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NAVAL SH P TECHNOLOGY FCR THE 80s & 90s

By WliliamD. O Nei
D rector of Naval Warfare
QUSDR&E

In this age of "high technology,” it can be very frustrating to be a ship
person. The shipbuilding industry is often taken to epitomze "I ow technol ogy"
conservatism |ack of innovation, slowness to change. Yet when the marine com
munity does produce sonething new and different - surface effect ships, hydrofoils
SWATH - the exciterment usually seens to die out rather sharply as the time comes
to get into production

e response to this frustration is to approach the question of what innova-
tions are to be adopted by the Navy as a purely political one, to be settled on
the basis of the political strength of those involved. It would be fatuous
to deny that this can be effective - each of us can name ships that woul d not
have been built and systens that would not have seen service but for the inter-
vention of the political process. Yet to cast this purely, or even largely as
a political question, beyond disinterested anal ysis and debate, is to debase it
to a war of everyone agai nst everyone, in which victory nust go to the nost
cynical and ruthless. Those who do not aspire to excellence in cynicismand
rut hl essness had best give some thought to the rational purposes ships nmay serve.

W have to guide our thoughts on this, sonme 150 years of history of rapid
t echnol ogi cal devel opnent in naval ships. (If the pace of technol ogical devel op-
ment has not been as rapid as some mght w sh, it neverthel ess has been extra-
ordinarily rapid by any historical standard.) During this period a great nany
i nnovations, great and small, have been adopted in naval ships. At the sane
time, nmany proposed innovations have failed of adoption. Wy was there nore
innovation in this era than in previous epochs? And why did some innovations
succeed where others failed?

The opportunity for innovation clearly reflected larger trends in Wstern
soci ety whi ch we need not bel abor here. The reasons why innovations were taken
up were, in some cases, wholly or partly economc. Thus, for instance, a series
of engineering inprovenents and a few basic cycle changes have brought steady
progress in ship propul sion energy density and power density. Since these
permtted ships to be made snaller for any given mssion they were economcally
attractive and were widely adopted. (Reductions in fuel cost were also desirable
but until recently were generally of |ess economc significance for naval ships
than ship size reductions.)

O course there are a great many features which were once inportant but
whi ch have now becore historical curiousities, overtaken by other innovations
which offered still greater econon c advantages —scotch boilers, triple expan-
sion engi nes, paddle wheels, and scores more. And many other features, seriously
proposed and perhaps even tried on small scales, fell victimto the sane fate
before ever seeing w despread application in naval ships.



Actual Iy, one mght exercise some considerable caution in discussing systens
whi ch have become econonically obsol ete, or have not achieved economc attractive-
ness. Conditions and technol ogi es can change. Twenty years ago, for instance,
nost peopl e woul d have said that electric drive was an idea which had never really
made it, dooned by excessive weight and | osses, so that it sinply could not conpete
with gearing in either energy density or power density. It had seen wi despread
use only when wartime denand had outstripped gear manufacturing capacity, and
then only in secondary types of warships; nost people would have bet that it
would only be under such conditions that it would ever see any but specialized
uses again. But the general shift to gas turbines (with their relatively poor
part-load efficiency and difficulties in providing auxiliary power drives and
shaft reversing) as warship prine novers, significant advances in electrica
machi nery and controls technol ogy, and great junps in fuel costs (thus increasing
the value of even relatively small inprovenments in thermal efficiency) have conbi ned
to make it appear that electric drive will soon re-enmerge as an attractive option
for warships.

In maki ng econonic tradeoffs in warship design it is frequently found that
there are two or nore quite different systens which are very cl ose, econom cally,
and that small changes in the assunptions or the basis for conparison can alter
the choice. Sonetines this results in one systemalways losing out by just a
hair, so that it never comes into wi de use even though it is nearly as good.
Cften it results in one systemwi nning out in this application and another in
that, in a seemngly random pattern which can benuse those unable or unwilling
to probe deeply. O it may give proninence to unquantified factors.

The exanpl e of the gas turbine's adoption is thought-provoking. By the late
1950s it had becone clear that the gas turbine was a practical prine nover which
offered substantial potential for inproved power densities. By the md 1960s a
nunber of gas turbine propelled warships were in service with several foreign
navies. (Mt used gas turbines for high speed boost only: the Soviet "Kashin"
class destroyers were the first major class of all GI warships.) The first major
U S. warships with gas turbine propul sion did not appear until the md 1970s, and
the U S. Navy endured a good deal of criticismand no little ridicule for its
sl owness to adopt this "advanced" formof propulsion, usually attributed to
excessive conservatismand timdity on the part of BuShi ps/ NavShi ps.

