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EXECUTIVE SUMMARY

An analysis of potential world trouble spots and con-

sideration of the means of apply ing combined air and ground

combat power at these locations reveal trends which will

challenge the United States armed forces. First, the more

independent stance of heretofore cooperative countries can

predictably lead to loss of bases and overflight rights , or

at best restrictions on base and airspace use. Second , re-

duced numbers of U.S. Navy ships will reduce the U.S. combat

power , specifically tactical air power , which can be applied

at a given time and place in the world. While these trends

fall into areas of interest to the Navy and Marine Corps,

they also affect the mission performance of the other armed

services. Even with unlimited air refueling, crew fatigue

places finite limits on the ferry range of tactical aircraft.

Because of its air—ground team concept and its emphasis

on VSTOL aircraf t, the Marine Corps can pursue a unique

alternative method of reaching the objective area with its

TACAIR assets: the use of selected merchant ships as plat-

forms for VSTOL aircraft operations. Development of this

capability is not dependent on dramatic technological break-

through ; the emphasis in this study is on the integration and

use of hardware that is already in existence or under design.

Examination of aircraft unit requirements , includin~
equipment and consumables , and ship characteristi cs resulted
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in the tentative identification of three suitable ship types:

Non-self-sustaining containerships, Roll On/Roll Of f (RO/RO)

ships , and SEABEE barge carriers, All of these ships have

long ranges , speed in excess of 20 knots, relatively unob-

• structed topside space for aircraft operations , and suff icient

capacity to accommodate an aircraft unit and still transport

some other tactical cargo for the operation.

A combination of commercial freight containers and Marine

Corps expeditionary shelters, designed to ISO specifications ,

can be embarked quickly aboard chartered or requisitioned

vessels to provide facilities and storage for the embarked

unit. These facilities include living, head, messing, and

other hotel modules; shop space; electrical power and fresh

water production ; fuel and ordnance; and all other essentials

so as to make the embarked unit nearly independent of the

host ship. A “flight deck” for takeoffs and landings may be

constructed atop the topside containers . Both the container-

ship and RO/RO will require installation of an elevator or

ramp for movement of aircraft if it is desired that they be

carried on decks other than the “flight deck.” The SEAB EE has

an integral elevator which should be adaptable to aircraft

movement.

Within the scope of this study , the operation of tac-

tical VSTOL aircraft from many properly configured merchant

ships appears to be feasible, although a merchan t sh ip will

probably not be as effective as a warship designed for com-

bat operations. The required installation can be made up

11
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predominately from hardware which is either in existence or

already under design. The most practical and economically

viable employment case would probably be approximately 20

airplanes capable of limited operations (deck alert, etc.)

• in transit and approximately five days of operations in the

amphibious objective area. Some relatively simple national

defense teatures, such as larger ramps aboard RO/RO ships,

combined with additional VSTOL design criteria, will enhance

the compatibility of the ships and airplanes. While sortie

rates will probably be limited by restricted movement between

decks and by supplies of aviation fuel , merchant ships may

represent the only available means of moving tactical air-

craft to some combat areas in the numbers required.

It is intended that VSTOL aircraft aboard merchant
r “

~ ships will complement , rather than replace, carrier based

naval aviation. Embarked VSTOL aircraft will also

be dependent on other Navy ships for command and control

until such facilities are established ashore . Once Marine

aviation units have established operations ashore , the

aircraft carriers are free to pursue other missions. This

becomes particularly advantageous at higher threat levels

if the enemy has the capability to reinforce and contest

air and sea superiority .

Further analysis by a working group , composed of ex-

perts from technical disciplines and such fields as maritime

safety and international law, is recommended. This group
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should orient its efforts toward analysis of engineering

soundness, effectiveness, safety , survivability, and legality

of this concept. Thei . goals should be the establishment of

an operational requirement, definition of hardware require-

ments, installation of a prototype kit, and flight tests at

sea.
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Abstract of

FEASIBILITY OF TACTICAL USMC VSTOL AIRCRAFT

OPERATIONS ABOARD MERCHANT SHIPS

1990—2000

Two trends indicate a potential problem in the movement

of tacti.- ’ai. aircraft , specif ically Marine Corps tactical

aircraft , to combat areas in a large portion of the world.

Reduced numbers of U.S. Navy ships and constrained basing

and overfl±ght rights may limit access to those combat areas

which caii b- reached by air-refueled ferry flights from U.S.

bases. Rela ti vely simple modifications to some newer ships

in the U.S. merchant fleet will permit flight operations by

present and proposed inventories of USMC vertical and short

7 ,  takeoff and landing (VSTOL) aircraft. Shipboard requirements

are identified and potential ship installations are sug-

gested. Emphasis is placed on integration of existing or

already proposed hardware to increase the tactical air f ire-

power which may be brought to bear in remote geographic

areas of national interest.
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PREFAC E

This topic was suggested by .~.aff officers at Head-

quarters United States Marine Corps to investigate a poten-

tial void in the employment concept for Marine tactical

aviation assets. Although written references were available

on many subsystems and peripheral issues used in this con-

cept, there has been, to the best of the author’s knowledge,

no previous investigation of this exact subject. For this

reason, a great deal of the research was in the form of

ship visits and personal conversations with knowledgeable

authorities in various disciplines; these contacts were in-

valuable. Interpretations and opinions are based on the

author ’s experience aboard ship, in VSTOL aircraft operations,

f ’.. and as a partici.pant in numerous amphibious operations.

This study does not attempt to be as detailed as will —

be necessary to actually undertake this project, i.e., it

is not a “how to” manual. It has the more limited objective

of identifying those items and areas which could support

or inhibit this unique concept. Because of time limitations ,

the study is by no means exhaustive. A n umber of detailed

engineering studies will be required to verify actual re-

quirements. While use of existing or already proposed hard-

ware has been emphasized , it is almost certain that some new

items must be designed and purchased. Finally, after hard-

ware has been purchased and installed , flight tests and

operations appraisal/evaluation must be performed.

vi
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FEA~,iBILITY CF TACTICAL USMC VSTOL AI~~L RAFT

OPERATIONS ABOARD ME RCHAN T SHIPS

1990—2000

CHAPTER I

INTRODUCTION

The_ heq’iiremont

T~~ m ission of t~~: United States Navy , as stated in

Title 10, U.S. Code is ro be prepared for “ ...prompt and sus-

tained cnir h :- t incident: to operations at sea.” To fulfill

this miss±.i t , the Navy has two basic functions--sea control

and power pro jection .

Th~ missi on of the United States Marine Corps , also

set forth in Title 10, U.S. Code, includes the following
I~

,.

spec ’ fic functio.s:

To provide Fleet Marine Forces of combined
arms , together with supporting air components ,
for service with the fleet in the seizure or de-
fense of advance naval bases and for the con-
duct of such land operations as may be essential
to the prosecution of a naval campaign .

To develop , in coordination with the other
Services , the doctrines , tactics , techn iques ,
and equipment employed by landing forces in
amphibious operations.

The naval campaign alluded to above could be in connection

wit h ei ther of the Navy ’s principal functions-—sea control

or power pro-section.

1
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An amphibious operation , by its very nature , calls

for a rapid ~uildup of combat power ashore, starting at

zero afid mo~ ing afloat  assets across the beach as qu ickly

as L~iey can be employed. The continuous , uninterrupted

transition of supporting arms from sea-based to shore-based

employment is particularly vital. Sea-based tactical aviation

and naval gunfire are relieved by shore-based aviation and

artillery as soon as adequate locations ashore are available.

As the threat environment becomes more intense , rapid phasing

ashore is particularly important so that precious shipping

can depart the amphibious objective area (AOA). Also , if

one assumes a 12 carrier fleet (ix on each coast , typically

four operational) the Navy may be hard pressed to devote

two CVs for an extended time period in order to provide

round- the—clock  support to the landi•ng force .

Marine tactical aviation units have the training and

equipment to operate from ships and from austere bases a-

shore . They are often described ~~~~ - the “swing force ” that

can be employed wherever and wh~ nev~ r they can rr~~st effec-

t i ve ly  accomplish the f l ee t  commander ’ s m i s s i o n .  :~ spite

of this capability to phase ashore , M a r i n e  I’A CAT ~ ~1nits

have rar~~ y bee n permitted ~o ex ec~~t~~ t h i s  evo lu t ion  in  the

c l a s s i c  m a n ner .  ~ci t h the present  and p ro jec ted  s~~ort aco

of c~~~r iers  tri~ Navy ca~~-~~ t a f f o r d  to I v - t e  car s ier decks

for  ex c - i u s ~~ve use by f t i ri n e  a v ia t ion u n i t s .  M a r i n e  sq ’~ ’-~-

rons a s s i y n e d  to c~~r r i~n- ~ ir  wino s  ( C\ ~~~ ) rr~~y indeed ~~

2 
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involved in amphibious operations aboard ships o~ the Support

Carrier Group, but when an aircraft carrier leaves the AOA ,

the Marine squadrons e~ibarked thereon remain with the CVW

rathet than phasing ashore . At no time in this typical

scenario do these CV-basod Marine aviation assets come under

the comirand of the Landing Force Commander. Landing force

tacticai aviation assets are typically not available until

airfield3 ashore are captured or built and the airplanes

and equi~:ment ferried into the AOA . An obvious exception

is the case in which bases are available in friendly tern -

tory close -~~~ugh to support the amphibious operation .

Under  many typical  scenarios, however , the firepower of

Marine t-actica l aviation is not available to the CLF or

CATF unt il well after U-day.
t~
i ~_

.t •~

With the introduction of VSTOL aircraft into the in-

ventory , Marine tactical. aviation units have the capability

to operate from forward sites ashore at an earlier time

than heretc-fore has been possible. Ir~ addit ion, the ability

to operate from a variety of ships without catapults or

arresting gear tremendously expands the numbers of sea-based

platforms available. VSTOL airplanes have been successfully

operated from amphibious ships down to LPD-size and have

made extended cruises aboard LPFI ships. They have been

integrated into the operations of helicopters and have

proven that they can support the amphibious assault without

interfering with the transport helicopters.

3
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Unfortunately, the embarkation of tactical VSTOL air-

planes aboard amphibious shir c , whila successful , displaces

rotary wing assets which are vital to the ship—to—shore

movement. Ordnance for VSTOL airplanes displaces valuable

landing force munitions (LFORM ) in the ship ’s magazines.

The projected fleet of five LHA and seven LPH will provide

approximately 400 CH-46 equivalent deck spots, all of wh ich

can be filled with Marine Corps helicopters, if one assumes

that time is available to assemble helicopters from all

three Marine aircraft wings located on each coast of CONtJS

and in WESTPAC. In addition to the helicopters required by

the landing force, it is almost certain that some deck

spaces aboard amphibious ships will be required for such

ancillary missions as airborne mine countermeasures (AMCM) .

Combat flights and ferry flights into the AOA will be

drastically curtailed in the event of continued erosion of

basing rights and overflight rights. Recent experience

demonstrates that the use of a nominal ally ’s soil or air-

space for our unilateral purposes is totally dependent on

~te political cliTl3te in the host country. Al-most every

major overseas base is subject to periodic renegotiation;

no tab le  e>~ rnp les of s tr i t eq ~~cai ~v ‘t~oor t ant  f o r e i gn  i’-c ’ s

are th’~~e in Tcelind , Spain , ~h- A z o r e s .  I t a ly ,  t he E t i l i p —

pines , and J ap an .

