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FINAL REPORT

Large Hydrofoil Transmiss ion System Study

This report presents the results of a study to determ ine the performance
and physica l characteristics of an ac electrica l sys tem Intended for use as
the propulsion system of large hydrof~~~~~

was performed under Contract N00014-76—C-0803 and is presented
in two sections~~~Section I provides a technical descri pt ion of the sys tem in
terms of performance, weight and component characteristics . Section ii describes
anticipated problems associated with development of the system and Its com-
ponents, and Inc l udes activities through desi gn and fabrication , and
qualification of an Integrated system.

The material of Section I was provided to the Marine Projects Office of “~.

Grunsnan Aerospace Corp. for Inclusion as part of a larger propuls ion system
study published as Gruman Report MAR 298-100-2,dated January 1977.

The material of Section II was provided to Gruninan in June 1977 for
inclus ion in a development plan and report.

The techn ical data of Section I Is based on the requirements and I I
characteristics prov ided by Grimiman. Th is includes characteristics of the
propeller , foilborne and hulibo rne thrust and drag, insta l lation geometry
and weight data, range requirements, etc.

The work Included in Section I was conducted under the basic contract
and conçlet.d in September 1976. The work of Section II was completed under
Mod. P0002 in June 1977.

Section 1 DE~~~IPT ION OF AC SYSTEM A1 MAJOR C0IW ONENTS .

1 SYSTEM DES~~1 .._~—~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SJPTWO system conf igurations~~~~sidered in this stud y .ars_shown schsmst lc.I!y

~~ by Pigur.s I and 2. For reasons of performance and si mplicity Configurat ion I
is pr.f.rr.d. Therefore, the descriptive data given below is princ ipally for
this configurat ion . 

_______ 
—

1 1  ~~~~~~rat ion I 
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u~~~~ ~+“~ 
4b~~~

As shown by the schematic of Figure 1 , ConfiguratIon ~~consIsts of two 4
direct-turbine-driven cc generators supply ing electrica l ~~wsr to eitherfoilborne or huilborns propeller Induction drive motors. Conventional
sw l tchgsar is used for connecting the generator to either the foil or hull
dr ive motors . Each induct ion motor supp l ies power to a f ixed pitch propeller
via a planstary type gearbOR. -. Spsed nd p~~~r output of sach induct Ion motor
is control led by fuel flow to the turbtns.~~~
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Fi gure 1 shows the system connected for operation in both foilborne and

hullborne modes. During takeoff and in foilborne mode, both turb i ne generator
un i ts supply electrica l power to the foil propeller drive motors. At lower
ship speeds In hullborne mode, one turb i ne is shut down and both hull prop
drive motors connected , via the sw i tchgear, to the on— line turbine generator
unit. Harbor maneuvering and revers ing 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.

1.2 Configuration II

Conf igura tion I I ~spown by Figure onsists of independent foilbo rne and
huliborne propulsion systems. For ta e ff and foilborne operation , two direct
LM2500 turbine-drive ac generators supply electrical power to the foil propeller
induction motors. Operation in this mode is identica l to Configuration I.~~ in
hul lborne mode below 16 knots, two GTPF 990 turbines each direct drive an a~ ’~~generator which supplies power to hull propeller drive motors. Below approxi- \
mately 12 knots one GT990 is shut down and both huilborne prooe1Ieç~ drIven)~~~~in para l l e l  by the operating turb ine-generator un i t.~~Conf i gura t ion I I  pro-
vides a trade off between greater system weight , against a lower hullborne
fuel consumption rate obta ined by operating smaller turb ines in hullbo rne mode.
This provides, potentially, a greater hu i l borne rango)\
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 sim lb r gas
turbine. Design, rating and installat ion data are given by Figure 3. Liquid
cool i ng, described later, is utilized. Design details defining mounting ,
maintenance and access areas are unresolved due to incomplete i nterface data.

2.2 FoIl Propeller Drive Motor and Gearbox

The foi l propeller drive motor is a 3-phase, 4— pole induction machine.
Rating and installat ion data are given by Fi gure 4. Figure 5 s hows estimated
performancs 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 m inimuu slip. The electrical parameters of the motor were selected to
provide a breakdown torque that exceeds the rated torque l 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 di mensions
are based on data provided by Grunvumn. The gear ratio of 6. 72 was derived by
motor-propeller matching as descrIbed below.