Yet a closer examnation reveals a nore conplicated and interesting story.
The conditions which the U.S. Navy faced were by no neans the sane as those
whi ch influenced others to go to gas turbine propulsion in the early 1960s.
Because our Navy's bases lay so far fromits area of operation, the Navy demanded
long cruising ranges at 20-knot speeds, creating total energy requirements sub-
stantially in excess of those for nost foreign warships of conparable size and
type. At the same tinme, the U S. Navy was willing to accept slightly |ower
speeds than sone foreign navies, substantially reducing power requirenents.
Thus energy density was relatively nore heavily wei ghted, and power density
relatively less heavily weighted, in U S. Navy tradeoffs than in those of
the navi es whi ch had noved quickly into gas turbine propul sion



The situation differed on the technology "supply side" as well: while the
U S had a strong gas turbine industry, the U S. Navy had led in the devel opnent
of steam plants operating at higher steam conditions and had reaped significant
advantages in both energy density and power density over the steamplants avail -
able to other navies. The net effect was that the gas turbine's advantage in
power density over steamwas relatively less in this country than in others,
as well as being of lesser significance, while its di sadvantages in energy
density were both greater and of greater consequence.

By the late 1960s much had changed. Gt had produced a gas turbi ne whose
efficiency at full power rivaled that of the best steamplants, and was reason-
ably conpetitive even at part power, while also offering unexcelled power density.
Moreover, the Navy had cone to believe that it woul d becone increasingly difficult
and expensive to neet the operating and mai ntenance needs of steamplants, while
the LM2500 promised to be easy and econonical to operate and nmaintain. There were
al so some subsidiary benefits, such as rapid starting and response.

Even so, the choice was not so clear-cut as sone have since nmade out.
Babcock and W1 cox and GE (another division) counterattacked with a very innova-
tive and attractive steamplant. |If it could not quite match the gas turbine
alternative in terns of total weight of machinery plus fuel it offered
attractions in avoiding the need for separate systens for reversing and el ec-
trical power generation. Mreover, there was at that time a distinct differential
in the prices of the residual fuels then used by steamplants and the mddle
distilates demanded by gas turbines. Thus the decision for gas turbines in the
case of the DD 963 class was sonething of a judgenent call. Subsequent events seem
in general, to have confirned the wi sdomof the choice and there seens little |ike-
lihood of a wi despread revival of steamfor warship propulsion. But it is difficult
to see in the selection of gas turbines the inevitable and divinely inspired
triunph of progress and |light over the forces of blind conservatismthat sone
pai nt .

Indeed, it is difficult to point to many innovations whose virtues have
been so manifest as to secure their acceptance on general principles. 1In the
great najority of cases innovations w n acceptance only when they appear in the
formof carefully-engineered systens of denonstrable practicality and econony.
This, of course, raises a very vexing question: Wwo will bewlling to pay for
the necessary engineering, prototyping, and testing to turn an innovative idea
into a conpetitive systen? O, to put it in the formoften heard by those in
ny position, "Wy don't you idiots have enough sense to support devel opnent of
ny wonderful idea?"

The cl assical theoretical judgenent on the devel opnent of innovations is
that it is economcally desirable just in those cases were the effective rate
of return on the noney so invested is greater than the returns avail able on
alternative investnments. This is a perfectly sound principle, but unfortunately
there are usually wide differences between the highest and |owest estinates of
the returns to be gained fromthe devel opment of any given proposed system
There is inevitably a great deal of judgenent involved, particularly at the



early stages. Thus the woul d-be devel oper finds hinself condemmed to a weary
round of efforts to convince others of the nerits of his ideas--many of them

peopl e who are ill-prepared to understand his technical argunments and ill-

di sposed to listen. Failure thus to secure sufficient resources for devel op-
nment can dooman otherwi se neritorious idea. Fortunately, it is usually easier
to convince others of the nerits of ideas whose benefits are specially great

Thus far, the discussion has been confined to the economc aspects of tech-
nol ogy innovation for naval ships. This of course does not exhaust the topic of
naval ship technol ogy, and indeed does not even touch upon the aspects of nava
ship technol ogy which first occur to nost people: technology for greater nmlitary
ef f ecti veness.

