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tn long tons
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GLOSSARY

Planing surface The bottom of a planing craft, sometimes
used synonymously with planing craft when
reference is to geometric or hydrodynamic
considerations  only.

Prismatic surface A planing surface with constant chine
beam and deadrise,

Scantlings The dimensions (sizes) of structure members.

Standard of Subdivision The degree of compartmentation, denoted
by the number of compartments which can
be flooded without submerging the margin
line, an arbitrary line 3" below the deck
at the ship®"s side.

For other terms see the List of Symbols and Coefficients, the accompanying

sketches, and the following documents:

1. Standardization of Terminology for ANVCE
ANVCE/PMJ: dtw, Memo No. 25-76, 9 April 1976,
with enclosure ANVCE WP-002

2. Standardization of Terminology for ANVCE

6114PI/JKL, Ser 931, 18 March 1976,
with Enclosures (1) and (2).
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ABSTRACT

(V) This report was prepared as part of Task |l of the Advanced
Naval Vehicles Concepts Evaluation (ANVCE).

(U) An Assessment is made of the design and construction of
planing craft and ships, particularly combatants, indicating
the current state-of-the-art and need for further development
in each of the technological areas such as fluid mechanics,
materials and structures, propulsion, human engineering, and
weapons systems. |t is seen that for many naval missions the
most desirable vehicle is, quite naturally, the smallest one
that will carry the mission equipment, and that such a vehicle
requires relatively high speed. The usual resultants of these
combinations of speed and size are generally outside the range
of displacement ship hull types (hydrostatic support) and
therefore require some form of dynamic support. The least
expensive way to achieve this is to configure the hull so that,
as its speed is increased, it lifts bodily from its static
flotation draft and *"planes”™ on the surface of the water. It
needs no lift system. The limitations of the concept, parti-
cularly in regard to size, useful load fraction, speed and sea
state, are discussed. Many naval missions fall within the
practical planing vehicle regime and most fall within the speed
range of planing hulls.

(U) The history of the planing hull concept is traced and
it is seen that: 1) speed capability has slowly increased and
seems likely to continue to do so; 2) great advances have
recently been made in high-speed rough-water capability;

3) large increases in the size of planning vehicles are now
possible. The 100-foot, 72 ton, CPIC-X is cited 3as an example
of the current state-of-the art in all technological areas and
is used to predict the performance of a 200-foot, 576 ton Open
Ocean Planing Hull, and to indicate the feasibility of such
concepts in sizes up to at least 1000 tons.

(V) Incontrast to the image of the sterotyped planing boat,
in which they are generally perceived as small 'runabouts"
capable of operation only in protected waters, the modern planing
ship is, in fact, capable of carrying a very significant useful
load over long distances in the open ocean, at relatively high
speeds, and with relatively good crew comfort. Most importantly,
the cost is relatively low compared to other types of dynamically
supported  vehicles.

(V) At the conclusion of the ANVCE project in FY77, there

will be no ongoing Navy planing vehicle R and D effort in
Advanced Development (Category 6.3).
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SECTION I = INTRODUCTION (U)

A. DESCRIPTION OF THE PLANING HULL CONCEPT (V)

1. (U) The planing hull is designed specifically to achieve
relatively high speed on the surface of the water. Although it is not
essential to the concept of planing, rough water operation is an important
capability to have for most useful planing hulls and this aspect of their
design will be discussed below. The general discussion of the features
which enable a vessel to attain high speed will refer to smooth water
operation only.

2. (U) Speed on the water surface is closely related to the size
of the vessel. Length is the principal dimension used to define speed-
size relationships at low speeds because the resistance of the hull to
motion through the water is especially dependent upon the formation of
surface waves which, of course, move at the speed of the hull. Surface

waves have a fixed relation between their speed and their length. This is

UNCLASSIFIED
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THE PLANING HULL CONCEPT
sometimes expressed, in English units, as the wave speed in knots divided
by the square root of the wave length in feet and this ratio is always
equal to 1.34 (except in very shallow water). The speed/length ratio of
a displacement vessel is similarly defined as its speed in knots divided
by the square root of the water line length in feet, Therefore, when a
vessel moves at a speed/length ratio (Vk//[)*of 1.34 1t creates waves
whose length is equal to the waterline length of the vessel. This critical
speed is also stated in dimensionless form using the Froude Number, FN’*
where the equivalent value FN = 0.40 marks the upper limit of true
displacement operation and the beginning of *high speed displacement™
operation. The reasons for this are given in the next two paragraphs.

3. (U) Below FN = 0.40 the vessel spans two or more waves (of its
own bow wave train), the changes in draft and trim are small, and power
requirements are modest. In this speed range the hull is supported
entirely by buoyant forces. Up to a Froude Number of 0.27 the drag is
predominantly frictional. The hull is tapered at the stern and curved
upward toward the waterline, to minimize flow separation which is another

source of drag. This is typical of slow, heavy vessels as shown in Table 1.

Above FN 0.27 the wavemaking drag becomes increasingly important. At

about FN 0.36 it begins to increase at a very high rate and at about
F,, = 0.4 wavemaking becomes a virtual barrier to further increases in speed

for the true displacement hull form. This is because the increased local
velocities caused by the rounded hull form result in low static pressures
which allow the vessel to settle deeply, and to trim excessively by the stern.

The ship is literally climbing the back of its own bow wave.

ka3

See List of Symbols
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THE PLANING HULL CONCEPT

TABLE 1 = VESSELS TYPICAL OF VARIOUS FROUDE NUMBERS (U)

Length Speed Drag- Lift-

Froude Length Lift Drag
Number Ratio Ratio Ratio
Fy UK/VTT_ D/L L/D Type of Vessel

0.15 0.5 0.001 1000 Slow Cargo Vessels

0.24 0.8 0.002 500 LST, Tankers

0.30 1.0 0.005 200 Amphibious Cargo Ships, Transports
0.33 1.1 0.008 125 Carriers

'0.39 1.3 0.02 50 Light Cruisers, Ocean Escorts
0.45 15 0.03 33 Frigates

0.54 1.8 0.05 20 Destroyers, etc.

0.98 3.3 0.10 10 PG (Patrol Gunboat)

1.34 45 0.14 7 CPIC-X (Coastal Patrol and Inter-

diction Craft, Experimental)

These are approximate representative ratios for the general type of vessel
shown .

Note: See Figure 1 on page 6 for graphical representation of the various
speed regimes.

4. (U) At Froude Numbers above 0.4 it is therefore necessary to depart
from the "canoe stern" or '‘counter stern' of the low speed types and to
make the buttock lines flatter terminating in a transom stern. This hull
form avoids the negative pressures that occur when a true displacement
hull is overdriven, and causes the flow to separate cleanly at the stern
thus keeping the separation drag to a minimum. As the design speed of
the vessel is further increased even straighter buttock lines are required

and the transom must be broader and more deeply immersed (but round bilge

4 UNCLASSIFIED
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sections may still be employed). This high speed displacement ( or semi-

planing) regime extends from F,, of about 0.4 to about 0.9. These speed

N
regimes are depicted graphically in Figure 1.

