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PREFACE ‘

This report constitutes the Fourth Quarterly and Final
Report under Contract N00024-73-C-5U483 with the Naval Ship ]
Systems Command, United States Navy, under Advanced Research
Projects Agency (ARPA) Order 2425. As such it presents the
plan for automation of the Destroyer Escort (DE 1052) Class
of Naval surface ships which was the basic objective of this
study. The work reported here was carried out by personnel
of the Purdue Laboratory for Appliled Industrial Control,
Schools of Engineering, Purdue University, with the assistance
of personnel of Speciallzed Systems, Incorporated, Mystic,
Connecticut. Specialized Systems, Incorporated, served as
a subcontractor to Purdue University in pursuing this work.
The Statement of Work of the above contract as modified

by subsequent action reads as follows:

"conduct a thorough review of the present state-of-the-
art, including contacts with personnel and companies
actually engaged in bullding and operating automated
surface ships, and Navy personnel at the Naval Ship

Research and Development Center

Examine advanced automation technologies that may be

applied and evaluate them from the standpoint of the

uniqueness of the naval environment.
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Make a detalled study of the maximum possible automation |
of the DE-1052 class warship and develop the assoclated

benefits, personnel savings, and reliability effects. 1

Develop a specific detailed plan for the actual imple-
mentation of the automation proposed for the candidate
ship including establishment of a criteria for develop-

ment contractor selection."”

These have been carried out during this study and are
reported in our previous Quarterly Reports (11, 13, and 17)
or in this present Report. Associated cost and monetary bene-
fit data are being prepared by personnel of the RAND Corpor-
’ ation, Santa Monica, California.
We are indebted to Commander John Dachos of the Naval
Ship Research and Development Center (NSRDC), Annapolis,
Maryland, for permission to use the Integrated Bridge Concept
* reported in Chapter VIII of this Report. This design was
developed by Human Factors Resear~h, Incorporated, Goleta,
’ California, for NSRDC and 1s reported herein in lieu of the
’ development of still another design for this function.
The authors acknowledge with gratitude the technical

contributions of many organizations and individuals in the

be especially mentioned: Mr. Morten L. Buckberg, Naval Ship )
Engineering Center, Mr. Arthur Chaiken, Naval Ship Systems

Command, Commander John Dachos, Annapolis Laboratory, Naval

! development and completion of this work. The following should
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Ship Research and Development Center, Annapolis, Maryland; i
Human Factors Research, Incorporated, Goleta, California; the )
Officers and Crew of the USS BARBEY (DE 1088) especially
Commander Thomas B. Schmidt, Commanding Officer; the Salen
Shipping Companies, Stockholm, Sweden, especially Mr. Nils
Friberg, Chief Inspector,and Captaln Bengt Svensson and Chief
Engineer Evald Sj5lund of the T/T SEA SERPENT; Kockums
Mekaniska Verkstads AB, Malmo, Swedenr, and Mr. Leif Sten,
Electrical Enginreer of that company; and finally the several
American automatic control system suppliers who verified the
technical feasibility of the systems presented herein but

who do not wish thelr names presented here because 2f their
proprietary considerations.

This research was supported by the Advanced Re:zearch
Projects Agency of the Department of Defense and was monitored
by the Naval Ship Systems Command under Contract N0O0024-73-
C-5483.

Dale A. Halverstadt

Donald H. Kern

Theodore J. Williams
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SUMMARY

This report presents a description of a microcomputer-

based, overall, ship operation automation systerm which can

be developed for the DE 1052 Class of U.S. Navy surface ships.

All components of this system have already been developeu for
single function use or are presently in final product Qgst
phases for such use. The total system has n.c¢ yet appeared
in 1ts complete form as presented here. Development work
needed would thus involve only the engineering, production,
installation and test of tue overall coordinated system.

Use of such an overall automation system on the DE 1052
should permit a crew reduction of the order of 75-100 men
from presently proposed manning schedules while maintaining
or even increasing the ship's fighting ebility and 1ts capa-
bility of responding to any emergency.

Economic factors concerning the proposed control system
and the assoclated manpower reductions are contained in a
companion Report being prepared by the RAND Corporation,
Santa Monica, California.

Much development work has been carried out in recent
years on the computerized automation of the operational func-
tions of various classes of merchant ships and in many cases
the resvlting systems are now well accepted applications in

these vessels. The system developed herein 1s a consolida-

tion, coordination, and further development of the techniques

Preceding page blank
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applied here to meet the needs of Naval vessels. In addi-
tion, recent developments 1in the socalled micro computer
systems and in serial-highway, data-transmission systems

promises to greatly reduce the costs of such installations.




xix |

CONCLUSIONS AND RECOMMENDATIONS

As a result of a one yeir's study of the requirements !

of the DE 1052 Class of U.S. Navy escort vessels, of the

status of 1industrial computer control hardware developments,

and of the state-of-the-art of commercial ship automation,

the present investigators present the following conclusions

concerning the automation of “he operational (noncombatant)

functions of the DE 1052 CTlass of ships:

l.

Recent developments in the large scale integration
of electronic circuits has produced microcomputer
models with a very high capabllity and extremely
low cost. At the same time comaunications research
has produced very high-speed, serlal data systems
which are similarly reducing the costs of multi-
computer system communications. From these com-
ponents, extremely reliable multicomputer control
systems can be developed to automate all of the
optional (non combatant) functions of a warship or

of a commercial ship.

Every separate function involved in the operational
(non combatant) performance of a sea golng vessel
has been automated by means of a digital computer

based system and proven under actual at-sea condi-

tions by at least one organization (domestic or
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foreign). Many of these trials involved several ‘
different functions. Several of the resulting

systems have now been generally accepted for ship-
board use (such as satellite navigation systems and

anti-collision systems).

No ship has yet been built with all the possible
automation systems collected together in an overall
coordinated digital computer based system. The
state-of-the-art 1s such, however, that it 1is felt

that this can and will be done in the near future.

Avallability of such an automated system should per-
mit a reduction of the order of 75-100 men (based

on the assumptions used) from the current manning
table of a DE 1052 Class ship while maintaining or
even increasing the ship's fighting ability or 1its
capability of responding to an emergency, throurh
the increezsed reliability and speed of response of

the >1itomated elements compared to human capabilities.

view of the above, the following Recommendations are

The overall digital computer basecd control system
should be developed, installed, and tested on a

DE 1052 Class ship.

To prove the operability and reliability of the
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system described herein, a lend based test utilizing
the ARPANET Computing Network and existing Naval and
Maritime Administration facilities as described in
Chapter X of this report should be carried out

prior to the sea trials of Item Number 1 zbove.

In order to implement the test of Item Number 2
above a study should be started as soon as possible
to define the parameters, timing, and costs, and

to detail the arrangements for the tests.




CHAPTER I "

INTRODUCTION

OBJECTIVE

The objective of the work reported herein has been to
develop a plan of action that would lead to the maximum auto-
mation of a U.S. Navy surface warship. Such a project would
be designed to demonstrate a significant reduction in
the number of surface ship operating personnel while at the
same time enhancing the economy of operation and the Navy's
traditional requirements for reliability. The ultimate goal
of thils development would be to achleve a marked reduction
in the 1life cycle operating costs of the ship “‘n question.

