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EDITOR’S NOTES

MARITIME ENGINEERING JOURNAL
WINTER EDITION, 1983

hs we sit down to assemble this edition of ocur Journal winter is
starting to £all on the Kational Capital. OQutside activity is slowing down
and preparation for a long winter is underway. We have just copleted the
CPE evaluations and that puts us one step closer to new hulls which ewveryone
longs for. Unlike the "great outdoors” #he pace in the CPF Frogram
Mansger's shop is picking up. However, Commdore Healey (PM-CFF) has taken
time ocut of his busy schedule to write an article for the Commodors's
Cormer. I am sure you will fipd it of interest.

In this edition you will also find some of the articles that were
produced for the 1982 MARE Confersnoe but were not publigned in that doou
mentation. Here is your chance to read these papers. In addition to these
articles one of our staff has put together feedback of the 1982 MARE
Conference. You may find this of interest to reflect on when thinking of
subynd gaions you want to oontribote to future conferences ar &0 the Journal.

Flans are now being made for the next conference. The weme will be Uppar
Canada in the Spring of B4,

I am concerned about the future of the Journal. It is my understand-
ing that there 1s enthusiasm for the Josrnal amongst ouwr ranks at all
levels, however, we have not received amy papers or letters for publication
from the general readership. I hope that everyons will give some thought to
the Jouwrnal's lapout and comtent. Does it suit your needs and desires? Is
it necessary? Of coarse, it goes without saying that the Journal <an oaly
survive and thrive throogh the lLively irput of its resders. Comments and
articles for the nesxt editicn should be submitted oy June 1983.
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COMMODORES” CORNER

By COMMODORE E.J. HEALEY
PROGRAM MANAGER CANADIAN PATROL FRIGATE

Commasdore Healey Pus besn the Pragram Manager foe the Canadian Paircd Frigaie since Jure 1380, Prior o cthis
promation to Commodore he held the Matonal Defence Hesdgueen appainiments of Marine and Elecerical Enginesring
fram July 19TE 1@ July 197% snd Maritime Emgissering and Maintemance from July 1979 1o june 1380, During the DIDH-
280 Project be was the Canadian Machinery Triak Officer ar the Ngval Engi ing Center, Philadelphia, U5, A, Orver his
earees by has served in variows skips and on both the east and west coass. In addition, he undertook some of his engineering
rraining with the Roval Mavy.

I have long been an adwocate of a Maricime Engineering Journal ard 1
am delighted that one has finally appearsed. I congratulate Commedore Ball
and his staff for the foresight and dedication they heve shown in producing
this wvery wortlwhile publication. I urge all of you to take a moment and
contribute to your Journal.

As most of you kmow, 1 have been with the Canadian Patrol Frigate
Program for ower two years now and although at times it may seem like the
“ships at the end of the tunmel” are not getting any nearer, I can assure
you that we are making steady progress and we are indeed within striking
distance of our lmmediate goal, which is a aoverrment decision to proceed
with the tuilding of the Frigates. That milestone is schaduled for the
early summer of next year [1983).

A few weoks ago, the two conpeting contractors deliversd their pro—
posals to the Program Office. We received owver 9 tonnes of material with one
contractor having over 28,000 pages plus drawings amd the other close to
39,000 pages plus drawings. As you can appreciate, the people in the CPF
Office as well as DEEM and OMDO staff, military and civilian, hawve been
very tugy indesd wading through all this mass of documentation. HMeedless to
say I am wvery prood of the dedication Ayl enthusiasm which all these pecole
hawve displayed in an attempt to get this difficult task done efficlently and
quickly.

The role of the Maritime Engineering classification in this new,
novael approach to ship procurement has changed from that which we were nsed
to under our previous in-house design practice. Wwhile the role has changed,
I believe the need for good engineers and architects in the classification
is now greater than ever. During this curremt proocess our naval architects,
marine systema engineers and oombat systems engipeers have been intimataly
involved in not one but two major warship designs: their input to this
process has been crucial to its eventual success. This process would be
extremely difficult, if not too risky, without this lmowladgeable and
capable design team being available to bring its expertise to bear on the
output of the two contractors. This is only now beginning to be
appreciated by those who are working on the program.

During the implementation phasa of the project the competition for
the talent of the classification will intensify as we in the CPF Progoam
atkempt o obtain the nuebers of people we need to man all the warious
functions we are going o hawe to perform for the next 8 to 10 years. I can
praomise you stimolating and rewarding work, but work it will be, with
dedication and comnitment required from each and every mamber of the team.

The maritime engineering fraternity faces this new challenge in the
80's and I am sure they will meet it with professionalism and the necessary
will to win that cannot help but result in the procurement of fine new
ships; doing not only ourselves prowd, but the whole coumntry prow! in the
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THE MEAN LOOK

FART 11

LIEUTENANT COMMANDER G.N. WISEMAN

THE AUTHOR

ICdr G.N. Wiseman joined the RN in 1961 as an Ordinary Seaman
Apprentice (Hull Technician). He served in various HMC ships and worked in
the DOH 280 construction project prior to attending Carleton University. He
graduated with a B Eng Civil degree and worked in NDHQ for three years
before receiving his MSc in Naval Architecture from the University of
Lorndon. Over the last three years he has been associated with submarines,
first as SO Sub CDLS London and since 1980 as Project Manager, Canadian
Submarine Acguisition Project.

ABSTRACT

This article is the second of two parts, the first of which was pub—
lished in the inaugural issue of this Journal. It is a rewrite of work pre-
pared for the department specifically for the CPF design. The theory of
lines of forces, Dunn Curve, profile, slope, flare, and interval were pre—
sented in the first part. This part contains an illustration of some appli-
cations of this theory. It must be noted that the CPF presented here is
conceptual and may not bear any relationships to the current designs being
produced by the contractors.

APPLICATIONS OF BASIC THEORY

A warship should appear to be threatening, well armed, enigmatic,
fast moving and seaworthy. To achiewve this effect, it should be low in
profile, have strong coordinated lines, styling which unifies the cam
position, and be covered with a variety of thorny projections. There are,
of course, some expectations to these ideas, but in general the more effect-
ive appearing warships have the highest possible cambination of these
gqualities.

Three current examples of the newest U.S. Navy warships can be used
to illustrate the gpplications of our new aesthetics vocabulary; the CGN36
California Class nuclear-powered cruiser, the DD963 Spruance Class destroy-
er, and the FPG7 Oliver Hazard Perry Class frigate. Later we will contrast

these examples with the CPF as reconfigured herein.
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These are some general distingquishing qualities of the Profile and
Lines of Force of the CGN36 California which are immediately observed as
shown in Figures 5 and 6. The California has a highsided, chunky appear—
ance. The superstructure is distributed vertically more than horizontally
and confined almost to the center of the ship's length. Large wvoids are
apparent fraom which proportionally small weapons project outward. The few
projections on the California tend to be dwarfed by the mass of the
superstructure and hull. The distribution of superstructure places the
visual focus of the ship about midship and outside the Dunn Curve. Addi-
tionally, interest is split fore and aft giving the ship a Pushmi-Pullyu*
effect of a ferry boat, lacking a defined sense of direction of travel.
There are few horizontal parallel lines to give a sense of scale and the
distance fram water-line to the sheerline andd the sheerline to top of super-
structure is both enormous and unbroken. The large vertical blodks of the
superstructure are predaminant, giving the ship a solid, static appearance,
one devoid of dynamic motion.

* From the story of Dr. Doolittle by Hugh Lofting 1920, Chapter "The Rarest
Animal of All". The Pushmi-Pullyu was an animal with no tail but has a head
at each end and no matter from which direction you approached, it was always

facing you.

FIG. 5 PROFILE ENVELOPE/CALIFORNIA CLASS

Mote large voids, small relative size of electronic and weapon systems and the concentration of the
superstructure mass which gives a chunky appearance. Additionally, the forward and aft slope is
broken and changes its rise abruptly. The California Class Is only 26 feet longer and one foot
wider than the Kara Class,




FIG. 6 PRINCIPAL LINES OF FORCE AS SEEN IN THE CALIFORNIA CLASS CRUISER
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Note the number of strong perpendicular lines and the percentage of Tlat vertical surfaces,

The forward slope line drawn from the bow to the mast truck of the
California describes a course vwhich starts with a relatively slow incline,
then runs parallel to the sheerline over the first set of weapons. It then
abruptly Jjumps to the top of the bridge and flattens out again across the
radars before accelerating rapidly to the top of the mast. The large voids
have little which pushes back into the surrounding space and, therefore,
give the ship the appearance of mudity and of being under-defended. Few
shapes in the design seemn coordinated with others in a cawpositional whole.
The slabsides of both hull and superstructure and the building block appear-
ance of unrelieved planes, devoid of surface articulation, give the ship a
sense of being designed with a T-square rather than with an architect's ship
curves. Finally, there are few convincing visual clues as to the contents
of the sghip relative to its enormous size or its ability to meke war. One
is left only with the impression of large size and uninteresting voids.

The U.S. Navy DD963 Spruance and FFG7 Perry Classes also exemplify a
trend toward designs which, though perhaps practical and functional, are
less than appealing in terms of appearance.

