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FINAL REPORT

Large Hydrofoil Transmission System Study

This report presents the results of a study to determine the performance
and physical characteristics of an ac electrical system intended for use as
the propulsion system of large hydrofollflj

The work was performed under Contract NOOO14-76-C-0803 and is presented
in two sec ~~Section | provides a technical description of the system in
terms of performance, weight and component characteristics. Section Il describes
anticipated problems associated with development of the system and its com-
ponents, and includes activities through design and fabrication, and
valification of an integrated system. —_
q g Y *-_.._.~_§-_~\\\
The material of Section | was provided to the Marine Projects Office of ™
Grumman Aerospace Corp. for inclusion as part of a larger propulsion system
study published as Grumman Report HA?/598-100-2,dated January 1977.

The material of Section || was provided to Grumman in June 1977 for
inclusion in a development plan and report.

The technical data of Section | is based on the requirements and
characteristics provided by Grunman. This includes characteristics of the
propeller, foilborne and hullborne thrust and drag, installation geometry
and weight data, range requirements, etc.

The work included in Section | was conducted under the basic contract /
and completed in September 1976. The work of Section || was completed under /
Mod. P0002 in June 1977. /

Section | DESCRIPTION OF AC SYSTEN AND MAJOR COMPONENTS e
. /
1. SYSTEM DESCR IPTION

Two system conflguratIonsa::;s1derod in this studysare shown schematically
by Figures 1 and 2. For reasons of performance and simplicity Configuration |
is preferred. Therefore, the descriptive data given below is principally for
this configuration.
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As shown by the schematic of Figure ;:’Conflgurntlon consists of two
direct-turbine-driven ac generators supplying electrical r to either

foilborne or hullborne propeller induction drive motors. Conventional
switchgear is used for connecting the generator to either the foil or hull
drive motors. Each induction motor supplies power to a fixed pitch propeller
via a planetary type gearbox.- Speed and power output of each induction motor
is controlled by fuel flow to the turblno._’§




Figure 1 shows the system connected for operation in both foilborne and
hullborne modes. During takeoff and in foilborne mode, both turbine generator
units supply electrical power to the foil propeller drive motors. At lower
ship speeds in hullborne mode, one turbine is shut down and both hull prop
drive motors connected, via the switchgear, to the on-line turbine generator
unit. Harbor maneuvering and reversing is accomplished by plugging either or
both hull drive motors. Auxiliary systems are utilized for lubrication and
cooling of all components; all heat being rejected to sea water.

¢
.
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1.2 Configuration 1|

:’Eonfiguration II4ﬂxmm_hx_ﬁlgg£gzzzponsists of independent foilborne and
' hullborne propulsion systems. For takedff and foilborne operation, two direct
LM2500 turbine-drive ac generators supply electrical power to the foil propeller
induction motors. Operation in this mode is identical to Configuration 1. In
hul Iborne mode below 16 knots, two GTPF 990 turbines each direct drive an ac
generator which supplies power to hull propeller drive motors. Below approxi-
mately 12 knots one GT990 is shut down and both hullborne i
in paraliel by the operating turbine-generator unit.S Configuration || pro-
vides a trade off between greater system weight, against a lower hullborne
fuel consumption rate obtained by operating smaller turbines in hullborne mode.
This provides, potentially, a greater hullborne range)\

2. DESCRiPTION OF MAJOR COMPONENTS
2.1 Main Generator

The main generator is a 3-phase, 4-pole, Y-connected synchronous machine
of conventional construction to be direct driven by an LM2500 or simila r gas
turbine. Design, rating and installation data are given by Figure 3. Liquid
cooling, described later, is utilized. Design details defining mounting,
maintenance and access areas are unresolved due to incomplete interface data.

2.2 Foil Propeller Drive Motor and Gearbox

The foll propeller drive motor is a 3-phase, 4-pole induction machine.
Rating and installation data are given by Figure 4. Figure 5 shows estimated
performance of the motor at various ship operating conditions. The gearbox
is a planetary type with rating data given by Figure 4.