2.3 *alI Proosll.r Drive Motor nd Gsarbq~
Thi hull propeller drive motor and’gsarbox is simil ar to the foil propeller

drive unIt except for power rating and speed. Rating and install atIon data are
given by FIgure 6. Performance estImates at spe cific ship operat ing conditlons
are given by Figure 7.
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2.4 SwItch~ear and Cablino Components

Data defining the switchgea r and distribu tion system are given by
Figure 8. The switchgear units are catalogue i tems 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
connecti ons , etc., requi re additiona l interface data before details can be
made. We ight estimates of the switchgear and cabl ing components as used In
the performance calculat ions are noted by Figure 8.

2.5 Awci l i ary Cooling and Lubrication Systems

Functiona l schematics of the generator and motor cooling and lubr ication
• systems are given by Fi gure 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 Ins tallati on 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 huilborne propellers is given by Figure 12.
Fixed—p i tch propeller. characteristics are used in both modes.

2.8 Mator C nents~~Co~,
frlouya~trion I

_i

As stated in para 1.2, the foilborne systems for Config urations I
and II are Identical. The hullborn. propeller , drive motor , and gearbox
are also identical. The following components are requi red to complete the
hullborne system :

(a) GTPF 990 gas turbins. Weight Is 5500 lbs Inc l ud i ng gearbox wh ich
provides 3600 rpm outpu t . SFC characterist ics are rsproduced In
Figure 13.

(b) The turbine exhaust and Inlet Installat ions , and wash system are
the same as thos. given for the base system provided by Grumumn.

(c) A generator, to be dire ct driven by the GTPF 990 turbine , electri call ymatching the hull p rop eller drive motor. This wou ld be a 3—phase ,1*-pole machIne of 1.65 kv, Si kVA rating. We i ght was estimated at3600 pounds includ i ng structure and enclosure.

Cd) Switchgsar and cabli ng requi red for generator isolati on and cross
connectIon. We ight is given by Figure S.

_ _ _ _ _  • 
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3. WE iGHTV A we i ght breakdown for Group 2 components is given by Figure 14 for
Configurations I and II. Data for the base system is a lso given. Weights
for the cc 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 we i ghts , with these
margins , are used for all range calculations .

4. PERFORMNCE

4.1 Configuration I

Figure 15 ind i cates power flow data for Configuration I. In foilborne
node, the system was matched to obtain a highest ship speed by uti lizing the
max imum power available from the gas turbine noted earlier on Figure 11.
This occurs at the turb ine limits of 3600 rpm and a T54 of 14250F, wh ich
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 sys tem at 25 percent excess
thrust at 30 knots for takeoff, and 10 percent excess thrus t at 40 knots for
accelerat ion, is also depicted.

At lower speeds, In hu l l borne mode, either foil or hull propeller drive
can be used. Operating lines for both are given by Figure 11. The huliborne
operat ing 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 huilborne operating point.

4.2 ConfIguration II

Figure 16 shows power flow data for operation in foilbo rne and hullborrie
modes. Foilborne operation is identical to that of Configuration I. 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 Rang. Estimates

FIgure 17 gives three range and endurance predications includ i ng:

Case a: 40-knot cruise
a

Case b: 15—knot cruise

• Case C: 45-knot cruise (62 percent tota l time)

• 30-knot takeoff (2 percent tota l time)