As shown in Figure 7 the Perry has the appearance of being assembled
from modular components, squarely stacked like building blocks on the hull.
Large voids, the vertical distribution of superstructure mass, and the lack
of a coordinated whole, give the ship a bloated appearance. Lines of force
are predaminantly wvertical and the between deck interval is monumental.
Lack of a clear delineation of decks results in a loss of the sense of scale
and makes it difficult to determine the actual size of the ship.
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The Perry suffers not only from abrupt level changes in the super-
structure, but also from the impression of having two Texas oil rigs for
masts and a gun mounted on top of a barn. These factors contribute to the
belief that neither creative space utilization nor appearance was a primary
cbjective vhen designing this ship. If, however, such a large volume was
necessary, a more horizontal distribution of superstructure might have
resulted in a ship substantially different and more attractive and
purposeful in appearance as shown in Figure 8 and 9.

While as shown in Figure 10, the Spruance has organizational quali-
ties which erhance the ship's appearance, it still suffers fram large voids,
high wvolume and small murber of visible weapons. The abrupt break in the
sheerline at the forward end of the massive superstructure has the
appearance of a concentrated mass on an inadequate supporting structure.
This leads to a most unfortunate psychological effect which gives the ship
the appearance of being broken at this point. The Spruance might have been
a visually stronger ship if the wvolume of superstructure had been
horizontally distributed as shown in a radical reconfiguration of the
Spruance illustrated in Figures 11 and 12. The examples shown provide a
strong forward slope and distinctive placement of weapons.

FIG. 7 PRINCIPAL LINES OF FORCE FFG 7 OLIVER HAZARD PERRY

Texas oil rigs

Weapon lost in void
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Mote the lack of coordinated lines, the emphasis on the vertical. The ship has the appearance of an
assembly of component parts.

Abrupt level change

Large void
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FIG. 8 A RECONSTRUCTION OF THE FFG 7 PROFILE
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This profile reconstruction represents only a slight departure fram the current assembly of the
major elements which comprise the FFG, However these elements which characterize the ship were
reassembled to follow the principles of the Dunn Curve, forward and aft slope, interval, and the
horizontal distribution of superstructure mass, thereby giving the illusion of a lower profile. This
reconfiguration was based on the presumption that the appearance of a ship can start with an
organic shape suitable for a vessel of this size and misslon, which is also pleasing to overall
appearance, The weapon and electronlc sult was then configured and integrated to fit the shape
rather than being added on as an afterthought. If the number of visible weapans were increased, a
good looking ship would maore effectively project warlike potential 1o the viewer,

FIG.9 A RECONSTRUCTION OF THE FFG 7 USING A SMALL FRIGATE PROFILE

MNote the use of a knuckle
to relieve unavaidable
highsides where large
volume must be enclosed.

Rolling the deck
edges accentuates the
ships' lines

Flare gives the
ship a greater sense
of buavancy i




FIG. 10 PRINCIPAL LINES OF FORCE SPRUANCE CLASS

The most dramatic assel
in this ship is the sense of
forward motion caused by
a strong bow line and the
stepped forward shape of

the masts
¥
WL WL
The weakest points of this ship ,-" e Broken sheer line
are its highsidedness, large voids,
lack of harizantals and great
between deck interval
—
-
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MNote: Superstructure falls outside Dunn curve and splits focus forward and aft. There are large
voids and highsided planes. Despite some of these factors the ship's composition does have a sense
of arganization. |ts appearance is hetter than it might have been had function alone been driving
the design as appears to be the case In the FFG 7,

FIG. 11 RECONSTRUCTION OF SPRUANCE DD 963

Reconstruction of Spruance
making only
modesl changes
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Mote: Like the Spruance this ship drawing
has a split focus but coordinated lines
pull the composition together

Reconstruction of Spruance

Mote: strong Farr-ard sweep
with more radical styling S
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Mote: In both drawings approximately the same volume is maintained as in the current 963 class,
but the ships drawn here have a profile adjusted to appear more haorizontal than vertical.
Additionally weapons are more prominently displayed,
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FIG. 12 PERSPECTIVE DRAWING OF RADICAL STYLING FOR 963 CLASS

MNote the total volume is

approximately the same as the

current 963 but distributed horizontally
in order to give the ship a lower profile

In discussion with engineers who are presently engaged in the
design of new U.S. warships, and who in many cases were also involved in the
design of early post WWII ships, relative to their concept of the importance
of aesthetics in warship design, the caument heard is always "Yes, of course
we appreciate the importance of producing good lodking ships. However,
there are many fact in the current design atmosghere that tend to relegate
aesthetic considerations to a lesser role than they have occupied in the
past.”

It has already been pointed out that warship design, as is the case
with the design of most other objects today, is no longer the product of the
talents of just one man. In place of the single senior naval architect, who
used to sign his name on all plans owver such a title as "In Charge of
Work", we now have project managers who coordinate the efforts of many
specialists. HNot since the ships designed under the practiced eye of John
C. Niedemair (1940-1959) have U.S. Navy warships had a strong advocate for
appearance.

In the U.5. Navy during the feasibility and preliminary design
stages, the camputer is now used extensively, not only to perform most of
the tedious individual calculations previously done by hand, but also to
produce early stage conceptual designs. ‘Thus the extent of human involve-—
ment in the design process has been greatly lessened. The project manager
is in the unenviable position of having to provide answers to the seemingly
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erdless, "What 1f?" guestions that must be answerad during the early design
stages. Thus, while the camputer should have saved time, and permitted such
things as aesthetics to be given greater consideration, it has instead
resulted in the escalation of the nunber of early stage studies from the
tens into the hundreds. Also, in the present inflationary and tight hudget
climate, the project manager is extremely conscious of desigm as well as
construction costs and may, therefore, be loath to devote much of his
resources to pramting aesthetic considerations lest he be thought ladking
in hard nosed fiscal responsibility.

By camparison of what is judged to be the relatively poor appearance
of recent U.S. Navy warships, the Soviet Navy has established a strong
tradition of ship design aesthetics preferences which is reflected in all of
the recent additions to the fleet. Many are eshibited in the recent Soviet
Kara Class Cruiser as seen in Figures 13 and 14. This ship appears to be in
the crouched, low profile stance of a fighter. Its superstructure and hull
show lines of force vhich are coordinated and purposefully directed. There
are diagonals projecting outward and parallel lines reinforcing the sheer-
line. There is a sense of internal motion in the design. Large masses were
kept low and the hign points surrounded by an aura of spiny stinger-like
projections. Its weapon and electronic systems appear larger than life as
they stand out relative to the ship's size.

Rather than aligning the axis of a weapon or electronic system over a
platform or with the ship's centerline, these objects were often centered to
the extreme sides and dressed to the forward edge of the platform. This
practice acentuates an upward thrust. BAs a result, the forward slope drawn
from the bow to the highest point of the Kara passes smwoothly through all of
the ship's primary war-making equipment and never once touches the opague
outline of the ship's superstructure. From nearly every viewing angle, the
ship appears to be covered with thorns. The Kara's superstructure has
tutblehame and wvery few wvertical surfaces. There does not seem to be a
straight line amywhere in the ship. Flare in the hull and mumerous bevels
and turns in the funnel, deck adges, bridge, radar mast, and throughout,
make a highly articulated and stimulating surface. 'The roll of the dedk
edge catches the sunlight and the strong repetitions parallels to the
sheerline. These lines give the ship a sense of scale while accentuating a
horizontal appearance that gives the illusion of holding down the profile.
There is a heavy concentration of lines of force which gives a visual focus
around the ship's bridge and radar mast, thus giving the ship a strong
conpositional theme and area of high visual interest. Though the Kara does
not conform to the Dunn Curve, there is nonetheless a well defined forward
and aft slope which more than makes up for this one defect.

The Kara's strong dominant sheerline, supported by flare in the hull,
is a fast moving thematic curved line which drops back quickly fram the bow,
eases itself under the superstructure and runs the length of the ship before
briefly popping up again at the fantail. Considerable flare in the project-




FIG, 13 LINES OF FORCE SEEN IN THE KARA CLASS CRUISER

WL

Note the principal Lines of Force which give the Kara class a dynamic quality. Lines of Force unjte

the composition and direct the eve. Mote the heavy concentration of lines around the ships’ bridge
and the radar mast.

FIG. 14 KARA CLASS CRUISER PROFILE ENVELOPE

Mote the aura of thorny pesdsctions surrounding the ship and the relatively low profile of the
superstructure mass. Significant ele ¢ and weapan systems are p d in prominent locations
or high points and tend to b= la ve to the ship's size. Note h the ship dogs not
conform to the Dunn Curve there 2 strong visual interest centered around the ship's bridge
and a well defined Forward ang AfT slope.
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ing bow casts a strong shadow and sense of solidity, while the elliptical
bow has a sharknosed appearance reaching far ocut over the water ahead of the
ship. This makes the waterline run seamn finer than it is, as well as pro-
viding a source of color variation along the length of the hull.

The appearance of a strong projection is again reinforced by the
posed cobra-like appearance of the pilot house and visions of pincer-like
missile launchers. The tentacle eyes of the Headlight illuminators are
strongly suggestive of a menacing insect creature. Fram all directions, the
Kara represents a formidable appearance which did not came together by acci-
dent. Far too many associations seem deliberately intended to give the ship
a sense of speed, stability, and stinger-like quality in its silhouette.