F l i g h t s  thro ’iqh i n t e r n at i o n a l  a i r space  are 

under l ! ~tern~t t i o n a l  l-~w . However , o v r r f ~~icT h~i of a fo~-e ign

4 
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country , or through airspace over a country ’s territorial

waters, is totally at the pleasure of the host country . Air-

space transit rights do not automatically follow rights

of free transit or innocent passage of surface ships through

a str-v~ t. A l though the current dr a f t  of the Law of the Sea

Treaty (15 July 1977) orovides equivalent rights for ships

and ~ i r  -r a f t , it may be possible , in future years, to have

free tr ‘~~sit of surface ships through a strait (such as

G i b r a l t a r  or Malacca)  over which a i rcraf t  f l igh t  wculd be

cur tai l ea  by t he  adjacent  countries, unless an internat ional

agreement r~ n e f f e c t .

I f  c-ne ‘cepts current transoceanic flight doctrine

(which re -luires sufficient fuel to reach either the destina-

tion ,r the s t a r t i ng  point in the event of a missed aerial

r e f u e l in g  p o i n t) ,  a practical maximum ferry range for Marine

tact ical  airplanes ( c ir c a  19 9 0 — 2 0 0 0 )  would be approximately

4500 mi les .  Using th is  cri terion, Figure 1 depicts those

coastal areas of the world that  cannot be reached by a

4500 mi le  f l i g h t  from bases on U.S. soil  ( i nc lud ing  Guam

and Puerto Rico ) assuming free flight through straits, but

avoid ing  ove r f l i gh t  of foreign territory .

Inc iden ta l ly ,  the problem of moving tact ical  a i r c r a f t

to the combat area is not unique to the Marine Corps . If

the  base and ove r f l i gh t  s i t ua t ion  dic ta tes  long f e r r y  f l i g h t s

from CONUS, there is a practical limit to the f e r r y  range of

single-piloted tactical aircraft due to aircrew fatigue

5



-------- —
~

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

- -  -- -~~ ----- - 
- ,

Pu -
.

. - -

~~~~~~~~~~

- -

-
.

7 - 
-JEl ~_ - 1 - -S

-
-

H -
~~~~~

~~~ ~
_ __/ N ‘0

5— 
“S S

- - 
0

rJ) (-, >1

~ L S t
0 - - .

z ~ -‘
-

,
~ 0 ( /-~~~
a a: - - S

‘
— -- --5’

-
’,

>1 Fi ~- V -a: I ‘ -~ 2 4.)
a: a: k • cn

C
)

- -

—4 0 ~~ .5 - 
--

/ 5
--’ •5__ ’

‘r, a: —r’~ —- - a: H ç) .~‘ - 
- 

S

‘~~ .~v ~~~~ 
5-

- 
-

0 0 -
4-4 z •~:~ 1, K~~

)
~~ - - ,

ILl 0 •S:1: -‘\ ~~~~~~~~ ~ -

>4 Z ~~ / S  S
I~ 0 - - _-—--;

I - S - 
-
. ~~ -

U) ‘~ 
\.

H fri ‘~. 
-

—1 El 5- 1
E-’ Z

~~~ 
iS--)-- 

c~ __/ 
S

~~~~~ 
‘

~~~~~~~~

- 

I

- /

6



-- --~~~~~~~ .5 -~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

cor,siderations. Even though a high capacity escort tanker

is available, there is a f i nite , though poorly defined,

flight time limit beyc.- 5d which a flight becomes unsafe and

eventually unbearable. At 450 knots, a 10 hour, 4500 mile

fligt- t probably approaches that limit.

Ther~ fore , with toe current and projected shortage of

deck sp~ ’- o aboard Navy ships, and the potential impossi-

bility or i mpracticality of ferry flights to the AOA , it

is vital that alternative methods of movement be investigated.

This study will examine one of those alternatives: the

operation ~f ~arine tactical VSTOL aircraft aboard selected

merchant shi~~~.

Assumptions

In order to define the scope of this study,  the follow-

ing assumptions have been made:

a. That an ability to project power ashore in support

of national policy will remain a valid military requirement.

b. That the missions and organizational structure of

the Navy and Mar ine  Corps wi l l  remain essentially unchanged.

c. That VSTOL technology cont inues  to develop at a

reasonable rate;  i . e . ,  that  a s i g n i f i c a nt  port ion of Marine

TA CAIR wi l l  be composed of VSTOL a i r c r a f t. 2

d. That s u f f ic i e n t  numbers of U.S. Flag merchant ships

can be made available on a suitable time schedule to bci

c o n f i g u r e d  and used for  an amphib ious  opera t ion . 3

7
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CHAP-rER II

EMPrO’xT~ TN’I’ COt~CE1’TS

Three modes of employment merit examination:

(1) Use of merchant shipping for aircraft trans—

portion only, including lift on/off and fly on/off options ,

(2) Limited operations enroute and less than five

days operation in the AOA , and

(3) Full scale operations enroute and in the AQA .

Transportation On~~

With only minimal preparation time , : r5 ~ny  shi ps can be

configured for vertical takeoffs and Iar~~Ln’-~S by VSTOL air-

craft. In most instancas , this will be the safest and most

efficient method of Loading and offloading . By providing a

ver t ica l  ta5~eoff  and landing (VTOL) surface , airplanes can bo

recovered aboard ship for  t r a n s i t  and l aunch ed to shore

bases upon reaching the AOA . If the  sh ip ’s confiouratior-

permits , ai r c r a f t  ca n be cl ean ed and tur: c~~d u ~ pe r i o d i c a l l y

in order to m in i m i i -~ p r eo ur v at i o n  reqL cements. In order

to preserve u n it  i nt e g r r t y ,  i t  i S  de si r ab le  - ha-: a l l  -ci—

sonnel and  ~~~~; i p i o ~~t be embarked c-vcu ch c-ucb  ~l i~~ h t  ‘ - ~e~ a-

t i  ons w 1 1 not be conducted lInt i] fl y f  ; ~~~~~~~ r ‘h  s

r e qu i r e m e n t  could l im i t  the nurnbe t of ships fouod to be

su i t a b l e  f o r  t h is  opt ion .

The p r i n c ip a l  t a ct o r s  t h a t  ( o J u : d  m i i i ~~a te  i u a i n s~ lh e

f l y  o n/ o f f  o p t i o n  - ir e :

8



a. Inabi1ity to move a i rcraf t  from VTOL area to

storage area, i.e., lower decks.

b. Extensive preservation/depreservation which could

not be performed aboa rd sh ip.

e. Obstructions preventing safe flight operations.

If these or other factors prevent fly on/off , then aircraft

must be l ’. f ted or rolled on and off  from l ighters or at

pierside. This method would not take advantage of VSTOL

c a p a b i l i t y  (unless , of course , the airplanes were recovered

and launched  rom the pier or l ighter)  and the problems

attendant to his mode .t  transportation should be identical

to the same c- 5-olution wi th  conventional airplanes.  The

only real requirements would be physical security (tiedowns ,

etc.) a:d protection from the wind and sea. Tactical air—

planes have , on c-ccasion , been transported by civilian

shipping, although rarely in recent years. Typically,

however , they were in a state of maximum preservation ,

def ueled , and often had the engines removed and shipped

separately)- The lift on/off option is not a valid concept

for supporting combat operations in the AOA , and will not

be addressed further in this study .

Limited Operat ions

Limited Operations , for the purpose of this study , are

defined as (1) enroute deck alert (for air or surface threat)

and (2) five days of operations in the AOA prior to movement

ashore . The enroute deck alert would normally be in support

~~~~~~~~~~~~~~~~~~~~~
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of a larger aviation force (CV task group) or in a relatively I

low intensi ty threat .  This deck alert could add to the 
-

defensive posture of a convoy without  excessive requirements

upon the ship or embarked aviation unit. Ideally, control 
-

of aircraft for both AAW and ASUW operations enroute would -

be performed by combatant ships in company. Once in the

AOA , the Tactical Air Command Center (TA CC ) ,  initially

af loa t , would assume control of the embarked a i r c r a f t  u n t i l  I
control is passed ashore . -

The limited operations option would still require all -

the shipboard facilities and personnel of the full scale  
-

operations option. The only tangible saving would be air-

craf t consuma b les such as fue l, liquid oxygen , and ordnance.

As discussed later , aviation fuel may be the most precious
S 

commodity aboard ship. For computation purposes, during the

“limited ” option , no consumable items are programmed for oper- -

ations enroute to the AOA . Those items used enroute must

be replenished or AOA operations reduced by an appropriate

amount.

Full Scale Operations

This employment mode may be aough t of as being esse”-

tially identical to CV—type operations. ~~rborne CAP and

su r face  search miss ions  would be co ’i- -luct ed e n r o u t e ,  ar i d  pre-

p l a n n e d  and on ca l l  miss ions  would  be f l own  upon ar r i ~’-a i  in

the AOA . Sus ta ined  f l i g h t  o p e r a t i o n s  would  be possib~ c- f o r

approximate ly  12 hours  per day ,  or some reduced l e v e l  of

10 

-~~~~~~~~ - - ~~~~~~~~ - - - - - _ — -~~~~~~~~~~~~ S--~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~



rr ~ ~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 

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

~~~~~~.
-c - --i 

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

~.p ~ ra t ior s  co.~iu be ~~~~~~~ - La m ed on a roun d— the— cit .~ k basis.

Although there w i l l  be few additional requirements for

f a c i l i t i e s  ( over l i mit e d  operations employment , above) ,

there is clearly a d i f f e r e n c e  in the total amount of consum-

ables r cqui red .  If , t~o~..zc v e r ,  one assumes an operat ional

r o ut i o a  of resupply  every f ive  days ( t yp i ca l ly  the case ,

even w i t h  dep loyed a ir c ’ -~ f t  c a r r i e r s ) ,  then the f ull scale

alt e r nat ~~~o would not r equ i re  addi t ional  storage space for

embarked materiel over the l imited operations alternative.

Number of ~iiolanes

Three si’es of embarked units will be addressed in

order to obtain a range of alternatives. For convenience ,

the sizes chosen include a six plane detachment , a 20 plane

squadro~~, and two 20 plane squadrons , the latter with a

skeleton Marine dLrcr -u group headquarters. All units in-

clude an intermediate maintenance activity (IMA) , although

the IMA need not neo”rsarily be operational enroute for study

purposes.

Employment cases have been summarized in Table I and

will be addressed by number throughout the text.