5. (U) A systematic series of high speed displacement hulls (Series
64, [1] ), the parent form of which is shown in Figure 2, was tested at
Froude Numbers up to 1.8. In analyzing the results, the author of Ref. []]
makes the following statement regarding high speed displacement operation:

"The dropping off of residuary, i.e. wavemaking, resistance coefficients
and the close spacing of Rr/Af i.e. wavemaking resistance per ton of
displacement (proportional to D/L), contours between the speed/length
ratios of 2.0 (FN = 0.6) and 3.0 (FN = 0.9) mean that a small increase in
horsepower will bring a higher return in speed in this speed range than
in any.other speed range, except at the very low speeds. The leveling off
of the residuary resistance coefficients and their magnitudes after the
speed/length ratio ¢f 3.0 (FN = 0.9) indicate that the wave resistance is no
longer an important factor. The frictional resistance, however, remains
the dominant factor, and its magnitude is about twice as large as the form
drag... Therefore, for ships designed to operate at speed/length ratios
over 3.0 (FN = 0.9), it is highly desirable to keep the wetted surface to a
minimum." 1t @s precisely this factor that makes the planing type of
hull desirable at higher speeds. The manner in which it generates lift
(discussed below) causes it to rise bodily above its static flotation

level and to trim up by the bow thereby reducing the wetted surface

significantly.
6. (U) Since the formation of waves is less significant and not

primarily influenced by hull length above semi-planing speeds, the

*
See List of Symbols
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length Froude Number is no longer very useful as a measure of the speed-
size relationship and the Volume (or Displacement) Froude Number
FNV = V//§§T73' *is frequently used. Figure 3 shows a plot of drag/lift
ratio against Froude Number for several slenderness ratios (Lp/v1/3).*
The curves. .represent the state-of-the-art for efficient planing hulls at
their design speeds, and do not represent any one hull throughout the
speed range. It can be seen that the curves all cross in a small area
around FNv = 3.3, indicating that the slenderness ratio, and hence the
length, has little effect on the specific resistance at this Froude Number.
At lower speeds longer hulls have a great advantage over shorter ones and
(from other data) high speed displacement or semi-planing configurations
have an advantage over full planing configurations, to be described below.
At higher speeds, as noted above, the planing type of hull is required.
These facts are illustrated dimensionally in Figure 4, where the line
marked "Upper Bound Displacement Hulls!®™ represents FNV = 3.3, the limit
of speed above which the high speed displacement type hull form may be
more efficient depending on the length and weight (slenderness ratio) of
the vessel. The shorter the hull, at constant weight (the lower the
slenderness ratio), the lower the speed at which the planing type hull can
be considered. This range of lower limits, shown in Figure 4 as the family

of curves labeled "Lower Bound. Planing Hulls™, corresponds to a range of length

Froude Numbers from 0.84 to 0.95. This range is also shown in Figure 1,

on p. 6.
7. (U) The chief characteristic of the planing hull is effective

flow separation, not only at the transom as in the high speed displacement

* See List of Symbols
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This fiqure was developed from data reported
in 18], a compilation of test results on
Series 62 and Series 65.

&

\"&J

N ' i

'
!
i

WEIGHT = 160,000 LB = 44.( TON

Figure 3 « Drag/Lift Contours for Efficient Planing Hulls as a
Function of Volume Froude Number and Slenderness Ratio (U)
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ship, but also at the sides. Effective flow separation is necessary to
prevent the formation of negative pressure areas on the bottom of the hull.
This is usually accomplished with a hard chine configuration, one type of
which (Series 62 [2]) is shown in Figure 2, p.7. Greater deadrise and/or
more rounded transverse sections canbe.used if effective flow separation
is achieved by proper placement of spray rails. The longitudinal shape
(buttock lines) must have no convexity at least in the after part of the
hull. When this type of hull is driven beyond the displacement speed
range it trims down by the stern like the other types, but because it is
a "lifting surface” it develops positive hydrodynamic pressures which
provide a part of the support for the hull. As the hydrodynamic lift
increases with increasing speed the amount of hydrostatic (buoyant) lift
decreases. Figure 5 shows hydrostatic and hydrodynamic lift components
versus Froude Numbers for a typical planing hull. At full planing speeds
(FN>0.9) the wavemaking resistance , which effectively becomes a speed
barrier for a displacement ship, actually decreases as planing speed
increases. This is because it is proportional to the trim angle which,
at planing speeds, decreases with increasing speed.

8. (U) Although primarily adapted to high speed operation, useful
planing hulls with few exceptions, must be able to operate successfully
in the high speed displacement (semi-planing) and low speed (true dis-
placement) regimes, and importantly in rough water as well. The hull
form which best meets these requirements has a relatively high Tength-
beam ratio (greater than 5) to reduce impact accelerations at high speed

and to reduce trim and therefore resistance in the transition speed range.
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ABOVE ITD STATIC. ELEVATION BECOMES SIGNIHCANT.

Figure 5 = Hydrostatic and Hydrodynamic Lift Components (U)

The high slenderness ratio associated with these proportions produces low
resistence at low speeds. A good planing hull will also have moderate
deadrise (about 15') aft increasing to high deadrise (about 45') forward
combined with fine lines in the bow. These characteristics further reduce
slamming at both high and low speeds, and minimize rough water resistance.

The only disadvantage that must be accepted is a small iIncrease in
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resistance.at low displacement speeds and at full planing speeds compared
to hulls optimized for either of these speeds. This is an acceptable
penalty considering the all around good performance that is achieved,
particularly the ability to run with good efficiency throughout the entire
speed range.

9. (UThetheoretical and analytical considerations just described
permit definitive model testing with dependable scaling, with high confidence
in both the hull form selection and its full scale performance prediction.
The way is then open to intelligent selection of hull material, construction
techniques, and choices of scantlings and propulsion components.

10. (U) Hull construction can be of welded steel with light alloy
superstructures (particularly for the larger sizes); of all-aluminum welded
structures, of glass fiber reinforced plastic (particularly for the smaller
sizes); or of wood.

11. (U) The vast majority of conventional planing hulls are powered
by diesel engines driving fixed pitch propellers via reversible reduction
gears. More recent high performance designs use gas turbine power-plants
for high speed operation and separate diesel engines for slow speed/
maneuvering economy. Commercially available subcavitating propellers with
high blade area ratio are used in the speed range up to approximately 35
knots (65 km/h). At higher speeds, special so-called "transcavitating"
propellers are required. Transcavitating propellers combine features of
both conventional and super-cavitating propellers, giving good efficiency

over the entire speed range.
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B. CAPABILITIES AND LIMITATIONS OF THE CONCEPT (U)

1. (U) The modern planing hull is a relatively inexpensive high speed
platform capable of carrying potent military payloads. Development and
eventual utilization of large sized planing ships can be achieved at a
substantially reduced cost as compared to other types of advanced naval
vehicle concepts.

2. (U) Principal Capabilities of a planing hull from the technological
viewpoint are listed below. These features are discussed in depth in
later sections of this report.

® The basic smooth and rough water hull hydrodynamic technology
is sufficiently advanced to enable reliable preliminary performance pre-
dictions to be made.

8 Model-prototype performance correlation is sufficiently well-
documented to establish model-testing as a reliable design and evaluation
procedure.

¢ Planing hulls generically do not have serious navigational
draft limitations.

¢ The hard chine planing hull has more inherent roll damping,
particularly underway,than a round-bilge hull, which effectively reduces
roll motions in a seaway. Active roll Fin stabilizers are easily added to
the vessel and further reduce roll motions in the displacement speed range.
This allows for comfortable long-term operation at these speeds.

¢ Planing vessels properly designed for seakeeping can retain a
large portion of their calm water operational speed capability in moderate
to severe sea conditions. For instance, at a speed of 37 knots (69 km/h),

a 100 ft (31m) planing hull was able to perform its mission in waves of

UNCLASSIFIED
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CAPABILITIES AND LIMITATIONS
H1/3 =5 ft (1.8m). See Section [I.D.l, page 193, for extrapolations of
seakeeping performance to larger size planing ships.

¢ Studies indicate a realistic growth potential for planing ships
of UP to approximately 1300 tons (1321 tonnes) with a concomitant open-ocean
sea state capability of 50+ knots (92.6 km/h) in waves of H1/3 = 13 ft (4m).

¢ Hull construction can follow normal shipyard practice and will
not require aircraft-type fabrication techniques.

®'' Much of the required structural technology is in hand and no
unresolvable structural design problems are envisioned.

e The large useful load fraction (40-30%) of a well-designed
planing ship provides sufficient fuel for ocean transiting capabilities at
low speed without refueling, and at medium speeds with refueling enroute.

3. Principal limitations of a planing hull from the technological view-
point are listed below. These features are discussed in depth in later
sections of this report.