The appearance of Soviet warships seems to be a conscious attempt to
take maximum propaganda value from the fleet through the artistic medium of
design styling. Recent Soviet warships like the Kiev, Moskva, and Krivak
speak of the concern for overall appearance and appear to have been designed
with some fundamental ideas of what looks effective. It is known that the
Soviet Union uses a national design body, the All-Union Research Institute
for Technical RAesthetics (VNIITE), as a source for coordinating the appear-
ance of industrial products. Among the six artistic design bureaus in
existence in Decenber 1970, one helonged to the Ministry of the Shipbuilding
Industry which is responsible for designing and building naval as well as
merchant ships. The head of this bureau, O. Arnal'd, has written at length
about how a ship's silhouette is formed and has stressed, in particular, the
importance of the angular characteristics of a ship's extremeties.*

The last non—Canadian example used herein is the British County Class
cruiser introduced in the early 1960's, as shown in Figures 15 and 16. This
ship illustrates how a successful design solution can be achieved with a
minimumm canpromise between maintaining high wolume for weapons systems while
achieving a well balanced and good locking ship. ‘Though the County has a
small muber of weapons and electronic gear, the ship does avoid the slab-
sided, static appearance of the U.S. warships because it follows the
principle of the Dunn Curve and uses balanced lines of force, tumblehame,
flare and knuckle, coupled with a minimm of perpendicular lines.

The County Class is obviously less pretentious than the Kara and
seans to represent the restrained style of a refined British attitude toward
shipbuilding. The balance was carried out so well that this ship seams
deceptively larger than it is and very purposeful in appearance.

*  Footnote - Dr. BRaymond Hutchings, Soviet Design Practices and Their
Influence on the Design of Sowviet Warships, London, England, wnpublished,
1977,




FIG. 15 PRINCIPAL LINES OF FORCE IN A COUNTY CLASS CRUISER

MNote the intervals of paraliels to the sheerling and thas wery few perpendicular lines are to be seen.
All the Lines of Fosce are coordinated to glve the ship an harmonious appearance. Though not as

dynamic as those of the Kara, the design does convey 2 sease of motlon.

FIG. 16 PROFILE ENVELOPE OF A COUNTY CLASS CRUISER

sn of the superstructure mgss along the length of the ship. There are

Mote the horlzontal dissibatio
few abrupt verticals
compromise between 2 mesd
ship which appears to be karger than it really |s.

the Dunn Curve. The design shows a good
ow profile, It is a well proportioned

ip piles evenly following ¢
for high volume and desire for
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ASTHETICS IN THE CANADIAN PATROL FRIGATE

In considering the baseline CPF (Canadian Patrol Frigate),** the
design was an attractive ghip to start with, compared to recent U.S.
designs. There are many strong points vhicdh contribute to the CPF design's
success and handsome appearance,  Because of these, it is difficult to draw
broad general contrasts as comparsed to the other examples previously
discussed. Same subtler points affecting the appearance in the CPF,
therefore, must be addressed.

In Figure 17 there are some important observations vhich can be rade
concerning the arrangement of the CPF masts, superstructure, hull, kwuckle
ard sheerline, the ship's lines of force and Dunn Curve. In Figure 18, the
broken forward and aft slope of the original design iz apparent, as well as
the general distribution of tophamper which peaks in the after third of the
ghip's length, ocutside the Dunn Curve. This is primarily because of the
high mainmast and a split visual focus between the arsa of the AN/SPS-49
located above the hangar and large stack and the forward end of the ship.

Figure 12 shows the principal lines of force of the original ship,
notably the strong vertical generated by the mairmmast and the distractive
and noncomplimentary conflict of a divergent hwll knuckle line and main deck
shesr line.

** With respect to the CFF - The bageline design referred to here was that
produced by the Director of Maritime Engineering and Maintenance staff for
the feasibility studies. It may not bear amy relationship to the final
design.

FIG. 17T CANADIAN PATROL FRIGATE BASELINE
NO. 5 AN 79
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FIG, 18 CPF PROFILE

Drunn Curee

‘,,-"'

Braken Afy Slope Lise

f ‘WQ: ward Slope Line
_,._,_._ﬂ—""; L ®
£

w Y _ —%, o

Mote: Becauss of the Larse Sizck, mast arrangement, and distance between Pilothouse and stack,
there is split foces whics se'ls the eve aft towards the stack and AN/SPS 49 Radar. This effect
makes the ship aopesr 1o be dower than if the focus were forward.

FIG. 19 LINES OF FORCE BASELINE CPF
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In order to attespt o improve the CPF aesthetic appearance the

following changes wers made to the design:

a. Figure 20 shows <

the appearance of

he current pilothouse, its large flat front anmd
falling backwards upon itself. Therefore the

pilothouse and associated decdkhouse were moved forward and
modellad o accentuate a horizontal thrust as seen in Figure 21.
Care was t3ken not to provide an abrupt change in silhouette and

the impact of imterval was carefully addressed.

b. The ASMSDS Lamdher was relocated aft over the hangar replacing

the AN/SPS—4% antenna.

c. The foramast sas mowved aft but kept well aligned with bulkhead

supports below.

e
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BRIDGE APPEARS
TO FALL OVER

FIG. 20 CPF BRIDGE ___BA.CKWARDS
H'\.
g =__— H\‘\
OopnnQ ™,

FIG. 21 RECONSTRUCTED BRIDGE
WITH STRONGER PROJECTION

d. The AN/SPS-49 was tiered between the WM25 dame and the foremast
on a stylized stub dedkhouse which was integrated with the ECM
antenna supports.

e. The Harpoon quad launchers were relocated outboard P/S providing
forward thrust and an increased degree of aminousness.

f. 'The Flight deck was made flush to the transom which was reshaped
as shown in Figure 22. Recessed Line handling areas were
provided below on the Second Deck. The Kmuckle Line was dropped
down to line up with these openings and followed the run of the
Second deck forward with a slidght rise at the bow.

g. A stylized fiberglass schield was developed for the 76 mm gun
mount to improve its appearance.

s



FIG. 22 CPF STERN

As designed C

o\
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As modeled

Wider cantinuaus deck ared

The resulting changes to the ghip's lines of force and Dunn Cures
ghown 1in Figures 23 and 24, and the camparative silhouette (befors
aftar) are shown by Figure 25.

A

the new desian. For example, as shown by Figure 26, a flat plane Taswiess
stack might provide an interesting alternative to the current configm=i=
Figure 27 illustrates the possible use of MACKS (canbined/mast/sta=) =
lieu of the truss work structures initially selected.

Other possible styling cdhanges were considered but not inclafes =

From an engineering standpoint it is judged that most of Se=e
changes will have a negligible impact. Indead, as proposed, the «=eooe =
sensor ocoverages, particularly for the WM25 and ARMSDS, are substammial be
improved. 211 sensor masts and deckhouses are located over ‘renserse
bulkheads in the superstructure and hull. Cne probleam might = =
provision of adequate wvertical and lateral structural support aloms =
proposed deck house front fram the 01 to the 03 levels. bthile aliomes wnes
a web frame this does not presently align with a hull bulXhead loc=te=f S oe
the main dedk. ‘This might cause problems for the regquired tramsSes &
lateral nuclear air blast loads and accordingly reguire further stas .

-
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FIG. 23 REALIGNMENT OF SUPERSTRUCTURE TO FOLLOW THE DUNN CURVE

Mote: 1. Center of focus is concentrated in area of Pilothouse and the AN/SPS5-49 Radar
2. Improved forward & aft slope despite mizzen mast
3. Coordinated knuckle and sheerlines relieve highsides and accentuate herizantal Lines
of Force
4, Farward thrust of Pilothouse seems to pull the ship farward

FIG. 24 LINES OF FORCE STRENGTHENED
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Mote: Lines of Force visually pull the ship forward and give the ship a3 more dynamic guality

FIG. 25 COMPARATIVE SILHOUETTE

Stylized CPF
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Current CPF Stack [

Soft angularity treatment

Dracula Collar

FIG. 26 CONFIGURING A GAS TURBINE S5TACK

vl

[TT
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Angular Stack in Dracula Collar

Stylized Gas Turbine Stack with great angularity

FIG. 27 LIGHT PLATED MACKS & STACK ARRANGMENTS
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THE IMPACT OF AESTHETICS ON FUNCTION AND COST

Appearance cannot be bought like so many nuts and bolts. It must be
engineered into the design from the wvery beginning and not as an added on
feature or afterthought. For this reason, employing stylists who can only
deal with the superficial and not the engineering concepts as the design
evolves should be avoided.

It is our Jjudgement that within narrow constraints, improved
appearance, including major dhanges to the inboard profile, can be obtained
at relatively low cost. There is an impact - but it is small, relative to
the total ship cost. Appearance can be bought, but only 1if it is a
stipulated customer requirement.

Why then is it that many recent warships appear > fall short of
these ideals? ‘There are perhaps several reasons which contribute to the
oproblem, One is not having appearance as a goal. In conversation with
aval architects it is so often said: "If we could only put some more
visible weapons on the ship, it would lock so much more impressive." The
frustration expressed may really be one of not having a clear idea as to
what a modern warship should lock like, because there 1is yet to be
established a fimm lexicon of design solutions, the use of which can lead to
an effective appearance in warship design. But the biggest impediment seans
to be the idea vhich some engineers use as comwon Jjustification for
appearance, that "form follows function.”

In advanced technological societies there is a strong cultural bias
for such a myth. For example, there is ‘"beauty in that which is
functional." Unfortunately, should we fail to grasp the significance of a
purely functional form, our opinions are dismissed as being ignorant of what
constitutes good design. This attitude tends to ignors the fact that not
everything that is functional is beautiful, or that pecople do have
preferences and expectations of forms to perform certain functions.