TABLE I

EMPLOY MENT CASES
_______________________—

~~~~~~~ 

Detachment Squadron Two Squadron s
____________________________ 

(6 A/C ) ( 20 A/ C) ( 4 0  A ,~C0

T r a n s p o r t a t i on  On ly  1 2 3

L imi t ed  O p e r a t i o ns  4 5

Full Scale Operations 
— 

7 8 9

1].
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CHAPTER III

AIRPLANE CHARACTERISTICS

Charac te r i s t i cs  such  as size and weight of embarked

airplanes will determine or at least influence the facili-

ties reql~~ -2d to accommodate the aircraft aboard ship, and

may determine whether or not a particular ship can be used

at all. Indirectly, c~~ abilities of the aircraft to per-

form specific missione w i l l  influence utilization and employ-

rnent (both i1~ transit ~ -d in the AOA ) which will , in turn ,

dictate requirements for such consumables as fuel, ordnance,

and oxygen , as well as the physical installations to sup—

port thu miss ions  assigned. This discussion of airplane

charact~- ristics will occasionally refer to models or generic

classes of aircraft as examples. However , no attempt will

be made to specify a ship installation or even a concept

of employmen t based on a specific type aircraft. These

examples are used only as likely possibilities of a tac-

tical VSTOL aircraft for the 1990-2000 period .

Three general categories of design have been pursued

for high performance VSTOL airplanes. These are (1) vec-

tored thrust (2) lift plus lift-cruise and (3) thrust aug—

rnented wing. Each of these designs has unique characteris-

tics , advantages , and disadvantages which merit brief dis-

cussion.

12
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Vectored Thrust

The vectored thrust design is best typi f ied  by the AV-8

series airplane (Figure 2 ) .  The exhaust gases are discharged

through nozzles  which rotate to deflect  the thrus t  e i the r

a f t  or down , wi th  the same engine used for  powered l i f t  and

conventional flight. In the case of the AV— 8 series , f our

nozzles are used. Fan air (from the forward portion of the

compressor) is discharged through two nozzles-—one on each

side of the fuselage-—while turbine discharge air flows out

two corresponding aft nozzles. The four nozzles, driven by

an air motor servo , move simultaneously in response to a cock-

pit control. A reaction control system (RCS) is provided

for attitude control at low speeds where aerodynamic control

is ineffective . The RCS uses hot gases from the engine

combustion section , exhausted at the nose, tail, and wing—

t’~n~s in response to the pilot ’s control movements, to con-

trol the attitude of the airplane .

The vectored thrust design has the advantages of rela-

tive sinplicity , moderate footprint (temperature and velo-

city of exhaust gases on the vertical takeoff (VTO) and

vertical landing (VL) s:~rface ) anu , perhaps most irnpor~ ant ,

~he a b il i~~y to reor : -r . t ~h~: e n g i n e  t h r u s t  vector t h r - : -uch—

out a ~-3:qe port ~o’ - of the  a~~t :raft fli ght envelope . The

last characteristic can dr ;imutically nicr~ ase the effecrive—

ness of i~~ airplane during air combat maneuvering ACM )

While U~c :v—8 series iu e s s en t i a l ly  subson ic , a vecte red

13
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thrust airplane could be designed to achieve up to approx-

imately 1.5 mach number if afterburning and/or plenum chamber

burn ing were employed.

L i f t  Pius Lift—Cruise

rhe  l i f t  plus l i f t— c r u i s e  (L+LC ) design , as used, for

exar~~le. ~oi the German VAK-l9l (Figure 3) and the Soviet

YAI<-36 - r~ or , ” embodies one main ( l i f t - c ru i se )  engine with

a s~~iv~ ~i~g ta ilp ipe--~ o direct je t  exhaust either a f t  or

down- - -no~ c - fl c-  or mo re l ift engines mounted ver t ical ly .  For

low spec-i ato~i tude  coo ::oi , the L+LC design uses variations

of RPM or exnaust geometry on the engines , and may incorpora te

an RCS. The L+LC concept can provide very good vertical

takeoff (VTO) performance as a result of the increased

vertical thrust of the pure l i f t  engines.  (A small con-

temporary jet engine can produce thrust equal to five or

more times jt~ installed weight.) An L9-LC airplane can be

designed wiLi aerodynamic characteristics and a tai lpipe

configuration suitable for supersonic level flight performance

equal to that of a conventional takeoff and landing (CTOL)

airplane . The disadvantages of a L+LC design are numerous.

The footprint during a VTO shows the highest temperature

and velocity of any of the three designs; therefore , erosion

o f the takeo f f  and landing surface must be considered. The

VAK- 19 l even causes h i g h su r face  temperatures during start-

i ng  of the l i f t  eng ines , a l t ho u g h  this  is reported  by f l i g h t

test  eng ineers  to be a resu l t  of improper fuel control

15 



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

- 
~~- - - - o ~ ~~~~~~~~~~~~~~~

11
- I

..:,~ ~~~~~~~~~~

I

..
- I

- .L~~~~~ 
___ -- -

. ‘~~~~~~ ~~~~~~~~~ 
—

-

~~~ H!
- - I

~~~~
. u- :.  

:
~~~~~~
r ~‘...1. 

• •

~~~~~~~~~ ‘:

16
1’ i _I ‘•—~-•~~ 

I



schedu1i~ g. ~~~ of the lift engines for thrust vectoring in

forward flight (VIFF) during ACM, is impractical, since they

normally require several seconds for startup. Additional

ins ta l led  engines normally  increase complexity , maintenance,

and logistic requirements. The short takeoff (STO), wherein

some takeoff  roll is used to increase payload and reduce

surface  damage is a very complicated , high workload maneuver

in an L~-LC a irplane.  This is due to the d i f f iculty in con-

trolling the moments created by two or three engines so that

they are precisely balanced at the instant of liftoff. By

contrast, a ~TO in a vectored thrust airplane is a rela-

tively easy , simple maneuver.

Thrust Augmented Wing

The thrust augmented wing (TAW) design as embodied in
, ~~~ -,

the XFV-l2A (Figure 4) has been demonstrated in wind tunnel

tests but has not been actually flown. In a TAW design ,

powered lift flight is achieved by diverting jet engine

exhaust into ducts running the length of the wings and hori-

zontal stabilizer or canard . The hot gases are discharged

downward through nozzles  and draw a i r  ( f r o m  the top of the

wing surface) through a louver arrangement , the air-hot gas

mixture being then discharged out the bottom of the wing

through a s imilar  louver or ‘ augmenter ” a r rangement .  The

magni tude  and di rect ion of the th rus t  vector is de te rmined

by the posi t ion of the two augmenters  on the lower s u r fa c e

of the w i n g .  The ve r t ica l  t h rus t  created by th i s  a u g me n t a t io n

17
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XFV-l2A
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scileme i greater thcrn that of the basic jet  er~~ine pro-

viding the hot gases, principally as a result of increased

mass flow. Augmentation can theoretically double the ver-

tical thrust available , although this augmentation ratio

of 2.0 has never been demonstrated in wind tunnel tests.

— Up to 1.5-1.6 is believed to be practicable in a production

aircra t. . Attitude and altitude control in a TAW airplane

is provLded by a mixer box which takes altitude and attitude

control i nputs and commands a unique position for each wing

and empennage or canard augmenter.

With u~ augmentee doors closed and the diverter posi-

tioned to dircharge engine exhaust out the tailpipe , the

TAW a irp lane is capable of conventional wingborne f l ight.

This design lends itself quite well to installation of an

afterburner and should have supersonic capability equiva-

lent to that of a CTOL airplane . The footprint under the

TAW airplane is the least harsh of any of the designs under

consideration. The TA~ design has a number of disadvantages:

it is the most comp lex of the designs and is based on un-

proven technology. Ste-res carriage is restricted to near—

centerline or wingtip stat-ions. Short takeoffs would

probably be a complex , h igh  workload maneuver .  Folding

w i n g s  m i g h t  not be p r a c t i c a b l e .

Foo tpr in t

Table II depicts typical footprint characteristics of

operatio~-ia1 or developmental airplanes from the three desi gn

19
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TABLE II

TYPiCAL FOOTPP INT CFIA i<ACTE RI STI CS

AT S~ RFACE DURINC VTO

_____ — Max
Tempera tu re  Pr c~~sure ‘fe1oc:~~ty

______  
°F lb ’sg f t  f t/ sec

AV—8A 1000 2~~~9 4 0 0

VAK — l9 lB l2 a0 4 -  1400+ l f O O +

XFV— 12A 240—300 300— 3~ 5

categoric-s discussed. Be- oiuse of differences in in s-c r -i—

m e n t a t i o n  and test  t e chn iuu e s , the fic~uces shown should he

con side red as app~ c x i m a t e  on ly ,  but  thc-y  do serve to iHus-

t r a t e  the  vast  v a r i a t i o n  in e f f e c t s  on the t a ke o f f  a-o.

- - - • l and ing  s u r f a c e .

Design Compar isons

Table III summarizes the rela tive rar-~kings of ~‘e t~~r~

de s igns .  Thesc r a t i n g s  are qu~.l 1 t a tive , a~ d a r e i n t~ nded

only  to  show r e l a t ive  e t i li~~y or c e s i r a h i l i t y  in e~ ch ~~~~

of i n t e r e s t .  N umber “1°  in d i c ates rcost d e s i ru l -  le or —~~st

e f f ec t i v e ; number  “ 3 ”  t - h least desirable or effect~~ve .

The sa me number a s r~igned to two d e s i g n s  m d  i- ’3tc~ CSiO-F;~

equality .

A i r p l a n e  S i z e

The S A ~~~O of an embarked a i r p l a n e  will obvic-isl y t~ive

a g rea t  impact  on suitoi h~ l i t y  of a c a n d i d a t e  shi i  ,
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TABLE I I I

VSTOL DESIGN RANKING

Vectored
CU?u AC!P R I ST I C  Thr ust L+LC TAW

VTO r er t o r m a n c e  2 1 3

Supe r se -~~c Potential  2 1 1

S i m p l i ci ty 1 2 3

Demonstrated Operational
Cep ah .iity 1 2 3

VIFF C an ah i i i t y * 1 2 2

Stores C a r r i a g e
F~~- -x ib iU t ~ 1 1 2

Modera t e  Footprint 2 3 1

* Thrus t  vectoring in forward f l i g h t

of a i ro l a n e s  to be embarked , operat ional  procedures , and

n irm-rous  o ther  areas of in terest .  W h i l e  it is impossible

-o fo recas t  the s ize  of a f u t u r e  a ir c r a f t  w i t h  ce r t a in ty,

i t  is possible to observe the range of s izes of p resent

eirnraft and perform some extrapolation . In general , the

capabUities with which an airplane is to be designed (range ,

speed , pay l oad , weapon system , e t c .)  wi l l  de te rmine  a i rp lane

s ize  and weigh t  w i t h i n  fairly narrow tolerances. For example ,

i f  an a i r p l a n e  is to have the capabi l i ty  of an F-18 , it

w i l l .  p robab ly  be close to the size and weight  of an F - l B .

T h i s  method of f o r e c a s t i n g  size is qu i te  sub jec t ive , but

21
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wil l generaLly err on the conservative side ; i.e., new

technology u~~ia l ly  resu l t s  in modest reduct ion of avionics ,

s t r u c t u r al  and machinery size and weight , but not the degree

i n i t i a l l y  expected by op t imi s t i c  des igners .  For these

reasons, in the selection of candidate  ships for  f u t u r e

aircraft the size of existing aircraft can be a very useful

guideline .
2 

Table IV contains dimensions of several con-

temporary and proposed aircraft types , including some purely

experimental \‘STOL models.

TABLE 1V

AIRPLANE DIMENS iONS (FT—IN)
3

_

WING SPAN SP0TrING
____ 

LENGTH SPREAU/FOLDED HEIGHT FACTOR
___ -