8 There is no precise limitation on planing vehicle size; it appears
that above * 1500 tons it may be difficult to achieve the very low weights
and compactness of installed components and subsystems necessary to maintain
the high useful load fraction required to accomodate_both high performance
and some degree of multi-mission capability in the combat suite with a suit-
able fuel fraction for independent ocean going operations. After completing
the presently authorized 1000-plus ton ANVCE Task 1V point design a more
precise estimate will be made of a possible limitation on practical size.

o Seakeeping performance of large planing ships in high sea states

will never be the equal of comparably sized hydrofoils or SWATH type vehicles.
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CAPABILITIES AND LIMITATIONS
ACV's and SES's in large sizes have been cited as being capable of providing
a comfortable ride in high seas although they may require ride quality control
systems to provide it. This question is still unresolved, however, and the
efforts planned in the ANVCE Tasks underway are attempting to resolve the
practical limits of ride quality for all advanced vehicle types, The limited
data available for planing vehicles and the practical experience derived
from crews indicate that properly designed planing vehicles may ride well
enough to fall just below the threshold of malaise as discussed in Section
111.E., p. 228, of this report. Such performance is of course not dependent on
having the foils and cushions with their concomitant cost and complexity,

4. (U) Traditionally, planing hulls have been stigmatized as small

boats with small payloads and little or no rough water capability. However,
it must be recognized that very few, if any,of the prior hulls were optimized
towards good seakeeping performance. In fact previous planing hulls were
designed almost entirely for high speed in calm water, with low hull dead-
rise angles, and low beam loadings.* This produces an unacceptable ride
quality in even moderate sea states. A good example of this type of hull
is the British BRAVE class. Its estimated** behavior in a seaway is shown
in Figure 6. Note, however, in Figure 6 that a reduction in acceleration
of a factor of 2.0 can be made by designing a planing hull with higher
hull deadrise and beam loading. CPIC-X is a good example of this type of

hull, and represents the proper trend in modern military planing hull

*
Beam loading is measured by the Load Coefficient,.C = a/wb3, i.e.,

the displacement of the boat in Ib divided by the péoduct of the
beam cubed and the density of water.

**

Estimated, in that for the BRAVE the average of the 1/10th highest
acceleration values were derived from histograms; other points in Figure 6

are full scale experimental trial data.

UNCLASSIFITD
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CAPABILITIES AND LIMITATIONS

gn.  Planing hull technology has now advanced to the point where "planing

ships" can be developed with reasonable nisk to perform many missions at
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C. HISTORY OF EFFORT (U)

1. (U) Fundamental research on the hydrodynamics of planing surfaces
has been pursued in this country and abroad for over 50 years. The original
impetus for this planing research was primarily by the hydrodynamic design
requirements of water-based aircraft and, to a somewhat lesser extent, by
the development of planing vessels. Planing technology is based principally
upon experimental data obtained in model tests. Theoretical studies alone
have not been altogether successful, mainly because the basic planing
process is a most difficult non-linear, free-surface problem which still
requires analytical research. This section will trace the major hull and
propulsion developments, and the significant programs associated with
planing hulls.

2. (U) Light displacement, high-speed, small combatant ships and
ocean-capab le patrol craft have been part of the world"s navies since
World War I. The Second World War brought substantial refinement and
continued development which saw hard-chine hull forms evolving to equal
status with the round-bilge forms so prevalent earlier. Great Britain,
Germany, the United States and Russia, at this time, beganto develop the
early parentage of the planing hull forms as we know them today.

3. (U) To capitalize on the impressive German WWIl E-Boat capabilities,
two British prototypes called the BOLD Class were completed in 1948.

BOLD (PATHFINDER) was produced in round bilge form, while its sister vessel
used a planing hull with hard chines. PATHFINDER was the last British

round-bilge planing boat built, all successors being hard-chine designs.




HISTORY OF EFFORT

4. (U) A succession of follow-on efforts was undertaken, (see Figure 8
and Table 2) spurred by the outbreak of the Korean War. These included
the GAY Class, a design not unlike the World War Il Motor Torpedo Boats
(MTB's), and the DARK Class, capable of 40 knots (74 km/h)and the first
class of boats using the Napier 'Deltic' diesel engine. The early 1960"s
marked the real opening of the high-performance gas turbine propulsion era
with the BRAVE Class which was targeted at a 50-knot (92.6 km/h) speed
requirement, with a specific weapons payload identified. The BRAVE Class
also used small gas turbines for generating electricity, no diesels being
fitted at all.

-5. -lhen U. S. PT-Boat (Patrol Torpedo Boat) needs became obvious
in the early 1940's, the British Navy"s Packard-engined, Thorneycroft-
designed MTB's served as parent vehicles from which the 80 ft (24.4m)

ELCO and 79 ft {24.1m) Higgins PT-Boats evolved through the war years.

The U. S. Navy"s post-WW Il program was late starting and consisted of
developing a new class of PT's, Capitalizing on both foreign and U. S.

World War 11 experience, this program spawned a family of four aluminum

hull PT-Boats (hull numbers 809, 810, 811, and 812) which first saw service

in the early 1950"s. Each boat was different from the others, and all

four were considerably larger than their wooden hull predecessors. Table

2 displays their important characteristics. As can be seen, speed capabilities
of the three hard-chine vee-bottom boats were nearly identical, ranging

from 44.3 knots to 47.7 knots (82 to 88.3km/h) [6]. The round-bilge 812

was slower at 38.2 knots (70.7 km/h) but more stable and easier riding in

a seaway [7]. All three hard chine boats exhibited varying degrees of pound-

ing and directional instability at various headings in waves of H1/3 = 4.5 ft

(1.4m) and higher [6].
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TABLE 2 - COMPARATIVE PLANING CRAFT CHARACTERISTICS (U)

Main Propulsion Maximum
Name/ Country Length Beam Displacement f[ype ' No. of |Total Speed Hull Year
Ident. ft (m) Ft (m) [tons (tonnes) Units Shp Knots Form
TURBINIA u.K. 103 1/2 44,2 Steam 3 2000 35 Circ. 1894
(31.5) (2.7) (44.9) Turbine Sect.
URSULA U.K. 49 6 1/2 5.2 Gaso- 1 760 35 Round 1912
(14.9) (2.0) ( 5.3) Tine
MAPLE LEAF IV] U.K. 40 8 1/2 5.2 Gaso- 1 800 55 Convex 1912
(12.2) (2.6) ( 5.3) 1ine Vee
COASTAL MOTOR| U.K. 55 11 14.0 Gaso- 1 1200 46 Vee 1916
. BOAT (16.8) (3.4) (14.2) line
MTR TORPEDO U.K. 117 21 1/2 92.8 Gaso- 2 4050 31 Round 1936
BOAT (35.7) (6.6) (04.2) lire
E BOAT Germany | 114 17 94.8 Diesel 3 |7500] 41 Round 1936
(34.8) (5.1) (96.3)
GREY GOOSE U.K. 145 1/2 | 23 1/2 211.6 Steam 2 8000 35 Round 1540
(44.4) (7.1) (214.9) Turbine
PT  (ELCO) u.s. 80 1/2 | 23 52.5 Gaso~ 3 4500 50 HC 1945
(24.5) (7.0) (53.3) line
PT (HIGGINS) u.s. 79 21 47.8 Gaso- 3 4050 40 HC 1946
(24.0) (6.4) (48.5) Tine
"BOLD U.K. 122 20 127 Gaso- 8500 40 Round 1948
("Gay" Proto. )] (37.2) (6.1) (129) Tine

140443 40 AYOLSIH
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TABLE 2 - COMPARATIVE PLANING CRAFT CHARACTERISTICS (U) (CONTINUED)

Hame/ Countryl Length Beam Displacement Main PfQEyl&iQnT Mg;;;ym Hull Year
Ident. ft (m) }ft (m | tons (tonnes)| Type ‘t;iégz ggg' Knots Form!