Unfortunately, the mlitary virtues of a proposed innovation are generally
a good deal nore problematical than the economc benefits. |In general, the
mlitary inpact of any significant innovation can be adequately evaluated only
after thorough consideration of the innovation's interaction with and inpact upon
all cooperating forces, and the probable eneny reactions. To do this often
requi res access to know edge which is very closely held, or is at any rate rather
recondite by ordinary standards. This can nmake it difficult to conduct truly
meani ngf ul di scussions of mlitary technology issues, as it is precisely the
i nnovati ons whi ch have the nost far-reaching inplications which are nost hidden
frompublic view It has been ny observation that there are in fact very, very
few real experts on the broader aspects of mlitary technol ogy: those who have
adequate time for reflection generally lack a great deal of crucial know edge,
and those who possess adequate knowl edge (a very snall group) for the nost part
have no tinme whatever for reflection

It renmains possible, however, to obtain some useful partial insights into
mlitary technology for naval ships. First it is necessary to observe that nost
i nnovation issues will involve both mlitary and econonm c considerations. For
i nstance, consider the question of increasing density. ne of the characteristic
features of technol ogical progress in all areas is that it tends to offer increases
in density -- output power per unit of constraining input. As noted above in
connection with propul sion systens, this raises the purely economc issue of
whet her the reduction in ship size will (in conjunction with any other economc
benefits) be great enough to pay for the cost of developnment. |In addition to
this, in nmany cases, cones a nilitary issue of howmnuch of that class of output
may be required on any given ship.

This can perhaps best be appreciated through consideration of a concrete
but sinplified and purely hypothetical exanple. Let us suppose that we have a
ship whose mssions include jammng a certain eneny radar whenever the airplane
which carries it approaches within the range at which it can |aunch a weapon
at our ships. At present the eneny's weapon range is 100 nautical mles, his
radar is restricted to a 10 MHz band, a jammng |level of 100 WM into the
radar's sidelobes will deny it any detection or tracking capability at a range
of 100 n.m Thus the present jamming output of 2 KWis quite sufficient.



But the threat is not standing still. Intelligence estinates that the eneny
is developing a new aircraft which will carry a nore powerful and sophisticated
radar and | onger-ranged weapons. To counter this threat will require a jammrer
with 1 MNVof power, weighing 100 tons. It may turn out that such a thing is
sinply inconsistent with the other aspects of the ship's missions. O perhaps
it it found that it is nore economcal, in the altered situation, to counter that
threat in sone other manner —say with an airborne jamrer which can be carried
much closer to the threat radar.

In any event, the new 0.2 ton, 2 kWjammer does not get taken up. And since
the intelligence projections of the newthreat, and our own plans to deal with it,
are naturally very sensitive, the naval authorities are quite vague about the
reasons for rejecting the newjamer. Moreover, the new ship mght end up fitted
with another jammer of |esser capability in order to neet other needs. Al of
this may well |eave the woul d-be nanufacturer of the new jamrer wondering if he
had sonehow been done in by a nefarious scheme, or bureaucratic incompetence.

It is of interest to apply this sort of thinking in the matter of ship
speed, since it is speed upon which many contenporary innovations focus. The
search for speed at sea has a long and fascinating history. The introduction
of the autonobile torpedo about a century ago gave it new inpetus, since torpedo
craft needed a considerable margin of superiority in speed to have any chance of
gaining a favorable firing position against an alerted opponent. @Gven the
l[imtations of contenporary gun nounts and fire control systens, it quickly
becane apparent that aspiring destroyers of torpedo boats had al so better be
fast. Wat was wanted was dash speed; a torpedo attach on an alerted battle
line would all be over, one way or another, in the space of half an hour.

Al of this led to sone very renarkable ships. But between about 1910 and
1950, inproverents in gunnery gradually changed the "overt" torpedo attack agai nst
a prepared eneny froma feasible, if always risky, operation of war to a natter
of plain suicide. It no |longer depended on the relative speeds of torpedo craft
and defender; by 1950 it was becom ng suicidal to deliver torpedoes even with
ai rpl anes.

At this point the Soviets were the only najor power with rmuch incentive
to think about attacking naval battle forces. They correctly perceived that it
was the advent of real standoff weapons -- weapons able to hit accurately at
ranges approaching detection range -- which had (together with the extension of
detection range brought by radar) rendered surface torpedo craft obsol ete.

They then decided, with inpeccable logic, that the battle force's standoff
weapons could be countered in either of two ways: armthe attacking force with
weapons having still greater standoff range, or nullify the battle force's
standoff range advantage by preventing it fromdetecting the attacker. The
first line of thinking led to the antiship cruise mssile, the second, to the
subrmarine. (Both already existed, of course; the Soviets sinply refined the
designs and built up large forces.)

In many respects, the problempresented by the subrmarine in 1950 was |ike
that of the torpedo boat in 1900. In 1950, surface antisubmarine warfare (ASW



ships coul d detect subnarines and engage themonly at very short ranges. It
followed that the ASWship needed a speed advantage over the subnarine. This
created few probl ens against diesel-electric submarines, even the nost advanced

of whi ch never had burst speeds nmuch in excess of 20 knots. The advent of 30-plus
knot nucl ear subnarines m ght have been expected to create a need for very fast
ASWshi ps, however. But the U S. Navy elected instead to pursue a standoff
capability agai nst subrmarines. This has in fact been achieved to an extent which
effectively nullifies ASWship speed as a tactical factor. The typical engagemnent
of a submarine by an ASWship now woul d invol ve a sonar detection at a range of
many mles, followed by dispatch of a helicopter or a rocket to deliver a torpedo.
War games and simul ations show that high dash speed would only rarely be of any
val ue to the ASWship, regardless of the subnmarine's speeds.

