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1.\ INTRODUCTION ,
The purpose of the subject task is to develop a technical

practice for calculating the rudder and.dlving plane torque

requirements. In the course of this development, the current

NAVSEC procedure for estimating the torque requirements was

updated and documented; the current state of the art was

defined to determine if the current procedure should be re-

vised:; and recommendations were made for future research and

development tc fill gaps in the current technology. |
The scope of this study is restricted to the force and
torque calculation procedure for rudders and diving planes,

although it is realized that this is only a part of the larger
problem of predicting ship maneuverability. The study of ship
’ﬂ hull maneuvering characteristics an& the proper selection of
control surface area, location and shape and other parameters
vhich affect the torque requirements, were covered very briefly
} in this rcport.?i\

Section 2 of this report contains a general discussion
of control surface design considerations which should be made
in their selection and construction. These considerations are
discussed in order tao present the overall scope of the control
surface design problem, although the subject task only deals
with the items outlined above.

Section 3 provides a description of the current method

{ : used by NAVSEC for determining the torque requirements of

surface ship spade and horn rudders and submarine stern planes,
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rudders and fairwater planes. The method assumes the per-
tinent control surface design considerations have. already

been addressed. Detailed menual calculation for the current
method are provided in the Appendix in a step-by-step fashion.

Section 4 contains the updated sections of the NAVSEC
Technical Practices Manual which are pertinent to the subject
task. This has been done to present the current practice used
by NAVSEC for control surface torque calculations. The sections
updated are Section 3 of Part A "Rudder Design'', and Sections 3.4,
L.2, 5.1 and 7.1 of Part B "Submarine Control Surfaces. The material
of other sections of the Technical Practices Manual related to
rudder design are discussed in general terms in Section 2 of
this report.

Section 5 presents the state of'the art of control surface
torque calculations. The material in this scction is baécd on
a literature survey. The complete problem of ship maneuver-
ability and its relationship to control surface torque pre-
diction is considered here.

The sixth and final section presents our recommendations
for possible revision of the current procedure and for future
research and development based on the survey and interpretation
of available literature.

We decided not to revise the current procedure for cal-
culating the control surface torque requirements although we do
recommend modifying the NAVSEC computer programs to properly

reflect the updated procedure outlined herein.

4]
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2, CONTROL SURFACE DESIGN CONSIDERATIONS

2.1 Introduction

This section briefly presenis a general discussion of
considerations necessary for the selection and construction of
contro!l surfaces. Although much of this material appears in
NAVSEC's Technical Practices Manual, this section does not
attempt to describe MAVSEC's design practice for control
surfaces.

2,2 Suirfoce Ship Rudder Design

2.2.1 General
The aim of ruddzr design is to provide tight
turning, directional stability, good ability to initiate and
check swings rapidly and good course-keeping ability. Quanti-
tative measures of these are usually investigated by tactica!l
diameter, Kempf or Z maneuver (zig-zags) and spiral mancuver

(Dieudonn53 model tests.

2.2.2 Rudder Planform and lLocation

Rudder arca is chiefly determined by the re-
quirement for tactical diameter, directional stability, and
maneuverability while the vessel is undergoing replenishment
at sea. With this in mind, the rudder area is proportioned
upon length and draft from similar previous ships. Model
tests are usually run to verify the directional stability

and turning characteristics.
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Rudders are generally moved out of a position
directly in line with propeller shafting in order to avoid the
propeller tail cone vortex. This is even done wherever
possible for single screw ships with high power. However,
the rudder is always placed partially in the propeller race.

Adequate clearance should be provided so the
propeller may be unshipped without unshipping the rudder.

To avoid vibration the minimum distance allowed
between the leading edge of the rudder and a point on the line
of maximum propeller blade thickness, 0.7 radius from the shaft
centerline should equal one-half the propeller diameter.

2.2.3 Rudder Sections

Rudder section shape is definea by the NACA
symmetrical four-digif series with thickness/chord ratios
dependent on stock size and selected rudder profile. The
maximum thickness/chord ratio = 0.23. Normally the maximum
rudder swing permitted is limited to 35 degrees with an
additional two degrces to hard stop. The after edge has
a definite half-breadth and the corﬁers of the trailing edge
are left sharp.

2.2.L4 Rudder Stock Stress Analysis

A stress analysis is usually made during design
and the shipbuilder is usually required to make one based on
actual scantlings. Stresses are limited so as to provide a
minimum factor of safety of 2.0 on yield with loads computed
as indicated in Section 3.2. Where loads are estimated by

less reliable means (e.g. Joessel's formula), the minimum

factor of safety Is taken as 2.5 on yield.
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When a roller bearing is used, the rudder stock
bending stress will be higher than the stress for a sleeve
bearing due to the increase in bending moment resulting from
the distance between the ship shell and bearing for maintenance.

2.2.5 Rudder Stock Material

The minimum yield strength for low carbon
alloy steel rudder stocks of auxiliary ships is 65,000 psi
and for combatant ships 100,000 psi. Where rudder stocks are
required to have little or no magnetic permeability, aluminuq
bronze has worked well on AMS 60 and MSO 421 and MSO 523
classes.

The use of higher strength steels tends to save
weight and permit thinner ruddér sections both of which are
desirable especially if there is difficulty obtaining a
chord/thickness ratio of 0.23. There are however the following
drawbacks.

(a) The deflection of the stock tends to be
greater, involving a potential problem
with seals,.

(b) The natural frequency tends to be lower
which will increase the possibility of
vibration.

2.2.6 Rudder Plating and Framing

Rudder plating is HY 80 and internal members

are HTS or MS.

2*3




2.2.7 Bearings
| The two basic types of bearings which are
used are

(1) FRolling friction or anti-friction.

(2) S1iding.friction or sleeve.

The friction coefficients used are 0.01 for
anti-friction and 6.20 for sleeve types. For roller or hall
bearings, the ratio of the bearing diameter d} to the stock

diameter d = d;/d=1.29,.
4 The bearing material is usually laminated

B‘ phenolic although cobalt base elloy may be used to permit

higher bending stresses.

2.2.8 Bearing Seals and Lubrication

Sleeve and roller bearings within the hull
are usually pressure grease lubricated. Adjustable seals
are provided and made in halves to facilitate shipping and

unshipping.

The most recent practice with roller bearing

scals is to use a gland with packing, adjustable from inside

the ship for the hull seal. This means moving the hull roller
bearing upwards a little with a slight increase in rudder stock
bending moment. This seal design has the advantage of being
repaired when the ship is afloat.

2.3 Submarine Control Surface Design

2.3.1 General
The basic intent of submarine control

surface design is to obtain positive directional stability,

2-4




good depth and course keeping ability and good ability to
initiate and check trajectory changes. The preliminary
design estimate of recquired control surfaces are gecnerally
tested by NSRDC and adjustments made as necessary.

Directional stability and control are
basic design requirements for ahead submerged operation.
Astern operation is quite unstable and generally whatever c
out of the design that has been based on ahead operation is
accepted.

2.3.2 Fairwater Plane Design

Fairwater planes are more commonly called f
than bow planes in current design practice.

Fairwater planes outreach is usually kept
within the maximum beam to allow %or rolling alongside a
dock. The height of the planes is important in relation to
avoiding difficu}ties in periscope-depth control. Position
the planes too high on the sail may cause loss of plane
effectiveness.

The leading edge is usually raked to deflec
mine cables., Tips should be rounded to reduce noise levels

2.3.3 Stern Pltanes and Stabilizers

The area nceded at the stern for stability
the vertical plane is determined by theory and model test.
The area is usually too large to be all moveable so part of

it is installed as a fixed stabilizer.
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The planform and location of stern plane-and=
stabilizer are selected with the following cdnsiderations in
|
addition to conventional hydrodynamic efficiency:
a) The leading edge rake should be such as
to deflect mine cables; for non-rake or
very small rake, cable guards should be
provided,
b) A minimum distance equal to one propeller
radius should be maintained between a
point on the line of maximum blade thickness,
0.7 radius from the shaft centerline to the
nearest edge of the stern plane.
c) The span, which usually exceeds the beam,
should be limiteus so as to facilitate

nesting, coming alongside a dock, and for

larger subs to increase the availability
of the number of drydocks and building
ways that may be employed.

2.3.4 Rudders

The problems associated with submarine rudders

are genecrally similar to those encountered with surface ships.
One special problem associated with the topside rudder of a
submarine is the flow dJdisturbance caused by the sail and
superstructure. Because of this wake disturbance the topside
rudder is not very effective for stability where small angles

are involved even though quite effective for turning.

2-6
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HTS or MS for interior material. Wood with hot vegetable pitch

or foamed-in-place plastic syntactic foam may be used as

filling material.

2.3.% Pracings

Departures from practice listed for surface

ships as follows:

a)

b)

c)

rudder plating is generally HYB80 steel! with

Laminated phenoli:- bearings are not commonly
used on submarines.

Anti-friction (roller) bearings are not
used for radial loads.

Cobalt base alloy is the usual material
for radial lo;ding.

Rudder carrier bearings take thrust in a
free-flooding space. Nickel-copper-sili-

con alleoy is the most common material for

these bearings.
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3. CURRENT CALCULATION PROCEDURE FOR RUDDERS AND DIVING

PLANES FOKCES, TORQULS AND MOMENTS
3.1 Introduction for Calculation Procedure

This section of the report describes the rudder de-
sign work after the rudder configuration and location have been
determined., The hydrodynamic torque is calculated and from this
the structural and mechanical features are determined for re-
liability at low cost,

In the compttation of rudder forces, bending moments

and torques, aerodynamic and hydrodynamic methods are used with

allowances developed from experience. This procedure will be

explained for various types of surface ship and submarine con-

1 trol surfaces.
i © 3.2 Flow Speed and Angle of Attack
3.2.1 FIOE_Specd

The ship speed used is the speed the ship
would attain at full-power plus one knot, with the ship in
a light-displacement clean-bottom condition such as can occur

on builders trials. Any reduction of speed in a turn is an

additional factor of safety and is not calculated. For a
rudder in the propellier race the speed of the water over

the rudder is assumed to be (Ship Speed as defined above)

(1 + Real Propeller Slip). This speed is assumed to occur
uniformly over the complete control surface span. For portions

{ of rudders not in the race, ship speed is used.




surfa

factor times the actual geometric angle.

drift angle allowance based on ship trial

tors

data,

Fatio. In ideal cases this

areca

root

large

Va2 Angle Of_ﬁLLigk

For both surface ship and submarine control

ces the effective attack angle should be taken as some

for various control surfaces are

Factors Used to Obtain Effective

This is an arbitrary

experience. The fac~

in the table below.

Attack Angle

Eggt:wnl Surface
Surface Ship Rudder
Submarine Rudder

Submarine Stern Plane

Submarine Fairwater Plane

Hull Gap and Effective Aspect Ratio

In order to use free

Factor

———

0. 75

571
1.0

150

stream aerodynamic and hydrodynamic

it is necessary to calculate the effective rudder aspect

and is doubled if there

and hull. I1f the hull

is equal

is small

to span squared over
""no gap'" between the rudder

at zero rudder and

at full rudder, the effective aspect ratio is computed
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by multiplyinag the geometric aspect ratio by a coefficient
varying linearly from 2.0 at 0 degree to 1.0 at full rudder
angle. If the gap is large at all angles, the geometric

aspect ratio is used throughout the range of rudder angles.

3.4 Use of VWind Tunnel Data

The calculation of rudder forces and torques is mostly
by aerodynamic methods with some modification for ship ap-
plication. The calculation procedure for Q4 the hydro-
dynamic torque, of each of the control surfaces is described
below. With the exception of the horn rudder, computer pro-
grams exist which can perform thesz torque calculations.

3.4.01 Spade Rudders

The most important source of data for the
torque calculations of spade rudders is DTMB Report 933 'Free-
Strecam Characteristics of a Family of Low-Aspect-Ratio Aill
Moveable Control Surfaces for Application to Ship Design"
(Revised Edition). The data from DTMB Report 933 has been
crossfaired so that the ordinary coefficients (lift, drag,
normal force, chordwise and spanwise center of pressure) are
plotted versus aspect ratio for various angles of attack. This
is done for both squared and r0undca tip shapes and for sweep-
back angles of -8.0, 0.0, and 11.0 degreés. The rudder torque
obtained with this method is called QH' the hydrodynamic
torque. The results of the torque calculation.are presented
in a plot of Qy versus attack angle where negative torque
indicates a trailing tendency (center of pressure aft of the
centerline of the stock).

A detailed example calculation for.spade rudders

is shown in Appendix A. The basic procedure is as follows:

3+3
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Use the design charts fror the DTHMB #933 for the

appropriate sweep angle and tip shape and deter-
L drag CD and

chordwise center of pressure (CP)c for the

mine the coefficients for lift C

desired aspect ratio and angle of attack.
(B) Interpolate the coefficients from step (A)

between these -8.0,0 and 11 degree values

for the values at the actual quarter-chord
sweep angle. Sweepback angles higher than
11 degrees can be interpolated using refer-
ences b6 or 7.

(c) If the taper ratio (defined as tip chord/root
chord) differs from the 0.45 values of Report
933 a taper ratio correction must be made.
This correction is shown in Appendix B.

(D) Add friction and steering allowance torques
to produce the final torque envelope. See
Section 3.5k

The computer program called Rudder Fairwater Plane Design
No. 0305 uses the data from DTMB Report 933 to perform the

torque calculation above.

3.4,2, Horn Rudders

For semi~balanced rudders on a horn, the cal-

{ culation procedure described in DTMB Report 915 is used for

the determination of the normal force and center of pressure.
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4 Evaluation of a considerable amount of model and full scale
rudder torque test data indicated that the height to chord

ratio of each portion of the rudder is the most significant
parameter, Other parameters such as section, aspect ratio,
thickness and percent balance or hull effects such as wake,

drift angle and reduction in speed are assumed to be impli-

citly taken into account in the analysis. The rudder is con-
sidered as two separate portions and the normal force and
center of pressure curves may be obtained from empirical

curves for each portion. A detailed example calculation

for horn rudders is shown in Appendix C.

The basic calculation procedure for predicting the
toréue of horn rudders is as follows:

(A) Determine the height to chord ratios for the
j upper and lower portions of the rudder.

(B) Obtain coefficients for the normal force and

center of pressure for various rudder angles
! using the graphs of Report 915.
(C) Determine the moment arm and normal force for
cach rudder portion.
(D) Determine the torque for each portion of the
rudder.
(E) Sum up the torque values of (D) to yield the
‘ | total hydrodynamic torque QH‘
(F) Add frictional torque (and torque allowance) to

obtain final design torque. (See Section 3.5.1)

3"




I Stern Plane with Stabilizers

A detalled e\ample calculation for stern planes
with sfabillzcrs.is shown In Appendix D, The most important
data fo? this calculation is the NACA WR-L series. The basic
procedure is as follows:

(A) Petermine the effective aspect ratio by
doubling the geometric aspect ratic. |If :
the stern plane hasia vertical stabilizer
fin at the tips, then a correction must be

made to the effective aspect ratio using

P

figure 2 of Appendix D..
(B) Using the taper ratio A find the angle
of attack (crossflow) ratio (c/ce‘l)

from figure 3 Appendix D. This is done

~S

for various sections along the span
Y/(b/2), where y is the distance along the
span starting from the root chord and b

is twice the span of the foil.

! (C) Obtain the 1ift slope Cha for the aspect
ratio from step (A) using EB division
design charts-A-1407 and A-1409. Obtain

the lift slope C for an infinite aspect

l«
ratio. g

(D) Using NACA flapped airfoil data, the lift
slopes CL/e are computed for 15, 35 and 50

percent balance flaps. Using these slopes,

; the 1ift coefficients C may be found.
‘ L B
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(E) Using the results from step (D) the hinge mo-
ment coefficients chf may be found for the
three balanced flaps.

(F) Correct the lift and hinge moment co-
efficients for the actual chord length
along the span. A new flap chord to mean
chord ratio is calculated.

(9) Determine constants Kj.= %%~;3 . (a8)
is defined as the partial o% the attack

* - angle divided by the partial of the flap

angle) and K, = Cth/Chfgaje by using
figures 7 and 8.

(H) Integrate the sections to obtain the
average lift an? hinge moment coefficient
for the entire span, using the K constants
from step (G) and the 1ift and hinge moment
coefficients from step (D) and (E) for each
section along the span. ]

(t) Determine the streamline curvature correction
to the average hinge moment coefficient,
using the data frdm figure 9 Appendix D.

(J) Plot values of lift and hinge moment co-
efficients, which have been calculated
for 15, 35 and 50 percent balance versus

( the ratio of the chord of the fixed plane

to the chord of the flap (Cp/C¢). Using the
correct chord ratlo, the desired lift and

hinge moment coefficients are taken from

d the curves.

, , 3=7




T A SRS —

(K) Calculate the lift using the value of the

lift coefficient from step (J).
(L) Calculate the hydrodynamic torque Qy using
the hinge moment coefficient from step (J).
(M) Determine the normal force coefficient
Cnf using figure 13 Appenaix D and using
this coefficient calculate the normal
force,
(N) Add friction and error (6% of flap chord)
allowance torques to produce the final
torque envelope. See section 3.5.3.
The calculation of forces and torques may be
performed by the computer prog;am titled Stern Plan Calcula-
tion No. 0218.

3.4.4 Fairwater Planes

In computing forces and centers of pressure, the
calculation procedure for fairwater planes is the same as the
procedure for spade rudders (section 3.4.1),

3.5 Steering Cear Torgque

Going from hydrodynamic torque Qy and friction torque Qf
to stecring gear torque (at the tiller), involves additional
allowances. These allowances are d4Sowedsd are discussed below

for cach of the control surfaces.

3-8
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Surface Ship Rudder

A) The first is an error allowance for chordwise
center of pressure. This.SIIowance is gener-
ally + 3 percent of the mean chord., This
allowance multiplied by the normal force
results in + Qg or a torque error allowance.
This is added alebraically to the Qy curve,
and converts it intj a band instead of a
line. This allowance is significant for
a spade rudder with the rudder stock near
the quarter chord point, but is practically

negligible for unbalanced rudders.

B) This band is further modif{cd by adding the
frictional torque of the rudder bearings.
The frictional torque is the result of the
rudder bearing reaction, stock bearing radius |
and bearing friction coefficient. The fric-
tion coefficients used are 0.01 for anti-
friction bearings and 0.20 for sleeve type
bearings.

C) Minimizing the size of the steering gear
requires the balancing of the restoring
and upsetting maximum torque of Qu+ Qgt
Qf. The stock position is adjusted so that
maximum restoring torque is 50 percent greater
than the maximum upsetting torque. The
computer program No. 0305 cannot balance

the torque envelope in this way so this

step in the procedure must be done by hand.

3-9
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submarine
nearly the

3.5.0) wit

Fatrwater

Rudder:

3.5.3

D) Finally, 25 percent of the maximum torque

restoring is added to the torque envelope

as a torque allowance QA'

E) The calculation for the horn rudder

is very

similar to the spade rudder except when

calculating the frictional force, the normal

force Fy is used itnstead of the resultant

N

force FR'

Submarine Rudder and Fairwater Plane

The calculation procedure for determining

rudder and fair water plane torque requirements is
same as that for surface ship rudders (section
h the differences described below.
plane: )) The torque error allowance QE = -2
of the mean chord e.
Z) Restoring torque = Upsectting torque
3) Design torque = 1.20 x restoring torque.
1) The torque error allowance Qp = 1 13

of the mean chord c.
2) Restoring torque = Upsetting torque
3) No additional allowance Qy is added
to the torque envelope.

Submarine Stern Plane

The calculation procedure for determining the




torque requirements for submarine stern planes is described
in section 3.4.3. The torque requirement: ‘or stern planes

are described below.

Stern Plane: 1) Restoring torque = upsetting torque
2) No additional allowance QA is added

to the torqu> envelope.
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. UPDATED TECHNICAL PRACTICES MANUAL, RUDDERS AND s

SUBMARINE CONTROL SURFACES 562 (9220-1) (Code 6136)

Note: Only Section 3 of Part A and Sections
3.4, 4,2, 5.1 and 7.1 of Part B are
updated here. The material of other
sections of the manual are discussed
briefly in Section 2 of this report.

A.  Rudder Design
Section 3 - Calculation of Rudder Forces, Moments
and Balance.
3.1 This section represents recent practice,
as revised, to take advantage of AOE | and AS 33 lessons
from trial data recorded by Puget Sound Naval Shipyard.

Analysis of the data indicated the effective attack angle

should be taken as 0.75 times rudder angle, rather than

5/7 = 0.7} formerly used. From Puget Sound's AS 33 data

some allowance should be made for torque, say 25 percent

of maximum at zero rudder for a rudder in a propeller
race. DTMB Report 060-H-01 of March 1965 reports mcdel
’ tests of AS 33 forces and torque. Forces correlate well
with design theory; torques do not correlate with either
design theory or full scale data. The error allowance
in estimating chordwise center of pressure should be

increased generally (as indicated in paragraph 3.5 which

has new values) for so important a system. Regarding

specifications, the assumed efficiency from steering gear
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hydraulic torque to rudder stock will be stated. In
additien to general performance requirements, NAVSEC
predicted forces and torques will be specified.

Where weight is of more than usual importance,
the design may include more specific requirements than
merely performaence. This essentialiy involves taking some
risk where weight saving makes that course desirable. The
computation i5 by aerodynamic and hydrodynamic methods with
some additional features for ship applications. The publi-

cations for this work are references 2, 6 and 7 as listed in

3.6. Forces and centers of pressure are computed as indicated

below, and additional allowances are made for converting
hydrodynamic torque into steering gear torque.

i g The computation; for forces and centers
of pressures involve finding data for an acceptable range

of Reynolds Numbcr and aspect ratio and correcting for:

(a) Effective aspect ratio:

A.R. Geometric = Span
Chord

= SEan2
Areca

A.R. effective varies from 1.0 to 2.0 times geometric,

depending on the gap between rudder root and hull,

(b) Taper ratio A= tip chord
root chord




(c) Sweepback angle (f=angle that the quarter
chord line makes relative to the stock axis).

(d) Mean chord (6=(Tip Chord + Root Chord)/2)

3.3 The attack angle (a) for surface ship rudders
is usually taken as 0.75 the rudder angle. This is an
arbitrary drift angle allowance, based on the time to get
the rudder over (about 10 secends) and the expectation
that the ship will have started swinging by then. This
arbitrary value transforms a 35 degree rudder angle into
a 26.2 degree attack angle, below stall in most wind-tunnel
data.

3.4 The speed used is that in way of the rudder
during a full-power straight-runn%ng period plus one knot.
The ship should be assumed to be in a minimum operating con-
dition and clean-bottom condition such as can occur on
builders trials. Any reduction of speed in a turn is not
considered. For rudders entirely within a propeller race,
flow speed is taken from data of a similar ship. If a
portion of the rudder is not within the propeller slip
strean, a separate calculation is performed for that portion
of the rudder using ship speed for the inflow velocity.

L With these simplified methods of estimating

flow speed and angle of attack, the ordinary coefficients
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(1ift, drag, normal force, chordwise and spanwise center

of prcssurc) are obtained by cross-fairing as indicated

by Section 3.2. A systematic plot of data by Electric

Boat Division (available in Code 6136) is very useful

for this. The rudder torque so obtained is called Qy the
hydrodynamic torque. Airplane nomenclature is followed with
negative torque indicating a trailing tendency (center
pressure aft of stock). An allowance for uncertainty

in center of pressure is made generally + 3 percent

of the mean chord. This allowance, multiplied by the

force, results in a * Qg, or torque error allowance. This
is added algebraically to the Qy curve, and converts it

into a band in lieu of a line (note that no error allowances
are made for force or spanwise center of pressure). This
band is then further modified to get tiller torque by allow-
ing for the intervening friction torque Qp. This is done by
computing reactions at all bearings, multiplying by a
friction coefficient (see section on Bearings) to get the
frictional force, and multiplying that by the radius of
sleceve or the radius to the center of the rollers to

get frictional torque. Finally, 25% of the maximum restoring

torque at full rudder angle is added to the torque band
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for a torque correlation allowance QA’ The best example of
this systematic procedure and the sources of aerodynamic
data are shown in the Code 6136 rudder file for $SBE(N)
608 Class.

3.6 Rudder balance may be theoretically selected
in this manner: Obtaining the minimum size of steering gear
requires balancing the negative or‘rcstoring and positive
or upsetting torque envelopes of QH 4+ QE i QF * QA‘ Al lowance
can be made for varying mechanical advantage of the steering
gear at different rudder angles. For surface ship rudders,
it is desirable to have the maximum negative torque 50%
greater than the maximum positive torque; this balance is
made before the final torque correlation allowance Qp is
added.

3.7 (a) Report I461 provides the basic procedure

for the torque calculation of ;urface ships with spade rudders.
The computer program titled Rudder, Fairwater Plane Design
uses the method of report 1461 with the data from DTMB
Report No. 933 to perform the torque calculations.

(b) For semi-balanced rudders or horn-type

rudders, Joessel's method is used.
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3.8 Astern Operation

Astern Operation is usually investigated

only for ships having & military requirement for going
astérn (e.g. LCU types which retract astern); Mode 1

tests arce then used for determining controllability, since
there is no rcliable theory.

Astern operation generally does not control

scantlings, but does control steering gear capacity.
Recent practice has been to design the steering gear for

ahead operation and limit sustained astern RPM based on

trials so as not to excced the steering gear capacity.
“"Sustained'" astern RPM is specified so as to still permit
the ship to use full astern RPM for crashback. It should

be noted that for astern operation the rudders tend to

take charge and will move to larger angles, since the center

of pressure is well aft of the rudder stock. Accordingly,

in going astern with a hydraulic system, when the relief
valve opens, the rudder would go to hard over. To avoid
this, usuval practice is to specify that the safe sustained
astern RPM would be determined from sea trials, and that
suitable warning plates be installed.

3.9 Sea Slap

Sec section 7 of Submarine Control Surfaces.

The criteria for submarines also applies to surface ships.

‘o’
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3.10 Zig-Zag Maneuvers

Zig-Zag maneuvers should result in grcater

rudder forces and rudder torques than for simply right
or left turning. Although the zig-zag maneuvers are not
considered during the dcsign stage, the design procedure is

considered conservative enough to cover such maneuvers.

B. Submarine Control Surfaces
Section 3 - Fairwater Planes
3.4 In computing forces and centers of pressure,

the angle of attack is taken as the plane angle (unlike
Rudder Design Practice, Section 3.3, the diving planes

can be operating with no drift angle reduction). The
maximum plane angle is 200. In the balancing of the torque
envelope the maximum value of the upsetting curve is

equal to the maximum value of the restoring curve.

After balancing, a torque correlation allowance (QA) equal

to 207 of the maximum restoring torque is added.

Section & - Stern Planes and Stabilizers
L,2 As with fairwater planes, the angle of attack
is taken equal to the plane angle, without any drift

corrections. The forcc and center of pressure determination

for the stern plane plus stabilizer combination follows
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the same procedure as Section 3.4.1. In the balancing of the

torque envelope for stern pganes, the maximum value of the positive
curve equals the maximum value of the negative curve. No torque
allowance Qp is added. The computer program titled Stern Plane

Calculations is used to perform this calculetion.

Section 5 - Rudders
5.1 The design calculation of submarine rudder forces
is the same as that covered in "Technical Practices A. Rudder
»’ Design."

There are a few differences from the procedure
used in section A. In the balancing of the negative and
positive torque curves for rudders, the maximum value of the
positive curve equals the maximum value of the negative curve.

E No torque correlation allowance Qa is added.