This project will take advantzsge of the latest available
industrial developments in small-scale, gereralized, remote,
direct digital conctrol modules and other applicable recent
developments. This will help to assure that the control
system which 1s finally proposed here will incorporate the
best possible combination of available control methods and
devices and assure the highest possible reliability and

performance.

In developing the system to bte described herein all
existing ship systems must be examinec as to thelr adequacy

of response speed and operating characteristics to interface

Preceding page blant
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with the contemplated system. If not, appropriate changes

must be made in one or the other systems (existing or pro-

posed) to assure overall system compatibility.
BACKGROUND

SOME APPLICATICNS AND BENEFITS OF CCMPUTER CONTROL IN THE

FIELD OF COMMERCIAL SHIP OPERATION AUTOMATION

The field of shipping encompasses many operations that
may and possibly should be automated (3, 4, 10, 11, 12, 13,
14, 15, 21, 22). Althoogh the basic missions of naval and
commercial ships differ markedly some functions are equiv-
alent or identical on both. Those functlons that are suf-
ficiently similar and for which computer control can provide

benefits are briefly covered in the following paragraphs.

Navigation and Ship Control Systems

A serious problem area facing the operation of commercial
surface ships relates to ship size, maneuverability and traffic
density. The increaslng use of large ships such as super-
tankers makes the ship control =znd navigational functlons
much more critical since these shlps are much less maneuverable
than the smaller ships in use in the recent past.

It has been shown that a routine stop of a 200,00C ton

tanker can take up to five miles and a crash stop up to two

miles. The physical dimensions of supertankers and other
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large ships can also cause problems during docking and other
maneuvering operations. To overcome some of these problems,
development efforts are underway to produce reliable ship con-
trol and navigation systems to avoid groundings and collisions
with other ships or fixed obJects. With the increasing traf-
fic density, the anti-coll.sion ship control requirement is
almost impcssible to solve without some form of rapid and
efficient automatic anticollision system. (15).

It has been claimed that analysis of many collisions in-
dicates that the main problem of ship control utilizing radar
navigation is the limited capacity of human beings in utiliz-
ing the information available on the plan position indicator
(PPI) with an adequate speed and accuracy (15). The PPI 1is
a radar-based device that indicates present positions of ships
and fixed otjects within the range of the radar. The ability
of the ship's operating perscnnel to Jjudge relative speeds
and direction of movement c¢f various objects cannot be relied
upon to avoid possible collisions. Computer-aided devices
can be added to the PPI to indicate the history of movement
of all tracked ob).:cts as well as its own ship and calculate
the closest polnt of approach (CPA) as well as the optimal
maneuvering to be used to avoid collisions based on the
history of tracked targets and the capability of its own
ship (15).

The costs of operation of new ships used to transport

cargo makes routing an ever increasing problem Optimal




routing 1s ol grave concern to the owners and opera’ors of

fast vessels such as contalner ships. In order to accomplish
this, better methods of position fixing needed to be developed.
In addition, weather routing is becoming more important in the
development of a "least time track." This 1s accomplished
using forecasts of weather and sea conditions and a descrip-
tion of the ship's speed as a function of weather and ocean
conditions. The results of such weather routing can be reduced
sailing time, reduced cargo and hull damage, or 1increased
passenger comfort (15).

Optimal navigation to minimize sailling distance and time
can be accomplished using many types of position fixing de-
vices as well as the above mentioned weather routing concept.
Computer assistance can be valuable in analyzing position data
and history and correcting the navigation track to account for
wind and current drift and other factors. This will entall
minimizing a performance index consisting of the most critical
ship routing variables such as time, and fuel and weather con-
strairts. Zxtremely accurate position information can be ob-
tained through the use of many devices which are currently
avaliable and have been thorouchly demons‘rated at sea (15).

There are problems associated with docking and navigation
in r.stricted waters wherce human jJudgment ~am.~* be relied
upon to provide optimal navigational and maneuvering control

due ¢~ the many factcrs invoived. Computer assistance can pro-

vide safe maneuvering when docking or in restricted waters by
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continuously analyzing and monitoring water depth, ship speed,
direction of ship movement, and distance to the target desti-
nation as well as the dynamic response of the vessel to the

maneuvering orders (15, 16, 18).

Propulsion Systems

The automation of the power plant on board ship is prob-
ably the most popular application of computer control in ship
operations. The requirements for maneuverability and the
variable conditions imposed on the power plant make it a prime
candidate for automation. The motivation for automation of
the propulsion plant 1is supplied by many factors such as re-
duced mainning requirements, safer and more reliable operation,
lower fuel consumption, and le3s down time and fewer repairs
(3, *, 12, 15, 18, 20, 22).

There are four principal functions generally performed
by a propulsion control computer. These functions in the

order of their implementation have been (15):
l. Data logging and data processing.
2. Operation and alarm system.
3. Automatic time-sequenced start-up and shut-down.
4. Control functions.

They are briefly discussed below.
Data collection, data logging, and data processing tasks

are undertaken for many reasons. The course of action taken
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| with the use of computer-actuated mechanisms and sensing devices.

1.

The advantages to be ga.ned by using automatic start-up
and shut-down procedures are safer, more rapid, and more ef-
ficient changes in operating status, savings in personnel and
automatic corrective action and prevention of system or com-
ponent damage in the event of the fallure of a component, by

' ' the start-up c¢i standby units. This permits conslderable
savings to the owner of the ship without sacriiicing safety

f or reliability in the operation of the propulsion equipment.

Automatic control of the propulsion equipment 1is vossible

Computer control has some distinct advantages over previous

manual systems of control. Some of these advantages are (15):

Simplification and resulting economic savings in

instrumentation.

Fiexlbility in control parameters.

Compensation for non-linear operational effects in

and undesired response from instruments and actuators.

Control based on values of varlables that cannot be
measured directly such as shaft horsepower, flow

or enthalpy.

Wider operating range of plant variables.

Automatic compensation of control parameters as the

characteristics of the equipment change with time.
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Quicker and more consisten® response of the control

system.

More precise control.

Ability to operate with unattended machinery spaces.

The engineering personnel are freed from having to

be at the controls at all times.

Ship Communications and Management

The optimizaticn of fleet operations is a difficult prob-
lem due to the variety of factors that influence the operation
of a large number of vessels. For large fleets, it 1s de-
sirable to know the location, present status, and predicted

future status of each ship in order to schedule future opera-

tions of each member of the fleet (15).

A computer system can aid in the operation and management
of a large fleet by undertaking muny of the routine tasks as-
sociated with this sup2rvision and control. Ths ccmputer
system can communicate with the fleet management office, in-
dicating status, predicted futurc status, position, and much
other important informaticn concerning each vecsel of the
fle.t. In ada_tion, the computer can calculate crew wages,
overtime, taxes and deductions, and can ruenitor and control
ship's stores and other functions that have to dc with the

crew's health and condition. The shipping documents and
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. paperwork can be generated automatically and records can be
kept on repair and maintenance (15).