Idle main turbines (37 percent total t ime)

~~~~~~~ omm*
77-14501
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Range predictions are based on a constant initial ship ’s weight of 1278
long tons and a base fue l weight of 400.1 long tons . Adj us tments in fue l
weight are made to accommodate chan ges in the ac propulsion sys tem weig ht from
the base system weight . Details of these calculations are g iven by Fi gure 17,
using weight data with the 15-percent design margin , from F igure 14.

5. DEVELOPMENT STATUS

The ac propuls ion sys tem described herein is based on des ign, 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.

• Additiona l system des i gn and analysis needs to be conducted to evaluate
higher operating frequencies with the objective of reducing electrica l
machinery weight and size from that given earlier. Env i ronmental factors,
EMI , structura l requ i rements etc. unique to hydrofoil applicati on should be
further eval uated 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 plugg ing.

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 des ign of other machines, It is believed that
the performance weight and dimens ions as given in prev ious paragraphs are
accurate. Within the limited scope of Phase I , detailed stress and thurmal
analyses were omitted . However, magnetic and insulat i ng materials properties,
peripheral speeds , current and flux densities etc. are consistent with accepted
design practice. Further analysis is requ i red to determ i ne the plugg ing
operation of the huilborne motors during reversal , in that transient currents ,
heating, etc., requi res further analysis to verify cooling requ irements.

The planetary type gearbox un i ts, used in both the foil and hull motor
pods,w i ll requ i re 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 obta i ned
earl icr 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 requi red by the hydrofoil.

The switchgeer was selected from vendor Industrial catalogue data as
a described earlier. Transient analyses should be conducted , however ,

s imulating ship maneuvers to ver i fy 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 I. The use of tube—type conductors
for connecting the various generators and motors was assumed • No attempt
was made to determine ins ta l lat ion or structura l requirements and constraints .
Also , swivel conn.ctions needed at the foil motor retract ion pivo t were not
designed. A nominal weight allowance was made for these Items in the data
given ear l i.r. This wil l be a development itsm,but is not felt to be
significant .

77-14501
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As noted above, weights of heat exchangers were based on the use of
titan ium for tubes and headers. Titanium reduced system weight by approx i-
mately seven tons. Experience with titanium un i ts in Nava l vessels is not
known. However , in power system serv i ce 31 p lants have condensers fully
tubed with titanium for both fresh and seawater. Twenty other plants have
condenser partiall y tubed with titan i um also in fresh and sea water. All
of these condenser units are cons i derably larger that the exchangers requ i red
for the hydrofoil. Development titanium units for hydrofoil use does not
appear to be a diffi cult extens ion of this power plant technology.

Section Ii AC SYSTEM. TECHNOLOGY STATUS AND DEVELOPMENT PLAN

1. SWVIARY, SYSTEM DESCR I PTI ON

The ac system consists of two direct -turbine-driven generators
supplying electrica l power to either foilborne or hullborne propeller
induct ion drive motors. Conventiona l swi tchgear is used for connecting
the generator to either the foil or hull drive motors. Each induct Ion
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 foilbo rne mode, both turbine generator un i ts
supply electrical power to the foil propel ler drive motors. At lower
ship speeds in huilborne mode, one turbine is shut down and both huilborne
drive motors connected, via the switchgear , to the on—line turbine generator
unit. Harbor maneuvering and reversing is accomplished by “plugg i ng” either ,
or both, hull drive motors. Auxiliary systems are utilized for lubr i cation
and cooling of all components; all heat being rejected to sea water.

The pr incipa l components of the system, wh ich comprise the major
development effort discussed below are:

Generator. (2)

Foil motor (2)

Foil gearbox (2)

Hull motor (2)

Hull gearbox (2)

~~itchge.r

Transmiss ion line subsystem

Cooling and lubrication subsystem for each machine

Control system

The gas turbInes , propeller, propeller shafting and pods are assumed GFE

~au~~ 77-14501
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I
2. PROGRAM PLAN, SUI’VIARY CONTENT

The plan for development of the ac propulsion system encompasses three
major phases:

(a) An initial or pre l iminary design phase needed to define fina l system
performa nce, ship Interfaces , environmenta l factors , control modes,
etc. A system specification would be completed , defining deta i led
component des i gn requ i rements. 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
definiti on is completed.

(b) A second and princi pal phase , Component Fabrication and Test,
during which al l component shop drawings are completed , and all
parts fabr i cated. Tests of each component, for mechan ical and/or
electrica l integrity, will complete this phase.

(c) A th i rd phase during wh ich the components are assembled into a
simulated System Test. Performance tests, cont rol 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
techn i cal and schedule content as described in the following paragraphs.

2.1.1 Main Generators

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

Rating 163 Mva

Voltage 2 kv L-L

Poles 4
Overall diameter 46 in.
Length 50 In.