In order to obtain highest efficiency, a low rotor resistance is used to
yield minimum slip. The electrical parameters of the motor were selected to
provide a breakdown torque that exceeds the rated torque |imit of the turbine.
This assures that operation at high values of slip will not occur. Special
features required by the foil pod mounting and installation constraints are
not defined due to incomplete interface data. The gearbox weight and dimensions
are based on data provided by Grumman. The gear ratio of 6.72 was derlved by
motor-propel ler utchlng as described below.

2.3

X

Theé hull propeller drive motor and gearbox is similar to the foil propeller
drive unit except for power rating and speed. Rating and installation data are
given by Figure 6. Performance estimates at specific ship operating conditions
are given by Figure 7.
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2.4 Switchgear and Cabling Components

Data defining the switchgear and distribution system are given by
Figure 8. The switchgear units are catalogue items as noted. Enclosures,
with dimensions and weights are also given by the figure. The cable lengths
are derived from drawings provided by Grumman. Terminations, flexible
connections, etc., require additional interface data before details can be
made. Weight estimates of the switchgear and cabling components as used in
the performance calculations are noted by Figure 8.

2.5 Auxiliary Cooling and Lubrication Systems

Functional schematics of the generator and motor cooling and lubrication
systems are given by Figure 9. Representative weight and installation data
for various components are given by Figure 10. Heat exchangers were assumed
to be of titanium to minize weight. The various systems, shown by Figure 9,
have been integrated and simplified for installation in the ship as
described earlier.

2.6 LM2500 Gas Turbine

The power, speed, SFC characteristics and engine limits are reproduced
by Figure 11, which shows operating lines of the ac system in both hullborne
and foilborne modes.

2.7 Propeller Data

Data defining foilborne and hullborne propellers is given by Figure 12.
Fixed=-pitch propeller characteristics are used in both modes.

2.8 Major Components, Configuration 11|

As stated in para 1.2, the foilborne systems for Configurations |
and 1| are identical. The hullborne propeller, drive motor, and gearbox
are also identical. The following components are required to complete the
hullborne system:

(a) GTPF 990 gas turbine. Weight is 5500 Ibs including gearbox which
provides 3600 rpm output. SFC characteristics are reproduced in
Figure 13.

(b) The turbine exhaust and inlet installations, and wash system are
the same as those given for the base system provided by Grumman.

(c) A generator, to be direct driven by the GTPF 990 turbine, electrically
matching the hull propeller drive motor. This would be a 3-phase,
h-pole machine of 1.65 kv, 4 kVA rating. Weight was estimated at
3600 pounds including structure and enclosure.

(d) Switchgear and cabling required for generator isolation and cross
connection. Weight is given by Figure 8.
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3. WEIGHT

A weight breakdown for Group 2 components is given by Figure 14 for
Configurations | and 11. Data for the base system is also given. Weights
for the ac drive systems are based on component data given in paragraph 2.
An estimating margin of 6 percent and a design margin of 15 percent are
applied to the calculated weights. The group 2 total weights, with these
margins, are used for all range calculations.

4. PERFORMANCE
4.1 Configuration |

Figure 15 indicates power flow data for Configuration |. In foilborne
mode, the system was matched to obtain a highest ship speed by utilizing the
max imum power available from the gas turbine noted earlier on Figure 11.

This occurs at the turbine limits of 3600 rpm and a TS4 of 1425%F, which
provides the 50-knot foilborne cruise condition shown on Figure 11. Operation
of the system at other foilborne conditions occurs along the operating line
down to approximately 30 knots. Operation of the system at 25 percent excess
thrust at 30 knots for takeoff, and 10 percent excess thrust at 40 knots for
acceleration, is also depicted.

At lower speeds, in hullborne mode, either foil or hull propeller drive
can be used. Operating lines for both are given by Figure 11. The hullborne
operating line is based on ''foils up'' drag data only. Range calculations
given below are based on the 40-knot and 45-knot foilborne cruise points and
on the 15-knot hullborne operating point.

4.2 nfiguration ||
Figure 16 shows power flow data for operation in foilborne and hullborne
modes. Folilborne operation is identical to that of Configuration |. In the

hullborne mode the GTPF 990 turbines are utilized to drive the Troost propeller

drive motors. The operating line of the GTPF 990 gas turbine is given by
Figure 13.