The idea that form follows function is the result of an overly
simplistic defensive attitude that if it is ‘'"right" in functional
engineering terms then it is necessarily aesthetically right in form. This
point becames further confused by the coincidental beauty which we may
discover after the fact in some objects, and more often out of our natural
desire to see something beautiful in every object, even if it isn't. Form
does have its roots in the functional, but aura is demanded if the form is
to have appeal. What is lacking in the eguation "form follows function" is
that only some forms follow certain functions. To be appropriate, an object
must have an emotional relevance to the viewer.

An illustration vwhich may make this point clearer as to what seems
appropriate is the new Otto Melara 76 mm gun currently mounted on the CFF.
As shown in Figure 28 it is a design whicdh is meant to function as a gun but
which gives an impression of being an overturned coffee cup with a soda

-18 -



FIG. 28 BOLT DOWN SHROUD FOR
THE OTO MELARA 76/62 ANTI-SHIP ANTI-AIRCRAFT MOUNT

% e Lines of Force
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o

Recoitiurad hroud Lines of Force for a more
LEMER EMEL um like appearance
for Oto Melara 76 MM e ¥

straw stuck through it. The lines of force work against each other and a
strong, lethal compositional theme is not generated. Had the shape of the
gun been designed to convey a visual message of being capable of great harm,
the shape would be more like an &rmy Lecpard tarnk turret instead of a coffee
cup. The lines of force of the 76mm qun could be redirected by developing a
new shroud which better conveys the message of being a gun.

There is one last point to be made about achieving an appropriate
appearance to project an image. The inner ccdhiesiveness of a comosition,
whether it is a 76mm gun or a ship design with many parts, is a function of
these parts. Llarge or asmall, a design must seem to work together if a
successful result is expected.

There are several other factors which appear to influence a ship's
appearance. One consideration is the apparent hulk of our ships, or as some
would say, "They no longer have a long, low, sleek lock." BAn examination of
the relationship between total enclosed volume and displacement, e.g., the
density of newer ships, indicates a definite increase in wolume per ton of
displacement. Lengthening a stocdky appearing ship may improve a poor
appearance but length is the most expensive dimension to increase and hence
is avoided whenever possible. It is thus little wonder that some warships
have grown much higher, faster than they have grown longer. It should be
noted, however, that in a few instances vhere a fixed power plant is the
only one available, such as a nuclear or gas turbine plant, and a relatively
high speed is required, the hulls of war ships have, of necessity, retained
the longer proportions.
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An example of this for gas turbine propelled ships is the U.S5. HNavy
Perry Class. However, because of the way the superstructure mass and
weaponry was distributed the ship still appears bulky. Nuclear ships, such
as the California Class, which might have benefited through long proportions
present another unique styling problem because of the need to have a clear
core ranoval arsa for the nuclear reactors. This resulted in a high and
discontinuous superstructure profile and a wery large clear deck area for
the forward missile launcher and gun mount. Judicious placing of intermnal
equipment within the ship's superstructure over the reactors, which would
have allowed rewowval during infreguent recoring, might have significantly
improved the wisual continuity of the superstructure.

CONCLUSIONS

Campromises can be made in a ship's functional design regquirements
which will lead to successful results if appearance is accepted as one of
the fundamental objectives of the ship design process. More importantly,
the appearance of a warship as a credible force with deterrent value serves
as a couvincing affirmation of national determination and sincerity of
foreign policy. In other words, a warship should represent the most
convincing commitment, for no matter how sophisticated or primitive the
viewer, or how subjective his opinion, the world sees shippuilding examples
and, in turn, forms opinions about the pride and sincerity of the builder.

In order to accomplish this, an effort must be made to reduce a
ship's profile. Distribution of the superstructure following the principle
of the Dunn Curve, and driving large wolume into the hull by stressing
horizontal space utilization instead of vertical, is demanded.

Ancther factor is the constant fight for centerline placement of
weapon systems, wvhersby eadh weapon system is stacked one higher than the
other to secure the widest field of fire. The navigation bridge is then
placed in the highest position. All of this contributes to the static
verticality seen in some warships. Use of relatively low cost weapon
systems, such as torpedo tubes, short range gun mounts, missile cannister
launchers, etc., located port and starboard, with the ship's appearance
keyed to making these systems highly visible would thwart these tendencies
towards static designs.

Another area of immediate improvement in appearance would be to
change the idea that all ship surfaces must be flat and weld points made at
90 degree angles. The assumed erhanced producibility and cost effectiveness
of these measures cannot be fully substantiated in terms of the overall cost
of the ship. By using tumblehome, flare, knuckles, rounding deck edges, and
turning corner, the blocky appearance of warships could be improved and
their harsh lines softened.

Laying out warships to follow more closely the design principles of
the forward and aft slope and Dunn Curve or making the between deck
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interval, a function of the fresboard would produce a significant
improvament in appearance.

In additicn, the propaganda value of once again praninently placing
the seal of the ship and navy on the bow and transom would leave
no doubt in the viewer's mind as to who huilt the ship. These simple
decorative devices could be easily cast and welded to the hull for life
as an appropriate touch to a worthy design.

It is also necessary that what is sought to be achieved from a
warsnip's appearance be clearly defined. Guaidelines which spell cut the
desirable characteristics to be embodied in its appearance should be
established. There is a necd to develop a lexicon of favoured forms
consistent with the type of ship being developed.

Weapons should be more consciously styled for appearance and placed
praninently aboard the ship. longer Weapons which appear more effective
than those which are blunt, i.e., objects which project, catch attention,
and shape the profile of the ship.

Still another beneficial effect which might result from improving the
appearance of warships could be the improved confidence of the men who man a
good locking ship. A sailor wants to be proud of his ship, and a ship which
conveys a sense of purpose and aninous capability is easier to be proud of
than one which does not.

Lastly, it must be reamembered that an effective warship design is

meant to persuade. The warship is a political tool and its greatest weapon
is to persuade effectively. Aesthetic concerns reinforce the persuasiveness
of a warship, adding credibility to national policy.
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ABSTRACT

Although the current electronics literature is replete with
technically feasible proposals for new surveillance radars, only a few of
these ideas have actually been incorporated in production models over the
past decade. Of course, there have been major developments in the Western
World such as the United States Navy's ABGIS system which incorporates an
impressive display of technology and a prodigious amount of signal
processing. However, there are significant technological developments which
have been included in the design of smaller radar systems. It is the intent
of this paper to focus on three specific develogments which have contributed
to the marked improvement in performance of shipboard surveillance radars.

The first of these is the Travelling Wave Tube, which because of its
excellent performance over a wide band of fregencies at moderate
power has lead to the inclusion of freguency ag:i.l].ty in several modern
radars. Secondly, the use of pulse campression in the receiver has
assured the efficient use of average power available in the radar target
return. This reduces the regquirament for high peak power and the
receiver vulnerability to interfering signals that differ fram the coded
transmittaed signal. Finally, the introduction of autamatic detection
has greatly improved the decision-making ability of a radar system as to
the presence or absence of a target in heavy clutter and noisy
environments. This paper will provide a brief description of each of
these developments and the impact they have had on radar performance.
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INTRODUCTION

The majority of Combat Systems Engineers in our Navy have, by virtue
of their training and experience, obtained a firm grasp of the orinciples of
a basic radar system. However, unless they have specialized in this field,
their knowledge is by and large limited to the standard radars fitted in our
own  ships. Unfortunately, most of this eguipment has long since been
renderad obsolete by rapid advancements in both radar and electronic warfare
technology. In addition, the reduction in the size of air targets (e.q.,
the radar cross section of anti ship missile is typically 0.1 square meters)
and the ever increasing capabilities of Soviet EMM (Electronic Counter
Measures) have imposed new criteria on the design of naval surveillance
radars.

Recent technological developments have affected every sub-system of
the radar set, ranging from the mundans hut aver trodblesone power supply to
the most exotic phased array antenna. However, it is in the less visible
areas between the power supply wnit and the antenna that many significant
changes have taken place. They include the new generation of RF power
output tubes, the use of a variety of waveforms and the seeningly endless
permutations of signal processing tedhnidques. These are the aspects of
modern radar technology which are now being incorporated in surveillance
radars with great affect. This paper reviews thiree specific examples and
describes their contribution to improved radar performance.

RF POWER TUBES

For some 40 years the magnetron has been the primary RF (Radio
Fragquency) output tube used in most naval radars. It is a resonant slow
wave structure in which standing waves of electrons are formed by the action
of a magnetic field at right angles to a dc electric field. For this reason
it has been classified as a crossed field device. Its main advantages have
been its compact size, low weight, low operating woltage and high
efficiency, in addition to its low cost. However, its disadvantages include
the lack of pulse ccherence which is regquired for MII (Moving Target
Identification). This lack of pulse ccherence also precludes cambining the
outputs of two or more for greater power.

While the magnetron will continue to be used in many surface seardch
and navigation radars, it has been superseded in air search radars by the
klystron and the TWT (Travelling Wave Tube). Both of these are classified
as linear beam tubes, because the magnetic and electric fields coincide. 1In
these tubes the RF fields interact with the electrons causing them to
"bunch" as they drift down the body of the structure. In other words the
density of the electron beam current is modulated by the change in velocity
of individual electrons. Thus, an electromgnetic wave propagates along
this distributed circuit with a phase welocity in the axial direction which

is small compared to the speed of light.
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SCHEMATIC DIAGRAM OF
A TRAVELLING WAVE TUBE
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In the klystron the electron beam passes an input resonant cavity
where the input signal modulates the velocity of the electrons.
A resonant cavity at the output extracts the RF power from the density
modulated beam and delivers the power to the waveguide. In the TWT the RF
interaction circuit vwhich is known as the slow—wave structure is either a
helix or a coupled-cavity circuit. Use of the latter (i.e. the coupled
cavity circuit) has blurred the distinction between klystrons and TWT's and
indeed one manufacturer has camnbined the best properties of each and named
it a Twystron.