""BOLD" U.K. 122 20 127 Gaso- 8500 40 Vee 1948

(“DARK"Proto) @7.2) | (6.1) (129) line HC

“GAY" U.K. 73 Gaso- 5000 40 1949
(22.2) line

"DARK"" 68 Deltic 2 Zio00 40 Vee 1950
(20.7) Diesel HC

PT 809 99 22 88.8 Gaso- 4  lo,0012 46.7 Vee 1950
(30.2) t (6.7) (90.2)! line HC

PT 810 S0 85 Gaso- 4 110,001 44.3 Vee 1950
(27.4) (86) line HC

PT 811 95 81 Gaso- 4  1lo,001) 47.7 Vee 1950
(29.0) (82) line HC

PT 812 105 93.5 Gaso- 4  {lo,0012 38.2 Round, 1950
(32.0) (95.0) line

BRAVE U.K. 100 25 1/2 108.9 GT 3 i2,75101 55 1/2 HC 1960
(30.4) (7.8) (110.7)

SRROGLTY U.K. 88 23 75 .0 GT 2 8500 52 1/2 HC 1961
(26.8) | (7.0) (76.2)

NASTY U.S. 80 1/22f 24 1/2 85.5 Deltic 2 620C! 44 HC 1962
(24.5) (7.5) (86.9) Diesel

140443 40 AYOLSIH
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TABLE 2 - COWMPARATIVE PLANING  crAFT  cHARACTERISTICS  (U)  (CONTINUED)
y c ] X ] Jisol ) Main Propulsion Maximum
Name ountry | Lengt eam isplacemen Speed Hull Year
Ident. ft EZm) ft (m) | tons (tonnes)| Type No. of| Total| (PEX For
Unitsy Shp

SPICA 11 Sweden 141 23 1/2 219.7 GT 3 112,720 40 HC 1966
(43.0) (7.1) (223.3)

OSPREY U.S. 94 1/2| 23 109.6 Deltic 2 6200 35 HC 1967
(28.9) (7.1 (111.4) Diesel

TENACITY U.K. 144 1/2| 26 1/2 210.2 GT 3 12,750 40 HC 1969
(44.0) (8.1) (213.6)

PG 92 U.S. 164 1/2| 24 245 6T 1 2,500 37 Displ. 1969
(50.1) (7.3) (249) Diesel 2 1640

SNOGG Norway 120 20 1/2 119.4 Deltic 3 7200 32 HC 1970
(36.6) (6.2) (121.3) Diesel

SCIMITAR U.K. 100 26 1/2 97.4 CODAG 2 - 35 HC 1970
(30.5) (8.1) ( 99.0)

LA COMBAT- France 154 23 1/2 246.5 Diesel 4 114,000 40 Round 1971

TANT 11 (47.0) (7.1) (250.4)

TYPE 148 W.Ger. 154 23 253.2 Diesel 4 112,000 38 Round 1972
(47.0) | (7.0) (257.2)

CPIC-X u.s. 100 18 1/2 71.9 GT 3 6000 43 1/2 | 0B1.C 1973
(30.4) (5.6) (73.1) Diesel 2 440 Vee

RESHEF Israel 190 1/2|| 25 396.5 Diesel 4 121,360 32 Round 1973
(58.1) (7.6) (402.8)

|
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TABLE 2 - COMPARATIVE PLANING CRAFT CHARACTERISTICS (U) (CONTINUED)

lain Propulsion Max imum
Name/ Country | Length Beam Displacement Type No. of | Total | Speed Hull Year
Ident. ft (m) ft (m) | tons (tonnes) Units | Shp Knots Form
TYPE 143 W.Ger. 200 24 1/2 793.3 Diesel 4 18,000 40 Round 1975
(61.0) (7.5) (806.0)
65* PBMK3 U.S. 65 18 36.8 Diesel 3 1950 30 Vee 1976
(19.8) (5.5) (37.4)

abyr ‘ k
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HISTORY OF EFFORT

6. . No requirements were put forward leading to subsequent PT-Boat
developments until the early 1960"s when events in Southeast Asia created
a need for fast coastal patrol craft. At this point, the U. S. Navy
surveyed domestic and other free world patrol craft available for immediate
acquisition and procured the Norwegian NASTY design. In addition to out-
right procurement of several craft from Norway, a U. §, construction
program for six additional boats was initiated with John Trumpy and Sons,
of Annapolis, Maryland. These craft could achieve a short-duration burst
speed of approximately 44 knots (81.5 km/h); seakeeping was said to be
slightly better than that of the PT 809-812 family (based largely on
subjective operator opinion) but pounding at high speed in 4 1/Z-foot (1.4m)
waves was severe. In an attempt to quickly acquire a more seakindly boat,
the Sewart Seacraft Co. of Morgan City, LA, was approached to supply four
craft of their own design which became the OSPREY Class in naval service.

7. (U) At this point (early to mid 1960°s) both the British and
U. S. Navies had achieved similar positions with respect to their high-
performance patrol-craft configurations with one exception -- the British
Navy had dropped the complex Napier Deltic diesel and was embracing the
Rolls Royce Proteus gas turbine which had given the BRAVE '‘benchmark™
status in performance for that era.

8. ‘)uring this post-WW 11 era, a similar evolution was occurring
in Germany and in Russia. Their programs had produced the West German
JAGUAR Class PTF, and the Russian OSA Class PTF(G) and NANUCHKA Class PGGP.
The 139 ft JAGUAR, with a 23-foot beam and displacing 190 tons, is round-
bilge forward but becomes hard chine in approximately the after one-third

of the hull. Diesel propelled, this class achieved about 41 knots. A
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number of other countries have purchased this boat. The 0SA Class PTF (G)
is a 127 ft hard chine, 240-ton boat with a 22-foot beam, 3-5 knots slower
than the JAGUAR Class. This craft is quite widespread in lron Curtain
countries, armed in most cases with the STYX surface-to-surface missile
(see para. 13 below). The NANUCHKA Class PGGP, at nearly 1000 tons with
LOA of 198 ft and a 40 ft beam, is thought to be unique among the modern
large high-performance craft in having a hard chine hull configuration.
Top speed is iIn the vicinity of 33 knots. Both Russian craft are also
diesel  propelled.

9. (U) A "Small Combatant Family Tree"™ (Figure 8) provides some insight
into the timing and chosen paths of planing hull technology pursued by
selected nations as they relate to hard chine and round bilge hull forms,
and to machinery selections. Principal characteristics of the craft

discussed above, plus other small combatants, are displayed in Table 2.

10. (U) The completion of the U. S. Navy"s experimental PT-Boat develop-
ment effert in the early 1950"s was followed by extensive laboratory research
and  experimentation. During this effort various modeling techniques were
developed which involve several comprehensive hull series programs in
which prismatic surfaces were optimized for smooth water, with little
emphasis on seakeeping. In July, 1966, the Director of Defense Research
and Engineering (DDR&E) directed the development of improved naval craft
for use in the riverine environment (Southeast Asia). At this point the
Navy rapidly initiated a series of engineering development programs,

beginning with 38-05, then 38-08, and finally 38-16, which were geared to
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the procurement of Armored Troop Carrier/Command Control Boat (ATC/CCB)
and Assault Support Patrol Boat (ASPB) Mark 2 prototypes and a prototype
of the unique Riverine Utility Craft. These prototypes were delivered in
the March, 1968 to June,1969 period. They were thoroughly tested but
never entered production. The need to continue the refinement of these
engineering development prototypes diminished as the operational tempo
began to slack off. The reason for this reduction in effort was the turn-
over to South Vietnam"s Navy of hundreds of previously procured LCM-6 con-
versions and other hurriedly acquired Navy designs and commercial craft
adaptations. Since these prototypes were lacking in much desired performance,
and since changes in operational concepts had evolved which were impacting
desired design characteristics, a follow-on Research,Development Test and
Evaluation effort was initiated in lieu of any quantity production program
for these new craft.

11. {U) In July 1970 a new advanced development program for Special
Warfare Craft (38-20X) (now the Naval Inshore Warfare Craft Program [SSW-02])
was begun. It was intended to develop experimental prototypes of four
generic craft types: the Coastal Patrol and Interdiction Craft (CPIC),
the Coastal Patrol Craft (CPC), the Shallow Water Attack Medium (SWAM)
Craft, and the Shallow Water Attack Light (SWAL) Craft. This advanced
development program was the only planing hull research and development
program sponsored by the Department of Defense, aimed at improving sea-
keeping whille retaining as much speed as possible, and at improving the
lift-drag ratio of the simple planing hull through (especially) the mid-

speed region of the speed envelope. No other program existed to evaluate
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and groom promising hybrid innovations for adaptation to the basic hull.
Furthermore, this advanced development program was begun as a total weapons
system effort from the outset, demonstrating that extensive development
of both vehicle and weapons suites can be done rapidly and economically to
satisfy the customer®s requirement. Although the Experimental Coastal
Patrol and Interdiction Craft (CPIC-X)was completed, the experimental CPC,
SWAM and SWAL craft were never completely developed due to lack of funds.
Congressional action has apparently terminated funding for the program at
the end of Fiscal Year 1976.

