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History

Beginning in 1952, the US Navy sponsored a research & development program to construct & evaluate a number of hydrofoil test-craft. As a result of this program, in April 1966, the Navy's
Bureau of Ships awarded contracts for two competing hydrofoil gunboats, the PGH-1 to the Grumman Corporation, and the PGH-2 to the Boeing Company. The PGH-1 was completed in
March 1968 and christened FLAGSTAFF in honor of Flagstaff, Arizona. She completed acceptance trials and was delivered to the Navy Amphibious Force Pacific on November 7, 1968. In
November 1969, FLAGSTAFF was transported to South Vietnam and deployed as a patrol craft for river operations out of Danang in Operation Market Time. In 1970, after completing her
Vietnam tour, she was returned to San Diego for operations with Boat Support Unit One, Amphibious Forces Pacific.

On November 4, 1974, she was loaned to the U. S. Coast Guard on the West Coast for a period of testing to evaluate the utility of a hydrofoil craft as a Coast Guard cutter. This testing
continued until February 1975 when FLAGSTAFF was returned to the Navy.

On September 29, 1976, the Coast Guard again took possession of FLAGSTAFF to enable the Service to do a long-term evaluation in an actual operational environment. The ship was
dispatched to Boston, MA where she underwent repairs and cold weather modifications. On March 2, 1977, at the Coast Guard Support Center in Boston, wearing Coast Guard colors,
FLAGSTAFF was formally commissioned as the Coast Guard cutter (WPGH-1). Lt. Terrance Hart assumed command of the cutter and her crew of 12 enlisted personnel. On July 17, 1977
she was placed in active status and home-ported in Woods Hole, MA. She operated out of her homeport for a period of 16 months. As part of the Coast Guard Fleet, FLAGSTAFF performed
duties of law enforcement, search and rescue operations, and enforcement in the new 200-mile fisheries economic zone.

FLAGSTAFF was decommissioned on September 30, 1978. This decision was based, in part, on the cost of needed repairs and the fact that the Coast Guard felt that sufficient information on
the use of hydrofoil craft had been derived from the evaluation program.

FLAGSTAFF and the other Navy R&D hydrofoil ships and craft served to lay a solid technology foundation for the design and deployment of a squadron of six Navy Patrol Hydrofoil
Missile (PHM) ships that were later built by Boeing.

FLAGSTAFF Characteristics

o Length........o.oooiiiiiiiiin, 73 feet

e Beam.................. 21.5 feet

e Draft, Foils Retracted............. 4 feet, 4 inches
e Draft, Foils Extended............ 18 feet

e Displacement....................... 69.5 long tons
e Design Speed, foilborne.......... 45 knots

e Design Speed, hullborne........... 8 knots

e Propulsion Systems:

o Hullborne: Two General Motors Diesels with waterjet pumps.
o Foilborne: Rolls Royce Tyne gas turbine with super-cavitating propeller.

-- Wm. M. Ellsworth, P.E.
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The US Coast Guard first evaluated FLAGSTAFF from Nov 74 thru Feb 75

USCG Official Photos
In Sep 76, USCG again took possession of FLAGSTAFF

Correspondence

Condition of FLAGSTAFF

[18 Jul 00] I have viewed FLAGSTAFF and shot 4 rolls of film. The ship is in very good condition. Does not have 2 diesels for generators, 2 main diesels for propulsion
or the jet drive units for HB operation. The turbine is present and seems untouched since it was surplused. The flagstaff only has one turbine. At the time it didn't occur to
me to get the numbers off its data plate. The hull/deck is sandblasted 85%. The plumbing has been completed about 80%. The wiring needs a good electrician but the
majority is intact. Foils are in good shape, although the rear foil might need a bearing housing. Front foils have minor rust. John Altoonian (father) accomplished quite a
bit. Sand blasting, cleaning and painting would be very light except for the propulsion room, generator/jet drive room and manual hydraulic room. For the money asked,
US$30,000.00, the ship is worth at least that. Unfortunately, Mr. Altoonian (son) has set a firm 1 Aug 00 scrapping date. -- Duane A. Leiker, Pres/CEO; International
Submarine Museum, 4230 Trumbo Ct.; Fairfax VA 22033; phone: (703) 359-7266 (DLeiker(@cox.net)

Classic Thunder...

[18 Aug 98, updated 22 Nov 00] Just noticed that FLAGSTAFF is being sold as a partnership and will be used as a promotional gimmick for |
boat shows and races on the East Coast of the USA. -- Ken Plyler (Kfppfk@aol.com) /project discontinued due to death of the owner - Editor]
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USS FLAGSTAFF (PGH-1)

GENERAL: The FLAGSTAFF is a 74.5 foot high performance (hydrofoil)
watercraft built by Grumman Aerospace Corporation for the U.S.. Navy.
Specifications of FLAGSTAFF are contained in enclosure ﬂl). FLAGSTAFF
was on loan to the Coast Guard from 8 November 1974 through 18 February
1975, during which time it was tested and evaluated in both actual
and simulated Coast Guard missiouns. These tests indicated that a
high speed vessel, such as a hydrofoil, had definite potential in a
general law enforcement/fisheries law enforcement enviromment.

Because of this, when the Navy indicated that FLAGSTAFF would be
decommissioned on or about 30 September 1976 and would be available
for transfer to the Coast Guard, the Commandant decided that it would
be desirable to acquire FLAGSTAFF for exteanded operational employment
(approximately 1 year) as a Coast Guard unit having ELT as its primary
mission. It was determined that the New England area would provide the
best all around proving grounds for FLAGSTAFF and, with this in mind,
Woods Hole was selected as the most feasible homeport. Enclosure (2)
contains a number of scenarios prepared by the Operations Analysis
Division of Grumman Aerospace Corporation utilizing FLAGSTAFF in the
fisheries law enforcement mission of the Coast Guard. It should be
noted that, although Grumman visualizes five-day at sea periods for
FLAGSTAFF, it is the general concensus that in most cases at sea
periods would not extend beyond three days.

TRANSPORT: It is envisioned, that upon acceptance of FLAGSTAFF, the
Coast Guard will make arrangements for transportation of FLAGSTAFF from
its current west coast homeport to the east coast. The most probable
and economical mode of transportation appears to be via Military
Sealift Command vessel. The FLAGSTAFF would be transported with its
entire suite of spare parts inventory. After debarkation on the east
coast (Boston being the preferred port) FLAGSTAFF would undergo
approximately two weeks dockside availability, another two weeks of
shakedown and then be RFS and the accomplishment of missions. Enclosure
(3) contains a rough breakdown of the latest report of the material
condition (as of May 1976) of FLAGSTAFF and some cost estimates of
operating costs. ’

HOMEPORT /LOGISTICS: Informal contact has been made with Group Woods
Hole requesting the advisability of homeporting FLAGSTAFF at that
command. It was indicated by the Executive Officer of Woods Hole,
~after conferring with the Commanding Officer, that at the present
time dock space was at premium. However, an unrelated request/
recommendation has been sent to the Chief of Staff, ¥First Coast Guard
District (CO, Woods Hole lcr 4000 dtd 22 APR 76) asking that either
a WPB or bouy tender be transferred to another district location. °
Af firmative action on this letter would relieve dockside congestion
and provide more than ample space for FLAGSTAFF. FLAGSTAFF’s "package”
includes two necessary floats (camels) to enable her to moor [see
para.5.B.10. encl. (3)]. Shore tie at Woods Hole is compatible with
FLAGSTAFF electrical system utilizing a transformer that is also
included with the package [see para.5.B.6. encl. (3)]. FLAGSTAFF
dees not have sewage 2batement equipment or capabilities for pumping
sewage ashore. Contact with LCDR EHRMAN (CGRDC), Project Manager
for FLAGSTAFF evaluation, has-indicated that facilities to remove

§
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sewage dockside could be installed at a minimum cost (less than $1000),
and that it could and should be done during the initial dockside
availability. !

Woods Hole indicated that warehouse space for spare parts is not avail-
able at Woods Hole proper, but it was felt that more than adequate
space is available at CGAS Cape Cod. Space is available for the two
vans that would come with FLAGSTAFF. Berthing and messing is not
available. Group Woods Hole personnel are on S&Q; it is felt that
FLAGSTAFF would be also. Housing for married personnel may be available
at Cape Cod.

PERSONNEL: A message has been sent to CNO requesting that certain key

Navy personnel be retained on board FLAGSTAFF during the USN-USCG transi-
tion period. Additionally, a memo has been drafted to Chief, Personnel
Division delineating the proposed Coast Guard complement for FLAGSTAFF
and the proposed qualifications for the personnel involved. There

are some personnel, previously assigned to FLAGSTAFF, that have informally
indicated assignment to FLAGSTAFF would be desirable. The names of

these personnel are included in the memo to G-P.

Personnel assigned to FLAGSTAFF would receive PCS orders directly to the
vessel. However, administrative control would rest with Group, Woods
Hole and operational control with CCGDONE(o). Group Woods Hole would
maintain all personnel service records and CCGDONE would maintain pay
records. Group Woods Hole has indicated that they have adequate
personnel on board to handle the increased work load. Currently they
handle approximately 400 service records and the increase of 18 or

more was not felt to be a burden.

~T,

ADMINISTRATION/OPCON: Under normal circumstances, operation of FLAGSTAFF

would be very similiar to that of a WPB [OPCON of District (o)].
However, because of the unusual nature of FLAGSTAFF, it is envisioned
that Headquarters will have a vested and active interest in her
scheduling and the types of operations that she is charged with.

At some period during the employment of FLAGSTAFF, she will be deployed
to the Seventh Coast Guard District for an extended stay (3-4 mos) in
order to establish the feasibility of utilizing hydrofoils as a general

‘law enforcement vessel dealing with the drug traffic problems associated

with that operating area.

Encl: (1) FLAGSTAFF Specifications
(2) Grumman Ops Analysis: FLAGSTAFF in Fisheries Law Enforcement
(3) Material Condition of FLAGSTAFF

2
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-HYDROFOIL JOINS COAST GUARD FLEET

The U. S. Navy Hydrﬁfoil FLAGSTAFF is now wearing the distinctive
Coast Guard stripe and has a new nahe——the U. S. Coast Guard Cutter
FLAGSTAFF.

The Coast Guard received the 73-foot hydrofoil from the Navy on
September 30 of this year. She will be homeported at Woods Hole, Massa-
chusetts next March after undergoing engine overhauls and cold weathex
modifications.

The FLAGSTAFF's usefulness in Coast Guard missions will be evaluated
for one year. Special emphasis will be placed on her role in enforcing

the new 200 mile fisheries economic zone.

Riding on ger foils, the vessel is powered by a Rolls Royce gas tur-
bine engine and is-capable of speeds approaching 50 knots. With foils
retracted, she is powered by two General Moto¥s_d;esels and has a maximum
speed of eight knots.

Delivered to the Navy in 1968, FLAGSTAFF was deployed to South Viet-

Nam after initial testing. She returned to the United States in 1970

and was assigned to the Pacific Fleet. In 1974, FLAGSTAFF un-erwent two

months of testing and evaluation by the U. S. Coast Guard on the West Coast.

( more )
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"
Her tour of duty in the Northeast will enable the Coast Guard to
further evaluate the vessel under different conditions.
|
Hydrofoils use wjnged surfaces or "foils" to give them lift.

Because air is a very light medium, airplanes need relatively large wings

to get the lift needed to become airborne. Operating in water, a much

denser medium, hydroféilé can be relatively small and still develop

enough force to 1lift the ship out of the water.

-

( 30 )
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Public Affairs Office:
Eighth Coast Guard District
500 Camp St., Rm 1122
New Orleans, LA 70130

Release No.: Octagon "~ Date: 15 October 1976

SA Jim Morrison Time of Release: Immediate
(504) 522-5917

EIGHTH DISTRICT RCC CONTROLLER TO COMMAND FLAGSTAFF

Lieutenant Terry Hart, now a Rescue Coordination Center (ontroller in New
Orleans, will soon be assuming command of the FLAGSTAFF, a hydrofoil trans-
ferred to the Coast Guard from the Navy. The Coast Guard took possesion of

the vessel on September 29th in San Diego; California.