The above discussions have dealt with the general appli- '
cations and concepts of computer control and itg specific uses
in the commercial ship operation field. The benefits to be

realized by such a system of computer control have been pre-

sented in part and briefly discussed in a general context as

} ! pertinent backgrcund information for this project.

PRESENT PROJECT

On May 16, 1973, the Naval Ship Systems Command issued
Contract Number N00024-73-C-5483 for the project entitled,

Automation of Naval Surface Ships, to the Purdue Research

]
Foundation of Purdue University. This project had the fol-
{ lowing objectives and tasks:
A [ OBJECTIVES
} / 1 1. Develop a plan of action for a project for maximum

automation of a U.S. Navy surface warship.

2. Develop a set of potential benefits and related
‘ econoinics versus probably project costs. Predict

the resulting reduction in vessel 1ife cycle costs.

3. Determine the effect upon ship operating personnel
i and identify only appropriate Navy operating pro-

cedures and associated regulations which would be




TASKS
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affected by and may limit U.S. Navy surface ship

automation.

Determine the net effect upon overall ship reliability
related to utilization profiles and overhaul and

maintenance cycles.

Conduct a thorough review of the present state-of-
the-art, including contacts with »ersonnel and
companies actually engaged in building and operating
automated surface ships, and Navy personnel at the

Naval Ship Research and Development Center.

Examine advanced automation technologies that may
be applied and evaluate them from the standpoint of

the uniqueness ~f the naval environment.

Make a detailed study of the maximum possible auto-
mation of the DE 1052 class warchip and develop the
associated costs, benefits, personnel savings, and

reliability effe-ts.

Develop a specific detailed plan for the actual
implementation of the automation propcsed for the
candidate ship including establishment of a criteria

for development contractor selecilon.




This work was assigned to the Purdue Laboratory for Ap- !

plied Industrial Control of the Schools of Engineering of the 1

University. In addition, a subcontract was issued to Special-

ized Systems, Incorporated, Mystic, Connecticut, to cooperate

in the pursuit of the work of this contract.

Subsequently Objective 2 and that part of Task 3 entitled,

"-and develop the associated costs, benefits, personnel

savings-" has been transferred by the Advanced Research Projects

Agency to the RAND Corporation, Santa Monica, California, and

is being pursued by them as part of another project.

The Advanced Research Projects Agency has supplied the

funding for the present project under their Order No. 2425 to

the Naval Ship Systems Command, U.S. Navy. The project has

been supervised and monitored by personnel of the Naval Ship

Systems Command and the Naval Ship Engineering Center.

Task 1, concerning tle review of the state-of-the-art,

was carried out during the first and second quarters of this

study and was reported in our first two quarterly reports

as follows:

l. Kern, D. H., and Williams, T. J., Some Reports on

the State-of-the-Art in Automation of Modern Merchant

Shipping; Volume I - T/T Sea Serpent, Volume II -

Conferences and Visits, Report Number 55, Purdue Lab-

oratory for Applied Industrial Control, Purdue Uni-

versity, West Lafayette, Indiana, August 15, 1973.
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2. Halverstadt, D. A., Kern, D. H., and williams, T. J.,

A Bibliography of the Field of Ship Operation Auto-

mation, Report Number 58, Purdue Laboratory for
Applied Industrial Control, Purdue University, West

Lafayette, Indiana, December 1, 1973.

Objective 3 has been undertaken principally by Specialized
Systems, Inccrporated, and thelir study has been reported in

the Third Quarterly Report of the project as follows:

Scott, M. T., Kern, D. H., and williams, T. J., An

Analysis of Persornel Effects and Naval Regulation

Considerations in the Automation of Naval Surface

Ships, Report Number 60, Purdue Laboratory for Ap-
plied Industrial Control, Purdue University, West

Lafayette, Indiana, March 1, 1973.

Because of the very great interest in the DE 1052 Class
of U.S. Navy Ships 1in several on-going ship improvement
studies it has been chosen as the basis for this investigation
as well. A specific study was therefore undertaken to de-
termine the maximum extent of automation that could reasonably
be provided. This would comprise Task 4 and 1s presented 1n

this Report.

DETAILS OF THE DE 1052 CLASS DESTROYER ESCORT AND

ITS OPERATION

The DE 1052 Class Destroyer Escort 1s a surface ship
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of the United States Navy with the following characteristics
(8):

Length (overall) 438" o"
Length (between perpendiculars) 415° o"
Breadth (molded maximum) L6 10"
Depth (molded) 28" 9"
Helght of highest projection

above design waterline 120" g"
Displacement (estimated full

load condition) 4018 tons
Draft - mean (estimated full

load condition) 15! o"

As can be seen from the above dimensions, the DE 1052
class ship 1s a relatively small surface ship designed to es-
cort other ships in open water and fulfill an antisubmarine
warfare mission. For this purpose it 1is fast and has maneuv-
erabllity and sea-keeping qualities.

To carry out the wartime mission, the currently authorized
full complement consists of approximately 275 men including
19 officers, 17 chief petty officers, and 239 other crew mem-
bers (17). Their responsibilities include the operation of
the ship in any situation from a cold iron watch in port to
full battle conditions. The number of equipment functions
is quite large and the operation of all equipment on board

the ship 1s a complex task requiring knowledge of the physical

plant and its characteristics.

Machinery

The machinery found on board the DE 1052 class vessel

is discussed in this section along with a brief account of a




few of the operations that must be performed in the control
and utilization of this equipment.

Propulsion of the DE 1052 is by a steam propulsion plant
consisting of two high performance, oil-fired boilers which
supply steam to high-pressure and low-pressure (HP-LP) turbines
driving a double reduction gear which in turn supplies power
to a single shaft and screw propeller. The plant 1s rated at
35,000 SHP at 240 propeller RPM. For electrical power three
turbo-generators are located in the forwarc¢ auxiliary machin-
ery room and a single diesel drive generator 1s located in the
aft auxiliary machinery room. The usual auxiliary machinery
is provided to support the propulsion system and hotel services.
A partial 1list of the main machinery and auxiliaries is ex-
hibited in Table I (8).

The present system on the DE 1052 Class vessel utilizes
many independent analog control loops ror controlling several
functions of the ship and its machinery plant. The major con-
trol systems of interest are described briefly in the follow-
ing paragraphs (8).

The boller feedwater system consists of a three-element,
air operated, feedwater regulator tc provide control of the
water level in the boiler. The elements of control are steam
flow, water flow, and watecr level.

The water level in the deaerating feed tank 1s controlled
by automatic actuatior. of makeup feed and excess feed valves.
BoiLh of these valves are closed when the normal water level

in the deaerating fe<’ * :nx is r.ached




TABLE 1

LIST OF PRINCIPAL ITEMS OF MAIN
AND AUXILIARY MACHINERY
Main propulsion unit - HP-LP turbines, double reduction gears
driving a single-screw propeller.
Boilers - (two) - Natural circulation with maximum combined
output of 217,000 pounds per hour of steam at 940°F
and 1050 PSIG.