12. (U) CPIC-X was designed, built and extensively tested as an
advanced experimental prototype. It eventually was designated a pre-
production prototype, to satisfy a need to assist in rebuilding the Republic
of Korea (ROK) Navy. Currently, negotiations are underway between the U.S.
and ROK Governments regarding the production of additional CPIC's for ROK
Naval service. These negotiations, if successful, Will mark the Ffirst time
a U. S. Naval RDT&E combatant craft program has produced production vehicles.

13. (U) The concept of a relatively small, fast, inexpensive carrier
of a potent weapon at sea is not new, but the operationa 1proof of a new
capability in this area caused its importance to jump several orders of
magnitude on 21 October 1967. The event was the sinking of the lIsraeli
EILAT by STYX missiles launched from an Egyptian KOMAR Class patrol boat
at a range of about 12 NM (22 km). This was verified and reinforced by
the success of the Indian OSA/STYX night attack #in December 1971 and by
the October 1973 Arab-lsraeli war engagements involving lsraeli Gabriel-

equipped SAAR Class boats, in which five Syrian missile boats were put out

0of commission. The concept has become most attractive to many of the

UNCLASSIFIED
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smaller and newly-independent nations who are acquiring fast, heavily armed
small combatants from Great Britain, France, Germany, the Scandinavian
countries, the United States, and Russia.

14. (U) Furthermore, modern technology is now available to incorporate
seakeeping and endurance with the speed, maneuverability, low profile, and
low relative cost, which are characteristic of these modern, very powerful
vehicles. 1In this era of congrontation at Less than all-out war Levels, a
modest force of these relatively small combatants can effectively deny full

freedom of the seas to the fLargest of navies in various maritime hegions of
the wornld.
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D. PRESENT STATUS OF DEVELOPMENT (U)

1. (C) Within the last three years, the U. S. Navy has constructed
and evaluated the prototype Experimental Coastal Patrol and Interdiction
Craft (CPIC-X), an advanced 100 ft (31m) planing hull, capable of speeds
in excess of 37 knots (68.5 km/h) in a seaway with significant wave heights
(Hi/3) of 5 ft (1.5m). The hull characteristics were selected using
technology generated in United States research programs over the past 10-15
years while the details of the hull form were based on design experience
reported by Koelbel [8]. With an average acceleration at the center of
gravity of 0.4g at design speed and sea conditions*, it was found to have
excellent seakeeping ability and speed, a very low structural weight fraction,
an excellent useful and military payload fraction, and excellent reliability.
CPIC-X is of all-welded aluminum construction; it is powered by gas
turbines for high speed operation, and by inboard-outdrive diesels for low
speed cruise.

2. .The U. S. Navy is purchasing a number of in-house designed
65 ft MK3 (19.8m) hard chine planing patrol craft with a design speed

of approximately 30 knots. Operational experience with the prototype in
smooth water and in waves has confirmed the performance as predicted by model

tests and analytical procedures. No new technology was introduced in

connection with this design.

* The measured vertical accelerations at the center of gravity were
0.4g, average; 0.8g, significant or 1/3 highest; and I.1g, 1/10
highest.  The 1/3 octave band RMS accelerations are shown in
Figure 57, p. 163.
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3. .An experimental planing version of an advanced Landing Vehicle
Assault, LVA, is currently being developed for the U. S. Marine Corps,

This nominal 28 ft (8.53m) prototype craft has a bottom loading nearly
100% greater than conventional planing hulls, and is expected to develop
very high resistance at hump speed. The hump problem will be overcome by
using adjustable trim Fflaps and retractable chine flaps. Model tests in
head seas have shown acceptable seakeeping when running at 30 knots

(55.6 km/h) in significant wave heights up to 2.2 ft (0.67m).

4. (U) Although the Naval Inshore Warfare Craft Program was never
completed because of a lack of funding, a number of studies [9, 10, 11, 12]
were carried out principally in connection with the development of the .
Shallow Water Attack Medium Craft (SWAM). These reflect much iInnovative
thinking which, if brought to completion, would have made a significant
advance i1n the state-of-the-art of small combatant design.

5. -An interesting study currently underway is examining the
feasibility of developing a large open-ocean planing ship. Using the 100 ft
(31m) CPIC-X as a model, its measured smooth and rough water performance
data have been extrapolated using a scaling factor of 2 to a planing ship
which is 200 ft (61m) long, has a gross weight of 576 tons (5685 tonnes)
and a design speed of 61 knots (113 km/h) in smooth water. Section 1I.
D.,3 on p. 193 describes this extrapolation. The analysis to date shows
that the ship would be feasible, and could be developed quickly with
available advanced hydrodynamic and structural design techniques and
gear box technology. It would use available auxiliary machinery components,

engines, propulsors, and construction techniques. This planing ship
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would be expected to demonstrate an operational capability in ﬂificant
wave heights (HI/J) = 10 ft (3m), and have a useful load fraction approaching
50% of gross displacement.
6. (U) Projecting Navy experience with the CPIC-X to larger-sized
planing ships, such as the 576-tonner mentioned above, does highlight these —
risk areas (also discussed in Section 1. F, beginning on p. §5]):
o lack of full-scale verification of design data for propellers
at speeds greater than 45 knots (83 km/h), i1.e., cavitation numbers less
than about 0.4.
® as an alternative to high-speed propellers, further work is -
needed to determine the hydrodynamics of pump inlets for hydrojet propulsion
systems and semisubmerged propellers for high-speed operation;
6 the need for additional model and full-scale experimentation
on the maneuvering and turning of rudder-controlled planing hulls so that
reliable predictions can be made; .‘ -
& the need for studies and experimentation relating to practical
means for control of roll motions in a seaway and, to a lesser extent,
the control of pitch and heave motions;
® a requirement for extending rational predictive techniques for
bottom pressures on planing hulls to speeds and sea states where present —
technigques are unproven;
@ a continuing research program to better understand and more
accurately predict the motions, accelerations and added resistance of
these high-speed planing hulls in waves, and the effect of the resultant

ride quality on the crew;
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8 a need to investigate vehicle density requirements (vis-a-vis
payload) to determine its relationship to beam loading as it may affect
design  proportions.

7. (U) At the present time, there is almost no research and develop-
ment effort being expended in the U. S. Navy on the development of basic
planing hull technology; furthermore, there are no funds allocated to the
development of new advanced planing craft since Congressional action appears
to have terminated the Naval Inshore Warfare Craft Program (SSW-02). The
advances in planing hutl technology have uwsually been derived as spin-offs
from other advanced vehicle proghams, oh were the result of specific sfudies
undestaken in connection with an advanced oh engineering development of .

a parnticular planing cragt. Thus, technological advances have resulted
primarily from overcoming the problems of a particular concept and have
not been broadly applicable. This is particularly unfortunate, and is
not conducive to the development of the potential performance capabilities

of the planing hull concept in either small craft or ship sizes.
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E. DESCRIPTION OF EXISTING HARDWARE (V)

1.  (U) In-service high performance hulls which represent today"s
U. S. Naval capability to patrol open waters in low to moderate sea states
at 30 knots or more are:

0 100 ft (30.5m) CPIC-X = Experimental Coastal Patrol and
Interdiction Craft

e 165 ft (50.3m) PG (92 Class) =~ Patrol Gunboat

o 95 ft (29m) PTF (OSPREY Class) - Patrol Craft (Fast)

® 80 ft (24.4m) PTF (NASTY Class) - Patrol Craft (Fast)

9 65 Tt (19.8m) PB MK 3 « Patrol Boat

2. (U) Detailed plans and specifications for U. S. Navy planing craft
are maintained at the Naval Ship Engineering Center, Norfolk Division
(NAVSECNORDIV), Combatant Craft Engineering Department. A catalog of in-
service boat and craft characteristics is currently available as a Naval
Sea Systems Command (NAVSEA) confidential publication. [13].

3. (U) The NASTY Class PTF is now considered obsolete; and a program
to re-engine the OSPREY Class PTF's with gas turbines (due to reliability,
maintainability and availability (RMA) problems with the Napier Deltic
diesels) i1s under consideration at NAVSEA. Upgrading the limited operational
capabilities of the "92-Class" PG's would require major redesign and con-
version to accomodate modern and reliable equipments; this class has there-
fore become candidate for lay-up.