Interest continues to attach to high transit speeds for ships, independent
of dash speed. First of all, just as in commerce, high transit speeds can bring
econom es through increased utilization of expensive capital resources. Beyond
that, however, there is the mlitary consideration of strategic nobility; the
ability to transfer forces rapidly fromone theater to the next. It is, funda-
mental ly, this consideration which has led the Soviet navy to stress |ong range
aircraft as carriers of antiship cruise mssiles.

As noted before, the U S. Navy has placed nore enphasis on sustained high
transit speeds for its ships than any other najor naval power. Even so, its
hydr ocar bon-fuel | ed ships have deficiencies in strategic nmobility which are
someti mes serious, and naval |eaders have stated that they would prefer to
build only nuclear ships, if it were feasible. Thus any innovation which
brought increased transit speeds woul d be wel come just in case it brought
i nproverents in specific resistence or energy density sufficient to pernit
ranges at |least as great as those achieved by today's ships at their |ower
transit speeds. Mreover, the innovation would clearly have to be nore afford-
abl e than, say, nuclear power.

Al of this is not to say that speed |lacks value; it is for their speed
that we buy nost airplanes. |f airplanes did not exist we should undoubtedly
be nore interested in faster ships.

Al inall, it is difficult to envision dramatic devel opnents in those
aspects of naval ships which have traditionally been the principal focus of
interest for naval architects and marine engineers. Yet there will certainly
be changes, and | will venture a few personal observations and predictions:

— The dom nance of the gas turbine as the power source for warships
will continue and, if anything, grow. Mediumand sl ow speed diesels wll be
seen with increasing frequency on naval auxiliaries and even certain conbatants,
because of the operating economes involved with their |ow fuel consunption.
New generations of gas turbines will continue to be derived fromaircraft engines,
but will come slowy due to the very high devel opment costs (typically about
$1 billion for a major new aircraft engine).



— The search for energy density, and fuel cost savings, will lead to
increasing integration of shipboard energy systens.

— Nucl ear propul sion systens with increased power density and reduced
cost would be very attractive, but the costs and risks involved w |l probably
continue to stynie serious devel opment efforts.

— There will be significant use of fiber conposite materials —parti-
cularly high-nodulus materials —in highly weight-sensitive applications.
Except for this, there seens to be relatively little prospect of substanti al
change in ship structural materials.

— Avariety of "advanced vehicl es" -- (including hydrofoils, surface
effect ships, air cushion vehicles, and small water-area twin hull ships —
will be built for naval m ssions in which one aspect or another of their
features will be of special value. Mst of these craft will be relatively
smal |, however, and there will be no whol esal e nove toward unconventi onal
vehi cl es for nost m ssions.

— Modularity, in one formor another, will conme to be of increasing
interest in naval ship design. There will be great reluctance, however, to
pursue nodul arity past the point where ship size or acquisition cost is signi-
ficantly affected, regardl ess of projected |ong-run savings.

There will be increasing interest in inproving approaches to passive
protection of warships against a wide variety of weapons. But again, the interest
wi Il stop short of anything which will increase ship cost by more than a few
percent, except in a few special cases.

— Ships will be host to ever-growi ng nunbers of increasingly conplex
digital electronic devices, linked by serial data buses.

— Flexible, adaptable robots will increasingly take over the nore
routini zed of shipyard tasks, and may start to take their place in ship "crews."

Devel oprent of i nproved shipboard conbat systens will, of course, continue.
Announced Navy prograns in this area concentrate, for the nost part, on systens
which are superior to those they will replace but not fundanmentally different
in principle.

Many peopl e believe strongly that VIOL (vertical takeoff and |andi ng)
aircraft will become common on warships of all types over the next two decades.
I amnot anong them for reasons which woul d nmake a | engthy paper in thensel ves.

In general, | believe that naval war will come nore and nore to be dom nated
by surveillance: he who can best detect and track his opponents half an ocean
anway W ll enjoy great mlitary advantages. Conversely, he who can deny the eneny
the ability to find and follow his ships (and other units) will reap simlar
rewards. In the contest of surveillance and counter-surveillance, operational
and technol ogi cal surprise will be of conpelling inportance, and so | nust |eave
you, in this area, to speculate for yoursel ves.

THE END