~~~~ 

_ _ _ _ _ _ _ _  - — _ _ _ _ _ _ _ _  ____  — —

1 ~~: A—4M 4 Q_ 3 *  2 7 — 6 / —  15—0 0 . 8 2

A—6E 54—7 53— 0/25— 4 16—3 1.40

AV—8A 45-- 6 25—3/— 11—3 0.80

AV — 8B 4 2—1 0 3 0 — 4 / —  11—3 0 . 8 6

F—43 58—3 38-5/~~7—6 16—3 1 . 4 4

F— l4A 6 2 — 0  6 4 . . 2 / 3 3 ~_ 0 * *  16—0 l .5~

F—18A 5h— 0 4G—8/25— 0 15— 4 1.18

XFV—12A 44— ) 2’ -0/- ~3-o
VAK— 191B 48— 4 20—~~’— 14—i L N K

YAK—3 6 57—6 2 7 — O ,- u N I- : 14—9

USN VSTOL ‘~A’~~*k 51— 1, 5 3 — 6 , 29— 8 19— 0 i . ~
U SN VSTOL ‘h l3~I * * *  57-0

t n  to
___________________ 6 1— 0  

- 
40—0/~~l.-O i~~—6 1 . 2 9

* Excluding refueling probe
** Overs~~eep position for carrier stowage
~~~ Approximate dimensi ons for notion al subson ic and supersonic

VSTOL designs.
22
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CHAPTER IV

SHIPBOARD REQUIREMENTS

Embarkation requirements for a unit flying yet-to—be-

defined airplanes is, at best , a precarious undertaking.

Therefore , the numerical values used herein represent the

best estimates of the author , based on research of avail-

able data and interviews with knowledgeable individuals.

While these numbers wi l l , of course , require refinement

as better in format ion  become s available , such re f inement

should not dras t ica l ly  al ter  the viabi l i ty  of the concept

under s tudy.

Previous Studies - -

One of the more comprehensive studies of a i r c r a f t  em-

ployrnent aboard merchant ships is the Reserve Merchant Ship

Defense System (RNSDS), commonly called the A rapaho program .

Arapaho envisions deployments of antisubmarine (ASW) heli-

copters aboard selected merchant ships for convoy protec-

tion . Before the program was suspended due to shortage of

f unds , a number of shipboard modules were designed as living

and working spaces housed in freight container-like shells.

A l t h o u g h  no deployments or operat ions were performed , a

number of these modules were actua l l y  constructed and are

now located at the old Naval Air Station in New York await-

ing completion .1 7

23 
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In addition , the Marine Corps Expeditionary Shelter

System (MCESS) study has identified a family of container-

compatible shelters (shown in Figure 5) for facilities

wh ich can be used aboard sh ip, then l ifted ashore for  the

landing force.  The fami ly  of “small” shelters (8’x8’x20’)

meet In ternat ional  Organizat ion  for Standardiza t ion  (ISO)

requirements for use aboard container ships . They can be
I

conf igured  fo r a va riety of uses , such as berthing , heads ,

mess , laundry, sickbay, etc., and were designed with uses

such as Arapaho in mind . Table V shows typical shelter

requirements for various numbers of embarked troops . It

should be noted that Table V does not include a i r c r a f t  shop

or working space requirements.

- - - Regardless of the employment mode (Table I), two ship-

board facilities will be required : a takeoff and landing

area and crash/rescue assets. These will no discussed in

order.

Takeoff and Landing Area

All the candidate ships will require the installation

of a surface for takeoffs and landings. This surface should

be flat , clear of obstructions , have good traction , and ,

of cour se , be capable of supporting the weight of embarked

a i r c r a f t .  N ’1-2 m a t t i n g  is an ideal surface , although other

similar materials could be suitable. It the surface is

elevated a few feet above the deck , for example above hatch

_ _  -
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covers , a grille or grid-type sur face may be desirable.

Such a surface may be lighter and easier to install. In

addition , use of a grille-type surface will prevent re-

ingestion of exhaust gases and ground effect, possibly

resulting in an actual VTO performance improvement in some

VSTOL a i r c r a f t .  However , in f luence  of ground effect on VTO

performance is totally dependent on ai rcr af t design features.

For example , recent installation of lift improvement de-

vices improves AV— 8 vertical performance from a solid sur-

face. Due to its availability, AM—2 matting , properly

anchored to the deck or to the top if a layer of containers ,

is probably the most desirable surface material. In order

to properly d i s t r ibu te  the load on top of conta iners, some

type of beam structure wi l l  probably be required .8

For the AV-8 series aircraft or smaller , a vertical

landing (VL) area of about 72 by 72 feet may be acceptable.

For larger a i r c r a f t , a i r c r a f t  w i t h o u t  good control  response

in ground e f f e c t , or for  operat ions dur ing  large deck

motion excursions , a larger  sur face  w i l l  be required . In

this writer ’s opinion , planners should strive for a land-

ing area 100 by 100 feet to accomodate future VSTOL air-

planes , although actual requirements must be verified by

f l i ght  tests .

The t akeof f  area , which  w i l l  probably be an ex tens ion

of the l a n d i n g  area , or , perhaps , even the same area , can

probab ly  be cons t ruc ted  of the same m a t e r i a l .  If  pure VTOs

are envisioned , the same s i z e  r equ i r emen t s  e x i s t .  However , 

~~~~~~-- -_ -
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if, as is likely to be the case, a significantly larger

payload can be carried via a short takeoff (STO), then a

surface to accomodate t he  STO should be provided . This

STO area should be from 300—600 feet in length , minimum

50 fe~~t in width , and fr :-e of obstructions. Ongoing flight

tests of :~~— 8A launches using a “ski— jump” ramp have demon-

strated typical STO length reductions of 50%)O h ll It may

be necessary, on some ships , to remove the forward mast or

ang le the takeof f  area a few degrees of f  the fore and a f t

axis of the ship in order to provide obstruction clearance .

Crash/Rescue Equipment

Por table cr ash/rescue equ ipme nt and personnel should

be embarked . The amount and type of such equipment will be

tailored for a particular operation. On larger ships , wi th

several aircraft embarked , the standard Marine Corps ex-

peditionary crash truck (MB-5 , MB-I , P4A , or follow-on )

couid be used , then moved ashore with the landing force .

The Arapaho hangar modules also contain a sprinkler system.

A ll contemporary merchan t sh ips have CO2 sys tems ins talled

in holds and fire mains throughout. Many have installed

foam systems .

Land ing  Aids

V i s u a l  l a n d i n g  aids (VLA ) and e l ec t ron ic  l a n d i n g  a ids

(ELM may be requ i red  f o r  shipboard flight operations.
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Since these items are a sc ient i f ic  discipline in themselves,

this discussion will be intentionally cursory and succinct.

The size and complexity of the shipboard instal lat ion will

be dependent upon a number of fac tors, including :

a. The requirement for night  or all-weather f l i gh t

operations.

b. Sh ip ’ s deck motion during flight operations.

c. Airplane f ly ing  qual i t ies  and su f f i c i ency  of se l f -

contained landing a ids .

The requirement for a n ight  and al l-weather launch and

recovery capability may increase the cost , complexity , and

ou t f i t t ing  time of the VLA/ELA ins ta l la t ion. If large ex-

cursions of ship motion are anticipated, the landing aid
)_ 

.- -,-~

system will probably require some degree of gyro stabili-

zation. Under most conditions , assuming moderate deck

motion and good airplane flying qualities, an unstabil ized

Fresnel—type lens with a Manual Optical Visual Landing Aid

System (MOVLAS) option and lights to outline and illuminate

the land ing area may be su f f i cient VLA.

The Navy Vertical Takeoff and Landing (NAVTOLAND) pro-

ject is an attempt to improve the approach , hover , and land-

- - - . - - 12 ,13ing capabi l i t ies  of Navy and Marine  VSTOL a i r c r a f t .

Conference with the cognizant Naval Air Systems Command

engineer revealed that the shipboard NAVTOLAND h~irdware

could easily be made suitable for installation aboard a mer-

chant ship, if such requirements were stated early in prog—

ram definition .14
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It is desirable that the ship be able to remain elec-

tron ical ly passive dur ing f l ight operations , or that low

probability of intercept (LPI) emissions be used . If air-

craft sensors and onboard computer capabilities permit ,

it ma~’ oe possible to incorporate a system which wi l l  pro-

vide ~pp~ &~~ch and landing information to the pilot for a

‘-;elf—con~~ ined approach u~ til he is close enough to perceive

visual cues from the deck lighting alone . A rudimentary

systen with such a capab i l i ty  cu r r en t ly  exists in the A-6

airplane . In che absence of TACAN or other emitting navi-

gational aid , ;ome type of low power transponder or other

device must be provided for positive ship identification

d u r i n g  a se l f -con ta ined  approach.

Personnel

A 20-plane Marine W—8A squadron is organized arid

equipped to deploy as a squadron or up to two simultaneous

six—plane detachments. This structure provides a great

deal of flexibility without undue expense . One of the

detachments (designated Det “A”) has only an organizational

maintenance capability (OMA ) . This “dependent unit detached”

(DUD) is conceptually capable of a 3(~ day deployment away

from the parent squadron with a daily logistic run to an

appropriate intermediate leve l maintt’n~inrc activity (IMA )

for delivery and return of repairable components. The other

detachment (Det “B”) has its own P4A assets and is capable

-
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of deployments of up to six months duration away from the

parent squadron. Current plans do not envision a Det “A”

for AV—8B squadrons , however a Det “B” could be deployed

as a DUD by simply leaving IMA assets behind .

In addition to squadron and IMA personnel , base support

personnel from other units, principally the Marine Air Base

• Squadron (MABS) and Marine Wing Support Group (MWSG) must

be embarked if the aviation unit is to be independent of the

host ship. MABS and MWSG personnel provide such services

as messing , crash/rescue , bulk fue l , aerology , communica-

tions, medical and utilities. MABS and MWSG are not organ-

ized , nor are their numbers sufficient , to support all

tactical units of a Marine aircraft wing in six—plane

detachments. It is quite likely that they could not sup-

port even squadron-sized detachments if the entire wing

were to be deployed , since base support in the expeditionary

environment has historically been structured for airfields

hosting one or more Marine aircraft groups.

Table VI ~~ ciicts a proposed list of personne l for  each

employment mode. This list will require refinement as the

aircraft and concept are better defined , but the numbers

shown should be sufficiently accurate for initial planning.

Aircraft Maintenance and Supply Assets

Any discussion of shipboard aircraft maintenance require-

men ts will , of necessity, be very general , pending definition

30
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of the airplane. Historically, however , while specific

items of equipment change , the same building blocks of the

aircr-c ft maintenance program remain quite similar from

one aLrcIT~~f t  model to its successor. Therefore , the space

requirements c-itlined herein should be reasonably accurate .

Maintenance space requirements for each employment mode

sire shown in Table VI -
- -i (i are broken down into organ za—

t~ onal ma.ntenance activity (OMA ) and intermediate main-

tenance acti ’ ty (i~~A)  ~~:aces. The nu mbers shown ind ica te

the number of ‘-;ans or containers 8x8x20 feet required for

each case . Under many conditions , it will not be practic-

able t -~i ~~:wer up and operate many of these spaces; e.g.,

the IMA ~-~~ns would probably not be required for cases 1,

2 or ~~~. I i  o t h e r ca se s , the IMA may be operable aboard

only one of a numbc-r of ships in convoy . Since sea trans-

~)r) r t a t i on  would , in any  case , probably  be the cheapest

method of t r anspor t  (as well  as r e t a i n i ng  u n i t  i n t e g r i t y )

the full maintenance suite is included in embarkation

requirements. Also included in Table VII are storage re-

quirements for supplies for both aviation peculiar and

ordinary Marine Corps supply support of the embarked unit. ’7
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TABL E VII

8x8x20 Ft. CONTAINER REQUIREMENTS FOR

AI RCRAFT MAINTENANCE SPACES AND SUPPLY STORAGE

Employment

— 
Case OMA IMA SUPPLY TOTAL

1, 4, 7 4 4 2 10

— 2, 5, 8 8 12 5 25

3 , 6, 9 18 12 10 40

Command, Control, and Communications (C
3)

The embarked aviation units must provide their own com-

munications links to other military agencies. In view of

the limited sensor capability , most emphasis must be placed

on the ability to receive timely operational and tactical

information. Real time tactical control of aircraft would

probably requ ire excessive shipboard equipment , and is not

considered to be a realistic approach to the C3 problem .