4.3 Range Estimates
Figure 17 gives three range and endurance predications including:
Case a: LO-knot cruise
Case b: 15-knot cruise
Case c: U45-knot cruise (62 percent total time)
30-knot takeoff (2 percent total time)

idle main turbines (37 percent total time)

77=14501
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Range predictions are based on a constant initial ship's weight of 1278
long tons and a base fuel weight of 400.1 long tons. Adjustments in fuel
weight are made to accommodate changes in the ac propulsion system weight from
the base system weight. Details of these calculations are given by Figure 17,
using weight data with the 15-percent design margin, from Figure 14,

LT B
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5. DEVELOPMENT STATUS

DN O

The ac propulsion system described herein is based on design, manufacturing
and operating concepts that are in use in other well developed ship and land
; & based systems. Therefore, no new development problems or development risk are
' believed introduced by the system for this hydrofoil application.

Additional system design and analysis needs to be conducted to evaluate
higher operating frequencies with the objective of reducing electrical
: machinery weight and size from that given earlier. Environmental factors,
EMI, structural requirements etc. unique to hydrofoil application should be
further evaluated to determine the impact of these requirements on each
system component. Ship maneuvering requirements need further study to
verify that satisfactory thrust reveals, response times etc., of the system
can be done using a fixed pitch propeller with motor plugging.

The performance and weight estimates of the motor and generator compo-
nents were made utilizing standard computer programs. As these programs have
been in continuous use in the design of other machines, It is believed that
the performance weight and dimensions as given in previous paragraphs are
accurate. Within the limited scope of Phase |, detailed stress and thermal
analyses were omitted. However, magnetic and insulating materials properties,
peripheral speeds, current and flux densities etc. are consistent with accepted
design practice. Further analysis is required to determine the plugging
operation of the hullborne motors during reversal, in that transient currents,
heating, etc., requires further analysis to verify cooling requirements.

The planetary type gearbox units, used in both the foil and hull motor
pods,will require development. As noted earlier, the size and weight used in
the data given above was based on data provided by Grumman. Comparable data
for planetary gear units developed under Navy/Marad sponsorship was obtained
earlier from Curtiss Wright. Under this program considerable development data
was obtained, including endurance at power levels of 40 KHP and output speeds
in the range required by the hydrofoil.

The switchgear was selected from vendor industrial catalogue data as

A described earlier. Transient analyses should be conducted, however,
simulating ship maneuvers to verify the selected switchgear. Special enclosures
are required for mounting and shielding to obtain least weight. Weight and

. size reductions may be possible by use of special development switchgear. |
This was not investigated during Phase |. The use of tube-type conductors i
for connecting the various generators and motors was assumed. No attempt
was made to determine installation or structural requirements and constraints.
Also, swivel connections needed at the foil motor retraction pivot were not
designed. A nominal weight allowance was made for these items in the data
given earlier. This wil] be a development item, but is not felt to be
significant.

L e
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As noted above, weights of heat exchangers were based on the use of
titanium for tubes and headers. Titanium reduced system weight by approxi-
mately seven tons. Experience with titanium units in Naval vessels is not
known. However, in power system service 31 plants have condensers fully
tubed with titanium for both fresh and seawater. Twenty other plants have
condenser partially tubed with titanium also in fresh and sea water. All
of these condenser units are considerably larger that the exchangers required
for the hydrofoil. Development titanium units for hydrofoil use does not
appear to be a difficult extension of this power plant technology.

: Section 1| AC SYSTEM, TECHNOLOGY STATUS AND DEVELOPMENT PLAN

1. SUMMARY, SYSTEM DESCRIPTION

The ac system consists of two direct-turbine-driven generators
supplying electrical power to either foilborne or hullborne propeller
induction drive motors. Conventional switchgear is used for connecting
the generator to either the foil or hull drive motors. Each induction
motor supplies power to a fixed pitch propeller via a planetary type

gearbox. Speed and power output of each induction motor is controlled by
fuel flow to the turbine and excitation of the gearbox.

During takeoff and in foilborne mode, both turbine generator units
supply electrical power to the foil propeller drive motors. At lower
ship speeds in hullborne mode, one turbine is shut down and both hullborne
drive motors connected, via the switchgear, to the on-line turbine generator
unit. Harbor maneuvering and reversing is accomplished by '"plugging' either,
or both, hull drive motors. Auxiliary systems are utilized for lubrication
and ccoling of all components; all heat being rejected to sea water.