Although kKlystrons have seen wide application in radar due to their
gain, power levels and efficiency, the TWT has one chief advantage which
makes up for its higher cost and slightly lower operating parameters; that
is its relatively wide bandwidth. At the power levels required for air
search radars, bandwidths of 10-20% are typical. This type of capability is
necessary for good range resolution and for frequency agility.

Frequency agility, or the ability of a radar to change its frequency
from pulse to pulse in an unpredictable fashion, has the following important
advantages:

a. it will fill in the nulls of the elevation radiation pattern:

b. it will decorrelate target echoes which increases the probability
of detection; and

c. it is an effective ECOM (Electronic Counter Counter Measure)
against spot Jjammers.
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The TWI with its simple rodulation and stable operation lends itself
to combining MTI (Moving Target Indication) and freguency agility. MIT
requires several pulses to be transmitted on the same freguency so that the
dopoler shift can bhe canpared to a raference signal. The phase ccherence of
the TWT allows the first of these techniques to be implemented and its large
instantaneous bandwidth permits the fregquency agile mode of operation.

The following brief survey of naval surveillance radars currently in
production or wnder development attests to the practicality of the TWT in
medium power applications. Mot surprisingly, the Xlystron is used in the
long range AN/SPS-49 because of its greater power capability. However, both
the Britigh RN-1030 and the Dutch IW08 achieve camparable ranges using
TWL's. Recent develooments in solid state amplifiers may result in more
radar transmitters being built around CFA's (Cross Field Amplifier) which
are, at present, limited by their lower gain even though their handwidths
compare favourably with TWI's.

WAVEFORM DESIGN

Once the power output has been specified for a surveillance radar,
there are a mumber of techniques which can be anployed to ensure the
efficient use of the transmitted energy. These include the forming of the
RF pulse in the transmitter and the demodulation of the target echoes in the
receiver. The parameters to be determined from the target returns are the
range (time delay), the range rate (doppler wvelocity) and the angle of
arrival. The amplitude might also be measured, but it is usually only the
relative value with respect to the noise level that matters. In order to
optimize these radar measurements, the characteristics of the transmitted
pulse can be adapted to provide the required acauracy. In conjunction with
waveform design, the method of extracting the infomation in the receiver
mist be considered as an integral part of the RF subsystem.

Most surveillance radars have the capability to tranamit using more
than one pulse width. This permits a trade-off between higher power using a
longer pulse and range resolution, as well as other properties, using a
shorter pulse. To overcame this "either-or" conundrum, the relationship
between time and bandwidth can be utilized to combine the best
Characteristics of both. This is done by modulating each pulse either in
frequency or phase to increase the bandwidth of the transmitted signal.
Then, using a matched filter in the receiver, the long pulse is cawpressed
to a duration of 1/B, where B is the modulated pulse, spectral bandwidth.

This ingenious concept in waveform design can be used wherever a long
pulse must be employed to obtain a large radiated energy simultaneously with
good range resolution and range accuracy. Therefore, the radar
manufacturers are able to increase their average power (and their advertised
range) without a major increase in peak power. Of course, the price that
must be paid is the large bandwidth irherent in the transmission of short

i
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pulse widths. This is an obvious application for a TWT and it is hardly
surprising that this winning cambination of RF tube and transmission mode
are given top billing in many glossy brochures.

Without delving into the intricacies of ambiguity diagrams,
autocorrelation functions and matched Ffilters, two of the more cammon
methods of pulse campression are discussed here. Linear FM, or chirp, is a
widely used tedhinigque in whicdh a rectangular pulse of constant amplitude is
modulated by a linearly increasing freguency. In reception the frequency
modulated echo is passed through a matched filter, which is designed so that
the velocity propagation through the filter is proporticnal to freguency.
In simpler terms, this is a delay line which slows the lower frequencies at
the leading edge of the pulse and speeds up the higher fregquencies at the
trailing edge. The device primarily used to perform this conversion in
radar applications is the SEW (Surface Acoustic Wave) delay line, althoudgh
charge—coupled and electromagnetic devices have been considered. The
advantage of the SAW dispersive delay time are its simplicity, low cost,
small size and ease of manufacture.

Another form of pulse campression is accamplished by dividing a long
pulse into W sub-pulses and selecting a phase of either 0° or 180° for
each. The selection may be done randamly or in accordance with a predefined
sequence such as the Barker Code. With moving targets the phase-coded pulse
requires a bark of contiguous matched filters covering the expected range of
doppler frequencies; whereas the chirp waveform is doppler tolerant in that
a single pulse campression filter can be used. The phase-coded pulse is
more effective in an EW enviromment since the coding can be changed to
counter repeatsr jammers. However, the chirp waveform provides a wide
bandwidth and most important of all, it is easier to implement.

SIGNAL PROCESSING

Having ensured that the RF sub-system is as efficient as tedchnology
and cost will allow, the next stage is to extract as much or as little
information as required fram all the radar returns. Clutter, vwhether fram
land, sea, rain, snow or chaff, presents a major problem in that there is
too much information; most of it being undesirable. In the older radars
this was carbatted by hardware alone, using IAGC (Instantanecus Autamtic
Gain Control), STC (Sensitivity Time Control) and analog MTI (Moving Target
Indication). Of course, one must not forget the stodhastically variable,
non-linear, adaptive system which still performs the decorrelation of
clutter, the integration of target returns and the updating of target tracks
aboard our own ships ie, the Radar Plotter with the MK 1 eyeball.

In many applications MII and pulse doppler techniques used in search
radars have been guite similar. The delay line canceller has been widely
used in MTI radar as a means for separating moving targets fram stationary
clutter. This is simply an example of a time-damain filter which rejects
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the d-c component of clutter. However, it alsc rejects energy in the
vicinity of the prf and its harmonics due to its periodic nature. This
gives rise to the problem of blind speeds vhich can be negated by the use of
staggered - prf MIL or even multiple prf's. On the other hand, fregquency-
damain bandpass filters of conventional design are used to sort the doppler-
frequency-shifted targets: however, the filter configuration mst he
designed to eliminate the "smearing" produced by narrow band filters which
will destroy the range resolution. This can be countered by range gating,
which is simply the quantization of the range (time) into small intervals
and the technigue is known as Range—Gated Doppler Filtaring.

Once again, there is a trade—off to be made; this time it is whether
the radar application is more tolerant to ambiguities in range or relative
velocity. By lowering the sampling rate (ie, a low prf) range ambiguities
are avoided, whereas by raising the sampling rate (ie, a high prf) doppler
frequency or relative velocity ambiguities are avoided. A compranise has to
be made which generally leads to the distinction between MII and pulse
dopoler radars. MI'T usually refers to a radar in which the prf is chosen
low enough to avoid ambiguities in range, but with the resulting blind
speeds caused by freguency ambiguities. The pulse doppler radar, on the
other hand, has a high prf that avoids blind spesds but experiences
ambiguities in range ie, blind spots. One additional complication occurs
when the motion of the radar relative to the clutter must e taken into
account, as is the case with shipborne radar. This necessitates additional
velocity compensation circuitry, which is usually referred to as a variable
clutter rejection notch.

As in so many other areas of technology, many functions previously
performed by hardware or the human operator are now done by digital
techniques. For example, a digital MTI processor does not, in theory, do
any better than a well-designed analog canceller; howaver, 1t 1s more
dependable, requires fewer adjustments and can do some tasks easier. This
is simply due to the fact that digital delay lines are not affected by
changes in tewperature or critical gains. The real improvement in
performance is derived from the sophisticated signal processing that can be
done once the A/D conversion has taken place.

Although digital signal processing has been applied successfully to
other sensors, notably sonar; the high data rates inherent in radar have
only recently been acconmodated by faster, more powerful processors. As a
result Automatic Detection circuitry is only now beginning to appear as an
integral part of a radar set. Automatic Detection is normmally done in the
following stages:

a. the integration of the pulses received fram the target;

b. the detection decision, which may use an adaptive threshold to
maintain a CFAR (Constant False Alarm Rate); and
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c. the detemmination of the target's range and bearing.

The next stage in this digital processing is, of course, the
provision of automatic tracking, which can be initiated after a couple of
scans of the antenna. The caombination of these two features is referred to
as ADT (Automatic Detection and Tracking) and can be expanded to incorporate
the outputs of two or more radars, in vhich case it is called IADT
(Integrated Automatic Detection and Tracking). The provision of automatic
detection and tracking will overcome some of the limitations of an gperator,
notably fatigue, %boredam and overload. In addition to the actual
erhancement of target detection in clutter afforded by MTI or pulse doppler,
ADT will improve the overall effectiveness of a surveillance radar system.

CONCLUSION

There is always a time lag between the discovery of new electronic
camponents or technigues and their implementation. However, in the case of
shipborne radars both the tedinology and the eguipment are available
now. Modern radars which incorporate all the advances discussed in this
paper, are caming into service. The first of the new generation of radars
to be fitted in Canadian warships will be the CMR 1820 Air Search Radar
being developed by Canadian Marconi for the DELEX program. Thereafter, we
can look forward to the radars being proposed for the Tribal Class Update
and the Canadian Patrol Frigate.
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ABSTRACT

In the ASW scenario surface ships must now be able to detect and
attack enemy submarines at ranges out to the first convergence zone. In
general methods to achieve this are known but difficult to implement. A
development plan for the AN/SQS 505 variable depth sonar is presented which
will, if successful, considerably improve Variable Depth Sonar performance.