The cutter FLAGSTAFF, which is capable of speeds approaching 50 knots, will
be assigned to Woods Hole, Massachusetts where she will be utilized in law

enforcement, fisheries patrol, and search-and-rescue operations.

Built by the Grumman Corporation in 1968, the FLAGSTAFF saw service in Viet
Nam un*il 1970. The vessel was then assigned to the Amphibious Forces, Pacific

Fleet until she was turned over to the Coast Guard.

The hull of the FLAGSTAFF is 73 feet invlength, with the overall length of
the ship (including struts and foils) measuring 82 feet. When hullborne,  the '
FLAGSTAFF uses two General Motors diesels with water-jet pumps to obtain a

speed of 8 knots. When the ship rises on her three foils (two forward and one

- more -




LT HART TO COMMAND FLAGSTAFF---cont.

aft), a Rolls Royce gas turbine engine and a supercavitating propeller give
her speeds of 45 to 50 knots. The wvessel has a beam of 21 feet, 6 inches and

displaces 69.5 tons.

Lieutenant Hart graduated from the U.S. Coast Guard Academy in New London,
Connecticut in 1970. He then served two years aboard the cutter ESCANABA,
which was based in New ‘Bedford, Massachusetts. Hart then took command of
the 25-foot cutter CAPE HORN out of Woods Hole until July of 1974. He then
came to the Eighth Coast Guard District headquarters in New Orleans,
Louisiana, where he has been serving as a controller in the district's Rescue

Coordination Center.

Lieutenant Hart, his wife Barbara, and their two children plan to live at
Otis Air Force Base, Massachusetts when he takes command of the cutter

FLAGSTAFF and its 12-man crew early in 1977.

- USCG -
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District Chief of Staff

: Chief, Operations Divisiocn

CGC FLAGSTAFF (WPGH-1) Meeting, 18 November 1976

1. The meeting was held at 0900 on 18 November 1976 inlthe First District

to discuss the acquisition and operation of the hydrofoil FLAGSTAFF.
Personnel in attendance are listed in enclosure (1).

2. CAPT Knapp from Commandant, Ocean Operations gave a brief statement
cn the reasons how the Commandant acquired FLAGSTAFF. It is the intent
that the Coast Guard will operate FLAGSTAFF one year, operation to be
primarily in the First Coast Guard District. 1t is the intent that
FLAGSTAFF be an additional asset for the First Coast Guard District,
similar to the forthcoming additional HUlés, or any other operating
facility. With the operation of the FLAGSTAFF in First Coast Guard
District waters, and with the proper type of reports, it is expected that
the Coast Guard will be able to establish a position with regard to the
utilization of high performance hydrofoil craft within the Coast Guard,
knowing full well that, if it can operate under adverse weather conditions
of the First Coast Guard District, it will be more than adequate in the
waters of the Seventh District.

3. It is proposed that the FLAGSTAFF will operate out of Woods Hole,
Massachusetts, with operational control vested in the First District. It
should be treated as a boat, as it doesn't have habitability and will not
support onboard living. Engineering support will be furnished by the
District and funding furnished by Headquarters. Due to the operating
parameters and short duration of time that the vessel will be out, it is
considered best that the primary operational control of the vessel remain
with the District. As further operational experience is gained, coordina-
tion with the Area will be required in perfcrmance of the ELT Mission.

- &, The desirability of a‘sistership being available when the FLAGSTAFF

proceeds offshore was ciscussed. It was decided that no firm pelicy

could be formed on the availability of a sistership because of the many
variables to consider. However, it was felt that, because of the inhereat
nature of the FLAGSTAFF itself and the presence of OFP vessels offshore,
this would not pose a problemn.

Y
'

5. Mr. Peter Ebrman talked briefly sbout his experience when he was the
Program Manager during the R&D evaluation of the FLAGSTAFF in the Eleventh
District. He likened its operztion to the firehouse concept, with the
FLAGSTAFY in a B condition one would jump on the boat and be able to
obtain an honest 40 to 50 knots in very rough seas departing to the scen.

A% By U.S. Savings Bonds Regularly on the Payroll Savizgs Plan
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Subj: CGC FLAGSTAFF (WPGH-1) Meeting, 18 November 1976

He likened it to a helicopter in its rapid response but stated it was
much better in that it could sit on its hull when reaching the scene.

He further stated the FLAGSTAFF has capabilities and it also has limita-
tions, such as its slow speed when operating on its hull, only has one
turbine, is slow returning when it's on a hull mode, requires precise
piloting in collisicn avoidance, is a deep draft vessel, and is not
equipped for winter running. He further stated that its speed envelope
must be fully understood. The FLAGSTAFF can operate O to 8 knots hull
borne and possibly up to 12 to 15 knots with the use of the turbine.
After that, you can't go 18 or 20 knots but must fly it at 38 or 40 knots.
You can't throttle back.

6. The First District stated they contemplated use of the vessel to be
mostly offshore. They plan to utilize a WPB and/or a helicopter in
conjunction with the FLAGSTAFF when dispatching it on actual missions
so that a more actual comparison may be made.

7. Again, the availability of a sistership offshore was brought up. The
degree of safety to the FLAGSTAFF was discussed and it was considered to
be very minimal in case of a turbine failure offshore because FLAGSTAFF
would still have two types of propulsion remaining. It it does require
assistance offshore, it will be ancther SAR case,

8. The capability of the FLAGSTAFF to do law enforcement boarding was
discussed. With the FLAGSTAFF having no boat at the present time, it was
stated that the District would procure a Zodiac type rubber boat and
suitable outboard motor. Work will be coordinated with District Naval
Engineering to provide launching and retrieval capability and storage of
the boat.

9, Status of the collision avoidance system was discussed at some length.
It was brought out that the price of the previous collision avoidance
system was $100,000 to cpen the crates and install, with no reliability
guaranteed. Although some type of system is desired, no reasonably cheap
_and_reliable system is known at this time. Commandant. (G-EEE) will
evaluate suitable avoidance systems or radar and any other suitable gystem
for use.

10. Crew training can be accomplished partly while the boat is undergoing
dockside availability. The crew has already attended a two week Gurman
school. The District Intelligence and Law Fnforcement Branch will provide
the training in fisheries and othe? law enforcement related items. There
still remains the requirement to have qualified training for the crew so
that they can fly the boat and operate the autopilot, which is the most
critical phase of the boat operation. Ccmmandant (G~000) will attempt to
have one or two of the former Navy crew as instructors when this phase of
the training is required.



Subj: CGC FLAGSTAFF (WPGH-1) Meeting, 18 November 1976

11. Headquarters Naval Engineering Personnel were concerned when they
heard about placing the boat in Woods Hole, due to its lack of cold weather
habitability. It is planned to install electric heaters to improve this
situation. :

12. The injection of ice and water into the turbine was also voiced as a
concern but this was rejected when the design of the turbine air inlet.
was made known.

13. Due to the FLAGSTAFF being weight critical, the addition of some
required equipment was cause for concern. To assist in reduction of weight,
it was agreed upon to remove the fresh water evaporator and only operate
with the fresh water tank.

14. It was proposed by some that the FLAGSTAFF be given special treatment
and not be placed on a standby. It was the First District's contention

that the FLAGSTAFF would be treated like any other WPB and would be assigned
a regular standby schedule, taking into consideration crew rest, crew
liberty, and required maintenance. In view of the FLAGSTAFF being assigned
as a District unit, as previously stated, it was felt that this is a
District prerogative.

15. Armament for the FLAGSTAFF was discussed, with no commitment made and
requires further study. '

16. JP5 fueling for the FLAGSTAFF was also discussed and the First District
stated that that is their problem for them to resolve and they are working
on it.

17. Painting of the vessel was brought up and the pros and cons of a
standard white Coast Cuard vessel versus an icebreaker orange or red was
discussed. Commandant, Ocean Engineering will make and/or obtain the
decision on its color,

18. The possibility of installing a strobe light was also discussed.

19. Housing of the crew was brought up and it was decided no problem would
arise in this regard.

20. Funding for the FLAGSTAFF was discussed and, although the District

has received 0G 45 funds, at present no 0G 30 funds have been received.
Commandant (G~-000) will provide the necessary budget information to the
District. The entire amount of money available for FLAGSTAFF operation

was discussed. Although no firm figure was stated, it was pretty much
decided that the amount of momey that would be made available for FLAGSTAFF
operations would be dependent upon how well the FLAGSTAFF worked into

Coast Guard operations, the amount of additional money required, and the
reason for the requirement.



Subj: CGC FLAGSTAFF (WPGH-1) Meeting, 18 November 1976

21. Enclosure (2) is the First District propcsed concept of operations.
Enclosure (3) is the agenda items for this meeting.

22. The meeting adjourned at 1130,

§Z;¢$AZ4LJF:€%223

‘T. H. CARTER
Encl: (1) List of Attendees
(2) First District Proposed Concept of Operations
(3) Agenda Items

Copy to:
Each Attendee
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CGC TLAGSTATT
CONCEPT OF OPERATIO:S

1. CGC FLAGSTAFF will be assigned Vineyard Sound SAR Patrols (VSSP)
concurrently with the regularly assigned vessel. The FLAGSTAFF will be
utilized in conjunction with the VSSP vessel whenever it is assigned

a mission. Whenever a helo is utilized for a mission utilization of the
FLAGSTAFF will also be considered. .
\ '

2. The purpose of sending the VSSP vessel or helo and FLAGSTAFF on
missions is tc provide a known response to measure FLAGSTAFF against.

The FLAGSTAFF will not be utilized as sole response to any mission invol-
ving possible loss of life or property due to her unknown capabilities’
and reliability at this time. In all SAR cases FLAGSTATF is assigned to
if she arrives on scene first she will carry out the mission, however,
the VSSP vessel or helo assigned will remain on scene and be responsible
for prosecution of the case in the event of FLAGSTAFF being unable to
complete it.

3. FLAGSTAFF will be assigned to perform all Coast Guard missions which
will include but not be limited to the following:

a. Offshore o0il spill investigations.

b. Search and Rescue cases

c. Contigucus Fisheries Zone patrols (if we remain in ICNAF)
d. Checking buoy positicns and emergency correcticn of cutages
e. Offsliore fisheries burvellxange and identification patrols
f. Gear conflict investigations

g. Parts delivery to offshore vessels

h. Fisheries boardings

i. Boating safety boardings

j. Other maritime law enforcement patrols

4. 1In the event of special circumstances involving law enforcement
operations during FLAGSTAFF's patrol period she will be utilized as a

sole response if possible.

5. In all offshore cases where FLAGSTAFF is utilized for Fisheries

“or other offshore work, she will be utilized for one day patrols in the

beginning wntil her capabilities and crew response is evaluated. She
will then be used for two day overnight patrols to determine what her
endurance will be for more extended patrols away from home port.

-

Enclosure (2)



United States Coast Guard .......

Since 1790, the U.S. Coast Guard has been serving country and
humanity. Established August 4, 1790 by the first Congress, under
the sponsorship of Alexander Hamilton, the Revenue Marine, as it
was known then, was designed to comb at smuggling in the young
republic. It now operates as an admin istration of the W S. Depart-
ment of Transportation.

Over the years, the Coast Guard’s work has broadened steadily
and now is our countrys chief agency for promoting maritime
safety and maritime law enforcement. Its duties include an in-
tensive merchant marine safety program, maintenance of a network
of more than 42,000 navigation aids, search and rescue, oceano-
graphic research, port security, military readiness, environmental
protection and the operation of the International Ice Patrol, It has
approximately 40,000 officers and enlisted personnel who are
assigned amund the globe, including the Arctic and Antarctic, the
Atlantic and Pacific, the Caribbean and Mediterranean.