Weight 16,500 lb
Speed 2811 (3600 max) rpm

Current densities 5 ka/sq in,
Tip speed, non. 350 ft/sec

max. 430 ft/sec

______ ~~C l ~OINI* 77—14501
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These parameters can be satisfied by a machine of conventiona l 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 mach ine can proceed as shown by the schedule
of Figure 18.

The detailed des i gn and supporting electrical mechanical and thermal
analyses will be initiated at program startup. The details will be based on
the preliminary des i gn and component specification generated in the previous
Prel iminary Des i gn Phase, as noted on Figure 18. Shop details will be
started in the fourth month for identify ing long lead time materials and/or
parts. The generator des i gn will be frozen at the seventh month , premitting
all shop details to be completed by the twel fth month. All princ ipal inter-
faces should be frozen by the seventh month , including those to the gas turbine
deck structure , cool i ng system, and main electrical buss. Fabrication of most
generator parts will be completed in ei ghteen months , permitting some assembly
operations to be initiated . Fina l assembly, and initiation of a generator
test, will occur at the ei ghteenth month. Testing is expected to require
approximately four months as shown by Figure 18. in order to minimize
facility requirements (i.e. generator drive source), electrical testing will
be limited to full speed, open circu it , full vol tage tests , and short circuit
current full speed tests. Otherwise testing will cover the full speed range
from zero , through design point , to overspeed. Approxima tely 200 runn i ng hours
would be completed in this period .

2.1.2 Foilborne and Hullbo rne Propeller Drive Motors

Both mach ines are 3—phase, V-connected i nduct ion machines using oil
cooling of rotor and stator. Des i gn parameters of each machine are:

FoIl Motor Hull Motor

Rat i ng, MVA 16.5 3.4
Vol ts kv L—l. 2 1.6
Poles 4 14
Overall dia. , in. 45 36
Overall length , in. 60 38
We ight, lb 14,200 6000
Speed, rpm 2864 2400
Current densities 6 ka 6 ka
Tip speed, noin ft/sec 374 240

max ft/sec 450 300

Detailed electrica l and mechanica l design, mater ials, thermal distri-
bution, and so on, w i l l  be similar. Therefore , the developmen t plan for
each machine will be, essentially Identi cal for the current study. Fi gure
18 shows th. plan for component fabrication and test.

Th. schedule and mi lestone plan for th. two motors generally follows
that for the main g nerator shoim above.

MØI$(ANCN M ACTUPINS CO~P~NY
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2.1.3 Foil and Hull Motor Gearboxe s

The planetary-t ype gea rbox drives between the foil and hul l drive motors
and respective propellers have the following des ign pa rame ters :

Foil Gearbox Hull Gearbox

Rating , hp 25000 5000
Input speed , rpm 3600 2300
Ratio 6.72 7.90
Outs ide dia. , in. 314 30
Lenytn , in. 36 31e
We ight , lb. 14300 3000

These designs were revi ewed by Curtiss—Wri ght , 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 desi gn the gearbox units for optimum
gear proportions——allowable stress , materials , manufacturing techni ques, and
so on-—i s available at Curtiss—Wri ght, provi der of the development plan
shown In Fi gure 18. Approximately 500 hours at rated torque and speed will
be completed under this p lan.

2.1.4 Cooling and Lubrication Subsystem

Coo l i ng and lubr ica ti on of the genera tor motor and gearbox units are
required. A common cooling and lubrica ting subsystem is used wi th 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 shi p interfaces, and it
requires Intricate routi ng of fluid lines throughout the hull and foils.
Therefore, a careful definition of all interfaces Is requi red prior to fina l
design freeze and part fabrication .

Testing during the canponent fabrication phase will be limited to checkout
and short—time performance/mechanical integrity tests of critica l components,
such as pumps. Assembly of components into a fina l cooling system will be
deferred to the system test.

2.1.5 Controls. Swl tchgear. 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 individua l
components before assembly into a final system configuration. Since most
components are either catalog i tems (e.g., swl tchgear) , or can be tested via
system simulators (controls), this procedure Is considered acceptable.

Completion of the system simulation is necessary before the controls
and swl tchg.ar components can be frozen and specifications defined. The mi le—

~ NU~~NSH ~~~~~~~~~~ COW~~~ 77—14501
Page 9

F— 
__________________________________



stones specified in Fi gure 18 must be met early in the program to accommodate
the long leadtlme required for fabrication and test of the control and
swi tchgear components.

2.2 system Test

A schedule and milestone plan for a system test is shown in Fi gure 19.
The system test involves assembly of one propulsion side (that is , one—half
a ship system) into a test facility duplicating the general confi gura ti on of
the fina l insta l lation. Propeller absorption of power will be simulated by
a dynemcimeter. As shown in Fi gure 19, initial planni ng and facility
preparation should be started prior to completion of the component phase.

The system test objective is to verify overall system performance,
simulate and verify control operation, and determine the performance levels
and operationa l capabilIties of such subsystems as cooling, moni toring,
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 obtai ned on critica l generator, motor,
and gearbox components, as indicated in Fi gure 19.

S

MII*~~C$ NSmJ~*CTUmeS COM~~ Y
______ ~~~~ VO MA 77-14501

Page 10

________  - ____  

V 
- -~~



P.

RI NIV~~~~~U STARBOARD

DISTRIBU TION 
I 

