilc-le. We usu-

(a) I ~ f c c - i \  c ’ ’ c ’ ii - .‘i ‘~- rc c -c  I Ic-r oily require t f i - c - t the relic- i lcecrr irig vendor in-
(b) \ , r’i-~ht H r c : i ’ -r ~- c c - -- ;‘ - - - i  dicatc- f i ts  cpp:o- .-r:l c - f the r’)cipyard’ s ir:- ’u~l - ’:-
(c) ci ci’-n- c c - crc .v f : i ch  t i ’ ’: Ic s n-hoc-k re- (Ion details h-f siqninn- rn-: the working pian.

5i5t n- c :n -~- ccc - a r’-’ : - c ’ ’ ’ - ’  ~- .r ‘ ‘i ‘ ‘- ‘r ’c’i c- Pc - c r - c a !  7.6 It is rc ridec : , t —c -~ I tin-c it n-abler Lc-c : :c nas
Specif i- - ,ic ’sc ; , - - 

- - j ) ‘ :c  c ’c ; - - , - , c ’ c ~~-:c ’ - c- - c - e s were jnst ollc-d on a oilier at clout the t : c : r -  c-f
radial and t lcr ’ .:c t I-”.: :: ~‘ cr c - h ore n- - c - n - k  inc-i Wor ld V,ar 1, an- I that they h ci to be rcpl - n- ed
with (a) ard (L) -“i~ ave  by sleeve hec’rinrqs . i- -n - nc-cu rds are avarlchle.

7.2 P.—n - r i r - ’ c -  c - i- ’ n-f ‘ - ‘ - c ’  - n - c ; : ’  t - ,’;~~n :  USS T[?.’~.1Cfl,~.IAN (ED!-’ h~~l bad a ro!lc- r
(1) Rolliri ~ f r : ’ — t c ’- - rc -ci n - c i t  c~!: r ;~t~n-l c ( :cc r r h as he uinq instcillaUon whir ii - : -  ic-p no trouble

roller or boll to— -c r c n :  ~ - ‘ - -~ during the c- I- :-,--s brief c- ti e r at sea. US~’i
(7) SicI c s trc - c - ’:-c - c c - r c - I c , - - ;- - -n-c -- Ic cii- ORFOLN ( . L t  cr - i 5, -

- I. ’!1~ Y~~ 1
flo rit inc- i - ‘o il-u :’ f c -c ‘f ’ c :c - t ,  t i - - c  , ‘“ c~ ’-- - . n-’c- d p’o’no— 2) Class have c--ph:ricul , - - i i - - r  Ineciii:’os c- c : . : c f :