4. (U) Data sheets and other information for these five craft are

provided on the following pages.
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100 ft (30.5m) CPIC-X = Experimental Coastal Patrol and Interdiction Craft [13] (U)

(U) CPIC-X is a high-speed, offensive weapons platform designed to
locate, pursue , and destroy enemy surface craft under adverse sea conditions,
day or night. The aluminum-hull craft derives its high speed from three
gas turbine engines, each driving its own Ffixed-pitch propeller through an g
independent primary reduction gear box and a secondary V-drive reduction ‘
gear box. An auxiliary diesel propulsion system driving two outdrives
provides a very economical cruising capability as well as a means to maneuv “
in confined areas. Habitability for the crew is enhancedby air conditioning
and a hull design exhibiting extremely low slamming accelerations at speed in
rough seas.

(U) Gyro-controlled fin stabilizers provide a stable weapons platform
yielding a decided military advantage over enemy craft that CPIC-X may
encounter*. The craft can be fitted with a variety of weapons ranging from
basic pintle-mounted 7.62 mm machine guns to two fully automatic, twin,

30 mm gun mounts with large capacity, automatic feed, self-contained magazines.
These mounts are controlled by stabilized optical sights (with day/night
modes) and/or by a radar gun fire control system with a digital fire control
computer . There is a limited AA capability. A 50 million candlepower search-
light can be provided and slaved to the forward remote optical sight. The
craft was conceived with a view toward expansion to future multf-mission
capabilities by the addition of modular systems, such as a surface-to-surface
missile system. The craft, as designed, was required to fight and maneuver

in 7 ft significant waves and survive in up to H]/3 = 12 ft significant waves.

(U) The characteristics of CPIC-X are given in Table 3.

* The stabilizers were deleted from the production boats because of hydraulic
system design shortcomings.
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TABLE 3 = CPIC-X CHARACTERISTICS [13] (U)

(U) CRAFT IDENTIFICATION DATA

NAVSH IPS Drawing No. 95-CPIC-845-4469408,9

Procurement  Status Operational  FY75

PRINCIPAL CHARACTERISTICS

Length Overall 99'-10 1/2" (30.4 m)

Max Beam = Including Guard Rails 18'-6 3/8" (5.6 m)

Max Height - Exclusive of Masts, Antenna, Etc. 28'-0" (8.5 m)

raft, Navigational 6" 6 1/2" (2.0m)

Full Load Displacement, Nominal 71.9 tn (73.1 ©)

Light Load Displacement 49.6 tn (50.4 ©

Hoisting Weight = Light Load + Cradle 57.5 tn (58.4 ©)

Hoisted by Cradle

Total Fuel Capacity (incl. bow tank) 6300 aal (25740 liter) (95% full)

Total Potable Water Capacity 185 gal (700 liter)

Construction Double Chine, Longitudinally
Framed, Welded Aluminum,
Vee-Bottom

Crew: Officers 1

Enlisted 10

(U) MACHINERY CHARACTERISTICS

Main En ines: High S eed
Three-#f{0-Lycoming,+| 5A marine gas turbines with integral Sier-
Bath 2.34:1 reduction gears driving Precision V-Glide, V-drive
gear boxes, model V81750, with 3.06:1 gear reduction; overall
reduction:  7.16:7.
AVCO Lycoming rating: 2000 bhp @ 85°F. intake air, sea level.
U.S. Navy rating: 1800 cont. bhp @ 100°F. intake air, sea level.
Actual test output at this rating: 1707.2 shp (propeller hp), 14,700 rpm
sfc = 0.7345 Ib/hp-hr; fuel rate without gear losses: 0.6967  lb/hp-hr.

Secondary Bngines:S p_e e d

Two Volvo-Penta 6 cyl. Diesel engines model TAMD-70-B with Twin Disc
hydraulic transmission (1:1 ratic) driving twin VYolvo-Penta model
750 outdrives with 1.89:1 reduction ratio.
Each engine rated at 220 bhp (209 shp) @ 2200 rpm. (Engines derated
to 185 cont. shp for CPIC-X only, due to propellers used).
Fuel rate: 0.40 Ib/hp-hr.

Diesel Ruxi 1 ary Generators
Two General Motors 30 kw, 450v, 60 Hz A.C. three-phase units.

Propellers: High %Speed
3-LH, 3 blade, 30" (76.2 cm) diameter x 36" (91.4 cm} pitch, Pli-Al-Br.

Propellers:  Low Speed
2-LH, 3 blade, 23—1/? (59.7cm) diameter x 23" (58.4cm) pitch, aluminum




EXISTING HARDWARE

TABLE 3 (Continued)

-JPERFORMANCE CHARACTERISTICS

Maximum Speed, Turbines
Range at Maximum Speed

Maximum Range, Turbines
(3 main fuel tanks)
Maximum Range, Turbines
(all fuel tanks)
Speed for Maximum Range

Maximum Speed, Diesels
Range at Maximum Speed
(3 main fuel tanks)

Maximum Range, Diesels
(3 main fuel tanks)
Maximum Range, Diesels
(all fuel tanks;
caculated from data in
[11a])

Speed for Maximum Range

G e

1 Twin 30 mm gun mount

References
43.5 knots (81 km/h) [14]
357 NM (661 km) [14]
415 NM (769 km) [15]
540 NM (1000 km) [15]
36  knots (67 km/h)
9  knots (17 km/h) [14%
1600  NM (2963 km) [14
7600 N (14075  km) [14]
10,400 NM (19,261 km)
5.5 knots (10 km/h) [14] .

2 Twin 7.62 mm M60 machine guns

2-40 mm grenade launches
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Figure 9

PROFILE AND ARRANGEMENT (U)

100" CPIC-X
OPTIONAL AFTER MOUNT NMOT SHOWN
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165 ft PG (92 Class) - Patrol Gunboat [13]

(U) The versatility of the propulsion and fire power systems enable
the 165 ft (50.3m) Patrol Gunboat to fulfill a variety of missions. These
missions include interdiction of waterborne supply, support of amphibious
operations, counter-insurgency, search, rescue, surveillance, blockade, and
routine patrol. Continous cruising is accomplished by using twin Cummins
Diesel engines driving controllable pitch propellers. A single General Elec-
tric gas turbine supplies power for tactical combat speeds, and the CODAG
arrangement permits rapidly accelerating the ship to its maximum speed
without deceleration while shifting modes. The aluminum hull and fiber- n
glass superstructure design emphasize cruising, endurance and seaworthi-
ness.
(U) CRAFT IDENTIFICATION DATA

NAVSHIPS ~ Drawing No. PG92-845-2533759

Latest Procurement FY67

-R INCIPAL CHARACTERISTICS

Length Overall 164" 6" (50.15m)
Max Beam = Including Guard Rail 23" 10 3/4" (7.28m)
Max Height - Exclusive of Masts, Antenna, Etc 44" 0" (13.41m) —
.raft, Navigational 8" 10" (2,.69m)
Full Load Displacement 245 tn (249 ©)
Light Load Displacement 180 tn (183 1)
Total Potable Water Capacity 800 gal (3028 liter)
Construction Aluminum Hull with Fiberglass
Superstructure
Crew: Officers 4
CPO 4
Enlisted 21
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(U) MACHINERY CHARACTERISTICS

Cruising [Engimnes:
[wo Cummins -875M diesel engines with direct drive.
Each engine develops 820 bhp @ 2300 rpm (725 shp @ 2100 rprn)

Combat Engine:
One General Electric LM-1500-PE102 gas turbine with §:] reduction gear.
Engine develops 12500 bhp @ 4200 rpm at primary reduction output

Diesel Auxilary Generator:
One GE/Cummins 100 kw, 450v, 60Hz, three phase unit

Propellers:
1-RH, I-LH, 3 blade, GO (152.4 cm) diameter x variable pitch,, stainless
steel

- ERFORMANCE CHARACTERISTICS

Speed  (Turbine) 37 knots (68 km/h)
Range (Turbine) @ 35 knots (65 km/h) 325 NM (600 km)
Speed (Diesel) 16 knots (30 km/h)
Range (Diesel) 8 16 knots (30 km/h) 1700 NM (3150 km)
Total Fuel Capacity 11900 gal (45045 liter)

Note: Above data is based on full load displacement and is taken
from test reports on tests conducted by DTNSRDC. Refer to
DTNSRDC test report C-3539.