The Landing Force Integrated Communications System

(LFICS) and the Tactical Combat Operations (TCO) system

offer a potential solution . This combination could provide

interface with Navy Tactical Data System (NTDS) equipped

ships enroute and the Marine Air-Ground Intelligence System

(MACIS) and Marine Integrated Fire and Air Support System

(MIFASS) in the AOA . Such ~i system could provide intelli-

gence information for briefing and m ission planning , cur-

rent situation displays , operation plan/order transmission ,

34
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and real time communications such as launch orders. The

equi prnertts are planned tc- be lightweight , portable, and

have i — w  powe r r e q u i r eme n t s) 8  One C3 MCESS shelter is

includcd in this rtudy for all employment cases except 6

and 9, for which two shelters are included .

Electrica Power Requirements

In mc~~ cases , it will be desirable for the embarked

un i t  to ~~~~
- indepcndenL of the ship ’s electrical system .

Expeditiot ’ir~ 
rli esel p’T~~~red generators are already in the

f~ i rine  Corps i nventory  to provide power for  a i r c r a f t  m a i n -

tenance purposes .  Generators  to support the MCESS r n o L : l e s

are under study . These generators should be compatible

with installation of a convenient weather deck , and , if

so designed , can be operated on aircraft jet fuel.

Consumables

Rates of expenditure of all aircraft consumables will ,

of course , vary will the operational scenario. For the

purposes of this study, arbitrary numbers have been chosen

as fo l lows :

a. Sortie distribution: 75% air—to-ground , 15% air—

to—air , 10% miscellaneous (maintenance test , ferry , etc.)

b . Fuel consumption : 800 gallons (5200 ibs) per sortie

c. Li quid oxygen: 1 liter per sortie plus one liter

per day per aircraft hoiloff 
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d. Ordnance :

( 1) Air-to-Ground Sortie - 6 MK-82 bombs

AND EITHER

(a) 4 Rockeye or equivalent
cluster weapons

( 50% each) OR

(b ) 2 Walleye or equivalent
weapons

NOTE : All sorties
include : 1000 rounds 20mm ammunition

(2) Air-to-Air Sortie - 2 AIM-9 or equivalent
type missiles

AND

2 AIM-7 or equivalent
type missiles

AND

1000 rounds 20mm ammunition

e. Sortie rate : 4 per day per airplane maximum

f. Food: 3 meals per man per day

g. Water: 40 gallons per man per day

Aviation Fuel

Fuel for  embarked airplanes presents what is probably

the most challenging logistic problem for this entire concept.

The sheer amount of fue l  required calls for a great deal of

consideration , and could prevent the tactical aircraft opera-

ting from merchant ships from ever achieving their full

potential sortie and firepower delivery rate . For the sortie

36
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requirements previous ly  stated , the following amounts of

fuel may be required da~ ly:

a. Cases 4 and 7: 19 ,200 gallons

b. Cases 5 and 8: 64 ,000 gallons

c. Cases 6 and 9:  128 , 000 gal lons

of ~
-
~~ie shi ps inves t iga ted, only the Maine class RO/RO

has internal storage for liquid cargo , and only 694 tons

(approxirr~ate1y 214,000 gallons) . On all ships, bunker fuel

tanks could be isolated from the ship ’s main fuel system

and used for ?jiation fuel storage , but this method would

require extensive piping changes , time consuming f l u sh ing ,

purging , and cleaning dur ing embarkation , and could reduce

ship range performance to an unacceptable degree .

One possible solution of fuel requirements is through

the use of container tanks (of ten called liquid containers)

These tanks , designed to carry hazardous and non-hazardous

liquid cargo , are available for purchase or rental from a

n umber of U.S. firms . A typical 8x8x20 ft. tank container ,

with a capacity of approximately 5,000 gallons , is shown in

Figure 6. As an example , the container shown in Figure 6

may be purchased for under $20 ,000 or rented for $10 to $20

per day.19 Container tank requirements for five days ’

operations based on these typical containers , would be:

a. Cases 4 and 7: 20

b. Cases 5 and 8: 64

c. Cases 6 and 9: 128
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FIGURE 6

CONTAINER TANK
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The replacement for the tactical airfield fuel dispen-

sing system (TAFDS) wi ll be a series of six bladders in an

8x8x20 ft. rigid frame known as a SIX-CON . The SIX—CON can

be confi gured with five bladders and a pump/filter unit

which prnvides for delivery directly to the aircraft. Two

experimeri~~l versions of the pump unit are under considera-

tion , on~ diese l—powered and one gasoline engine powered .

The diesel unit , while heavier and more expensive , has two

distinct advantages: It is capable of high delivery pres-

sure and fl~~ ~:ate required for refueling tactical air-

c r a f t  ( a p p r ox i . -~ately 250 vice 100 gpm) and , in addit ion ,

can be r n  on jet fuel. This second feature eliminates

the requirement for a separate supply of gasoline , and

should he superior f rom a support and safety viewpo int .

Although merchant ships have occasionally refueled under-

way from Navy oilers , it is not a common procedure . In

order to replenish either bunker fuel or jet fuel underway,

some ship modifications will be required and some training

should be conducted . In view of the quantity of fuel re-

quired and the precision with which containers must be

positioned , vertical replenishment of l iquid containers by

hel icopter  does not appear to be f e a s i bl e .

One possible source of ref-:eling would be a towed , semi-

submersible bladder. The bladder could be towed to the AOA

or carried empty and fur’led frcr . an oiler. The bladder,
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with a tug/barge as a tender , could be positioned in a semi-

stationery location for occasional refueling operations.

As an example of ava ilable assets, one such bladder , manu—

factured under the trade name of Dracone, is a flexible

towable container constructed from synthetic rubber-coated

nylon fabric. Dracorie is manufactured in several sizes up

to 290,000 gallons , towable at 6 kts , and smaller sizes which
20 ,21can be towed at speeds up to 10 kts.

Regardless of the refueling method , however , a five-day

supply of fuel for embarked airplanes appears to be prudent.

Aviation Ordnance

The exact type of ordnance to be carr ied on each sortie

is, at best , educated conjecture  on the part of the writer.

It is probably saf e to assume , however , that for  the purpose

of computing storage and handl ing requirements , a mixture

of free—fall bombs (possibly laser guided), c lu s ter weapons ,

t e rmina l ly  guided g l ide  bombs or miss i l es, a i r - to -a i r  mis-

siles, and machine gun ammunition--using weigh t and cube

figures for current munitions-—should be sufficiently accurate .

Under these conditions , w ith the previous ly  stated sort ie

rates , potential daily requirements are :

a. Six plane detachment (cases 4 and 7): 223 ,080 lbs/

5,245 cf.

b. Twenty plane squadron (cases 5 and 8): 743 ,600 lbs/

17 ,495 c f .
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C .  Two twenty plane squadrons (cases 6 and 9)

1,487,187 lbs/35,000 cf.22

If one further assumes that five days of flight opera-

tions will be conducted prior to movement ashore or resupply,

then the shipb-aard storage and handling requirements become :

a. Cases -~ and 7: 1,115,400 lbs/26 ,225 cf

b. Cases 5 and 8: 3 ,718,000 lbs/87 ,475 cf

c. (
~~ses 6 and 9: 7,435 ,990 lbs/l75 ,000 cf

An a t t r a c t i v e  methcd of loading and storage would be to

use cornmeric-Tally avail3ble standard size containers , 8x8x20

ft. or 8x8x40 it. Both are readily available for either
I

sale or lease by a number of U.S. firms . The smaller con—

tainers Lypically hold 1,100 cubic feet and 40,000 lbs.

cargo; the 40 ft. containers are typically rated at 2,300

cubic feet and 60 ,000 lbs. Container requirements for five

days ’ ordnance requ i rements would be:

20 ft Containers 40 ft Containers

a.  Cases 4 and 7 :  28 19

b . Cases 4 and 8: 93 62

c. Cases 6 and 9: 186 124

In addition to the improved embarkation capability, con-

tainerization should also ease some problems of ordnance

storage compatibility by physically separating non—compatible

ordnance in cont-iiners aboard ship.

Ordnance n nvc ’~ient . iboard ship m ay  r ~~~~ re some special

i n s t a l l a t  .on. Ai~o-ird a rol’ on—roll ( - f t  ( RO /R O ) sh ip ,  ramps
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- between decks provide easy r~ - t~oent ~y fork lift , trailer

or SATS—loader . Aboard a cellular container ship, if

ordnance is not stored on the level where it is to be loaded ,

then provisions for an elevator or hoist must be provided

if expeditious handling is to be accomplished . Further-

more , storage of these amounts of heavy ordnance near the

upper levels where it will  be loaded aboard aircraf t could

adversely affect ship stability .

Liquid Oxygen (LOX)

During 1974-75 , six AV-8A airplanes were deployed aboard

an LPH for a six—month cruise . In order to avoid the

installation of a LOX plant , a full 500 gallon LOX trailer

was embarked prior to the cruise . This trailer was re-

filled ashore (transported by CH-53) twice during the cruise ,

although one refill probably would have sufficed. This

procedure would easi ly  accomoda te the ~ox requirements sum—

marized in Table VIII .

New technology will probably eliminate the requiLement

for  LOX . The on board oxygen genera t ing  system (OBOGS ) is

a jet engine accessory wh ich chemica l ly  produces a breath-

able 95% oxygen whenever the engine is running . This sys-

tern wi l l  be test f lown du r ing  1978 , and should e v e n t u al ly

be installed in all tactical Navy/Marine aircraft.
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TABLE VIII

DAILY LIQUID OXYGEN REQUIREMENTS
By Employment Case

( U . S .  Gallons)

1.5 5 10

1.5 i t .  transit 5 in transit 10 in transit
6 i n  P~OA 25 in AOA 50 in AOA

6 25 50

Food and Water

- ..-
~ The r e f r i g e r a t i o n  storage uni ts  and dry storage uni t s

listed in Table ~ will provide capability to embark suf-

ficient food for a typical voyage . If required , additional

cc nn-ierical refrigerated containers may be embarked and

run from ship electrical power. With the potential food

storage capacity inherent in the candidate ships , it is

quite likely that other Navy ships in company will be re-

ce ivi ng f rozen foods f rom the merchant sh ip .