2
Main condenser - 6750 ft cooling surface capable of handling
217,000 pounds of steam per hour.

Air ejectors - As required to service condensers and other
systems or components requiring vacuum.

Main feed pumps - (three) - turbine driven.

Main feed booster pumps - (three) - motor driven.

Main condensate pumps - (two) - motor driven.
Turbo-generator condensate pumps - (three) - motor driven.
Feed water drain tank pumps - (two) - motor driven.

Turbo-generator condensate circulation pumps - (three) -
motor driven.

Main circulating pump - motor driven.

Diesel generator seawater circulation pump - motor driven.
Fire pumps - (four) - motor driven.

Main fuel oil service pumps - (two) - motor driven.

Fuel oil service pump - port use - motor driven.

Fuel oil transfer pump - motor driven.

Air compressors - high pressure - (two) - motor driven.

Air compressors - low pressure - (two) - motor driven.
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TABLE I (Cont.)

Air compressors - (two) - turbine driven. !
Forced draft blowers - (four) - turbine driven.
Lighting off blowers - (two) - motor driven.
Turbo-generators - (three) - turbine driven.

Diesel generator - (one) - powered by tandem drive diesel
engines.

Auxiliary condensers, turbtogenerator condensate - (three).
Auxiliary gland exhaust condenser.

Air conditioning refrigeration plants - (two) - motor driven.
Refrigeration plant - ship's stores - motor driven.

Distilling plants - (two) - low-pressure flash type - motor
driven.
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Boller water feed pumps are automatically controlled to
suit the boller requirements. One or two of the three sets
of booster and feed pumps may be lined up for an automatic
startup should the pressure in the discharge header from the
feedwater run pump fall below a preset minimum level. Those
pumps when iined up for standby feed may draw feedwater either
from the deaerating feed tank or from the emergency feedwater
tank.

The fuel o0il supply system 1s automatically controlled
by maintaining a constant pressure in the fuel oil supply
header. Bypass and recirculating 1 .nes are provided to allow
sufficient pump flow volume even at low boliler loads. An
emergency fuel oll shut off valve 1s located upstream of the
fuel oil flow control valve and ‘s automatically actuated in
the event of emergency or dangerous conditions in the system.

Forced draft blowers are manually controlled using a
Woodward speed governor to control the steam turbine driving
mechanism. Lighting off blowers are used when steam 1s not
available to run the main forced draft blowers.

Many critical operations in the functional cycle of the
machinery are performed by the operating personnel. This
includes boiler sta—t-up and shut-down, condition monitoring
of all equipment, adjustment of the fuel-to-air ratio in the
boiler firing chamber, and other critical tasks. The partilal
1ist of main machinery and auxiliaries exhibited in Table I
gives an idea of the magnitude of the operational tasks to be

performed by the engineering personnel aboard ship.




Curr:nt operations require the attention of qualified op-

erators in the engineering spaces at all times to assure the
proper operation of the boilers, turbines, and auxiliary mackin-
ery in response to ship maneuvering or in-port requirements.
This requires a great deal of information concerning the atatus,
the performance, and the demands on the machinery. In addition,
much of the time, the engineering personnel are engaged in
routine maintenance and general repairs and cleanlug. The in-
troduction of computers to perform the sontrol and monitoring
tasks and to take corrective action in the event of an emer-
gency condition would allow a much lower manning level (20).

As an example, with the existing manual mode of operation
lighting off a boller involves the following general procedure

which must be followed to check for pre-light-off conditions (8):

1. Auxiliary equipment to be checked for operation per

manufacturer's {nstructions as l1isted below:

a. Feed pump.

b. Fuel o1l pump.

¢. Fuel oll heater.
d. Forced draft fan.
e. Steam gages.

f. Water gages.

ny
.

Check all boiler operating valves for proper alignment.

3. Close the followinz:
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a. 150 psi protection steam.

b. Superheated and desuperheated stop valves.
¢c. Blow-off and water wall drain valves.

d. Chemical feed valve.

e. Economizer vents and drains.

f. Water gage drains.

g. Fuel oill and atomizing steam valves.

h. Hydrostatic test vents.

k., Open the following:

a. Steam drum vent.
b. Steam gage lines.

c. Water gages and atomizing header drains.

5. Secure the superheater protection steam to the boiler.

6. Inspect the safety valve lifting gear.

7. Ascertain all safety gages are removed.

8. Drain the superheater.

9. Control superheater and superheater circulating steam.

All of these operations must be performed manually before
f1l1ling and lighting the boller. A computer control system

could easily perform all of these functions in much less time

than the human operator and with a higher degree of reliability

and consistency. In addition, the computer would not forget
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to complete any one of the assigned tasks in the proper order
in the performance of its operations. This is also true for
many other operations that are currently performed manually
(3, &, 19).

A complete account of the manning levels on the DE 1052
class vessels and the possible reductions 1in manning and other
benefits that could be realized from the introduction of auto-
mation (computer control) can be found in heaferences 17, 20,
22, and 23. Preliminary estimates indicate that the manning
of a DE 1052 class vessel could be reduced in the order of 75-
100 men with the potential of enhancing reliability, avallability,
and efficiency. It is probable also that the operational econ-
omi:s of the ship would be improved by the introduction of
computer control (13). Supporting rationale for these esti-
mates of reduced manning is discussed in Reference 23 and will
be reported on in detaill, including an economic analyslis, in

Reference 22.

Navigation and Ship Control

At the present time the DE 1052 Class ships take no ad-
vantage of the automation available for the navigation, ship
control, and collision avoidance functions from commercial ship
source¢s. Dead reckoning nzvigation, plotiing of LORAN, RDF
and OMEGA position lines, and the reduction of celestial sight-

ings are all done by hand. No automatic course control is

available, therefore a helmsman is required at the wheel at




i ]

all times. In addition, determinat‘on of collision possibili-
ties from radar sightings are carried out by hand plotting
methoés on the radar scope. All of these functions can be
completely automated and have been demonstrated at sea in many

commercial ships.
LOGISTICS

In contrast to the commercial ship ‘'hich is generally a
specialized cargo carrier of one type or another and tlius amen-
able to the automation of the loading and unloading function
for that type of cargo, the naval combat ship such as the DE
1052 loads relatively small amounts of highly varied stores in-
to eramped and scattered locations aboard. In addition, the
large numbers of crewmen available, even after the reductions
contemplated here, normally take part in such operations. No
specific attention has been paid to the stores handling function
in this study, however, 1t is understood that the navy has 1in
progress study and development ~fforts to improve, both from
the standpoint of speed and numbers of men required, shipboard

ammunition handling functicns.