tic- t - ’ - ’ c . r  -i P/; - - V c t . : - 1 t - t l ~ , -“ “  “- c s p ~— :- - ‘f have been c- j - er -n - t i i rq  s rnc-’ :I~n-ut l9~O. ‘ii
c ’  - cv- - : - . . C:, p - n - : :- 110(1 tevci So,,e c - ,~ . ..~ ~,:_ , ,  

~~~~~~~~~~~~~~ 
‘ cc;

DC927-S27(?- -
- ‘ -U- ’ -a -c I r c l , - ” r on- ~~~ of one or tw o  rollers , 1 :7’ to pn-unn- :rq c i  a

7~ ‘,:c h’i~e I c- -cc so - i ‘ c c - p  c- -- s - b c  - c - - n ’s  of propeller race on a rudricr -.‘ - hich is aerc c c —c l ! ~
0.01 fc c  r c r t i - t r c - ’ n-”  “. ; - - - ‘ . -cc l fcc - n ,  O 1~ to 0.20 for operating n-c-ar irc ro deqrces. This has cjc ’pac-
ske v’-’ ‘- .- ;--‘r . Tc -  -- -; cI:: - --s “it -— i - c — I  n n-r-~~- ”r- ,~~ ently riot happc-ri~d.
c i i ! ~c : ; !  i S c - : :  ‘ - c ’ : ” ’ ‘- - - - ‘ - - c t !’- : c - ’ c :. ’ : / 7 . 7 1 - -- - - — ‘a’ I~ c :‘ -“  c c — n ~ c-r, a:c ’’ - f - ’ ’ c t on
t._ a- . :1 Pit t , l In en-c” ’ - -- , - t n -  e c “— ‘ 

I — : : : : :  :s a re ’ :~ ,s : ‘ -,- -n- ’ I--  i-c--~ - : c r : :  ‘ ‘ ‘ c c c : , :  t a t
mates , ‘h- - n- ’ s .cy 1- c - s -- c c . :? c: - : sr c - c ’ - - ’  J , 2  s - - c - t i : -  c t r c c c  c-.- , c h crc - - n c- ice - ‘ - - r - : ’ n- i Ic- i tcke u j - c : — : -
de nt fr -n sic - c - -c I:’ c:c:c p - I lc- . -r” :s rn- c- rni f ic c’ in’ ances ? and , ( In) f c c - - i l  I i” :c:cc’ is call fo r an a . ! c pt c
margin in the 0.! c n - et f c cn -’,’nt fo r -n- c - f r i c t i o n  bear- so as to try to standou ts ’-  cc-c the bearing Size? Past
ings. . practice has i ’ er cc uzttc- -I I-- cd-I c - r n to use their ;udqe-

7.4 Sleeve ~e - l c c i c - ~s h’iv-’- Ic’ -.’,’ i c - c iv i l cost , nrc- nt on these :na’ !r-rn , ‘n-nd thi’ actual practices
we relativel y easy to cn ’ icc c c ’ i i r ,, c- cc i in i- c - c t  cases vary . As scrv i-e e:-q c-c : - - c rc ’c-mulritp, 11c c- ~~c:p

wou ld I-’ r e t ’ 1 . 0Sf easy tc r’-p ’: cc in ‘ , ‘~~i ter c cces. .  Specifications can becc’rc;e cr,nre specif4c.
We ac- r i tlbic :‘;- ‘- - i fv  s ’,ic-r ’s n-: I. ::::: a n  I rIir’nolic,
wit h ~~~~~~~~~~ i- i-n-h or; c o i t - i cc  ~‘- e c i - - ’- ’ :c - -r- cc- nor- Sect ion 8. - Bear ing Seals
prossi’ c-c . ‘ ‘ t ’o ’ ’c cr1: ’ :n- n- - - .‘ -cc  c c -“ - - ‘c cc - c- ic ’ -c-,-Jn 8.1 Sleeve c - u r ic: ’ : - ;  :t the hull can c- p.-
in BUn-fli t .  ‘-‘  :c c , c r i H ic ’ : , 21 “ 721 157 or I ~220O - c- rate wit h s.c-a water as I c c - c - lubricant. I.: ua l
921760. Cl- - cr - ic c- -n-c ccc -  c- iso i c c - - c ’ cc , IH1PHIP~ prrizic ’c-” , ic-c - c-v -n-, - ‘a d l  I c - n  prec ;c - ; - -’- -c ’- cc - c ’

TncI:c ,:c ii .‘ c - c - c - c l  LI -
~~‘ -n- A l l  ‘ - . c l e  - ‘ ‘ c ’ ; :cs - lubrication “ icc- i a n- - ii. ‘r tc c .cea l is ic - i c c - f l y  a

si.-” n- ’ c ’ .:~ i s  ‘ c k r - n as 7000 p c - ,  i, t h i n -  n - n - t en - ca l  has gland, macic in hal’ies to facilitate repi : “r,ent ,
a Y e c - c - ‘ — - i - d im - I S-,’ : t  ~c- i’’)i ; - - ; . i . , n - c — -l --ri d wi th a few rc - -.---s - I pc ~~ :d 1 - i ,  It is c - d c r ,—,tcch! . ’
run in c-.- .~ - n - cc - 

~, c c - c l .  ~~~-~- ‘ : c c -  : — c - c f  In -icc’s cc- ’ only in d:y ’ f - - -~k. it i c - - c r - l e s s  re ta in s I t i ’

s:-!,I s. ’ c - - h as  ,V . - r c - c c  c ’ e : 1 1 c c - - ‘ 1  - j r t’ i, F c r - r t e x , grease and excludes. sea water and sand er mud
and T if ’ : -  1 . In c - r n -  i-i l n-ri:”,; - - i t- n-’ c c: ct” i pan-licks,
c-f -c - c -  b’--ac rr : i.— - !  I - ’ c - c -  in - - i : cc - - - c c - c c ; ”  n-I ’ 8.2 51- ‘-ye c c r ic l  r !l’ r i c— in- in-- ic - wi t hin the

- :- - tog fcc - - i  tS ’ c , ’ ‘I 5’ - - : : 1 1 -  : - - en nc- ut er i — I s 
~
,- ~ hull are usually pi c c - c c ’ ’ ar~’ose luhr i rc o t c - l . and

- 
- arc in a r c i”c - - c - i  ‘Ii c::: t i cs  s’i’’ :1 —r : -i :1 ? bc-n-- c a i ioy -  ~~ c occasiona lly oi l luf c r — i t - - I. Adjust able se a ls

These pr’ t I - c  c f - -c ii” i c c - c l  ; n - - c f - - c- i-c- they can be are prcividcd , and mode in halves to faci litate

4 

shorter. lypi’- ii r :c : c t  dl i t cc c - rr ,; are c- h -- - ‘ri in BUSHIPS unshipping. -
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C H A N G E S  C O M M E N T S

I n s e r t  Page 150

Change fli De l ete the last sentence Proper value for
of paragrap h 7.3 and f r i c t i o n  c o e f f i c i e n t

i n s e r t  t hi s s e n t e n c e :  T h e r e  i s  0 .0 1
is no s i gr c ificar t t m a r g i n  in
the 0.01 coefficient for ant i-
f r i c t  i on  b e a r i n g s .

Change #12 Delete the words gun
metal or.

Chan ge ~ l3 Delete paragrap hs
8.1 and 8.2 and

i n s e r t  the  f o l l o w i n g :
8 . 1  C u r r e n t  p r a c t i c e  w i t h
s l e e v e  b e a r i n g s  i s  to  use
e l a s t o m e r i c  sea ls , ( s p r i n g -
l oaded  l i p s e a l s ) a t  both
ends  of b e a r i n g .  These
s e a l s  s h o u l d  be c h o s e n  to
be f l e x i b l e  enough to ma in-
tain  arc e f f e c t i v e  s e a l  fo r
a l l  rudder stock deflections
and to accommodate all o w a b l e
b e a r i n g  wear. L u b r i c a t i o n  i s
by grease w i t h  s u i t a b l e
d i s t r i b u t i o n  grooves in the
be~~r i n g .  A vent is r equired

ft ric a : the grease f i t t i n g  to
d e t e r r r c i r - e w h e n  b e a r i n g  i s
f u l l .

8 .2 Use of a d j u s t a b l e  sea ls  C h a n g e s  made a c c o r d i n g
T~~ n p r e s s  ion p a c k i n g ) i s  to N A V S E C  memo
g e n e r a l l y  be i n g  discouraged SER 2 9-6 l148D
since they lack the flexibi-
Ii ty and res ii  ieri ce to
accomodate rudderstock motion.

4
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8.3 Rollr’r bearin’j sec- Is at the hull in- 10.2 For twin-screw tw in-rud ler c- 1:irc- ,
‘ q~i1re specia l attention I “-u’- c: ’c’ sea write r wil l  model tests ore ordered to - i c - f r - c c n - r r c ”  SHP to

ruin the bearings. The DLI and the DL2 Class m ake some high c p.’ecl in thc ’ reqion of full
have Syntron seals , ndjc icc t cchle only in drydock. power. Thoc-e tests.  are rcnc over a range of
These seals hcve an int c ’ c n- ,ci oil pressure whic h rudder s c - t t i r r c a c , - ( i ’  ‘ h nudd’-yn ‘.‘:it h trailing edges
exceeds the sea preoaur-c- , so t hat if there is inboard 4 to icc - t b with tr r i i l rc ,g e f- ce out—
any leakage it will he oil going Out . There was board 4 . )  The s-’h-ct lon is icc-i I-c - cc--n the
some diffic ulty in the bcnrl - i c rcci ‘,‘ar ds , d’s- pci- basis of la- .rc n-i SHP to c- cc - - c- cf - ’s : rc -d sp.’-’ ci but
n-nan-f ly to t f - ’ a ! t ’ r~ -t t ‘ - - ,-. c ri r a st rcc icch t c x -  vibration n-occ :’ - ’ Ic ~- . c Ic- ic -s - -b - c -  I. On DD93 1
ti-uded cc - nr c! cc — cc - n- i a :- t- - ’k. V,’ l’cen ‘ c—I fe - f Class it “‘ri:: I ;i that -

~ t o  c - cc rudder se rc c r c i s
circu lar i-ca in- were U :--  I I.’ -c i -  were rn--i p-c -  Liems , fc : r propul srocc Ic v - c - i ’ d  ucc c - c:c ” i ’ tc c f - ie  vibration.
These Sy ccl r-s ci sc-- il:; I; u - -c ’  I n--~’c - operating c-- at- The rudder i r c t c - i !  settin-i s were modified to
tsfci: ’ tn - c r l ,- ~c c I I.! ‘ c-c l c c cc L -c -c c  In - c - - c r c - ,  eat-c v ibration , at t u e  ex t “ Ic- cc ’  of propuicci rn,
A mn-re c ’ n - ccs!~f’,- ’t ’ i’,-e c-- ’ - ! c c i c ’ - - c -  cc - O n - l’ ” :c cc-- i-i on On DLGI4 cc c :o c b r  c ’c - n’ i :tnon -,n-cs spc - n - c f c c -c -l]y
recent d’-c - ps - ” c ,- , w t , - - c - - i -c - t I - n -  lc~ f I  c -c c - ic -i icc a in- ,- -: l i - c  it~~I cc-c c - c :  c f - ’ c dc l c - r ’ cr t r a In- , c- c l a
gland wi t h c km nq , ci i ’ ’ : c c I In f c c r n  c re do the similar conccr” :cc- , cc i : -e i’c ccde, (S-~e Code 442 rudder
ship. T i c : :  c-cc --i rs me-s ‘ ‘ — a  I c - -  hull roller f ear— files for tb - —: ’- s.lciç ’s) .
log upwards cc i c t t ! c - , - - - . !t i cc ,sli,;bt Inn - ric -c - tc -c - in 10,3 i - c r  : c c t c c -  w i th  tn- cc- c -al e right hand
nidc~~n-stock 1,endinq c ’ c - ’ c ’ - c i t ,  Th is. type of seal 

, 
screw , t here is cc h-c-sic tendency to turn to part,

has the advantage c- f Icing capable of re~~ir I I] For s- cch don - cc -n “-c -- bc -I c -- n - cc - ’ : ’- - ,- c r i nc l  t ’c -cr ’c— ‘a re
alniost anywhere. - 

50c c-I 1—ic - s ‘ - c  - ‘u fin d - f’ir- c - - s - f ’  n- n-cl ” f — c-
stiuig lr ta -v czy r’ ,,p. n The n-u b!cc is then set

Section 9, - Rudder Strea m l i n e  Sectio ns that way wi th  icc b-: -uto rc r cit zero,
9.1 i-’~~~c-nt r c—c: tc - ~c’ iS to speci fy the- 10.4 Fcc twin-rudder tc-’.- in- ,cc - r - —w i-hips ,

MACA 4-digit symmetrica l se rr”s. c- - f
~c- c -1c - are TM!3 model t c - : - ’ rc show t i c- a t  the Ic-not sottj n~ Icr

available In ~ er.crn l n--’ c l - ’  ‘ I cc - - c s  92:” — I - Th-’ _/T \ cr- , r c - imriin SUP I c - not the ccc  -c- as the I-cc- I
first two o r - c r ’ s  in thic c n -’- : c- -s cc c ’- s-c - r n -, and the - se t t ing  for mc ’ - ’ ’; ‘ cc— rudder din t1. Ptec-un- bly
last two digits re pte n- ’  ccl t hn - t ’- . c c - I-cr.e:s/ch”-d t I:c-n-e is an intoc- :c - I i” n- I-ct c-c -e n prop-tiler arid
ratio (e.a. on 0024 sen - t i c ’s Icc-i s tr iicknc’ss equal rudder.
to 2—ce e. n - c -  ~c c - , ,

9.2 At the after ‘ -  ~~~ t lce offs ets c-how a Section H. A~ t c ,n Operot ~on
def inite half -bce itic. ‘I Icr’ t r -o i l cc c q  ed’ce in- 11.1 t ’ c : t c -,n operit ic’n Is useilly loves-
specified tn he left i- I ,acp c crc c- -’~ t ic - c s s lca ht ly  tiqatea ‘dy  I- ,’ . ‘Hps hav~rig a nc - cu t— i n, re-
Im proves l i f t , d-~”:; tin- I c- H .I to the cost , acid pro- qciirement Ic-c -cc - ic ’ i astern (c- i. L2U typc’s. v — hic h
vic’les a l i tt le extr a s ’c ’ -cc -  1: (pa :tc n - ci l  : c ly  f - c  rO t c  ar ,-t - c n - t - ’ :-1 ,  I ’  - ‘c- I ‘c - n - Is are t ic - n urc~ d f r
astern ot’.-’r c c t c - - ’c -) c c - c ,  c ’ - cc c ’ - !  i-.’ c t . c-c a ic c - i f- c -  i- cl-c: ’ , ‘fc— t - ’ i s - i c - cc ’  — - - .: c n - P-,:bnl i ty, c- inc-c- t h e r e ii- ncr

9.3 Usua l p r c — t c n - c -  ii-. to c p.c-c-n y sections re liable t hc - nty.
at the r’~uct and tip chor d, ‘-~it h str a ight lines 11.2 Ship speed for astern operation is