The Coast Guard has come a long way since those first small
cutters were launched more than 186 years ago. But its spirit is
still summed up in its mo tto

‘Semper Paratus — Always Ready’

DEPARTMENT OF TRANSPORTATION
°

UNITED STATES COAST GUARD

COMCGDONE INST P5723.31
8 FEBRUARY 1977

Welcome

UNITED STATES COAST GUARD CUTTER

FLAGSTAFF (WPGH-1)




L ENGEH S s e i o 73 feet
LENGTH OVERALL .« o vavs s s cnvosniaos 82 feet
BEAM oo vt e o e eameshans e i o 21 feet 6 inches
DRAFT, FOILS RETRACTED . ...... 4 feet 4 inches
PRAFT, FOILS EXTENDED . i v i coils ivv v 18 feet
DISPLACEMENT o.oc o s av avnnianes 69.5 long tons
DESIGN SPEED, FOILBORNE......... 45 plus knots
BEIL BORNE - i s s ae e i o e 8 knots

PROPULSION SYSTEMS:

Hullborne: Two General Motors diesels
with water-jet pump s.

Foilbome: Rolls Royce Tyne gas turbine
with supercavitating propeller.
B e i o St e 9 6 1 Officer
12 Enlisted

About the

FLAGSTAFF

The FLAGSTAFF (WPGH-1) was acquired from the NAVY
for further evaluation by the United States Coast Guard. The
FLAGSTAFF was first evaluated by the Coast Guard for op-
erations conducted off the Southern California Coast in
September 1974. The FLAGSTAFF will now be called upon
to operate in the adverse weather conditions off the New
England Coast. @ The Coast Guard’s Research and Devel-
opment Center is further evaluating the usefulness of
Hydrofoils in the Coast Guard mis sions.

Wearing Coast Guard colors and manned by a select
Coast Guard crew, the cutter FLAGSTAFF is utilizing its
45-knot cruising speed as she responds to the Coast Guard
mis sions in the areas of Search and Rescue, Enforcement
of Laws and Treaties (Customs and Fisheries), Marine
Environmental Protection (OIL pollution response), Aids-to
Navigation surveys and Port Safety and Security.

The crew of the FLAGSTAFF were picked because of
their professional background and training. Unlike anyother
cutter these men have served aboard, the FLAGSTAFF has
an airplane configuration. She is equipped with one steer-
able foil strut aft and two foils forward, with the forward
foils carrying seventy-percent of her weight. She is flown
through the water on her foils with a pilot at the controls
instead of a helmsman as in a conventional cutter,
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I PUBLIC AFFAIRS OFFICE
“53 First Coast Guard District

150 Causeway Street
Boston, MA 02114

Release No.: 73=77 Date: 2 March 1977

Contact: SN pale R. Gardner Time of Release: ceneral
(617) 223-3610

Hydrofoil joins Coast Guard Fleet

Boston, March 2, 1977-- The Coast Guard Cutter FLAGSTAFF was formally
commisioned Tuesday, March 2, 1977 in ceremonies at the U.S. Coast Guard
Support Center in Boston. Lieutenant Terrance Hart formally assumed Command
of the only hydrofoil in the Coast Guard fleet.

Rear Admiral James P. Stewart, Commander of the First Coast Guard
District, was present at the ceremony and remarked upon the FLAGSTAFF's
new rissions. Among the cutters new jobs, as part of the Coast Guard Fleet,
are Law Enforcment duties and Search and Rescue operations. In both of
these activities, speed is of the essence, and the FLAGSTAFF is very
capable of meeting the requirement. When foiloorne, the vessel can reach
speeds of up to forty-five knots.

The Coast Guard received the FLAGSTAFF in September of 1976. She will
be homeported in Woods Hole, Massachusetts. The vessel will be transferred
from Boston to Woods Hole sometime this spring.

The FLAGSTAFF was built in 1968 for the Navy. After initial tests,
the vessel was sent to South Vietnam for patrol duty. In 1970, the vessel

returned to the United States, where it became part of the Pacific Fleet.

~-nmore-
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This is not the first time that the FLAGSTAFF has been part of the
Coast Guard Fleet. In 1974, the Coast Guafd utilized the craft for two
months of tésting on the West Coast.

While on duty here, the FLAGSTAFF will be evaluated to determine if
a hydrofoil-type vessel.is suitable to perform Coast Guard missions in

the New England area.

» —~end-
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*From: Commander, First Coast Guard District
To: Commandant. (G-0)

Subj: CGC FLAGSTAFF (WPGH-1) Evaluation
Ref: (a) Commandant (G-000) ltr 5441 of 2 March 1977 -
(b) €O, CGC FLAGSTAFF (WPGH-1) ltr to Commandant (G~000) 5320 of

23 May 1977 :

1. As you know, CGC FLAGSTAFF (WPGH-1) has been beset with an inordinate
number of material casualties which have virtually eliminated any mean-
ingful evaluation since she has been assigned to this district. The
situation has been exceedingly frustrating to everyone concerned. I must
make it absolutely clear, however, that our inability to get more
operating time from FLAGSTAFF in no way reflects on her crew. They are
dedicated and have made incredible efforts to keep the vessel operating.
However, in spite of these efforts, we have been able to manage only
305.2 hours of operating time, including only 71.6 hours of foilborne
operations, since arrival of the vessel at Woods Hole on 26 May 1977.

1 am now convinced that the FLAGSTAFF experiment should be reevaluated
and, if it is determined that it should continue, significant changes in
the management of the effort should be made.

2. From an operational viewpoint, we can only offer subjective comments
at this juncture but I feel they are germane to the reevaluation.
FLAGSTAFF does not seem well suited to SAR missions. She is difficult

to maneuver when hull borne and she must tow in this mode. It is diffi-
cult to launch and retrieve her small boat (i.e., rubber Zodiac type with
outboard engine) and she is somewhat handicapped in foil borne operations
due to the lack of a collision avoidance system. Except for this last
feature, these drawbacks are inherent in this particular hydrofoil and
they do not appear correctable. These defects may be correctable in a
different design however. On the few occasions we have been able to use
FLAGSTAFF on ELT missions, she seems to be a much superior surveillance
vehicle to either class of WPBs. Unfortunately, she has not been avail-
able for a comparison with an HH-52 helicopter in joint operations with
an OLP vessel yet. She has been scheduled several times for such an
evaluation, but mechanical problems have forced cancellation on each
occasion. Intuitively, it is felt she will be equal to a helicopter and,
if a collision avoidance system were provided, she may be superior to a
helicopter under certain weather conditions (i.e., reduced visibility).
Whether she is a cost effe¢tive alternative to a helicopter in these
operations is another matter and I am not in a position to comment on
. this important consideration at this time. This particular hydrofoil is

L o ]




Subj: CGC FLAGSTAFF (WPGH-1) Evaluation

somewhat limited in certain sea conditions (i.e., seas of six feet or
greater), although we have been advised by Grumman informally that some
improvements are possible with longer struts. We are also advised that
longer struts are available. She also appears to be somewhat limited
in endurance, primarily due to crev fatigue, but to a lesser extent also
by fuel considerations. However, we have not really had any meaningful
evaluation of her endurance because of her mechanical difficulties. We
believe she will be useful in.offshore oil spill investigations, AtoN
support and boating safety missions, although again the inability to
keep her operational prevents cemparison with more conventional ways of
performing these tasks. Finally, her foil configuration makes moorlng
to conventional docks impossible and the platform arrangement we have
had to resort to creates some additional maintenance handicaps for her
crew when inport.

3. From an engineering and maintenance aspect, FLAGSTAFF has been a
disappointment. The systems aboard are complex, the installations
frequently are not in conformance with instruction books and plans and
the design of a substantial portion of the vessel makes many routine
maintenance activities excessively difficult and incredibly time
consuming. There are extensive electrohydraulic and electromechanical
systems in FLAGSTAFF which have been particularly susceptible to fail-
ure. These systems require maintenance not normally associated with
waterborne craft and this has demanded unusual attentlvenees on the

part of her engineers. In a real sense, FLAGSTAFF is more "airplane
than ship" and this has posed difficult challenges, in spite of the

fact that a resident representative from Grumman is present. In general
component spares are available, although we have not made acceptable
progress in inventorying spares which were provided originally. This
has somewhat handicapped maintenance but is not considered to be a major
factor in maintenance problems to date. Procurement of 'consumable"
items, particularly those associated with hydraulic systems have intro-
duced some maintenance delays, however. At this time, we are in receipt
of $150,000 in 0G-45 funds for overhaul of a spare gas turbine. I have
directed this fund not be obligated pending referral of the whole question
of the evaluation to you.

4. My concern is that we have not made a substantive evaluation of
FLAGSTAFF and, in my opipion, if we are to do so, major changes in the
effort are needed. Unless we are willing to provide the resources
necessary to do this, I do not believe we should proceed further.
Specifically, we believe that the following is needed:

a. Installation of a collision avoidance system to allow maximum
foil borne operation in restricted and debris infested waters.

€9
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Subj: CGC FLAGSTAFF (WPGH-1) Evaluation

b. Approximately $150,000 in additional funds to repair and/or replace
selected systems and components.

c. An additional four (4) man assist team to improve maintenance and
logistic support procedures. This assist team was previously requested
in reference (b). No answer has been received. Additional support per-
sonnel are considered essential if any meaningful evaluation is to be
achieved. Informal discussions with Grumman indicate- that a formal pro- -
posal to provide additional resident consultants at their expense will be
made to the corporation's top management. At the same time, Grumman will
apparently also consider a proposal to recommend to us a series of modifi-
cations to FLAGSTAFF to improve her performance and reliability. I cannot
comment on the liklihood of Grumman proceeding with either of these actions
and, in any event, do not feel they should delay this reevaluation.

d. Realignment of the existing personnel allowance for FLAGSTAFF. This
is considered to be a logical change based on the experience we have gained
to date with the vessel. A resume of the proposed realignment is enclosed
herewith,

5. We have not made the progress desired in this evaluation and I am con-
vinced we will not unless we are willing to put these additional resources
into the effort. Unfortunately, I cannot guarantee success, even if the
requested resources are provided. FLAGSTAFF is a difficult vessel to main-
tain under the best circumstances. I must caution against any notion that

a move of the vessel to another location will change this condition. 1
believe firmly that this district provides a better overall environment

upon which to base long term decisions than any other. FLAGSTAFF shows
promise, particularly as a surveillance vehicle, but you would be mislead

if you were not advised of the risks and costs. If the decision is to con-
tinue the evaluation, I urge you to provide the necessary resources. I will
be happy to provide any additional information you may need to complete your
reevaluation, but I request it be given early attention.

Encl: (1) Proposed realignment of crew and assist team

Copy to:

Commander, CG Atlantic Area

Commander, CG Group Woods Hole

Commanding Officer, CGC FLAGSTAFF (WPGH-1)

S
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| EVALUATION OF THE HYDROFOTL CONCEPT
FOR USE IN THE UNITED STATES COAST GUARD
AS DETERMINABLE BY THE OPERATION OF
USCGC FLAGSTAFF (WPGH-1]
INTERTH REPORT

T. P. HART LT, USCG
COMMANDING OFFICER
USCGC FLAGSTAFF [WPGH-1)
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SECTION 1 - OPERATIONS - :

1.1 GENERAL. Opcrations using FLAGSTAFF wene conducted from

7 July 1977 to date with a concept of utilizing the vessel in

as many unplanned operations ad possible. Unforzunately, the
inability to madintain Zhe vessel 4in a continuous ready status
{due to frequent engdineending casualties) neduced the overall
posditive intent 0f thas concept. FLAGSTAFF's concept of open-
ations was subsequently changed Lo the utilization of the hydno-
§oil 4in 4independeni patrols as much as possible while the vessel
was operational. Appendix 1 48 a breakdown of FLAGSTAFF open-
ations by missdion categonies, and rneffect underway, standby, and
repain time. Repairn time 448 funrthen quantified as discussed
Laten unden engdincending. _ . i

1.2 SAR.

1. GENERAL. FLAGSTAFF was able to take parnt 4in very few
SAR cases duning the evaluation peniod. These cases were two
evacuations of personnel, and an aborted medivac. The Zwo
actual evacuations accomplished were not of an emengent nature.
The §oLLowing dissentation i8 intuitive in scope based on edight

e pre s ——— e -

monihs expendence aboand.
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2. SEARCHES, INCLUDING ON SCENE COMMANDER. The hydrofoil
48 potentildlly an oufsfanding search vehicle forn non-fogbound ;
seanches. The ability to nespond to the scene quickly, nemadin i
on scene 4fon poteniially Long peniods of time, and seanch a
Large anrea in a nrefatively shont peniod of time makesd Zhe vessel
highty desirable fcn seanches. Visibility from FLAGSTAFF's 3
bridge is outstanding, with 360 degree visibility and, when {
§oilbonrne, a height of eye above that of any WPB. : In cleanr ;
(not necessarily calm) weathen situations it would not be un-
neasonable for a hydrnofoil Lo employ five Lo seven sels of eyes
§on seanching, which places it on a par with a WPB-95, and above
a WPB-82, HH3 or HH52. : ‘ .