SHIP COMMUNICATIONS AND MANAGEMENT

This area car be divided into two major classes, first,
internal ship commvaications and, second, external communica-

tions and fleet management. The latter area is very highly

involved in combat operations and as such is not part of this
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study which is confined to the non-combat functions of the
ship. The first is one major reason for the large number of
personnel on board a naval ship such as the DE 1052 since mes-
sengers and phone talkers are used in large numbers to man

the redundant communication channels and to relay messages
vocally to the Captain and to the other officers. Proposals
are made here that should make it possible to eliminate much

of this type of manpower, even though a majority of commanding

officers today are more comfortable with phone talkers.
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CHAPTER II .

THE PROPOSED OVERALL CONTROL SYSTEM

BASIC COMPUTER SYSTEM DESIGN FOR

AUTOMATION OF A DE 1052 CLASS SHIP

Automation of a DE 1052 Class ship involves a complex

system for the automatic monitoring and actuation of many i
standard marine-type units. These units are distributed through
all parts of the ship, but their activities can be divided 1nto
functional areas of responsibility as has been shown in similar
studies and applications in the commercial shipping industry.
This means that failure of any part of the computer system will
affect the operation of only a small portion of the overall ship

system (18).

Using the above concept, it is possible to deflne the ba-
sic system architecture to be used in developing the automation
system studied here. Having developed areas of functional re-
sponsibility, yet maintaining flexibility and a high degree of
integration, a system of distributed processors has been pro-
posed to effect automation in this environment. Such an archi-
tecture provides for an integrated system that may be easily
adapted to many systems with a minimum of effort and which dis-

penses with the existing independent analog control loops.

Applying these ideas to the DE 1052 Class of ships, the
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following areas of the ship have been designated as candidates

for automation:

1. Navigation and ship control.

2. The propulsion system.

3. The electrical power and other auxiliary machinery.

4., Damage and casualty control.

The basic system architecture for the four areas of func-

tional responsibility utilizes a distributed processor system
and provides for the complete interconnection of all separate
control units. A sketch of the basic system is shown in Figure
1. Such a system has many benefits that are of great value
when installing, operating, or altering the system. Some of

these benefits are:

l. Flexible system configuration - distributed subsystems
may be modified, replaced, or deleted without upset- |

ting the rest of the system.

2. Graceful derradation - fallure in one or more com-
ponents or subsystems does not cause the entire sys- |

tem to fail.

3. High systems relilabllity -

a. Easy to zdd parallel redundant units and




NAVIGATION
AND SHIP
CONTROL
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FIGURE 1

SIMPLIFIED SKETCH OF THE DISTRIBUTED PROCESSOR

SYSTEM FOR SHIP CONTROL AND AUTOMATION




subsystems can be incorporated to back up and i

duplicate the function of the main components |

and subsystems. i

b. Transmission of processed information allowing;

(1) Decreased data rates since processors are
distributed to functional areas and only
processed information need be sent between
any two subsystems.

(2) Use of error detection codes allows any fault
or casualty condition in the system to be
detected and identified by the processor in

its area of responsibility.
4., Lower cost due to:

a. Simplified hardware configuration packaging since
< processors need not be large due to the reduced
processing requirements of each processor.
b. Simplified software because functions are carried
} out by several small, locally responsible pro-
' cessors, not by a large machine that must perform
’ all of the control functions and calculations with-
in the entire control system.
c. Large scale integration technology.
d. Multiple use of standard components. Many dif-
ferent subsystems can use identical hardware to

perform varied functions.
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l e. Ease of incrementally increasing capability since !
units may be added to the system without drastical- !
] ly interfering with the functions of the rest of
the system.
f. Simplified installation since common data ciannels
can be used for processor-to-processor communi-

cation. This eliminates the need for individual

multiple-wire cables between any two units.

The application of the above principles to the specific
requirements for automation of a DE 1052 Class ship results in
a system architecutre that incorporates several micro-computers

to perform control and monitoring functions within each func-

tional area and a set of supervisory minicomputers controlling
the overall system and performing necessary calculations and
interrogation funciions to support and maintain optimal con-
| trol performance.
, A general sketch of the computer control centers and the
data highway common communications channels is shown in Figure 2.
Note that all subsystems have access to four separate communi-
cations channels since information can be passed in either of
two directions through either of the two cable loops comprising

] the communications channels.

AN OUTLINE OF THE SYSTEM

An outline of the functions to be included within each of

i the areas discussed above 18 presented below:
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MAIN CONTROL
(REMOTE CONTROL CENTER - MAIN)

BOILER NO. 1A
(REMOTE CONTROL CENTER - 1A)

BOILER NO. 1B
(REMOTE CONTROL CENTER - 1B)

.

POWER AND AUXILIARIES
(REMOTE CONTROL CENTER - AUX)

o

LOG ROOM
(SUPERVISORY CONTROL CENTER)

DAMAGE CONTROL
(REMOTE CONTROL CONSOLE - LOG ROOM)

BRIDGE
(REMOTE CONTROL CENTER - N)

FIGURE 2

GENERAL SKETCH OF THE COMPUTER CONTROL
CENTERS AND DATA HIGHWAY COMMUNICATIONS CHANNELS

DATA
HIGHWAY
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THE BRIDGE

The automated bridge should include the following functions:

ll

The

A two or three man console type bridge operating

station equipped with the following:

a. Auto pillot.
b. Remote ccntrol of engines.
¢c. Anticollision system.
d. Readout for
(1) Position in latitude and longitude.
(2) Course and distance to go.
(3) Bearing and distance of designated points.

(4) Station keeping position, etc.
Position determination by satellite.
Position determination by hyperbolic system.

Dead reckoning by electromagnetic log and/or doppler

sonar.

following equipment should be incorporated in the

bridge facility.

1'

2'

TRANSIT receiver.

Twin mini-computer system (duplicate) for navigation,

ship control and anticollision functions.
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OMEGA recelver.

PPI presentation device for the anticollisjon system.

Steering station including gyro based autopilot.

Dual digital readout units for ship functions, navi-

gation position, etc.

Bridge wing control stations.

THE PROPULSION SYSTEM

The automated propulsion system should include the fol-

lowing functions:

1.

Direct control of main engine from the bridge or

from the enzine room control center.

Time based control of engine speed and direction

changes with conditlon adaptation of time base.

Monitoring of boiler and turbine and related functions
and casualty response on detection of systems danger

conditions.

Indication of all desired power system variables.
Printing of critical variables on demand and at pre-

selected intervals.

Automatic light-off of boilers and start-up of steam

production.




=i =

. 6. Automated shut down of boiler systems. \

7. Simulation capability for system tests.

The following equipment should be incorporated 1n the

engine room computer system:

1. Twin mini-computer supervisory control of the total

power train system (situated in Log Room). [

2. Redundant micro-computer direct control of each major

h l unit of the system.

| l 3. "Data Highway" communications channels to connect all
i micro-computers with the supervisory control computer

l l system and the bridge system.

’ i Additional equipment such as controllers, actuators, etc.,
}‘ : necessary to complete the engine room automation are described

| in Chapters III and IV. .

' THE ELECTRICAL POWER SYSTEM AND OTHER AUXILIARY MACHINERY

The following functions should be provided:

1. Automated start up of both steam and diesel powered

electrical generating units.