ft coni~~ctinq like numb-en-ed stat ions. Unless the usually estimated at 80% of the ahead i-ic-cc-c- i for
thicb~~ss-c hord ratios up mcd root are identical , the same SHP. This is based on model tests
this results in  a s l i - r h t l ’, w n- n~

-’--- I surfac e. None of JIc-SI. If a rn-n-re refined estimate is needed ,
of the sh Ipya rd s h-c-yr c-v - -c i - n - c c  plc-cr i ed of tins , propulsion te l - c  h r c - ’ cl ’ j  be onion-ed.
and apparently the ‘v-i c-p c - - c rc be taken up, even 11.3 As tern opera tc - ’n g- ’netolly dcn-~— i- nc-I
with STS or H’t’BO , wi l l - n -ct ,-f c : f c c - i l t ’,’. control sc-i r , t Iccc  c c ’ - arid qercerauly dc~—s contro l

9,4 Sccrre p.nc-;ious ci - c - c  m s  (e q. M50421 steering gear c,’cpac ity. H- -c - nt i ra n- t ic-c- ha-; f --en
- Clan-c c-S ha~ - - c c l , -- - ~- c c - c c ~~n- -~~ f TML- ’,; ~ I c - H to design tIc -~ t ’ t ,’ c i c c -J gear Icc-c rib H c- pe r r i tcc n
(elIi~ ;e-p.’cr-aicol ’c- h- ,’c- —c Hfc-i) - “ n - t ic - ca , This prac- and limit ,cUc - ’ - : i c c - ~c - f ac - te rn f~ n-I- ’ so :c- cj not to
lice was. rf i c - - n - ’ cc t c n:c -’1 -s,- I;’.- c ; ci - s -c - - c lec-rnc-d that exceed th~ s t  ‘ r c n - ~ q e r  -n-cpnc ’ ity. “5 c c - n- ta -ned”
the EPII c - c c - t i c - r i  had hi-c~h r:- ’- ; c l c v e  I- c- n- c - o r e ‘ -c c c  F 1 I ’ :5 c p -n - c c - I  u:- c ,~ Ic- n - - t i l l  c - n - n - - c’
peaks at large angles of cittac k , nnd wou ld thus the ship to usc full astern HFM Icr c~arhhack.
he more likely to c- civi l-a t e thin the NACA sec- It c-hould be n- c- ‘ - c-i t b— i t for - a - f c c - n ‘ - t v - c - a i r - -n lice
lion. hyd:odynncrcc for ces tend t o  icc-ave ‘i -c ’  c a l - Ic - c  to

larger angles , c - i c - - c  the c-e ,’ter c-f pr’— s c— uxe is
Section ~0. - Rudder In iti al Zero Sett ing well aft c-f tb - c - cr t rsck, A c’n - cccl icc f ly, in qocni

10.! The ru—f -Ic- c Irc . I c - - - : t c - r  zero in t he astern w ith  cc }‘~ - i t - c :c I i c  nyc -tern , c-c - b’s-- ri t h~ relIef
pi lothouso is c- n - r re t c c - -e n -  c -c t with the rudder valve opens , t i c - ’  rudder we’i ld go to hand over ,
not parallel to , t he center-line plane of the ship. To avoid this , usua l practice is to specify that
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CHAN GES CO MMENTS

Insert Page 151

Change #1~ in paragrap h 8 3  a f t e r  Change  made a c c o r d i n g
the sentence e n d i n g  to NAVSEC memo

w i t h  “ .. .rL dderstock b e n d i n g  SER 29-61’~8D
moment ” . Add the  s e n t e n c e :
The h u l l  s e a l  m u s t  be s e p a r a t e
and i n d e p e n d e n t  f r om  the b ar-
i ng  s e a l  w i t h  p r o v i s i o n  for
l eak  o f f  b e t w e e n  the t w o .

C h a n g e  # 1 5  Add  in p a r a g r a p h 9 . 1  a f t e r
. .of  the c h o r d , the

s e n t e n c e :  The m a x i m u m  t h i c k n e s s f
c h o r d  r a t i o  e q u a l s  0 .2 3 .

it
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the safe sustained astern RPi.I he ‘a- ’termine d Sect ion 3 Foi rwaier  P lanes and ~ow Planes
from sea tr lci l~ , and that c - uc t at  Ic’ wa rn ing plates 3.1 F’alrwa!cer plane s (also called sail
be Installed, planes) or bow planes are piovi-led prirwc rily for

11,4 A nt on - ri for ’- e and n- c-r c’ or c-f pressur e co- as s ist ing the stern planes in low speed fine con-
eff icient for c- c -n - I - d c-I ru l ier  rhipec-; are available in ( ) ‘T’~ trol of depth (e.q . , 4 knots and ernt~cop,c- -ao l
Appendix C of DATMOBAS Hc-pcrt 93 1 V ” In cases of stern plane ccnrmcnC at  s mal l ang les ,

the forward plc -a rc-es c- -c c !l ‘n- ’c -er r ’c - --.’.-e r t he after
B. Submarine Control Sur~oces ones and control r I ’  c - S c as- i pitch angle. In

usual design prc i-- ’ r - - - bc ’ ’i, - e - ’ c- r , the fcrw ard
Practice: planes are not rn-o H I cc - c -c —c cc -c c’ -,: c- I, to be etfec-
Section 1 - General  tlve in such e c : ”— r Qc -’  c - c - c s ,  Son-cc-c’ submarine

1,1 i c c : - ’ ,n - - c r c ’ , 5 - ,  - - - - i c c ; :  ml r ra-c- -tn ces - operators use fn - -- - -- p 1 - n c - c c - f c c d€- pth-chcnqi icq
Pad -i- -c Dtcsi-~n” c c - - c - c t ’ ; -  c f - i - ’ I r n-;cic~ at hi gh speed hut tl - ,~c- is sn -t ~“c- ,erc- 1 practice ,
marines. Ad”l c ’ c - cs - i l c-n -” - c i l  c - h - ’- c-c . -c - c rc - n - c c - n t  ~~~~~~~~ ?n-’: - - H5Tc- ) -~;:lu- :t’- ,l “ ccl n-c c - c rc -‘- ‘- - - t t i
only to submarines , are incj u l,’ci here. cn-~ -.‘:it h c - i c -  S” .’ ~l c - c ’ - - - c- n- i Ic-c bc-c r —“p”ca ’ c - c - c -,s -

f c c - c c - d c co cc c’ lc ,- I - - I  ‘ 1 - - ,‘ : i : c - ’  b-c’ n-- c - - ‘“H , c- 5~5
Criteria: Is be - ic c - - i buil.i v - i ’’ - ’ c ’ f - c r - - c n-c’ r ac - c -  .,- c - c t c’ c n - c l nr-c- - since
Section 2 . Sta b i l i t y an d Contro l tire ship cho r rcci--rc c c - c - ’  - In n -c t  r ’c--~ - c c c e  fine - lrn-c- lc

2.1 The hrc - c c cc c c: l - n’ c-f c , c c l  cc - c c - I cc - - c -  coc - c hin - 1 c - cs t r - nl and t Ic - -  c - c - -  n - c - -ca reduces c - - c -c - aI d .  cost , -c - nc - I
sur face dr~c c c ” cc i~’c ‘ ‘ c -  rc f- ’ -mcc - - c ,‘ - - c b ; ’ , ,c’ ci ‘i - cc - c l  nce;hca r,::-cc l , - -  r, - - - ’ c ’ -

i-lability, qc - - d - !‘ ‘pth -rind cc- c - sc - ce I c - c c - c - c  c-t ic- i l -  3.2 Bow p1 i cc- - c , n - c ’ c ;m ’od cii- hr f c c - v  c - cc- ’I
Ity, arid ~~~~~ c c h n l r t y  i - c c r , i t : c c’ c- c c - I c - h ” ’k h a -  as possible , h v e  ‘ ic-c- O n -  pitching b- ’.’ctta ie tl c ’a ri
Jectory n - f ,  : r - ~”- ; , The n - c c - i rcc - r r c -a c ’,’ dec-- c ccl es- (airwutet planes, Icc n - cc — h f —c - c ---; m d H n-c-Icc-c-nc-
timnitec- c-f re- ; - c  c c - c - cl cc- r Ic o!  c c ’ cc l c - -’-”- are aen’c-rcrl- bow planes have I- - a-I to i c  n- t n - c e 1 i ’  folding
ly t i - s i - - i  by i l i f t  -c - cc I ‘c-a i c - c ,  ‘‘ ‘‘ ‘ - c c l :  c- c- In cc; or n - c c -c - t i n - i ,  s,c’,:c- - c c - :‘ c - c -’c --n- h ;-; ‘ :1 c-c-ak’-
nec-c-c --op. . A l’ ” r  r cc ’ c - : c - c c cc -  :c’ - c - c , c - - - “ -- ‘ ‘s rice - ‘ c ’ , }c -c-mnilLn- ’~ at r i - - s c  n- s I c-ci’n- ’ icc ,~l “,- i i ’-’ -1 I t ,
1)- en- c- Is t Ic - c  n - c  l l c - c c -  ‘ c - c h — ’ - .’ c - c _ ic ‘ - t ’  -: I n-- rn- -Ike and also Ic-’ avc - c - c  c - c - H - c - : -.‘.- , ,c - c - - c c - f a n - n - - i i - ’  a
- - , ‘ , , - c - c ’ , - ‘ ‘~~~~~‘ ‘ “ ‘ “c  ‘‘ ~~~— -‘- - - ‘ “ ,;‘c

c- I 1,- c r - -’ ccc -t - d r ,’ ’, - 11- -ct .~~c - . ,  ~ - c , -~c; o~~~~ Ci~~~c-ci ’,’i t - ,i f m - - c - ’ -: ~~~~~~~~~~~~~~~~ c- c,
de - :o c- n - n rr,-,-’- l- .- -”: icc I’i c-c-’c c cl , - - n - ’  c - -  ‘i’ , arid cccc c~ re lease if , ’— vc - l ’ ,- ic l i -~ c- ’’ H :‘.‘,‘ - .c I I- r c- or-c r
promise n- e l -c - Ic - - I t”  I c , -’ c - p c -  - I r s  c- l ’ - c- and torçe-lo~’-s. F ‘a c- c- - - . li- c- n- - lan -- s - c - ’ c - -  ic- h is

2.2 S’’a l . l c - ’ y c r - -i  ‘‘ c ’c ! r ” l  -a’” -cc- ’ - c - ;n  r’c’-- usually i-c-n p’ -~::‘ I-::c - ‘ : - , ‘ c ’ ’ ,”c- f - c S  c~,c - c - ” f l ’~i ’ n - cc c” ,
qi ic-- c- - ‘ i cc - ic -  ~

- c- a . ‘ c-’i , - ‘ c c ’ - - :c - c c - c - .c -  c cc  - ‘ , n - cc cc c - h— c’-~ I rn-- I cr - : c I- c ‘ is c - c - -  ° - re
r” - -c c - - ’ c - ~ ’ - ’ - - rn - - c - c ” ‘ -‘  c :- - - c c ,. ; c - ’-- I” ,g cc- ” - i’ c-c -  -~c- ‘ , : - — ‘ -

~ 
‘
~‘!‘:i c n - 7

unstt± lca , c c-c ’, - c- c c - cc ’ - ’,’ ~, ‘ c - ’ ’’ - ’ c  :“c- ’ c - s c.:’, I -~ -~tn-c p H.— -— - :c— ’ c ’  ‘
.‘ t , - - - c -c ,; a

the design that hc-ir; been based on ahead opera- I c - i  nc - c - e n - c - ,  ~ocke~o Ic - c pc-c ’ c— i- ’ - l : s  c - - tc - c c ’nc - c are
Uorn fitted with I-ac-c-”, n-’ . ’ ~‘ f ’n- “p.’c c ’ - -n-n ‘it n-cc -c ,

2.3 P-cc- Ic t i c - - n - n y  I-c-n- n-, ’;f’rc-”-rrinc’ c ’-c - ic c l ity  3.3 T n-c Icc - icc - mg “d :- is un - - c - - a l l y raked
and cc ntrc l it- ‘- i - ,- cr d - c i cc - l ”  in t ” - ’ T r I,’ ‘~~c - )  c -co as to det ! ”- ’- ’  “' - c - c at - li- c- . There s rca fixed
Basin lectc ir’ c n-’- ”c; ‘‘I cc , — c- ’ c- - c i  - c- ’ ,‘ n - c  : - - -  cc-c- v - t  - ‘- t ’ c ’ - r ’~~ c-- - ci I fr’ - -  n - , : c c ’ —
of Sub-macinc-n’’ by I-4 , A , P I n -  -.- ,‘ s , I c- cc- ’ 1 ,- - ’,’~ I — h- c-rn - ’ ’: an ! — ‘ c - - I c - I ) c- c - ’ .c -’ ,c- ’ - (c- -s h ier ,

c - - c ’ r c c - - c -  I n - ’ ’ ’ d c i ’ ’ - - c- H -- c - c - Ic - c -,: c i ’  s ’ c - c ,’, ’ a’ c ’- ’— ’ r . ‘ 1

tro t practice cc--, ccc - I’H c - - n - ’ c ’c-- - “c -c “ ,i”- I !- - ‘ c - c - ~~~‘% In ‘ - c - - c - n- c ’ ;’ ,; c c - c - cr ’ , c  c-c—nler s ‘H
and ful l sn -c -c l ” c- ’,c rc l ’ : - c ’ c , cc - - I , - ‘ - cc - . , - c - ’ - in” I’ - - c - - -~ -’ ’’ c ’’ c ‘k cc - - - S ’ - s a ’ ‘I cc
T I ; ’ - c c - c - r”- p--n-~I c  ‘c ‘ ‘ c - - - r ’ i iH ’  :n- I- . c- ’ r - ’ c ’ , c - - c - a l l” n - - I c c - ’’ ~ c- n - I ” ‘ ‘ - I c c ’’ il - c l: - 1 ’ —’ - ‘ ‘‘ I c - c -
di scussion ccl -c lc . - ’ i j n  su c h- - : - c l O y  in - : 1 1 ; ’; cc- ¶ c’t ~i- - — t c ” r  ~~~~~~ ‘ - - i -  - : c - ’ ’ ” c c — ‘ c . i i’ -’ ; - - c - - ‘ ‘ “

- a
test ~~t ’-i, wi th r i’  i c - i t ’  c - c - -. ;!’ ’ c - -  I c - n - c r —-c ,) H- ’ - c - - j - I ~~2,4 Per f a r n c - ’a rc -”' re -p a rc- c- c -c c ’s I--c c- r :t ’ urc -c -cal -‘n- cr, ;l” in t , n-c ’c- I - - ,‘-7’ -- r  25’ ; I- i on ,‘- - c i .
or cc- c - c c - i - c u t  ‘ c - ’- - ‘“c - - n - -S — c y - ’ - — -’’ c- “ . c  - c i i  - I  ir c ” i ’ I c ’ c I I ,
t ’ - c n c ’ - o f ’ ’ :’-’-i -- - ‘ ‘ - ;‘‘ - I t : c ” - - ’ ;i c c c i ’ c  r~~, : , - t Ic : r c i ’ ’  - f - cc- I’’ii:.- - a ’ - ’ - r n- I cc -” ” 1 . c 1, , 1  c- c t - ’
at p-ccr !lcc ! ’ cc -  — c - - c - — f  ~c’- , -~ ‘ n - c s— ’  cc - I i” r I  -l’,-r ’h is ac-unily taken ‘‘i c- I V’ U 0 1c r ‘hc ° s ’~’rn
(pericceor ” ‘I’-; t l c)  - , i p - s I c - - cl a ‘n- - ‘ c ’-c- -To c - c i - s te r  planes-
ccIu ’i i”c - ,  us c - n i  n- -— I- -I i~ c -cr ” c c - c  c ’ I - I  ‘‘H v - c  I , - “I ‘ c - c .’. - ‘ c - r ’ : - - c -

~~ c ‘ “c- c--
determine ¶ hc p r c - c - cc - t ic~riuity of Icc - c- c-c- c- ’o ” i I icn - i ion, c - i  :- ‘i c l ’ Ic i- c - - , ‘c ’ c - s - - ‘ ,c- - •