INTRODUCTION

The requirement for active VDS (Variable Depth Sonar) remains
apparent when one considers today's sonar developments and the functions
performed by sonar in the changing ASW scenario. This paper will discuss
one possible active sonar development path that would erhance the VDS
performance.

HISTORY

The first Canadian VDS was developed in the late 1950s and early
1960s. In 1960 a crude VDS system, developed by DREA using HMCS Crusader,
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was installed in HMCS Crescent. During the early sixties various towing and
sonar trials were carried out in this ship and many improvements added to
the total system. In conjunction with these VDS trials the Design Authority
proceaded to let contracts for production systems of both the handling gear
and the sonar. Most of the lessons learned during the trials carried out in
Crescent wera incorporated into the production system, however, the Navy was
on the bottom of the learning curve, so that the production equimment
experienced many inherent problems.

This production equipment was entitled the AN/SQS-504/AN/SQA-501 VDS systenm,
the first of which was installed in ST LAURENT. while still low on the
learning curve with the AN/SQS-504 system, 1963/64, the AN/SQS-505/AN/SQA-
502 variable depth sonar was designed. Terra Nova received this much larger
lower frequency system during the 1966/67 time frame and carried out a
series of trials over the next few years.

The AN/SOS-505 sonar proved to be a great improvement over all the
existing sonars but there were still many problems appearing in the towing
systam. Some of these problems were in the design, a nunber caused by the
technology of the day and a nuricer caused by lack of knowledge of both how
to hardle the eguipment and the limits to whidh it could be stressed. By
1970 the Design Authority was preoccupied with solving the various tedhnical
provlems and the regquirements people were somevhat disillusioned with VIS,
in part because of these problems, so major efforts towards development of
nawer and better systems came to an end. A shortage of money also
contributed to the situation. Only =ight ships were fitted with the new
hull mounted and variable depth sonars, leaving a hodge—podge of museum
vintage systems in the remainder of the ships.

During the 1970z various towing trials and technical evaluation were
carried out by the Design Authority, greatly assisted by the National
Research Council of Canada. The Defence Research Establishments and the
Haval Engineering Units on both coasts made contributions, as did a number
of people from Industry. The problems of handling towed sonar systems came
to be much better understood, and modifications to the present AN/SQA-502
Hoist systems were developed, along with appropriate instrumentation. HMCS
RESTIGOUCHE has received the first modification kKits and these along with
instrumentation now out to contract will be fitted in all AN/SQS-505 VDS
ships as fast as circumstances will permit.

In the seventies technology advanced at an extremely rapid pace.
Computers became gmaller, more powerful and many times less costly.
Programming languages and techniques allowed a wvast increase in the
application of computers to controlling systems and analyzing data. The
development of practical fibre optic systems is causing an explosion in the
field of data transfer. The development of new sensors, hydraulic
canponents and materials has also gone ahead and the technology of the 1980s
will appear revolutionary campared to that of the 1960s.
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VDS IMPROVEMENTS

Recently the Design Authority has conmissioned studies of new
concepts with relation to sonar. Some of these concepts are related to the
improvement of the present AN/SQS-505 sonar system, others to the
develogoment of a complete new system. The first improvement has been the
introduction of the AN/UYS-S01, a powerful signal processor uilt by ESE Ltd
whicdh can analyze sonar signals 6 to 8 dB below those detectabls by the
present AN/S0S-505 receiver. A further improvement can also be expected by
the use of fibre optics in the cable. It appears that this drange would
make it possible to send the received signals from the VDS transducer
without cross talk, copper heat losses or electron nolss generated 1n the
cooper affecting the return signals.

The use of fibre cptics in the cable will require that the receiver
pre—amplifiers e in the body. This is feasible and, in fact, there is room
_ for a pre-amplifier for =ach SET (Single Element Transducer). This again
will improve the receiving systen as the signals will be amplified before
any amount of electron noiss is added. After amplification it will be
necessary to multiplex the 360 SET signals before sending them through the
optical fibres in the cable to the ghip. It is intended to initiate a
design study for a multiplexing system in the near future. As maltiplexing
of data has become a fairly standard tecdhnicue, design problans are not
expected to be serious.

After miltiplexing the signal must be transfomed from electrical to
optical signals. Fecent advances in LED and LASER technology make this
requirament more of a fit and form develooment rather than a new technique
develoment. Also today's lasers and fibre optics have gigahertz bamkividth.
The AN/SQS-505 sonar signal transmission requirements are for about 120
megabits per secord. In addition to the 360 SET signals received the
AN/UYS-501 will require data as to the perpendicularity of the transducer
face at the time the signals wers received. A study had been comnnissioned
to investigate the use of a RLG (ring-laser gyro) system as a replacament
for the present heading gyro. This would allow the attitude of . the hody,
both in pitch and roll, +to be known at all times. The pitch and roll
information, multiplexed with the sonar signals, would allow the AN/UYS-501
to process the received signal beams, removing the effects of body pitch and
roll. A tramendous improvement in VDS receiving ability, especially in the
fore and aft dirsctions, is expected in rough weather and shallow towing
conditions througnh the use of the beam forming technique.

As the RLG can sense the attitude of the body to within fine limits
it is intended to develop a transmitter irhibit circuit that will allow
sonar transmissions only when the body attitude is correct, reducing the
effect of roll and pitch. This will keep the sonar beam in the intended
plane and will greatly improve VDS detection capabilities, especially in the
fore and aft directions during rough weather and under shallow towing
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VARIABLE DEPTH SONAR
DEVELOPMENT PLAN

PRESENT PHASE | PHASE 11
I I ] T
! AN(305-505 | | AN/SQS-505 | ANSUYS-E0 | ANS05-505 ANUYS-501
i SOMAR | SOMAR o TASP I SOMNAR TASP [
| |
L | || R I P
B0 it max tow depth FIERE OPTIC TX LIMNE FIBRE OPTIC TX LIME

1200 f1 max ww depth 2500 ft max tow depth

e
VDS BODY |
18 ft 7 tons

7T KHz S5ETs

W5 BODY
18 11 7 tons
7 KHs SETs

VDS BODY
22 i 10 wans
RLG
5 KHz SETs

TASF TEAMED ARCHITECTURE S1GMAL PROCESSOR
RLi RIMO: LASLR GYRD
SET SIMGLE LLEMENT TRANSODUCER

conditions. 'The RLG is basically an inertial navigation sensor. It is
therefore envisaged that it will be used to measure its position, ie,
direction and distance, fram the ship's tow point. This infonmtion will be
used to give a more accurate fire control solution as well as to monitor
cable and body towing characteristics. The BLG can be expected to drift a
bit thus it will be necessary to develop a system for tranamitting
corrective data from the ship to the body wvia fibre optics. ‘This will
require a LED or LASER transmitter wnit in the ship and an optical receiver
unit in the body.

In order to couple signals to and fram the cable and the body and
from the cable and the ship it will be necessary to develop connectors that
carry both electrical and optical signals. The improvements that have
ocaurred in fibre ogptics connectors and the reduction in cooper corductors
made possible by the use of fibre gptics for reception mekes it possible to
use the present well proven connector shells. This problem is to be
addressed in the cable study.

The present cable is 97> feet* in length. A little more than 800
feet of this can be wetted, thus maximum towing depth at normal speeds will
seldamn be more than 700 feet. A contract is being let to design a drum
containing 300 feet of unfaired cable and 1,500 feet of faired cable. This
drum, capable of being fitted in an IRE or DDH 280, will allow towing down
to 1,200 feet, the maximum operating depth for the present transducer. This
modification should allow VDS to be gperated in favourable velocity profile
waters over at least two million more square miles of ocean of Canadian
interest.

* Editorial Mote: Due to the history of this subject all distances and
weights are in British Standard Units.
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These improvements, coupled with the handling gear, body, fairing and
instrimentation improvements now wnder way will do much to increase the
active sonar capabilities of the AN/SQS-505 fitted ships.

NEW VARIABLE SONAR DEPTH SYSTEM

Looking at all the aforementioned AN/SJS-505 improvements it is easy
to see that one is well on the way to the design of a new systan. The goal
is a lower frequency system, say 4.8 to 5 kHz with vertical beam steering
and capable of being towed at 3,000 feet in sea state seven. To achieve
this goal some develooment work Wwill be raguired such as a new body 7.3 feet
in diameter, 22 feet long and weighing as close to 20,000 lbs as possible.
This weight is reguired to keep the system from being cable dominated. The
large size 1s reguired to house the 4.8 to 5 XHz transducer and provide
enough space in the cavity for the reguired eslectronics.

In addition an efficient single element transducer, will be reguired,
capable of operating to a depth of 5,000 feet. It is desirable to house the
SET magnetics and the power amplifier transmitting electronics in the SET
frame. However, if this is not possible there should be room in the body
cavity. The associated drive circuitry including charge coupled devices,
necessary to drive the SET powsr amplifiers mast also be developed.

Hext in line for development is the computer which will receive data
from the RLG and instructions from the ship, and will be used to set up the
SET transmitting sequence so that the transmitted beam will be at the
required amgle regardless of body attitude.