~~~~~~~~HYDRA L i C PUM P
NENORK 

— i GENERATOR

FOIL POD_ 

4~
, 

~::~L 
~~~~~~~~~~~~~~~~~~~ FOIL i’ROP

HULL POD

SCHEMATIC

_ _ _ _ _  

V 
_ __ _

i- l iCONNECTION FOR CONNECTION FORFOILBO RN E OPERATION 
HULLBORNE OPERATION

$6194-A

Fi gure 1. Schematic s. Connection Diagram ,
Configurat ion I

77-14501
Page 11

--



r 
. 

PORT—~-~~~ STARBOARD

LM2500

GEARB OX
HYDRAULIC

GOIERATOR PUMPS

I FOIL POD~~~..........j
FOIL SYSTEMI I 

~~~~~~GT99O
GENERAT0RS_i..p.~~

I • __
~ I

~j”~ -HULLBORNE MOTOR—

~~ PROPULSION
~~~~~~~ POD GEARBOX

HULL SYSTEM

SCHE MA TIC

LM2500
I Q GT990 

~~~~~~~~~~~~ 

i ~ .11.~GENERATOR

_____________________ ~ HULLMOTOR

~~~~~~ 
GEARBOX

FOIL POD xV HULL PROP

CONNECTION FOR CONNECTION FOR
FOI LBORNE OPERATION HULLIO RN E OPERATION

S6193-A

Figure 2. SchematIc 1 Connection Diagram ,
ConfiguratIon ii_ fl ’b501~~~~~~~~



I

ii

• 

- _ _ _  _ _  

B~S1 ~N Mth8 ’i COP ’~

0

S
S
a
C
0

— L
4~~O
— S
— L
e s

— —— ~--—— —~~ “ C

I ’ !

C Si

-~~~~~ 

V U -~~~~ ~~

1’
I i  U ~ ~u l I .~~ ii  i~~~a

a
I

77.14501
Page 13



- ~~ 
R1

I :

0

_ _  

11

,j l i
4 V

a •• a ~~~~~.e~~~ ~~~~~~~~~~~~~~~~ . . ,.. e~~~ .
~~~~~

I — - -  . - - —

~~ II ~ ~ i i~~ ~! &

£

I
11(1 ~1!i1iHi 1it i~ i i

1 ~ I a a I t ~ ~ I I I 77-145O~~~~~- — —  — — - • J — — Pag. 14
NStu*scN ~~~~~~~SMS ~~~~~~_______ 0’ ca.wosm* V



2 — —— —V —
• 5 ~~~~~~~~~~~~~~~~~~~~~~~ r~0 I

~’
. I~~ 1*  P.. .