The principal components of the system, which comprise the major
development effort discussed below are:

Generators (2)
Foil motor (2)
Foil gearbox (2)
Hull motor (2)
Hull gearbox (2)
Switchgear
h Transmission line subsystem
Cooling and lubrication subsystem for each machine
Control system
The gas turbines, propeller, propeller shafting, and pods are assumed GFE.

N :
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2.

PROGRAM PLAN, SUMMARY CONTENT

The plan for development of the ac propulsion system encompasses three

major phases:

(@) An initial or preliminary design phase needed to define final system
performance, ship interfaces, environmental factors, control modes,
etc. A system specification would be completed, defining detailed
component design requirements. A time period of approximately 9
months will be required for this effort. The system development
phase which follows, cannot be initiated until this system
definition is completed.

(b) A second and principal phase, Component Fabrication and Test,
during which all component shop drawings are completed, and all
parts fabricated. Tests of each component, for mechanical and/or
electrical integrity, will complete this phase.

(c) A third phase during which the components are assembled into a
simulated System Test. Performance tests, control tests, and
endurance tests will be conducted to best simulate system
requirements.

The Development Plan discussed below is concerned .with the second and third

phases above i.e., Component Fabrication and Test and System Test Phases.
Schedules and milestones for each of the phases is given in Figures 18 and
19.

2.1 Component Development

Development of each component of the system noted above will require
technical and schedule content as described in the following paragraphs.

2.1.1 Main Generators

The main generators are 3-phase, Y-connected synchronous machines with
liquid (oil) cooling of the stator and rotor members. A summary of the
machine design parameters taken are:

Rating 16.3 Mva

Voltage 2 kv L-L

Poles L :

Overall diameter 46 in.

Length 50 in.

Weight 16,500 1b

Speed 2871 (3600 max) rpm,

Current densities 5 ka/sq in.
Tip speed, nom. 350 ft/sec
‘max., 430 ft/sec

T ot AR AT AR ST
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These parameters can be satisfied by a machine of conventional construc-
tion in terms of magnetic materials of the rotor and stator, electrical insul-
ation, bearing speeds and loads, etc. Liquid cooling of the stator and rotor,
adapted from similar machines, will be utilized. No new or unique development
problems are introduced into the design of this component, and detailed design,
tooling and fabrication of the machine can proceed as shown by the schedule
of Figure 18.

A e DRV R

The detailed design and supporting electrical mechanical and thermal
analyses will be initiated at program startup. The details will be based on
the preliminary design and component specification generated in the previous
Preliminary Design Phase, as noted on Figure 18. Shop details will be
started in the fourth month for identifying long lead time materials and/or
parts. The generator design will be frozen at the seventh month, premitting
all shop details to be completed by the twelfth month. All principal inter-
faces should be frozen by the seventh month, including those to the gas turbine
deck structure, cooling system, and main electrical buss. Fabrication of most
generator parts will be completed in eighteen months, permitting some assembly
operations to be initiated. Final assembly, and initiation of a generator
test, will occur at the eighteenth month. Testing is expected to require
approximately four months as shown by Figure 18. |n order to minimize
facility requirements (i.e. generator drive source), electrical testing will
be limited to full speed, open circuit, full voltage tests, and short circuit
current full speed tests. Otherwise testing will cover the full speed range
from zero, through design point, to overspeed. Approximately 200 running hours
would be completed in this period.

e

2.1.2 Foilborne and Hullborne Propeller Drive Motors

Both machines are 3-phase, Y-connected induction machines using oil
cooling of rotor and stator. Design parameters of each machine are:

Foil Motor Hull Motor

Rating, MVA 16.5 3.4
Volts kv L-L 2 1.6
Poles ’ L L
Overall dia., in. 45 36
Overall length, in. 60 38
Weight, 1b 14,200 6000
Speed, rpm 2864 2400
Current densities 6 ka 6 ka
Tip speed, nom ft/sec 374 2L0
max ft/sec 450 300

Detal led electrical and mechanical design, materials, thermal distri=-
bution, and so on, will be similar. Therefore, the development plan for
each machine will be essentially identical for the current study. Figure
18 shows the plan for component fabrication and test.

The schedule and mi lestone plan for the two motors generally follows
that for the main generator shown above.