Section 7 - Sea Slap
F 7.1 The practice is to assume that sea waves
acting on exposed control surfaces are equivalent to a

static uniform load of 1000 pounds per square foot.
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Under this loading the Ship Specifications usually indicate
that

(a) Structure may be stressed up to the
yield point (this particularly involves torque keys and
keyways).

(b) The control torque may exceed hydraulic
gear capacity (because of the long lever arm to sea slap
center of pressure).

In that case popping the relief valve is
acceptable. On SS(N) 597 the Electric Boai Division
made a computer analysis of the response of the hydraulic
system to such transient loading. For that purpose NAVSEC
arbitrarily indicated that the loading could be taken as

1000 sin (2rT) Ibs/sq. ft. where T varies from 0 to 0.2
(0.2)

seconds. On newer submarines such as the SSN 688 and
TRIDENT, the hydraulic system is built without relief
valves. The system is sized such that the anticipated loads
(hydraulic or sca slap) will not cause pressures in excess

of 1.5 times the system pressure.

4-9
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5. STATE OF THE ART

as1 introduction

The problem of predicting the actu&ting gear torque
of a ship control surface involves the following:

(a) Inflow characteristics of the water about

the control surface.

(b) Hydrodynamic characteristics of the control

surface.

(c) Mechanical characteristics of the control surface

actuating gecar mechanism,

The obviously formidable task of exhaustively evalu-
ating the current state of the art of all the areas mentioned
is beyond the scope of the subject task. Although each area
was touched upon, the conly one .investigated to a higher degree
was that of predicting the hydrodynamic characteristics of the
control surfacce. Particular emphasis was given to this area
since it seemed to hold the most promise for an immediate
addition to improving control system torque prediction
capabilities.

Abstracts of many of the books, papers, and articles
reviewed can be found in Appendix E.

5.2 Inflow Characteristics of the Water About A

Contro!l Surface

The angle of attack and velocity of a control surface
with respect to the fluid around it is a function of many

variables. The most important are discussed in the sections

below.
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5.2.1 Ship Maneuvering

5.2.1.1 Introductlion

Whenever a control surface is deflected,
the ship will experience an unbalance of forces, which results
in rigid body motion of the ship.

As the céntrol surface is deflected,
the ship will go into a maneuver which usually has sideslip
and decrease in speed of the vessel as a result. Increased
turbulence around the hull can also be expected. As a result
the water inflow characteristics to the control surface can be
considerably altered from the ship straight ahead condition."
The rate at which the control surface is deflected bears
heavily on the degree to which the above phenomena occur.

Knowledge of the above phenomena would
greatly add to the prediction of the contro! surface inflow
direction and speed. Unfortunately, however, this involves
very accurate experimental or theoretical methods.

5.2.1.2 Equations of Motion

The maneuvering response of a ship is
determined by solving the appropriate equations of motion.
Generally speaking, motion stability and tight mancuvering
response are of interest.

Motion stability considers the response
of the ship after some arbitrary infinitesimal disturbance from
the equilibrium condition of straight ahead motion, to see if
the ship returns to the original position. When considering

this type of motion only the linear terms in the equations

of motion need be considered.
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For dynamically stable ships (stability
in straight line motion) the linear theory holds for moderate
maneuvers and non-linear terms beéomc necessary only for tight
maneuvering. For unstable ships, higher order terms are nec-
essary to determine maneuvering properties.

Although the linear equations of motion
can be solved in a closed form once the coefficients have been
determined by experimental or theoretical techniques, the non-
linear e uations of motion cannot be solved directly, but must
be evaluated in a step by step computer integration procedure.

5.2.1.3 The Hydrodynamic Cocfficients of the

Equations of Motion

The equations of motion include many
hydrodynamic coefficients whic% depend on ship shape, size,
inertia distribution and the equilibrium condition involved
in the analysis. Numerical quantities for these must be
determined for the ship under consideration in order to deter-
mine the response.

Generally, theoretical means are not
available for calculating these coefficients accurately. &
then becomes necessary to obtain these from the results of

special model tests in a towing tank, water tunnel, wind

tunnel, etc., or use the results of a series of model tests

which have a systematic shape variation about a parent form.
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Special equipment and techniques have

been developed for obtaining the required information from

model tests. Such equipment consists of oscillators, planar
motion mechonisms, rotating arm facilities, etc.

5.2.1.4 Conclusions Regarding Ship Maneuvering

Although calculations have shown that

ship maneuvering can be predicted in some instances, this

cannot be generally assumed for all maneuvers and ships. I'n
addition, the predicted maneuvers involve determining the
hydrodynamic coefficients of the subject ship by conducting
expensive mudel tests. Published data giving hydrodynamic
coefficients tor the equations of motion for systematically
varied series are not known to exist.

Therefore, at this time it is difficult
and expensive to predict the maneuvering characteristics of a
ship. In additicon it is not known if all maneuvers will give
realistic results.

L Boundary Layer of the Ship Hu1[

It is well known that the viscosity of water
will cause a boundary layer to form over the ship length with
the effect that the water velocity in way of the control sur-
face will be nonuniform, The degree of nonuniformity will

directly depend on the location of the control surface on the

ship.
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The prediction of the velocity distribution in
this boundary layer is necessary in order to compute the

inflow velocity of water into the control surface.

This subject has been the main topic of investiga-
tion for many research works in the field of naval architecture.
As of the present time these invcsfigalors know of no way to
accurately predict the boundary layer characteristics of the
flow about a ship by theoretical means.

fany experimental model surveys of the wake area
behind the ship exist for a varied amount of ship types.

It is stiil normal procedure to estimate the wake for a new
design from the experimental data of other ships. This
estimated wake may be revised if model tests of the subject
ship are done at a later date.

5.2.3 Propeller Race and Appendage Wake

Many times, particularly in the case of the rudder,
the control surface is located behind a propeller and appen-
dages, such as propeller shafts, struts and bossings. These

alter the direction and speed of the flow into the control

surface.

The appendages affect the boundary layer of the

ship in their vicinity. Since ship wake surveys are performed

2%
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with appendages attached, this aspect need not be considered
independently.

Besides increasing the speed of flow into the control
surface within it, the propeller race contracts and expands
as the loading on the propeller changes. This may cause
the rudder to be completely enveloped by the race in some cases
and not in others. Unfortunately, this phenomena has not been
the subject of many investigations and no general conclusiouns
can be drawn.

5.3 Hydrodynamic Characteristics of the Control Surface

s i Introduction

In the current porocedure assumptions are made wit!

regard to the caracteristics of the flow to the control
surface and an effective angle of attack and flow velocity are
determined. Free stream hydrodynamic characteristics (lift,
drag, center of pressure) from experimental data are then used
to determine the forces and moments on the control surface shaft.
Planforms and section shapes for which test data do not
exist are approximated by interpoleation and extrapolation of
planforms and section shapes for which data does exist.

A survey of the state of the art has shown that two
distinct areas of effort in developing control or lift surface
characteristics have been followed, mainly experimental and

theoretical. The most extensive work has been in the aero-
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nautical field and in recent times has dealt almost
exclusively with theoretical approaches. Elégant methods
for predicting wing and control surface characteristics now
exist.

Some of the theoretical procedures investigated

allow the calculations to be performed for arbitrary surfaces
with or without th.ckness and also allow for the effects of
a nearby body.

5.3.2 Experimental Methods

5§.3.2.1 Introduction

The most extensive experimental data available
outside of the DTMB 933 report .are found in the aeronautical
literature. Unfortunately many of the section shapes used
for aeronautics are different from those used for ship control

surfaces. In addition, since aeronautical planforms usually

have significantly higher aspect ratios, two-dimensional

model testing techniques are used instead of using the
complete planform. Thus the crossflow and tip effects are
neglected.

5.3.2.2 Testina Technicues

A. Tests with finite-aspect-ratio wings.

This method of testing is hampered by the diffi-

culties of obtaining full-scale values of the Reynolds

7
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number and sufficiently low air stream turbulence to
duplicate fiight conditions properly without excessive
cost for equipment and modcls (Like DTMB 933).

B. Two-dimensional testing.

With this method sections are tested in a two-
dimensional flow at large Reynolds numbers in an air-stream
of very low turbulence, approaching that of the atmosphere.

This is made use of particularly for aeronautical purposes.

5.3.2.3 Results of Experiments

The varied model experiments indicate that
Reynolds number effects are limited to increasing the

stall angle (without changing lift curve slope) and

decreasing the drag (up to a certain limit) with increasing

Reynold number. Since ship control surface angles of attack

do not usually reach stall, the first fact is not of

particular interest. It appears frem the literature that

at the high Reynolds number experienced on ship control

surfaces, the drag remains constant for a given lift,

over a large range of the Reynolds numbers. For the range

of Reynolds numbers in DTMB 933, the drag increases with

decreasing Reynolds number. Since the drag is important for

estimating the location of the resultant force on the control

surface, error may result from using DTMB 933 data for
cases with considerably higher Reynolds numbers (as with

full scale ships).




It should be noted that the asovc facts and
conclusions were from two-dimensional model tests instead
06 the thhee-dimensional type of DTMB 933. Therefore the
effeccts of the control surface tip and crossflow are not
considered. The inclusion of these could alter the results.

Surface roughness, cspeéial\y near the leading
edge, has large effects on control surfaces, decreasing the
lift and increasing the drag.

5.3.3  Theoretical Techniques

5o 33 Introduction

The development of the theory of flow past
a finite wing has advanced considerably over the years.

The first mathematical formulation of the
theory was made by Prandtl (in 1918) for straight wings
of large aspect ratios. The ideas underlying Pradtl's
theory are important and have served as the basis for
further developments of the finite wing theory.

The models currently in use for calculating
the flow past a finite wing are the lifting line theory
and lifting surface theory.

All available theoretical computer programs
neglect the effect of viscosity and only determine the
potential flow. The only drag derived is the induced drag.

Since experimental results indicate that the viscous

effects (Reynolds number effects) are not of any appreciable




magnitude for ship control surfaces, the theoretical
assumptions regarding the neglection of viscosity may
be acceptable for the purpose of calculating control
surface torque requirements.

Gc s 32 Lifting»__!_in(- Theory

For a control surface with the characteristics
listed below, the lifting line theory can be applied:
A. The control surface has a median plane of symmetry.
B. The aspect ratio is eocual to or greater than
about &4,
C. The trailing edge is approximately a straight line.
The wing is then replaced by a system of
bound vortices distributed alo;g a straight line coinciding
with the span of the control surface.
The lifting line theory has been applied
to many types of wings and control surfaces usually utilizing
empirical correcticon factors.
Calculations including propellers with
nonuniform streams forward of a nearby wing of high
aspect ratio modeled by the lifting line theory have given
realistic results of aerodynamic properties of the wing.
The lifting line theory cannot yield rcalis-
tic results for small aspect ratios without the use of

empirical corrections. The theory also cannot rigorously
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account for flaps and sweepback.

LA I Lifting Surface Theory

If the wing or control surface is replaced
by & system of bound vortices distributed over its surface
(rather than along a straight line as in the lifting line
theory) or as an assemblage of finite elements, the wing
or control surface can be modelled much more accurately,
Thickness effects, sweepback, and flaps can be included.
Note the existence of two methods, namely the collocation
(distributed vortices) and the finite element.?2

The state of the art of the lifting surface theory
is continually advancing because of its use to the aeronautical
}ndvstry. Computer programs are now in existence which
can predict the aerodynamics of wings of arbitrary shape
with Mach number, thickness, flaps, small aspect ratio, and
the presence of a fuselage included.

The present state of available computer programs with
respect to their capabilities is not known since this is
continually changing. In particular it is not known if
nonuniform flows (this should not be a severe addition,

If not already included) can be considered.3 Therefore it
is impossible to say without further research whether or not

existing computer programs are applicable to the ship problem.

| see Reference #1717,
See References #2 and #3.
See Reference #18.
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The literature also indicates the computer time and
expensce of utilizing lifting surface programs is not
excessive.

5.4 Mechanical Characteristics of the Control Surfacc

Actuating Mechanism

The extent to which the actuating mechanism has been
considered is to the tiller. Therefnre, the only item
that can affect the steering gear torque is the bearing

frict iom.

No work additional to that used in developing the

current procedure has been found in the literature.
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6. RECOMMENDAT I ONS

6.1  lntroduction

The recommendations are divided into three parts.
This was done in order to put into proper perspective the
level of effort involved in performing them as well as the
sequence in which they should be completed.

The trend has been to avo%d experimental investi-
gations whenever possible and rely on theoretical techniques
since these involve considerably less cost in development.

The three different groups of recommendations are
as follows:

1. Possible moderate revisions to the present
procedure should be considered for implementation. Also, the
present computer programs used by NAVSEC feor estimating rudder
torque should be revised as soon as possible to include
the current procedure as presented in its final form in
this report.

2. Given the inflow characteristics, it appears

that current theoretical lifting surface theory may be

able to predict accurately the hydrodynamic characteristics
of ship control surfaces. The determination of whether

this can be done or not should be undertaken as soon as

possible.

3. Since the prediction of control surface inflow

characteristics Involves so many considerations for which

2




theoretical and experimental tools and information are not
available, it is felt that this area should be considered
as onc in which large gaps in the technology exist. This

is considered the area where & high level of effort is needed.

6.2 Revisions Associated with Current Procedure

The horn rudder should be considered a&s the
combination of a flapped rudder (portion with horn) and
spade rudder (portion below horn). This modification is
considered possibly more appealing than the current method.
Comparison with experimental data will indicate the value
of this proposed modification.

Also, the current NAVSEC computer programs should
be revised so that any desired balance of maximum steering
gear torque can be obtained.

6.3 Use of Lifting Surface Theory for the Prediction of

Control Surface Hydrodynamic Characteristics

Existing lifting surface theory and corresponding
computer programs are available which may be able to determine
the hydrodynamic characteristics of arbitrary control
surfaces with the consideration of the nearby hull as described
in Section 5, Also, the computation time and expense involved
in carrying out the calculations appear reasonable. Therefore,

the application of these programs to ship control surfaces




should be investigated as soon as possible. It should be
noted that the inflow characteristics (speed and direction)
must be known for input to these programs.

Karl E. Schoenterr in his poper '"A Program for
an Investigation of the Rudder-Torque Problem" (Marine
Technology, July 1965 - See Appendix E for abstract),
outiined a proposed program for future work in the area
of predicting rudder torque. His first suggestion was to
improve the theory of low-aspect-ratic airfoils with special
reference to rudders. This has been done with the lifting
surface theory although not with special reference to rudders.
He then suggested that all known information on rudders be
gathered, formulas developed for Cp, C_ and Cys and free
stream tests be done for flapped and horn rudders and for
hull proximity effects.

The present investigators feel the Schoenherr
approach is excellent but should be modified in light of
the thcoretical methods now available. The following is
the preopeosed program:

= Collect all experimental data applicable
to ship control surfaces, including hydrodynamic charac-
teristics, gap effects, and effects of the nearby hull.

2, Conduct a study of current lifting surface

theory programs to determine full capabilities with respect

6=3
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to ship control surfaces. In addition the level of effort
for making any modlfications should be evaluated.

3. Choose the most suitable program, make any
revisions, then run example calculations for all types of
control surfaces with nearby hulls to compare with the ex-
perimental information of 1. The control surfaces should
include spade, flapped, and horn types. It should be noted
that without hull and nonuniform stream effects, the pro-
gram could be used to generate free stream data at consi-
derably reduced costs than model tests.

L, If correlation with experiment is good,

this prograem should be used for computing hydredynamic
characteristics of ship control surfaces. Otherwise, %
further testing as outlined by Schoenherr will have to be |
considered.

6.4 Prediction of Inflow Characteristics

Schoenherr goes on to suggest extensive manned
model testing to determine all aspects of the rudder
torque problem including propeller, rudder and hull
interactions; rudder hydrodynamic characteristics; ship
mancuvering characteristics. He also suggests design

of a torsion meter for measuring rudder torque on full scale

ships and conducting full-scale tests on a few selected




s

1
i
|
i

ships to check the results cbtained in the special test

mode 1s.

As pointed out in Section 5 the determination of
control surface inflow characteristics involves the areas
of maneuvering and wake, where knowledge does not exist

i to very accurately predict results on any ship. Further
developments in these areas would require extensive ex-
perimental work.

The present investigators feel that once the
capability exists for predicting accurately the hydro-

dynamic characteristics of arbitrary control surfaces as

]
i outlined in Section 6.3 given the inflow character, the
‘ accuracy of the inflow assumptions can be checked and
revised by cecnducting full-scale trial tests. This can be
done by measuring rudder torques on ships during planned
maneuvers. The hydrodynamics characteristics for the
t control surface-ship combination can be dectermined by the
1 method from 6., by making appropriate inflow assumptions

(as in the current procedure). The predicted torques should
corre<spond to the measured torques. - If not it is hoped
trends will be noticed that will allow general conclusions

to be drawn about inflow direction and speed to correct

| the original inflow assumptions.

6-5
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The following is the proposed sequence of

ts:

eve

~

1. Design a torsion meter for measuring control
surface torque on full-scale ships.

2. Using the method chosen from Section 6.3,
calculate the hydrodynamic characteristics of control
surfaces of several existing ships by assuming the
; inflow characteristics based on the current procedure.

3. Run planned full-scale mancuvering expe-
riments with the ships used in 2. and measure torques on
either side of the bearings and simultaneously measure
ram pressures. , |

L, Compare the results from 2. with those
measured in 3. i{f close correlation exists, an accurate }
engincering procedure exists. .If correlation does not i

exist, look for trends and correct the assumptions of

inflow if possible.
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APPEINDIX A

Compuiation of Rudder Forces and Torques for a Spade Rudder




APPINDIX A

COMPUTATION OF RUDDER FORCES AND TORQUES
FOR A SPADE RUDDE!

GIVEN: A spade rudder os shown in Figure Lis in the race of a propeller.

At maximum ship speed of 30 knots, the propeller slip is 17.2 percent.
The rudder is close enough to the hull so thot full reflection (double
the geometric aspect retio) con be essumed at 0-deg rudder ongle;
also assume linear decrecse to 1.0 times geometric aspect ratio af

full rudder angle of 35 deg. The ru.c'dcr has NACA O OXX sections

and square tips. Roller bearings cre used on the rudderstock.

TO FIIND: Forces ond torques throughout the range of rudder angles.

PROCEDURE:
Rudder area = 11.35 ft x 9.0l ft = 102.3 sq ft
tip chord 5.59 ft
it = — = T =0.45,
Toper rotio =7—= e VKR 0.45, so

that NACA 0015 curves of TMB 933 cpply without taper ratio correction.
The step-by=step procedure is tcbulated below. In this example, subscript 1
refers to data taken directly from TMB 923, and subscript 2 refers to desired data.

Additional information, where the tabulation is not self-explonatory, is:

Line 2. Take effective angle of attack = 0.75 rudder angle.
2 2
Line 3. The geometric aspect rotio is (span) o (11.35) = .25
area 102.3

Use 1.26 ot 26.3-deg attack angle, and prorate other angles for 2 x .26 ot

0-deg attack angle.




Line 4.

Line 5.
Line 6.

Line 7.

Line 8-I1.

. Line 12.

Line 13.

Linc 14,

Line 15.

B e =B 1O

Reynolds number for ship, based on rudder meen chord

(56.4 ft/sec) (9.01 ft) 6
0.000015 sq ft/sec

This is cbout ten times greater thon the highest Reynolds number in TMB
933. Use the highest Reynolds test velues in TMB 933 as being the closest.
Obtain lift cocfficient C by interpolating and fairing from Figures 45, 60
and 67 of TMB 933 for sweep angle £2 = 11 dg;_g. See line 19 for the
calculation of ship speed.

Similar to Line 4, except forQ2=0 deg use Figures 44, 55 and 66.

Straight line interpolction for the desired sweep angle 2 = 9-1/2 deg.
Similar to lines 4 and 5 except read drag coefficicnt CD, and no
interpolation is needed.

Lift and drag are used in the conventional aeronautical sense of forces
normal to and in line with the flow. Lines 10 and I are the normal
components of lift and dreg coefficients.

The normal force coefficient, for use in computing hydrodynemic torque,
is Line 10 plus Line Il.

Interpolate from Figures 45, 60, and 67 of TMB 933 to get the chordwise
center of pressure, aft of meen chord leading edge.

Interpolate from Figures 44, 55, and 66.

Straight line interpolation between Lines 13 and 14 for the desired

sweep angle of 9-1/2 deg.
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| Line 18. The sign convention is that used for ceroncutical control surfaces. Plus
o values indicate moments tending to diive the rudder té l‘argcx angles. Minus
values indicate moments terding to restoie the rudder to 0 deg.
Line 12. Propeller race speed = (1 + slip) (ship speed) = (1 + 0.172) (30 x 1.69 fi/sec) =
59.4 ft/sec
Estirnoted effective speed of flow over rudder = 95 percent x 52.4 = 56.4 ft/sec
5= Vit qyiomys (pressurs :L.;‘ L : . E.Sf’c.z_ (56.4 flv"seC)2
2 ft 4 !
= 3170 Ib/ft2 |
Sq = Dynamic pressure on rudder = (317C Ib/ft2) (102.3 ft2)
= 325,000 Ib
To get Line 19, multiply 325 kips by the norma! force coefficient from Line (2. 1
s Line 20 Line 19 times Line 18. ’1
Line 2. This is the arbitrary error allowance of 3 percent of mean chord. The meen
chord is 108.12 in. ,_from Figure 1 .
Line 22.  This is the torque error ollowence, Line 21 times Line 19.
Line 23. The resultant force coefficient CR 5 (C:)-2 + (C )2 :
2 D2
Line 24.  The resultant force is Line 23 times 325 kips.
(sce also explanation for Line 19.)
Line 25.  The spanwise center of pressure at 26.3 degrees attack angle is, from
{ TMB 933, obout 49 percent span, or (0.49) (11.35 ft) = 5.562 ft from
root chord. From the given bearings focations, the spanwise CP is then
5.562 f1 + 1.021 ft = 6.583 ft below the centerline of lower bearing.
4
X
A-3




Lines 26-29.

Lines 30-32

Assume o double rom stecring gear, which opplies torque without

side force. Using the resultant force Fg from Line 24 the upper

bearing radial load FU‘-' Fe é.-ig,:s_f_r_ =1.0392 F
6.333 ft R

The lower bearing radial load Fi= Fp +1.039 FR = 2.039 FR

By separate calculation, the radii fo center of rollers are: Ry= 8.65 in. and

Ry = 14.51n. Use coefficient of friction 0.01. The total frictional torque

is then 0.0) 'FURU i FLRJ =0.0) L(1.039 Fr) (8.65 in.) +{2.039 FR

(14.5 in.)‘J =0.326 F[,
Line 25 is then Line 24 times 0.386.

These involve addition of the error and friction allewonces to get an

envelope of torque as shown in the plot of "Final Torque Curves, " Figure 2

These involve addition of 25 percent of the maximum torque in lines 28 and 29

oblain steering geor torgue.

——— r € of Upper Dsaring

6.333"

T

——— 124 Roct Chord =% of
r ot Chor — & of Lower Beoring

..,'

i
L
!
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p —_——

9O Meon Cnard

.33

L_,_ 459 P . .
Yy Enaré 36l

Figure 1 = Rudder Outline and Bearings Locations
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APPENDIX B

CORRECTION FOR TAPER RATIO

GIVIN: A contro! surface has sauare tips end o taper rotio A = 0.78. The
followino characteristics for A = 0.45 hove been obtained from TMB

Report 943:

Rudder anale, deg 6.7
Attack ongle «, deg 5
Effective ospect rotio @, V.72
Lift cocflicient CL 0.193
Drag coefficient CD 0.011

Normal force coefficient CN 0.193

Resultant force coefficient CR 0.193

Chordwice center of pressure
(oft of leoding edge of
mean chord) CP g 0.175

13.

10

0.

TO FIND: Equivalent values for A = 0.78.

3

189

20.

15

. 209

26.7 33.3
20 25
1.18 1.00
0.673 0.787
0.146 0.230
0.683 0.810
0.686 0.815
0.235 0.266

PROCEDURE: For convenience, use subscript 1 for the given values ( 7\] = (0.45) and

stbseript 2 for the desired values ( A 5 =0.78).

of TM8 933, the crossflow drag-coefficients are:

€)= € )y = (S50,

From Equation f 1] of TMB 933 we obtain:

Referring to Figure 28
=1.33
(CDC)‘= 0.800

=0.535

0.817
0.252

0.840

0.274




e

2
(aCp)(er)
ACL= CP,-C = i

(74
e

Where «cr is the atiack angle in tadions. This is used in Line 6 of the

iled caleulation sheet.

detailed
2  of TMB 9233 we obtain:

v, 2~ e,

From Equotion

2.83 &,

This is used in Line 12 of the detailed calculation sheet.

4 of TMB 933 we obtain:

»

From Equation

1
4 (Cm )= -9

3

This is used in Line 24 of the detciled calculation sheet.
The tabulation that follows is intended to be in aform that permits

checking step-by-step. Certain operations are indicated by line number,

for further clarification.
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APPENDIX C

Computaticn of Rudder Forces and Torques for a 1orn Rudder
] 1




e —

GIVEN:

To Find:

Procedure:

Line 1

Line 2
Line 3

Line 4

s i AN ST o A e g A St

\
Appendix C

The horn rudder of the USS Alaska (CB1) which is ocutside of the
race of the propellers. Since the rudder is not dircctly behind
the propeller, slip is taken into accourit. The ship speed is 31.4

knots. The shape parameters of the rudder are given in table 1.

Forces and torques throughout the range of rudder angles.

The step by step procedure is tabulated below.

"Tergue of Lower,Portion

Enter figure 3 with h1/¢1 ratio and for each rudder angle find

Cy-

Deterriine the normal force Fy with the equation Fy = Co (2/2) AU2
Enter figure 4 with the h1/cl for each rudder angle.

Subtract the ratio of the distance of the rudder stock to the

leading edge from the distance of the center of pressure to the

leading edge to obtain the moment arm.




Line

Line

Line

5

12

Noltiply the value in line 4 by the chord length Cy to obtain

the moment arm.

Muitiply the force (Line 2) by the moment arm (Line 5) to obtain

the icrque of the lovwer portion Q.
Torque of Upper Portion

Enter figure 3 with the h?'/cz ratio ond fer each rudder angle
find Cy.
Deiciraine the normcl force Fy with the equation F2= Cul( S /2) AUZ.

Enter figure 4 with the h?,’cz ratio and find the dictance of
¥ . X2

the center of pressure to chord length ratio /CZ'
Multioly the value of tine ¢ by the chord length C2 to obtain the
moment arm X _.,

2
Multiply the force (line 8) by the moment arm (line 10)to olitain
the taique for the upper portion OZ'
Add the voluos of line 6 and 7 Ql*Q? to obtain the tolal hydro-
dynamic torque QH.

Total Torque

1t

ond cssume that the normel force FN is equivalent to the

Add ihe forces of the lower ond upper portions Fra= F

resuliont force FR g

e




———— T TN

Line 14

Line 15

Line

Find the frigiion:]‘tcrquc Qf using the resultant force (line 13).
By separate calculaetion, the total frictional torque equals 2.75

(Fp) for sleeve bearings and 0.14 (FR) for roller bearings.

For the purposes of this calculation, we shall assume the bearings
are rolier beerings. Therefore, to find the frictional torque, use

Q,".‘ = 0.14 UR).

0, is an addilional allowance. For roller bearings and sleeve

bearings, the torque allowances are 25 and zero percent uf the

.......