A8 an 0SC platfonm, FLAGSTAFF L& potentially betten than any
WPB on helicopten. The installed IC system, which allows for
voice radio communications at sevenal positions on ZLhe vessel,
is ddentical to that used in aincraft, and furthen allows foxr
the monitoning of virntually all primary communications requinred
in a searxch. The brdidge arrangement off FLAGSTAFF 4& Less
cluttened than a WPB, peamitting smooth cocrdination of seaxrch
units, whife simultanecouslfy allowing FLAGSTAFF to act as an
effective secarnch unit. My previous experdience as a WPB CO, and
as an RCC controllen has shown that desdignating a WPB or heli-
. copten as on secne commanden drastically neduces Zhe effectiveness
0§ edither unit as a search vehicle. R




Duning poon visibilily the hydrofoil £{s no monre effective
than any othen vessel. Fog preempils foilborne opernations due
to safety considerations. The Linstallation of a FLIR system
{as discussed in section 4) provides potential for a moxre
effective search unit Lin {og. .

3. MEDIVACS AND MEDICOS. Response to scene gastlen Zthan
any othen vessel L8 probably the single facton that would make
‘@ hydrnofoil a good MEPIVAC vehicle. The major drawback 2o the
hydnofoil as compared with a WPB is the {inabifity o maneuvexr
alongside for a pernsonnel Ztransfer (due Lo the del&cacy of the
forwand struts). Several vardiables anre involved <in an analysis
of the hydrofoil versus the WPB as a MEDIVAC unit. The WPB
can maneuver alongside any vessel in nelatively calm weathenr.
Both vessels would requine use of thein small boats 4in appnox-
Lmatety a three foot sea.

The best MEDIVAC vehicle Zhe Coast Guand operates 4is zthe
helicopten. Speed 48 usually Lmportant, and the HH52 and HH3
cruise at bettern than twice the speed of a hydrofoil, and are
both capable of delivering the victim directly Zo many emengency
‘medical facilities. The hydrnofoil can be consdidered betten than
the HH52 in some Ainstances due to the nestrndictions placed on this
helicoptern for openations. -The onfy time a hydrofoil might be
consdidered a better vehdicle than an HH3 would be Ln heart attack
‘ecases, whene the asincragl's altitude could aggravate the victims
condition. .

4. TOWING. The basic design of FLAGSTAFF 4{s not conducdive 2o
towing operations. Design modifications for a hydrogoil (as
discussed in chapten 3) could make a hydrogoil a good to exceﬁtent
towing vehicfe. FLAGSTAFF's major drawbacks are:

(1) The weight 06 a 900 400t hawsen on a vehiicle which
48 we&ght caltical, and

{2) The need to nig a towing bridat %o c&ﬂcumvent the
aftern strut.

{3) Poon hutlbonrne propulsion.

Structural design modifications should be able to overcome
these problems. The need 4on a hawsern can easilfy be desdgned
into the hydnofoifs payload capabiiity. Desdign pLacement 04
a towing hawser that would allow the hawsern to clear the aften
strut would climinate the need fon a Xowing baidaf. Redesign
of the hullboane propulsion system as discussed in section 3
would give the vessel sufficient Ltowing power., WA{th these design
changes, the hydnofoil could be considened a betten towing vehicle
Zhan a WPB due Zo {ts ability to complete the case {aster than a
WPB by vintue of the hydrofoils speed to-scene.

8 . e e =
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5. SINKING VESSELS. A4 4in MEDICO cases, speed to scene is
impontani 4Ln cases Lnvolving sinking vessels. The helicopten
has the definite speed advantage once agadin, but the hydrofoil
has distinct advaniages over the helicopter. The hydrofoil
would take roughly twice as Long to reach scene as an HH3 (one
thind the time as a WPB), but has the capability of remaining
on scene mucn Longex, and the ability to place a team aboard
the distrnessed vedsel to assist in salvage efforts. The hydro-
§oil also noutinely carnnies more pumps than the hel.icopten,
and could tow the vessel to safety Lif nrequired [see section 1,.
paragraph 4). ‘ :

6. FIRES AT SEA. The comparative ability of a hydrofoil
versus the WPB on Lhe helicoptern when nesponding £o a vessel
on firne at sea is dependent upon the type of vessel, Lype of
§ine, weathen, and distance offshore. As with any Coast Guard
unit, Zhe hydrojoil could be designed with finefighting cap-
ability, and (intuitively) would be a good undit to respond to
such an incident, but the vaniables would be the dictating force
behind the type of unit that would be besi utilized for each
incdident. : L.

1.3 ENFORCEMENT OF LAWS AND TREATIES.

1. GENERAL. With the Coast Guard's 4Lncreased emphasis on
its histonic nole as a Law enforcement agency, the need for hiah
speed units for surveillance and Lntercept has become more pro-
nounced. FLAGSTAFF conducted several Law enforcement missions
in the §{ishenies and boating safety fiefds, and on several oc-
casions (while the vessel was 4inoperative) was desined forn use
in drug enforcement missions. The follLowing sections are based
on actual experdience and Lntuditive Lnsight. '

2. FISHERIES. The hydro4oil is potentially the besi
genenal Tishehnies enforncement unit in the Coast Guard. . The
hydrnofoil, combining speed with the boanding abifify of a WPB,
provides a unit that is more effective than any 4in Lts ability

Zo:

(1) Spot vessels; 4including the observation of gear in
use and provide a complete vessel descadiption. :

{2) Coven a Large area in a relatively short perndiod of
time. And

(3) Make an meediate boarding when vicfLations anre ob-
senved on duspected. : :

The hydrnofoil can effectively patrol 4in any sea state that
a New England (US) 4ishing vessel can operate. AZthough boardings
would be subject to seca state, this would be true of any unil.
The hydrofoil can also remain on scene fon Long perdods of time

—
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simply by securing The tunbine and operating the dieéei engines.

3. GEAR CONFLICT. The hydrgfoil again is a more useful
vessel overall ZThan eilnern a helicopler on a conventional vessel.
The helficopten can respond Zo scene gasien to identify conflicting
parties, but the hudrofoil has the additional capability 0§ con-
ducting boardings, ascertainding facts, gathening evidence, and
neponting requined data for a more expedient nesolution of the

i
'

conflict. L

4. DRUG AND CUSTOMS LAW ENFORCEMENT. The potential advantage
of the hydrofo«l 4n Law enforncement Re: cusdloms Laws L8 its ability
Lo combine the capabilities of othern units. With a standard speed
of 45 knots, the hydrofoil can outrun mosi potential smuggling
vessels. The few having greaten speed are generally desdigned with
very Litile cango carrying ecapability and/on tend Lo Lose thein
speed advantage in the sfightest sea height. 1In addition to 4in- . .
Lencept speed, the hydrofodil 4s capable of covert surveillance dat
dLow speed, and, upon halting a sudpect, {4 able to dispatch a
boarnding team. Unfike a helicopten, the hydrofoil presents an

anrmed deterent that can pursue, overtake, halt and board most
vessels. . ~

5. BOATING SAFETY. For boating safety patrols, the hydnro-
foil's only advanfage would be the abifity to coven Large areas .
An a short amounit 0§ time plus conduct boarndings. This one
advantage could be ofjset by Larnge concentrations o4 boats which
could preclude foilborne operations due to safety considenations.

1.4 AIDS TO NAVIGATION.

A single aids Zo navigaiion mission was conducted by FLAGSTAFF
duning the evalualion perdod. The mission was a 3imple deliveny
0f parts and was conducted in conjunction with engineering tests.
Hydrofoils are no more suited forn ATON missions thai WPBs. The
sdingle advantage to tne use 04 hydrofoils in Lthis mission area
would be the deteaminaiion as to whethen an adld L& on station,
when the data <8 needed quickfLy. The hull configuration 4is
genenally not sudiied jfor working aids, although a "hot pack" might
possibly be pernforimed in an emengency situation. ATON Logdistics
runs ane possible, but the payload might be Less Zhan desired due
Lo wedight consdiderations. ' :

1.5 PORT SAFETY/SECURITY.

Hydrofoil usage in a port safety or port secundity function
would be sevenly Limited due Zo the genernally confined watens
4in which such operations are conducted. The speed avaifable would
be advantageous in isofated incidents and Locations. One pro-
bable Locazion a hudrojfoil could be useful would be Ln the Eighth
Coast Guard Distnict on the Missis8ippi Riven, whene ndlvern acci-
dents/incidents frequently nequire qudick response from a WPB Lo
proceed modenate distances to scene as a traffic control vessel.

N N U e b —— s o




1.6 MARINE ENVIRONMENTAL PROTECTION.

In an MEP mission area the hydrofoil would be useful in
iso0lated incidents only. The advantage of the nudnofoil would
be in i{ts abifity Zo nespond Lo an open ocean spilL, obtain
samples, and retuan them for processing and analysis quickly.

It could also be used Lo intercept suspected ofsendens. Due

2o wedight considerations, Lhe vessel would not be able to use-
fully transpoat an ADAPTS dystem, and transport o4 othen
requined cleanup maternials would be Limifed by amount and weight.

.
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SECTION 2 - OPERATIONAL LIMITING FACTORS

2.1 GENERAL. The previous Section outlined the theoretical and actual
capablliTies 04 a hudrofoil in specific mission areas. During the eval-
uation of FLAGSTAFF, several {actons have surfaced that tend Zo &imik
the vessels usage {n some mission areas. This section tends to point
toward the negative side of hydro{ail, with condtructive comments on the
ability to "design out" any of these negative factors.

2.2 WEATHER FACTORS ‘ .

1. GENERAL. WhilLe openating FLAGSTAFF some data nelative o perform-
ance in varied weather conditions has been obfained. As with all vessels,
the most enjoyable periods of operation were during calm, warm weathen,
but FLAGSTAFF proved capable of operating in houah weather. Grumman has

- indicated they believe the fLonaen struts available would increase the ves-

sel's sea heeping capabilities. These struts sheuld be instalfed in the

nean future fo allow for comparison Lesiing. .