The water purification units listed in Table V are each

capable of producing 600 gallons per hour of fresh water

(from sea water) by a reverse osmosis process. In addition ,

in the event of a casualty , all ships investigated had an

excess evaporator capacity of at least 6 ,000 gallons per

day .
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WhjLTh --ill be r’-p lacl-i by L~~a Th-J ~~~~~~~~ -
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~uirerients for  sueh  i tems ~~ I : di ~ar i  a l l y reduced . In

~ the ~b- -~cnce of p r e c i~~o lit: , - t ~s es~ i -< . t - t h at  a p p r ox i —

- i t ~~ly - ci i stiii ~ -~ , -~~C i ~~ and cub- - rec-iircm1~r- tS

mu~~t be emha hod over a r - a  a b- a ~e ha ~ ca raiE- Q 10 t - -~ M~ :ss

shel t e r s .  One— t h . i  ~~ of Lbe ~~ ~:~ -oi i z-~d .~ eo~.rkat i-a n ba L -~

Syste:n (ME D S~ r e q u i rc m e n t~ for  c t  A\- -- -3 s~~u-adron or Id

~e~~t B” y i e lds  the f o 1 l~~~i:..~ ~~bi~~tio:ial  20 foot  c o nt a i ner
I

-- - requirements.

Cases 1, 4 , 7: ~
Cases 2 , 5 , 8: 7

Cases 3 , 6, 9: 14

Total Container_Requ i rements

A summation of the container requirements in twen ty-

foot eq-~ivalent units (TEU ~ for aircraft unit working span.~-s ,

hotel facilities , fuel, ordnance , command and control , and

additional organizational property is , by case :

________ 
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Ern~ loyment Case

Det Sgdn Two Sgdn
(2) (3)

Transportation 41 85 153

( 4 )  ( 5 )  ( 6 )

Ltd . ~ s. 90 243 469

( 7) ( 8 )  ( 9 )

Full Scale Ops 90 243 469

Realistically, i. ~-iil 1 be extremely difficult to generate

the sortie r~~ es used for the computation of fuel and ord-

nance requirements. The primary restriction will be the

movement of aircraft between the flight deck and lower

H “hanga r ” decks.  This problem wil l  be least severe w i t h

cases 4 and 7, where most airplanes may be kept on the

f l i g h t  deck , and w i l l  increase  in magni tude  wi th  increas ing

numbers of a i r p l a n e s .  There fo re , the estimates for fue l

and ordnance are probably on the high side. Careful study

of a s p e c i f i c  ship  i n s t a l l a t i o n  and aircraft load would pro-

‘ijde more accurate estimates.
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CHAPTER V

C.\a~DIDATE SHIPS

In tbe search for caiciidate ships little attempt was

made to identi~.y suitahl~: ships per Se , although some were

observ -d Imich could b~- — - =nfigured for use now . The objec-

tive was iathe r to idectitj those features of contemporary

ships wh~ ~Th are desirable or undesirable for VSTOL air-

craft up Lations. This approach was used since , because

ot ‘he t ime ~rome involved , f ew of the sh ips studied could

bo considered “modern ” or “ contemporary” by the turn of

t h e  centuiy. Through this approach , it was possible to

ide nt if y a numbe~- of n a t i o n a l  defense  f ea tu re s  which can ,

with m in imal eftort or expenditure of shipbuilding sub-

sidie~~, can be designed into new construction ships to

~ -ake them much more su i t ab le  for  the purpose under s tudy

w i t h o u t  compromis ing  t h e i r  economic v i a b i l i t y  as c o n u n or c i a ]

shi ps.

Future Merchant Fleet

Some interviews with knowledgeable individuals in the

maritime i n d u s t r y  were u s e f u l  in p r e d i c t i n g  the charac te r

of the future U.S. merchant f1eet.~~~
7 

Consensus is that

the non-self—sustaining cellular containerrhip will continue

to be the most common ship design . The rnn~ t econ~ mic al s i z e

is p red ic t ed  to be 9 0 0 — 1 0 0 0  f ee t  l e n q t h  ovei a l l  w i t h  a c on—

tam er capacity of about . 3000 twenty—foot equivalent u n i t s
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) n i ’  ‘-‘ ‘—‘~~l~ ~n r ; - -  to be

conStrc-~’teo ho Of -r ~t~~~- - U t i  i 2 - ~~ i t  - uiid . ,~~r -~ , it  on l \ ’

far ~a~
- - .1 i zo~ ‘:a r ”n  ci ic)~ a n a - t ~~ c- -~ i I ‘ t a . - o - - .tairi- r~ z -

~~

(-n:tora ~-bt J e s  - 
- 

- -jot ,a(~n,
- on outa’ c- ( i l J0 , I- r

arid f o r  scrv~~ce LU a nj  t s ,- ; r h a  it  th ’: h u - ; o - - ; a r t v ci~~nes L O  -

t~u i r e d ~cc- ccnta~~n~~r 1 :’1ing ar o~ f l ~ - - : - ‘ I i  n -~ ;— u~~

Zi ’ei r  l - ~~~ -r c-~ r~j o dt-nt-ity , ~ fcOs i: less - - . - no1r~ c3i n-h a .i

cc-rtt ai~~crsh~~ps, ~ id t h ei- ~fore ie’~s 
‘- :~~~t i’ -~ ’ to - i’e ~

despite rhc a bn ; e  ad1a t a ces  . The c ar g o  c a-i r~ or such as

[.A:- U or ‘a b t a EE  - -L- -~ si-~ ’:S w~.i l  a~~~c) cor: t ~ T iUO t~~~ - (- r- :~ e, ‘Jut

will  ‘nt advantageous ‘‘ol y for ri-- rv i-:o e t ! i ( - a ~ - are-~~s vi

oat  ocep water port facilities ; e.g. , I ecat  i on s  up  -i n yc!

or cana l  frc - n the -coar’ .

- - - The nos t economical  ; - r a n u l - -;~~on s ys t e m  is ‘c s i n g l e —

scruw , st e - d r  t ~rhi ne desiun (approx n te]y l7—l 8~ :n--:’rc

efficiert t!-na n  a twin-screw plant) u s in q  b u n k e r  fuel as an

- --nergy source. Slow speed diese ’ s racy be i i s o d  ic the 35

to 40 thousand horscpo~ er range , ri -it able icr- a 20 kt ,

2000 TEU ship . Z’Ithongh ~i fe w shi ps w i l l  have a iO k t  or

greater spced capabi lity, economic factors such ~-s fuel

consumption ar;ci c - - a r - i t . ’ v d ue w i l l  p r o b ab l y  d i ct -a t e  t ’;p cal

sh i p design speeds of 23 to  26 k t s .  Tho d e s i re  to hav a

Paaama Canal transit capability will l imit m cxi a; -:- oearn

d imens ion  to 105 f t .  ‘ i n .
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- 8,9Ship Criteria

Z~l though a number 1~~~ for eign flag ships were marginally

a t t r ac t ive, only U.S. flag ships were examined . This self—

imposed criterion served to restrict the study to a

manageable size and provided easier access to information

and sh ir  visit arrangements. Also , for actual employment ,

U.S. fl-:~ ships are the most read ily ava ilable for wart ime

opera t ions .

Wi th  onii two exceptions , ships examined were of post-

1970 constxu-cuion . There appeared to be a watershed of ship

design philc~ ’’nhy in the late 1960s as shippers turned to

higher r-~ eed vessels especially designed for containeriza-

tion and interrnodal transportation-—as opposed to the older

brea k bu ’Lk cargo chips. These newer ships are considerably

more representative of c-irca 2000 ships than were previous

desi :irts. All ships studied have published cruising speeds

of 20 knots or greater; one class was capable of 33 kno t s .

An obvious requirement for any candidate ship was that

it have sufficient container capacity to accomodate the

prev iously described shipboard requirements and a large

relatively open topside area free of obstructions which

could interfere with flight operations. These two require-

ments eliminated combination breakbulk/containerships (also

cal led partial containerships) or self—sustaining container—

ships because of the massive masts and booms associated

w i t h  these t y p e s .  The container requirement eliminated

48
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o i l e r s  -aa- .l i-~~ ri~ C’ s ilthou-1 h U c~~ r f u - i T ’ a a c l ty ‘- dc ttcra

Ler-iç ’Lir- ij car:d dates. ?~ t h u~~q :r  ~~‘ -ecat c s ir - c  or

-~ore es .  ahi~~~h - d  t ’ :  he- E:ac , - i S  CE-sired t i - i f  th

~;h i - Pa laL~~e- ‘~‘cu c - o  r ; - y j i~ :-~t ~b~~o n~ -an -nc at sEct .

As it  t c n r - t ‘ -u t: , th e  srra ] ef : L c h i p  ~ t~ :-J ipd ‘~-as 6Ei feet

- ‘v ur a l l  aaC ovev 3 5 . 0 W )  t- — c s  ross  ~i s -  - a - c  sun t -

£h ree g : : ;e r a i  s hip  t~~t - : s  - --.‘ere stu d i — d; t i - a  crllular

con taj~ er~~hip , t h e  RC~ Ri~ 
- tnt- bi \bF- P bar - c c a r r i e r . A

etc 1. of ten a ~sses ~n i x  -~c- t a1 -re r t -d~~o , r i r-~~e R O b ~O , ; : id

one ~~~~~~ i~ ) ~~-orosc’~ i ac 54 ~ C t  t on -  u wf- r - xar -- tr:et - Th m s

nuLn tx- r cover-a Y7~ or  Lh~ t ot a~ L’ - S. ~L3u i c y Car~~J f 1~~et

and 36 % of t~— o U . S .  f l a t con t -  r W i ~~p f i e e t .  Of t h o s e

sh ips , seve n - - t : r - ses (f o u r  ~ -a t - a in i ’ ’r  • two 1~O 
‘RO- , an - i  ( - ne

r’ ‘-
5EABEE) w a r e  :~ctua1l” ‘- isit :~ and  t~~ in crew men-a-ens inter—

vje-wr-d . Spec i f a c  ~h~~p ch~~rac t ’ris;ics are eL -c- n j r

Appe nd i x  -~~~ , Fi gures  7 t h r °u c r h 17 .

Common C h a r a c t e r i s t i c s

Al l  shi ps exa m ed h~ d adequa t€-  on uec : u re  comn u n ic a t i o ns

to handle rou t ine  adrn in i st r ot iv e  ship ’s traffic. d i n t  fre—

quency and very high frequeccy (for port control) nquipment

were most common , with an occasi c a l  satellite corr munica-

tion (voice) capabili ty. Additional tactical comn!unications

equipment would be tequired for embarked units , dUd is dis-

cussed under “Command and Control. ” All ships  had exce l len t

navigation equipment , w i t h  LORA N C u - i cked  up by celestial
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being the most common . Some ships had satellite navigation

equi pment ins ta l led  which was reported to be reliable , easy

to use , and accurate to within 0.01 nautical miles. All

ships had excellent surface search radar-—often two sets—-

but n~me had an air search capability. All ships had the

capability to -:arry refrigerated containers to provide

abundant ~oodstuffs for embarked personnel. Weather

facsimi1~ receivers were installed , but probably would not

provide suftacient information for aviation weather fore-

casting.