Gnommmare)| ARESEARCH MANUFACTURING COMPANY
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2.1.3 Foil and Hull Motor Gearboxes

The planetary~type gearbox drives between the foil and hull drive motors
and respective propellers have the following design parameters:

Foil Gearbox Hull Gearbox
Rating, hp 25000 5000
Input speed, rpm 3600 2300
Ratio 6.72 7.90
Qutside dia., in. 34 30
Lenygth, in. 36 34
Weight, 1b. 4300 3000

These designs were reviewed by Curtiss=Wright, which has conducted extended
development of planetary-type marine gearbox units (up to 50000-hp rating)
for the Navy and Marad. The gearbox lengths and diameters specified above
will be increased to accommodate 2-stage reduction for better design
proportions. The data necessary to design the gearbox units for optimum
gear proportions--allowable stress, materials, manufacturing techniques, and
so on--is available at Curtiss=Wright, provider of the development plan
shown in Figure 18. Approximately 500 hours at rated torque and speed will
be completed under this plan.

2.1.4 Cooling and Lubrication Subsystem

Cooling and lubrication of the generator motor and gearbox units are
required. A common cooling and lubricating subsystem is used with each unit.
All heat is rejected to seawater through a common loop. Heat exchanger
weights were based on the use of titanium for tubes and headers.

The cooling system has the greatest number of ship interfaces, and it
requires intricate routing of fluid lines throughout the hull and foils.
Therefore, a careful definition of all interfaces is required prior to final
design freeze and part fabrication.

Testing during the comporent fabrication phase will be limited to checkout
and short-time performance/mechanical integrity tests of critical components,
such as pumps. Assembly of components into a final cooling system will he
deferred to the system test.

2.1.5 Controls, Switchgear, Power Transmission

Component fabrication and test will track the schedule shown in Figure
18. Testing will be limited to checkout or simulation=type tests of individual
components before assembly into a final system configuration. Since most
components are either catalog items (e.g., switchgear), or can be tested via
system simulators (controls), this procedure is considered acceptable.

Completion of the system simulation is necessary before the controls
and switchgear components can be frozen and specifications defined. The mile=
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stones specified in Figure 18 must be met early in the program to accommodate

the long leadtime required for fabrication and test of the control and
swi tchgear components.

G e S R e
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2.2 System Test

A schedule and milestone plan for a system test is shown in Figure 19.
The system test involves assembly of one propulsion side (that is, one~half
a ship system) into a test facility duplicating the general configuration of
the final installation. Propeller absorption of power will be simulated by
a dynemometer. As shown in Figure 19, initial planning and facility
preparation should be started prior to completion of the component phase.

B e et

%

The system test objective is to verify overall system performance,
simulate and verify control operation, and determine the performance levels

and operational capabilities of such subsystems as cooling, monitoring,
and instrumentation.

After completion of the initial checkout and verification tests, endurance
and reliability tests will be started. It is expected that about 1000 hours
of cumulative timing experience will be obtained on critical generator, motor,
and gearbox components, as indicated in Figure 19.
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Hullborne Cruise
16 Kts | 15 Kts| 10 Kts

Motor output HP 5000 3590 |1025
Speed, synchronous RPM 2537 2299 (1586

Frequency Hz 84.61 | 76.64 [52.8 |
Vol tage L-L Volts 1739 1576 |[1086
Primary current Amps 1482 1276 |547
Primary current density Amps/in. € | 7265 6254 |2681
Secondary current Amps 1353 148 |46
!' Secondary current density Amps/in.*| 3386 2873 |10l
‘ Siip Per unit | .00M1 | .003 |.002
Speed RPM 2528 229 1580
Power factor, lagging Per unit | .88 .87 .87
Efficiency Percent .969 .969 |.966

_Figure 7. Estimated Performance, Hull
Propeller Drive Motor
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SWITCHGEAR - CONFIGURATION |