2. LOW VISIBILITY. Cperation of a high speed vessel in night time on
foa conditions s an extremely dangerous sLtuation.Even with an excellent
nadan, tanget acquisition 48 virtually non-existant for such Low-Lying
hazands as Loas, whales, etc. The instalfation of a FLIR (as discussed
in section 4) mag be able to .increase safety in nighttime foilboane op-
enations. :

The primany disadvantage to wonking 4in f{ogay conditions L8 the nec-
essity to netuww to the hullboane mode. When in fog and nestricted watens,
1 was more comfortable with the tunbine on the Line unTil the vessel clear-
ed all nestricted waters. The thaust grom the tunbine tended to negate the
excessive det and drift that {8 o4ten encountered unden diesel engine power,
due to FLAGSTAFF's diesel propulsion system desian. This need Zo overcome set
and drnift by usina the tunbine has two immediate drawbacks - the inability %o
nevense the propellon to stop the vessel quickly, and a much higher fuel con-
sumption, which drastically reduces cruising range Lif requirned for Long per-
fods vf time. Fuel consumption infommation 48 available in appendix II. The
inability to satisfactonilu overceme set and drnift unden diesel waterjel propul-
sion could be easity nemedied by a design change usina twin Schottel drive
units in Lieu of the watenjet system fon hullboane propulsdion. This 4is dis-
cussed furthen 4n section 3. ‘ :

3. COLD WEATHER OPERATIONS. FILAGSTAFF has been unable Zc colleet a.full
nange of ccld weatien data due to enaineering casualiies. One day of foil-
bérne operations dwiing Leing conditions has allowed some drtuitive Linsight
into futwne cold weatiher operations. Duning that day FLAGSTAFF experienced
"sfush icing” on fotucard structutes and afl Lifelines duning takeoff, and
some sLush Lcing on the exterion of the hulf during foilborne operations.
The sfush dice did not accumufate mone than three-quantens of an inch thick,
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and §ell 04§ the hull immediately upon Landing. 1t is believed that one of
the majon reasons {ce could not build up on the hull is the Lack of interion
insulation, allowina a Larae amount of through-hull heat Loss. 1t is not
believed that icing will be a darngerous factor duning actual 4oilfboane op-
erations, but dundna {initial takeodf into rough seas, ice accumulation
could be a hazand. Once foilborne, only a small amount of Asptay {8 taken
on the main deck (adt of the deck house). On a hydrofoil with proper in-
sulation, should ice accumulate on the hull exterion, it would merely in-
crease welgnt factorns Lo the point of overcoming turnbine thrust, and Land
the beat sajely. 1In the event that futune| rouqh weather foifborne operat-
Lons cawse an Lcing problem topside, it is' belleved Thaf the computer would
be abfe to maintain plationm stability, but the probable detwrimental {actor
would once again be excessive welght causing the boat to Land. Once hull-
borne, the strwuts give the vessel draft characternistics of a deep draft ves-
del. To date no funbine ain {nfet L{cing has been experienced. Infet Lcing.
48 not anticipated in calm weathen "foilborne operations, but turbine inlet

. dcing 48 plausible duning takeoffs and while foilborne in rough seas.

4. HIGH WINDS AND SEAS. (inds specifically have no {solcted adverse af-

“fects on a hydrnofoll with Lhe exception of the {increase 4in wind/chill factons

experienced by any topside personnel and movement of personnel on deck. FLAG-
STAFF has been able to maintain foilborne attitude in 12 ool seus, and was
capable of operating in a 15 Foot sea until a secondary swellf in a confused
pattewn fornced a Landing. Further data is necessary to obtain accurate,
complete, and consistant rnesults concerning FLAGSTAFF's sea keeping capabil-
ities. To date, much of the data has been Linconsistant due to casualties,
Ampropen performance of varied inten-related systems, and a Zack of suffic-
Lent nough weather underway time.

2.3 CREW CONSIDERATIONS S

1. GENERAL., The sinale most evident Limiting factor for extended op-
eration of FLAGSTAFF 43 crew considerations. A combination o{ undenvay
fatigue factors, Lack 04 habitability, and manning requinements place a
Lange sirnain on personnel aboard. This section will attempt to explain
those factors.

- 2, FATIGUE. The factons causing abnonmal fatigue aboard FLAGSTAFF
ane as follows:

(1) High vibrations caused by high speed .
(2) Attentiveness to instruments nequired fon the pifot and engineen

. (3] Attentiveness to the vessel's positioning and situation nequired
0§ the Conning 0f4icen, pifot, and navigaton '

(4) Constant "holding on" to compensate forn possible emratic operation

(5) A scven to elaht man watch {8 nequired durning foilborne operations

in nestricted watens or at night.
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(6) High total volume of noise from installed equipment.

The combination of these {atiquing factors tend to make continuous foil-
boane operaticns joa more than § houns (approximately) in rough weather haz-
andous due 2o excessive datique. These factons are reduced somewhat as weat-
her 4actons improve, on if the vessel has extended periods of hullbomne time.

3, HABITABILITY. FLAGSTAFF's desdign, in 80 far as creatutre comforts are
concenned, 45 nol conducive to a good wonking or Living atmosphere. Galley
and mess deck spaces are cramped, poorly equipped, and add nothing to the
neduction 04 crew fatique 4actons. Provisions for messing ccnsist of a 44in-
gle microwave oven, refrigeraton, and some necently purchoed electrical
cooking appliances. Hot meals must be provided and prepared by the individ-
ual, since no provisions have been made forn a dedicated cook aboard, non is
equipment adequate {on preparing meals on a Large scale. - Berthing areas are
cramped, crowded and have many obstructions alongside bunks that tend Lo dis-
allow relaxation undercau for oifwatch personnel., ALL internden traffic fLow

-on the unit passes throuah the baidae, and no provisions were made fcr on-

boand of§ice on enaineering work spaces. v

Sanitany dacilities arne available aboand,however, no waste disposal hold-
ing tank has been installed. Fresh waten 48 Limited to the 110 gallon hofd-
ing tank, and the 4nesh water producing system was nemoved due to extreme in-
efficiency. : .

Habitability systems could be designed into a_ hydrofoil as recommended in
section 5, hcwever, it musi be nemembened that a hudrofoil 4s "weight critical"
and some habitability §{eatutres may have to be Less than desired oul of neces-
sy, .
In its present state, FLAGSTAFF's Lack of creature comfonts tends to be
counten-productive to increased operating time and crew initiative by remov-
ing a basic foundation block 4nom the "Hieranchy of Needs" as purponted 4in
the theony o4 A. H. Masfow. ST A

0

2.4 DESIGN CONSTRAINTS-

1. "GENERAL. By virtue of its specialized design, a hydrofoil has "buift-
An" LindEing Zactons that tend to neduce some capabilities automatically.

" These {actors are many, varled, and somewhat complex, but can be condensed

into two majon catagonies, weight and configuration.

2. CONFIGURATION. Hydrofoil confiqurations are basically Lwo primaty
types, Canard and alaplane, of which FLAGSTAFF is the fatten. Adirplane con-
figuration in acnenal teams means fwo stwts fomvand, one strut aft, with 70%
of the efiective vessel nawload being supported by the fomvard struts, The
Canard desian is generally the nevense l(one staut femvand and two aft) with
the preponderance of the weiaht supponted by the aften stwuts. The U. S. NAVY
has opted {on the Canard desiqn in its PEGASUS class hydrnofoil program, and
different manufacturers Lean toward different designs; Boeina 4avoas the Can-
and, while Gaurmman {avors the aiaplane configuration. Each hcs advantages
and disadvantages,and any hudrofodil program in the Coast Guand would have to
select a design based on these factons. )
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The Canard design major advantages appear o be:
(1) Lack of protuwsions Laterally grom the motded hull.
(2) Symmetrical broaches when they occur.
[3) Stightty greater foilboane maneuverability.
The advantages of the airplane configuration are: '
(1) Comparative ease of stnut ma,éntenmzca.i ’ )

{2) A single main propulsion tunbine is required, thereby reducing
tunbine maintenance Lime. )

/- (3) Reduced safety hazands’in the event a stwut is sheared.

The "advantages/disadvantages” argument will be a continuing source of
 discussion within the huydrofoil industry, and proponents of each design have
been attempting to eliminate any disadvantages to thein propcsed vessels.
Instatlation of an anti-~broach system (as installed aboard FLAGSTAFF) appeans .
o de-emphasize the broach araument. The forwarnd retraction cf -the single
formward stnut of the USS PAGASUS has allowed somewhat easier maintenance than
that nequined aboard USS HIGHPOINT, whene divens wene required to perform main-
Zenance unden waten. " : :

3. MAIN PROPULSTON SYSTEUS. Proporents of the Canard desian, 4in onder Lo
reduce mainfenaiice, nave succeeded in developing a tunbine pcuered waterfet
propulsion system whenein it 48 purponted that a single turbine can develop
sufficient power to allow the vessel to remain foilborne should one tunbine
become inoperative. This is accomplished by splitting the vater flow develop-
ed by one turbine through both after struts. The advantages of a waterjet
system ane twofold, Lack of neduction geans, transmission gears, and control-
Lable pitch propellen systems that would requine maintenance and moniforing,
‘and a neduction in weiaht caused by these systems. 1t &8 numcnred, hoeven,
that the wateafet sustem has its own problems, of which the Lrabllity Zo at-
tain on sustain speeds neached by FLAGSTAFF 4is one primany didiicully. Othenr
problems are the nequired maintenance of Zwo furbines and waterjet pump cas-
ualties. The contrclable pitch propeller sustem aboard FLAGSTAFF has been
fairly neliablfe, but neduction aears and in-strut gear boxes have been a
sounce 04 consteanation.Requined attached systems forn Lubrication of gear
box sensing equipment have been sources of down time for repains.,

* 4. WEIGHT. A constant nequirement 4is placed upon the crew o4 hydrofoils
{of all desians) fon neduction of introduced weight aboard. Hydrofoils are
generally desianed in such a way that only a small reserve Ls allowed for ad-
dition of weight over desianed Loads. This generally means that the boat
outfit must be maintained at a minimum, Lange excesses o4 personnel are not
allowed (nor henerafly desined), on board spare parts must be kept Lo a min-
imum, and any factor that miqht in fLucnce vessel weight must be closely watched.
Operations aboard FLAGSTAFF have been jeopandized at different times by
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- wial weight must be compensated for by a ccrresponding reduction in wedight in

added weiaht caused by:

in

(1) introHuction of a §ull Load of fuel, then attempting to "take off"
rough seas. :

(2] Backen salt waten Lines adding weight Zo the bifge area.

(3) Tee build up.

(4) Excessdve péjusonne,& aboand.

’

. |
Excessive weiaht is predominatly a factor only in the"take-off" of the

vessel, dince maximum thuwst {8 applied at take-of4, and a Lergthy time %o
become foifboane [caused by excess welght] tends to oven-temp critical en-
gineening machinery. Once {oillborne, problems ane rarnely encountered since
wedght 48 being reduced by fuel consumption at a rate of 1600 pounds pex
hour. Weight could be added, hawever, due to items (2) on (3) above.

_ The ncéason emphasis is placed on the weight aspect of hydrofoil operstions 4is
nemind  all involved that any introduction of weight over designed struct-

order to opcrate. Since very Little neduction can be accomplished structurally,

1h
40

2.

e {tlem generally neduced is fuel, which brings about a corresponding reduct-
n of endurance. _ ,

5 MATNTENANCE.
1. GENERAL. Consistant with afl vessels, a centain amount of maintenance

musl be perfoimed on a reqular basis to insure neliability of operations.
Much of the data fon this section should be solicited fnom Grurmman, since they

-ha
2o

ve historical data nelative to require major parts replacement. Routine day-
-day maintenance {n general will be addressed in this section. The SINGLE

MOST CRITICAL FACT(R that must be nemembered in the entireanalusis process rel-
ative Lo the possible acoulsition of hydrofoils for the Coast Guand is that A
HYDROFOIL 1S A HIGH PERFORMANCE VESSEL. ANY HIGH PERFORMANCE VEHICLE, BE IT
AUTOMOBILE, ATRCRAFT, OR VESSEL REQUIRES MORE CONTINUING MAINTENANCE THAN ITS
CONVENTIONAL COUNTERPART,

2. TURBINE MAINTENANCE. Perdodic noutine maintenance of the turbine is gen-

enally Londied 4n Scope Lo maintaining a clean plant. This requites water wash-
es fon every 10-houns of operating time, and herosene soak washes fon every 50

ho

uns 04 cperating time. Fuel and Lubnicating systems must also Lnsure the Lin-

Lroducticn of clean {Luids, therefone three in-Line fuel {iLters must be chang-
ed approximatedy every 20 turbine operating houns, and 6 Lube o0if {ilterns must
be changed every 50 operating houns. The Total time {on turbine maintenance
averages approximately 10 houts every 5 operating days.
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3. DEISEL ENGINE MAINTENANCE. The hullboane propulsion plant is a fairly !
standand dicacl enane [GI 6V53) with modifLcations requining no more main- J
tenance then ary other diesel plant the Coast Guard has aboard vessels.
Maintenarce fcurs jor the deisel engines average 6 hours per week, and in-

clude the standand fube 0l analysis program. ' ;

4. SUBSYSTEMS MAINTENANCE. Most of the vessel subsyslems require main-
tenance on an as nceded basis, on, 4if casualties andide. Included here will
be subsystems that could be improved upon 4in future. hydrofoil designs.