~~~~
c-
~~~ ’, Ic- ‘- I

plo’ --’ - or” n - I ”  i’ - ’ ’, - “c c ; ’-”’ Ii” , •

arid e l ” ” t c rc - - c - r ’ c  ‘ 1 ’  cr - H  ‘~~)~~~ ca , ’ ,-~~ ‘ Tb c c -

4 has Ic It o  n - c ’ -  c - - c -  a - - ‘ - c , , - - - tn , ‘ ‘ -  - ‘ ; ‘ c c
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C H A N G E S  C O M M E N T S

I n s e r t  Page 152
(For  s e c t i o n  3 . L+ of t h i s  page ,
see N A V S E C  R e p o r t  “ E s t a b l i s h —
ment of D e s i g n  P r a c t i c e  f o r
Rudders and D i v i n g  Planes ”
(MR&S Report 2L+99-2).

Cnri r - q e  c 1 6  D e l e t e  p a r a g r a p h 1 1 , 11
and i n s e r t  the f o l l o w i n g :

i i  .~~ -+ A s t e r n  f o r c e  and C e n t e r  of
p r e s s u r e  c o e f f i c i e n t  f o r  c e r t a i n
rudde r  s h a p e s  a r e  a v a i  l a b l e  in
A p p e n d i x  C o f  DTMB R e p o r t  9 3 3 .
T h i s  d a t a  may be used  to  o b t a i n
a p re l i m i n a r y  e s t i m a t e  f o r
max imum p e r m i s s i b l e  a s t e r n
s p e e d .  In sea  t r i a l s  the
m a x i m u m  p e r m i s s i b l e  shaft RPM
w i l l  be d e t e r m i n e d  and t h i s  w i l l
e s t a b l i s h  in t u r n  t h e  m a x i m u m
a s t e r n  s p e e d ,

C h a n g e  # 1 7 D e l e t e  s e n t e n c e  beg i n n i n g
w i t h :  There is no fix e d . ,

and add  T i ps s h o u l d  be rounded
to  r e d u c e  n o i s e .
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contir l in- -a s ’ ‘I,’ : ‘ ,‘ ‘ - - ccc -  I ‘ c - ‘ c - i  ‘~ c - , c - , t ? c  n- -n -;- c c i -  t he limit on Fl- - t n - i c  B-c - it Hic c c - c - ” ,i ’c- 1 ‘iS Icn~
I 

• lion bet- ’. c c - cc r “ n- i .’ - n- n- c c - i r c , c - c -  - c t c - r  n- I -ac - c - cc - c  - a ways. This ‘c -n - c -c- cc- cxt er,dc - beyon’I t I n -  maximum
SS(t’I) 585 Cl  c . c c c -  c .  : c - c : -  I c - c - i ,- A~ -icc  c - ’p e r i -  ben-inc (pre:;c - , clcc ” hull ‘ In - r i r - c -” o r - 3’3 ’-O’ ’), bun- is
ment , 1cm pl c c - c nn -  h c ’ ’ c -  l’~’- i c - c - ,  ‘ c- : n - I c -  I ccc - necessary f - n - c s t c - c I - c ! i’ y nd r - c c I c - r i ,  P” c - n - , a l - i -’ out-
626. Evat c iat io n t i c - cc - Ic- cr ccc n-st conclusive c- inn - cc bccard sections of stabilizers are p’ - rir,issible
there are s n- me’ ,c - ’ c h;~ ct i v ~— f a n - I c - c s  and the seaway wheic nc -c - cc -cc -c ry for building wci-js clearance.
Involves a vanr aic - le t e s t  en’.- ironrr,ent . 4,4 Stern plane t i !tin~ n-c ’- - c s genera lly

- speci fied as 5’/sec, mtrlin.umr, , t ’ ’ n - ’— -. :cI e ad.-
Sect ion 4 — Stern Planes and St~ b it I~~~5 quote contro llability, and lO’/ iccc , rccaxcmum ,

4.1 The ccc c c c - - , ic- f - i t  t i ,~— stern fo r to cc i c nj mj : c  c - i c - ’ t c i - co - -c -f cc - pcc - tv c - f  t I e  hydia’ulcc
sta bility in-c thc’- ‘ o - r t cn - c - c I  n- ’ 1-c c ” ’,c - do ’ i - c r - c - c - e l by system. A cc - _ c - c - -” r’- I:rii- c-j s pe c i t : n - c - c t c —c--r is ~hc-w n
theory (( ‘-‘ - Ic -  Hi 1, - c c - c -  cl’ 1- 1. ‘, n - c - l , c - c c - c  0 oc - c c - c c  l i-c t I c — ’ Pt~- l n - c c - c : c - c c c c y  I - ‘- c - i c-n c - c,c ’ r-t ic :, cc -a technic ii
predicticn cc - , - thc-d s) c - c c - I  c ’ c - - I  I c - c c - c ,  ‘i cc - --  c - c- -a prod i c c - p c - c Hr I”,c- i c c - c - I’, cc -a rc - icc- . TIc-c’ nc-on -h reliable
Is usually t n - c -  I c c - c - - to be c ’ c c ’ - cal l  n- -c - ic-I ”, so cc - ~- ’ h-4 of s r n- n -c ! ’,’in r ste rn piano n - - c t - ’  ic - c f c c - rn a
part of it is c c - c -c - i  illc’d c- cs t r ~ ec I s t - c - l ’ r l c z e c  - concpu tc- r c - i c - c - d y c - I  i t t ,  ef fect on t ra jec tor ies  or
At tin - -- - I c-~- — - 1 -c - -i is c n- ’ ’ ’ o — ,I on c- ic-alt lilies of depth cc-’-nt c  c- i sca - -twin sc - ce- -.v n- c-h-c I-’ SIn-Ills 11). 4.5 Since tlc - -  c--tern planer-c n-ire vita l for4.2 As w i ’S I 