2. Automatic alignment and synchronization of all elec-

N | trical generating units.
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3. Monitoring of all major electrical trunks and dis-

connection of any showing faults.

4. Read out of selected system varlables at fixed inter-

vals of time or on command.
The following computer equipment should be incorporated:

1. Redundant microcomputer direct control of generation

units and of automated switching panels.

2. Connection to "data highway" communicatlions channel

for contact with supervisory control system.

Additional equipment such as controllers, disconnecis, etc.,
necessary to complete the automation of the Electrical Power

System and other auxiliary machinery is described in Chapter V.

DAMAGE AND CASUALTY CONTROL

The following are needed as part of the Damage and Cas-

ualty Control System:

1. 1Inert Gas system for engine room and boiler spaces.

2. Fire Main 1isolation loops.

3. Some method of indicating status of water tight com-

partments including remote closing doors and sea

water isolation.
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4, Fire Warning system. (

5. Wireless communication system.

COMPUTER EQUIPMENT REQUIREMENTS

\ Using the microcomputer based controllers described later
in this Chapter, Table II presents the total number of these
systems and of regular sized minicomputers necessary to carry
out the functions listed just above. Table III 1lists the equip-
ment required to present the data thus developed by the moni-
toring and control systems to the propulsion system attendants
and bridge personnel to help them to properly carry out thelr

! functions. Table 1V presents the systems capabilities which

{ must be incorporated into the computer systems and their as-

sociated programs to achieve the capabilities necessary to

, match the needs presented.

Figure 2 1s a block diagram of the overall control system

L proposed showing that there are complete remote systems at each
of the main locations of the present ship control functions:

. Main Control, Boilers (separate), Electrical Power, Log Room,

l and Bridge. A sketch of the type of equipment contemplated

at cach of the below decks areas, except the Log Room, 1s shown

l in Figure 3. As can be seen this 1s a completely redundant

I system in terms of sensors, multiplexers, ccentrollers, and

operator's displays to assure the maximum possible reliability.

This redundancy combined with the additional fail-soft¥

——

# Sui'ficient separation and redundancy to prevent any instan-
taneous total failure of the computer system.

oo’ |
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TABLE 1I

PRESENTLY ENVISIONED COMPUTATIONAL HARDWARE
REQUIREMENTS BY CONTROL CENTER LOCATION

Main Engilne

Dual Micro Computers 2M &
Boilers
Dual Micro Computers each 4M
Electrical Power System
SSTG System - Dual Micro-
Computers 2M
Diesel System - One Micro-
Computer system 1M
Bridge System
TRANSIT Satellite M
Dead Reckoning and Auto Pilot 2M
Anti-Collision 2Reg %%
OMEGA, LORAN, etc. 1M
Log Room
Supervisory and Coordination
System plus Damage and Casualty
Control 2Reg
Total 13 Micro
4 Reg
&M - Micro-computer ccntrollers now under development

s#Reg - Presently avallable Mini-computers
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TABLE III

PRESENTLY ENVISIONED I DICATOR

REQUIREMENTS VERSUS SHIP LOCATION

Min Engine Controli Station CRTS
Dual CRTS (AN + V) 2

Boiler Control Station (Two Stations)

Dual CRTS (AN + V) 4

Electrical Central

Dual CRTS (AN +V) 2
Log Room
Dual CRTS (AN + V) 2
Logger (1)
Bridge
Dual Anti-Collision (PPI) 2
Dual CRTS (AN) 2
Logger (1)
AN - Alphanumeric Cathode ‘ay Tube (CRT) presentation
\'f - Vector Cathode Ray Tube Presentation (i.e., Graphics, etc.)

PPI - Plan Position Indicator (Radar and Anti-Collision)
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TABLE IV

SOME CAPABILITIES REQUIRED OF THE
MICRO-COMPUTER AND MINI-COMPUTER CONTROL SYSTEMS

Fither of the two redundant micro-computers in each area
will be capable of operating from any one of the four

data cables of the communications channel of Figure 2.

Either of the two redundant micro-computers in each area
will be capable of carrying out all control functions of

its area of responsibility.

Either of the two redundant micro-computers in each area
will be capable of driving either one of the two available
CRT systems. (see Figure 3)

Either of the two local micro-computers in each area will
be capable of being addressed by a portable interrogation
device for operability testing, readout of constants of

system, circuit checks, etc.

In common with the central (i.e., supervisory) computer
system any functions of the computer systems should be
checkable from the external portable interrogator. It

should be possible to adjust any systems constant by

this method.
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TABLE IV (Cont.)

Diagnostic programs selected by the main (i.e., super-
visory) computer must be able to be run on any of the

subordinate micro- computers as an operational check.
Main (i.e., supervisory) computer system functions:

a. Logging of preselected important data.

b. Logging of new actions during the operation of
the plant.

¢. Selection of optimum strategies of operation.

d. Diagnostics and control of maintenance tests and
corrective measures.

e. Presentation and output of normal operationel data

as required by regulations.
On-1line diagnostics of self and of related systems.

All systems will operate on a large unit replacement
maintenance system basis rather than through actual
electronic repair of components and cards. (It should
be noted that micro-computer technology will permit such

a replacement type maintenance policy at less cost than

current practice.)
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capabilities listed in Table IV should adequately assure this f
necessary capability. 1
? System and component test and adjustment capability is
provided by two different sources. First, a portable inter-
- rogation device 1s supplied to test the operability of the com-
ponents and their circuits and to test the constants of the

system. Any system constant should be capable of being ad-

a

Justed using this device. Secondly, the main computer main-
tains a file of simulation and diagnostic programs that can test
the operability of any component of the system and check the

result of any normal operating routine.

The main computer system must be capable of logging
preselected important data and new actions during the operation
of the propulsion plant. It also selects optimum strategies of
operation and controls diagnostics and maintenance on all parts

4 of the system. Output of normal operational data as required
by regulations 1is controlled by the main computer system.
} All systems should be maintained on a replacement main-
’ tenance system rather than through the repair of components
and cards.
Consistent with the above requirements for the control sys-

tem components, Figure 3 presents a basic controller configura-

tion that will sat’sfy the needs of the system. It contains

all operating systems, calculation procedures and program logic,
- i and communication interfaces. Inputs to this controller system

i are provided by sensors and an operator interface as well as
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the data highway system. Outputs are directed to actuators,

the operator interface, and the data highways. The data high-

)

way channels are redundant at each controller site and have
the capability to bypass the controller so that a failure 1in
any one controller does not cause the failure of the entire
communication system. Figure 4 is a redrawing of Figure 3 to ; !
show the actual hardware connections involved rather than the
functional blocks previously used to indicate redundancy
capabilities.

The controllers have a parallel processing capability to
enhance the reliability of the system. Each controller has a
memory storage capacity of up to 16,000 words at 16 bits per
word. The latest electronic technology has been assumed. Each
controller can stand alone or serve as part of the data high-

way integrated computing and control system.