Development should also bte undertaken to produce a power supply to
energize the transmitting system, This supply would be feguired to
transform 440 wolts 400 Hz 3 phass power delivered to the body to the
aprropriate DC potentials and supply up to 100 KW of peak power for up to
500 milliseconds with acceptable droop characteristics. The sane supply
would generate the computer, pre-amplifier, RLG, multiplexer and body sensor
vower requirements.

Last, but certainly not lsast on the develgoment list is the handling
gear. This should be capable of storing 3,500 feet of faired cable and
removing 22 to 24 feet of ship's stern vertical motion from the ship's tow
point. Ideally this system should be at least 30% power assisted. The
basics of sudh a system have been worked out by the Design Authority and
Industry and it is considersad that the system would fit into 2 DDH 280
without too much requirement for ship alterations.

A gystam as described above would reguire special instrumentation to
allow cable tensions at the ship end as well as the hody to be measured.
This is necessary because during shallow towing in heavy seas high cable
tension can be generated at the body tow point, vwhereas during deep towing

-




the sum of the cable weight, body weight, body drag and the cumulative cable
drag may cause the cable to part at the tow point at high speeds. For
example, the steady state speeds may be 12 knots for 3,400 feet of cable
out, 15 knots for 2,500 feet of cable out and so on.

SUMMARY

The Design Authority is well on the way to giving the operator a mach
improved AN/SQS-505 VDS system. As we proceed with the new body and
handling gear develooments we should be able to install an active sonar
system into a ship that will allow reliable acoustic path detection, 30,000
to 60,000 vards, of a 10 dB target in most of the waters of Canadian
interest ten to twelve ronths of the year. We think that you have put up
with the old equigment long enough. Finally it should be noted that this
dissertation has not touched on plamned allied egquipment improvements such
as 2,000 metre velocimeters and digital hathy/velocimeter recorders,
displays etc., which are all necessary ancillary eguipments for successful
LSW operations.
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ABSTRACT

The third Maritime Engineering Conference was held in Halifax, N.5.
in June 1982. Approximately 215 manbers of the MARE profession attended
this conference from each coast, NDIQ and field units. The conference vwas
opened by Vice Admiral J.A. Fulton, the Maritime Commander and Commodore
E.C. Ball, Director General Maritime Engineering and Maintenance. Tedhnical
sessions were held in each Maritime Engineering sub-classification and a
general session addressed items of cawmon interest to all MAREs. The social
program provided ample time for meeting and discussing various topics. The
program was a resounding success due mainly to the efforts of the organizing
committee. After three days of presentations, discussions and socializing
Comondore Ball brought the conference to a close. He @ave special thanks
to all who had prepared papers by saying that he was impressed with the
overall guality of the presentations and he encouraged those who did not
write papers to try and do so in the future.

INTRODUCTION

This paper was written with the aim of documenting some of the ideas
presented at the 1982 MARE Conference. Section head lines are the thoughts
this author took away from the conference. The paper's central theame is the
state of the Havy and the Profession as ssen by senior management.
Supporting details are provided including a sumamry of the general papers
and each technical session.
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creeaeexdhange of ideas. ...

Tnroughout the conference everyone got involved, discussing
tedhnical, personnel and caresr mathers. The conference was an excellent
forun for information exchange amongst all MARE's. At night "Over-the-Bar"
discussions continued on the ideas put forward in that day's sessions, and
the future of the branch in general. The social program effectively
supported this informal discussion. Delegates generally seemed to feel free
to express thelr personal concerns for the brandh to Senior Management and
mary got a chance to camment on MARE activities and to seek advice. Senior

|

Managers were very tolerant and listened to everyone.
.« + « NARCs bettsr in 84 . . . .

The Naval Architectural Session was chaired by Captain Gruber in his
capacity as Naval Architect-in-Chief. After speaking briefly on the state
f the profession and the way ahead he launched the NARCs into a series of
papers that were well-presented, well-received and lead to some lively
discussion. The amount of effort so cobviously put forward by the
participants was appreciated and they were appropriately cowmended. The
civilian/military mix was particularly encouraging as it clearly
damonstrates the professional depth of the branch and the cross pollination
necessary to maintain it. The Captain closed the session with a short
samation and encouraged all present to take away the lessons, problems and
ideas discussed; to develor their solutions and thoughts on the various
subjects and return to the next MARE conference preparad to make a
presentation. He cutlined the difficulties in exceeding the hich standards
set by example in MARE 82 but tasked all to strive towards that goal.

« « CSEs program too full + « « + &

The day-and-a-half Combat Systens BSession was intellectual and
stylistic to say the least. Te large nuber of papers submitted
demonstrated the breadth of the Combat Systems world and the skKill of the
practitioners of the art. The session was opened by the Director of
Maritime Combat Systems, Captain Dean, who fills the senior purely Cambat
Systams Jjob in the Havy. He emphasized the need Sor imaginative
contriputions from all CSEs to solve not only future problems but also
present ones. The session consisted of a strong mix of subject matter.
Representation was also well mixed including military/civilian, experience
levels, and coasts/headquarters background. The program was, if anything,
too full; marny discussions had to be terminated before all the questions
and side-issues had heen satisfactorily explored. Cne obvious and serious
lack was irmput fram CSEs on problems with the current fleet; this was
surely due to a lack of time and not a lack of materiall Looking forward to
the next conference in two years' time, there could be a very serious
problem in selecting papers for presentation fran the dozens which will be
offered. A good paper usually takes six or more months fram idea to
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canpletion, because the contamplation process essential to clarify an idea.
Therefore, the challenge was issued "Start this contemplation now so that
your paper can be one of those presented at the next MARE conference".

=+« » . M8Es, the full spectrum of technology . . . .

The Marine Systems Session was conducted under the chairmanship of
Captain Reilley, the Director of Marine and Electrical ZIngineering. The
Captain charged the assembled delegates to move forward in the profession
and remain as far ahead as possible in the full spectrum of technology. The
presenters fram MAROOM, MARPAC and NDHO were joined by Lieutenant Commander
Scholey who was on exchange at BENEC MANADON, The pace of the papers
provided ample time for guestions and comments. ‘While agrsement was not
always reached, mutual understanding of points of view and problems was
achieved. The presence of the other disciplines, Combat Systems Engineers
and Naval Architects, although small in number added to the effect of the
session. It is hoped that at future conferences some of the junior members
will take part and more of the "coal face" problems will be addressed by
presentations from serving engineering officers. It is appreciated that
those at sea have little time, but that "bee—in—your-bonnet" that was so
eloquently expressed during the informal discussions would have wade an
excellent paper and provide an increased scope for discussion. The Marine
System Session closed with further discussion of Captain Bowkett's
presentation on the results and implications of the MARE study.

+ + « « « USSR has a "Blue Water” Navy . . . .

Admiral Fulton, in his opening speech addressed the threat of the
USSR. He indicated that the USSR ship develooments including cruisers,
carriers, submarines and supply ships, have given her a truly "Blue Water"
Navy. He pointed out that the USSR economy though weak will go on and
should not be expected to collapse. Changes in leadership in the USSR can
be expected which may bring new difficulties but these cannot be predicted
the Admiral added.

« « « «» » Falkland Crisis will have a positive effact . . . .

In the West the Admiral suggested the Falkland Island engagement will
open everyone's eyes to general Naval Requiraments. However, he cautioned
everyone to be careful not to believe all that the press has written on the
subject. He went on to say that much detail remains to be sorted out and
the full story will only be available in the future. The Admiral said he
believed that the Falkland Island Crisis will positively affect the Senate
Sub-Committee on defence in the Navy's favour. Two specific items he did
mention were the relative performance of the various surface ship missiles
and the effect of a lack of British tactical air and good AEW (Airborne
Early Warning) cover. Commodore Ball also addressed the Falkland Crisis
noting that when the RN provides details of the results of boards of inquiry
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mach mor=2 can be said. He pointed out, in the mean time, that the public
discussion on alumimum is over simplified. The wulnerability/sarvivability
provlem is much more complex than that, he said, and the socner it is
understood and integrated into our thinking, the sooner make real progress
will e made.

+ + + « . inflation makes the problem worse . . .

Returning to the Canadian scene Admiral Fulton sald we must reduce
our expectations. ‘The state of the econamy and the low dollar value will
put procurament of some off shore egquimment ocut of reach. Inflation at the
same time, he said, will make the problems even worse. He felt that senior
management will do all it can to protect the CPF project. However, he
indicated that the spiralling cost of the CF 18 will have a negative effect
on other projects. On the brighter side the Admiral referred to many visits
he had made across the country in the last year. In conversation with
people fram all walks of life he got the impression there is a true concern
that Canada should have an efficient and cradible defence force. He
camrended the efforts of those involved in the destroyer boiler problams and
noted that this has made the public more aware of our problems.

+ o+ o+« o« pavy course carefully set . . . . .

Admiral Fulton said that the future cawse of the Navy in Canada must
be set very carefully. In this respect he said the Naval Board consisting
of OMDO, MARCCM, MARPAC, DQMEM and COS MAT convenes guarterly to discuss new
programs and projects.