Among them anre: . N f

(1) Lew battery capacity; the Lead acid batteries have about a 8ix month
senvice Life due to 4requent charge and discharge. Nickel-Cadmium (NICAD)
battenies would be fan moxe practical, and, in the Long run, more economical.

(2) Foilborne transmission coolen failures have been a conlinuous probfem

‘and nesulted in many hours of work and down time. The units {(of all aluminum

construction) corode quickly due to the thin materials used in construction.
A necent design change to conrect this problem was incorporated, but did not wonk.

(3} Lack of an auxiliany hydraulic system fon dockside Zesting of foil-
boane systems has precfuded the {mpfementation of a good plarned maintenance
system fon the hudraulics, and has nesulted in Lost time and misdions due Lo
casualties. Present testing of the system nequined that the turbine be running,
and any casuafty nefated to the tunbine propufsion system precludes such testing.

(4) The §ire and bilge pumps oniginally installed aboad FLAGSTAFF were
marginal at best, and troublescme. A "jury nigged" clutch being rhun off the
main deisels caused many maintenance problems. Emergency bilge and fire pwnps
nun by electricity would be fan moxe efficient. . :

(5) FLAGSTAFF's instatled window wiperns are aincraft tupe, perform no betten
than marine types, are much noisier (which adds to the already high vessel noise
Levef), and parts are non-exisiant. A marine wiper would be Less expensive and
more easily repaired.

5. HULL AND STRUT MAINTEVANCE. 1In comparison to most conventional vessels, .
hutt maintenance aboatd a hydiokodl 4s Less time condwning. The nreduction Ln
maintenance {8 due to structutal consideraiions, but 48 founded in the need to
maintain weight at a minimen. Standard practice aboard mosz Coast Guard WPB'S
43 o paint the hull twice a year, and clean and touch up paint as required.

This practice maintains WPB's in a veay clean appearing diate, and assisls 4in
the development 0§ pride in a chew's "good Looking” uindt. Unfontunately, a
single coat of pauut will add undesineable weight 2o a hydtofoil. Hull main-
tenance 48 Aeduced 2o yard perdod nemoval of ofd paint and ~eappficalion of
the desired thickness of new coats, and the periodic cleaning of dirt and spot
Louch~up 04 bare metal,

Time consuming stwuctural mairntenance aboard a hydrodoil is concentrated
on maintaining the hydro~dunamic qualitics of three struts and foils. Excessive
time 48 required aboard FLAGSTAFF to apply the hequined epoxy dent repair system,
alfow it to cuve, sand and §inish to orniginal design, and apply a protect-
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dve coating o4 peint overithe nepair. Dents, knicks, and gouges occdr aboard
FLAGSTAFF with alzwmina {requency due to small objects in the water, and cav-
itation at iigh speeds. The need for contéinuous downtime for strut nepain could
be greatly diminished in a new hydrogoil by insuring the use of all welded
condbwction in Licu of the presently used fastenern and niveted struts. Aften
fen years the fasionens ane souwrces of trouble because:

. U1} Thewu tend to Loosen, thereby causing stress bulges, eventual chip-
ping and pittina, and Loss of hydro-dynamie qualities. |

(2) By natutre of the design, a Large amount of §iller must be applied
Lo smooth out all atreas. This f<Llen 48 much mone suscepiible Lo cracking,
pitting, and dents than would be mofded steel. .

- {3) Comrosion of the oniginal Steel fastnens has Led to failure and on
the inability to nemove them {on repains. Replacement with stainfess steel
fastenens at this time would be cost prohibitive.

2.6 ENDURANCE AND FUEL CONSUMPTION

. As with atl vessels, a hydrofoil's endurance 48 based on {uel caried
and consumption nates. Unfike conventional vessels, fuel carnried becomes
mone a function of total vessel weight than storage space. Foilborne con-
sumption aboard FLAGSTAFF 48 approxdimately 235 gallons pern hour, with non-
mal present 4{uel capacity n the vicinity of 2800 gallons, Rated maximim
pressed fuel capacity fon FLAGSTAFF is 3500 gallons, while design rated
rominal fuel capacity fon f{oilboane operations is 3300 gallons.

Canedul desdian consdderations fon futurne hydrofodils can aliays {nsuwre
that The vessel can cantd maximim fuel allowed, and stilL be abfe to get
foilbonne immediately. This would require a reasonable difference between
maximum {ull Load welght allowed by design, and actual maximum welght at
which point the turbine cannot overcome drag to provide foilborne status.
Should perriodic wedlaht changes over the Life of the vessel occur, endurance
Should not be afiected. :

Appendix 11 shows FLAGSTAFF fuel consumption infonmation, and can be
utilized as desined Lo fiaure econcmical crwsing unden different scenarios
({.e. total 4oilborne operations, combined foilboane/hullborne on tunbine

on diesels, ete). A Loss- 04 endurance will definitely nesult under any

condition whene 4t {5 deemed necessany to use the tutrbine while hullborne.

2.7 SAFETY. Advances in technology today have {ncreased the safety aspect

0§ hiqh speed vessel operations. Unfortunately, very few o4 these advances
are availabfe aboatd FLAGSTAFF. Many safety items should be pLanned for any
future Coast Guard hydrofoils, and include anti-broach systems (see article
4.2) and saje navagation systems (anticle 4.3 and 4.4). The pernsonnel erron
factorn in sadety of hydro4oil:roperations cannot be fully desianed out of a sys-
tem and the need 4or tolal alentness on the part of the crewmembers can never
be understated. Safe navagational practices are charged to the conning of-
ficer and the navigator. Sajfety of individuals topside while 4oilborne L8 of
paramount Lmperiance, and has been enhanced by the requined use of Lifejackets,
the "buddysustem", and the use of the Lookout watchstander as moxe of a safety
watch on topsdide personnel than a Lookout per se. Some safety factons could
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be stweturatin desianed into a new hydrofoil by the introduetion of a
weathenptoed siield o+ beoth for the Lookout, and the Limitina of main deck
"MD" hazards., Tie aleriness nequired of personnel does increase fatigue,
Which s why habitabii<ty becomes an impontant design eriteria.

L
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/ SECTION 3-ENGINEERING SYSTEMS

3.1 GENERAL. No attenpt will be made in this section to fully analuze all
enginceting sustems forn a hydrofoil. Much of the engineering analysdis has
been accomplished by the Coast Guard Research and Development Team that
operated FLAGSTAFF and HIGHPOINT durning 1974-1975. Results of these tests can
be found in:

(1) Operational Evaluation of the Hydrofoil Concept foxr U.S. Coast
Guard Missions, Phase 11 Report of Additional Operations with USCGC HLAGSTAFF
(WPBH-1). (Report No. CG-D-149-75]. :

(2) Operational Evaluation of the Hydrofoif Concept for U.S. Coast
Guard Missions, Phase 1T Report of Additional Operations with USCGC FLAGSTAFF
(WPBH-1). (Repon,t No. CG-D-191- 75)

: (3) Operationat EvaLuauon 04 the Hydnofoil Concept for U.S. Coast
Guard Missions, Report of Operations with USCGC HIGHPOINT (WMEH-T). (LMSC

) Repo:u‘. No. D458145).

: (4] Operational Evaluations of the H ydro §oil Concept for U.S. Coast
Guand Missions-Executive Swmmary. (Repoat No. CG-D-14-76). .

The need to include engineening systems in this nepornt {8 2o allow an
overview of all aspects of hydrofoil systems as they pertain to the ope/ca-
Xional analysis.

3.2 TURBINE/FOILBORNE PROPULSION. FLAGSTAFF's tunbine {8 a Ro&ls Royce Tyne
Marine 621/10 capable of a maximum operational power of 3600 shaft honsepower
at 14,500 Low pressure shaft RPY at sea Level conditions with an ambient ain
.tunpejmtune of §0F. Problems with the Tyne tunbme have been {ncwwred:

. (1) Oue to Limited quantities of the engine. At the present ime
onty two of these tunbines are available, and one of those Lwo L& Lnataued

4dn FLAGSTAFF

. (2) No test stand exists for this engine, thereby requining all
adjuAtmentb and tuning to be made 4in place aboard the unit.

(3) Spare attached parts are scance for the turbine, availfable onfy
Hhrough Rolls Royce of Montrneal, and no contractual arrangemernits with Canadian
orn U.S. Customs has been made to insunre ease and dpeed 0f dhipping parts. .

(4) Pugo)mance end maintenance manuals ate generally 4.ncomp£e,te,
Anaccurate, or out of date. : -

FLAGSTAFF's fodLborne prorulsion .sgustemb Zhat are coupled Zo the ftunbine
{via reduction geans) are a hull mounted geatr box, upper bevel aear box 4in the
agten stwut, Lowen bevel gear box 4n the ajter strut, and planetary gear box
in the pod. These are Linked to a Kamewa 3 bladed; 45 {inch diameter control-
Lable pitch propellen, DLL4iculties expe/uenced m,th this pontion of Lhe main
propulsion sustem have been:

. .
A B 45 0 g e st Aetg—————
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/ (1) Lack of readily pwcmbla dpate parts.
(2) High cost of spare parts due fo uniqueness of equipment.

Ty

. (3) Lack of accessibility to any part of the system contained with-
in  the after strut.

(4) Lack of a {ully suitable platfoam for working on the after strut.

(5) Difficulty with hydraulic hose connections §rom the manaom 2o
the aftern strut.

Most of the di{f{iculties experienced with the items Listed in this section
could be overcome in a new hydrwogoil by:

(1) Contractual assurances of dpare parts availability at neasonable
cost. - ¢ - 4

- : (2) A standard production tunbine with an avaitable test stand.

- (3) Use of solvent §inms for all pam manufacture fo.insure 6u,tune
availability.

(4) Purchase of a stock of centrally Located spare parts.

(5) Use of U.S. manufacturers, ox 5oaugn manufacturens with U.S.
upauenmwu readdily available. ,

(6) Use of neadily purchased "off shelf" auxiliary equ,:épment.

3.3 DIESELS/HULLBORNE PROPULSTON. FLAGSTAFF has two Detroit 6V53 GM aluminum
block dicsel engdres 4foa nullborne power coupled through reduction geans Zo
lwin watenjets. As in anu watenjet system, propulslon efficiency 4is greatly
Lost aboand FLAGSTAFF when traveling hullborne. Although design nated at §
knots, the installed system has never developed much over 7 knots, and was
producing only 3 knots when necelved §rom the Navy.

The diesel engines themsefves have been of no real trouble to FLAGSTAFF.
. The hultborne watenjet sustem Lacks efficiency and pewer, thereby greatly
nredueding maneuverability cad reasonable Speed in virntually anu sea state.
Fon Coast Guard use, extended huflfborne range, efficiency, maneuverability,
and power fon zow.éng would be bettern available using a fiein Schoitel-drive
system for hullboine propulsion. This would greatly enhance the mission
capabilities of a hydrofoil, especially Lf design constraints would allow
hutlborne speeds 0§ 12-15 knots. The 12-15 knot speed would be especially
useful in the Coast Guard mission of Lowing as discussed 4n section 1,

3.4 HYDRAULICS. The 4installed hydraulic systems aboard FLAGSTAFF combine
aluminum hardiines, aeroquip hoses, and §Lexible Lines for operation of the
folls and stwts. Hydraulic pressure of 3000 PSI 45 available via purps 044
the diesels fon the raising of struts, and a separate 3000 PSI sustem 48 driven
04§ The tunbine fon foilborne opc/w,uo;w 04 hydwawlic actuators to the foils
and 8tfeerning.
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Virtually atl the hydraulic problems aboard FLAGSTAFF can be atthibuted to:
(1) Age _05 the vessel. : ;?- '

(2} Poon indtallation practices allowed by Grumman and the Navy of a
sub-contracton [for example - mixing afuminum Lines with steel §ittings).