~~~ n - - I  c - ’ c - - ” c- , the inc- Ic of d ’ - n - c tf c cc d c - c - f , n - c - c - c rc -  ic - c r enplccaris is placed on
attack Ii- ‘ c-~’ c - ’ c - c - c”~c - c i t c -  t i c - ’- pI-c re -in c - In -  w i th-  m i c : -mc :h c q  c- c - c - cc - c - c - c - n  of the storks . We n - c c - c c - c - c eout any d r i f t C ci:i’ -n-’ c - c - c - _c . I H fcc - c , ’  cc-n-i o’nt.c--r p101cc-hive cr ic i t i c - c - c - c -  c - c - c exposed p c - c c - c - s c - c s, and
of pressure - I c - -c c -c c - c - ’  cc - c  it c - -n In-n ‘H— stern pLc-c-, - there is a Fc c-c hI ne rc-guirc’ment fo r n - - —n - c - -’ciic in-plus c-~ca I ’ i l c r - - c -c ccc -’ :L , c c - - c t c c - - n  c n -  l,’cc c - t Ic~ and corn- spec- tiara At n - - c - - c - - c c - c t  t his pr—Hem is not satin-’plex. Ti,~’ li -c - t c- n- c - r n - ~‘c , n- f I c - c c -c - n- in- cc-i torque factor d y  solved. New coat rn - c - c r c,, ant being tr io-! -Info rmation ccc , II , -— Cc - n - i -- -~ f .’ 1 , 1 - - , ‘‘Ru d—!r- r n--, c r 1  - - c n - - - : -  c - - - ‘ I c - c  ~ c - n - c - ’  - c - C c -  cc-  cc - -ace
and Diving (‘I, c c - c — s  ~l ; f c ( t l ’ n - , -- ‘ (- -viuc h includes obtoi nc -cl i’ - Ic -n - rn ‘fc c ’ Submarine Ship Tvn--e Branch,
re ference “- i t - - c c  a ! ), c c - f ‘ - cc--search reports
by Georgia ic - c -  c- c ’c c! - -  c c - I T ” - c -fc - c - ’- c - ” I c - c -y nrc “W in-cd Sect ion 5 — R u ’ l d c r s

Tunnel lnc -erc - ’, c d c - - c ,  5 ~f— ,_ c- c - f~~ of ci S i c - c - c c l c ’c-d 5.1 TI c€ ’ - ic -s u n of sin-ic c - c - i c _ i c -  - c c :  1 1— cc -  is
Sub-mcricme !In - , 1f n- -c - c c - c -,, -‘-c- c - - - 

- - c ” c c  (,2h’cc rac te ric - ,- ccierc- ’rc Ily th-— c-c- ‘ c - - - - -  n - c c - c coven-el ri-c
tics ef ~~f f ~~ i - c - I de f” - s~c- ’- I  n - c : ac - c - n c-n- I-I t\ ing Pr” i-tcces - A. i - c c - c  c - o r renc- -an ’’ , T ic- ” n - rc -c - c - -, . f : c u c ’ tt - n - r ’A rc-nhi. ~~~~~~~~~~~ - - _ i _ _ I i~~