Suimaticen for Uie lorque curves of the envelope.
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TABLE 1
Deflinition of Parameters . :
et SN T v ¥ R RS S RS CSS
A, Frojected acea of lawer porlion ef semibalane
.42 Projected area of upper portien of semibalaiced rudder : '
¢, Mean cherd of lowar portien of (wdder :
c, Mean chord of upper poriion of redder (taken o centerline of rudcer stock)
l"‘.\. hetmal ferce coallicient, wheie Oy ('l. cas &+ Cp sin §
d |Length frem feading edge of lawer poition (o centerling cf rwéder stock, wzasured along mean cherd
Fl Notmal foice on fower poiticn of rudder . .
1",‘, RNoemal force on upper potlien of redder )
Ay {Span of towcr portion of reddey
):? Span of upper postion of rudder (measured at redder slock 1
Q |Torque of redder abou! rudder steck
U |Velocity of ship in fect per secend i ; 2
v {Velocity of shiy ia knots
N Distance measured alon? A for location of center cf pressure of lower pertion from leading edge
x, [Distance measured along ) for tocztion of cenler oti;:cssur-: from centestine of reddar stock ]
& |Rudde: angle :
p |Mass deasily of water
-
.

v——‘h_~
> -
%t .




Parameters

Ay
hy
€
d
h|/c|

d//C l

Shay

Table 2

ye Parameters for the CB1 Rudder

All dimensions are in feet and square feet

CB1} Parameters cbl
S B M e A AR LI -
309.6 A2 ‘
e 0.375
29.02
dh]
10.69 At 0.230
0.3¢8 G Bila-
0.348 : %
185.9
8.83
18.33 cB1
Arco: 495 sq ft
0.482 Bolonce: 23.0 percant
19.50 "“-L\‘ o |
380.3 : ‘ r/_\f\*“
495.5
0.768 3
SR S B T S RIS
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Computation of Stern Plane Forces and Torque
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Abstracts from the Literature Survey




Title:

Summory:

Scheerhere, Kot £., "A Program for an Investigation of the Rudder

Torque froblem,” Marine Technology, July 1965.

In this paper the author cutlines the oreas of the rudder-torque problem

by dividing it into a group of "basic factors," namely tho:c determining

the foices on @ rudder in a free strecm ond "modifying foctors," namely
those chonaing the free-stream forces through the interference by the

hull end the propeller. In conzlusion the author presents a tentative
proj P

proarom for future work he feels should be done in all arcas.

Two rudder hydrodynamic torque calculation metlhiods are discussed.
The first is based on the lows of dynamical similitude applicd to the

.
whole system, so thot rudder torque for a new ship is calculated from
data obtained on ¢ similar ship operating under similar conditions.
The second methed is based on dynamical laws opplied to components
of the system augmented by empiricol or semiempirical correction
foctors, so that characteristic force and moment curves for a free

stream rudder of the same type and shope are utilized and

the intcraction cffects computed or estimated.

In addition some extracts from aiifoil theory are included, and it is
shown how the free stream rudder information for the second method
above can be deduced from wind tunnel experiments or lifting line

theory with empirical factors included (no profile shape or thickness

included).




The “basic and modifying factors" which were not included above
vie thea discussed in detcil, These include shape and thickness
of rudder profile; Reynolds Number and surface roughness; rudder
angle; type of rudder; location of rudder; respense of ship to

rudder; Froude number; rate of laying rudder; immersion of tep

o '

edge of rudlor; proximity of top edge of rudder to shell of ship;

position of shalt axis; rudder cavitation; rudder ceration; astern

operation of ship; type of rudder drive end bearings.
No information is given for actual colculations.

Lastly, the author presents a "Tentative Program for Future Work "
This progrem is as follows:

I. Review and improve theory of low-aspect-ratio airfoils
with specia! reference to rudders.

2. Develop design formulas for C, Cp, and CM for
commonly used rudders.

3. Establish a rudder atlas which includes all known infor-
mation on ruddeis that is of interest in Naval Architecture.

4. Conduct additional tests on flap rudders to obtain frec-
stream characteristics.

5. Design ond test a systematic series of semi-balanced
rudders (horn rudders.)

6. Explore the ficld of unconventional rudder types.

o R N e P, o




| 7. Conduct systematic tests to investigate the effects of
| hull preximity on rudder action.
8. Conduct systeriatic tests with various types of rudders
to determine the effects of immersion.
9. Investigate the effect of end plates and fences,
[0. Determine cavitation inception end the effects of well-
developed cavitation on forces and moment for redder forms suitable
| for high-spced vessels.
A
{ . Design and construct one or more large rudder-test
models for a systematic investigation of the hull-propetier-rudder
interaction effects including the required instrumentation for
! simultoneous measurements of rudder lift, drag, moment and angle
]

of model, speed, turning radivs, drift angle, effective angle of
attack and water speed ot the rudder, propeller revolution, thrust
and torque.

12. Conduct systematic tests on the special menned models
according to carefully prepared plons and test schedules.

13. Conduct supplementary fests in one or more model basins

on smaller scale models using the rotating arm and other established

techniques to obtain the effects of independent veriotions of turning

{ radius and drift angle and the effects of model scale.,
4. Design e tarsion meter for measuring rudder torque on

full=scale ships.

~
1
L2

; . _ e :




15, Investigaie hitherto untried methods for measuring the
lateral force on o full-scale rudder.
16. Conduct full-scale tests on a few selected ships to check

1.

t . ' -
the results obtained in the special test madel .

Comment: The vorious aspects of the rudder-torque problems are outlined and

~
.

brictiy discussed,

The first torque caleulation method discussed corresponds to the
Joesccl method, The second corresponds to thet embodied in
DTAAL Reports 933 and 1441 (Talpin), with either the graphs of
DTM3 233 used for free stream characteristics, or the semi-

eipiricel lifting line theory includ d in the same report.

No solutions to outstanding problems are given.




Titles:

Summaory:

CO'n.'Tx'_': b

I. Karomcheti, K., "Principles of Ideal-Fluid Aerodynomics," 1966
2. Mitne-Thomson, L .M., “Theoretical Aercdynamics 1966

3. Abbott, I. ond Von Doenhcff, A.,'Theory of Wing Sections," 1959

Note: The ocbove three references are books and not all sections

were reviey €q

Refercnce | deseribes the lifting line theory of Prandtl,
Reference 2 describes the lifting line and lifting surface theories.
Refercnce 3 gives some theory and experimental characteristics

of wing sections of all types.

I. Lifting line techniques may breck down for aspect ratios less
than four.

2. Lilting line techniques connot use anything but near
rectangular wing section.

3. Lifting surface theory can handle any aspect ratio or wing
configuration.

4. Flops can be added in the lifting surface methods,

5. Viscous effects should not be important (except for separation)

except for possibly flapped wings.




-

Ti“-f:

Summary: The main sub

— B S

/

AbbLott, 1. H., Von Docahaff, A. L., "Theory of Wing Sections," 1959

Chapter | = The Significance of Wing S ~tion Characteristics

biect of this chepter was in presenting the semi-empirical

litting line techs - for estimating the forces and moments on a wing.
The steps of this method are as follows:

I. Assume a span-load distribution and solve for the corresponding
downwash . (This wi ll consist of evaluating the general lifting~lin
intogral equation.,)

2. The load distribution corresponding to this culculated downwash
is then found using the lifting surface equations and the experimental
wing secticn data,

3. This lead distiibution is compared with the assumed distribution.

4, If the assumed and calculated distributions do not agree, a second
approximation is made of the load distribution.

5. The process is continued until the load and downwash distribution
are compatible,

The epplicebility of section data to the prediction of the aerodynomic
chamcteristics of wings is limited by the simplifying ossumption made
in the semi-empirical lifting line theory that cach section acts inde-
pendently of its neighboring sections except for the induced downwesh .
This required two dimensional flow, that is , no variction of section,

chord, or lift alorg "~ span. This can have significant effects,




Page 2

Also, it is assumed that the Lift distribution is elliptical, which re-
sults in constent downwash along the wing. In addition, variation

of dovnwash elong the chiord was neglected. This latter problem is
avoided by lifting surface theory.

Experience has Chown ihiat usoble results are obtained from lifting line
theory discontinuities or rapid changes of s-ociion, chord, or twist are

prescnt, ond if the wing hes no proncunced sweep. These conditions

are not sctisfied neor the wing tips or near the extremities of partiol
span fleps or deflected ailerons. The section dota are not applicable
to low cspect ratios.

Comments: The cbove theory is most probably applicable to unflapped foils of
modciate taper and sweep of aspect rotio 2 4, Therefore, wing
section data and its use in the lifting line theory is not useful for
purpoce of designing ship control surfaces. It should be noted thot

the lifting linc and lifting surface rigorous calculation theories in

use today do not make use of experimental section data but instead

solve the corresponding boundary valve problem numerically.

.
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Tithe:

Summary

Abbott, 1., Von Doenhoff, A.,"Theory of ing Section, 1952,

Chu‘w: er 7 ~ Experime nta! Characteristics of Ving Sections

. Experimental Procedures
A. Tests with finite-aspect-ratio wings.
This method of testing is hampered by the difficulties of chtaining
full-scale velues of the Reynelds number and sufficiently low
air-stteam turbulence to deHC’."!(‘ flight conditions Proj u|y
without excessive cost for equipment and mod Is.
B. Two-Dimensional Testing
With this method wing sections can be tested in a two-dimen-
sional flow at large Reynolds numbers in an cir=strcem of very
low turbulence, appreaching that of the atinosphicre . The wing
section data discussed here waos from this type of test.

Il. Standard Aerodynomic Characteristics = All results described below

are for a large cross section of NACA wings.
A . Lift Charccteristics
|. /‘\'wglc of Zero Lift - Loxgc",' delermined Lx)" the

camber. The thickness ratio appears to have little effect
on this .

2. Lift-Curve Slope - This varies primarily with the

thickness. No systematic effect can be seen for changes in

Reynold's number from 3 x 10% - 9 x |06.




3. Maximum Lift -~ This varies with thickness and Reynolds

Reynolds number NACA 00~ four digit series (as used for ship
control surfaces) show hittle change with Reynolds numbey

(Reynolds numbers between 3 x 106 and 9 x 10® for .12¢ thick-

ness cre shown only )

4. Effect of Surfoce Condition on Lift Characteristics.
Surfoce roughness, cspecially near the leading edge, hos @
large cffect on the lift of wing sections. The maximum lift
coefficient decreases progressively with increasing roughness.
es-

The lift curve slope decreases with increased roughness,

peciolly for thicker sections (over I8 per cent thick.)

B. Drag Characteristics

I. Minimum Drog f Smooth Wing Sections - This is
shown to have little variction w th Reynolds numbers between
b - 6 e
A4 x 107 and 7 x 107 for NACA 00- sections.
2. Variction of Profile Drag With Lift Coefficient -

Most of the variation »f drag wi th |ift for wings of finite span

results from the induced drag coefficient, which varies approxi-

mately as the square of the lift coefficient for a given wing

configuration.




Al

Comments:
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The subject book is @ famous writing and contains much experimental

dala.,

The two-dimensional model testing technique outlined is not very use-
ful for small aspect ratio control surfaces. The expense and turbulence

factors scem to have limited the development of high Reynolds number

Reynolds number is shown to affect the maximum lift only. Although
generally the maximum Hift is increased for larger Reynelds numibers,
in the case of NACA 00~ series 4 airfoils, the effects seem neglegible

(it is not known how ruch data backed this up.)

Since the lift curve slope is not altered by Reynclds number, and stall
§ Y e '
is not consicdered in ship control surface design, it appears that the

effect of Reynolds number on lift can be negleted.

Because of the above, and since the greatest variation in drag is due to
the induced drag (potential and not viscous), it appears that the drag

and lift characteristics of ship control surfaces can be predicted without
considering viscous effects. However, nothing has been mentioned with

respect fo the variation of diag v.s. angle of attack for various Reynolds

number. This is important for center of pressure calculations.

3
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Title:

Summaor

Comment:

Lan, Chuan=-Tau

/.I“\.\ )'JJ.'II':.‘, ,v".n" ‘9/\5

/

This method pre

theory for non-lincai section lif

Since conventional

section lift curves, this method

. "An lmproved Nonlincar Lifting-Line Theory"

t curves.

is not of importance heie.

Y St e
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ats an improvement over Prandtl's lifting line

iip control surfoces do not have non-linear
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Tiile:

Summary:

Comments:

B e

e A R S

Ting, L.; Lui, C.H., "lniciference of Wing and Multipropellers,”

AIAA Journal Vol. 10, No. 7, July 1972

A mcthod i precented for determining the properties of wings in
conjunction with propeller streams. The propeller strecn: need

not be uniform.,

The methed nokes vse of Pianctl's lifting line theory for the
overall coleulation. The ossuraption is made that the redius

of the propeller and the chord are of the some order and both are
much smaller than the span.

This presentction shows hiow a non-uniform infl ow con be

considered while computing the properties of a wing.

The basic procedure involves the lifting line theory, which

shows some breakdown at small aspect ratios (<4 ),




Title: Langan, T.J., Waung, H.T., "Eveluation of Lifting-Surfece

Programs for Computing the Pressure Distribution On Planar Foils

D

In Steady Metion," NSRDC Report 4021, May, 1973.

Summary: The piessure differences, forces, and moments on the some two

wings {on: tapered end the other swept with no toper; both with

aspect ratio of 5) in steady subsonic flow were computed by 15

c y 15
: diffecrent programs (mostly from the aeronautical ficld) and
i compared with each cther and experimental data.
Some of the programs showed differences frem the experimenta
{ results which were less than experimental accuracy. It should
be noted that n“ho;li;';‘x some of.ﬂw programs could account for
} thickness, this was not included in that all progi.us solved for the

potential flow oround an infinitesima!ly thin wing. The authors

themselves stated; "Qur limited rezulls suppoit the use of lifting-
surface progroms for the design of wings, ot least for computing

the overall wing cocfficicnts. "

Execution times on different computers were also noted.
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Comments: The con putation thot wos done L-Iv coch progrom in the report
' s ; ' i
was thot of determining the free stream characteristics of the
porticular wing configuration. This is what is accomplished

by DTMB Report 933 for the present procedure for spade type

surfaces .

. i ; ’ ) ;
Because the details of eoch particular progrem were not given,

j it can not be determined what full coraobilities con be derived
3 from the methods discussed. The programs which showed good

results will be further investigated to determine to what detail

a contrcl surface can be described, with the hope that both

b
spade ond flopped type control surfoces can be modeled for
any speed. This could uliimately give accurate free stream
-

chorocteristics for any contro! surface.

The unsteady flow problem was not discussed.

The computer execution times noted in'icate the theoretical

procedures can be within economical considerutions.
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Title:

Wang, Heary 1., "Comprehensive Evaluation of Six Thin Wing Lifiing

Suiface Computor Progrems, ™ NSRDC Report (to be published).

The report describes a comprehersive evaluation of six thin wing
(althouch some Lave thick wing caopabilities) lifting suifoce computor
programs for steady subsonic flow. Sixty two planform cases, eighieen
camber cases, and two ”:i‘: cases were considered. The aspect ratios
were from 1-12, swocop of the quarter chord line from 0 to 45 degrees,

ond taper ratio from 0.0 to 1.0,

The progrems compared and a bricf description of their cdditional

attributes is given below:

1. Margason-Lamar Program (NASA Longley)

—

Experience with this progrom shows that the overall aerodynamic

cocfficients have converged to ot least two and possibly three figuies.

This progrom can also deal with the cose of a wing with dihedral and

the case of a wing in the presence of another wing or tail.

2. Lopez-Shen Program (McDonnell Douglas)

In addition to the thin wing problem considered, this program can

hondle wings with a jet sheet of varying strength issuing along the

trailing edge.




cug
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3. Tulinius Program (North American Rockwell)
This progrem can account for wing thickncss as well as the piesence
of a fuselage.

4. Bandler Program (Enaincering Research Associates)

This program was written fo analyze hydiofoils. Thus, it allows for
free surface and Froude number effects. Thvic.l:m.ss effects are ac-
counted for in a linearized sense, in that at infinite depth, thickness
does not affect lift but serves only to determine the pressure distribu-
tion over the foil. This is needed for cavitation. More recently, the
prograri has been expanded to analyze a hydrofoil with pod.

5. Llamaur Program (NASA Langley)

6. Wogner Program

The first five programs were used becouse they gave good results in
NSRDC Report 4021, The la:t progrom above was added to the

previous list,

Except for the Pandler program and to a lesser degree the Lopez-Shen
program, the programs showed generally good agreement in the plan-
form cases with low sweeps. The Tulinius results are in closer agree=
ment with cxp'vrimcnlal results for wings with quorter-chord sweep up

to about 40 degrees, while the reverse is true at larger sweeps. The

o o " 3 ”
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Comments:

lift coctliicient is vsually predicted to within four percent. This
difference is not substentially greoter than the difference due to
measuring techniques, changes in Reynolds number, or changes in

airfoil se-tion.

The agreoment Letween experimental results and computer pre-
diction is quite poor for the two flaop ccsc;s considered in the
report. More flap cases should be considered in order to more
clearly ascertain the accurocy of the program for these cases.

(The flaps were on triongular wings.)

Considcring both accuracy and computer time requirements, the
author recommends the Tulinius Program. The other three programs

that showed good results rate as a second choice principally due

to somewhet longer computer time.
8] i

The resulls of the poper demonstrate that it is possible for present
lifting surface theory progrens to compute the hydrodynamic (or

aerodynamic) choracteristics of certain control surfaces.

It is obvious that more comparison and possibly some additional
¥

work on the theory is needed before general use is made of them

for ship reloted problems.




Comments:

The computation that was done by cach program in the report
wos that of determining the free stream characteristics of the
particular wing configuration. This is what is accomplished
by DTMB Report 933 for the present procedure for spade type

surfaces .

Becouse the details of each particular program were not given,
it can not be determined what full copabilities can be derived
from the methods discussed. The programs which showed good
results will be further investigated to determine to what detail
a control sutface can be described, with the hope that both
spade and flepped type control surfaces con be modeled fo
ony speed. This could vltimotely give accurate free stream

characteristics for any control surface.
The unsteady flow problem was not discussed.

The computer execution times noted indicate the theoretical

procedures can be within economicol considerations.
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b Title:
:

Summary:
Comments:

*

1

|

|

. . ‘

Tulinius, J., "Theoretical Predictions of Wing - Fuselage Aerodynamic

| mt Crab e | | mnrirnn Bael C ot
Chaigcteristics ot Subsonic Speeds," Noith Americon Rockwell, Serial

o predict the cerodynamic characteristics of a

wing-fuselage combination ot subsonic speed.

~ - g » ' .
Both the wing and ithe fuselage can be of arbitrary shepe, provided the

surface gradicnts cre smosth. The wing geometry can include full or
partiol span flaps on both the leeding and trailing edges. All
interference effects between the fuselage, wing, ond flap geometry

are included.

The progrom considers only potential flow (i.e. no boundery layer

or separcted flow).

The onalysis is such that it con be extended to account for wing thick-
ness, horizonta! and vertical toils, nocelles, and pylons. It could
also easily be extended to occount for antisymmetric wing and

fuselage loadings due to the roll.

Apparently the program can accept a body with control surfaces with

ontisymmetric loading. Details of the progrom are not known.

Thiz program gove good results when compared to others by Wang.
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Comment:

Bradley, R.G., Miller, B.D., “Application of Finite-Element Theory

to Airplane Configurctions," J. Aircraft, Vol. 8, no. 6 June 1971,

The cuthors compare the calculoted pressures and some lift and

' {from the Weodward and Hague "Finite Element
Computer Program for the Aerodyncmic Analysis and Design of
Wing-Body~Tail Combination ot Subsenic and Supersonic Speeds"
(Genere! Dynamics Corp.) with experimeniol results. The com-
puied and experimental quentities are for two supersonic war-

-
1

planes at both subsonic and supemonic speeds. The resulis show

!
goocd agrecment.,

The outhors note that the colculations for one of the airplancs

s

required one hour on an [BM 360 model 65 computer. The authors
also point cut that ot the present time the use of the finite-element
epproach is not @ push-the-button task but instead involves insighi

in the theory limitation in order to accurately opply the numerical

method to complex conliguraiions.

The paper contiders the faite~clement opproach as cpposed to
t't i

the collication epproach to numerical lifting surfoce theories.

The comparisons with experimental results indicote that the finite
clement approsch con model complex wing-body-tcil combinations

with good accuracy.

. L -0 ¥




Title:

Summary:
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Loftin, L. K. Jr., Dursnall, W, J., "The Effects of Varictions

%o b . 6 AL 6 |

in Reynolds Numbor Between 3.0 % 107 and 25.0 x 107 Upon the
Aerodynamic Characteristics of a Number of NACA 6 = Series Airfoil

Section:," NACA Report 964.

All teats were done in @ two dimensional wind tunnel.

An investigation was carried out to detemine the aerodynamic charcc-
terist:=s of a number of sysicmatically varied NACA 6-series cambered
Y be

N, ' ' 6 - 6

airfoils at Reynrolds numbers of 15.0 x 10° = 25.0 x |07, ond w:re com=
7 ’
bined with the results from another source for Reynolds numbers be-
b
6 () . .ot

tween 3.0 x 10% and 9.0 x 107, The thickness of the airfoils was

varied between 6 ond 18 per cent of chord.

The most importont conclusions were that minimum drag, section lift
curve slope, and the angle of zero lift showed very little change with
increasing Reynolds nuinber. However, maximum lift and the varia=-

tiors of drag with lif! did show voriation with Reynolds number,

Throughout the range of Reynalds numbers the values of the lift curve
slope for smeoth sections was very close to that predicted by thin

airfoil theory, even for thick sections.

Maximum 16 results showed different variation with Reyno‘ds number

for different thicknesses.




Comments:

Page 2

The drag icsults indicated that for Reynolds numbers between 3.0 x 107

A
“‘n('

and 2.0 x 10 Irag decreased with increasing Reynolds number,
for the same lift coefficient. For Reyncids number above 9 x 107,

further increases in the Reynolds number did not have appreciable

effects upon the diag.

The cuthors feel that any comparison of airfoil maximum lift charac-

N } . . ’ . . g
teristics can be made only if the data for the group of airfoils undes

consideration are available at the same Reynolds number. The
boice of irfoil for cimum Lift f Iven application
choice of an optimum airfetl tor maximum Litt for a given opplication,

therefore, must be determined fiom deta corresponding to the opera-

ting Reynolds number of the application.

Since the slope of the lift curve does not vary, the maximum lift
changes with Reyna!ds number do not affect ship control surface
¢ Y

design.

Since the drag decrcases as Reynolds number is increased, for lower
Reynolds nubers as indicated above, it is possible that in the current
use of DTMB 933 to extrapolate to much higher Reynolds numbers,

there is citor in the estimation of drag.

Since the lift is independent of Reynolds number for ship control

sutfaces, and at high Reynolds number the drag does not vary appre=




ciably (which scems to indicate viscous drag is small), it appears
that the poiential solution of the problem is only of consequence
(which is the purt of the solution considered by lifting line ¢nd

lifting surface p ograms.)

B2
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Title: Thieme, H., "Design of Ship Rudders," DTMD Translation 321,

Summary: The mein puipose of this paper is to discuss the stream-lining
of guiding head (bow) and belanced rudders., New profiles
in patticular are examined. One test series examines the in-
fluence of the thickness ratio, aspect ratio and Reynolds number

on rudder forces and moments. The cuthor also discusses con-

by

ventional methods for determining required arco and rudder

positioning.

Comments: This paper is of limited use in the revision of the current decign
procedure; however, it does present some experimental results
concerning mott ers related to the design procedure.  Result:
for square plates for vorious Reynolds numbers and thickness to

length ratios ore given., These could be carrelated with Joessel's
J g

data,

The effect that rudder shape has on the force coefficient for various
aspect rotios is given. The indicalion is that the force coefficient
varies greatly ot low aspect ratio end that sectional shape hos a

large influence on the force coefficient,

{ ! Also, the report indicates a large difference in transverse force

cocfficient (lift coefficient) with respect to Reynolds number, ]
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Title:

Summary:

Kerwin Justin E.; Mandel Philip; Lewis S. Dean;
“An [xperimental Study of a Series of Flapped Rudders";

Journa! cf Ship Research, Dec. 1572.

This paper describes a series of wind funnel tesis on twelve
flupped 1udders to determine the lift, drog, rudder moment
and flcp moment coefficients, Variations are riade in the
amount of flap area and {lap balonce. A comparison is
made with all moveable rudders, fixed skegs with fleps and

moveable skegs with o flap.

The paper concludes that:

(h Root gap, flop gap and t'y;‘vv of wall mounting have a
significant effect on experimental rudder hydredynamic
characteristics.

(2) Large flaps with fixed skegs can yield moximum lift
coefficients nearly as lorge os those of spode rudders
but at the expenze of increased drag and torque.

(3) The size of the flop between 20 percent end 50
percent of the total rudder area has little effect
on maximum lift,

(4) Maximum flop hinge moments are much less than the

maximum rudder moment acting on the spade rudder.




Comments:

This paper is interesting for its contiibution to the hom rudder and
stern flap with stabilizer design precedures., lJ.\fm'?La:.(xtr:!y it is
impractical to moke a direct comporisen between the data in this
repoit and the present design procedures since the Reynolds
numbeo is in a different range and the height to chord ratios for

the ruddars used in this report are much higher thon those used

. v s Fo "y |
in Repoit ¥915 for the hom rudder.
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Title:

Windsor, R, |; "Effects of Streamwizc Gaps, Hull Flow
end Propeller Slipstream Upon the Aerodynamic Charac-
teristics of A Family of Low=Aspect-FRatio, All Moveable
Contiol Surfaces;" University of Marylond Report No. 485;

Morch 1968,

The control surfaces used in this repost had the NACA €
cirfoil section, square tip cnd taper ratio of 0.45, Tests
are run for effective aspect ratios of |, 2 and 3 and quaiter
chord angles of 0, 1l and 22.5 degrees for faired gaps up
tc 40% of the planform mean chord. Threo different test
series were runs ’

l. Frec stream gap effects.

2. Gep with simulated hull flov..

3. Combined hull fiow and slipstream effects

for minimum gap configurations.

The conclusions reached for free stream gap effects cre as
follows:

. Because theoretical considerations disregard
the effect of visiosity, the gap effects vpon lift and drag
was considerably less than theory would predict. The theory

they refer to was taken from work performed in the early 1950'.
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| 2. Aspect ratic appears to have no bearing on
the gap effects.
3. This is a change in ¢op effect with sweep
angle - the smaller the angle the greater the change in
”.‘.' qQap effect.
4. Maximum gap effects occurs with small gaps
and these effects dimenishing with incicasing gap size.
3 |
& 5. Although there is rot much experimental
_;.
i | evidence to support this, the experimenter feels the
boundary leyer thickness may change the region of

j moximum gap effects.

The conclusions reached for the gop effects with the simu-
lated hull are as follows:

I. As is expected the lift ¢oefficient increases as
gap size increases due to the effect of the velocity gradient
for the simulated hull flow.

2. The gaps effect on CP;, drag and spanwise
center of pressure are very close to those effects in the

| freestream condition.,

In the final test serics a propeller was added in the slipstream

to the simulated hull flow. The following conclusions are

a
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Comments:

-

T 4 T

reached:

. The chordwise center of pressute moves
oft with an increase in quarter chord sweep. The maxi-
mum shift is 29 of cherd for a sweep angle of 22.5
degiees. This shifi resulls from the velocity gradient,

2. There is a slight inboard shift of the spanwise
center of pressure for the aspect ratio 2 surfoces and a slight
outboard shift for the aspect ratio 3 surfaces.