{(3) TImproper )Lepm practices by Navy crews. ' . ‘ i ;
(4) Lack of preventive maintenance by Navy ‘crews. .

(5} Poor Location of Lines, accessonies, elc. s i i

3.5 ELECTRICAL SYSTEMS. Main electrnical power 48 provided aboard FLAGSTAFF
by o 50% OM 453 gencratorns with no parallel capability. Full electrical
heatens are enengized to aflow forn a relfative degree of comfort aboard the L,
unit., Difficulties with the generatons themselves are rare with the e 3
- exception of the requinement fon continucus replacement of raw water impello i
and ezbhaﬂu caused by high raw watern pressure resulting from high foilborne . .
speeds. y ;
The vessel also has a 400 cycle MG set for power to the engineers control .
panel sensing equirment and othen electronic equipment. 1

The majon dif4icubty with the unit's electrical system 48 the 3 phase i
detta, 120 volt wiring system, which 48 unique enough to cause parls replace-
ment on nrepain of efectrical equipment to be more expensive and require more
time for procurement oi nepair 04 electrical equipment to be more expensive ;
and nequine more time for procurement on nepair. Futune hydrofails should :
use a more standard electrical arrangement, and {nsure that the designed main :
switeh board allows for both parallel and split plant operation.

bt ns e detthat

3.6 STRUTS AND FOILS/ELECTRO-MECHANICAL. The Lowerning of all sthuts is
accomplished bu the nelease of manual and hydraulic uplocks, and gravity
Lowerning. Hydraulic downlocks are used to hold the stwuis in the down
position, The foils react by:

(1) An efectronic analysis from the computer of imput Lnformation b
(see section 4). o | b

(2) An dect‘u’.ca& Ampulse pwm the computer to the servo valve. o ,
(3) A mechwu'cal sdgnal from the servo fo the hydraulic actuatoxr. |
(4) A hydrauticallty activated mechanicat impulse nod to the §oils. i
Probfems have been encountered Ln this system due Lo: ’

(1) Failure of servos due to salt water commosion shonting Leads.
{2} Fadlure of servo actuators requirning replacement.
{3) Breahage of actuaton yokes due to §atique.



/

(4) Parts paocunemenit 0f needed items due to uniqueness.
(5] Spare parts procunement due to contractunt difficulties.

() Atéb-auénmant 04 downfock pLa,tés due to breakage of yokes
causing an {noadinate sirness.

' (7) Long nepair time nequired to open up stwt access plates (1004
bolts), and neseal including curing time of sealant. |

Most of the down time due to the above problems can be overcome through
more standard parts, readily availabfe spares, perdodic (yard) scheduled ,
inspection, repain on heplacement of worn parts, and dedigned access plates .
with much fewen bofts. Additionally, probfems have been enccuntenred die to
crimping of. through-hull “wses Leading 2o the after sthut. This could be
alleviated by design modifications on hoses equipped with high pressure
swivel fittings. ,

3.7 MONITORING/SENSING EQUIPMENT. Monitoring and/on sensing equipment L&
provided §ox mosZ 0f Zhe engineering sysiems aboard with additional equipment

available for firne and bilge §Looding detection.

The engineering equipment monitoring system should have more nemofe Linstru-
mentation §{on measuring pressure and Lemperatures. This would inclfude more
pressure gauges in various systems and individual gauges forn temperature monitor-
ing. With the use of these extra gauges, troubleshooling prodviems would become

_easien and much quicker, and documentation over a period of time would Lead 2o

better histonical knowfedge and a faster diagnosis and repairn of casualties.

3.8 STEERING SYSTEMS. Hullbonne steerning 48 accomplished via manually (Cable)
controlled dinectional buckets that divert the waterjet flow to provide direc-
tional control of the vessel. Difficulties in this system have been:

(1) Incomrect bucket adjustments caused by ballbearing migration

- resulting in a Loss in nevernsing efflciency.

(2) Stippage of the steening wheel drive belt.
(3) Replacement of the steerning wheel drive belt.

{4) Operaton fatigue due to the amount of exertion necessary fo wake
even small steening compensations. .

The problems encountered could well be overcome in a new hudrofoil by use
of a coordinated hydraulic steering system. With a change 4n hullborne 8Leer-
ing, and the necormended change in hullborne propufsion, a hydirogoil would be
much maneuverable on the hull. . ‘

Foitborne steening is accompfished using the same steerina wheel, which
activates a sending unit to the 3000 PST hydraulic system, allowing Zhe afl
sthut to move approximately thize dearces eithen side of amidships. ProbLems
with this system have been few and Limited to a change out o4 the sending
wnit and cin in the hudraulic Lines nesultina in a partial Loss of stcerding.

. .
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The foilborne stecning sustem is basically a sound sysiem, but nequires
vigilance in insuning air is not allowed in the hydraulic Lines, and, if
found, is purged {mmediately.

3.9 FUELING SYSTEMS. Fuel used aboand FLAGSTAFF 48 JP-5 forn the turbine,
generatons, and dicsel engines. The use of a common fuel for all syslems 48
a good concent, and should be continued in future hydrofoil designs. |The
fuel system aboard FLAGSTAFF is basically very good, and onfu minon problems
have been enccuntered with pumps. Maintenance and neplacement of fuel §ilters
48 a constant task due to the need for clean fuel, and rnequires approximately
4 manhours of wonk every 20 turbine operating houns. .

The onby majorn difficulty that has been encountered with {uel i8 the fack
of sounces of supply of JP-5. It is my understanding that this problLem exisis
almost exclusively in New England. 1% is necemmended that future hydrofoils
use tunbines that can operate on diesel fuel, since diesel fuel acquisition

and 8tonage 48 more common in the Coast Guard.

. .
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SECTION 4 - ELECTRONIC SYSTEMS
{

4.1 GENERAL. FLAGSTAFF's electronics suite was almost exclusively aircraft
equ,cpnani wnen the vessel was necedved from the Navy. Convernsion of some of
this equirment to Coasit Guand electronics {tems was accomplished, would be
planned into anu {uturne hydrofoils, and therefore requines very Little amp-
Lification 4in this section. Generally speaking the hudrnofoll electronics
suite can be divided {nto four main areas: autopilol, communicatiions

- (dnterion and extendionr), navdgation, and anti-collision.’

4.2 AUTOPILOT/COMPUTER. The autopilfol sustem can be divided inlo three sections,

input Sensons, computen, and output power servos. The sensorns, which consist
04 rate gynos, accelerometens, verticle gyros, and height sensons [(sonic and
radar), supply stabilization infonmation by measuring height, noll, pitch,

-and yaw while foilborne. Sensor infonmation {8 sent to the computer where 4%t
48 analized and compared. The computern then sends command signals to the powen

ihmvo units |(which activate the foils) Lo maintain the L{ncidence attitude of
e boat.

To date, no fallures have occwwred 4in the sensing units, and only minor
problems have arnisen with the computer. Majon problems have been encountered
with the servo actuaton units, namely sall water cowrodion of servo Leads
and servo valve failure. ProblLems in these two areas have caused fLong down
Limes due to pants procurement, and difficulty in access to. the servo unit as

. mentioned in section 3.

The {inal section of the autopilot syslem 48 a broach recovery sustem
which utilizes waten pressuwre sensitive switches in the fomcard stwts to in-

. dicate if the forward struts are "§luing out” of the water. The Lack of
T water pressure sends infoamation to the computer which signals Zhe f{orward
foils to "dive". This sustem {s extremely effective and a must 6on ang 6wtww.

hydrogoil with an airplane configuration. ,

Overall, the autopifot system i8 a very good system, and advanced mode,u
are avadabu updating the {nstalfed sustem aboard FLAGSTAFF. Difficult
with the sustem once again nelate 2o the "one of a kind" status, making spare
parnts unavailable, and overhaul of parts very expensive. In a new hydrofoil,
the availability of sufficient, reasonable priced spares Ahou.l,d be a contract
Ltem. *

4.2 COMMUNTICATTONS. FLAGSTAFF's external communications eguipment cond{isis
of UHF, HF, &F and VHF-FM undits. Any external communicationd equipment com-
patible with Coast Guard mission neauwirements that can be patched <into the
vessels nternal commundcations dusilem can be used aboard a hudnofodl.

FLAGSTAFF's internal communications (IC) sustem consists of eleven
LS-540/SIC unizts connected by shipboard wining. These units are basicallu the
same as utifized in Coast Cuard aircraft, contain primany and aecondary 1C
channels, and can have three external nemote radios patched into the system.
The overatl System 48 relatively maintenance ghee with the exception of headset
repain and replacement, and 48 a must aboarnd hydrofodls due 2o:

(1) Constant interion communications nequirements Lo maintain opera-
Lions and heep afl hands {nformed of those operations.

(2) Amplifdication of vodlce {8 nequined to overcome nodse Levels.
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(3) The need fon exteanal communications at three different internal
positions to overcome exceddive personnel movements and congusion.

Sound powered phone circuits should be installed as a back-up emergency
system. Another majon advantage of the installed IC system L8 that it presen-
Ly contains four Loudspeahers, which alfow this single unit Lo xeplace the

need for a seperate PA system aboard.

4.3 NAVIGATION. Sdix pleces of navigational equipment are presently installed
aboard FLAGSTAFF, Lloran C, radan, gyro compass, magnetic comrass, fathomelen,
and ADF. When one compares safe navigation of a hydrofoil with that of a
helicopter or a conventional vessel, the need §or more advanced equipment
becomes apparent. '

A helicopten's basic "safe navigation" {8 in actuality collision avoidance,

and pertains more to avoiding other aircnaft than fixed structurnes unfess the

heicoptern's inszalled collisdion avoidance equipment &8 supplemented by an

ain thaffic contholien who assists in thaffic separation.

‘Aboarnd a conventional Coast Guarnd Cutiern, safe navigation is two {Sotd;

~eleaning subsurface obstructions, and avoidance of surface contacts. The con-

ventional vessel's collision avodidance, although imporntant, 4is relatively easy
due to nelative speeds encountered.. T -

Aboard a hudnofoil, high speed collision avoidance combined with safe
navigation around subsurface obstrwuctions nequires mone conilinuous attention
2o the positioning o4 the unit than that nequinred of a helicopiler or a
conventioral vessel. '

Any type of advanced navigational equipment, such as a real time dispiay
Ayétmédﬂza,t will increase navigational safely and reliabilfity should be
utilized. R :

A G‘—{)»{"J-f .‘\ . ..\ i ’ . . ¢ttt
4.4 COLLISION AVOIDANCE. As discussed in Zhe previous section, collision
avoidance &8 directly nelafed to navigational systems aboard a huydrofoil.
Aboarnd FLAGSTAFF, no colfision avoidance sysilem per se {8 irnstalled, which
nelegates collision avoddance to use 0§ nadar and visual avoidance Lncluding

 the use of stabilized optics. Stabilized opiics are nequited aboard any hydro-

" foil due to high speed "shakes" which make conventional opiical devices useless

while foifborne. These stabilized optics make acquistion and Ldentification
0f contacts poasible during daylight within nreasonable maneuvering Zime con-
dthaints. '

Placement of a collision avoidance system (as now avallable through commen-
cial sounrces) aboard FLAGSTAFF would be useful, but in no way all inclusive
for operational needs. Collision avoidance systems are onfy as good as the radar
they are Linked to, but generally give a reasonabfe picture o4 how to avold
other vessels. A aood and prudent sailfor has no absolute need fon such a sustem,
since he will take eantuy action 1o avodd placing his vessel in extremis. The
usefullness o4 these sustems 48 in nelieving this same sailor of the need for
quick thinking in night time on Low visibility situations wiere the targets
actual movements are not easdily discenable. 1t basically aemoves a degree of
human erron {rom good sceamanship. The speed of a hydrofoil <8 itself a useful
Loof in coliision avoedidance, providing action L& inditiated ealy enough.