c ._
~~~

_- dif’ cc-c r,’’” : n - ’ c 1c:- -- ’n - ’c :--i ~H:’ ,
ic -~~ , n - c c - cc -i r - ;  ii, -I f. ;’, c- i c - n - c -  - n - c - c ‘ ‘ ‘ , , i r , c i  Tunnel 5.2 A to; - c- c - a - ’ nc - c a ac - c r _ -  ccc a in - _ -- ,v ;n- c ’ ’ c - c c
liivcstigat:c-n - -I  I c - flh ;c- ,s - ’ - c - c - f c c - c  c f a has bec-n d c n - ’ c c -~ -c--I ~y tb ’- c - ac ) nc - c l c c - ’ c - cerr ln uc t u re,
Flapped C — c- Ic - -  I S-’ c c - I c - c , -  ‘ ‘  ‘n - cl cn ‘c S i r: u l -c -c - ’-’d This was f i rst  -,ic ’ c c - -r - c -cc ’ns ’pS by a c- -c - n- c - c  survey
Submar ine I- Ic-ill” c l-c -” - i ~cin e 1959. T I c - n- c c -cc report s on a model c--f SSP (N)€c - D8 , A c - c - n - c - i c - c ,  ;Iy, t he top-
are a-.- - r i I - u l ! - -  in C- I” - t i f l  f i le “Fluid M~ sid’- ruldrc cc - c - ic - ’- ’  ,- c - c v  nIl - -d ive I ’ -

- C -c c ’ c - -1 c- c- .,- I  c - - c -  ‘ , w f c - ”’ c ,-’ -c - cc ‘cl i - c - c - c ;l- -cc - —c - c -  in -cc - i- - c - I c- - - c-’ t f c - c - - ” -
c - c -  c - - n -  c c - _ c I - c- n - —c c - -‘-I c - c - c - —c - c - a c - - n - c c -- — c f f c - c t i ’,-r. f c c  Ic - c - ca i rn - cc ,  A ‘a c - c— ’ ‘ c — c - i c- n-

plane and s t c - c - f - c - I c c - c - c  ‘c -crc - c - e l -- n- n- - I wit h the fcc ) - sirppc-rt for the un- -pe n rudder was c .:,- ’a on
Icc-wing cormsi dr’cutio ncc- in addition to conventiona l (N)608, to get the upper rudder into a cleaner
hydrodynarcc-ic c - - f t i c -’ i r- c c , ’ c- c- flow region.

(a) The Ie’sling ~‘ l ; ’~ rake should be 5.3 A dorsal rudder (see plan AGSSS69-
such as to cI” !!”c- c - c - c s- ’  - - c ~ ‘-c- , -c- € Sne 11cc 8(X’l-1934050 is a f tc - i-— ‘-n the rif t -c i-c - - I at i - c -
shape shou!l ;- ‘ - c - - - i t  ‘ a c - t - c - - b : n j  c c -c - t ie -~‘.c”ards . suit , designed Ic- c~’- iuce snap roil in subrc’-’-rqed

(Ic- ) Ac-c - plc r~ “ -  c c - c l - c- Ic - c lecarcince frc ’ nc- turns . As a c-cu t- rn - c-ut-” q- ’-.-s ic - Ic ’  a l ’ s  - the
the gc-ropn’lli’r r’l, ’ c - c I I f—i— c- - c c - c c ’  i~cc- r-d , t n -  rc -- in imin-e uric-Ic of -c c - c - - ac-k c-n c -fcc ~ sai l w c - c - c l i  ‘, : - 1u ”' lilt
noise and c i t -c ’, - ‘ri, (T I - - c c -cc - c - n -c in- rreac-ured tic - rn ca c mcc c c c - Iacq c- cc cv. , c - .1 f- c-nI. Tb” ‘I - rn-c! rn-cl-ic r
!I, ” c- c c - - ”cl i r c - - - ’ ! c - - - , - I l- c- ‘ H a l ”  :1 ‘ Ic- ’  0, 7 c - - c  Ic- i c-c- ‘ cc intrc-duces - i c - c - i cc - cl -- ‘  - ,‘; h r c h  F- c c - c’s c- c- c c - n- cc - c - -
‘ i c - ’ ! i !c ’ d i - i c - i c - I c - c - c -, ‘ar- i cc - c-, c c ’  d e c - c - c - d c - I n -’ l i lt  r- rr t i c - - c - i c ) ,  ‘ 1 cc - n c r - ’  c i- -’ c - c c - o n- -, cc- i-r i
I,, - - ‘- c- , c- - i  ‘c ‘I - ‘- - - cc -’ : nf c - - c - c  - ‘ n-I prope ller of the do tcc ’ aI  c - nc - f r- ’c ’ - ,- c - n t i  ‘ c - ca l r n -  c- c c - ; is im~~r-

diameter, tacit in acL,,-n -’ c ,nci t his. Dcrsal r i - i  i - c c - c  ic-c -c - t i l l
(c) Span i- h-c - c - cc! I i’~’ 1c c - c - cit ed so as to consiclere-,l ev n- ’ ’ r c - ’ - r-nt c- I , and IJI’S AUc- A CCHFc-T

fcicil ,i cii’ c - ’ ’ - ‘ c r c - ,  cc - - ’ - cn ca c- I c - - c - c - c l ”  c- i i-” ’k , ( A n- c- : T- - - )  n - - ’ n - ’ c ’ - c - n -’nn - c - Ic c - c - on ly cc , n - - i c c - - c U - c - in :1
cc-rn ) f — n -  I c - c -  c - c -  c - n - i cc c -- c - i c - c ‘rc’ -c--~- c - I c- ’ nc - cc - c - c -Li— n c- f  present.

c dtyd~~ks arc - I i - n - i l  l c - - c - j  ~ i c - c -  t Ic - c t  ca n f-cc Un-Cd. 5. -l Inc  A~~Sc- 555 , c c  l i-n- ci c- - - -  c ca r - I  cc ’ c f f -
The S~ B(t :)r , ’c -c s t - - n - c  n--i c c - - c -  c -c l sI —c h i l t re r  enn’ c rc c i - - - ‘ I c - i - ’ - ii a c - c  ccc l- c: ,” n - - I c- ‘ c- - - F~- - l iers
have an over-nil! c-pa n-i of 40’ -4” , w hich is about were Ic - r I - r i ., rip- I l’~ 

:,-~ n - b1ir Aviation Corp. for
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~ ortsmouih Ncivui Shipyard , ann - I n - c t’- I c - I l - - i  ‘.- ‘ c i S c - -~yn- 2 Sc-c-” T
tactic f r - c - n - In this c- c’ n-S - ‘ n - c -  ‘c- c I c - i c - I ,  ‘ i cc  ‘ n - c ic - c  ! i ” c - s , 10(1) sIn lbs/sq. It, where
NACA 0020 , ore speci fied in ci In - c - t n rio- .’ide buoy- 0. 2
ancy. Service experience is dec ircitile before further T varies from 0 to 0. 2 seconds
appilcaflons, -

7. 2 The 1000 p - s - f .  comes from a l ’ c - 7~ Pants-
Section 6 . Initia l Zero Sett i ngs mouth analysis of casualties to bow and c-t i~nn planes

6.1 The divinni p lane I c - c t ,  c - f ‘c -c ” in-~s involve of the 5-48 t ’c- 51 n c - c - f  i - I  n-cc 3 c t - c - c - c - - e s ,  d c-” i- pound-
Indicator ic-re even if - c c - c - l i  p 1 c c - c -c ’- r ’ ’  1” t ilted ret- Iraq in a sea-- ic -cc ’,’, Pc T I ’ - - cc - c-5 it icc c i - c - - a n c : ’ n -  I t ic - c - it sea
ative n-” b c - c - c c - f c c ’-,’ ,~~ ‘ e’’,cr , c-  c c - c - ’- ‘- ‘ I n t h e  slap can f - c- n-nv-c- - rn- il I - c cc - n c - I - c  c- c- c - c -c-c i1,~”’ p c - f ,
basis of cc - c - n - cc - i c - !  ,~- ‘ , t c -  so ca : ‘- -— c- r n I ‘ “ c -  t- — c I,’ 11 c c - S t it Is implicitly i c - c - c c - c - - n - - i  t I  -at in very rough weather
at constant I - c - - I c ,  cit c- i - ; c c c t  in - c c - f  c - , ; - ’- Ic - c - . -‘- . s c - c ’ S! the submarine will cc u h - c a - ’-tgc- ,
hull an ile is c- -cc - c - i c - f l y  ~c- n - r n - - n - i c- c~c - n -  t c - , c _ c t a ke the
higher n - - 1 - c - c - - c - c c - c c - i -n- - f  - ‘ i c - n - c c  c - c - c - c -  - c - c - - c - i ”- [cc Section 8 . Bca r in’~s
example , c- c ~~~ I r n - - c- c- ( T - ~- c- ( ‘ l’ ’ - ’~~l , ‘1° -‘-w c--lines 8. 1 De; -c - c - r ’ c c c - n - n  from p c - - c - c - - t i c - n  hi-te l cc - c ‘‘ Tech-
are set p — c c - r u l e !  c - c - f - c c” Ic _ c - c - , c - c c - -  - - - c c - I c -  c - c -c : -  ‘1 ’ c- nical Practices - N c - c - - I  Ic-c !‘c - -c - c - ’icidi ’’ are n-cc - c - I 1 - ‘ s -c - c - c
stern p 1 cc - c - c - - cc - c -c-c ’ ’ c c - - ’ ’ c—ni— - i c - _a ! ‘I ‘ c - c - -- ’ - c - c  c’ . ac - c -  I the (a) I c-c- ic- i cc - c c - ’ -  I phccr-c- llc I”earcn-c- c-- n-cc - c- ic-cc -i -

‘

estimated hull c-anile is one de— c - re ecc c ’w n (cit ~ugher commonly used on s c - i l - c c - ,  c - c - in n s ,  ( 
~~

speeds). (h) Ant i - tn - i c - i c r - n  (rc- lIc-i ) Ic - c - - an - i r a ” -  - c - , ’ c-c c-c t
6. 2 On sin-jIe - -i n - c - cc - I  s t hi-~ c- ”cc -c planes n- ic-pd for n- rc - ’iic-i l I - n - a  Ic - n - , c-~ ’ c - c - c -  ‘n-c’tnt ra- cl cc- I- cal f I c-c- -n- c-

and rudders are ~c - !sc - ‘ c - c - c -  ‘it an cin- iic- c-n ccc ‘a c—’ua- a lloy (n- icc- h as n-c l-c - - h-y tI c - i ’  : 1 - n - - - - ly Co.) are ‘Ic-c - us-
teract the prop -c - l Ie n- 1-c- c ~‘c- ’ . II - - c c - -n c --t ic - c - f l y  c - I c ”  cc - c t -  un-il materials I r ‘ al
ting Is tndr- ç- ’-nc - icn t n- f c - d c - c - c -  - c - c - c - ’-~ 

- I, sn - c - c - c c -  c r - c c - c ia !  sur— (c) I In-I i - - c -  canner hesrin-’c-s ti-ike , ,- c - n - s t  in
face lift and c - I c - n  rn-c- i- i-fil er t n c - n - i c  c-c- i’- c- -c-I c- c n- c . ,-mc - r -  a free- fIooc4- inc c- sprc- z~-’ , They ane c- c c - - tn ” of nic ’tc-i- 1’cop~
tiorcal to squ ire c- f c- p-a- c - I ,  ( — c” .- -c - - c:-c - ’ c - c- In -c -cc - cc - r r ’ c a c c l t c - -, per si licon alloy (II- ” ‘- -cc - I  ‘c - c c i ,  ‘c “1 c - c - dc -c- c - ? ’, — n - - -

~

i- -ported by [Icc- c- ’ - c -  c - ’ c -c - i ,  in - c - ’c - li i! c - c -  Sn - ic c - Is c- I !~,‘,5 oluirinucn nf l c -’ -c- IT ‘‘ ‘c- ’ l). ,\ t ,’c -’ cc ,, c l inn - Ic - ! c-
BAiIBEL ~Sfl ,Ti’2 ) ci’- r,c- - t n - c - ’ r c - c , l -- i - ’ I c - cc - c - - ‘‘ cc - ’ c- -‘c-c c-a - 3hi- ’,c-c- i j~~c- c-,c- - ‘ -  ‘ n - c c - ( ) . c - 3 n- 51~ 1 7 1 7 5 0 3.  Li-, cc corn-il’,’
t rots for sm ile c - - n - r e -’-’ ccn - , c~c - c - ) ,  [n- cc -c-’- c - - I c - c - _ c c - c c  I - —c  materials F, iv- - I -‘- - c - , ’ t n - cc- i in the T c - a~~ 

c-c-cut c- li- i cc - n ’
counteractinic- c-c ic- c - - - ” l i ’--c t i - c - c - - c - ”  carp in ‘ I c - - - ri c c ’ c- i n- c c- give satis factory c c - a r ‘- ic - n - .
1:: !“ :- ‘ n -  — —  —c -H- ;- - “ - -  - ‘  ‘‘- 

d ttc - r’nc-c . I c-a c c- tern c - - Ic - c - c -a an i c - c c -  c - cr  - c - c - - cr c - - c - - c - n - n-c - c -  rro- ~ec~ion ‘ ‘ F i h n c j  ~~o Ie , o
pelter torque are corac-bineci ‘ c1c -~- i - r - c i ’ - i I I y  w i th  t ic - c - -s e 9. 1 Until n-cl ‘c- c! 1157 the only f u l c r a -a - - ‘ c t - c - n - i n - il
for 1 1:-c -hi ‘c c - c- - c ” n c t ’ c n t  f -c - ;  t ic , Cci ‘~I Sf c - c - I ) c-c- c -c - c - c-c- ha t’ s , for submarine conic-- ’! c - i n - n - I c - _ c - c - c -  v-os wood , plus hot
wit h a c - c - i c c - c - I -  nc —c - i c - i  ~!c cc - cd pnor-elln -”-r , ‘I’’- cart icc - cdt was vegetable pitc ic 1- ’- fill i c - c - c - c - c - c c - i c r - c - c c ,
t O l p c ’ i n c - c t’- ”tI t ’P i - ! c - c c - — c-— .’ n- c - n - c t ’a t 2 ’ ~~~ ‘ 9 ,2  [c -  t n - - c - c - c - t i - ’-’- c - f - c - t r ’ n - ’ c - c - c t s ’ c -’ c - n -f
dive, t he sI c - c - ’: c c i i c - c - c - c - c c - c -  c - i c - _ c c -  ‘c- it’ TI)’ ~i’:c- ‘ c- fc - ,-’c - c ’c- c-” d - r n  p i n - - ’ c - i - c - - t i n - c -  c - - c - n -Ic - ic - c - ,‘v7 ’c ’ ’ c-’ ,i Ic c-’ ’
upper rudder 1’ tn-cal ling c- c-I n-i c- t a  pc-ri , and the lower cheaper. In-c er Ic- c c - n c-nt hoc- h cru c-aiarr ,-’c- ,c t c e ’c n - c - ic as

tudder L• t,railing edge to starhic,ard. needed f - c  cl”c’;’ ‘ c c - i - c - r i - n  cc - nc - ca ’, t ic-cc density c c - c - i the
- 

wc~ter absorption c-f the plastic must be carefully
Section 7 • Sea Slap selected.

7. 1 The c - -c-a c - ’  ‘ c - n- ’  icc - c - n - c - c - c c - c - cc - c - c - -’ “c-c e-a cc- ct - .

Ing on ex-p’-c - c - -- - ’-,l “c-ri;-’! s c - i n - I - c - c - c_ c  c- in- i-c- - - c - c - c c ’ .’ -’ c - lc - ’rc- t to a Section 10 . X ’St ern
static c-ir,i f ’c - - ; c - -- Ic- n- c- I of 1000 p - - c c c  I c -  pr- c sluar e Ic--cot , 10. 1 The x c - c t — c - n  of ALBACORE icc -c - ’ I ‘- - — c - c
Under t i c - i n -  I - i c - c c - c -c- the I c - I c - c r  S n - - c - c- - c -  f c - c c ’ c- ns usua lly t c c c t c - - j , ‘c - cc - i rocc ’.ilt n c - c c -  avai l- c - f !‘‘ c - c - f ’’crn’ il F’ i~~IF’
indicate that classified c’ - c - c - ’ ’ c - c : .  Ic c- c - n -t c- i - c -  y - -- t ’ -c - c - c

(a) Y’ r - c ,  ‘ ‘ c - n - c  c c - c - a -,’ I - -— c c - c - c - - c - — I  c - c - r  n-— c-hp (a) n-d y — s  c- ’ ’  ;- c - hi c- - f c - — ’ t c - ’,.i c- c l’  c- icc - i - c -

y ield poirt ( c - c- c - ic -  p -ac ’ c c - c - c l -n -  ly ic - c c - - I - c -s ‘n-c -ic - c - c c - keys rn - c c -I- icc c- f f r - c - t i n - - r - nc - ,- ,c- ~, it fc c - c - ct  ni-c ,’ -c- c- clina fc - , i d I  L-f ‘ .

and keys~- c - y ,) . dimensions ,
ac”) 1 he control ccc - j r f ’ i ’ -c-” ‘ ‘ ‘ n - n - ”  1cc-i- , ’ exceed (b) provi-1- - cc - ic - i c - cc - i c - ; -- - I ‘c- c- I’ - ” - -  inc r- in - - c- c-ne

hydra’cIIc c-i - -c-c c- - ’- ccci - - i ’y (I- ’- i- - c-” “1 t he long lever rem jan-is hard c-- c- n- (r-~ r ‘ 1  ‘ I c - c -  Ic- t ie r c-c- ’- ’- ’ I c c - a II - I
arm to c ’ ~ cc- I - c - i c -  - ‘ - - ‘ n - c - c  c - f pr’ -

- ‘ cc - - f ,  (c) od ,mcc c c -c c- c- - - c ’ c - c - - c - - - - c c - .  t - c - I c - , ’  c c - c - i c - In - ,

In t i c - a !  c--c c -- - , p ’ n c - - c c- c - I c ’ co l ic - f  v - c - T n - - p  I c r - c c - ’- (d) ~c - m ,’ c I- -I cc- c c c - I c c - c - i  plane c - I n - - n - f i v e —
ceptable, On SI - c - ( ’ f l 597 ‘ic- c ’ F l’c’n- ’ci” i- ”at I cv :c -c r c rc , ness than des irci lc - -I c ’ - n - c -  high speeds.
rn-c-ac-Ic a c c- n -c - ’c- ” c ’ --r ‘a “a 1 yc  c - c ,  - I ~fc - c - c r -  c -c - c ’ -c - e cI the hy-
draulic s y _ c t ’ - ’c 1 -c - c - ‘ c - i  - Ic ‘ c i - c c - i - c - c - I I- c - - c c cc  c - ,  I’or ic c - i t  Sect io’n 11 ‘ Dive Bralnes
purpose we c - c - c l  ‘ c c - c - d y  irr - iicc- c-c t c’d that the loading 11 , I Dcv- ” ic-c ik’--; vn- nc- r c’ tcst n” -l at cc — a as c-’ -c-i t

~~u1d be taken as of the AL BACC !FfF , I c - c - c - c ’ 3 cc t c - n - e i c - c c - c c -  t c i  c - f ,;, DIIIIB
Confidential ( “ c - c - c ’ :  } c - — - ’ c- -c - i  000’lo’ALBACCHF; (546:
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C H A N G E S  C O M M E N T S

I n s e r t  Page  15 4

Change  # 1 8 D e l e t e  s e n t e n c e s  in
paragraph 8. 1 a f t e r  Change made acco rd -

.are as fol low s . ” ing to N A V S E C  memo
‘ 

Add the fol l o w i n g :  SER 29—6 148D
( a )  A n t i — f r i c t i o n  b e a r i n g s
a r e  no l o n g e r  us e d  for any
s u b m a r i n e  c o n t r o l  s u r f a c e
s t o c k s .

(b ) A l l  b e a r i n g s  w h e t h e r
t h r u s t  or r a d i a l  on r u d d e r s
and d i v i n g  p l a n e s  s t o c k s  a re
coba l t  base  a l l o y  ( M I L — C — l 5 3 4 5 )
or S t o d d y C o . ,  Wh i t t i e r ,
Ca l i f .  a l l o y s  I and 6 .
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2 . 4 . 1  C a l c u l a t i o n  of Rudder  P l a t e  Th i c k n e s s  fo r  M i n i m u m  W e i g ht

W = Wt. of Rudde r , Lbs.

A = Rudder  a r e a  = ~~~ Ft .~

t — M I n .  R u d der P l a t e  T h i c k n e s s  or A d j u s t e d  T h i c k n e s s , i n c h e s

t ’ = St i ffeners and Fla t Bars Thickness , i n c h e s  - - .

b = Rudder  S p a n  = :~~- F t .

c Mean C h o r d  ) - ‘- .‘
~~ 

F t .

D = A v e r a g e  Rudder  T h i c k n e s s  = 0 . 6 8 4  x Mean T h i c k n e s s  = -

m = S t i f f e n e r  Panel Constant 50 ( F o r  the Examp le

in A ppendix A)

M e a n  T h i c k n e s s  = Maximum Thickness at Mean Chord r . .  1~~ ,

I. c’.-’; i~~~ : - -,

a 1 = b x c x D =  44c 7

a2 A 12 ‘4. ~~~~~~~~

a 3~ 
(b + c) 48 ?4 . 

-- 
i’ 4~~ = 7 -

~ = j  a x t’

Lm~ 2 + a 3 x t ’ )J

_  _ _  

t
-
- _

t ’ a3 x t~’ (2 )+ a2 2 ’ 
~-®  a~ X®  (

~~For M m Wt
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2.14 .2 C a l c u l a t i o n of h i n i m u m lhic kne s s

To d e t e r m i n e  m i n i m u m  t h i c k n e s s  based on cost

the  e q u a t i o n  b e l o w  mus t  be i t e r a t e d  u s i n g  an a s s u m e d  t h i c k n e s s

t u n t i l  the r e s u l t  e q u a l s  zero. It w i ll be u s e f u l  t o p lo t

the  r e s u l t  of  e a c h  i t e r a t i o n  versus t to s p e e d  c o n v e r g e n c e

to the value of zero. Since the equation is a c u b i c a l  equa-

tion , at least three p o i n t s  should be p lotted. Note that

one of t h e s e  p o i n t s  s h o u ld  have  an o p p o s i t e  s i gn c o m p a r e d

w i t h  the  o t h e r  p o i n t s .

a = 8 1 . 7 ( A )  = - I

a5 = 20 .142 (b + c) = ~~~~~
‘ -

~~ - -

= a j  ~~~~~~ ~~~~~~ j

N = KPw = 6 (or an actual number derived from a
c o s t  s t u d y )

a 7 
= N ( a l )  ( 57 6 ) =

a~ = 
N ( 4 8 )

m
(C0 + bc) = c

(13 (~2~ (~
) (Ij) (

~) (6) I T E R A T I O N  CHEC I

Assumed

t a 5xt 
a6xt ’ _ -_

~~ 
__4 (j )  - (,~

‘) - ® 1) I f  6~~0 then
t t 3 t - (5) + a4 assumed t —

for m i n i m u m
c o s t

2) i f  6’~0 assu l
a new t and
iterate aga
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2 .4.3 C a l c u l a t i o n of Rudder W e i g h t

a 10 = A 6 = ‘7C  - ‘  6 ~~~~~

a 1 1  = (b + c )  2 14 = 2 x a
3 

2 x , .  / “ = ‘
.~~~~~~-c .

a
12 

= 2bcD m = 2a 1 m = 2x - ,~~-/S’
~~~’ - = 1 _