3. Increased slipstream velocity overcomes the
reduced velocity of the hull,

4. Slipstrcam twist overcomes the effect of
hull flow angularity .

5. The stoll angle ic increased in the slipsiream
by 3 = 6 degrecs fcr every trial.

6. Chordwise and granwise center of pressure
locations vary considerably for different aspect ratios
and with angles of uttack. The cause for these shifts

is unlinown.

These experiments are too limited in scope to provide a
tool for the prediction of rudder torque. This is particularly
true for the portion of the experiment which involves full

effects and slipstream,
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Title: Wind:or, R, 1., "tifects of on Underwater rull on the Hydrodynamic

Characteristics of @ Series of Control Suifaces," University of

l‘v‘;:.'-/!..:.' Wind Tuanel Report No, 640,
Summary: This report describes o series of expeiiments which determine the

effect of a submarine hull on its control surfeces. The geometric
charecteristics of the conticl surface model are given below,

—

TABLE I

Geometric Characteristics of Models
i e Ao et A O P S it

RSP BT TAPER NMEAN T1F ROOT PLANFORM
RATIO RATIO CHORD CHORD CHORD AREA

(FT.) uén) (FT.) (5Q. FT.)

T L g 1.301 s484  2.318  1.934
.31 1.361 . 658 2,123 1.934

. 90 1.301 1.318 1.46

.880 . 203 1.467 1.224
. 880 .417 1. 344 1.224

. 880 . 834 ST 1.224
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The submarine hull tested vas the SSNG37. Two series of tests

| were run with the control suifaces described cbove, the free=stream

test and tests for the contrel surface ot various locations on the hull.
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The data plots developed show force coefficients, moment cocfficients,
ise center of pressure versus angle of altack,
The following conclusions were reached for tiwe free-strcam tests,
I Lift curve slope increases with increasing aspect ratio,
2. Chordwise center of pressure (CPe) moves forward with in-
3. CPe travel with chonges in attack angle and decreases as
aspect ratio increases,

4. Maximum lift coefficient increases with increasing laper
ratio except for aspect ratio | surfaces where this coefficient is
essentially constant,

5. CPe moves aft slightly with increasit J faper ratio.

6. Spanwise center of pressure moves outhoard with increasing
taper ratio,

7. For aspect ratio = | surfaces, lift curve slopeincreases with

increasing taper ratio,

Some comparisons were made between a NACA 0020 and NACA
0015 airfoil profile.

I. The maximum lift coefficient is lower for 0020 surfaces.,

2, Lift curve slopes are lower for 0020 surfaces.

3. Chordwise center of pressure for the 0020 surfaces is consis~

tantly 2-4% forward of the corresponding 0015 configuration.

o Ay : ‘
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Page 3

The foilowing conclusions were reoched when tests were run
for hull effects,

. Presence of the hull causes chordwise center of pressure

for the trailing ec

fo move forward ge down condition,

2. Little or no change in CPe for trailing edge up.

Aficien! decreases in the presence of

h fairwater plane

<~

4, CPz moves fuither forward in the hig
Gosibian fox ailing sdgs o condiiios

5. large shift in drag curves for aspect ratic AR = | surfaces.

The shilis in drag coefficients for AR = | are probably due to

= streamwise gap effects. The gops for the larger aspect ratio foils was

much smaller,
There is little or no change in the coefficient measured for

changes in position of the contre! surface on the hull,

Comments: In generol it could be said that submarine hull effccts and fairwater

plane pasition have ouly small effects on the lift and drag character=
istics, The duta should be studicd to see if the present center of

i pressure error allowance for fainvater and stern phones is adequate,

{ i although the data should be used with caution since some of

the CP- values are considered questionable.
¢
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Togaait, R., Levine, G.H., Stevenson, M., "Design Prediction
of Steering System Torques," NAVSEC Report under Contract

/

N00024-68-C~5¢ .‘I Ce P .mber 1969.

. ] .
In thiz report the authors attempt te reproduce measured steering
geor torque of the DE 1040 closs of Destroyer Escort for which
a wealth of full scale maneuvering doia end numerous steering

. Ea 2 ag & ¥
5)';h;a'.z measurcments are avaliabie

To reach this end they develop
a steering system torque prediction procedure which includes ship
motion, prope!ler effects, mechanical and hydroulic system effects,
and rudder hydredynamic characteristics. They feel thot the full

scale date measured was duplicoted o aceep teble accuracy by their

proceduie.

Finally the outhors recommend before their procedure is used for
future designs, it is essential that it be evoluated on a number of
other clatces of ships. This evoluation, they say, is needed both
to check the validity of several of their assumptions and to perhaps
reduce the complexity of the caleulation procedure. Specifically
they recommend cdditional studies be carried out to learn more

about the performance of rudder-shaped hydrofoils in non-uniform

flow.




Comments:

Windsor, Richord A, "Wind Tunnel Test of An Equivalent Flapped
Contiol Surfuce of the SS(N) 593 Stobilizer and Siern Plane , "

University of n‘"uzj,'!".':'.d Wind Tunnel Rep ot No, 302

Wind tuniie! tests were conducted on an equivalent flapped cen! al

surface of the SS (N) 593 stabilizer end stern plone.  The tunnel
tests were conducted to obtain total lift, drog, normal feice end
pitching moment coefficicnt, flap hinge moment cocfficient, ond

; " 0
spanwise ond chordwise center of pressure for flap angles up to 407,

Tests were run where the coefficients above were meosured for the

f

complete conirc! surface and then were measured for the flapped

portion alone.

The data in this report is of limited use in our study since it treats

| > ster laneof ven fl irc cpee tio, Revnolds
only one stern planeol a given Hap area, aspect ratio, Reynolcs
Since the scope of the tests is so narrow,

number, and flap balance.

the data could not be used s a design tool .

One possible use of this data would be to use the physical charscteristics
of the stern planein a calculation procedure to scw if the results pre=~

dicted by calculation agree with the iest results of this report.

: I=-34
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Conmiriients: The authars present a system design approach to the problem of
ship moncuvering. Uafortunately many aspects of this problem
are of such a nature that they cannot be presently described
accuiately by theory or formule (i.c¢. ship motion, rudder
hydrodynamic torque, propeller wake, propeller slipstreom,
etc.), so that considerable built up error can be encountered in
such a system approach.  Also, maony of the theories end formulas
presented by the outliors appear to indicate a limited search of
availoble works in the respective creas, and some cssumptions

1 .

are made without sufficient justification.

Since the detail calculation deals with only one class of ships,

no general conclusions can be made.

The octhors do not present any criteria for rudder size, locotion,
shape, angle of ottack, type, or inflow velocity. Instead, they
fecl an initial decign should be guessed ot and then verified

by the procedure with all necessary quantities determined by

the systemized procedure. DTMB Report 932 is still recom=

mended for lift, drog, and center of pressure of rudders.




th th

It is concluded that althoust

is report indicates most of the
considerations involved in the ship maneuvering preblem and
indicates o possible design procedure, becouse of the lack of
theoretical end experimentol backup thet is presently available,

the procedure cannot be used for present design pur

rposes.

The research the authors recommend for rudders in non-uniform

flow is good. FEvaluotion of their method with cther classes of

ince the inaccuracies in the theoretical
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rocedures they make use of are still too grect to consider
7 b2
the rudder toraue problem ina complete system approach
i P ; b Pr

technique.
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RUDCERS AND SUBMARINE CONTROL
SURFACES 9220-1 (Cede 442)

——

A. Rudder Cesign

!

: Proctice:

L Section 1. - Generol

1.1 The air: of rudder design is to provide

4 tight turning, goed ctility to 1niticte and check

\ swings rapiily, 3nd good ccurse-xeeping ctiluty.
Quantitative measues of these are usually inves-
tigated by tacticel diameter, 215-223s (Kemp! ot

{ Z-maneuvet) cad spual nencuver (Dieussnne)

\ model tests. For replemichirent stups, the cp-
procch and alzragsine positicns Cre semenines inves-
tigated in el fern.  Of couse structuial reliavil-

1]

ity, mimimum propulsive losses ard ove:all cast must
be included to chttain complete talanced awsign.

1.2 The test sources of general design
practice are the 1953 Trans. SHALE article 'Some
Hydrodynamic Asgpects of Appendige Lesian'’ by
P. Mandel and ‘'Hydrodynaracs of Shup Cesign'’ by
Capt. H. E. Saunders. Fer mercrant ship types, p
typical practice 1s test shown :n J. P. Constock's
article in '"I~s13n arnd Construction of Steel ler-
chant Ships'’ ¢/ Arnctt. Two publications the
SNAME reviee ¢ edinon of Principles of Naval
Architecture =23 = SHAME Perel H-10 Notes on
Ship Controllability are expecied to be 1ssued in the
rear futute. Tne mInUSShiFt CSfles lndicate tney
will be very u-eful.

1.3 For ¢ specific ship tyre, usual design
practice is to fust study the design histery ct ear-
lier ships of ti.2 type and to check with the Type
Desk for maintenance preblems.

Criteria:
Section 2. ~ Rudder Planform and Location

2.} Current practice in selecuing ralder
planform and locaten gererally icllcw tne tic-ry
in the 1953 Trzns. SIWNALE article by P. Mzmzel.
The tctulation ci characteristics on fajge 122 s
for specific shups of tne U. S. and Britusn Liavy ﬁ

end tha idootibizaeisn code o weuildbie we Ceo
42] or 442. licdel tests are usually run to venty
the predicticn. Ship cndi3Cieln.itids geneid.y indis
cate desired mareuvering pertormance. lictel tests
tests for tactical dicmeter are usually reliakie to
within plus or minus 5 percent. in fGre (nsiintes
there are larjer d1sctepanc.es, suchas en £L.5 0B
where full sczie tactical dicimeter was lo percent
greater than icdel data (CTBM Seporis C-375 cnd
C-1700). It should te ncted that full-scale tactical
data are somet.imes erratic, so that ccre.zticn with
A
10 percent mazrgin on tacticei disweter by @ sz test
predictions is ccasideres @ minimum, with 3.5 per-
cent margin dosirible «f readily auainable.

2.2 Additional items to consicer cre:

(@) Rudders are generclly moved ocut of @

position directly in Line with prorellet snziting, tn

erder to avois the ricpeller tail cone vertex.  This ]
1s done even ot singie screw ships (e, 3. CC 10S2) ;
with high pever. AGDE 1 1s an excepuion 2 this ’
practice, since it 1s expected that the pumpjet will

eliminate the tail cone vortex. Auxihianes ath low
powet are usutlly tolt to merchant standards, with
the rudder 1n !ine with the tail core.

(b) Unsh:oping of grorellers and snzft-
ing should te investigated and adequate clezrance
provided without having to unsniy a rudder. in
some cases unshirping the tail staft may reyuire
turning the tud ler and removing pertatle rudder
plates. This 1s avoided wnerever possible.
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(c) The rudder should be well sub-
arged even with the ship lightly loa ied aft and

‘weeling in a turn,

(d) The rudder-rudderstock combination of
tapers and location ate made such as to permit un-
shipping the rudder without special high blocking.
Whete the rudder cannct be dropped encugh direct-
ly downward, provision should be rmade fer tirst
lifting the stock within the ship. [lting the rud-
der on the stock taper is possible, but 1s avoided
except as a last resort.

Section 3. - Calculation of Rudder Forces,
Moments, ond Balance

3.1 This section represents recent practice,
as revi: ed, to take civantage of ACE 1 and AS 33
lessons. From analysis of full-scale A0E | datg,
recorded by Puge! Sound Naval Shipyara, the etiec-
tive attack angle should be taken as 0.77 times
rudder angle, rather tnzn 5/7=0.71 formerly used.
From Puget Souna’s AS 33 data sore allcwance
should be made for torque, say 20 percent ¢f maxt-

“mum, at zero rudder icr a rudder in a propeiler race.

DTMB Report C50-+-01 of March 12365 iepcrts model
tests of AS 33 forces and torque. Forces correlate
well with design thecry; torques dc not cerreldte
with either design theary or full sccle data. The
arror allowance 1n esinating CAdrawise ceniel O
pressure should be increcsed genezally (as indicated
1 paragraph 3.5 which nas new wzlu2s) for so im-
portant a system. Regarding spec:if:caticns, the
assumed efficiency from steering cear hydraulic
torque to rudder stoeck will no longer be stated. In
general, perfcimaice requirerents will pe specified,
with Bureau-predicted forces cnd torques for juidance
only. This concentrctes responsibility 1n case there
are defects in rudderstock becrin;s, steering gear,
or cnything else not foreseeatie. Actual provlenis
have been as varied as peor punp beanns cn one
ship of DLG 16 Class, and leuky rams ¢n one snip
of CVA 99 Class. ‘where weight is cf mcre than
usual importance, tne design may include more
specific reauiroments than merely pericrmance.
This essentially involves taking szine risx wnere
weight saving makes that course desuccle. The
computation 1s bv sercdynamic metiods, with scme
additional features needed tct stap spelications.
The most impartent puoliceticns for tus woik are
DTMB Rept. 933 "'Free-Stream Chiractenstics of a
Family of Low-Aspect-Ratio, All-Liyvable Centrol
Surfaces for Application to Ship Cesign'’ (Revised
Edition), and University ot Maryiana Bepart €2-1
"Survey of Low -Asject-Ratio Chersctensucs Usetul
tn the Design of Control Suifuces'’ dated Nov. 1952.
Forces and centers of pressutes are corfputed as
indiceted below, and asditional cllosances cre
made for converting nydrodynciiic torque into steer-
Ing gear torque.

3.2 The computations for forces and centers
of pressures involve finding data for the right range
of Reynolds Number and correcting for: -

(a) Efiective aspect ratio (A. R. Geomet-
- Span (Span)*
ric = 2
Chord Areq
varies from 1.0 to 2.0 times geometric, depending
on root gap and hull snhape over).
Tip chord)

; A. R. effective

(b) Taper ratio (A =
Root chord)
(c) Sweepback angle (2 = angle that
the quarter chord line makes reiative to the flow).
3.3 The attack anaie (g€) for ruiders i1s us-
ually taken as 5/7 the rudder angle. This 1s an
arbitrary drift angle cliowence, based on the time
to get the rudder over (about 10 secends) and the
expectation that the ship will have started swing-
ing by then. Thais crbiteary value transiorms a 35 de-
gree rudder angle into a 27 degree attack angle, be-
low stall in most winz-tunnel data.
3.4 The speed used is that in way of the
rudder during o full-power straight-running pericd.
ment
clean-bottom cenditicn such as can occur on-tutlders
trials. Any reduction cf speed in @ turn 15 @ hidaen
facter of safzty, am4 ic ~ov caleulated  Far rudders in

a propeller race, ticw speed 1s tuien s (e S
of ship speed times | plus slip, and 1s constiered
as acting cver the fuiicr area shaaed by the Siip-
stream. For rudders cr gortions ot rudders not in

a race, ship spead is used over the entire span.

For a more realistic veiccity survey ait of a pro-
peller, see page 4 ot DTMB Rept. 1138 “'An [avest-
gaticn of a Flow-Excited Vibration of the USS
FORREST SHERMAN (DTA31).

3.9 With these simplified methods of esti-
mating flow speed and angle of attack, the ordi-
nary coefficients (litt, drag, ncrmai force, chordwise
and spanwise center of pressure) are cbtaines ty
cross-fairing as 1nd:cated by Secticn 3.2, A sys-
tematic plot of data by Llectric oat Division
(available in Code 442) s very usetul for this.

The rudder torque sc cbtainad is called Qyy the hy-
drodynarmic torque. Sirplane nomenclature 1s fol-
lowed, with nejative tcrjue indicating a trailing
tendency (center of pressure ait of stock). An al-
lowance for ur.certainty in center of pressure 1s
made generally «2 1o 4 percent ot the mean chord.

. This cllowance, mult:plied by the normal force, re-

sults in a « Q, or torjue errotr allowance. This is
added algebraically to the <H curve, andconverts it
tnto a band 1n licu ot a hine. (Note that no error
allowances are maie for force or spanwise centerclt
pressure). Thic tand is then further nodifieato get
steenng gea torque by allowing tor the inter.ening
friction Qf. This is done by computing reactions at
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all bearings, multiplying by a friction coefficient
(see section on Bearings) to get the frictional
force, and multiplying that Ly the radius of stock
ot sleeve to get frictional torjue. The best ex-
ample of this systematic ptoceiure ard the sources
of aerodynamic data are shown in the Code 442
rudder file for S5B(N) €08 Class.

3.6 Rudder balance ay be theoretically se-
lected in one of these three general ways:

(a) For minimum size of steering gear.
This requires balancing the neastive and positive
torque envelopes of Q= 3+ DL (Some atlow-
ance can be made for varying niechenical giventege
of the steering gecr at cificrent ruizer anqles).
This s done where weintit 1s very important.

(b) For a ruider which will trail at very
near zero if the steering gear exercises no
testraint. This fail-sale feature requires consider-
able steering gear capacity, neace is not usually
done.

(c) For somethinq between (c) and (b)
above. This is the usuzl practize, end balance
should be selected so that KH gzes through 2210
somewvhere tetween S0 parcent and 80 rercent of
maximum rudder angle.  The prec:se value depends
on the shape of the torque curves, and i1s a matter
of designer’s judgement.

Section 4. - Rudder and Rudderstock Sness Analysis
4.1 Because of tre :rportence of rudders in

bam Vo L o Uil o L ' "
cons -!-..., - ey - LERSE b B0 1D Ublaady o “\Ac

during design, and the snigru:lcer is usually re-
Quired to make cne tased on actual scanthings.
Stresses are limited so as to provide @ minimum
factor of safety of 2.0 on yield with loads computed
as indicated in Secticn 3.2. Where locas are estimat-
ed by less teliable rears (e.g. Jcessei’s formula)
the minimum factor of safety is tzken cs 2.5 cn
yield.

4.2 For semi-talanced rudders with horn, the
best practice is available in Code 442 files for the
BB6] stress analysxs vy New York Neval Shipyard.
Feor qudgeon strengia (3esiined cs elastic zreh) a
method devised L, L. v Fernus 1s used and available
in the Code 442 f1les.

4.3 For spade rudders the best practice is
shown in Code 442 files for the Gibbs end Cex
stress analysis of CDS3] Clacs and DL2 Class
rudders.

4.4 A computation to: rudder hub strength is
shown in the Code 442 t:les for CVA(NIES. LTV
Report Experimental Stress Analysis of a Socketed
Connection in Bending oy [.. A. Fecker has some
useful test data.

4.5 There are also problems with non-hyA4ro-
dynamic locds on rudiers. ANA, AGE, and LST
types have.twisted rudderstocks while oferating in

ice, and landing craft have twisted stocks after
beaching end bicictang with twiders in the sund. In
some cases repliccsple chear pins have cecn In-
stalled to pretest the steciing gear from sucu
damagqe.

Section S. - Rudderstock Material

S.1 For rutlais welded mnteqgrally to the
stock, we speify the low carken forqed steal MIL-
S-20140. (fee [ D22 and LEI0US plans {o) detals.)
This steel Las 20,09 n.5.1. yreld end 60,C0 p.s.
ultimate strength.

5.2 Beginning approrie 111*!/ A;nl 1955
forgings for rud.lerstock sc J cenrec
generally te ordere ! to Mil . Mil- S =23 ! This
will permit eazier .old repair upcr lity thaa M
Spec. MIL-Z-820, whici had ceen uscd fer ...cr.y
years.

5.3 The uce of higher strength steels tends
to save weight cnd perrut thinner rucder seciions,
both of whuch are desiratle. There are, howover,
the fellowing diawbacks: (2) the deflection of the
stock tends to be qrexter, involving a potertiai
problem with 5!y cnd, (b) the natusal frezczncy
tends to ke iowver, which protable invelves 2 littie
more potential v.ircticn.

5.4 Vherc rudderstecks are reguired to have
little or no magnetic permechility, cluminum brorze
has worked well on AMSEO ond 1S0421 Class.

V'orld Vaar I] fLincsweepers nad rudderstocks of To-

Tuese Lent
and twisted in service, hence the later desians used
the high-grade cni cestly aluminun brenze.

5.5 In selecting rudzesstocks, corresion re-
sistance 1s d-siratle (since pretective cocaur s are
not yet relict o). Ordinary !3tique is not cons: lag-
ed to ke a pretlem since there are genesaliy cniy a
few cycles ct nizh stress a year (ship at tull power
with fuli rudder angle). Notch toughness 1s hiztly de-
surable, since cor roqxon pitung ts prekable over the
cowse of years.

Section 6. - Rudder Plating and Freming

6.1 Present proctice 1s to cdjust plating and
framing to get junel sizes of span ejual to ctout
40 thicknesses ¢f plating. Lahior designs with
grecter spans (e.q. 0445 Class, DCE9Z Class,
CVAA4l Claus) suttored loss of rudder ploting from
panting, fatijue, corrosicn, and crosion.

6.2 For rudders net in a propeller race the
plating is usucily 1.8 (e.q. CL1). Fer rudiers i
a propeller race, S.T.S. or HY €0 are cenerally
specified (e.g. [.1.2 Class) tecause ot sucericr
strength and shbtly 1nrreved corrosion resistance
compared with H.T.S. and \'.S.

6.3 At the trailing edge of the rudder, a
rabbeted casting or torqing, with equal galvenie
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properly as the side plating, provides the strongest

wstruction (e.q. DL2). Where ecorciny 1s impor-
tant, the side plates can be welded to one another
(e.q. DE10Q6).

6.4 Valuatle information on this sutject is
available in TMB Fept. R=354 ‘"Nctes on Casual-
ties to the Twin Fudder of United States Destroyers'’
by Captain H. E. Saunders.

Section 7. - Bearings
7.1 Bearings are to te designed to tcke the
rudderstcck redial end thrust leads and the rudder-
stoz!l flexural detlection. These are computed us-
ing:
(a) Hydrodynamic loads on rudder
(k) Weight of rudder plus stock
(c) For design which includes shock re-
sistance as a regquirerent, (a facter ircin General
Specifications 9400-1) times the weight produces
radial and thrust loads which are not comrined
with (o) and (b) atove.
7.2 Bearings are of two basic types:
(1) Rolling friction or anti-fricticn (such as
roller or ball tearings) and
(2) Sliding friction cr sleeve (such as
floating collars for thrust, kronze sleeve and pneno-
lic tearing tyge for radial). Pecent exanples of
these tynes are snown. rescectivety, ci P.ans
ND927-S2202-760457 and DLS31-5220C-1426955 .
7.3 \'e have teen using {riction cceiticients of
0.01 for anti-friction types, ond rrom U.15 te 0.20 for
sleeve types. These vaiues are tased on comn.et-
cial practice and scme ktrief tests at Portsmouth
Naval Shipyard. !n cornectien with torgee esti-
mates, there may te seme marmin in the 0. 2 ccetfi-
cient for sleeve tearings. There 15 no significant
margin 1n the 0.1 coe:ificient 1or anti-iniciion pear-
ings. P
7.4 Sleeve tearings have low initial cost,
are relatively easy to maintain, and in 1.¢st cases
would te telatively easy to repailt 1n en.ergencies.
We usually specify staves of iaminates phenolic,
with laminations such cs to produce edjewise com-
pressicn. Stave details and clearcnces are shown
in BUSHIPS Stenizrd Plens $2200-921759 and S2200-
921760. Clecrances are also shown in fUGHIPS
Technical Manuai Ciapier . .—'\!&q e compies-
sive stress is toxen as 30C0 : is material has
a Young's moculus of about 420, C p.S.1., and can
fun in water, grease, or otl. Coun -':lal forms cre
sold such as Westinghouse Manre l.oana, Byertex
and Tufnol. In specizl cases wiere o unated
phenolic bearirngs sould te 50 long as to czuce bind-
Ing ftom flexure of the rudderstock, cther matenc!s
ate in order, such as qun metal or Sousdt-l 1se alioy.
These poirit higier Loanng Ltessos, 50 they can be
;honet. Typica!l instellations are caovn 1n BUSHIFS

s ————

Plans SS564-5)108-935524 and SSN585-518-1713307.
A calculation for clearance in the bearing with the
stock in its deflected shape 15 shown in plan S81585-
845-1716223.

- 7.5 Ant-friction bearings are fairly ex-
pensive and tequire some precision machining :
to install. They have tie ccmpensatery civan-
tages of pemmitting significent reduction cof
steering gear tcrque (in tio order of «0%:) and
can be self-cligning (so thct rudderstock de-
flections and hull movesen! do not cause biud-
ing). There are several rionuiacturers of roller
bearings (spherical and nen-sphencal), which
tends to kecp the price rucsoncble. We usu-
ally require thct the rolier veanng vendcr in-
dicate his cpproval of the cshipyard’s instelia-
tion details by signing on the werking plcn

7.6 It is understood that moller beurings
were installed on a collier at about the unie of
World War I, and that they had to be repluced
by sleeve bectings. No recurds are avelichie.
USS TUMEFLIAN (EDCD €23) had a reller
beanng installcuon which guve no ucsutle
during the sh,., bnef ccroer at sea. USS
NOREOLK (Eil) cad the USD SHTSCHER (BL
2) Class have spherical miler bearings wiich
have been cperating since cbout 1950, ‘irhoie
fad beetr svaie CONRCEM G b pubwisis wringilizs
of one or two rollers, due to pounaing ot «
prepeller race on a rudder which 1s gercrcily
operating resr zero degrecs. This has opp-
ently not happered.

7.7 Two unsettled questicns on anti-trict:on
bearings ace: (@) i1s 1t wertzvhile tequiting en instail-
lation with trner race excuraad to take up C!‘.’:r-
ances? aad, (b) should zes:gns call ior on cicpier
SO as to try to standardizo ¢n the beaning si12¢? Past
practice hes perautted butlders 1o use their julge-
ment on these matters, and the ectucl practices
very. As service exgerience accumulate, the Ship
Sgeczificaticas can becoiie nere specific.

Section 8. - Bearing Seals

8.1 Sleeve lteannys «t the hull can op-
erate with sea water as tne lubnicant. Uzl
Fractice, o vowved, 1. ¢ caul for pressute oresse
lubrication ond a ..val Tho seal 1s usually a
gland, made i1n halves to facilitate replooenent,
with a few rows of pecking. It 1s edjucicnle
only in drydock. it mcre-cr-less retairs the
grease and excludes sea vater and sand or mud
parucles.

8.2 Sleeve and roller bearings within the
hull are usually pressure srease lubricated, and
occgsionally cil lubiicated. Adjusteble ceals
are providod, and rade 1n hilves to tacilitate
unshipping.
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8.3 Roller tearing seals at the hull re-
quire speclal attenticn tecause cea water will
ruin the bearnings. 'T'xe LLI and t'nu CL? C'"s

These scals hcve cm m:u..:l cl pressure which
exceeds the sea pressure, so that if there 1s
any leckage it will te o:l going out. There was
some d:ifficulty 1n the building yards, due pii-
marily to the attempt to wrap a straight cx-
truded seal around @ stock. When molded

circular secls we'e usea trere were no protlerns.

These Syntron seals have toon cerating c3t-
isfactorily on DL ans DL2Z icr sboue IS voars.

A more conservative scluticn hzs teen usea cn
recent destroyers, whereLy the aull seal is ¢
gland with pecking, c3ijuctsble irom inside the
ship. This means moving the hull roiler tex-
ing upwcrds a little, with a slight increase in
rudderstock bending mcement. Thnis tyze of secl
has the oZventage of tein; copcble of repair
almost anywhere.

Section 9. - Rudder Streamline Sections

9.1 Present practice :s to specify the
NACA 4digit symmetriczi series. COfisets cre
availcble 1n Gereral Sceciiicsticas 9222-1. The
first two digits i1n this series cre zero, cnd the
last two digits represent the thickness/che
ratio (e.g. en 0024 section has thickness eqacl
1o 24% Oi tue Cuc.d).