PORT STARBOARD
]
? Qmm
G * % G* [}
14 T S 18
: i L S _oo g .
]
: "™ "as™ FOIL MOTOR
]
HULL MOTOR
* = LOAD BREAK
*r @ @ SEQ FOR REV. '
Current Voits | Frequency
Ggond G, [n gm0 m T T [Hgendn,] -t ™ Condition
Foilborne System
50 kts 4500 4500 [ - 2470 120 Meximum speed
40 kts 3550 3500 0 - 1970 9.5 Cruise, foilborne
30 kts s121 s121 - - 1063 90.5 Toke=off
15 4860 2340, 2340 - 1000 &8 Hullborne, 1 GT oper.
] Wulborne System
: 15 kts 2550 - 1275] 1275 1575 76.5 Cruise, 1 GT oper.
Unit Velght/Shi
Lecation Mfg. Weight, 1b (Long Tons
s Gy, ' ITE SHK-350 1400 2.5
| Gge Gp. Mg My bosif o
" 4,16 kv, 3 ke
" tnclosure M2V x 72 x 48" 2000 0.09
Cebling &20 ft x 5 10/ft 1.00
. Folldorne tetai/ship = (S )
Wog: Map: T ‘m: ; m: ; 0 0.0
1 4
. 816 kv, 1.2 ka
| Encloswre Inel sbove 600 0.27
Cabl ing 120 ft x S 10/fe 0.27
. "m mm’ - 'a”

Figure 8. Rating and Installation Data,
Switchgear and Cabling Components
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l V) Lo
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=t | SEA WATER
HEAT B
EXCHANGER i
PUMP .
L Fue
SeA VATER
RESERVOIR
COOLING OI0
RESERVOIR
Rz
.LUBE_AND COOL ING
(FOIL AND HULL DRIVE MOTORS)
_—
HYDRAULIC
PUMPS
GENERATOR
LUBE
FILTER  uwp  RESERVOIR ‘
{
g LUBE OIL
i HEAT EXCHANGER——g
EXCHANGER _ s

— 0/8 0/8

[ .
L s
FILTER COOLING
oL
RESERVOIR

GENERATOR LUBE AND COOL ING

LUBE AND COOLING |
(MAIN GENERATORS) :

Figure 9. Schematic, Cooling & Lubrication Systems
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LOSRNE; % LW 2500 &T's

"S FOIL PROPS
o

BEST AVAILABLE COPY

o :

|Ivi

4

\i
B

)
A

I
i

B

.
mmw
umm_...

1T vorL mnep 0,20 FT 01A; PISED P/ < 1.8 |

w=tios LA PREP < B FT DIA; TROUST 05.78

LM 2500 Matching Data, Hullborne and

Foi Iborne Operation
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Flgure

77-14501




“ ‘ e
25 PERCENT j/
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& 7 ” 300 =
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< 200 &
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,/ 100
0
25000
25 PERCENT
EXCESS THRUST,
20000

PROPELLER INPUT HORSEPOWER

NOTE: FOIL PROP = 8.28 FT DIA;

&«g 5000# CONSTANT P/0 = 1.5 ]
o WULL PROP = 8 FT DIA;
TROOST 85,75 P/D = 1.0
’ I
. = »
] : 30 4o 50 60
% SNIP VELOCITY, KNOTS »bige

Figure 12. Propeller Data
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BEST AVAILABLE COPY

" MODEL GTPF990-3 |
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NOTES:

0.480 SFC

ENGINE INLET TEMPERATURE = 59°F
SFC = SPECIFIC FUEL CONSUMPTION, LB/HP-NR

INLET LOSS = & IN. H20

AMBIENT PRESSURE = 29.92 IN. HG ABS
EXMAUST LOSS = 6 IN.

1.
2.
3.
4.
5.

0.0
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0.520
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B mm.‘
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OPERATING LINE FOR 2 GTPF 990 DRIVING
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5500

4500-

-

ﬂm 13. GTPF 990 Operating Line, Hullborne Operation
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BEST AVAILABLE COPY