+ + o+« « food for thought . . . .7

Cammander Taylor, with significant support of his staff and others in
the Cammand, presented "The Marine VWeapons Platform". This paper proposed
an alternate approach to warship design which disregarded all the
traditional concepts of manning and gperating a warship., The result was a
fresn lock that provided much food for thought. It has been suggested as
preliminary reading for those Joining the Naval Requirements Staff.
Coamander Preston's "USN Ship Design and Construction Programs" enlightened
the audience of the USN activities to build up a 600 ship navy in support of
the 15 Carrier Battle Groups which will be the focus of future US Seapower.
The paper also described planned action groups, amphibicus forces, convay
escort groups, underway replenishment groups and future submarine forces,
The paper described the process proposed to build up these capabilities.
The author stated the USH has the capability and the will to build up such a
force and predicted that the next five years will be busy and challenging
both for the US Navy and American Shipyards.
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+ « +» « .« praise in public, criticize in private . . . . .

Commodore Ball took time in the conference to suggest wvhere
initiative should be taken and would likely pay off. However, he warned
that we must be careful of our attitudes. He suggested that the following
tips should be helpful:

ds

The other guy is just as smart and just as keen as I am! (A
broad mix of educational backgrounds and levels of experience are
an asset to the Classification. We need both highly educated and
experienced engineers and at the sane time keen young people to
replace them as thay leave the service).

Wy don't we . . . .7 (Keep an open mind - look at policies,
technolegy and their application to see how we can improve our
way of doing business).

What needs to be done here, now? (Take charge vhen necessary).

Leave the space in better shape than you found it!

hat would I do if I were Cmdre —---, Capt(N) ---- ? (then tell
him politely!)

Praise in public, criticize in private.

Build the credibility of your superiors. It is the source of
their effectiveness to act on your behalft.

Look to your brother engineers and naval officers as a reminder,
it is one Navy. Look to your professicnalism as naval officers
and do not hesitate to renind those who question your fitness to
cawand men that you are a naval officer too. Do them one hetter
at their own business.

+ + + +» +» need for all the talent available . . . . .

The Commodore also had other words of wisdan as he noted that the
Branch is short some 45 officers to fill hard engineering billets. He went
on to state what he understands the general dissatisfaction to be and what
we can do to improve the situation. In particular he suggested the

following:

=

Get at the truth - "It is not the things that are true that cause
problems, it is the things that people think are true that are
ﬂﬂt-"

i
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Ship Design Policy — We did the CPF Concept Design and are in on
the evaluation team and we may yet be fully involved. Fram the
DD 963 experience we know there will be a need for all the talent
available and thus a need for our involvement. In addition we
are designing TRIMP and the HATO Frigate Replacement.

Secord Class Citizens - What makes us think we are the only ones
needing/lacking recognition? This is the state of almost 100% of
the populace! We are second class citizens only if we accent
itl-

Pramotion Opportunities - Up to the rank of Col, MARE is as good
as, or better than any other classification, other than
specialist officers.

Pramotion System is stacked - We promte off the top of the merit
list. The francoghone "dip" is protected. Just like all others,
FR's compete on merit 80% and potential 20%.

Best jobs go to others - We are preparsed by education, training
ard experience to tackle the most forward locking tasks. We must
cultivate an attitude that we will accept the challenging tasks
and find a way to look after the less challenging tasks. We must
resist and correct any tendency in ocurselves to accept that we
arz too busy, too orecccupled, or too wnderstaffed to tadkle the
best jobs.

Attack Causes which can yield

Uwieldly Decision making system — In the majority of cases our
ignorance of the system, and our uwwillingness to find cut how it
works so we can make it work for us, is the culprit. Do not be
afraid of intelligent shortcuts. Use your full authority and
rank. You do not have to bulldoze or bully. Do not be afraid to
make a wrong decision. Giwve your staff room to make a mistake.

Interference in your job - Politely but firmly identify when
others are interfering in your area of responsibility. Do not
use your authority outside your sphere of responsibility. If
this interferance persists, escalate it.

Reluctance of superiors to act - We should acquire our superiors
perspective. If the problem still exists use an alternate
charnel like MARE seminar, a word to a MARE council member, a
trusted confidant. Put it all together and put it in his haryis
Often we unrealistically expect our bosses to do our staff work.

Face Reality - "Really, there are some things that cannot be
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changed easily. They must be accepted or worked around since
they are not readily sunmounted."

Pay - There is no money for massive pay 1ncraases. A pay
increment for engineers, much as it would help, is highly
unlikely in the foreseeable future.

Language Policy Priority - This is dictated by government policy
reinforced by the Minister and is not negotiable. That makes it
a molitical question subject only to political approaches and
solutions. My input in that schere is exactly the same as your
W

« + « » » MARE training is changing . . . .

Admiral Fulton in his ramarks noted that feedbacdk from STANAVFORLANT
indicated Canadian MAREs and Tedinicians were doing well compared to those
of other nations in the sguadron. He indicated he was happy with the way
MORPS is proceeding and pleased with METIP. He would however, like to see
greater numbers in the METTP pipeline. With respect to recruiting the
Admiral felt it is going well but we must now find better ways to bring
people into the service. Commodore Ball pointed cut that the MARE Study was
to be reported at the conference for the first time. He said it was not a
catalogue of ideas with instantly acceptable “flashes-of-brillance"
solutions. It is a bottom up, broad perspective on what we do, career
progression and possibilities, and classification structure as a baseline
for our future. He added that CSEs have owerhauled their classification
training and reduced it by at least 40%. HNARCs too have streamlined their
training. Now the challenge is on for the MSEs. The MARE study will show
the way. Accreditation, he pointed out, is progressing but needs more
attention by the CS trades.

+ « « .« . professional standards? . . . .

Marny discussions at the conference hinged on professional standards.
What should and shouldn't be done in the branch, etc. The paper that most
typified this interest was that by Lieutenant Commander Mack. "The Marine
Engineering Fraternity: What Maxims Have We Forgotten". It made us all
take a step back and logk at curselves, to consider what we should be doing
to improve and maintain professional standards and our performance as
responsible leaders. This paper is highly recommended to anyone who has not
read it.

+ « « + « Canadian Forces must be ready to fight . . . . .

Commodore Ball indicated we are in very difficult times rising out of
economic, social and political upheaval. He said it is imperative that our
amed forces be ready and able to move and fight if necessary. He went on
to note that the CPF is on target and in good shape. "There are
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treacherous shoal water ahead but there is a good pilot, captain and an
experienced crsw on board". In addition he pointed out that the NATO
Frigate Replacement project is caming to a critical stage of feasibility
study and national commitment.

« + + + « refits, dodkyards and submarines . . .+ . .

Captain (N) Wilson's paper "Ship Refits in the Canadian Navy - Past,
Present and Future" dealt with the development of surface ship and submarine
rafit policy over the years and included a brief reference to USHN and RN
policies. In addition the paper examined some of the more general refit
matters such as resources, plamning and refit management. He concluded that
the correct formula for the maintenance cycle of the steam destroyers has
now been found but regretably just as they are about to be phased out.
Commander Richards' paper "The Halifax Dockyard Develcooment Project" covered
CF3 Halifax Develooment 1s general and the SRU(A) Jetty Two Project
specifically. It is planned to spend $313 M (budget year) dollars on Base
Development of which 8192 M is already approved. This expenditure will
result in a much improved capability to meet the challenge of supporting a
new and modern Navy., The final wpaper, by Lieutenant Commander Wiseman,
dealt with the acgquisition of new submarines in the CF, "The Canadian
Submarine Acquisition Project (CASAP)". The plan is to produce new
suomarines by the 1990's to replace the three Oberons. This project will
attempt to maximize Canadian content in the design and construction vhere
possible.

+ =« + o« all not rosy . .

Commodore Ball warned that all is not rosy seven though there are
exciting new activities going forward. [He warned that the cost of new
weapons ard maintaining the old will increase at a rate in excess of
inflation and the resources provided will not meet the needs. In this
enwiromment the Navy faces an immense challenge, of how to allocate scarce
personnel and financial resources to the campeting demands of the present
Fleet and the Fleet of the future. The Commodore said the trick is to find
the middls ground; an optimal mix of both elements. He also pointed cut
that although the boiler problem is now behind us we should never be
surprised to meet unpredicted problems in our older ships.

On the norning of 24 June some sixty of us crawled out of the Halifax
Holiday Inn to catch flight 712 west. It had been an exciting three days -
lots of presentations, discussion, and socializing. I think we were all the
better for it as well. Now I loock forward to MARE 84. - Wait for it. Upper
Canada Spring B4 is the word. Maybe in conjunction with the National
Capital Marathon -~ Bring your running shoes and a good paper. See you
there.
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NOTE BOOK

Lt(N) W.I.G. Dziadyk, a new member of the fraternity but not new to
the Navy, has recently been awarded the Assistant Deputy Minister (Materiel)
Certificate of Merit. Bill joined the Mavy in 1967 as a MARS officer but
due to eyesight difficulties was reclassified into the CELE classification.
After ten years in the wilderness Bill is returning to the fold as a MARE.
However, before leaving the CELE organization Bill produced a Top Down
approach for the O0SAR softwars development and convinced the contractor to
implement it. For his efforts he won the ADM(MAT) Certificate of Merit.
Bill is now at RMC doing post graduate work in the Electrical Engineering
Dept and should be joining NDHD/D@EM in early 1984. It is good to have you
back with us Bill.

CDR D.W. Wilson was promoted to the rank of Captain effective 23 lov

82 with a posting to 2 CFTSA in Montreal 26 Hov B2. Good luck in your new
position Don.

On 26 Nov 82 LCAr F.B. Smith tock up the duties of NAD in NEU(A) and
the acting rarnk of Commander. Frank was subsequently pramoted to the rank
of Commander effective 1 Jan 83.
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