. ARMAMENT

1-3" 50 cal. rapid fire, single mount
1-40 mm AA battery
2 twin mount .50 cal. machine guns

(Has been modified to handle standard missiles)
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PROFILE AND ARRANGEMENT (U)
165’ PG (92 CLASS)

| Tl




B T TN P
R Y O s
A ¢

EXISTING  HARDWARE

95 ft PTF (OSPREY Class) - patrol Boat (Fast) [13]

(U) The 95 ft PTF is an aluminum-hull patrol boat powered by twin Napier-

Del tic diesel engines, and is considered very seaworthy and versatile. This
craft differs from the NASTY in that the OSPREY is built of a different mat-
erial, 1is longer, and has better habitability standards such as air conditioning.
The OSPREY is designed to operate offensively as an escort or patrol craft in
waters other than the high seas, but can also be configured as a minelayer or
submarine  chaser.

(U) CRAFT IDENTIFICATION DATA

NAVSHIPS Drawing No. Sewart Seacraft Design

Latest Procurement FY67

‘ PRINCIPAL CHARACTERISTICS

Length Overall 94" 8" (28.86 1)
Max Beam = Including Guard Rails 23" 2" (7.06 m)

Max Height ~ Exclusive of Masts, Antenna, etc. 22" 8 1/2" (6.92 m)
ft, Navigational 7 4 172" (2.25 m)
Full Load Displacement 109.6 tn (111.4 ©)

Light Load Displacement 71.4 tn (72.5 t)
Hoisting Weight 78.1 tn (79.4 ©)
Hoisted By Slings
Total Potable Water Capacity 200 gal (757 liter)
Total Fuel Capacity 9450 gal (35771 liter)
Construction Aluminum
Crew:  Officers 1

Enlisted 18

(U) MACHINERY CHARACTERISTCS

Main Engines:

Tvwo Napier-Deltic diesel engines 1.8:1 reduction gear, Mitchell thrust block.
Port and starboard engines: Type T18-37K
Each engine develops 3100 bhp @ 2100 rpm (2400 shp @ 1800 rpm)
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Diesel Auxilary Generator:

Two 30 kw, 110/220v, 60 H-z A.C., single phase, General Motors unit Model 2150.

Propellers:
I-RH, T-LH, 3 blade, 50" (127 cm) diameter x 50" (127 cm) pitch, bronze.

@ =R-ORVANCE CHARACTERISTICS

Speed 35 knots (65 km/h)
Range @ 30 knots (56 km/h) 1000 nv (1850 km)

Note: Above data is based on full load displacement, and is taken
from DTNSRDC report (-3227 of December 1970.

-‘\RMAP'IENT

1-40mm AA battery
2-20mm machine guns

1-81mm mortar w/150 cal machine gun adapter

P
3
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Figure 11
PROFILE AND ARRANGEMENT (y)
95" PTF (OSPREY CLASS)
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80 Tt PTR. (NASTY Class) - Patrol Boat (Fast) [13]

(U) The 80 ft PTF's are of Norwegian design and were purchased originally
from the Norwegian commercial designer and builder by the U.S. Navy. The later
craft of this design, however, were built in the U.S. by John Trumpy of Annapolis,
Maryland. These craft have a laminated wood hull, fiberglass superstructure, and
powered by twin Napier-Deltic diesel engines. The NASTY Class boats are
designed to operate offensively as escort or patrol in waters other than the
high seas. They may be configured as a motor gunboat, motor torpedo boat,
mine layer, submarine chaser, or a combination of these.

(U) CRAFT IDENTIFICATION DATA
NAVSHIPS Drawing No. Norwegian  Design

Latest Procurement FY67

(C) PRINCIPAL CHARACTERISTICS

Length Overall 80" 4" (24.48 m)

Max Beam = Including Guard Rails 24 7" (7.49 m)

Max Height - Exclusive of Masts, Antenna, etc. 24" 0" (7.32 m)

(C)Draft, Navigational 6" 9" (2.06 m)

Full Load Displacement 85.5 tn (86.9 t)

Light Load Displacement 59.6 tn (60.6 t)

Hoisting Weight = Full Load * Cradle 96.2 tn (97.7 ©)

Hoisted By Cradle

Total Fuel Capacity 5800 gal (21955 liter)

Total Potable Water Capacity 120 gal (454 liter)

Construction Laminated Wood Hull, Fiber-
glass Superstructure, Vee-
bottom

Crew: Officers 2

Enlisted 16

(U) MACHINERY CHARACTERISTICS

Main Engines
Two Napier-Deltic T18-37k diesel engines 1.8:] reduction gear, V-drive
Each engine develops 3100 bhp @ 2100 rpm (2400 shp @ 1800 rpm)
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Diesel HAXXI Generator:
Two Onan iS-Ew. 430v, 60Hz, A.C., single phase

Propeller:
-RH, T1-LH, 3 blades, 47" (119.4 cm) diameter x 62" (157.5 cm) pitch, bronze

(C) PERFORMANCE CHARACTERISTICS

Speed 44 knots (81 km/h)
Range @ 38 knots (70 km/h) 450 NM (830 km)
Note : Above data is based on a 75tn (76 t) displacement, and is taken

from NAVSHIPS publication 320-1048.

(C ) ARMAMENT
1 40 mm AA battery
2 20 mm machine guns

I 81 mm mortar with ,50 cal adapter

e 120 10197 £
B ey CONFIDEMTIAL
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Figure 12
PROFILE AND ARRANGEMENT (U)
80" PTF (NASTY CLASS)
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65 ft PB MK3-Patrol Boat [13]

e o oo

(U) The 65 ft (19.8mn) PB is the newest patrol boat in the USN inventory.

It was designed as a high-speed weapons platform for the Naval Inshore Warfare -
forces and is capable of carrying a variety of U.S. or foreign weapons in a number
of alternate locations. A modular payload concept is incorporated, allowing the
craft to be adapted to a variety of missions in deep rivers, harbors, coastal or
open sea environments. Missions envisioned include patrol, surveillance,
interdiction, Ffire support against ashore and afloat targets and insertion/ —
extraction of NIW units. The main deck of the craft is reinforced in vital
areas so that future mission capabilities, dependent upon the development and/
or availability of the necessary systems hardware, may include antisubmar §ne
sonar or torpedoes, minelaying, mine detection and mine sweeping.

(U) The craft is powered by three high power, lightweight diesels providing
speeds significantly higher than any other USN patrol boat of this size. Fyel
and accommodations will permit unsupported missions of up to Ffive days or 450 NM
(2000 NV at reduced speeds). Multi-frequency communications, high resolution
surface search radar and reasonable stability in moderately heavy seas will permit
day/night, all-weather operations. The all-aluminum craft was designed with a
low silhouette, low radar cross section and extremely low acoustic noise levels
to preclude ready detection.
(U) CRAFT IDENTIFICATION DATA

NAVSHIPS Drawing No. 65PBMK3-145-4382143

Latest Procurement FY77

7o g
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EXISTING HARDWARE

(C) PRINCIPAL CHARACTERISTICS

Length Overall 64" 10 3/4" (19.78m)

Max Beam « Including Guard Rails 18" 0 3/4" (5.50m)

Max Height w Exclusive of Masts, Antenna, etc. 18" 6 1/2" (5.65m)
(C)Draft, Navigational 5" 6" (1.68m)

Full Load Displacement 36.8 tn (37.4 t)

Light Load Displacement 28.1 tn (28.6 t)

Hoisting Weight - Full Load + Bands 37.0. tn (37.6 1©)

Hoisted By Belly Bands

Total Fuel Capacity 1800 gal (6814 liter)

Total Potable Water Capacity 100 gal (379 liter)

Construction Longitudinally framed Aluminum

Hull, Vee-Bottom
Crew: Officers 1
Enlisted 4

O

O

©

MACHINERY CHARACTERISTCS

Main Engines: . .
Detroit Diesel model 7082-7399, 8V71TI diesel engines with 2:1 reduction
gear
Each engine develops 650 bhp @ 2300 rpm (600 shp @ 2300 rpm)

Diesel Auxilary Generator:
One Onan 15 KW, 120/208v, 60 cycle, A.C., three phase unit

Propellers:

3-RH, 3 Blade, 32" (81.3 cm) diameter, x 35" (88.9 cm) pitch (cupped),
bronze

PERFORMANCE CHARACTERISTICS

Speed 30 knots (56.6 km/h)

Range @ max speed 500 KM (925 km)

Note: Above data is based on full load displacement, and is taken
from NAVSECNORDIV report 6660-C14.