neck_Motion

- o f  the experts interviewed was able to provide

prec is ’--’ data on chip pitch and roll. All agreed , however ,

that in any sea rendition , roll amplitude was drastica l ly

affected by the vertical distribution of the load . Rela-

t ive direction of ti-c sea was also i d e n t i f i e d  as an impor-

tant factor , with the most critical nondition being a

quartering sea. A fairly consistent qualitative opinion

was tha t, under rout ine steaming cond i tions , this size

ship, properly loaded , exper iences “less than 10 degrees

of roll during 95% of a typical voyage ,” al though 350 r o l l s

in storms were descr ibed .*

Typical design criteria for containers and container

restraint systems provide for 35 degrees of roll , 13 second

*Many of the vessels studied have passive (fline tank)
stabilization systems. None are equipped with vane
stabilization .
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period , nor-i ~~~. 
¶~ l a t e ra l  “ u ” ~wc. i n c  i d c c rt s  of c o n t a i n e r

loss or damaqe ~-or e  r -apat  for - i  i n  th i s  adrii tt -~~~y small au r-~o~~,

both to i - orwca - Thc -s t  con~~c’io~ 
-
~~~~ on crc :~eithc’r - ieck.  In one

case , a ~-outa tar-er was car--c- i ir. by -i arge wave in a Nr- a t h

t\tlanti n- storm~ in tic- c L t . L r  c- - s e a c a n ta  i r te r  wc s  - - u t

over aLe side in a N o r t h  P a c i f i c  sto~ n: . Both m i s h a p s  were

the r e s a u t -  of st ru c t  r~ l failures of the conta~~ne r s , not

the  sb i pboard r e s t r a i n t  systera .

All shi ps studied except- ~ea La nd’ s SL-7 c las s have

single sciew propulsion systc;m-~. merrjmeas -
~

- ‘ re

en thus i a s t i c  about the s i ny i c  ::- , - r ~ w s tp j ’; u r b i r t~ n i a n t

r e l i a b i l i t y ,  al though c c -  of t h e  shi ps was v i s i ted in a

shipyard a f t e r  hav ing  been to-ned in  200 m i l e s  f o l l ow i n q  a
- 

- reduction gear failure. TI:ic was described as an aberra-

t ion ; no f u r t h e r  a t t e r ’p r -  was made to ~et h e r  add i t ional

ta i lure  da ta .

Ce l lu la r  Conta inersh ~~~

The cellular containership is by far the most common

c a r r i e r , and is predicted to r ema in  so for  the  foreseeable

future . Cellular containerships ate characterized by a

series o. holds into wh ich containers of a standard dirnen-

sion are lowered along vertical rails which provide hori-

zontal positioning and restraint . Typical holds are

capable of accomodati ng a depth of si x con tainers in the —
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hold and as many as four layers on top of the ha tch covers

on the main deck.

All ccntainerships studied were non—self-sustaining ;

that is , a gantry crane , permanently installed on a pier

is required for expeditious load and offload . Under good

condit~ c-r s, us ing  two cranes , a loading or offloading rate

of 50 to 55 containers per hour can be sustained . Only

the Pacesetter  class (American President Lines) has the

supporting structure to permit shipboard crane i n s t a l l a t i o n,

although no t~~r-lored cranes are ins ta l l ed  or even in

exi ;tence . ~installation of a Bay City-type crane on most

shi ps probably could be accomplished , bu t onl y a detailed

engineering stud y could determine the required structural

shi p modification s . Offload of main deck containers could

probably be accomplished by properly configured heavy lift

helicopters. Onload of main deck containers could pos-

sibl y be performed by helicopter , but this evolution would

require running gear to precisely position the containers

on the interbox units (IBU ) or else exceptional  p i lo t  skill

and ideal deck and wind condi t ions .  Hel icopter  of fl o a d

of con ta ine r s  from the holds would be quite demanding ; heli-

copter loading of hold containers , woul d , in the author ’s

judgment be impossible.

Since much of the cargo for the assault follow-on

echelon (AFOE) is already programmed for transportat con Via

containers , the problem of offloading in the AOA is already
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receiving priority dttent2-Jn . ‘lrc -~~n i  - -ti ~ er offloading ~r-d

t r a n si e r  ~~ stem (COTS) 5 r 
~ws prcc i- -~e for )lvLng tha -at f—

1- a-I prc-b born, and will sti 1 be reocired whether or so: a

VSTOL a i r c r af t  un i t  i-s adated to t b -  e b o - a ti o n .

Comp atab ii i t y  of container sizr-c; is most c r i t i c a l  -3b oac-J

cellular containerships. The m e - t  a-c-al size _~~~ ~x 8 x4 0

feet., fo l lcwed by 8x8x20 feet. Matson Lines uses a 24-foot

-acntainei: in their essentially c~~)CeQ-~~()Op West Coast to

Hawaii runs. Sea Land uses a 35—foot container , but t b - ir

ships are also capable of bardling some 4 0 — f o n t  c i a ct a in o r s .

Because of the large n r -~nr -tc r  of con ta iners  w h i c h  can he

carried by a cellular ccntainorahip, there will be a sig-

nificani excess capacity a f t ea  embarka t ion  of the aircraft

u n i t .  This capac i ty  can be used for , -in-long other things ,

transportation of assets normally found in the AFOE.

Containerships are the best compartmented of any type

studied . They typically have four or five discrete corn-

partmerits below decks , separated by water tight athwartshtp

bulkheads. The SL-7 class has nine watertight compar font s .

Of all ships studied , containerships will require the

most extensive and elaborate installation for VSTOL opera-

tions. Since there are no provisions for movement of heavy

cargo once it is embarked , and only a few (6-8) aircraft

spots would be available topside , some type of a irc r~~ft

elevator or ramp would be required if more than this number

were to be carried . In addition , unless ordnance and other
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heavy items were stored on the level where they are to be

loaded , an elevator or other l if t machinery must be installed

in the hold where these items are stored. Sketches of a

possible installation are shown in Appendix B.

~~~~~~~~~~~~~ Ships (RO/RO)

RD/RD ships offer thu advantage of ramps for movement

of equipment between decks while enroute . The large , open

decks provi de easy acoess to containers and equipment , and

remind ort- of the hangar deck aboard an aircraft carrier.

Unfortunatei~~ the ramps aboard RO/ROs visited were not

l~~~~ _eno~~~ to accomodate any of the aircraft listed in

Table LV. Ramp widths varied from 17 to 24 feet; heights

ranged f r o m  10 to 13 f ee t .  The “Maine ” class has a ramp
- - 

from the main dech to a level 10 feet above the main deck.

It would , of course , be possible to install a ramp or

E Levator to move aircraft from the main (weather) deck to

the “fl ight” deck atop two layers of containers , but only

with increased installation time and expense. Such a

scheme would permit use of the main deck as a hangar deck

with the flight deck two containe r layers above .

The RO/RO can al so be loaded and o f f l o a d e d  at p iers ide

without gantry cranes , although gantry cranes can be used

to expedite load/offload of topside containers. Normally,

however , containers on running gear are moved via the

internal and external ramps. At 1ca~-t one RD/HO , operating
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on the northeast Pacific route , has heated weathe r decks

for ice prevention .

Although the RO/RO offers some advantages , it has two

drawbacks. There are fewer of them , and their lower cargo

dens i ty  means that  a higher  proport ion of ava i l ab le  capac i t y

oust be devoted to the embarked aircraft unit; therefore

a proportionately smaller share is available for AFOE assets.

SEAI3EE Barge Carrier

The SEABEE is designed to transport large barges

(98x35xl7 feet) . The barges are positioned on wheeled

transporters placed on a large submersible stern elevator ,

then raised to a level even with one of three decks. The

barges are rolled forward onto one of the three decks for

transit. Containers may be secured to the ton of the barges

on the upper deck (either before ‘oading the barges or after

they are aboard using a pierside gantry crane) . Using only

the elevator , the SEABEE can be comp’etely loaded or un-

loaded of barges in approx imately 20 hours .  When f u l l y

loaded with 38 barges , the SEABEE can simultaneously carry

up to 160 8x8x40-foot containers on the upper decks. Up

to 1800 TEU container capacity is available if no barges

are ca r r i ed .

An attractive feature of the SEABEE for purposes of

this study is the 2000 ton capac ity stern eleva tor wh ich

would facilitate the movement of aircraft, ordnance , or
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other heavy loads between decks. By building a flight

deck on top of two layers of containers and one layer of

barges on the upper deck , the entire second (main) deck

could be used as a hangar deck. Two main “aisles” over

35 feet wide extend the full length of the second deck.

Pedesr-a 1ir , protruding approximately two feet above the deck

would require installation of a deck on top of them . Forty

or more ~~—3 size aircraft could easily be accomodated on

the second deck , wi th  ready access to over half of them .