Base System | Configuration | | Configuration 1!
Long Tons
Per Shi Long Tons Long Tons
(Note 1 Per Ship Per Ship
1. Foiiborne Propulsion
Engine and ecc. 1h. 286 1h, 286 14, 286
Output sheft 1,208 Not used Nat used
Disconnect CPLG 02 Not used Not used
Uppear GOX 3.576 Not used Not used
Vertical shefts 2.661 Not used Not used
Lower GBX 3.335 Not used Not used
Planetery 3.661 Not used Mot used
Prop cartridge 1.652 1.652 1.652
Propelier 2.857 2.857 2.857
Generator 14.73 14.73
Foll prop motor 12.68 12.68
Foll prop gesrdox 3.75 3.75
Switch gear and cabling &.39 439
Cool ing ond lube systems 7.32 7.32
Fluld inv. o L0 Lo
Total 33.635 62.67 62.67
2. Auxilieries
Exh, Instl. 3.2%7 3.2 3.237
Alr Inlet and shrouds N9 N9 N9
Vesh system 200 200 . 200
Gearbox L.0, 3.750 Not used Not used
Instrwm ond control ; «290 «290 .290
Circ. end cool ing water 1.5 1.5n 1.5n
L0, system Last Mot used Nog used
Total 1. 719 6.02 6,02
3. Wuliborne Propulsion
TF 35 or GT PF 990 1.11 (TF3S) Not used 591 (990)
Exh, Inst), 1.08 Not used 1.08
Alr inlet .09 Wot used .09
Vesh system <07 Not used .07
Seorbox .y Not used Not used
Georbex L.0. 53 Not used Not used
Prop shefting .97 1.97 .97
Prep pitech control 73 Not uped Not used
Prop shaft seals .35 Not used Not used
Prepeiiors .68 2.68 2.68
instr. ond contrel .13 13 03
Genereter 3.
Wil prep meter 6.07 6.07
Wull prep geerbex h.00 4,00
Suitchgeer ond cobling 1.4 .7
Cosling and 1ube systems 3.9 s.60
Tote! 13.210 9.5 32.57
Totad 1, 2, 3 8. 544 .27 101,26
e, morgin (6% LQ’ 5.20 6,08
Sesign morgin (15% 9.0 18,0 16.0
Tots! Srowp 2 .000 107. 5§ 123.3

' {} . 14:75-20 vie Grummen
B T T B g

Figure 14. Weight Breakdown
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BEST AVAILABLE COPY
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BEST AVAILABLE COPY

Base System
(Note 1) Configuration || Configuration 1/
Group 2 weight (Note 6) L. tons 71.0 107.6 123.3
Group 3 weight (Note 1) L. tons 46.0 _u6.0 46.0
Total; Group 2 + Group 3 L. tons 17z 163.6 169.3
Increase over base system L. tons =0- +36.6 +52.3
Base fuel weight L. tons 400.1 400.1 400. 1
+ Wt inc. over base weight L. tons -0- -36.6 =52.3
Available mission fuel L. tons 363.5 347.8
Shipboard electrical power (Note 2) kw 576 576 576
Fuel rate (Note 3) Ib/hr Uh42 Wh2 Liy2
Case a: 40 knot cruise (Note 4)
Gas turbine propulsion shp 17351 X 2 17351 X 2
SFC  #/WP WR : W7 W7
Propulsion fuel rate Ib/hr 14470 14470
Total fuel rate (Note 5) Ib/hr 14912 14912
Endurance hrs 5h.6 52.2
Range Naut. miles 2184 2089
Case b: 15 knot cruise (Note &)
Gas turbine propulsion shp 7468 3895 X 2
SFC « Sk . 503
Propulsion fuel rate I1b/hr 4032 3918
Total fuel rate (Note 5) Lh7h 4360
Endurance Hrs 182 179
Range Naut. miles 2730 2680
Case c: (Note &)
45 knot shp 21439 X 2
SFC .40
fuel rate Ib/hr 1ns
30 knot T.0. SHP 22912 X 2 m,;:mm ;
SFC )
fuel rate 1b/hr 18329
idle fuel rate 1b/hr 1000 x 2
Endurance hrs 67.86
Range Naut. miles 1914

Notes:

(1) Derived from NavSec Report 6114-75-20, via Gruwmen Ltr Report 298-100-1 Dated January 30, 1976
(2) Per GAC Ltr MAR GEN 800.125-76, 2 June 1976; Attach. 3, Item o
(3) Assumed SFC = ,55 and generator eff = ,96
(4) Per Para. 7 of GAC Ltr 298-100-1 Dated 30 January 1976

" (5) Propuision fuel rate (1b/hr) plus electrical powsr fus! rate (1b/hr)
(6) Al) weights include mergins

Fi gure ‘70

Range and Endurance Estimates,
Base, Configuration |, and
Configuration || Systems
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