/ ‘
-

-
~~~~~

a 13 
= (b + c) x D 12 = , , ~

a 1 4 = b x c ~~~~m =

a 15 = (a 13 + a 14 ) = + = 
1 ’ . 2.,

w = 490 L~io + a 1 1  t ’ ) t  + a 12 + (a13 + a 14 )

_ _ _ _ _-- __ —— - - - - ---- _ _ _

( 1)  (2) 3 (~6) W

- 

2) +a
~~ 

-- 

~~~x t 
- 

a 12 xt ’/t a 15 x t ’ 
~~~~

+ ~~ + ®  149 0 x

,“ r /  -
‘-~~~~~ ? -/~ . -‘7 I 7 - ’,’~l ‘ -I , _~ 

.z - : -f . -
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2 . 4 .4  C a l c u l a t i o n of Rudder  C o s t

a 16  = 288 (a ) __ ç~~~~7L/

a 17 = b + c + D -v ,.,

C Os t W + N 

LI~

_

~

6. + 
N~t 

+ 2 x a 1

/

2 3 14 5 Cost
$

~~ a 1 7 N x + 
~
) +ç~J w +

N x t

-
, -“- ,

__ 
?‘, __, • .~c_, r~~~~~ f - ~~~t-’. ~ ;‘ - ,- c-- : 7~~
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APPEND I X B

Re 7ort T i t l e d  E xpe rimenta l Stress Ana ly s i s
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ABSTRACT

This report presents a semiemp irical curve for use in desi gning

soc keted connections subjec ted to pure bending. This type of connect ion is

frequentl y used in rudder and control surface connections on surface shi ps

and submarines . The curv e is for use only within a limited rang e of pararn -

eters considered of immediate interest to the Bureau of Shi ps. These inclu de

the dep th of penetration of the shaft into the eocket, the thickness of the

socket wa ll, the presence of relief in the socket wat t , and the type of attach-
mont of the stock t~~ the socket. The design curve was obtained by m~’asuring
stra ins at discrete locations on the socketed connection loaded in pure bending.
The tes ts were repeated as the various parameters were changed . The resulting
desi gn curve enables the user to predict, the maximum flexura l st ress in the

soc keted connection with a stock penetration of one stock diameter or more.

INTRODUCTION

One of the problems facing the shi p des igner is the socketea connection , a type used

in ship construction. Two exam p les of its use are in the conn ec tion of rudders to their
stocks nn r ir r e connection of diving planes to their stocks. Most of these designs require

the insertion - 1  a tapered shaft into a matching socket. The shaft is secured either by a nut
on the end of the shaft or by a tapered key driven through the assembly.

At the pre sent time , most des igns call for a pene tration of 2 or 2 1/2 stock diameters.

In order to develop the surface friction of the joint, tho two pieces must be fitted so that they
have a met-al-to-metal contact of at least 80 percent. This necessitates machining both the

tapered end of the stock and the inside of the socket to a very smooth finish (16 rms or better)

and usually requires hand fin ishing dur ing assembI~ . Considering the sizes involved on some
of the newer shi ps , it is obvious that such an assembly is both large and very costly. The

p problem was aggravated by the hull shape and the use of large single propellers with shafts
of large diameter developed for USS -\I.BACORE and subsequent submarines. These hulls ,
which narrow toward a point at the stern , do not have sufficient space for the penetrations

desired. Thus , considerable interest ha~ been shown in improving the socketed connection
desi gn , particularly along the lia.’~-, of making the assembly smaller and li ghter.

j.. Because of th.- need for a desi gn procedure for this type of structure , the David Tay lor
Model Basin was requested ~ to determine the governing design criteria for this type of joint

under pure  bending. Sp~’cifically, the inve stigatien was to determine~
a. If tho entire joint assembl y should be treated as two interacting beams or as a single

monolithic st ructure

.r t t ~~ ted or, pdyP 2~
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h. If there i~r any appreciable difference in the strength of the joint when the middle third

of the tapered fit is relieved .

c. The variation in the strength of the joint as the length of the taper engagement is

varied from l~~ to .° stock diameters .

d. The difference in cost between a rudder nut and a taper key connection.

Accordingly, tests were conducted at the Model Basin in 1960 and 1961 to invest i gate
the abo~e requirement s. This report presents the results of an investigation conducted on
model scale and includes the effects of stock penetration , yoke wall thickn ess , rel ief , and
t’ pe of - ‘ucL aRachment (rudder nut or tapered key).Within the limits of the investigat ion ,
sonic basic conclusions about the desi gn methods are drawn .

DESCRIPTION OF MODELS

- The experimental program emp loyed scaled models of typical socketed connections.
The models were designed so that it would be possible to investigate the effects of different
stock penetrations, types of connections , yoke wall thicknesses , and re lief. Since the pro- 

- .

posed new stern arrangement of USS ALBACORE 2 (AGSS 569) was of particular interest , it

was used as the basic structure for scaling the models.
All the models had the same general configuration and consisted of two shafts or

stocks made of 4140 steel. Material properties are given in Table 1. In general, the models
were scaled to one-fourth the size proposed

TABLE 1 for ALBACORE. The model stock diameters

- • were 4 1/2 in. Each stock had a 2 in ,-’f t of
Material Properties

diameter taper on one end, and the two stocks were
1i

~

is i! e Co n pcessive joined by a yoke as show n in Figures land 2.

i- r ece Y ie ld  f~i~~nate Yield The taper.d surfaces were ground to provide at
_ PSi pSI~~~~ 

PSi least 80 percent contact of the yoke with the
Y - i~c e 1  42 ,500 93,100 43 ,100 stocks. The stocks were attached to the yokes
Yoke 2 

- 
41 ,900 93 ,500 45 400 either by a tapered key or by a rudder nut ,

Yoke 3 42 ,900 94 ,00 0 44 ,200 as shown in Figure 3. One of the yoke wail
Y- ~ke 4 — — 4 9 ,CQQ thicknesses was scaled from that proposed for

Stoc k 1 82 ,900 111 ,200 95 ,500 ALBACORE and a second yoke scaled to 0.6 the

Stock 2 80 ,600 108 ,800 gc ,600 thickness was made to determine the effects
of reduced yoke wall thickness. Dup licate
models were made to determine the effect of

adding a relief to the middle third of the yoke

- 

except at 1 1/4-diameter penetration.

5
Through out t hi s  report , the ~- , rt ~~ with hi. in te rn al tapsied sockets will b. refers. d to as thu yoke.
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Pertinent dImensions for all models are given in Tahk ~~. To ecunomize on model
construction co~~t . -~ , two basic stocks and four yokes wore s~stema t icall ) modified during the
cour~;e of test ing to prov ide the required variations in parameters for the 18 models listed in
Table t~.

TABLE 2

Princi pal Test Dimensions

_ _—  G —-_ _ _ _  

L

~\\\r~~ 4 / ~/p~ ~-

~~ 

‘

~~~~~~~~~~~~~~ fr/4z~L I
T~~~E~~

Model A B C 0 E F G H K L
Nu1!ber in . in . j n~ in. in. in. in. in. in. in.

1 1 3 1 /2 or
2 3 W a 1/2 1 1/4 15 1/4 12 1/2 1 1/8 30 2 1/8 6 3/4 2 1/2

3 13 1/2 or
4 ~ 

1/2 1 1/4 151/4 12 1/2 11/16 30 2 1/8 5 7/8 2 1/2

5 4 1/2 or 9 1/2 1 1. 4 15 1/4 2 1/8
6 1 W a 3/4 1 6 1/4 3 1/2 1 1/8 30 3 5/8 6 3/4 2 1/2

7 4 1/2 or 9 1/2 1 1/4 15 1/4 2 1/8

‘1 8 1 W a 3/4 1 6 1/4 3 1/2 11/16 30 3 5/8 5 7/8 2 1/2

9 2 1/4 or
10 1/2 t~~ 

113/4 1 1/4 151/4 1 5/8 1 1/8 30 2 1/8 6 3/4 2 1/2

11 2 1/4 or
12 1/2 W a 11 3/4 1 1/4 151/4 1 5/8 11116 30 2 1/8 5 718 2 1/2

13 5 5/8 or
14 1 1/4 Dia 0 7 7/8 13 1/2 2 3/4 1 1/8 22 3/4 4 1/2 6 3/4 2 1/2

15 5 5/8 or
16 1 1/4 W a 0 7 7/8 13 1/2 — 1 1/8 22 3/4 4 1/2 6 3/4 2 1/2

17 5 5/8 cr 2 3/4
1~ 1 1/4 W a 0 7 7/8 13 1/2 — 1 1/8 22 3/4 4 1/2 5 3/4 2 1/2

.
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iNSTRUMENTATION AND TEST PROCEDURE

Prior to test ing, each m odel was instrumented with strain gages as shown in Figure 4.

Two basic groups of gages wer e used. The firs t group was used to compare longitudinal

bending sitains in the stoc k and yoke with theory and to check the symmetry of loading. The

second group was used to measure the face straipS in order to determine bearing stresses.

p

NOII; Wl~e~’ Rudd li Nut *01
£dd.4 8cffi m d .  W. ,s -
l,,.ivvm.n$.d I~ o
S~’Thl.i M*nn. r Yoki

FOCI —

4

~~~~~ 
~flfl~ TI  

_ _

— 4 + • - .•+—. —
~~ ~l- 

-s- —s--—— 90 • -i-- -
~~~~

~t11Jj I I I I iL0
On ModlI. 1-4 On ly

Figure 4 — Strain Gage Locations for Socketed Joint Connections

Each model was tested in the 800,000- lb testing machine. The basic test setup is

shown in Figure 5. The e’ treme ends of the model were supported on knife edges. The

model wa.~ subjected to pure bending across the test section by apply ing the load through

the loading beam. The loading beam was used to keep the load symmetr ic. No torque or

shear was applied at the ~~ke .
The test of each model consisted of loading the model in increments of 1000 or

2000 lb. All strain gages w ere read at each increment of load . This procedure was con-

t inued until a maximum strai n of 1000 ;iin,’in. was observod. The test ; wore stopped at this

point since no y ie lding could ~ e permitted because the various pieces were to be used ega in.

7
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Figure 5 — Test Setup

This procedure was followed on all tests listed in Table 3.
lip to this point all testing was static. However, there is considerable vibration of the

stocks in a shi p due to hull frequency, blade frequency, shaft speed, etc. The amplitude and
frequency of this vibration v ar ios considerably from ship to ship, and no given vibratory

8
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TABLE 3

Test Schedule

Model Penetration in
Test Numbe r Number stock diameters Yoke Relief Attachment

3LTR 2 3 Numbe r I thick yes Taper Key
3STR 4 3 Number 1 thin yes Taper Key
3LT 1 3 Numbe r 2 thick no Taper Key
35T 3 3 Number 3 thin no Taper Key
1•25LT 13 1 1/4 Number 2 thick no Taper Key
1•251N i5 1 1/4 Number 2 thick no Rudder Nut
l.25(90)LT Il 1 1/4 Number 2 thick no Taper Key
1.25(90)LN 18 1 1/4 Numbe r 2 thick no Rudder Nut
1.25(A)LT 14 1 1/4 Number 2 thick no Taper Key
1.25(A)LN 16 1 1/4 Number 2 thIck no Rudder Nut
ILTR 6 1 Number 4 thick yes Taper Key •

1STR 8 1 Number 4 thin yes Taper Key
ILT 5 1 Number 2 thick no Taper Key
1ST 7 1 Number 3 thin no Taper Key
0.5LT 9 1/2 Number 2 thick no Taper Key
0.SST 11 1/2 Number 2 thin no Taper Key
0.5LTR 10 1/2 Number 2 thick yes Taper Key
0.SSTR 12 1/2 Number 2 thin yes Taper Key

•11I. meanLmt ~ of the test number I. a. foll u’s

125 — Number of stock dlatnitsr. of p.n.tra~1on .f stock. into yoke.
(90) — Special cons ider at io n — (A) indicut .. t.s t~ run aft er vibration

of assembly . (90) indicate, taper key tumid vetticsl instead
o t on neutr al ax is.