The portion of naviqation that 45 the moszt hazardous to the hydrofoilf sailon,

and canrot be improved by a radar nelated coflision avoidance sustem, 48 the
nighttime on fLow visibitity avoidance of smatf, Low Lying hazards that are noi

.
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picked up on radan. These generallu are considered 2o be "deadheads" (Logs,
ete), very small wooden craft, and marine mammals. The single item of equip-
ment that may be abfe to aeduce on eliminate these hazards Ls a fomward Looking
infra ned TFLIR) device, properly focuded at a reasonable distance ahead of the
vessdel, and trairable when necessany. This would provide acoudlsition and

ddentification of hazards in sufficient time to take avoidina action. FLIR

devices are becoming mcre avaifable through commercial sources, and attempts |
are being made 2o procutre, test, and evaluate one such device aboard FLAGSTAFF. '

In oader 2o insune safe navigation and coflision avodidance aboard any
futire hydrofoils, a neal time navigational device dnd a FLIR should be pfanned
4o the electronics suite.
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SECTION 5 - GENERAL DESIGN RECOMMENDATIONS

5.1 GENERAL. The process for designing a Coast Guaad hydro-

§04iL™ L8 a function of miss<on nequirements, desired capability,
and curnent rufes and rnequlations. The folLLowing nrecommendations
are in addition to afl previously mentioned, and noi. found aboand
FLAGSTAFF.

5.2 BOAT HANDLING EQUIPMENT. Future hydrofoils will almost
certainly cairy @ Lignt wedght small. boat such.as..ifie ‘rubbexr
Bonair 111 phresently aboard FLAGSTAFF. Topside déSdgn,; howeven,
should include a boat boom on fish davit type axrangement that
would allfow the small boat outfit to be completelfy attached on
deck and the entine unit Lowened into the water. Without such
equipment, FLAGSTAFF personnel must Zoss over the rubben boat
{which nequines Rifting the 200 pound boat 4 feet to cleanr

CRrecfifelines), have one man Lay into the boat, then Lower and

attach alf nefated equipment such as the outboard, gas tank, ete.

. This pnrocess 48 both time consuming and dangerous.

5.3 ARMAMENT. Axmament nequinements will be a dinect function

0of mission nequinements, but it must be nemembered that any
weapon placed aboarnd requines repain equipment, spane parts,
stowage space, and ammunition to be useable. ALL this equipment
adds weight, and, {§ a hydrofoil {4 over-equipped, may reduce
instead 04 increasing mission effectivenecss.

At the present time, no attempts have been made o man this
unit's .50 caliben machine gun while foilborne due Zo safely
considenations. In order to allow weapons mannding foilbonrne,
futune hydrofoils should eithen:' | ‘

. (1) Plan jfor mounting weapohé'aﬂt of the deck house, on

{2) PLan into deck weapons configuration special safely

-hdnnesses, sLings, on shooting platforms.

5.4 HABITABILITY. Most habitability items have been previously
discussed, buf a “"trade of4" may be required befween habitabilfity
{tems and wedight considerations. Included in habitabifity,
howevern, shoufd be sufficient space for messing and beathing,

and sufficient compartmentalization of beathing spaces for the
mixture of dexes aboard §Loating units in heeping with the

* Commandant's policy of equal opportunity.

5.5 SANITATION. 1Included in any planned hydho foil should be
waste disposal tanks 4in accordance with marine poffufion Laws,
privacy type head and shower facilities, and mcre freshwater
holding capacity. :




5.6 GROUND TACKLE. Ground tacklfe equipment aboard future hydro-
§0iL3 anould <nccude a power windlass for raising Zhe anchox.

5.7 WORKING SPACES. Sufficient space should be provided aboanrd
any Juiuie vessel 4or "working spaces”. The requined spaces are

similar to a WPB nequinement, that £is:

(1) 0f§ice Space - which Like an 82 foot WPB could be
inconporated into the CO/XP0 stalerocom provided <t was Large

enough, and : R

(2) Machineny working space - which Like the 82 on 95
oot WPB 4is 4incorporated into the engineroom.
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SECTION 6 - PERSONNEL CONSIDERATIONS

< A -
6.1 GENERAL. Opchrationally, there is no "magic" 2o a hydrofoil.
The Xepaii and operation of a hydrofoil can be accomplished by
pensonnel with rates similan Lo Zhose presentlu assigned to
FLAGSTAFF. The important considerations foxr specialized manning
0f a hudnofoil are that individuals be sefectedsfor thein init-
iative, motivation, and Lack of problematic hisZory. These
nequinements axe based in the fact that a hydrojoil crew must
operate as a complete, smoothly coordinated team. Should any
individual lack inditiative or motivation, onr cause personnel
probfems, the single individual could easily destroy the
necessany team concept, thereby greatly neducing unit eggecz—
{veness. High motivation and initiative do not mean sendior
rates on the unit will find Ltself with Zoo many bosses and

- Ansufficient workens.

6.2 TRAINING., Training requirements for hydrcfoil crews anre

not excessivc. A manufacturern's training program 4in systems,

capabilitics, and operation 0§ Lthe unit <8 desirable, and any
undeaway time aboard a hydrofodil priorn to assignment {8 useful.
Other than that, the present crew of FLAGSTAFF could be used
in the jutune jfor on the fob Lraining of crews.

$.3 SUPPORT. The support concept fonr 5utuie hudnro foils would

not necessarily nequire a shoreside Leam fon each unit, since
a new class o4 hydrofoils would be (hopefully)] mone neliable

and nequine Less maintenance than FLAGSTAFF. Shonesdide stonage
§or noutine spanre pants would be nrequined, but nothing elaborate.

The most fcasible so0Lution for nepairs of -majon casualties would
be a centrally Located support center manned by one assist team
fon an entine class of hudrofoils. This same suppont team would
dtockpile Lanrnge item sparne pants and thanspont tine spares and

=.a8848% team to any hydrofoilf with a mafor casualily. The concept

L8 basically no different from that emplLoyed by ARESC ELizabeth
City (fon aincrajlt), witl the excepiion that the hydrofoil would
not be transpcated Lo the centen, but the centern's capabilities
would be transported to the unil.



SECTION 7 - CONCLUSIONS

My year expexience aboarnd FLAGSTAFF has convinced me that the
hydnofoil has gqreat potentiaf fon the Coast Guard, and could
conceivably outperjorm any WPB in afl aspects of vessel usage.
The ftwo most enitical questions 1 have that cannot be answered
by operating FLAGSTAFF anre:

(1} How neliablfe can a hydrofoil be' made to be? FLAGSTAFF's
Lack of nefiability is Langely based on her one-of-a-kind status
and age, which make breakdowns prevalent and repaitr times ex-
tended due to pants non-avaifabilily.

: - (2) wile hydrofoils be cost effective as nelated Lo WPB's

and helicopters? 1t is anticdipated that a hydrofoil will be
more expensive to operate than a WPB, and Less expensive Lhan
“an HH3 heficoptern, but very Little cost data can possibly nresull
. §nom this evaluation. - )

14 is hoped that monre data will be gained &in Lne remaindexn
0f FLAGSTAFF's openation, and many unanswered points wilff be
nesolved in the final evaluation 1 wilf submit upon completion
of the profect. A% the present time, a major portion of Lhe
knowledge availfable within the Coast Guard negarding hydrofoils
48 centened in mysel§, LTIG HALL, MKC POWER, and ETC STONE.
1t {8 nequested that between now and submission 0§ zhe final
evafuation, we be detailed TAD Lo USS PEGASUS for a period of
Iwo to &4ix weeks to gain funther knowledge that would be useful
in the f{inaf evaluation. ' -

T. P. HART

LT, USCG

COMMANDING OFFICER

USCGC FLAGSTAFF (WPGH-T1)

6 Februany 1978



APFENDIX I _

FLAGSTAFF rRCGRAN UTILIZATION 7 JULY 1

977 -31 DECEMEZR 1977
O

 MISSIONS

TYFE

Secarch and rescué€ 5

vi.forcement of laws and treaties 14

Aids to Navigation 1

Training 3
24

Non-program utilization (including
VIP trips, engineering trials, etc)

$tandby hours

-Maintenance hours:
Actual

Awaiting parts - ' R

Foilborne hours

HOURS
31
113
L
6

64 -
21

1415

1783
£ 1018

6?_




Mel_r!! :
) ‘U.,L
l‘l |

é;qu

Tl 12 1

110
(Ko
.
M’ |

APREND X

i L
(SNOTTVD) NOILJWNSNOD
__( SNO’ - NOI

- ; . . 1 I T UL T O T O .
S .‘. L N - !m-w |W.aﬁlw.wﬁ -w..M.., i w -WL.P

-’

1 -




2.1
g1 |-
[N
L B NN QU .
Ual
S o S D
o
Sy
o
oA . -

NI e S

[ &)
2 N i
C NP TN /.v \ Bl 2]
= N N AN VO
2 N NIN \i_ | R
A N ENON \ 1= ,
i T NEEANER\AUNE S
\CF -1
| —4
1
L
2 W
I =
. _

0. i ' i
oy e w1|...“.x. 1 ee 4“|w M - 9_~ ”!l.wt !
A1 (SNOTTYD) NOILMASNOD |- -



oo

e e 3

l

ES)!

25
L
Y

2
Ll

(

L
...MT
X
N
RN
Cx
N
N
“..,/.
X
oD
N

- am dnr o e

E{m E

IS
|




PUBLIC AFFAIRS OFFICE

' f: q First Coast Guard District
i - I A ) 150 Causeway Street

o

l e e «‘_ . Boston, Massachusetts 02114
- Release No.: 117-78 . ’ ’ o :. T » Date: 31 August 1978
" Contact: PA3 Dale R. Gardner ' Time |of Release: Immediate
: {(617) 223-3611 — :
g 717 ;

CGC FLAGSTAFF TO BE DECOMMISSIONED

Boston, September 1, 1978 -- The Coast Guard Cutter Flagstaff will
; . be decommissioned on September 30, 1978. The 75-foot hydfbfoil has been
operating out of Woods Hole, Massachusetts for the last 16 months as pagt
of an evaluation program conducted by the Coast Guard to determine the
feasibility of using hydrofoils\in performing Coast Guard missions.
3 ) The decision to decommission the Flagstaff is based in part on the

cost of repairs to the vessel and the fact that the Coast Guard feels that

sufficient information on the use of hydrofoils has been gathered from the

- PN

evaluation program. The Flagstaff has suffered from mechanical difficul-

e a  aem e e Gl W ALY G kv .

ties throughout the evaluation program and the vessel currently requires
an engine replacement dve to turbine deterioration.
The Flagstaff, built in 1968 by the Grumman Corporation, was used

by the Navy as an experimental vessel. The Flagstaff saw service in South

Vietnam during the Vietnam conflict. The ship was later transferred to the

~-more--
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OGC PLAGSTAFF TO BE DECCMMISS IONED

to the West Coast pf the United States. On November 4, 1974 the cutter
was loaned to the Coast Guard for research and developme%t testing. This
testing was continued until february of 1975:_ It was deﬁermined by this
evaluation that the high.speed of the hydrofcil would be juseful to the

Coast Guard in the performance of those missions where High speed would be

required (Search and Rescue, Law Enforcement, etc.).

On September 29, 1976 the Flagstaff was transferred to the Coast
. . , !
Guard to enable the service to perform-a-long-term-evaluation of the cutter

!

in an actual operational environment. At the time of the transfer, the
ship was inoperative due to numerous systems failures. 4he ship was dis~-

patched to Boston, Massachusetts where repairs were made; énd on March 2,
1977 the cutter was commissioned. After training opérations were conducted,
the Flagstaff was transferred to Woods Hole. On July 17 of tﬁe same year,
the cutter was placed in active status and began operations as -a unit of
the United States Coast Guard. ~Due to turbine-related casualties and other
mechanical problems, the initial evaluation period of 12 months was extended
to 16 months.

The Coast Guard will continue its policy of analyzing various high-

performance vessels to ensure that the service will be best equipped to

carry out its many missions.

. =30-
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