9.2 At the cfter edge, the offsets show a
definite half-brecdth. The trailing edge s
specified to be left shaxp, since this shightly

improves lift, does not oa" tc the cost, and fro-

vides a little extra strensth (perticulzasiy fcor
astern operation) cempared with ¢ knife edce.

9.3 Usual practice 1s to specify seciions
at the rcot and tip cherd, with staight lires
connecting like numtered siaticns. Unless tne
thickness-chord rctics t.p cnd toct e i1dentical,
this results in a slightly wcrped surface. i.cre
of the shipyards have ever complained of tlu:s,
and cpparently the wamp can o2 taken up, even
with STS or HYE0, without diifizuity.

9.4 Some previocus designs (e.g. WSGi2l

* Class)hzd streamlined snzzes to OTwI8's EF H

(ellipse-paratola-hyvertcla) secticn. This prac-
tice was discentinued wren It wes lecmed tnat
the EPH section had high negative precsuie
peaks at large angles ot attack, and would thus
be more likely to cavitate than the NACA sec-
tion.

Section 10. - Rudder Initial Zero Setting

10.1 The rudder indicater zero 1n the
pilothouse is sometimes set with the rudder
not parcllel to, the center-line plane of the ship.

10.2 For tvin-screw twin-rudder chips,
moidel tests we odered to determine SHP to
imcke seome high s;ed in the reqgicn of full
pcwer. These: te is are run over g range of
rudder setting:-(r 2th rudders with trailing edges
inboztd 4" to both with trailing edqge out-
tocrd 4°.) The sclecticn is made on the
basis of lowest ShHP to make decired speed but
vibratien someti o 1s involved. On DDI31
Class it was fourd that optimum rudder settings
for peopulsion uvulved unaceoptatble vikration.
The rudder ir.i.: zetungs were mcdified to
ease vibratica, ot the expense of propulsion.
On DBLG14 a siunaler coni.ncn wus spectfically
investigate:d ¢ ;i , builder’s trials, and a
similar comproiniie m ~de (Cee Code 442 rudder
files for thece siios).

10.3 For :i.:p5s with cingle right hand
screw, there is ¢ busic tc""‘n»y to turn to pert.
Foi sucn dzsiwgns, n.odel nicnueverning tests cre
screumes ¢! > 1ud lec angle for
straightaway mot:cn. The rudder is then set
thet way with :ro:cators at zero.

10.4 Fcr tw:n-rudder twin-sciew ships,
TAB model tosts znow that the bost setting fer
minimum SHE s rot the care as the Lbest
setting for m :7. tudder dicg. Fiesumably
there is an ntersce 2100 between propeller and
rudder.

Section 11, - Astein Operation

11.1 Astera operaticn 1s usuzlly inves-
tigated only {i: ships having a mulitary re-
quiement fcr going astern (e.3. LCU types which
retract cstern). l'odel tests are then used fer
determining cca‘rolicoility, since there 1s no
reiiable theory.

11.2 Ship speed for astern operation is
usually estin.aied ct €0% of the ahead speoed for
the same SHi’. Titas 1s based con mcdel tests
of IFS]1. If a n.cre refined estimate 1s neeced,
prepulsion tests should be orderced.

11.3 Astein creraticn generally does not
control scentiir ;s, cnd generally dces centrol
steering gear caopacity. Recent practice has teen
to design the :.‘.c::m; gear for ahecd opersticn
and linut sustained cstern RFM so as not to
exceed the ste~r.ny gear cemcity. '‘Sustainec!’

asioin REN s specidind so s to still peraut

lhe ship to use Iall cstern RPM for crashkack.
It should be nctcd that for astern operaticn the
hydrodyramic forces tend to move the rudder to
larger angles, cince the center of presswre is
well aft of the stoex. Accorcingly, 1n geing
astern with a hydroulic system, when the rehef
valve cpens, the rudder wouli go to hard over.
To avoid this, usual practice 1s to specify that
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the scfe sustained astem RF! te dotermined
‘rom seqa trials, and that suitctle wa:rning plates
2 installed.
11.4 Astern force and center cf pressure co-
efficient for certain rudier shapes are avatlsble in
Appendix C of DATMCBAS Report 933.

B. Submoarine Control Surfaces

Proctice:
Section 1 -« General

1.1 Infcimction 1n ""Tecknical Practices -
Rudder Cesign'' is Qpp.Ac“ole also fc: sub-
marires. Additicnal special iter
only to submarires, are mclu-ea nere.

Criteria:
Section 2 - Stability and Control

2.1 The basis intent ¢f sukbmarine contol
surface design is to obtain positive cirectional
stability, good cepth and couwrse keeping atil-
fty, and gocd ctility to initizte cnd crecx ua-
jectory changes. The preiuminary ces:gn es-
timates of required contro! suricces cre genercl-
ly tested by CTLB, cnd adjusirents m2ze cs
pecessary. After minimum xe“\..-ver.'.s are met,
there is the prozlem of haw muzn tette: to mcke

B .L,_.

VCIuJunuu»t. T. NEAE W SN wmevs
matter of degree ot contrcliar:iiity. Les:gn
decision invelves juigment, expeilence, and com-
Jtomise relates o the specific case.

2.2 Stctility and centicl cre cesign re-
qQuirerents fcr chead ope:cticn, surizced and sub-
merged. Astern cpercticn is jenerclly quite
unstakle, and we accept whatever ccemes out of
the design that has been tased on ahecd opera-
tion.

e T -

2.3 Basic thecry for submerine stability
and control 1s cvailsble in tne Tayler Mzdel
Basin lecture nctes "The Cyncmiczal Staoility
of Submanines’ ky M. A. Atncwitz, June 1849.
Another very goed scurce of staziity cnd cen-
trol practice is in T\B reports ca mcd=i tests
and full scale evaiuation of specific d2s:gns.
These repoits generaily include cons:derable
discussion of design suitability in cdditien to
test data.

2.4 Petfcrmance requitements for automatic
or semi-automatic contel s,s‘e:‘ s e specified in
terms of ''percentose of ime wathin ¢ S :;ol band'!

at particuler £ e2d (e.9. € v,".-'s; and keel de-"n

(periscope depth) in gpaticula sea state. oomputer
L

studies using model data e run ct DTNIS to
determine the practicality of the specificstion.

Section 3 - Fairwater Planes and Bow Planes
3.1 Fairwater plares (also called sail
planes) or tow planes are provided primanly for
assisting the stern plares 1n low speed fine con-
trcl of depth (e.q.,4 knots and perniscope depth).
In cases of stern plzae jamming at small angles,
the forward planes cculd cverpower the after
ones cnd ccnatrol depth cnd pitch angle. In
usual design pmactice, however, the forward
planes are rct made lcige enough to ke eifec-
tive in such emergencics. Sone suLinarine
operqtcrs use bew plares fcr depth-changing
cl h sh s;r:ed, tut this 1s not genexcl practice.

I~

AGES £29) evaluciea periormance with

* zow planss, znd, for ker cperaticas,
cluded trey b.".’:.‘lj c» ciratted. AGSS <55
'“.!: without tow or tairwater planes, since

::3::e:::: c5 20 not teguire fine zecth
cn reduces weignt, cost, and

A..--n\.'nc::l complexity

3.2 Bow pl:nes, situcted as far forveard
as possitle, Lave grecter pitching leverage than
fairwater plones. In such ferward lcsations
bow plares have had to te stowed by folding
cr rotating, since treir cutreacn would maxe
har:’lz..q ct docks and resting guite difficuit
and also to aveoid pecunding when surfaced i a
seouzy. Roco~r dag:-=s IINNZEI IREMIRCR
and 833) cail fcr fo.waie: p.um.:. puimatily ©
telezse the valuatle space forward for scnar
and torpeices. ch\ ster planes cutreach s
ustally kept within maximum huil durensions,
cnd rolling alongsice a dock is also censidered
(e.g.,see Code 442 iile for SS(N) 597). Faur-
wcter picres care inc:dentally used as a gangaay
for access. Scckets {cr pertable stanchiens are
fitted with faired pluss fcor ope:sction at sea.

3.3 The leacing edze is usually rcked
so as to deflect mine cciles. There s no fixed
practice cn whether tips should be square
(checrer cnd more 1ift) or rounded (costlier,
less lift, scmewhat guieter).

3.4 In computing :cices cnd centers of
pressure, the angle of cttzck is taxen as the
plane anjle. (Unlike Rudier Design Practice,
Secticn 3.3, the divirg plenes can be cperating
with no dnift angle reducticn.) The usual plane
anrgle 1s Limited to 20 or 25°; based on esti-
mated stail. .

3.5 Foirwater or bow plane tilting rate
is usually taken equal to that for the stern
plcres.

3.6 The height of fairwater plares is of con-
siderable inportance. SSEN) €C3 and 616 Class
planes are ateut four feet hisher (relative to opucs
and electrenics maats) than 383(14) &85 Class. This
has led to greater diiticulties n peniscope-depth
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control is a seaway than fcr S98 Class. The scpara-
tion beteen penscepe and fairw ater planes on
SS(N) 585 Class supears satistactary. As an evperi-
ment, bow planes hive te<n installea on SSE(i)
626. Evaluation tiius far 15 not conclusive since
there are some subjective factors and the seaway
involves a varigble test envircament.

Section 4 - Stern Plones ond Staobilizers

4.] The area needed at the stern for
stability in the vertical plane 1s determined by
theory (Code 421 has the test wfcrmation on
predicticn metheds) and model test. The area
is usuclly too large to ke made all-movable, so
part of it is installed as a tixed stakihizer.
At times fixed area 1s Inserted on shait lines of
twin screw subs (e.g., SS(IN)571).

4.2 As with tow planes, the angle of
altack is taken equal to the plare angle, with-
out any drift ccrrtections. The torce and center
of pressure determinauicn for the stern plare
plus stabilizer corrtination is lengthy and com-
plex. The best sources of force and terque
information are the Cecde 442 file, ‘'Rucders
and Diving Planes SSE(N)E38'' (which tncludes
reference iratericl), and recent research repcrts
by Georgia Institute of Technology en ‘/Wind
Tunnel Investigaticn of the Effect of a Simulated
Submarine Hull on the Aerodynzmic Characteris-
tics cf All-Mcvatle Control Suricces Having
NECA ONS Bisbnil Santions’d darad Ruguct
1535, and by U. of i.aryiand cn ‘*‘Wind Tunnei
Investigaticn of the Charactenistics of a
Flapped Control Suricce Lcunted con a Simulated
Submarine Hull’’ cated June 1859. These reports
are availatle in Coze 4.4z file "'Fluid Me-
chanics - Control surfaces’’.

4.3 The planform ard locction cf stern
plane and statilizer are selected with the fol-
lowing considerations 1in addition to conventional
hydrodynamic efficiency:

*  (a) The leading edae roke should be
such as to deflect mine catles, or eise the
shape should permit attaching catle guards.

(b) Ample forecnd-aft clearance from
the propeller should be maintuined, to minimize
noise and vibraticn. Clearance 1s measured from
the centerline of vicveller Ligae ct tne 0. 7 icdius to
the leading edge ot the cantrol surface, aend ts nen-
dimensicnalized 1n the tor ot percent of propelier
diameter.

(c) Span should be limited so as to
facilitate nesting, ccming alengside a dock,
and for larger subs to increase the number of
drydocks and building ways that can te used.
The SSB(N)6C8 stern planes and stabilizer
have an over-all span of 40'<4’’, which is about

the limit on Electric Boat Diviston's building
ways. This span extends beyond the moximum
beam (pressute hull dumeter - 33/-0), but is
necessary for stability and contiol. Portablc cut-
board sections of stabilizers are pernnissible
where necessary for building ways cleaiance.

4.4 Stern plane tilting rate is generally
specified as 5*/sec. minimum, to provide ade-
quate controllability, and 10*/scc. maxiumum,
to minimize the required capacity of the hydraulic
system. A mcre rcfined specitication is shown
in the Preliminary Design section cn technical
practices for hydiodynammics. The most reliakle
method of specifying stern plane rate 15 frem a
computer study of 1ts effect on trajecteries or
depth control in a scaway.

4.5 Since the stern plares are vital for
depth contrel, particular emphasis is pleced on
minimizing cormosion of the stocks. Ve require
protective coatings on exposed portions, and
there is a routire requirement for periodic in-
spection. At present this problem 1s not satis-
factorily sclved. New coatings are being tried,
cnd we keep up with the latest service experiaace
cctainable {rom the Subtimarine Ship Type Branch.

Section 5 - Rudders

S.1 The design of submarnire rudders is
generally the sciic as covered in ''Technical
Practices - A. Rudcer Cesign'’. The sizniticant
diféccnces i 2imcunzed boioe

U e o et v ol d ccew..

5.2 A top-sice rudader i1s In a [iow wnich
has been disturtbed by the sail and surerstructure.
This was first demonstrated by o wake survey
on a model of SSI(N)EJ3. Accordingly, the top-
side rudder is not very eifective for stacility, |
where small angles are involved, even though i
quite effective for turning. A large fixed stcol
support for tiie upper rudder was used on SSB
(N)6C8, to get the upper rudder into a cleaner
flow region.

5.3 A dorsal rudder (see plan AGSSS69-
800-1934050 1s a tlap on the after end of the
sail, designed to reduce snap roll in submerjed
tums. As a submenne goes into a tum, the
angle of ottack on the sail would produce hLift
causing large inward keel. The dcisal ruider
introduces a camter which reduces the un-
desircble lift on the sail. Tinungy the movenent
of the dorsal and conventional ruiders s 1mport-
tant in achieving ttus. Dorsal rudders cre st:ll
consiZered expertmental, and USS ALBACORE
(AGSSS53) represents the enly application at *
present. ‘

S.4 For AGSS 555, rudder plating and stff-
eners ate of fibergluss reintorced plastic. Rudiors
were fabricated by Republic Aviation Corp. fer
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Bortsmouth Navai Shipyard, and ate filled with syn-
tactic foan. In this application faurly thick rudders,
NACA 0020, are specified in crdet to provide buoy-

" ancy. Service experience is desirable before further

applications.

Section 6 - Initial Zero Settings

6.1 The diving plane initial settings {nvolve
indicator zero even though planes may be tilted rel-
ative to baseline. Settings are selected on the
basis of model tests so as to produce steady flight
at constant depth at significant speeds. A small
hull angle is generally accepted rather than take the
higher plane drag needed fcr zero boat angle. For
example, on USS Triton (SSh(N)S8E), the bow planes
are set patallel to base line, the stabilizers and
stern planes are set one-half degree rise, and the
estimated hull angle 1s one deqgree down (at higher
speeds).

6. 2 On single screw subs the stern planes
and rudders are clso set at cn angle so as to coun-
teract the propeller torque. Theoretically the set-
ting is independent of ship speed, since control sur-
face lift and also propeiler torgue are toth propor-
tional to squcre of speed. (Some anor.zlous results,
reported by Portsmouth from Suilders Trials of USS
BARI3EL (S5530) are not corsidered in seiting con-
trols for single screw poats). These settings for
counteracting propeller torque cre in the right direc-

8foe 8ae mcbice ~o mids iemman 8o sbhg memmal)pea =l
feTit swe Mmesirg wo gmemT tmecwS e cr-.-Si0 St

of them. I he stern piane anjles tof countering pro-
peller torque cre comtaned zlaedraically with those
for flight ct constant depta. Ca SSB(II) 598 cless,
with a single right-hand propeller, thre net result was
to require the port stern plane to ve set at 2° '
dive, the startoard stern plane at 0° 30’ dive, the
upper rudder 1* trailing edge to port, and the lower
rudder 1°* trailing edge to starbocrd.

Section 7 - Sea Slap

7.1 The practice is to assume that waves act-
ing on exposed control suriaces are ecutvalent to a
static uniforin lead of 1000 pounds per s3uare foot.
Under this lcading tne Ship Specificaticns usually
fndicate that

(a) Structure may te stressed up to the
yield point (this pzticulaly involves torque keys
and keyways) .

(t) The control surface torque may exceed
hydraulic gear capacity (because of the long lever
arm to sea slcp center of pressure).

In that case. popping the relief valve is ac-
ceptable. On S3(1:)S37 the Electiic Soat Livision
m1de a computer analysis of the response of the hy-
draulic system to such transient loading. For that
purpose we crbitranly indicated trat the loading
could be taken as

2 W
Ibs/sq. ft. where
0.2 . :
T varies from O to 0. 2 seconds

1000 sin

7.2 The 1000 p. s.{. comes from a 1924 Ports-
mouth analysis of casualties to bow cnd stern planes,
of the S-48 to 51 and T-1 to 3 classes, due to pound-
ing in a seaway. Although it is recoqnized thut sea
slap con be several times greater than (000 p. 5. f.
it is implicitly assumed that in very rough weather
the submarine will submerge.

Section 8 - Bearings
8.1 Departures from practice listed in ''Tech-
nical Practices - Rudder Design’’ are as follows:

(a) Laminated pherolic bearings are not
commonly used on submarines.

(b) Anti-friction (roller) becrings are not
used for radial loads. Gun metal and cobalt base
alloy (such cs made by the Stoody Co.) are the us-
ual materials for radial loading.

{c) Rudder carrier bearings take thrust in
a free-flooding space. They are made of nickel-cop-
per silicon alloy (S-monel or ¢!se of nickel copoer
aluminum alloy K-*‘cnel). A typical installaticn is
shown in plan SSR(M)5S5-519-1717558. Less costly
materials have been tried in the past but did not
qive satisfactory setvice.

Seciion § - Filling Maierial

9.1 Until ctout 1957 the only filling material
for submarine control surfaces was wood, plus hot
vegetable pitch to fill interstices.

9.2 Present practice also rermits use of
foamed-in ploce plastics, which are expected to be
cheaper. In order to get high crusaing strength cs
needed for deep sutmergence, the censity and the
water absorpticn of the plastic raust be careiully
selected.

Section 10 - X-Stern

10.1 The x-stem of ALBACORE has been
tested, and results are available in fermal DTLB
classified repoits. In prief, the x-stern:

(o) solves the problem of getting adequate
rudder effectiveness without exceeding hull block
dimensicas,

(b) provides increased safety in case one
ram jams hard over {per DTMB letter noted in 11, 1)

(c) adds some complexity ta the controls,

(d) provided mere diving plane etfective-

. ness than desirable at high speeds.

Section 11 - Dive Brakes

11.1 Dive biokes were tested at sea as part
of the ALBACQIit: i'hase 3 cenversion tuals. DTMB
Confidential Letter Report 03080 ALBACORLE (54u:
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PCC:jw) Ser. 0516 of 8 May 1962 to BUSHIPS Code
) 925 gives resu!ts. In brief, the brakes make an ap-
\ preciable centribution to deceleration. In future de-
signs, it will be desiuable to obtain a computer
prediction of emergency recovery trajectories for
various dive brake configurations before ordering
installation.

.




APPENDIX G

Computer Program Documentation for Rudder and Fairwater Plane Design
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Bescription

A. Purpose

The purpose of this program is to aid the designer in the design of rudders
and fairwater planes. In particular tne program does the following things:

1. Given an initial geor=tric coenfiguration the program cdetermines a stock
location and stock diameter which minimizes the differences between the positive
and negalive torques.

2. Jurinyg this process the program also determines reaction forces at the
bearings arc¢ prints them out.

8. Ceneral Method

The general philosophy of the calculaticns in this program is the minimiza-
tions of the difference between the most pos:tive torques and most negative
terques. Tnese torques are calculated at different deflection angles of the
control surface and the largest rositive ore is compared with the most negative
one. The stcck location, wnich gives the difference which is less tran some
fixed epsilon, is the answer. With each stock location and the torques comput-
ed, ¢~ appropriate stock dianeter is determined. The details are somewhat more
complicated than this brief outline indicates.

i v I, ... .3
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Production Details

A. Program Restrictions

1. The number of deflection angles must be = 20.
2. The number of iterations must be = 50,

3. A realistic initial geometric confiquration must be used.
.G., a zero initial stock diameter cannot be used.

L. The program uses (1563),, storage locations. The program
break occurs at (hh72)10. The common break occurs at (75&13)8.

5. Given one initial configuration (one set of data), the
program will make 5 iterations in at most 5 centihours.

6. Due to the nature of the problem and the method of false
position many more than 8 iterations will probably give incorrect
results.

7. The program will handle more than one set of data at a time.
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™  Date Preparacion

Format
Card 1 Title 72 BCD characters 1246
Card 2 Ticle T2 BCYL chercocters 12R6
Ccard 3 AINYT Initlal Total Area (sq.ft.z E13.7
AIT™WD Inicial Fwd, Aree (23q.fC.) E13.7
AIAFT Initial Afc Area tsq.ft.) E13.7
AS1 Spare E13.7
AS2 Spare E13.7
Cava 4 CR Initiel Root Chord {rt. E13.7
CcT Initial 7Tip Cnord (rt. £13.7
SLOPCH Chord for Chenzing Area (ft.) E13.7
SPC Span Jor Caanging Bal. Area ‘{ft.)E13.7
cs2 Spare E13.7 :
]
!
Card 5  BPL Spare E13.7 :
BL Distence between Bearings (ft.) E13.7
SPAN Initiel Span E13.7
21 Srare E13.7
Z2 Srare E13.7
Cara 6 CFL Brng. Friction Coeff.
(near Brng.} E13.7 : h
Cru Bing, Friction Coerlf,
{other Bmng.: E13.7
SPWCPC Sypaniiise CP Coefiicient E13.7
© Cl Sgare E13.7
c2 Spare E13.7
t
Cerd 7 SF1 Safety Fector 1 {Hydrodynamic) E13.7
Sr2 Sefety Factor 2 :Sea Slapi E13.7
QE Poaitive Allowance Factor E13.7
QE2 Negative Allowance Factor E13.7
SLRT Slip Ratio E13.7
y Sy
Card 8 RR Percent- Area in Race E13.7
E Taper Ratio Factor E E13.7
DLMULT Muvltiplier to get Actack Angle E13.7
Z3 Srare \ E13.7 A
24 Svare E13.7
—(l/;n//, a7143 = 7 for Rudder
/.0 Fcf FW/ Plnnc
G




Card 9

Card 10

Card 11

Cerd 12

- Card 13

Card 14

éards 15
Cards 16

SLO
DELXST

DXAMIN
EP1
EP2

CPSS
ARMS

SY
DD
DUD

BETA
CMECA
RHO

\'s
DR13PT

STH
SPHD

NDEL
N©
NT1
NFAP

NSS
NCN

NIR

NDO
NAL].
NX2
NX3
NXL

ADEL(NDEL)
CLLOV(NDEL )

*1T=

Initial
Tniciol

Edge wo Stock CL.

Stock Location (Ratio)
Digtance Change Leading

AT, )

Mmitial Stcek Dlemeter 1n.)
Fpoilon for Unbelance {(inch-1b.) E13.7

Sgace

Initial Center of ‘Ares to

Near Brnz. (£¢.)

Initial Center of Area ©o

Stock CL. (f£.)
Yield Stress \?SI)

Inner/Outer Diameter Ratio
Ozhcr'mﬂar Diameter Rovlo

WACh LW I
use 2 brn
Hull ¢
Swcep Angle of,1/%4,
Densitcy 1b-sec /ft
Veloclty (knetcs)

trclhion coefls 3

Slope Angle (de:.)

,Chora (deg.)

Initial Distance from Root to

1/3 Puint of Brng.
+ if .nooard ol

Root

- if Ouiboard of Root (ft.)

Stock Sleeve Thickness (in.)
Sphericol Diemeter Factor
Progran, computes to nearest

P%, inches (fect)

c0ron187" (V8"

Number cof Deflection Angles

Max. Nurber ofl
Spare = Q9
Scuared Tip
Felred T‘D

Calculate CN 1

HOHOKO

nuwowBh

iterationsg

Conaider Sea Slap
Don't Conslder Sea Slap

Recd In CNLOW and CNH1 and

Interpolate for CNL

Format
E13.7

E13.7
E13.7

E13.7

E13.7

E13.7
E13.7
E13.7
E13.7

2 bearings for onc conlrol surface

E13.7
E13.7
E13.7
E13.7

E13.7
E13.7
E13.7
E13.7
I4
il
4
I4

Iy

I4

Re=Ry(2- 55
= 0 fur Rudder calculations — =7y s

= ] for Fairwater Plance -

Spare = 0O
Spare = 0
Spore = 0
Spare = 0
Spare = 0

NDIL D~flection Angle:s (deg

28,35 Ja fee‘:) Gf:13 i

Usually 0,7 14,21,

NDZL Lgw Lift Cocfriolenta

-

— o R R

4
14
A
I4
Iy

6E13.7
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-18-
Forirat
Cards 17 CIHIX(NDEL) NDEL High Lif¢ Coeffilecients 6E13.7
Cards 18 CDLOW(NDEL) NDEL Low Drag Coefificients 6E13.7 7
Cards 19 CPHI(NDEL) NDEL High Drag Coefficients 6E13.7
"If NCN =1
i Cards 20 CNLOW(NDEL) NDEL Low Normal Force Coeff. 6E13.7 0
9 Cerds 21 CNHI(NDEL) NDEL !igh Normal Force Coeff. 6E13.7
(o to Cards 22
, ' & |
If MCN = O :
, Cerde 22 CPLOVW(NDEL) NDEL Low CP Coeff, 6E13.7 .
: : {
\ r
é Cards 23 CPHI({NDEL)  NDEL liigh CP Coeff. 6E13.7 ;
' Cavas 2% OMEGAL Low Angle for Coeff. (deg.) E13.7 .
- CHEGA2 High Angle for Coeff. (deg.) 3.7 : 8
] l 5 ;
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E. Filgure 1 - Rudder or Falrwater Plane

o The tip may be faired or squared.
A Hull Slope Angle
Huyp ( Line parallel to Ship Center Line
— g
o
&
el
5
&0
]
-t
~
-
£
&
b T3 i
L/ Note: Near Bearing m2y be inside or outoide of Root. Other

beuarings not showm 1n this piciuare, Center of pregssure a2nd
center of arca are deflned fiom the geometry.
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(199 HCI2(20)9CRLICE0) ¢ CICLULI20)oCNCLUL(20)CHCLU2(2N) o CHCLH42(20) ¢
7o OSCHLEZ2(20) v CR2C20) o FR(20) v FEC20) oBY(20) o FLI20) s FUL20) 0
Oe OCKIS(20) v CRIOCZD) D120 12020 1 QF(20) v QAPLIZ0) 1 CANIL20) 0
Ye TGHC20) p GHGFPLAZ2O) s GHGF I (20) ¢ QiiwAPL(20) o GHQAMI(20) »
10, LTUTPL(ZU) v TOTMI(20) o DIF(S0) 1 SLOIR(S0) ¢ UNDAL(29) ¢ DLAIR(2%)
11, 2LANLIZ 050
] (@
re C RULCER ANlD FAIR PLANE DESIGN CALCULATIONS
' C
Yot CALL STARTR
1o, Ir ACCUMULATOIK OVLRFLOW o
“ (-0
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TAG ROOM 210

7 17. 3 ~ READ INPUT TAPE 102 (TITLE(I)oI=1e24) AINIT,
| Bl ¥ 1 IAIFWD e ATAF TeASTI o AL2 e CRICTISLOPCH ISP CeCS 2
’ < 19. ZEPLIBLISPANCZL0 220 CFLICFUPSPUCPCeC10C20
7 20. SOFLILFR e E v QTR e SLKT e RROE P CLMULT 0230240
7 2l A Lo _QSLUICLLX‘JT'(JI[H"-IN'FPI ' EP20CPSSrARMS»SY DD eDUD e
T T, 2 SBETA»OMEGAPRHO P Ve OR1IPT
23 SLIP=SUKT ‘
24 2 FORMAT(12A6/12AC/Z(SEL13.7) )
25 ) READ IMPUT TAPE 1031239STHeSPHDWPT ,
20 3133 FORMAT(3 1347 )
27, I 70 BT LR R RS BN K i o
28 XEZJelL18U2UG*E
,,,,, 29. C._ - T, B y
30 C INITIALICZE
o e € 0. k
32 AT=AINIT
33« _ __ __ _AFND=AIFWD Lot == =
I4e AAFT=AIAFT
389 BETARZPLTA*3,14159255/1080, -
3oe TY=SIN (LETAR)ZCOS (UBETAR)
BTe o CRINIT=CR - T i s S L
38 SPANIN=SPAN
34 SLOINZ=SLO N il P it s i g o el T
40 SLOIR(1)=5L0O
il ‘010 __________ L=1 Pialt 8, S
42 DLAIR(1)=DIAMIN
G480 CKSZ.000175#(1.~D0seu)sSY .
Uy, DLA=DIAMI
_BSe  CRLUOPECK R Dl e e e o
hoe CM=(CT+CKLOCP) /2.
__ 7. XST(1)=CI1sSLOIN g il i e,
La. TECL(1)=CN=XST(]1)
4. ... _NL=1 B oty N A
" 50 BPL=SPWCPC*¢SPAN+DORIIPT
,‘ __Sle _ ____ ARMSINZARVS T e e S
52 CPSSII=CFSS
_.93e ____ . __. ORPTINZLR13PT : , : g
56 READ InPUT TAPE 1e4oNDELINToNTL1/NFAPINSS,NCNeNIR»
~5be . INDOPMNXI/LX2PNXIINXY
S50 4 FORMAT (G4 )
57« READ INPUT TAPE 13+ (ADCL(M) #M=1sNDEL) Sl
SUe« READ INKPUT TAPE 1e39 (CLLOW () M= 0000L)
99¢ ___ READ INFUT TAPE 1030 (CLHI(M) ete=1 ol QEL) s
60 READ THPUT TARE 1e30(COLOWIM) p4=1oMDEL)
61, = _READ IHPUT TAPE 1030 (CCHI(M) oM=L eNDEL) -
62, IF(NCI) 3843003340 3443
_65. 3443 READ TNPUT TAPL 103, (CHLOWIM) p=1,NDFEL) 3
64, READ INFUT TAFG 1e30 (CRHIMI) oMz bDEL)
65 4334 READ T1PUT TARPL 1e30 (CPLOwWM) ezl e MOEL) _
6L READ IHPUT TAPE 1039 (CPHI(M) oM=L oNDEL)
67 3 . FORMATIGEL13e¢7 . . _ ...V e ... A
sty e C
OYe & " RN e
T 70 DO S M=1,NDEL
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+ HRS.

e
72,
T3
T4,

Toe
Ty,
T8
T¢
80.