1.. — Tlückn.s. of yoke — 1.. is thIck. S i~ thin.
T — Type ot atta c hm en t T I. tape r key, N I. rudder nut.
R — Relief .

loading caa be considered as representative for all ships. h owever , it was felt that vibration
should not be neglected. Accordingly, a random sinusoidal vibration with a maximum alter-
nating force of ~ 1000 lb and a maximum frequency of 25 cps was applied to the center of the
model by means of a Lazan 3 osci llator. This vibratory load was applied for 8 hr to a thick
yoke model having a depth of penetration of 1 1/4 diameters. The niodel used had a tapered
koy in onr stoc k and a rudder nut in the other stock. !nnding load s wero applied to the model
before and after vibration and the strains wore compared.

9
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TEST RESULTS

The bending strains rnetisurcd on the extreme fiber of the yoke during these tests are
converted to stresses directly from the following equation:

o~~ E~ 111

w here a is stress in psi, -‘

E is modulus of elasticity in psi , and
£ is strain in in/in.

The resulting stresses for the models with tapered key are plotted in Figures 6 through 12.
Figure 13 compares the stresses resulting from a tapered key connection with those resulting
from a rudder nut connection. A ll these strains were taken at an applied moment of 75,000
in- lb. This was the highest moment that could be safely applied to all models without causing
yielding. In each of these figures the theoretical stresses, computed by assuming the structure
to be monolithic , were also plotted. These were computed from the equation:

w here a is the stress in psi,
H is applied moment in in-lb1
I is moment of inertia in4 , and
o is the distance from the neutral axis to the extreme fiber in inches

An examination of Figures 6 through 13 indicates differences between the theoretical
at~i exper imental bending s tresses. The differences become quite large as the length of
penetration is reduced. The results shown in these figures are summarized in Table 4 which
indicates the maximum experimentally determined stress, the corresponding tfieoretical stress
computed by Equation [2], and the correction factor A , which is the ratio of these two stresses.
The variation of K with penetration is plotted in Figure 14. It must be noted that all the re-
sults are based on Equation [1]. This is not strictly corre . - when the depth of penetration is
very small or when the yoke is very thin. Under these conditions there may also be some high

• c ircumferential stresses . This is evident by the sign reversal in the bottom fiber of the small
depth of penetration models. No allowance was made for this since it was felt that the sties-
son were small compared to the maximum bending and that their effects were accounted for in
the correction fac tor. This is one reason for limiting the use of Figure 14 to one-diameter
penetration or more.

Other types of data also collected during the tests included face stresses (Tables 5
and 6) and bend ing results before and after vibration (Figure 15). One result of the vibration
tests was that the rudder nut was Loose at the end of the 8 hr of vibration.

( T.xt continued on pat. IL)
10
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TABLE S

Face Stresses at a Moment of 75,OCO In-Lb
Alt st resaaes In psi; all eng lee in deg.

T 

Tiil $ TaII

S L Ot 3L 0 ILIR 11.0 0.11.04 0.S LT ~~~~~ 
- I.?5~0O) . 291*) 

~ 3010 310 ‘T R 101’ 0 OSlO 0.101’T O N  LT o L$a 10 .1.0 -~~— — — — — — ._ — — — — — n= =
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3~ i 

~~~ : “~~~ 
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~~~~~~~~ p .4000 .60% .12 ,000 .31 , 000 .35 ,000 •2 ? ,000

C —3000 - 6000 ..6000 —7 0 00 — 3 1 ,000 -26 000 
~~~ : : ~~ N 0 —70 00 — — 2 , 000 — 0 , 000 —7 1 ,000

~~ ~~ ~~~~ •~;~ ~~ ~~ ~~~~ 
.1000 .4000 - . 1,000 .16 , 0% . 3 7 0 0 3
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~~~~~ ~~~~[ 
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l~ 00 .5 730 • 100
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_____I . 5 0 0 . 500 — — — — — — —

4 — — 0 0 0 0 — — —
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I 0 — 5 0 0  0 — l CD - 3 - 3 ,000 — — —
— 31 00 - i3~1 350 0 — 1000 — 0 , 00 0 — 4 ,000 — — —
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TABLE 6

Face Streooses Measured during Maximum Loading Test

‘The s~ esS s shown In this ~sb1e as, de~~ruoaned elastlo.lly from mi.sw’.d straIns. Therefore stress.. shove
50,000 psL are not valid.

Moment Key Eud Nut End

A lb—in. ~~~ Stiesus, psi Gas.” SIness.s, psi
A — 68 ,000 A — 1,000

(::IIIIII:;:
) 

a .152 ,000 a .157 ,000
B — 02 ,000 8 • 70,000

-
~ b +136 ,000 I +219,000

900,000 C — 40 ,000 C — 3.0000 d c — 12,000 c • 11,000

d :3 4 ,000 ~ 
•

c C a + 49 ,000 a a- 47 ,500
B — 6,500 B + 17 ,000
b + 38,0(30 b + 38.000

540 ,000 C — 6 ,600 C • 1,000
c — 7,000 c + 34,500
D + 4 ,000 0 —

d + 17 ,000 d —

indicaten •age loca tion in daagr asn . 
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Figure 15 — F.ffeeLt of Vibrat ion on Top Fiber Strninoa of the Yoke
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The fitial tesi was tIokell to fuilure. The results of this test are shown in Figures i~
through 21.
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Tb. models were disassembled after each test. To get some idea of the joint friction
deve loped, one stoc k was removed from the assembly by loading the model in tension in the
testing machine. The loads required to remove the s tock from the yoke are tablulat.ed below:

Penetration Load
stock diameter pounds

3 15,000± 1,000
1 1/4 not removed

_ ___ l _L500~ 500
1/2 5~000 t 500

DISCUSSION OF RESUL TS

The pertinent rosult.s obtained from this program are summarized in Figure 14 Within
the limits imposed by the experimental program, t his curve can be used to predict the maxi-
mum bending s tresses in a socketed connection. These limits are as follows:

1. The stock must penetrate the yoke no less tl~ n 1 stock diameter.
2. The minim um yoke wall thickness must be no less than 0.15 stock diameter.
3, No torques or shear stresses are applied across the yoke.
4. The taper ratio is 2 in, ft of diameter.
5. If relief is provided , no more than the middle third of the yoke may be relieved.

Although these limitations do not necessaril y preclude the successful design of other
connections , they do indicate that any great departi~e from them would require additional
experimental verification.

With in these limitations, the bending stresses can be computed from the equations

a — (2.s _ ~±_) ~~ wh en l<ç(,’c 3.7 [3a1

or
a — — when ~1~>3.7 (3b)

w here i/i’ is the stock penetration in stock diameters and a, M, c, and I are defined in Equation
(21. Equations (31 are va lid only in the elastic range.

As expected, the 1/2-d iameter thin-wall yok. reached the 1000 p in/in, limit at a lower
load than any of the other model,. This load ~as equivalent to an applied moment of 75,000

in-lb (35 percent of the design load for USS ALBACORE). Since thi, is the highest moment
that could be applied to ono model, it is the moment that should be used for comparison put-
poses. Therefore, the strains observed in each model at 75,000 in-lb are presented. Since the
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model with the thick-wall yoke having a i-diameter depth of penetration was scaled fro m the
proposed ALIt SCORE desi gn , it was also subjected to the proposed desi gn moment , 2 10 ,000

in-tb, and the resulting strains ~oro measured.
Several attempts wore made to calculate the taco stresses liste d in Tables 5 and 6.

However, this was abandoned as impractical because of the large number of variables present.
Within the Lost limits , none of the bearing stresses are high enough to cause concern but they
should be considered in any extreme design.

During the majority of these tests , the tapered key was on the neutral axis so that the
ex~rerne f iber strains would not be influenced locally by this key. Since this is not the normal
or ientation, one test was run w ith a model rotated 90 dog to determine any adverse effe c ts
from testing at the unusual orientation. Figure 13 indicates that there are no advers e effects
provided there k enough area to prevent a shear failure at the keyway.

No difference in cost figures between the rudder nut and the tapered key types of
assemblies can be presented except on the model scale. It took about twice as long to fabri-
cat.e and assemb le the kay end as it did the nut end although the material costs are about the
eamo for the two assemblies.

W hen the final test was r’ .n, it was decided to investigate the effects of gross over load
and test to fa ilure, It was hoped to learn something about the failure mechanism of a joint of
this nature. As the test progressed , however , it became apparent that the model was ductile
enough that it would just bend excessively. At. a load of 119,000 Ib, w hich corresponds to a
rro~nent of 1,300,000 in-tb , the deflection was so great that the joint was considered oper-
ationally useless. Examination of the model after the load was removed showed the model to
b~ badly de formed (Figures 16 and 17). The disassembled model revealed that the machined
fit was bad ly distorted (Figure 16) and the tapered key was bent (Figure 18). No apparent
r) -.‘ad damage wa :~ observed at the nut end.

The flexural stresses obtained during these tesL~ are shown in Figure 19 for a moment
of 000,000 in-lb. Although this moment was only two-thirds of the maximum applied moment,
it was chosen since it was about the highest load at which most gages ~ere still operative.
It is noted that the data of Figure 19 do not fit the curve of Figure 14 due to yielding. How-
ever , by using a plot of head deflection versus load (Figure 20), it is possible to get some idea
of the onset of y ielding in t he model. If the flexurat stresses are plotted for a moment of
520,000 in-tb , the onset of yield as shown by the head deflection (Figure 20), the results are
compatible ~ ith tho:~e of Figure 14. To provide additional data, the results obtained in this
way are plotted in Figure 14 . The slight discrepancy is attributed to experimenta l scatter
and nonsymmetry of loading.

SUMMARY AND CONCLUSIONS
Based on the data from theqe tests the following conclu~ions are drawn:

22
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1. It is possible to predict. the fls*ural etreuse, w ithin design accuracy, for a socketed

connection loaded in pure bending if the stock penetrates the yoke at least one stock diameter.

2. It is impractical to predict the stresses on the face of the yoke. However , within the

range of parameters considered in these tests, the face stresses are not large enough to

cause concern.

3. Relief does not significantly affect the bending stresses in the yoke.

4. The bending stresses are about the same whether the rudder nut or the tapered key

is used.

5. The 1 1/4-diameter model began to yield at a moment of 520,000 in-Ib, but it was able

to susta in a moment of 1,800,000 in lb without breaking. However , the bearing surfaces were

badly deformed and a permanent. deflection of approximately 1/2 in. was observed.

6. On the modol scale , the cost of fabricating the nut was about half that of the key.

However , this may be entirely different for full scale.

RECOMMENDATIONS

if a considerable amount of design work outside the scope of this program is planned,

it is recommended that additional experimental wor k be done. This should be designed to

extend the curves of Figure 14 particularly in terms of yoke thickness and taper ratio.
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