MAN-MACHINE INTERFACE

The justificaticn for the above type of control presenta-
tion centers has been based on the economic benefits to be
realized by reduced manning, improved efficiency, and higher
reliability as well as other factors. However, up to now,
1ittle has been said about the operator's role 1n the opera-
ticn of the control cystem itself and the human engineering
problems encountered in the implementation of such a system.

Without the introduction of computer control, the opera-

tor has displayed before him almost all the data avallable on
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the operation of the equipment. The vast quantity of this in- '
formation makes it extremely difficult for the operator to ab- :
sorb all pertinent data and make reliable and rapid decisions t
concerning the plant's operation and any necessary actions he
should take. The use of the computer in controlling the system
takes much of the load off of the operator and delegates to

him the role of a systems monitor and repair man. By being
provided with the capability of automatic monitoring of pro-
cess parameters and automatic alarms in the event of failure,
the operator is freed to make operating decisions and repalrs
needed in the day-to-day operation of the physical plant (14).

In order to introduce the operator into the operation of
the control system, it is necessary to design an interface be-
tween the man and the machine [computer]. The flexibility and
adaptability cf the digital computers proposed for the imple-
mentation of this control system makes them well suited to the
jnclusion of the human operator as a supervisor, monitor, and
decision-maker (21).

There is a set of requirements and concepts for man-machine
interfaces that have been well established and documented as
being applicable to process control computer systems (21).

These requirements can be met easily in the design of the com-
puter system and control centers without eliminating any of

the previously discussed equipment or operations. These re-

quirements and concepts for the man-machine interface are (21):




Avoid parallel displays mounted on extended panels

since they contain more information than the human

operator can absorb simultaneously.

Process operation information should be displayed on

an exception basis.

Compact indication of process performance or status
should take advantage of pattern recognition display

techniques.

Data should be grouped to convey knowledge of the

operations of natural subsystems.

Alarms should be hierarchial, being selectively sup-

pressed as a function of operating state.

Manual operation of most control valves should be

possible as a redundant feature.

History of and trends in pact data should be avail-
able for operator guidance but hard copy 1s not

essentlal for this information.

Analog displays should be used for qualitative in-
formation, digital displays for quantitative in-

formation. These two forms can be mixed as required.

Available derived variables such as efficiency, quality,
etc. should be used as performance indicators rather

than simple variables such as temperature, viscosity, etc.
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10. A single interface should be provided with all of the

functions and information available at any one location.

11. Interfaces should not be compromised to support other

functions such as maintenance and management .

AVAILABILITY

Components such as described in this Chapter are now being
developed by all of the major automatic control systems sup-
pliers. Normal product development rates will have such devices
available for public announcement by the Fall of 1974 and avail-
able for purchase for complete systems installations, such as
is contemplated here, by the Spring of 1975. Considering the
recommendations to be made as part of this project the above
availability will be sufficient for their uses in any contem-

plated tests of the system described herein.

gy § - — [T .
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CHAPTER III

MAIN ENGINE CONTROL SYSTEM

INTRODUCTION

This Chapter begins a detailed discussion of the auto-
matic control functions to be carried out by the computer
based control system proposed herein. Most important in terms
of possible manpower reductions is the automation of the pro-
pulsion plant to achieve an unattended operations status such
as 1s now commonly used with the steam plants of many com-
merclal ships. The control of the engine room and its re-

lated equipment 1s discussed first in this Chapter.

ENGINE CONTROL SYSTEM

Direct control of the main engline shaft speed and of 1its
direction of rotation from the bridge or from the engine room
control center requires the automatic control of the boilers,
of steam flow to the main engine, and of supporting auxiliary
machinery and systems. The control of the boilers and their
auxiliary equipment is performed by separate computer systems
designed and installed specifically for this purpose. The
boiler control system is discussed in Chapter IV. Some aux-

iliary systems are controlled by the Boiler Computer Control

System. These systems are:
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1. Fuel oill.

2. Lube oil.

3. Feedwater/condensate.

4, Combustion air.

5. Main circulating water.

6. Steam dump/steam relief/burner sequencing.
7. Auxiliary steai.

Other auxiliary systems are under the control of the
computer systems installed for the supervision of the electric
power and auxiliary systems. This computer system 1s dis-
cussed in Chapter V.

The control system proposed for the direct control of
the main engine is shown schematically in Figure 5. Control
can be effected either from the bridge or from the engine
room control center. A minimum of main computer inputs and
outputs have been used to reduce system complexity and enhance
the system's reliability.

The devalopment of the computer model used by the com-
puter to control the main engine must consider the process
dynamics and interactlions of the system. The capabilities

and performance characteristics of the engines are affected

by the characteristics of the boilers and other auxiliary

. — pm—g [ ]

P e
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equipment necessary to power and service the main engine. The
engines also affect the operation of those boilers and aux-
iliary systems, creating an interactive system. The dynamics
of these interactions and the resultant system parameters must
be thoroughly investigated before auy model can be used for
control purposes. In addition, those parameters which relate
to the responsiveness of the ship in answering helm orders

and throttle commands must be determined. The maneuvering
response of the ship is dictated by the particular hull,
rudder, and propeller designs and the characteristics of the
power train driving them (24).

The desired automation of the propulsion system should
include several principal functions and features, most of which
have already been successfully applied in the commercial ship-
ping industry. These features are considered essential to
the safe and economic operation of an automated ship and are
presented as a set of functional requirements for the auto-

matic control of the propulsion equipment and are listed below:

l. Direct control of the main shaft speed and direction
of rotation must be possible from the bridge or from
the engine room control center with the engine room,

the fire room, and the auxiliary spaces unmanned.

2. Computer monitoring of the main engine and boiler

functions must occur with provision for an auto-

matic casualty response and/or the automatic blocking
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of propulsion plant functions whenever out-of-1imit

or casualty conditilons ar2 detected.

3. Automatic light-nff and shut-down of boilers and
automatic start-up of steam production must be pos-

sible through the computer control system above.

4., 1Indication using cathede ray tube (CRT) presentation
of all desired power system variables with the
cipability to record or print critical variables at
preselected time intervals or on command from ship's

personnel must be possible.

5. A simulation capability to run operational checks on
any part of the computer control system must be

avalilable.

Provision of these five basic features of the autonated
propulsion control system should be accomplished through the
incorporation of the systems concepts and features that are
discussed in the following section of this chapter describing

the individual control systems and components necessary.

THROTTLE CONTROL SYSTEM

The controls located in the engine room control station

and on the bridge should include the following principal fea-

tures and functions:
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1. Direct control of the main shaft speed and direction

of rotation using a standard engine order telegraph

unit linked to the computer control system.

2. There will be no limitation placed on the rate of

actuating movement or on the direction of movement

of the telegraph unit. All limitations of engine

response will be under sontrol of the computer system.

3. The engine order telegraph will provide the capability

to order shaft rotation in the following modes:

a.

Main shaft direction of rotation - "ahead" or
"astern."

Main shaft speed in RPM 1n either the ahead or
astern direction.

Ship's speed ahead in knots based on a pre-
determined ship speed/RPM relation or an EM
log input.