~ 0 (~ IA 5)
~~ . —

— —  — — V
• 8

~: V

~~
IA ’ N~~~~~~D~~~~~~~ . . . —

0IA 5)
,.- V

— N. ø•~ — ‘0 IA — C

~~~~~~g
5,
4,

‘4I •

~0 -

Iii

~~ ~~~~~~~~~~~~~~~~• _ i l l i~Ih~H
_______ 

77—14501
Alit StANCH Page 15

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  —



1. 

• ~~~~

— !~-.1 L~ 
- p~\t M~AB1~ 

cop”

• 

_ _ _ _  

H

/IL
1J

- -~~~~~-~~~~~- - - - - ~~~ - -  - - - - - -  -

~I~~~g~I.;~~~! ~~~~~~~~~
S I — — — — — — —

I I a �l~~i i i i i~~!~ ii
S

~~~ 
I

~

~~~~~~~~~~~~~~~~
V 77-11,501

___________ V 
16

_______ — ~~,SSM
• ~~~~~~~~~~~~~~~~~~~~~~~~

--~~~ ~~~~~~~~~~~~~~~ iE~ TI~~~~~~~ -
. 

-



Huilborne Cruise
16 KU 15 Kts 10 Kts

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

Frequency Hz 84.61 76. 64 52.8
Vo l tage L-L Volts 1 739 1 576 1086

Primary current fr mps 11.82 1276 547

Primary current dsnsity Amps/in. 2 7265 6254 2681

Secondary current Amps 1353 1148 416
V Secondary current density Amps/in.2 3386 2873 1041

Slip Per unit .001.1 .003 .002
Speed RPM 2528 2291 1 580
Power factor, lagg i ng Per unit .88 .87 .87
Efficiency 

V 

Percent .969 .969 .966

Figure 7. Estimated Performance, Hul l
V Propeller Drive Motor
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Figure 12. Prop.11.r Data
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BEST AVAILABLE COPY
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_ _ _ _  
BEST AVAILABLE COPY

~~~• Systse C nfI9larStIe11 I CenfIgur.tIon II

0~ 
-
~-. LolIg Teii.

F - - Per ShIp Lan, Tons Lan4 Tons
(Nets I) P.r Sh Ip P.r ShIp

5. PelIbern. Propulsion
LilIan and ses. 14. $6 IA. 224. ~~~. $6
Output shIft 1.205 Not ~~~~ Net used
OI.ce.msct CPLS .602 Not us.d Not ussd
Neps, siX 3. 574. Not ussd Not used
Vsr %IuI shIfts 2.661 Not used Not uisd
Loner 05* 3.335 Not used Not used
PI ,st.ry 3.661 Not used Not used
Prop c.etrId~e 1.652 1.651 1.652
PrspuII.r 2.057 2.057 2.557
6.nur.t.r IA. ?) 14. 73
Fell prop seser $2. 60 iz.60
Fel l  pro, g.srb.a 3. 75 3. 75
lwltdi ,ser and cablln, 6.39 4.39
Cosi In, end lube Sy11 7.32 7.32
Fl u Id m u .  —

tetsl 33.635 62.67 62.67
2. AumIli srI es

Lah. I.i$tJ . 3. 237 3.237 3.237
A l, InI.t and ibreudu .719 

- 
.719 .719

Wish Systes .201 .20* .201
SssrWJi LI. 3. 750 Not used Not used
seen. and .sntrol - .~~0 .250 .730

CIrs. and cssl In, umtsr I. 571 I. 571 1.571
LI. •y. t .5Jfi Not mad Not ed

Teta l 11. 715 6.02 ~.02
3. WI lb.rne Propulsion

TF 35 er ST Pc 990 1.11 (1’V35) Not uled 4.91 (550)
Iid. antI. 1.01 Not used 1.00
AI r Inlet .09 Net used .09
Neil. sys tim .01 Not used .07

4.47 Not used Not used
Sisrbem 1.0. .9) Not used Not used
Prep 60sft ln, - 1.97 1.97 1.01
Prop pu ll stns l .73 Not used Not used
PNp sluft ~~~ls .39 Not used Not used
Pn.pedl.vs 2.65 2.65 2.65
hISir. end ntrel .1) .13 .1)
Senerslor 3.21
Will plop ser 6.07 6.07
Will pnsp ssrle. 4.00 4.00
WilIlupusr aud eslIlo, 1.36 2.74.
C lIaiaad lube eys.~~ - - 