A small “pacY of maintenance aircraft could be stowed well

forward on th ~- second deck , and the elevator could be used

for inter -deck movement. 2~ p l a tf o r m  (which could consist

of a barge and two layers of containers) or ramp would be

~~ 
~~~~ required to get aircraft to the level of the “flight” deck .

Since the third (inwer) deck is occasionally subject to

flooding , no cargo other than barge enclosed items could be

placed there . Cargo stored in lower deck barges would not

be readily accessible enroute ; however , if some barges could

be configured to carry approximately 300 ,000 gallons of jet

fuel each , the aircraft fuel storage problem would be

solved.

Two flight deck layouts are immediately obvious. One

would be to angle the takeoff axis approximatel y 11 degrees

to clear the bridge. The other , less des i r ab le , would be

to launch aircraft cit , which would probanly re—~uir~ the

ship to reduce speed or turn out of the wind. ~pproximate1y
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80 feet athw~ rfship Uinension is available between the two

amidship stacks.

According to the ship ’ s master , the SEABEE has the best

ride of any ~~~~ examined. W i t h  a pas s ive  ( o i l )  stabiliza-

tion system , 10—foot seas and fo rce S winds (21—25 ka) from

any direction result in ±5 degrees of roll.

The SEAE~EE is capable of her 20 knot design speed up

to approximately  35 feet of d r a f t .  At her f u l l  d isplacement

(39 feet dratt) whe will only make approximately 18.5 knots.

An additional disadvantage is tho limited number (three)

in service. Also , failure of the Elevator could preclude

movement of aircraft between decks and , depending upon the

position at failure , could even preclude offload of second

deck assets.

L
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CHAPTER VI

STh- It-4STALLATIONS

A - least one preliminary study has been completed in

the area of ~h L p  ins ta l la t ions .  Fairey Engineering Limited

has prod~ -~ cd preliminary designs for the construction of a

f l i g h t  deck atop the above-deck containers)- The Fairey

scheme ut~~lizes the medium girder bridge (MGB)-—a standard

NATO military bridge already existing in large numbers2--

as a flight d e k  wh ich also could include a “ski-jump.”

The bridges and supporting structure are installed on top

of a tunnel  created by the outboard rows of containers .

The area under the bridges serves as a hangar deck; the

outboard rows of containers  are ava ilable for shop space ,

f u e l , or other uses.  Another  deck on top of the main deck

hatch covers is required , as is some type of membrane to

make the hangar deck weatherproof . Sample sketches and

photographs of a scale model containership installation

are shown in Appendix B , Figures 18 through 22.

For aircraft movement between decks , only the SEABEE

ship has an integral elevator. Ramps on existing RO-RO

ships wi l l  not accomodate any e x i s t i n g  or proposed VSTOL

aircra f t .  For con tainersh ips , the Fairey design envisions

a 36 by 48 - foo t  e leva tor  which  could move both a i r c r a f t

and equ i pment .  I t  is this author ’s opinion that , aboard
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large containerships , a ramp system may be preferable to an

elevator. A ramp would offer the advantages of reliability,

low cos t, and ease of damage repair . The universal handi—

ing veh icle , under development by the Naval Air Systems

Command , will be required to tow an F-14 up or down a 10 degrees

ramp , and should hand le a smaller a irplane with ease .3

Any installation should be designed so as to minimize

ship alternation requirements. This approach would serve

the twin purposes of expediting installation while making

the entire concept more palatable to commercial ship owners.

One national defense feature which merits serious con-

sideration is the enlargement of ramps of new construct ion

RO/RO ships so as to accomodate new VSTOL airplanes. Such

changes should be planned in close cooperation with air-

c r a f t  des igners in order for benef ic ia l  compromises to be

realized. The Chief of Naval Operations (OP-405) is the

DOD agency responsible for national defense feature coordin—

ation with the Maritime Administration in accordance with

the current OPNAVINST 4700.13.~

In order for this concept to be viable, the installa-

tion scheme should be as standardized as possible among the

candidate ships. Since there is currently rio good method

of predicting what specific ships might be available , the

kit should be readily adaptable to as many classes of ships

as poss ible. In this regard , adapter structures will be
— 
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required to accomodate 20 and 40-foot containers aboard

ships designed , for example , for 24 or 35-foot containers.

A l so , a problem for  the SL-18 class ship is the 20—foot

high buttresses between hatches which may require a unique

instal1at~on design.

I t  - 4 ~-~~ears that  der. Lgn of a ship ins ta l la t ion  to

accomodate 20 aircraft aboard a contairiership ~s possible ,

except aboaid the SL-18 class where the buttresses between

hatches may preclude ~ ‘ hangar deck .”
5 

The SL-l8 may be

restricted to -:arriage of approximately six aircraft on

t h e  “ f l i g ht deck ” o n l y .  Unless  larger ramps (or smaller

airplanes) permit movement between decks , RO/RO ships may

also be limited to a smaller number of aircraft , using

topside container~ as structural support.

The expense and effort required to configure a merchant

ship will obviously limit the number of installations avail-

able. Economic tradeoffs will probably show that such in-

stallation--and the USMC support persr nne L required--would

not be economically viable for only six airplanes. On the

other hand , the embarkation of as many as 40 airplanes would

probably constitute an excessive survivability risk except

in the most permissive environments. Therefore , the most

viable employment concept will probably call for appromi-

mately 20 airplanes per ship.
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CHAPTER VII

MISCELLANEOUS CONSI DERATIONS

Surv st a b i l i t y

Two features combi ne to reduce the combat surv ivab i l i ty

of a ~~~r - a h a ; t ship f r i r r i  that  of a Navy combatant ship:

ship de~~ign and reduced manning. The reduced manning (typi-

cally 38-4~ men) does not provide sufficient manpower for

ship opei~itions and oxt4 - nsive damage control efforts simul—

taneouslv . ‘- :ginentat i c- n by embarked troops or external  per-

sonnel may he required. Ship design factors include :

a. S~ r~~le power plant and propeller , except in the

case of t~~e SL-7 containership.

b. Less redundancy in most systems, including internal
- 1  ~~ - - -

communi- a t i o n s .

c. No armor plating .

d. No defen3ive weapons.

e. Less compartmentation .

it ~s worth noting that a number of U.S. Navy ships,

including the LCC, LP}1, LPA , LKA , and all frigates share

the single—screw shortcoming of the typical merchant ship.

A sing le boiler cas ualty aboard a merchant ship could ,

however , cause a loss of firefighting and surviva l capa-

bility as well as loss of propulsion .

If the merchant ship were in company with combatant

ships , she could stay under the protective umbrella surrounding 
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the convoy . For close in air /missile defense , embarkation

of the gun or miss ile system to be used by the Landing

Force ashore could provide a primitive system. Admittedly,

such an improvisation would not have the extensive sensors

and fire control system of a combatant ship, but would be

better than no close-in defense at all.

A Navy ship is required to survive a hull opening be-

low the water line 12.5% of the length of the ship between

perpendiculars. A U.S. merchant ship, on the other hand ,

is only required to have sufficient stability to remain

afloat with one compartment (of, typically, four or five )

flooded. 1 One opening spanning a watertight bulkhead would ,

of course , flood two holds . The SL-7 class is an e -ception ,

in that it can remain afloat and upright with up to four of

its nine compartments flooded.2 Watertight containers in

the holds of a containership would reduce the volume of

water which would be admitted , but would probably only pro-

vide marginal additional stability. Empty or inert cargo

containers  surround ing explosive , volatile , or valuable cargo

could reduce the consequences of a penetrating hit .

In summary , although merchant ships are more vulnerable

to combat damage than are many Navy comb atants there are

some relatively simp le steps which could increase their

survivability somewhat. Judicious spread loading of assets

can reduce the impact of a single loss or delay.
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Legal Considera tions

Once chartered by the Military Sealift Command , acting

for the U.S. Navy , the ship may be placed under the opera-

tional con trol of a f leet commander or major subordinate

commander. The ship ’s master would then be legally respon-

sible to  an operational Navy commander for the employment

of h i s  sh ip .  The m a s t e r  would be responsible, in turn , for

performance and discipline of his civilian crew. The com-

manding officer of the embarked unit would retain disci-

plinary authority over embarked military personnel.

Although still appearing as a merchant ship, there wi l l

certainly he a loss of innocence by the merchantman as a

result of combat flight operations from her deck. Possible

classifications under maritime law are “auxiliary cruiser ,”

-~ - “armed merchantin- in ,” “converted merchantman ,” or “privileged

combatant.” Howevet , she would probably not legally be

categorized as a warship under the classic definition.

Article 8 of the Convention of the High Seas (1958) states

that a warship must:

a.  Belong to the forces of the naval state .

b. Bear external markings distinguishing warships

of its nationality .

c .  Be under command of an officer , duly commissioned

by the  government , whose name appears on the navy l i f t .

d. Be manned by a crew under r egu la r  navy d i sc ip l ine .
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Since offensive combat operations will be conducted

by the aircra ft launched f rom the ship, the poss ibility of

some civilian crew members being open to war crimes charges

should be explored. Preliminary inquir ies indicate that

they are not violating a law of war and are providing no

deception as to their mission or purpose. They would

probably have the status of “c ivilians accompanying armed

forces in a combat area,” particularly if the merchant ship

were in a convoy of combatant ships and , therefore , sus-

ceptible to enemy at tack . If captured , they should have

prisoner of war status. The desirability of enlisting crew

members in the Naval Reserve prior to sailing may be worth

investigating. ~~~~~

Mar itime Safety Considerations

Interviews with knowledgeable Coast Guard officials

did not reveal any major safety considerations which could ,

in themselves, preclude the operation of VSTOL aircraft

from merchant ships. No definite opinion or decision

could be given until a particular loading plan for a particu-

lar ship is presented. It appears , however , that the con-

cept can be made compatible with existing safety directives.

High explosives must be stowed in a hold separate from all

other cargo , and fuel containers ‘ should” be stored top-

side , al though below deck stora ge could poss ib ly he approved.

Life rafts and survival gear must be provided for embarked

personnel. The structural modifications or installations
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— must be approved by the Coast Guard, as must the habita-

bility--space , ventilation , sanitary facilities , etc .--of

the embarked living modules.
6

As the design of each installation proceeds , there wi l l

undoubtedly be some instances of incompatibility . In these

cases, advance reques ts for wa iver should be prepared in

accordir~:e with Title 46, United States Code , which states :

The head of each department or agency respon-
sible for the administration of the navigation
and vessel-inspect-ion laws is directed to waive
compli ance with such laws upon the request of the
Secretary of Defense to the extent deemed necessary
in the interest  of nat ional  defense by the Secre-
tary of Defense. The head of such department or
agency ~s author ized to waive compliance with such
laws to such extent and in such manner and upon
sum terms as he may prescribe , ei ther upon his
own initiative or upon the written recommendation
of the head of any other Governmen t agency ,  when-
e— .-~er the deems that such action is necessary in
the interest of national defense. 7

Ship Availability

Ships may be obtained via individual  charter under the

Sealift Readiness Programs or through direct requisition

of any U.S. flag ships. Both methods are independent of

mobilization , and could be used to obtain as many ships as

may be required. Although no time-phased ship availability

schedules are available , knowledgeable officials within

the  U . S .  M a r i t i m e  Admin i s t ra t ion  predicted tha t  ships could

probably be made <available in U.S. ports faster than assets

to be embarked could be s taged.  A poss ib le  except ion  could

be RO/RO or SEABEE shi ps , which  are  s imply  less common than
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cellular containershi ps. Requisition or charter of a large

n umber of ships could disrupt civilian shipping and would

be a politically sensitive move .

Competition for ships will include the U.S. Army , which

has already identif ied its requirements for resupply to

Europe , and other landing force elements. The number and

priority of players will be scenario dependent and will be

almost impossible to generalize. Under those scenarios

where tactical aviation units must be deployed via merchant

ship, they should receive appropriate priority.8’9 

-_ 
- 
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CHAPTER VIII

CONCLUS IONS

1. Operation of tactical VSTOL aircraft aboard many

merchant ships is feasible , provided that some ship facil-

ities are installed.

2 The required installation can be made up pre-

dominant ly from hardware which is either existing or already

under de-~ ign.

3. Even with  required instal la t ions, a modified me r-

chan t  ship will probably not be as effective as a Navy ship

designed f o r  aircraft operations.

4. Of the ship types studied , none was ideal , but

al l  possessed many desirable fea tures .

5. Relatively simple national defense features aboard

new construction ships combined with some additional VSTOL

aircraft design criteria will significantly enhance the

operations under study .

6. The most critical factor affecting sortie rate will

probably be res t r ic ted  movement of a i rplanes  between decks.

7. The fac tor  l i m i ti n g  total  n umber of s:~rties during

a c r u i s e  w i l l  probably be the limited amount of aviation

fue l  which can be carried aboard ship and the difficulty of

fue l resupply.
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CHAPTER IX

RECOMMENDATIONS

1. It is recommended that the Chief of Naval Operations form

a working group to es tablish an operational requirement

and define hardware for the employment of VSTOL aircraf t

aboard selected merchant ships. The goal of this working

group should be the installation of a prototype kit and the

conduct of flight tests at sea. This group should include

experts in the fields of :

a. Ship engineering

b. VSTOL shipboard operations

c. VSTOL aircraft des ign

d. VSTOL a i r c r a f t  test and evaluation

e. Amphibious operations

f. Shipboard landing aids

g. Firefighting and damage control

h. Aircraft maintenance

i. Aviation fuel handling

j. Aviation ordnance

k. Ship habitability

1. Mari t ime sa fe ty

m. I n t e rna t iona l  law

n .  Seali f t  mob i l i t y

0. Communica t ions
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2. It ts f u r t h e r  recommended that the work ing group pay

par t icu lar  a t tent ion -to determining soundness from an

engineering standpoint  in order to provide a satisfac tory

degree of e f f ec t iveness, safe ty , and survivability , and

the leaality of conducting offensive combat operations from

a merchan t  ship.
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APPENDIX B

SKETCHES OF TYPICAL INSTALLATIONS

and

PHOTOGRAPHS OF MODEL INSTALLATIONS

Photos by Fairey Engineering , Ltd. Used
by permission of Headquarters , U.S. Marine
Corps.
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reached by air—refueled ferry flights from U.S. bases. Relatively simple
modifications to some newer ships in the U.S. merchant fleet will permit flight
operations by present and proposed inventories of USMC vertical and short take-
off and landing (VSTOL) aircraft. Shipborad requirements are identified and
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potential ship installations are suggested. Emphasis is placed on integration
of existing or already proposed hardware to increase the tactical air fire
power which may be brought to bear in remote geographic areas of national
interest.
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