Standard engine order telegraph orders such as
"full ahead,""standard," "hslf ahead," etc.
The engine room control center will be &able to

override the bridge's selection.

A detailed design of the bridge syst-m used in the control

of the main enzines and other bridge functions has been per-

formed by the Naval Ship Research and Development Center.

This design has been included 1n the discussion of the Brildge

System given in Chapter VIII of this F~ wort.
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The throttle control system transmits signals from the ‘
bridge or the enzine room control center to the computer and '
from the computer to the main engine throttles. A block dia- w
gram of this system is presented in Figure 6.

The mechanical system for the automatic control of the
Y\ main engine is diagrammed in Figure 7. Ordered shaft speed
and direction of rotation are transmitted to pilot motors /
(Item 1 in Figure 7 for ahead operation, Item 2 for astern
‘ operation) which drive hydraulic valve actuators (Items 3)
opening or closing the throttles as required. Pressure trans-
mitters (Items 7 and 8) indicate steam pressure at the ahead
and astern turbines and send this information to the computer.
Feedback as to the actual shaft speed is provided by a tach-
ometer-generator set (Item 9). A torsion meter (Item 10)
mounted on the main shaft provides information conceruing tre
shaft torque being delivered to the propulsion equipment.

All of these Itemt¢ are shown on Figure 7.

Figure 8 precents a typical times cycle used 1in carrying
out any engine orders selected by the bridge or the engine
room control center. These timed cycles are predetermined
by system dynamic analyses so that all engine orders will be

carried out in a manner compatible with the propulsior. plant's

characteristics and capabilities. The actual scales of these
figures would be determined from actual tests of these char-
( acteristics or from manufacturer's specifications.

Monitoring and alarming should be included in the control
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system for the main engine to indicate any falilure or out-
of-1imit conditions in any critical comporient of the engine
system. These alarms, categorized in order of importance to
the operation of the propulsion system as discussed under

Alarms General Requirements in Chapter VII are:

Group A - Main Engine to be Stopped by Computer

1. Main shaft axial displacement beyond limits.

2. HP turbine overspeed/LP turbine overspeed.

3. HP/LP turbine rotor axial displacement beyond limits.

4, iain lube oil-low pressure.

5. Astern turbine exhaust steam - high temperature.

6. HP turbine - excessive vibration.

7. LP turbine - excessive vibration.

8. Turning gear engaged.

9. Manual trip of the engine.

10. Idling cycle failure.

11. Main engine emergency stcp from bridge or engine

room control center.

Group B - Reduced Main Engine Shaft Speed Ordered by Computer
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1. Lube 01l to main engine - low pressuret. A

2. Lube o0il to main encine - high temperature. 4

3. Astern turbine exhaust - high temperature®.

4., Bearings - main reduction gears and turblnes -

high temperature. é

Group D - Main Auxiliaries Failure o

1. Bridge throttle control system fallures.

2. Main lube oil service pump failures - #lA, #1B.

3. Attached lube o1l service pump failure.

4, Lube oil sump tank - low level.

Group E - Auxiliary Fallure

1. Bilge - high level - individual indication for {

b the engine room.
2. Lube o0il purifier failure.

3. Lube oil filter - high differential pressure.

® These alarms are similar to Group A alarms but are actuated
by a different set of limits on the monitored parameter.
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CHAPTER IV

BOILER CONTROL SYSTEM

GENERAL

Automatic control of the boilers requires a complete
dynamic analysis of exlsting steam generator installations
to determine necessary basic information concerning the char-
acteristics and capabilities that can be expected from the
boiler system to be automated and its supporting auxiliary
equipment. Some of this basic information necessary in the

design of this control system 1s:

1. Boiler steam and water flow requirements, boiler
drum level limitations and pressure limits for the

boilers at all operating loads.
2. Boiler firing rates at any boiler load.

3. Forced draft blower 1imitations and combustion air

supply requirements at any boller load.

4. Fuel oil pump characteristics and fuel oil flow

requirements.

5. Feed water pump characteristics and feed water

supply requirements and availability including the

deaerating feed tank.
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6. Stack gas temperatures and compositions at all

operating conditions.

The boiler dynamic analysis will determine the parameters
to be used in the computer control system and *ne character-
istics of the automatic control system components necessary
to insure optimum response of the boliler system to the steam
flow requirements of the propulsion plant, auxlliary systems
and hotel services. At the same time, the system must include
features that insure the safe and efficient operation of all
equipment.

Automatic control of the boilers will be accomplished by
the introduction of a combustion control system under computer

control. The functions provided by this system are:

1. Control of the air supply to the boilers.

2. Control of the fuel supply to the bollers.

3. Maintenance of the proper fuel to air ratio.

4, Control of the steam pressure.

5. Control of the feedwater supply to the boilers.

6. Control of steam dumping, steam relief and/or burner
sequencing.

In order to provide the control and regulating functions,

several system inputs and outputs to and from the computer are

necessary. The common system inputs to the control system are:
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l. Steam pressure in the main steam header. .

2. Main engine trip or blocking orders.

3. Throttle control orders.

Inputs are also necessary from each boiler. These in-

puts are:

1. Fuel oil supply pressure.

2. Forced draft differential pressure between the

inlet register and the fire box.

3. Boiler water level.

4, Boiler water mass.

5. Stack gas oxygen content.

Common outputs are required to position steam dump or
steam relief valves. Outputs to each individual boiler would

control the following functions for that boiler:

1. Position the fuel oil flow control valve.

2. Control the flow of forced draft air.

3. Position the feedwater flow control valve.
k., Control burner sequencing.

5. Actuate alarms.
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A general diagram of the proposed combustion control
system is shown in Figure 9. The controller inputs and out-
puts are shown in Figure 10, the controller block diagram.

The control system should be designed so that the system
can be readily shifted from automatic to manual control or
from manual to automatic control of the boilers and related
functions.

The following discussiuns present the major subsystems
for the boiler control system. Each of these subsystems is
implemented through a combination of control computer pro-

gramming and physical s2nsors and actuators as presented here.

BOILER CONTROL SYSTEM ELEMENTS

CONTROL SYSTEM ACTUATORS

A reliable and positive-acting control system should be
provided for the actuation of all mechanisms required for
the control of the boilers and their auxillary components.
It is proposed that the computer outputs be electrical signals
to position solenoid-operated pilot valves. The solenoild
pilot valves would port air to diaphragms, pistons, air
motors, and other types of devices to position, open, close,
or rotate the various components necessary to control the
steam pressure and steam flow from the boilers. The existing

150 PSI low pressure air system is considered adequate lor

control air use. Position indication feedback in most cases
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can be provided with the use of micro-switches. Hydraulic 1
actuatlion may be necessary 1n certain high-load components !

. such as sea-valves. '

BOILER FUEL OIL SUPPLY AND TRIP SYSTEM ’

This system regulates the flow of fuel oill to the active

burners of each boller at the direction of the combustion d
' controller. It further provides for rapid and positive shut-

| down of fuel oil to the boilers on command from t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>