ARMAMENT

4 .50 cal machine gun stands, 2 guns issued

Main weapons platform is capable of supporting 1 tri-tube torpedo launcher,
1-40mm gun, 1-20mm gun, 1-8lmm mortar, or other similar weapon.

Fore and aft centerline gun foundations are capable of supporting 1-40mm gun,
1-20mm gun, 1-81mm mortar, or other similar weapon.

OO )



EXISTING HARDWARE

Figure 13
PROFILE AND  ARRANGEMENT  (U)
65' PB MK3
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F. SUMMARY OF CURRENT PLANNING FOR FUTURE EFFORT (U)

1. (C) Funds for the Naval Inshore Warfare Craft Program, SSW-02,
were terminated beyond FY76 by Congressional action. Alternative planning
is underway which may lead to the initiation of a modest Engineering
Development Program to design and build two state-of-the-art planing craft;
a nominal 36 ft {11m) Special Warfare Craft (Light), SWC(L) and a nominal
85 ft (26m), Special Warfare Craft (Medium) SWC(M).

2. (C) The development of a planing version of an experimental
Landing Vehicle Assault (LVA) for the U. S. Marines will continue. Further
hydrodynamic studies are required to reduce the drag of the highly loaded
LVA hull; to reduce the high speed impact loads and added resistance
in a seaway; and to provide an efficient propulsor for the hump and high
speed regimes.

3. (C) As mentioned in Section I.D.5, one consequence of the ANVCE
study has been a brief effort to examine the feasibility of developing a
large Open Ocean Planing Hull. The vessel characteristics for this purpose
were derived by doubling the scale of CPIC-X for which there is a substantial
amount of well-documented performance and design®"data. This extrapolation
procedure results in a planing ship having a length overall of 200 ft (61m),
a beam of 36 ft (1Im), a full load displacement of 576 tn (685 t), and a
speed of 58 knots(107km/h) in Hyy3 = 9.2 ft (2.8m) significant waves. Pro-
pulsion power can be supplied by three GE LM 2500 turbines driving trans-
cavitating propellers. A more complete discussion of the Open Ocean Planing
Hull follows in Section I11.A_1, beginning on p. 62. Planing hull ships which
displace up to approximately 1000 tn are being recommended for examination

in Task IV of the ANVCE Program.
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SUMMARY OF CURRENT PLANNING
4. Specific areas requiring further research and development, discussed
in other appropriate places in this report, e.g. para, 1.D.6 on p. 32
include the following:
a. Seakeeping Extended to Higher Speeds and Wave Heights
¢ Motions
¢ Impact Loads
¢ Powering
b. Maneuvering and Control (Basics)
® Control Surfaces (Size and Shape)
® Dynamic Loads
® Appendages
C. Propulsors
& Transcavitating Props
¢ Supercavitating Props
$ Hull/Appendage Propeller Interactions
& Water-Jet Pumps and Inlets
d. Hydrodynamics
¢ Pre-Planing Range
§ Overload Conditions
e. Design Synthesis Procedures
@ Parametric computer model extrapolation
e Design trade-off inter-relationships
f. Machinery
¢ Lighter weight, e.g. In gear boxes, diesel engines

® Lower fuel consumption, e.g. In gas turbines

‘ o e | 52 -



-

SUMMARY OF CURRENT PLANNING

® Greater resistance to the marine environment, e.g. turbines
to salt spray ingestion, outdrives to sea water, propulsors
to debris and vegetation

Hardware and Equipment

¢ Lighter weight; almost all items

# Greater resistance to the marine environment, e.g. electrical
components

Structures

¢ Hydroelastic effects in larger vessels

¢ Fire protection of aluminum

# Materials with greater strength to weight ratio

Vulnerability

¢ IR signature

¢ Silencing of engines and propulsors

® Armor protection

Weapons and Sensors

¢ Interfacing of weapons and sensors with fire control systems

8 Development and qualification of suitable (lightweight)

weapons systems for high performance marine vehicles.

s I
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SECTION. IL -~ STATUS QF VEHICLE TECHNOLOGY (U)

A. TECHNOLOGICAL PERFORMANCE FEATURES (U)

1. (V) Aerodynamics/Hydrodynamics

a. (U) Aerodynamics

The design and performance of planing craft are governed principally

by hydrodynamic considerations. Aerodynamic effects are concerned mainly
with the air drag of the superstructure and those portions of the hull which
are above the water line. Empirically derived drag coefficients are used to
estimate the air drag of all above water structures, which is a very small
portion of the total drag at speeds below about 30 knots. Even at 60 knots,

the aerodynamic drag of a typical planing hull is only about 6% to 7% of the

total drag. Because of the relatively small magnitude of this air resistance,'

it does not require the same care in calculation as given to the resistance

of underwater appendages and hull surface which will be discussed below

under  Hydrodynamics. Aerodynamics also affect the trajectories of hull-
generated spray patterns which, because of wind effects, may result in
uncomfortable deck wetness and deterioration of visibility. The problem

is best solved by proper design and location of spray strips attached to

the hull. Model tests in a towing tank are most useful in defining hull-
generated spray patterns and evaluating means for suppressing the spray.

There is good correlation between model and prototype spray patterns developed
by planing hulls. [16]

b. (U) Hydrodynamics

Planing craft hydrodynamic technology is based primarily upon

experimental data obtained from tests of prismatic planing surfaces such

as those reported in Ref. [17] and results of hull series tests such as

L] AR
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TECHNOLOGICAL PERFORMANCE FEATURES
illustrated by Series 62 and 65 [18], This technology has been synthesized
into simplified empirical equations which a.re easily used in design.* The
following discussion of the smooth and rough water characteristics of planing
craft are based upon these tank results and full-scale data.

1) Lift

The 1ift on a planing surface is attributed to two separate
effects depicted graphically In Figure 14. One is the positive dynamic
reaction of the Tluid against the moving planing bottom, and the second is
the so-called buoyant contribution which is associated with the static pres-
sures corresponding to a given draft and hull trim. At very low speeds,
the buoyant lift predominates, while at high speed, the dynamic contribution
to lift predominates. A plot of lift coefficient versus mean wetted length/
beam ratio for a range of speed coefficients is given in Figure 15 [17] for
a zero deadrise surface. The correction for deadrise is given in Figure

16 [17]. The important hydrodynamic characteristics demonstrated are:

& The liftt coefficient, CL’ increases as the exponential

*
The shapes used, and the range of conditions, under which the data for
these equations were obtained dictate the following approximate ranges
of applicability for the various parameters:

Approximate Range

Parameter Of Applicability
T 2" to 24"
A <4
Cv 0.6 to 25
FNV > 1
LCG/Lp < 0.46

It is clear that care must be exercised in attempting to use these
empirical equations by extrapolation beyond the stated ranges [19, 20)

UNCLASSIFIED
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TECHNOLOGICAL PERFORMANCE FEATURES

HYDRODYMNAMIC LIFT
COMPONEMNT

R2IsE OF
C.A4.
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oe Q4 Q6 L) O 2 L4 Lo (

FROUDE NUMBER

14 s 42

SPEED FOR 200' CRAET, KNOTS

NOTE.

THE BAR. INDICATES THE APPROKIMATE FROUDE NUMBER
AT WHICH THE RISE OF THE VESSELS CEMNTER Ot GRAVITY
ABOVE T2 STATIC ELEVATION BECOMES SIGMNEICANT.

Figure 14 - |I-lydrosta-tic and Hydrodynamic Lift Components (U)

(Repeat of Fiqure 5)
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