82.
_ 83.
84,

S e
.99
100.
101,
g 102.

] 104,
100

106
109,
110.
114
112.
113,
114,
115,
110
117.
118
119,
120,
122
1205
124,

75.

8l

.97,

108,
105

107

O

APR il» 1907 TAG ROOM 210

e e ——— —

_ AA(M)=DLMULT#ADEL (M)
AARAD (M) ZAA(M) /1604+3.14159265
S SURDIM)IZAARAD (1) « AARAD (M)

C

C __ _ _WRITE OUT INPUT DATA AND TITLE

c

.___. WRITE OUTPUT TAPE 2+6o (TITLE(I)»I=1024)

6 FORMAT (IH1QEX e 1ZA6/29X0 1 2A6/1H0S2X »
124HTABULATIC!H COF INPUT DATA )

_ WRITE OQUTPUT TAFE 297+ AIFWDICReATAFTICTPAINIT»SLOPCH

7 FORMAT(J1IN18Xe20HARCAS IMN SCUARE FEETG7X»1GHCHORDS IN FEET//
126X 0 18HINITIAL AREA FrD =F9.4¢3SXs 14HINITIAL ROOT =F9.4/

226X e 1BHINITIAL AREA AFT SFO9.4 o GUXeSHTIP =F9eb4/
. 32L%e20HINITIAL AREA TOTAL =F9.U4e 19X
438HSLOPED CHCRD FOR CHANGING TOTAL ARCA =FQ9.4
WRITE QUTPUT TAPE 2+8¢SPANISPWCPCeORLIZPTICLMULT 1 BPL
1E/8BLIRRY CFLeCFuU

R
8 FORMAT (1HOLBX»1SHLENGTHS IN FEETS2X
e A21HDINMENSICHLLLSS [WURBERS/Z /38X e GHSPAN =FQ.4¢28X e
225HSPAMNWISE CP COLFFICIENT =FQeu/17X%X0
e Y2T7HKOOT TO 1/38 POINT UF DRNG =FO9ehr31Xe
422MMULTIPLIER TO GET AA =F9,4/26Xe18HCP TO
6F90“0
. T31Xe26MFRACTION OF AREA IN RACE =F9.4/79X»
B827HURIG FRICTION COELFF NEAR =F9.u4/79X»
__ Y27HURNG FRICTION COLFF OTHER =F9.4 )
VRITE QUTPUT TAPE 2+600+CPSSeTECL(1) #SPC

600
1JYHTRAILING EDGE TO CENTER LINE CF STOCK =FG.4/12Xys
- 232HSPAN FOR CHANGIMNG UBALANCE AREA =F9.4
WRITE OQUTPUY TAPE 2+60L4 e ARMS
604 FORIMAT(LIH 18XrcSHCENTER OF AREA TO STOCK =F9.4
WRITE OQUTHUT TAPE 2¢9¢SF1¢SF2eQE2QE2eDUDDDPSLRT
9 _ . FORMAT(uOXe17HSAFETY FACTOR 1 SFO.4/89X»

117HSAFETY FACTOR 2 =F9.4/66X120H+ ALLOWANCE FACTOR =FQ.4/
. 280X 20H= ALLCWANCE FACTOR =F9.4/83X¢e23HOTHER/ HEAR DIA“ETERS =F¢

NEAR BRMNG =FQ b
_S531Xe22HTAPER RATIO FACTOR E =F9.4/22X22RLENGTH BETWEE! BRNGS =

FORMAT (1HOL1UX e 29HCENTLR OF AREA TO MNEAR BRNG =F9.4/5X»

S/783X023HILILER/CUTER DIAMETERS ZF9.4/ QUXr12HSLIP RATIO =F9.4

WRITE OUTPUT TAPE 2¢10¢SY/BETAYRHO ¢V +SLO»
10ELXST oii7

FORMAT(LIHO18X e 36HMAISCELLANEOUS INPUT WwITH DIMENSIONS
119X025HYILELD STRESS LB/SO INCH =E12.4/721X0
S2AHHULL SLOFE IN LEGREES =FO.4/18X»

S2CHOENSITY LD SEC SW/FT O4TH SFO.4/28Xe
U1oHVCLOCITY KNOTS SFG.L4/1H018X

525 (AS A RATIO)IINITIAL SLO =F9.,4/715Xe
[ROIZIPIT FELT ) JUITIAL CCLAST =F9.4/1HO11Xe
T32HAX 10« GF LOCATION ITLRATICNS =Iuy

VRITE QUTHEUT TAPL 2¢110EPL19SGTHISHPKD
FORMATOLHO20X 0 22HEPSTLCH FOR ULODALANLCE =FO.4/16X
120HSLLLVE THICKNESS I IMCHES ZFYe4r21Xe

11

G.z2 =

o el aialde

ey A Sy g =



e B ARS8 T < 1 1 B =

5 " o & 4t it Mt i e o’ et e & B oY o k. A & 0 A G A ot~ s e ot et | BV et ALl M o e el S o

RS AR YLe XSGR o0 o o o B T TAG ROOM 210

J — a—— — - . . —— rw e s cme - - R — - - - .. P MBI TS = mmm
125, ~ 22THSPHERICAL OIAMETER FACTOR =F9.4 PR T
120, IF(LFAP)A24 1620024
127. 624 MWRITE GUTPUT T4PE 21626 A R PR R e ety T Syl
120 ba6h  FORMAT(IMOSLXelOHTHE TIP IS FAIRED )

3389, 60 TO 628 ) A
130, LeY WITE QUTPUT TARE 20627
121 027 FOMATOINOLUXeIY9HTHE TIP IS SQUARED _ 3 Aol Sl
132, 028 WRITE QUIPUT TAPT 207777+D1ANIN
133 7777 FOUMAT(LIRHOGIX $2GHINITIAL STCCK DIAMETER IN INCHES = ; e
134, lE15.8 )

A3b.e __C DR T e N G S s WL i s LI C I T 30
1356, WRITE QUTRUT TARPZ 2,605
137¢ .. 605  FCHRMAT(LIH1IDOLXreleHInPUT COEFFICIENTS ) e
136 WRITE CQUTPUT TABE Zp120 (AZELIM) o AACH) o CLLOW (M) o CLHI(M)
1396 _ . . _ ACOLCH ) o COHT C14) o CLLOW (M) o CLuI (M) o CPLOW (M) s CPHI(M) 0 PR
140, eM=1DEL)

181 12 . FORMAT(IHCEXeGiiATELLXe221'ATTACK ANGLE CL Lo i
142, 1521 CL KI cn Lo CD HI CMN LO
143 __ . __235H. CH HI _CP LO _.. CP HI o/ (IXeFllol4elXe
144, JF12.508F12.7))

O - T TG Iy SRS A I e L R D R o ek nael moanl
140 C
Do te . _C__ __ INTERPOLATIC!H OR EXTRAPOLATION TO GET C1 2 e e e L

4188 C
149, . READ INPUT TAPE 1913/0YEGALICMEGA2 I R R
150, )i FORMAT(c€1347 )
1€1e __  _ _WRITC OUTPUT TAPE 2+114+0YEGALIONEGA2,CEGA EAPOy R
152, 1u FORMAT(IHOSOX 2 10HLO ANGLE ZF2.,4/57X0»10014] ANGLE =FB8.4//
1S3 _14BX120HSWEERP AILLGLY OF 1/4% CiICRD =FB8eb4 PN sd o
154, OLEL=CMEGA2=UMEGAL
155¢ _ ____ ODEL1=O0MEGA=CVEGAL e s e R e
I oe IF(NCHYLD8re0Y 004
357. ___ 608  WRITE QUTPUT TAPE 2s60%F . . . e
158, 607 FORMAT(INO///4T7XeIGHTHE CN COEFFICIEN’S ARE INTERPOLATED///
159 GO T0 610 ‘= e e ) ek
16C., 609 WKITE OUTPUT TAPE 21606

lole . €0b  FORMAT(IMD///4SXe34HTHE CN CCEFFICIENTS ARE CALCULATED/// )
1lcl. 610 0O 15 malonlEL

163¢  _ _ CLI(MIZCLLO () + (CLHI(M)=CLLOW(M) ) /OCEL¥ODELL o
154, CRLOMIZCPLOW () + (CPHTI(M)=CPLCy (M) ) /0D LeCCELY

1656 COL(M)I=COLCACA)+(CONHI(M)= COLOw(ﬂ))/O.EL'CJELl PR Lt 8
1oL IF(NCN)LLe1 7010

167 17 _ Crat)=CLLIC) «C0S (AARAD(M))I+CDL(M)«SIN (AARADIMY) . ___
106 GO TO 19516

L9 _ __16 Cral (M)IZCRLCA (M) 4 (CNHI (V) =CHLCAH (M) ) /0DEL#ODELY o
170, 1519 CRI(M)ZSORT (COL(M)sCOL (M) +CLY M) eCLL(IY))

171 . CPCIGL(M)=a209=0Y (M) TR~
) 4 Crerar(M)=Cial () sCPCLIBL (M)

113, 15 CeNT ILUL =
174, =

275 € a
170 KRITE OUTPUT TAPE 2910 (AACH) o CLLIM) oCPL(M) v CDYI (M) oCNLIM)

177, 1210000 L) -
17d. 18 FOMIATC 45X e 3SHINTERPOLATED VALUES OF CCEFFICIENTSZ1HO
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-

117
02

Jb
05
66
07
550

11
1

14

Jiu

15
20
-21

’
-

rn
v

31

R

-t
L 35

36
37

40

41

0H2

Gy
4o
4?7

S0
{ 54
95
Lo
I,l
»',.’:
(S

O

-
4
%

14

503

213

14

179.
180.
181.
182,
183.
186
165
10b.
187.
ledoe
189.
190.

192.
193.
194,

2 195.

190

197.

194.

e

uU.“
-0

1 40 _

“0...

wJI

5

200.

202.

203,

2Ca o
._2050
206
200
209,
210.
211,
212«
213,
214,
215,
2106
217

) U T

219,
220
221
222
223,
224
229
2200
227
220

29,
<30
231
232

199,

201,

207.

592 . .,

O
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22

21

23

e

C
c

ou2

TAG ROOM 210

16X 0 12HATTACK ANGLE19X» 3HCL 123X e 3HCP123X e 3HCD123X e IHCNL1/Z (1HO
210X 1FSe200F2604) ) Y
IF(NFAP)Z102202]) .
coCl1=.800
ZM=1,€363065636

GO 10 &4

CDC1:-“

2M=e72727272

ZLAM2ZCT /740,000
B=COC1=ZM« /Ll A1
COCR=Zi 2 ZLAMN2+Y
BALA=AFLD/ZAT
GARLC=CSPANIZ/AT «SPAN
XCD=CPCe=CLCY

————

TAPER RATIO CORRECTION

CIFINSS) 642062 e 602
ARLS=0, 0
CPSS=0.0

643 DO 24

_ 612

=1 oNOEL

611 ARE(M)=2.*GARE

IE(RIRIGI eal2eell

GO TO 613

ARE () ZGARF* (2.=AA(M) /25.)

613  OCLCL(¥)=XCU=SCRD (M) ZARE (1)

__CL2(M)=CLL (M) +DELCL (M) s
SQCLS (M) = (CL2(M)4CLL (1)) 4DELCL (1)

_DELCO(M)=SCCLS (M) / (XESARE (M)
CO2(M)=CDL (Y +LTLCO (M)

. CN2(M)=CL2(#)*C0S (AAKAD(M))+CD2(M)*SIN (AARAD(M))

CMCLU42(M)=CNCILL (M) =eS+DELCL (M)
__CPCLU2(M)ZCHCLIE2(1) ZCH2 ()
CPLE2(MN) = 25=CPCL42(M)
Ci2()=SCRT (CL2 (1) sCL2(M)+CD2(M) «CD2(M))
SO=AT*sV2* (RR2(1e+SLIP) #8241 e=RR) /2. *RHO

~ BBM=0.0
DO 29 M=1eMDEL
FNOMYIZCH2 ()¢50
FR(M)ZCR2(1) #5Q

DMIM)SFR() et 012,

v._--ﬂ.

1IF (nLS

(DML ) =013i) 29029028

BUM=ABS

(H1EM))

CONTINUE

WRRITE OCUTPUT TAPE 2¢2323¢LeAToAFVID
1SLOCRLOOP

2323 FORYAYCIWN///Z/7/Z1HNGOX e 2SHTHIS 1S ITERATION NHUMBRER Iuw//

1 1OXe1ZHTOTAL ARCA SE1SB e 3X e LUHAREA FORYARD ZE1% 003X

DLAOSPAN' & s b

Q1uH VDIATETER ZLIS« /71024 X e GHSP AN SE1S U BX 0
SOHSLO =C1Y«cruXP4HCR ZELS.0 | )
Ve ¥ Lo P— 3




i HRSe APR 119 1967 - S e e T TAG ROOM 210
%
f i e e s S LI
TP _WRITE OUTPUT TAPE 2+640+CPSSeARMS
Ye 6h0 FORMAT(INUSIX e 2YHCENTER CF AREA TO NEAR ORNG =E1S5.8//1:052X»
"535. __ 128HCENTER OF AREA TO STOCK CL =E15.d e o ST
230 WRITE OUTPUT TAPE 2+6142TECL(L)
237« 614 FORMAT(IHO4IXe24HTRAILING EUGE TO STOCK =E13,6¢ i,
238 16H FEET )
239. _ WRITE OUTPUT TAPE 2¢641¢DR13PYBPL
240G 641 FORMAT(1HO40X»25HKROOT TO 1/3 PTe OF DRMNG =E158//49Xs
2016 __ _ 11THCP YO HEAR MG ZE198 )
U2 YRITE OUTPUT T/AET 29250 2LAMLIe2LAM2,CDC1,CDC2 0L FAP
1 cU3e 25  FORMATUIMIBIXP2HTAPER RATIO CORRECTION/ZIHGSXe
4 284, 19HLAMBDAL ZF105 00X 0 QHLAMBDA2 =F104H08X06HCDCL =F1065010X e
f 245  _____ 26HCDC2 =ZF10.5r13XsCIHMNFAP =14 )
246 VRITE QUTPUT TAPE 2+2060 (AATM) s AARAD (M) yGARZ ¢ ARE (M) o
i QG7e ___ . _IDZLCL(M)oCL2(M) e DELCO(M) o CR2(M) oi=1 ¢ NDEL)
248 26 FORMAT(IMHO0IXe32H ATTYACK ANGLE IN RADIANS
249e _________148H . GEOMETRIC ASPECT RATIO DELCL
: 250. 248H CL2 LDCLCD coz /
; 281e . J(IHOF12¢2¢F18e00F 1 UrsFL1T7e4rF15¢50F17¢S¢F15:5¢F17.5 )
; 252 WRITE OUTHUT TAPE 20270 (AACH) o AARAD (1) o CHN2 (M) o CHCIU2 (1)
F 2536 ___ . __ 1CPCIU2(M) o CPLE2() oCRIIM) yCR2(M) P M=1 2 1DEL)
254 . 27 FORMAT(LIHOLIX»32H ATTACK ANGLE IN RADIANS
230e._ . ... sa6m 0 CH2Z .. ENEl&2 . crCiu2
250 248K CPLE2 CR1 CRr2 / ;!
25T _____3(1HOF12+2/F1lBe6rF 184 1F17e49F15¢5¢F17¢S1FL15:51F17.5 ) |
259, (o |
S DN e CALCULATIONS OF TORQUES TO GET UNBALANCE =
1@600 C
ele. € S 3 e et e e e s
b2 C FRICTION TORQUE CALCULATIONS
eodv. . G . L s N N o L ot ] R bt e
264 DO 35 M=1 NOEL
! 6% - FFICFIASSs A3 A8
266 136 FL(M)=FR(4)
1 267« FULM)IZFR{M) S L e A TR
208 GO TO 137
209s 135  FL(M)SFR(M)*(BPL+5L)/BL ; E |
270 FUMIZFR(M) /BLLPL
271e 137 CKI1S(NM)ZCFLAFL(M) .5 - b - . |
272 CK16(M)=CFU/Z2e¥FU(N)
&3¢ _ + TF(CFL=¢1)20¢31031 L Ll e e Tl e R e R I e
T4« 30 QL(M)=CKLID(!M) *SPHO*DLA
27% ____ __._60 T0 32 s e G A B o ot o
270 o3 QL (M)ZSCK1IS(M)* (CLA+2.¢STH)
277« 32  IF(CFU=41)33¢3% 30 s S A
278 > Q2(MIZCKI0 (M) aSPHOYDOLA*DUD
i 279._ _ 60 ¥ 35 WY B I i BT
i 280, 3y Q2(M)=CKI1G(M)*CLA*DUD
) 2U% . [ 4 Sl " e = L i & -
I 202 Gl 0
' iy e 35 CF(M)ZQLU'M) 402 (M) -
g WRITE OUTI'UT TAFE2e36e5Qr (FNIM) ¢FRIM) oFL(M)
2850 TFUCM) o= 001D
L Qb 36 FORMVAT(1HIGUX e SZHTABLES OF FORCES AND TORQGUCS ON
i
2
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1454 HRS. APK 11¢ 1907 L YAG ROOM 210
) 287. 16HRUDCER/1GHCCONSTANT SO =ZE13.6¢26H NORMAL FORCE
TTS 284, 252H RESULTANT FORCE FOKCE ON LEAR [RNG.
LdeY 289, S2cH FORCE Cii OTHER KNG 77 01HO3IXEL1S 80 12X0EL1Se8010X,
.Jes 290 4E15.8111X9E1S.8 ) )
1025 _2c‘10 C L = e = U ST g
o2y 292 C
826 220 . WRITE OQUTAUT TAPE 29370 (AA(M) pCKLIS(M) pCKIG(M) 0 QL (1) L
ALY 2G4 ool G0 e S T O A o
41 2%%. 37 FORMAT L DX Y2UATTACK ANCLELIUX UHCKISIBX 4HCKIO19X
e ) 270 120G 1200 2nCe20X 2 21iCF/Z (1hOOYXIF7e315X05E2266) )
J4) 297« € . s e e e
LD &g € CALCULATICN CF QA PLUS AND CA MINUS
; RS 299, (= S i £y ; - s
i Je 300 DO 38 M=1.00EL
? 8% 301 CCAPL(M)ZGZ«CveFN(M) #12, - N MR
Y 302 38 GAMT (M)=QE2«CHaF (M) 012,
S0 368s ... €. __ . k e e
.46 204 C CALCULATICHS CF GH AND FINAL CALCULATIONS
.46 3056 : . € .. ) e - . s N R
250 30G BTYOTPL=0.D
25 SRR, [ty R . BTOTMI=0.0 o s Sl Mok Tl eglalelly, oot B R 0 Ll o 2 e i i B e
IHve 308 DO 42 M=31+MNOEL
oS 309 0 QHM)=  (sLC - CPLE2 (M) ) sCM+FN(1M)*12, _ PREIS T ERe
- 506 310. QHOFPL (M) =G () +0F (M)
57 311 L QHECFMI (Y=l = QF (1) ) L OCE AN R
el P GHIAPL () =t () +GAPL (M)
ofl 31386 _ __ . OHOAMI(M)ZGH(M)I=GAM](14) Ty e el e
152 Slhe TOTRL () = riGFPL M) +CAFL (M)
3 315. _  IFCABS (TCTPL(M))=BTOTPLI4OP40039 ik B L s
b Slce 39 BTOTPL=ABS (TOTKFL(M))
‘ L p 5170 C L - R A R e S e e e P e e i VS g
)7 31 40 TOTMI (M) SCHGFY T (MY =QAMT (M)
E | 70 319. _ O IFGABS (TOTHL(M))=BTOT 142942041 B e B e AL VA
4 Y, 320 41 BTOTHMI=ALS (TOTMI(M))
78 32le . &2 . CONTINGE L e i e B e i i o et ol Lo
76 322 (Y4 DIF(L)=CTOTFL=-BTOTMI
77 323« __ SFS=Z120LU*AT L o2 gl b . . o v i e
0 324 BMSSZUFSeCESS
1 32% ~ QSS=SFSeARMS el LT . ol SR, P e Tt P e L R
e J20 620 Ubn»v=ipMm
42 S - i __Bl=udMeyan T e e b i
hy 32U S7 IF(CIF(L))S9+59,58 |
4 Q22Y e C TRy S . e i o O
i 4 330, (o
7 333, 58 DLAS ((UDM+SCRT (B14BTOTPL*BTOTPL) )/ (2.%CKS) ¢SF - il = S
7 S32 1)e¢,32353333
4] 333 GO T0O Ho e e S -
g | 234%, 59 CLAZS (U UV4SART (BL4UTOTMISBTOTMI))IZ(2.%CKS)sSFY
b ¢ 335, 1) ¢%: 33253353 .
4 1 S30e C 56 CoiTalny A CALCULATION FOR DLA CONSIDERING
1 337 C SEA SLAP FCRCE
‘ 52 3850 56 DL SCUe +LORT (BY +0SS*0SS) )/ 12.¢CKS) »
2 d3Ye 16F2) 08, 2333,53338
id S40. IF(DLA=LL)LZ2 02202428

R ' &) - ¥ W ——————— = -
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. 381e 622 DLA=DL . e e -
342 C
33 C _ o Al A z - — -—— e
J4y, C
345, . C g . - e P T
J4b e 24273 WRITE OUTPRUT TAPE 2¢2324rLeATeAFWD UDALA,SPANY
347, ISLOoCWLb(”'C”'uLA'*P” . - 1)
S48, 2324 FURMAT(LHL1OBX ZoMTNIS wAS TTERATION MUMBER I4//16X,
149, oo btetitaoT AL RLA :Ll:;.drff\clu."’f«ﬂi'“ FCRWARD =E15.8¢3X0e B it e
250 2L AREN BALANCL U197/ 17X0GHRSPAN =Z015.80¢8X0
351 __ 3SHSLO =E1Le8ruXxs1ZHROCT CHORD SE1%.8/7/17X0 ECTIERSCE. STRPLS
382 H12HWEAN CHUKD TELS«SruX e 16HSTOCK DIAMETER ZE1S5.804X0
1 3536 __ S16LUENDING MOMLUT 2E£15.8 - ek MNP LAl S L 7
L 256 WRITE CUTPUT TAFE 2964Se81SS9QSS
35%¢ 645 FCORUATEINDLGX 2 2HHSEA SLAP BZHLOING MOMENT =ZE15.87/58Xe e
350 117HGEA SUAR TOKUUL ZE15.8 )
357 . NRITE OUTRPUT TAPE 296420 (AA(M) o FN(M) pCH(M) o QAPL (M) ¢ GAMI (M) 4
25 1QHGARPL (M) s 0nGAT I (V) gy y CEL)
; 359 43 FORMAT(1HOSIXe SSHTALLE OF HYDRODYNAMIC TCRQUE AND AL
360, 132HALLCUANCL TURCLE WITH THEIR SUMS/ 6Xo
C_362e o 21ZMATTACK ALGLESX 12K CRMAL FORCELLXr2HGHISX » IH#CALSX e 3IH=QAL3X
* 362, 3THGH + GAL1Xy
_ 203 BT7HCH = GA/ZZ(AXiF85,216%X16E1848 ) 7/ )
304, WRITE CUTPUTTARE2 Uk (ATEL (M) ¢ AAIM) 9 OF (M) » GHGFPL (%) 1 GHCFMI () ¢
5% e o ITOTPLAM)Y e TOTMIC4) ez 01 LEL) e
.5("0- C
i __.367. __ 44 _ FORVAT(1HO4EX e Z6HTARLE CF TOTAL TORGUE PLUS AMD NMINUS/
| 368, 1 4Xe1cHDEFLECTION ANGLCUX212HATTACK ANGLEL1OX»2HGF13Xe7HOH + GF
: _36Ye . 211XeTHGH = GFYXs e
e 270, S12HGH + GF + GA 6Xo12HOH - OF - OA//(9X.FS 2e6Xe16E18.877 ) )
T ‘ SRRy IF(NT=1)0700470,06 e
372, uo IFCABS (DIF(L))=EPL)47 u?.ua
4 373, 48 IF(L=1)69049,50 R Tl e e L e,
74 49 IFIDIF(L))SL1 52952
. 978e____ 52 __ _DELXST==PebLXST g T I R S R T Sl e L R R
370 51 FALEO= X;f(1)+uLLXST
3T . €0 T0 53 e T N S e s L B
3786 50 IF(T=L)SH e 54055
379« 55  FALPC=(UIF(L=1)sXST(L)=DIFLIL) «XST(L=1))/ TR R S K L
38¢C., 1(OIF(L=1)=DIF (L))
R = N O N S R T R A T e B e S Tl
582 L=l
C3B3.  XSTLL)=FALPO P 1 RN o o B el ]
{ 384. DELXST=XST(1)=xST(L) |
_38S8. ARMSZARMSIM4DELKAST L 1 e _ - WAL M
06 DELSZ0MLAST oY
387 e . DRYSPT=DHPTIN=-CELS ol et 9 T AT A L0S
388 CPHSaCE-SSINeCLLS
309, SPAn=SpANIt +UELS x B TS
Y30 CRLCCP=(CRINIT=CT) «SPAN/SPANINSCT
391 Cr=(CT+LILCOPY/D, -1
d 392 TECLIL)=Cit=XST (L)
393, SLOSXSTIL)/ZCM
i - 394 4 SLCIRIL)Y=LLO
TS b4 "1