331 9.40

tibet 3*10 19.2$ 32.97
7005$ I 2 3 10.516 01.27 111.2$
551. ser,I. (6~ 3.6$ 9.2$ 6.06
iseI~. malia (ING 9.0 14.1 4 0

7l.~~ $07.99 It),)

06001(1)5500 55lØ1P derIved frs I06Sss u pset $II~~754I ,ts S,
- - Coils, Rupees 01I.IIS I, NoSed 50 dim. 19$.

~~~~~~~~~~ 

. Flgur. 14. WeIght Breakdown
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_ _ _ _ _ _ _ _ _ _ _ _  

BEST AVAU.ABLE COPY
Base Sys turn

(Not. 1) ConfiguratIon I Configuration II

Group 2 weIght (Nets 6) L. tons 71.0 107.6 123.3
Group 3 w.lght (Note 1) L. tons 1,6.0 1,6.0
Total ; Group 2 + Group 3 L. tons 117 153.6 169.3
Increase over base sys turn L. ton s —0. + 36. 6 + 52.3
Base fuel weight L. tons 400.1 400.1 1,00.1
; Wt Inc. over bas, weight L. tons -0-
Availa ble mission fue l L. tons 363.5 347.8

• Shipboard electrIca l powsr (Note 2) kw 576 576 576
Fuel rats (Not. 3) lb/hr 442 442 442
Cas. a: 40 knot crui se (Not. 4)

• Gas turbine propulsion shp 17351 X 2 17351 X 2
SFC #/HP HR .41 7 .417
Propulsion fue l rats lb/hr 14470 14470
Total fuel rats (Note 5) lb/hr 14912 14912
Enduranc. hrs 54.6 52.2
Range Naut. mIles 2184 2089

Case b: 15 knot cruise (Note 4)

Gas turbine propulsIon shp 71,68 3895 X 2
src .5~e .503
Pripulsion fuel rats lb/hr 1,032 3918
Total fuel rate (Nets 5) 4474 4360
Enduranca Hrs 182 *79
Range Naut. miles  2730 2680

Case c: (Note 4)
1,5 knot sPip 21439 X 2

SFC .40
fuel rat. lb/hr 17151

30 knot T.0. ShIP 22912 X 2 I ration I
SFC 

- 
.110

fuel rste lb/hr 18329
idle fuel rate lb/hr - 1000 2 2
Endurance Pin 67.86
Range Naut. miles 1914

-k
Notes:

(1) DerIved fri. NavSec Report 61111-75—20, via Gr~~~ n Ltr Report 298-100-I Dated January 30, 1976
• (2) Per GAC Ltr HAP. SEW 000.125.76, 2 June 1976; Attach. 3, t on e

(3) Aseused SFC • .55 and generator eff • .96
(4) Per Par.. 7 of SAC Ltr 298-100-1 Dated 30 January 1976

• (5) PropulsIon fuel rat. (lb/hr) plus electric a l powe r fuel rats (lb/hr)
(6) All weights Include rgIns

Fi gure 17. Rang. and Endurance Estimates,
Bas., Configuration I, and
Configuration II Syst.ms

flIMCN NANUFACTUNWIS COMPANY
______ 

OF CMJFONN*A 77—14501
Page 27

I — — -



I

S‘N5— -
~~~g

0 C
I- 

~~~~. 0
~~~

- ~ 
z

-

a

—

-
~

.~~—0•~j  ~~~~~ 
u •‘ S

~5 ~~~
- 

~- 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ / ~
‘0 y 1

Vt I 5 / 0/

V• I ,  
~ I~ I Ia ~~~~~~ a

S ~V 

ii
_ _ _ _ _  

OF CMSIIUIA 77 14501
Page 28

V - -



4.

I 

I

I ~~~~

V $
a’I. ‘,fr

U

;j
~~~~~~~~ 5 

J¼ 

~I 
I

S

I ~~~~~~~~~~~

g L

i~ I
I

S N
- 

I~~~~~~~~ J MP~~~ 0INM - 77—1*501
Psg.~~

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ - 

-