HRSe APR 11¢ 1907 ) =7 - TAG ROOM 210
_/595. 4 ~ DELYH=DELXST+SIN (BETAR) i iy e SRy i
396 DELTAZDELTH+SLCPCH ]
397. ) ATSATINITH+OLLTA X
398 DELAFW=0OLLXGT* (DELTH=SPC) s
0 399e  ___ _ _AFMDLSAIFUDYLLAFY WY o TUCE WO Wiyt SOr T ot 3TN = o
400. BPL=SPUCPCYSPANTDRLAPT ]
401e . . DLAIRC(L)=DLA e SN e D R T i e s
402 GO TO 23
403, (it e S e v PE = el e I - 4
‘00‘0. C
E R 0 e o L e e ] e AT IS T PR I e M
i LCEC C
407, 47 WRITE OUTPUT TAPE 2+4747+SLOrDLAYCMeCRLOOP» (SLOIR(I) ¢ ol e 2
| 408. IDLAIR(ID»OIFCI) e I=1 ML)
m 404, 4747 FORMAT(LHLILEX»21HTHE FINAL ANSYERS ARE/Z//51Xe e
410, 116HSTOCK LCCATICH ZE1S5.8///51%XeL6HSTOCK DIAMETER “El).n///
CWlle 2 S5S5Xe12HMEAN CHORD ZEL1S8///755%912HROOT CHORD ZE1S«8/1HO14X
4lec. JIS5HSTOCK LOCATIOMS25X 0 15HISTOCK DIAMETERS2SX e 10HUNLBALANCES//
Q13e¢ M (19XeEL1DeBraUX et LY eBr22X0E 158 ) . )
% hi4, WRITE OQUTPUY TADPE 2972220 (XSTU(I) eIzt )
JB15. 7222 FORMAT(LHOB3ZXeLOHODYISTANCE FROM LEADING EDGE TO STOCK ON
blb.e LI7HIEEANL CHORD (FECT)IZ(E65X1E19.8 ) )
817, . WRITE OUTPUT TAPE 2496209 (TECL(I) e I=1rprL)
418, 630 FORMAT(1HO33X P WOHDISTANCE FROM TRAILING EDGE TO STOCK ON
e B el o T17HREAN CHORD (FEET)I/Z(ESX91EL1S.A o e}
P 70 XisX=1 e
-/ 421, . DELXST=XST(L)=XST(1) - e Toe- g T, =
422 722 IF(ABS (DELXST)=X:NX*PT)71¢71072
_ U3 T2 _ XHNX=XNX+1l. L L IR T S e N N o s Bk 1 S .
424, GO TO 722
L2s. 7Y IF(LELXST)73973¢74 o 25 - -
! 426 73 FALPOZXST(1)=XNX*PT
_827.  __  ___. NT=1 : Mgl e L e T e e e G
‘ 428, GO0 TO S3 : 3
8296 74 _ FALFO=XST(1) +XNX*PT e R S Bl e i
430 NT=1
431. GO TO 53 L R Nl L - ) . SEacl et et
432, 470 PT=12.2PT
433. XST(L)=12.¢XST(L) L 7Y P o e e mcdn
434, TECL(L)=12.#TCL (L)
839 WRITE OUTPUT TAEC 2+4070¢PTeSLOCMiCRLOCOP SN e + S R
430 lDLA XSTIL) »TECL (L)
437, 4070 FORMAT(IHILOX e 1IHTHE ANSWER TOF7.4e8H  INCHES/Z/
435, 148X 16HSTOTK LOGCATION =£15.87/705X e 1OHEAN CHORD (FEET) =F18.a/7/
{ 439, : 245X 191'ROCT CHURN (FEET) =C1%9.8//39Xe23HSTOCK DIAMETER (INCHES)
B0 J2H SE1L«8/7/74X e LIHDISTANCE (ON MCAN CHORD) LEACING EDGE TO
4ul, G19HOLTOCK CL (INLCHES) ZE1%608//73%925HDISTARCE (O MEAN CHORD)
442, DIGHTRATILING LUCE TO STOCK CL (INCHES) =E1S.08 )
un s, GO 10 1
iy, St VRITE OUTPUT TAPE 205u€quToSPANvCRLOOPo(SLOIR(I)oDIF(I)o
Do 11=1.007)
‘ LI 5454 FOHPAY(IH)S&Yo\“H[RROR RCTURN  NO CONVERGENCE ON
y47. 122HL0CATIGN T EXCELDEDZ1IHO29X »
4hy, S1ZHTOTAL ARLA ZE194302X00HSPAN =ZE15¢8¢2X e 4HCR =E15.8/
.
G zg i
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#3487 449, ~ 31H026X+ 15HSTOCK LOCATIONS30X e 9HUNBALANCE/ (1H026X s
1347 450, 4E15.8027X0E1548 )
01350 4S). .. GO %0 L

01351~ w52, END SRR e

e« P——

END OF LISTING. ~ 1 ¢DIAGNOSTIC* MESSAGE(S) .
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APPENDIX E
Computer Program Documentation for Stern Plane Design
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¥

! DESCRIFTTON »

A. Purpose
The purpose of the nrezram is to give the loval Architecturc
Department a tool hy whilch they can obtain stern plane designs in

the mininur: time at the miniinum conc,

B, Generzl Method

Gl imii

In general, the method of finding the optimum stock locetion
follows the following proccdure:
! (1) An initiel gcounctric configuration is determined by the
Naval Architecture Depariment. AU the same time they determine
the speed of the shilp and other pnysical constants,

(2) Given initial 1ift and hinge moment cocfficients (or

lists of hinge moment and lift coefficients) the pwogram crrives

% at corrected coefficients. The corrected coefficients may also
be "read in" in which case the program skips over the correction

% phase and just determines the torques and unbalaince,

"q

(3) wWith the corrccied coefficicenis and the initial geomelry
the program determines on initial wnbalance.

(%) Tae program increments the original stock location and
determines a second geometry and unbalance.

(5) Using the previous two unbalances and stock locatcions
the progran determines a new geometry and stock location,

(6) The program repeats (5) until the unbalance 1s less then

some "“read in" epcilon, If during steps (3) or () the program

‘ arrives at a small enough unbalaence it accepta that geometry as

the ansver,

SU—— ——
i ‘ ;y . ”
F A I et
A b ®. :
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Flow Chart main program "Stern Plane"

R
Set
Sjumpson's
Multipliers .
Q- T .
Read in
Title
Yes
Unte out 1s 5
Litle "2 ZLAM
i ~_--Z1AM is Taper
’R°ad m Ratio
Shlp's Yes i
Consitants - T
CRATY as a
Initialize §‘£,,’-3§‘%‘;’.’;m°f
i built-in
s o curves
frite
out
put
Read‘ in
Control
Chavactexs.|
0,(-) § Read in Balance
— JRatios sAngles, |
lanq Final -
{Cocfficients
/
Read in
Dinension
cliien
r Y/
A : vy \J)
[l
(]
W ,




Write out
ERATY
Tadble

NMODE
-

Write \ l&\
out an -3+ .
Indlce J
L=1
P
Make various
eomputacions
to obtain 1st
corractions
to Coeffs.
R

Correct Hinge

Homent and
Lift
Coefficients

L

Meke stream-
line curvea-
corrsctions
to

(EE) COeftic}ents
iICompute:Total

ft Porce &
drodynamic
rque (QH)

==
ompute: Normal

Eome and

riction Force

and Friction
rgug:LQ

17




Ick largest

Torque(QH QF QA)q
Pick most negative
of (QH-QA»QFSm

ri¢tzs out

Answers
CrF, DIPF
A

R T T———
-
e .

?

rite out
an Error

]

DIP

=(QH QF QA)mx:
G (QH‘QF‘QA)W

J

'S

Return “Ng[*
yonvergenge"

/

Obtain new cr
from "Falge
Position" using
last two Cr‘s
aund DiP's

é; . :

t

Adjust
Qeometry

.
C)_ y

. “‘ﬁ"-.‘“ e

AT

g
-
%
.
3
3

18




Flow Chart for Subroutine OPMODE

Main
Program

Test = 0.0
Compute:

EELL J,Mg
ALPE(J , ¥

-,0
SET-1

+

Rea ns

; ;
»M
CLN M)

J M, NU

a
NUMPTS?J

AI)L{J W § m‘I‘ (
(3,1, N0 1,

1
J
J
J

CL%
CH

Look up CLIN(J M)
using Subr., TABL}A and
TABLES ADL(J,M,NlU)and
CLN(J ,M,NJ)

S

4

Write Out:
BRR{J),DEL(M
ALPE(J,M),
SLIN J,HE,
CLER(J,M),
CLRAT(J)

|

Compute:
CLERAT(I,J)

Write Out:
YDBS(I)
ERATH(I)
CLERAT(I,J)

-0 \
: ]? Write Out:
Ccmoutes BRR(J ), Pr1.(M)
CLEE(T ,M) ALPE(J,M),
CILEL(J,H),
CLRAT(J)
Computet
CIERAT(I J)
‘ 7 M — —
L ’i




Compute:
XTEST

"'oo <

A
CL(I1,J,M)

= XTEST

Look up CH(I,J,M) from
CL(I,J.M)

Write Out:
BRR(J),DEL(M),
L(I,J,M)

using Subrout,

TABLZK and TABLES CHN
J,M,WU) end CLH(J,M,NU

Main Progr




L.

e

Flow Chart for Subroutine TABLZK

S1=S1+1

able Ascend
2scend, or

— =

21

S1 should be initialized in
main program, TEST = 0.0 in
main program, NIL = Number
of elements in table.

LOL=LOL+1

ANS =

Write
Error Info.
\TEST = 1.0

<
N TABLV(LOL+1)

Value

ANS = Linearly
Interpolated < Interpolate

LOL=LOL#+1




G. Programmed and Mathematical Notation

Mathematical
Notcation

< ¢
€
Lift
%
cnf
an
Q
7
QarQutQ,

ell

Attack Angle
Dewnwash Anjle fi- Clliplics] L‘:.J."nj EELL(J,M)

Total Lift

Hydvodynamiec Torque

Noirmal Force Coefficient

Normal Force

Priction Torque

Allowance Toirque

Upsetting Moment

Restoi*lng Moment

Programmed
Notation

_ALPE(J,M)

ZLIFT(M)
QH(M)
CNFC{M)
FNFC(M)
Qr(M)

QA (M)
CMONMU (M)
CHOMR(M)

2ne FORTRAN expressions for the other veriables are found

where the variable appears in this report,

H, Uidts

Physical
Quantity

Lengths
(Geowetric)

Input

Output

As listed on Output

Lengths (Aras)As

Areas
Speed
Angles
Density

Forces

Torques

As
As
As
As

As
on

As
on

liasted
listed
listed
lioted
listed

listed
Outpue
ligted
Output

on

on

on

on

on

Output
Output
Output
Output
Output
Lbs,

Lbs,.-1ach

b

During

Execution

Feet

Inches
(Feet)?
Ft/sec,
Degrees
Ih.-eec.?/rt“
Lbs,

Lbe~inch
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-’ Es Definition o Data Variables
Wormat
Card 1 Title T2 BCD Characters 12A6
Card 2 Title 72 BCD Characters 1276
Card 3 AP Plane Area Sq.Ft; E13.7
AT Total Area (Sq.Ft E13.7
AP Initial Flap Area (Sq.Ft) E13.7
OMECA Sweep Angle of 1/4 Chord (Deg.) E13.7
cB Chord Forward of Stoclk (Feet% E13.7
Card 4  CF Chord Aft of Stock (Feet) E13.7
cT Tip Chord (Feet) E13.7
CR Root Chord (Feet) El3.7
s Span (Feet) E13.7
SF Span of Flap (Feet) E13.7
Card 5  ARE Aspect Ratio E13.7
v Speed (Knots) E13.7
RI{O Density 05 Su}t Viater
(Lb.=-sec.=/Ft*) E13.7
2 2K 1-Cp /S E13.7 .
PAY Trailing Edge Angle (Dzgrees) E13.7
Card 6 AU Fricticn Coefficient E13.7
RAD Heighted Radious (Inches) E13.7
ATOFAC Allowance Factor for Computing
Allovance Torque E13.7
CIINC Initial ACPF (Feet) E13.7
YA\ Spare E13.7
Card 7 EPSLOR Balarce Bpsilon (Lb,-In.) E13.7
S1 Spare E15.7
s2 Spare E13.7
S3 ©  Spare E13.7
ASYARE Spare E13,
Card 8 SPFCHEA Span for Changing Area (Feet) E13.7
Card 9  NYDES Number of Y/(b/2) Stations ' 15
RT Maximum umber of Iterations 15
: HDEL1 Total Rumber of Defleeticn
' . Angles 15
f 1MODE = 0 Lift and Hinge Moment 2
: Coefficients obtained from _
R s Input Pointa
1 ) : = 1 Coefficients Read In 15w
! BDEY, Nutber of Daflection Angles Uused
{ “to get fivst Approximation to
! Cocfficients 15
i
| | /79
A o —— %




a

Card 10 YDBS(I)
NE =0 IfNT=0
If NT £ 0
Card 11  BRR(J)
Card 12 DEL(M)
Card 13 CLBL(M)
Card 14 CHBL(M)

Y/(v/2) I = 1,NYDBS

£411 in cards 11-14%, 14 becomes
last data card

omit cards 11-4, fill in 15~
through end of data

J =13

Deflection Angles (deg.)
M = 1,NDELl

Balance Ratios

Finzl Lift Coerfficients
M = 1,IDELl

Final Hinge Moment Coefficients
M = 1,NDEL1

Go to Final Calculations

NT £0
Card 15
Card 16
Card 17
Card 18

Card 19
Card 20
Card 21

Cards
22A,22B
22¢

Card Set
2>

BRR(J)
ADEL(J)
CSLA(J)
DEL(M)

If NMODE =

If NMODE =
CLIN(J,M)
cL(I,J,M)
CH(I,J,M)

NUMPTS
(3,M)

CLN(J,M,1U

ADLZJ,H,HU
CHN(J,i{,NU

End of Input Data

Balance Ratios J = 1,3
et J =1,3

Clog 9 =13
Deflection Angles

M = 1,NDEL1

last data card

1, £i11 in cards 19, 20, 21 - 21 becomes (;;" g

a4
Format

5E13.7

o % (A' ~/

(it

3E13.7
5E13.7

SE13.7

SE13.7

3E13.7
SEL3.T
3E13.7
5E13.7

First Approximation to Lift YE13.7
Coefficients M = 4L,NDEL; J = 1,3
Lift Coeffilcients M = 1,NDELl; 6E13,7
I =2 I,NYD 3 J = 1,3
Hinge Moment Coefficients 6E13.7
M=1,NDEL1; I = 1,NYDBS; J = 1,3
Number of Points on Input Curves 1015
M = 1,NDEL; J = 1,3 werd,
Input Table of Alphas F10.6
Input Table of Lift Coefficients F10.6
Input Table of Hinge Moment Co- F10.6
efficients NU = 1; (NPTS =
NPTS(J,M) )3 M = 1,NDEL; J = 1,3
o 16

0, omit cards 19 through 2), fill in cards
22A, 22B, 22C and cards in set 23

I — ]
y B R -
-\ 3 -\\l‘ ’
e ady -t o - .




v 27
Area of Plane | Area of Stabilizer
< >
C
- T e
% A
0]
i
\uv
L
(o}
[€— Cp—xH< C —
b o (7))
= cm -
o w
Q
w X -
(s} :%
4 9
—
9
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£t
(o]
< CR —
(o] >
SpRCHA — —
Y - ——— .
——— — __VB Hull Angle e B
| Figure C, Stern Plane and Stabilizer
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Center
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PROGRAY STPLT(UINPUT sTAPRPFS=INLUT 4~ TOYT ZTAPFE=AUITOUT)
UPDATFD FORIRAN SUURCE DECK F L R SIFRN PLALGY
FOR USE ON CDC 6000 SFRIES CIivogTsiey

DIMENSICN FSTAB(15)

TOROQUF CALCULATIONS

DIMENSIOMN DIF(10C)9CFIRCIVIN&TITLE(25)4YTRS(15) ¢RR(0% )

1ADEL (0519 CSLA(IUS) sDZL(15) 2L (150u501
FALPE(CS91C) 9 CLEFIUS915) o CLFRAT(IS9LE ) o ‘
GERHB( 1S ALTEL (X8 X2 L (151322028 N EACTE (L 15 )T ACHAE 1B | o
CSFACTHI19)sACLCISe19) 9ACHC I .S5915) 9 X (2}, I

GSPATCACLO0L) sPATERI200) sCLELITG ) 21N LR 4QF7 (0843
TSCCUUS ) oCLEEL (UGS wDEESTIVS Y 90T TIOR3 157 54 TRy 159

ACHBLO IS Yo LLIFTUIS ) alHI LIS s DCLRASI LS ) «FTHOLNG( ]
CENECEYS ] wFMECCES ) aDF (1S Y eCAC¥ LU 130 s CAD KT ILS
DIMEMNS TG DSUBSYLITI0D) sRSUBZ LSC ) $DSURR (25 o S (

JCLCU1595915)9CHCI1595915)CFCEATI1D)
DIMENSTICN XTRELILIS) o XTRMIC15)

19)

COMMIt, WDEL9RDEL L o NYDESsCL s C=o CLINSNSET 35031
TSUS2 98B 4! UBLGSUSE GNSUR] 4 NSUED JNSUIAR(NSIIR (NGTUIRT

2EC LL s ANEL 9 < oD L o ALPF o CLEF o CLRAT 4 TLFRAT 47 =ATL 4YNRS,
ARIRPAT M

DATA FIMNISH/AKHEND CF/

SMLUL)Y=1.

S"‘L(Z):L&o

SML(3)=2,

SML(4Y=4,

SMLIS)=1.5

SML(5)=2,

S'VL(-":.:

RE \D 6T (TITLE(I)sY=1424)
FARMAT(12A6/12A4 )
FECTITLECL ) eECeFINISHY GO TGO BOCw

PRINT 6Ry(TITLECIYol=1424)
FOAIATLIHLZIR024X 4 Y24/ 1RDD4X 4 1 2A4 )

INPUT OF SHIP (NNSTANTS

READ TUVAFP GAT g AF gOMFGA IR 4(F el T e RSy
15F o ARE 9V IRHC o Z<CaPHT s AUIRATD sALTFACICFINT 22T
FFPSLOMeSY 0C2 4527 4MSPARE

READ BUBLU ¢ SPFCHA

FORMAT(F 1347 )

SAVE RFAC IN CF AT BEGINNING

CFINIT=CF

AFIMIT=AF
CRINIT=CR

ADART = ARF ¥ (ADF+4,4,21)

FTA= ] g = OUUSHPHT ¥PH ]

CM=(CT+CRI/ 7

2LAM=CT/CR

N=eHARUOH] 6BBAVEYR] (08

ouTPUT OF INPUT
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PRINT 669AP s CBICF ¢ AF yCT2sCR4AT+CM
66 FORMAT (1HO// /760X +s10HINPUT DATA//23X,
120HARFAS IN SQUARE FEFTA46Y 3 14HCHORDS [N FFFT /35X,
212HPLANE AREA =F11.5934Xs144F WD OF STNCK =F11457/92Xs
314HAFT OF STOCK =F11e5/28X4s13HINITIAL FLAP ARFA =F114¢54
443X95HTIP =F11¢5/100Xs6HRQOT =F11e5/27%s
520HINITIAL TOTAL AREA =F1l1¢95342X6HMIAN =F 11,5 )

PYINT 661 9 SF sOMEGA ¢V SsRHOWPHT o

1SPFCHA »RAD s CFINC +EPSLON
661 FOPMAT(///23Xs13HSPANS IN FEET&43X

127HMISC. INPUT WITH DIMENSIONS/33X,

214HSPAN OF FLAP =F1145515X419HSWFEP ANGLF OF 1/4
E 314HCHRD DEGREES =F1145/9UX+16H3PEED IN KNOTS =F1145/23K

424HSTABLZER + STERN PLANE =F1145,22X+8HDENSITY

518HLB SEC SG/FT 4TH =F11e5/77Xs2UHTRAILING EDGE ANGLE
69HDEGREES =F1145/22X925HFOR CHANGING PLANE ARFA =F1le5024X0
724HWEIGHTED RADIUS INCHES =F11.5/8%Xs1SHINITIAL DEL CF

ope oo

REHFFFT =F1145/8B3X+?23HBALANCE FOQILON LR=IN =F11,F )
: C
C
3 C INPUT OF CONTROL CHARACTERS
C
READ 2yNYDBSeNT o NDEL 1 s NMODE o NDEL
10 FORMATI(5F13.7 ) |
2 FORMAT (515 ) |
NTTEST=1
PRINT 662 yARE s ZK yAUYALCFACZLAM,
INT

662 FORMAT(1HOUZ22Xs24HDIMENSIONLESS INPUT DATA/33X, |
: 116HASPECT RATIO =F11e5/730X 4 13HCONSTANT 7K =F11645/730x,
217THFRICTION FACTOR =F11e5/2GX414ALLOWANCE FACTOR =F1145/
234Xy 13HTAPIR RATIO =F11e5/724X,

423HMAX NOe CF ITERATIONS =15 )

CORRECT OPMODE TO GET BR ON CL RATIC TARLF |
AND TO SPECIFY READ IN CL OR LOOKED UP (L |

a¥aNa¥a¥a!

READ 10 (YDBS(I)e1=19NYDBS)
DO 19 I=1sNYDBS
DELC(1)=(CR-CT)I*YDRSI(1])

19 ClI)=CR-DELCI(])

IFINT)664+6661663
664 NTTEST=0
! READ 3 (BRREJ)YsJ=1,3)
READ 100 (DELIM) gM=] ¢NDFL )
C"CRAT(4)=CF/Cl4)
READ 100 (CLBL(M)sM=14sNDFL 1) |
, READ 109 (CHBL (M) 4M=14NDEL 1)

GO TO 666

C
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663

3

2099

209R

209

20C
99

201

7011 FORMAT(1H158Xs13HF RATIN TASLF/Z/1H 4LEX,

70

9999 NSET=2

900

INPUT OF DIMENSIONED QUANTITIFS

READ 39 (BRPRIEJ)9J=143 )9 (ADFL(J)eJd=193),
1(CSLA(J)sJ=143)
FORMAT (3F 13,7 )

DO 209 J=143

ZIMP(J)=ARE®*,1/CSLA(J)

IF (Z2ZIMP (J)=65999G69)2099,20G68,2058
ORNGE=Z21MP (J)

CVAR=2,0

GO TO 6666

IF (Z21v¥P (J)=6.00001)209920%y2nQ0
CONT IMUE

READ 100 (DELIM)Y =1 yNDEL L)
6666 A ERROR RETURN «wRITE AT £ND OF PROGRAM

COEFFICIFENTS wlILL 2E BJILT INTO THE PROGRAM
COMPUTATION OF TABLE CN PAGE 5

CTOT=CB+CF

THFRE WwlLL 8F I FQUATIONS FOR ERAT4( 1)
IF(ZLAM=,2699999613G,20C+200

IF(ZLAM=Y ¢000990)201 201490

ORNGE=ZLAM

GO TO 6666

ERATA(1)=)e4h0=4Q00%#Z L LM+, 2640%Z AMBZ AN
FRATG(2)=162129G9G-,5520GQRBX7| AM+,]135C0QG %2 AMRZ | &AM
ERAT&4(3)= —el1C*ZL AN+ 1332334 1 ¥ 2L AMKZLAMS ,GERL666T
ERATG(4)=4763333344,32355GC1#2LAV=,9233376R5 (147 LAM*7 LAY
ERAT‘O( 5 ) =0“3567652‘ZL:~""( 1 09857:’6*ZL“*"" ( "2 0\13:2 .J:)S*
1ZLAM*(1,2058122-21LAV*C,32157085 1))
ERATAL(6)=eb5416344LF=C1+2LAV(E,144332G47 L A%
1-8e1702714+7LAMR(6,55025=2LAM® 2 ,1401547)))
ERATL(T)=2e40

PRINT 7011

V45HE RATIC 4 AS A FUNCTION COF Y/Z(B/2) AND LLAMERAZ// )
PRINT TOsZLAVS (YDRS(])4FRATL (T4 =1sNYDRS)
FORMAT (1HI29X s 7THY/(B/2)1EXsTHE PATIOL11X

18HLAMRBNA =E165,8/(14U35XsE15684F23689) )

IF (NMCDE) 19194999G,4191°9

NSUB=0

PRINT 900
FORMAT(IHC//7/71H029X 9 2EHTHE LIFT AND HINGE MOMFENT
145HCOEFFICIENTS ARE OSTAINED FRAM INPUT POINTS, )

CALL OPMADE

IF(NSI'IQ)RT787+1106+87R7 {

1919 NSET=1

NSUB=0
PRINT 901

H-35
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901 FORMAT(1HO///1HO40Xs26HTHE LIFT AND HINGE MOMFNT
123HCOEFFICIENTS ARE INPUT, )
CALL OPMODE
IFINSUB)BT7874,1106+8787

8787 PRINT 8788

8788 FORMAT(1H141Xs35HSEE PREVIOUS PRINTOUT TO NFTFRMINF
115HERROR IN OPMODE )
GO TO 1
20 STARTS THE COMPUTATION AND CORRFCTION LOOP

1106 L=1
CFIR(1)=CFINIT
FKl=e2%S/(34%AT)
20 DO 21 1=1,NYDBS
CFCRAT(1)=CF/C(1)
IF(CFCRAT(1)=414999999)2U5,4206,206
205 ORNGE=CFCRATI(])
CVAR=1.0
GO TO 6666
206 IF(CFCRAT(1)=-4600)207+207,208
208 ORNGE=CFCRATI(1I)
CVAR=2.0
GO TO 6666
207 GO TO 21
21 CONTINUE
BR=CB/CF
DO 22 1=1sNYDBS
CHD(1)=CFCRAT(1)#(-e17987426E-01+CFCRAT(]I)*(,06127221+
1CFCRAT(T)*(~-,05023323+CFCRATI(]1)%#,01934741)))-
2¢75431806E-02
AIDEL(I)=CFCRAT(I)#(-2431441474+CFCRAT(T11%(3,624880¢6+
1CFCRATITI ) *( 4 6860865+CFCRAT(T)I%#247272692))) =
210356066
ZY(1)=-AIDEL(I)/4575
22 22(1)==CHDI(T1)/,00872
FK2=e2%SF/3.%CF/AF
DO 23 1=1sNYDBS
FACTL(I)=SML(I)*C(1)%Z21(1)*FK]
23 FACTH(T)=SML(T)#Z22(1)%FKZ2

BFFORE CORRECTING THE COEFFICIFENTS THF TARLES 0N
PAGES 12 AND 13 MUST BE WRITTEN OUT

PRINT 84B4UIL s CFesCRyAFBR
8484 FORMAT(1H1ISOXs25HTHIS IS ITERATION NUMBRFR 13//7/74X,

120HCHORD AFT COF STOCK =F1548993Xs20HCHORD FuWD OF STOCK =F15.8414X,

211HFLAP AREA =F19,8//45X924HBAL ANCE RATIO COMPUTED =F15,.8
PRINT 119U (YDBSITIDELCII)eCULI)9CFCRAT(1)
TAIDELCINWZ 1IN s CHD(T Y 92201 )sl=14NYDRS)

1190 FORMAT(1HUALXe36HCORRECTION TO CF/C AND COFFFICIFNTS
1BHOBTAINEC/ /76Xy THY Z(B/2)YIX o THDELTA C13Xo1HC14X

PUHCF/CTX g 14H AIDEL AX s 2HK 110X 4 12H CHD BX o
12HK2/ (2X 4 RF16,4R) )
CFCF=CFecF

H-36
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PRINT 11919 (YDRSITYoaSMLUTYC(TI)9Z1(I)s
LFACTL(1)sCFsCFCF 42211 sFACTH(I)sI=1aNYRPRS)

1191 FORMATUIHU36X33HINTEGRATIAN EACTNARS FR=2 LIFT AND
125HHINGE MOMENT COFFFICIENTS/ /76X 4THY/(R/2)8X s
22HSM]I4X 9 JHC12X 9 2HK 19X 9 BHFACTOR 1LQX 4 2HCF O X,

31 0HCF SQUARED8X ¢ 2HK29XsBHFAITOR W/ (3X 457 14,47) )

CORRECTION FOR HINGE MOMENT ALD LIFT COFFFICIFNTS

aNaNa)

DO 80N J=143
DO 799 I=1sNYDBS
DO 799 M=1.NDEL1
CLCUT o JsM)ISFACTLII)I*CL(ToJsM)
799 CHC(lI o JoM)=FACTHI(T ) *CKI(TeJs™)
DRINT Vi
777 FORMAT(1H139X,334TABLES OF AVFRAGE LIFT AND HINGF
119H“OVENT COEFFICIFNTS/1H 44Xs]17HAS A F'NCTION OF
225HTHE ORIGINAL COEFFICIENTS )
PRINT TTTTeBRRACI) 9 (DFL (M) 9™M=1 4NDELY)
7777 FORMAT(1HU1IXs5HBR =E15,8/56X425HAVERAGE LIFT COSEE[CIFNTS//
16X s THY/ (R/2)9Xs34FACTOR LA&XsSHOFL(]) =(FBe5+571545/
2UDX W FR5,5F16,45) )
NO 55551=1sNYDBS

5558 PRINT TOTUIYDBSUI)eFACTLITI) 9o (CLC T oJoM)
TV 4NDFLYY
7070 FORMATI(IH 1X98F 1648/ (34Xs6E16,8) )
€
C

20 7000 M=1.NDELL
DUNMDUM=CLCI1sJeM)
CO 6999 [=2+NY3BS
6999 DUMDUM=DUNMI UM+CLC( T s JeM)
7000 ACLC(Js¥)y=DUMDUM

prINT 70029 (ACLC(JaV)eM=] oNMDEL T

7002 FORMAT(1H 6Xe27HAVERACE LIFT COFFFIZIENTS =(6F16,87
135X96515.8) )
PRINT 5557

5587 FORMAT(IHUSOX933HAVERAGF HINGE VOMENT COREFFICIENTS/
VEEX 3 21HFOR SAME DEL AS ABOVE//SXWTHY/IR/2)1SX 4BHFACTOR W )
DN &684 1=]1,NYNBS

8554 PRINT TGTOWYDBS(I) e FACTHIT ) o
1(CHC T s JsM) y¥=]14NDEL )
DD 6998 M=1sNDEL]
TUMDUM=CHC (1409 M)
"0 6997 1=2+NYDBS

659397 DUVRIUM=DIIVDUMECHC I T o J e M)

6992 ATHCt JeMY=DUMTCUM

PRINT 55509 (ACHC (J4M) oMl 4NTFL L)
8550 FOPVMATI( 1= 6Xe27HAVFERAGE HINGE MOMEMT COFF =(6F 16487
135X4aF 16,81 )

30C CONTINUE
N0 1001 M=1,ND7L1
PO 1000 J=1+3
X(J)=RRR(J)

1000 Y(J)Y=ACLCtIWM)
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CALL PARA (XeYsAsBsD9sS1sSPATCH)
1001 CLBL(M)=BR*¥(B+BR*¥A)+D

C
C STREAM LINE CURVATURE CORRECTION
C
X(1)=,2
X(2)=.4
X(3)=,6
DO 1007 J=1+3
SCCVI(Js1)1=6326948+ZIMP(J) ¥ (¢99243073F U1+ 1MP(J)*(
1-e54308508E-02+2IMP(J)Y*(—4B1283762F ~03471MP(Jy*
2¢90715143F=N4)))
C
SCCVIJ92)=e26836844+2MP(J)*(4Q8016266F -0 1+71MP(J) *(
16319038 12F=N2+721MP(J)1%#(-e?213700QCQF-ND2472 VP ()%
2627182373E-03)))
C
SCCVI(J93)1=e19913176+2ZIMP(J)*¥(98L13575F=01+2IMP(J)*(
1-e34114450E-03+2IMP(J)*(—e2241834L8BF-C2+721MP(J)*
26 044L9T4LIE-03)))
C

Y(1)=SCCVI(Jsl)
Y(2)=5CCVI(Js2)
Y(3)=8CCV(Js3)
CALL PARA (XsYsAsB¢sDsS1sSPATCH)
1007 SCC(J)=CFCRAT(4)*(BR+CFCRAT (4)*A 4D
FRAT(1)=CFCRAT(4)*¥(3,69]11194+CFCRAT(4*(-5,3006255
14CFCRAT(4) % (447559953 -CFCRAT(4L)*2,027954R)))+
2¢3009245
FRAT(2)=CFCRATI(4)*(2,9318B192+CFCRAT(GL ¥ (=4 4,362591°2
1+CFCRAT (4 )% (44256416-CFCRAT(4Y%]1,9114248)))+
223854534
FRAT(3)=CFCRAT (4 )% (2 48381T7T7+CFCRAT(4)%(=-4,4,3123685¢4
1+CFCRAT (4 ) *(6,4832962-CFCRAT(4)%#3,2634041)))+
2¢91151472E-01
PRINT 670
670 FORMAT(1H129Xs34HCALCULATIONS OF VARIOUS CONSTANTS
139HAND TABLES OF HINGFE MOMENT CNFFFICIENTS
DO 1009 J=1+3
PRINT 8182
8132 FCORMAT(1HC55X9s20HCALCULATION OF DELSC/IHUBX,
13HARR1IAX 4 AHSCC1OX s3HFTA?IX 4 10OH FRAT 12X
26HAPART 17X s EHDELSC )
CLDELIJ)=ATEL(JY¥CSLA(JY*Z]1(4)
DELSCUU)=SCCUII#FRAT(JI*ETA/APART®*CLDFL (J)

PRINT B29293RRIJ)sSCCLI)FTA,
1FRAT (J) sAPARTWDELSC ()
8282 FORMAT( 6E2248 )

NO 1008 M=]1+NDFLI
DELCHUJsM)I=DFLSCIJY#DFL (M)
1002 CACHC(JoMI=ACHCI JoM)=DFLCHIJsM)
PRINT 1110
1110 FORMAT(IHCLUAXs36HTABLE OF HINGT MOMFNT COFFFICIFNTS/ZGEX
136HWITH STREAMLINE CURVATURE CORRECTION )
1000 PRINT 101G oB3RROJ) o (DEL (M) 9 ACHC (JaM) o

H 38




[ 1DELCH(JsM) 9 CACHC(JsM) yM=1,43NDFL])
1010 FORMAT(1HOIX s 15HBALANCE RATIO =F15,8//7/9%,
126HDEL PLANE DEFLFCTION ANGLESX 42 sHUNCORRECTED AVFRAGE CHF17X

2+ THDEL CHF23X913HCORRECTED CHF /(529484 31.892F32,.8) )
€
C
C

PRINT 903 4L sCFesCRyAF 4RR

903 FORMAT(1IH149X426HTHIS WAS [TERATION MUMQIR [/ /64Xy
120HCHORD AFT OF STOCK =F154849X420HCHORY FWD OF STOCK =E1548,
214Xs 1 1HFLAP AREA =E15,8//7/748X 3 24H3ALANCE RATIO COYPYTFEN =F16,8
3 )

TOTAL LIFT FORCE AND HYDRODYNAMIC TORQUF

NNON

PRINT 6637 :

6637 FORMAT(1HO38Xs30HTABLF OF TOTAL LIFT FORCF AND
119HHYDRODYNAMIC TQRQUF//2X+21HDFL PLANF DFFLECTION
25HANGLE 11X s 4HCLBLITX s 1ICHTOTAL LIFTIT7TX +4HCHBRL 19X
2 19H QH )

GO TO 669

666 PRINT 3737

3737 FORMAT(1H138Xs30HTABLE OF TOTAL LIFT FORCE AND }
119HHYDRODPYNAMIC TORQUE//Z2X421HDEL PLANF DFFLECTION
25HANGLEL1IX s 4HCLBL17X 9 1CHTOTAL LIFTI7Xs4HCHBL19X
319H QH )

669 DO 38 M=1\DEL]

IF(NTTEST 166836689667

667 DO 37 J=1+3

X(JY=RRR(J)
37 Y(J)=CACHC(JsM)

CALL PARA (X4sYsA4R4DyS1s3SFATCH)
' CHRL(M)=RR*(BR*A+B)+D
4 668 ZLIFT(M)=CLBLI(M)=®Q*AT
QH(M) =CHRL (M) *Q*AF*CF*12
38 PRINT 38389DELIM)4CLRLIM) $ZLIFT (M)

1CHBL (M) 9QH (M)

3838 FORMAT(E20UeB84E324891E2448B9E22348+527,8) |
C !
C COMPUTE NORMAL FORCE AND FRICTION FORCF
C

ETAO=CFCRAT(4)*(141771127+CFCRAT(4)*(-2464B5433+
1CFCRAT (4 ) *(4Loa63045B6-CFCRAT(4)%2,8205127)1)+
2439975747F-01 '
FTA?=24037h/«R*CFCRAT(4)=2,547 i
PRINT B3B39sETACWETA?2 !
8383 FORVATI(1IHO///5NXs6HETAD =F 15687 /50XeAHETAD =£15,87/7/7 )
PRINT 2222
2222 FORMAT(IHULOXs35HTABLE CF NORMAL FORCE ON PLANF AND !
115HFRICTION TORQOUF//3Xe16H ANGLE 2%
210HIN RADIANSTX s4HCLBLYX96HCLETANBX ¢ 6HE TOLNG 10X o AHCHF it
211X AHFNFEX s 12HSTABLZR LIFTTIX e 2HOF ) ;

DO 45 M=]14NDEL]

H-39
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DFILRAD(M)=3,14159265/180e%DEL (M)
ETDLNG(M)=-ETA2%#DELRAD(M)
CLETAQ(M)=ETAO*CLBL (M)
CNFC(M)Y=CLETAO(M)+ETDLNG(M)
FUUFC (M) =CNFC (M) ®Q*AP
FSTAB(M)=ZLIFT(M)=FNFC(M)*COS (NELRAD(M))
QF (M)=FNFC(M) *AU*RAD
45 PRINT 4545 eDELIM) 4y DELRAD(V) 3CLBLIM) »
VTCLETAO(M) sETDLNG (M) 9 CNFCIM) s FNFCIMY4FSTAR (M) 4QF (M)
4545 FORMATI(3X99E1447 )
C
C ALLOWANCE TORQUE AND TOTAL TORQUF
C
PRINT 2323
2323 FORMAT(1HU&43Xs30HTABLF OF ALLOWANCE TORQUE AND
112HTOTAL TORQUE//3XsS5HANGLEIX s2HFNF11X e 7HOH + QAEX4s7HGH - QATXs
27HQH + QF8Xs7THQH = QF10Xs2HQA9X,12HOH + QA + QF3X,
312HQH - QF - QA )
DO 48 M=14+NDEL1
QA(M)=FNFC(M)*ALOFAC*12,%CF
CMOMV] (M) =QH(M)+QA (M)
CMOMR1 (M) =QH (M) -QA(M)
CMOMV (M) =CMOMVI1 (M) +QF (M)
CMOMR (M) =CMONMR1 (M) =QF (M)
XTRPL({M)=QH(M)+QF (M)
XTRMI (M) =QH(M)=QF (M)

48 PRINT 4B4LBsDEL (M) 4FNFC (M) 9CMOMV1 (M) sCMOMRIL (M)
1 XTRPL (M) 4XTRMI (M) 4QA(M) CMOMV (M),
?CMOVMR (M)

4849 FORMAT(F11e548E1545 )

BCMOMV=CVMOMV (1)

DO 49 M=2yNDEL!]

IF( CMOMV (MY —-BCMOMV)IGG5949,549C
490 BCMOMV=CMOMV (M)
49 CONTINUE

SCMOMR=ARS (CMOMRI(1))
DO 50 M=2sNDEL1
IF(ABS (CMOMR(M))=-BCMOMR)5095049491
491 BC'OMR=ABS (CMOMR(IM))
50 CONTINUE
OIF(L)=8CMOMV-BCMOMR
IFINT=-1)85854858545440
5440 17 (ABS (DIF(LY)-FPSLONIS454+565445050
5060 1F(L=1150114501145012
5011 !FIDIF(L))IS013+401494014
5013 CFINC==CFINC
4014 CF=CFINIT4CFINC
GO TO %5020
€012 IFINT=1)501445014450109

FALSE POSITION

NANN

5019 CF=(DIFIL-1)*CFIRIL)I=DIFIL)I*CFIRIL=1IN/Z(DIF(L=1)=NIF(L))
5020 AFINCR=(CF=CFINIT)#SPFCHA

H-Yo

R e




IR

e ——

AF=AFINIT+AFINCR
L=L+1

CFIRI(L)=CF
CR=CTOT-CF

GO TO 20

5014 FRRCR RETURN ARITE OUT FALSF POSITION
VARTARLES

aNaNaNa]

5454 PRINT S6661CF
5666 FORVAT(1IH166Xs1GHTHE FINAL ANSAFR [S//ATXsGHCF =7 15,8 )
GO TO 1
C
(@
6666 PRINT 666TyCRNGE +CVAR
6667 FORMAT(1IHI4LOX 3 2R=INDEFENCENT VARTARLE NUT OF
V119WHACCEPTARLFE RANGE/ /2R X2 22HINDFOENDENT VARIARLE =FE15,R,
26X s 6HCVAR =£15,8)
5014 PRINT $41493CMOMR,BCHOMY
5414 FORVAT({IHISOX 4 12F2RNOR PETURN/ANX 3 11HNT FXCEDPREN/ 45X,
11BHRESTORING MOVENT =E£1548/45X,

218HUPSETTING MCMEANT =Z1568 )
PRINT S114s(DIFIL)CFIR(L)YSL=)1WNT)
5114 FORMAT(1HQO&7Xs20HAVMOUNTS TCRQUES ARF UNBALANCED3OX,
‘IISHCF FOR NT TRIFS/(LTX4sE2368927X9F16,8) )
\ GO 10 1
8585 PRINT BEEE&sCFHDIFLYY
8686 FORMAT(1H1S56Xs19HT=E FINAL ANSWFR I5//67Xs4HCF =E15,87/
11R063X s 22HAMOUNT OF UNBALANCE IS//63X+8BHDIF(1) =E15,8 )
GO 70 1
8000 STOP
ENC
| UPDATED FORTRAN SOURCE DEZCK FOR MODES 1 AND 2
SUBRCOUT INE CPMCOCE
CQNVCV NDEL o “OFL 1 oNYDBSsCL sy CHoCLINWNSETSUR]
1SURZ2 ¢ SURRGSURG s SURE GJDSURL 4 DSUR2 JDSURT N SR LMSHIRY
" OFELL sADEL 9 ZK e DEL WALPEWCLEF oCLE AT 3CLERATWFRATGLLZYDRS,
ABRRIyDATCH
C SAME COMMON FCR MAIN PROCRKRAY

OIVENSION CLI15056185)eCHITE S 418)sCLINIS915)sNSURIC1001) 0
IDSUBRCISC) sL'SUP3 (29 ) oFELLIT 013 o ADEL(E )Y oDFL(1S)Y4ALFPE(S415),
PCLEE(Sy IS ) s CLRATIS) 3CLFRATIEIIE o8 ) oFRATLIIS) 4YDRS(]58)4RRP(& ),
APATCHIZ200)

DIMENSION NLMPTSI(5415) W 2DLIS5615420) sCLN(Ss15420)
1CHNI5415420) «CCCMV (200 ) s TABLYV(200)

TEST=C.0

DC B8Ol U=1923

NS BOCV=1 oNDEL

FELLOJoM ) ==ARF L e2CenNFLIM)

100 ALPF(JeMY==FEFLL(JeM)
IF(NSFT=1111611410
11 RKEAD S1 ol ICLINULIWM) ¢M=] NDFLYsJ=141)
51 FORMAT(4F 13,7 )
202 DO 2C4 J=11

Ll i,




T

mn DO n

2041
2043
2042
204
10

900
901

903

902

500

501

S18

Q19

904

905
9858

DO 2041 I=1sNYDBS

READ

2042+ (CL(ToJeM)9M=14NDFL])

DO 2043 1=1sNYDBS

READ ;
FORMAT(6FE13,7
CONTINUE

GO TG S998
CONTINUE

DO 900 J=1»3
RFAD

FORMAT (1015
DO 903 J=1+3

20424 (CHIT oJ M)y sM=1,NDEL])
)

G019 (NUMPTS(JgM) y=]1,4NDEL L)
)

DO 903 M=1sNDEL]
NPTS=NUMPT! (UsM)
DO 902 NU=1sNPTS

READ
1CHN(JsMsNU)

GO2+sADLIJaMINU)Y s CLNIJsMsNU) »

FORMAT(3F10.6 )

DO 18 J=1,3

JJd=J

PRINT 5009JJ

FORMAT(1H1I59X422HINPUT POINTS FOR PAGF 3 )
DO 918 M=1sNDELI

MM =M

PRINT 501 +MM

FOR“AT(1HO 9X 9 14HCURVE NUMBFR =13 )
NP TS=NUMPTS(JM)

PRINT 919, (ADL (JgMoNU) «CLN(JsMINU) »

TCHUNCJ¢MoNU) oNU=1 4NPTS)
FORMAT(1HO15X s 12HALPHA PCINTS 28X,

?218HLIFT COEFF,
AF45.5

POINTS27Xs19HHINGFE MOMENT POINTS/(F27469F42460
)

CALCULATION OF CLINCJsM)

DO 905 J=193

DO 905 M=1sNDEL

NPTS=NUMPTS(JsM)
D0 904 NU=1eNPTS
CCOMV(INU)=ADL(JsMsNU)
TABLVINUI=CLN(JIMINU)

TILT=1.0
COMV=ALPF (JeM)
TEST=0.0

CALL TABLOK(COMV4CCOMVANSsTABLV NPTSsTFST,

1S51+S52)

IF(TFSTYIA0549054906

CLINEJsM)=ANS
CRINT

7031

7031 FORMAT(E1HLIOSBXs1a4nCL RATIO TABLE/Z/Z34X
1640HCL RATID AS A FUNCTION OF CB/CF AND DEL
2234PLANE DEFLFCTION ANGLES )

TTT7T DO 702 J=143

701

DO 701 M=1sNDEL

CLEF(JeMI=CLINIJsMIZEFLLUWM)

HeyL

)




e A

NN

AN

CLRAT(J)I=(CLFE(J92)42#CLEE(J23)+3%CLFF(Js4))/60

PYINT 6004+BRR( )

600 FORMAT(1HO1Xs15HBALANCE RATIO =F443 )
PRINT TO35(DELE  MYSALPF(JeM)sCLINII9M)
1CLEE(JaM) s M=14NDEL)

7102 PRINT 704 s CLRAT( 4y

703 FORMAT(1HUIXs17HDEFLECTION ANGLFSOX 9 4HALPFOEOX s 2HILLTX
17THCL/EELL/(F18,84E20e8+sF6RJRF21 R !

704 FORMAT(1HC52X+10HCL RATIO =F15,48 )
PRINT 7050
7050 FORMAT (14060X s 1NHCL/F TABLF )
PRINT 70519 (CLRAT(J) 9 J=14+73)
7051 FORMAT(1HO&4T7Xs11HCL RATIOLl =E15,891Xs11HCL RATIO2 =F15,8,41X,
111HCL RATIOZ2 =£15.8 )
DO7051=1sNYD8S
DOICSJU=1+3
705 CLERAT(I1+J)=CLRAT(J)/ERATAL(])
PRINT T7052+ (YDBS(T)sERATL(T)sCLERAT(T91)

1CLFRAT(12)sCLERAT(I+3)s1=19NYDRS)

7082 FNARMAT (1HOBXY 4 7HY/Z(R/2)123X+SHERATALIARX
114HCL £ RATIOC(TI1)14Xs14~CL E RATIO(I2)V14Xs14H7L F RATIN(IA) /L
2F22eB3F 27837 25,R42F28,8) )

IF (NSFT=1! 9134917,91¢4

CALCULATION OF CLI(TsJsM)

914 DO 9081 J=1413
TILT=4,0
D0 90R1 M=14NNDELL
NPTS=NUMPTS(JeM) =1
NN 90a] [=14NYDRS
NDAINTM==14/CLFRAT (T sJ)
NN QO07NU=1sNPTS

ANDTFST=0
XTFST=(APLIJsyMaNU+1) %CLN(JIMINU)=ADL (JsMaNU) *
1CINCIyMaNU+1 )/ (DAMNTM ®(CLN(JsMyNUI=CLN(JsMyNU+1)

2=(ADL(JsMsNU)I=-ADL(JoMsNU+1)))
IF  CLNUJsMyNU)=XTESTIQUG+908sc111
Q111 1F ( CLN(JsVeNU+1)=-XTEST)ACBsQ0Q,4907
3CT1L NPTEST=]
307 CONTINUE
908 IF(NPTEST )IG0G490R1,4909
9081 CL(TsJsM)=XTEST

CALCULATION OF CHIT9sJeV)
NO 911 J=1+3

NO Q11 M=14NDFLI

DO 911 I=1sNYDBS

NP TS=NUMPTS(JeM)

DO 910 NU=]eNPTS




e ww

T B T

P i

PRINT 1107
1107 FORMAT(1H143X423HTARLES OF HINGF MOMENT
121HAND LIFT COEFFICIENTS )
PYINT 1109sBRRIJ)§ (DEL (M) 4M=14NDFLT)
1109 FORMAT(6HOU BR =F15e8/1H 47X s17HLIFT COFFFICIFNTS//8X4THY/(R/2)
16X s8BHDEL (1) =(F10e795F1Ba7/25XshAF1847) )
NC 1100 1=1,NYDBRS
11CY PRINT 1110+sYDBS(I) 4 (CL(TsJsM)yM=14NDFL1)
1110 FCRMAT(1HO2XsE1B48s(6F18e8B/21X9AF18,8) )
PRINT 1111
1111 FORMAT(1HO52X+25HHINGE MOMENT COFFFICIENTS )
DO 1200 1=1sNYDRS
1200 2RINT 11109YDBS(1) o (CH(TsJsM)gM=1,,NNEL1)Y
1108 CONTINUE
’ GO TO 916 1
906 PRINT 9Q12+TILT

NN

NAONN

CCOMV(NU)=CLN(JsMsNU)
910 TABLVI(NU)=CHN(JsMyNU)
TILT=2.0
COMV=CL(1sJsM)
TEST=0.0
CALL TABLOY. (COMVsCCOMV4ANS s TARLYV 4NPTS4TFST,
1S51+52)
IFI(TEST)IO114911,906
911 CHT s JeMY=ANS
913 DO 1108 J=1+3

912 FORMAT(IHILIOXs6HTILT =F4e2/1HOIOXs 1IHTILT = 1,0
J47THMEANS CLIN TILTEDe TILT = 2.0 MFANS CL TILTED.

228HTILT = 3.0 MEANS CH TILTED. )
NSUR =1
GO TO 916
909 PRINT 915, TIL T GXTEST |
916 FORMAT(IHIIUXsOBHTTILT =F4e2 9lUX s 7THXTEST =F15,8/1H010X, i
131HTILT = 4,0 MEANS XTEST TILTEN, )
NSUS=1
16 RETURN
ENC i
UPDATED FOF TRAN DECKX FOR SUBRQUTINF TARLOK
ROTH WAYS TABLFE LOOK UP.
SUBROUT INE TABLOK(COMY 4 CCOMV s ANSy TARLVANILsTFST51452)
DIMENSTONCCOMVI(5CU)s TABLVI(SCO) 4yPATCHIS00)
SI:’Ql#‘.
[F(CCOMV(1)-CCOMVINIL) 1400120141300
1201 PRINT 1209
1202 FORYAT(1H14UXs204NO OUTPUT CCOMVI1)=CCOMVINIL) )
TEST=1, |
6O 1O 9999 |
THERF ARF ONLY TWO CASFS& wHFN CAMYV FALLS
INTO FITHER AN ASCENDING OR DFSCENDING o IST
START NESCEND LOOK UP
1300 [F(COVV=CCOMVINTILYIIT1004110141102
1100 PRINT 1102+4COMVCCOMVINTIL) $51+CCOMYV (1)
By
e 1




e ————

1103 FORMAT(1H118X+s6HCOMV= E1l64892X s 7HCCOMV = E16eB892Xs4HS1= FT742)
12X94HCC= E16.8 )

1101
1102
1105

1104
1108

1107

1109

1400
200

100
2000

30C)
3002

3003

9999

-

TEST=1.

GO TO 9999

ANS=TABLVINIL)

GO TO 9999

LoL=1
IF(COMV=CCOMVILOL))I110441105s1100
ANS=TABLVI(LOL)

G~ TO 9999
IF(COMV=CCCMAVILOL+1))1107+11C841109
AMS=TARLV(LOL+1)

GO TO 9999

LOL=LOL+1

350 TO 1104

3B=CCOMV (LOL+1)-CCoMV(LOL)
DINC=TABLV(LOL+1)-TABLV(LOL)
CL=COMV=CCOMV(LOL)
ANS=TASLVI(LCL)+CL/8B*DIMNC

GO TC 9959

ASCENND ASCEND SAME AS COLD RETA

IF(COMV-CCOMVINTIL))1CU»2UL,1100
ANS=TARLVINIL)

GO TO 9999

LoL=1
IF(COMV-CCOMVILOL)Y)1100+200043CCO
ANS=TABLV(LCL)

GO TO 9999
IF(COMV-CCOMVILOL+1))1109,+3002,3003
ANS=TABLVI(LOL+1)

GO TC 9999

LOL=LOL+]

GO T2 3000

FNND OF ASCFND ASCFND

RE TURN

END

SUBROUTINF PARA(X sYsAsFsCesS19SPATCH)

DIMENSTION X(3)sY(3)«SPATCH(10CD)Y

XNDUMI=X(1)

XODUM2=X(2)

XDUM3I=X (3

YpumMl=yt(1)

YDUM2=Y(2)

YDUM3=Y (1)

ADUM=( (YDUML=YDUM21/ XDUM]L =XDUM2 Y =(YNUMI =YD M) /7 (XDUM]I =XDYUMI) )
J(XDUMI=xCUMT)

BDUM= (YDUM® =YDUMZ ) ZIXDUM]I=XDUM2 )« (XDM] + XDUIMD )y s ADM
COUM=YDUML=XDUM LS XDOUMI 8 ADUNM=XDUM]L 10\

A =ADHIV

B =ApDuUM

< =CDuUM

RE TURN

END
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