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1. INT RODUCTION

“
~~Under Contract N00140-76-D-0813-0004 , ARINC Research Corporation was

tasked to revise the FF-1052 Class Ship System Definition and Index (SSDI)rIssued in
April 1975 to incorporate changes resulting from experience in its application , and to
revise the equipment-level code numbers In accordance with a newly issued
Component Code Dictionary.

The SSDI is an orderly ident ification and structuring of the systems and sub-
systems that make up a ship. In defining ship systems as well as their boundaries and
interfaces , the SSDI provides a common language for communicating information about
ship configurations. The SSDI is thus useful to many naval activities involved in the
operation, maintenance , modernization, and support of ships.

This report discusses the general properties of SSDI’s (Section 2), describes the
ways SSDI’s can be utilized by the various Navy activities (Section 3), provides general
information on FF-1052 class ships (Section 4), and presents the SSDI ’s for the
FF— 1052 class (Section 5).

*ARINC Research Corporation , Ship Systems Definition and Index (SWBS Staging
Diagrams) for DE- 1052 Class Ships, Publication 1630—01—1-1389 , AprIl 1975. Pre-
pared for Pearl Harbor Naval Shipyard under Contract N00604~75-C-0276.
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2 . PROPERTIES OF SSDI

The Ship Systems Definition and Index is an orderly description of the systemsthat make up a ship. The SSDI is structured such that the summation of its diagram-med Items at any level defines the total ship, as illustrated in Figure 1. An actualapplication of Figure 1, showing a typical ship breakdown fro m the major system tothe sub—subsystem level , is presented in Figure 2. As demonstrated by these fi gures ,the SSDI is structured to:

a. Provide a multi-level breakdown of the ship ’s configuration, therebyproviding fo r visibility and cont ro l at any desired level of detail.

b. Completely define the ship at eac h level .

c. Contain no redundancies in its definition of the ship.

d. Utilize the Ships Work Breakdown Structure (SWBS) . This provide s
a standard langu age based on the same nomenclature and coding
system that is mandatory for use on a Navy-wide basis.

e. Utilize a standard Navy Component Dictionary Code (CDC) list for
assigning fifth—level identification codes. The last two characters
of the ident ifier are from this list , e.g. , 255 1M7.

f. Tailor the SWBS to the configuration of a specific ship class . The
ship class diagram can in turn be tailored to the configuration of
each ship within the class .

Figure 3 extends a portion of Figure 2 to an additional level of detail to demon-strate the information provided in the SSDI . As shown, the following are ident ified:

a. System equipments

b. System boundaries

c. Shipboard maintenance work centers.

In some cases, notably for the more complicated systems, the SSDI provides
still furthe r information in the form of line diagrams that:

a. Show the major hardware items within the system boundaries and
their physical relationship — for example , the connecting of a
turbine to its pump.
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FIgure 2. PortIon of a Typical Ship’s System5
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b. Depict graphically the verbal description shown on the system
diagrams for selected SWBSs. Those systems which are complex
and interface with other complex systems are diagrammed as
Figure 4 indicates.

c. Graphically depict the selected system ’s boundaries and
Interrelated SWBSs.

Within a line diagram, all equipment or components represented by solid lines
belong to a particular system. Equipment or components represented by bro ken or
dashed lines, even if located within the system boundary , are part of another system.
As illustrated in Figure 4, tracing these lines to the system boundary will show the
interfacing systems.

While some of the line diagrams show functional relationships, that is not their
basic intent . Their primary purpose is to aid in the identification of ship systems.
To expedite this process , the diag rams are greatly simplified from the actual configu-
ration. For example, although there may be two or more identical forced-draft
blowers used in a condensate system, only one is shown on the schematic (see

• Figure 4).
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3. USES OF SSDI

Throughout a ship’s life, ship’s force personnel submit a vast amount of
system, equipment, and parts information to their type commander and fleet support
activities. Request s for alteration, reports of maintenance action , work requests ,
and parts requisitions are but a few examples. In each instance the submitted
information must be related to a specific, defi nable portion of the ship.

- In carrying out their responsibilities , the type commander and the support
- activities must not only identify a specific item within the tot al ship, but also be
aware of its interfaces. In planning alterations or modifications , for example, the
technical systems commands (NAVSEA , NAVELEX , NAVAIR) must be able to
identify the various systems that will be affected by a particular change to a ship’s
configuration. Also , when preparing for overhaul or other availabilities , the type
commander and repair activities must be able to organize a work package on the
basis of specific as well as interrelated ship systems. Thi s is done to ensure that
the work package is completely and effectively defined.

Since so many activities are involved in supporting the ship, it is necessary
that both ship and support personnel use a single , uniform language when com-
municating confi guration information. The Ship Systems Definition and Index pro-
vides this common language by describing a specific ship in terms common to all
ships of the fleet . As illustrated in Figure 5, It is a means of communicating
infoi~mation about a ship in a way that can be understood by all. Potential uses of the
SSDI are outlined below.

3.1 SSDI SUPPOR T TO SHIP’S FORCE

3.1.1 Maintenance

a. Serves as a checklist for planning and conducting inspections.

b. Provides the basis for comparing repair items with alterations.

c. Aids In establishing repai r priorities.

d. Assists in identifyi ng shipyard, ship’s force , and tender interfaces.

e. Assists in making manpower assignments by ensuring that all systems
of the ship are considered.

f . Aids ship’s force In “buttoning up” all systems for post-repair testing .

• g. Aids in alteration planning and analysis by showing possible interfaces in
terms of various ship systems.

9
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h. Aids in standardizing shipboard validation procedures.

i. Provides a means of identif ying defi ciencies in shipboard documentation
such as the Coordinated Shipboard Allowance List (COSAL) , Planned
Maintenance System (PMS) , etc.

~
. Provides a capability for reducing duplication in validation programs.

k. Assists in identif ying Equipment Identification Codes needed as inputs
to the Current Ship ’s Maintenance Project (CSMP) and Maintenance
Data Collection System (MDCS).

I . Provides a standard language for maintenance documentation.

m. Provides a comthbn set of system descriptions for the development of
maintenance instructions (PMS) and operating instructions (Equipment
Operational Sequencing System, EOSS) .

3.1.2 Operation

a. Serves as a checklist for determining the completeness of E OSS
cove rage .

b. Provides a means of ident ifying the interrelationship between
operating systems.

c. Identifies the boundaries and checkpoints for system testing .

d. Provides a means of determining test equipment and support
requi rements.

3.1.3 Training

a. Provides a disciplined method for displaying a ship ’s configuration ,
thereby identif ying training requirement s from the equipment
through the system level.

b. Provides the primary aid in training shipboard operation/maintenance
personnel in ship systems and system interfaces.

3.2 SSDI SUPPORT TO OTHER NAVAL ACTIVITIES

3. 2. 1 PERAs/Shipyards/Industrial Activities

a. Define s ship systems for alteration and repair planning.

b. Provides a standard language for:

— Specification preparation

— Cost estimating and progressing

11
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— Drawing numbering

— Material identification and ordering

— Pro-Overhaul Test and Inspection (POT&I) planning and
organization

— Management information systems

c. Assists in determining priorities of work by displaying the affected
equipment in relation to its system.

3.2.2 Ship Equipment Configuration Accounting System (SECAS)

a. Provides a standard structure for total shipboard validation.

b. Provides information for determining the desired level of validation.

3.2.3 Technical Systems Commands (NAVSEA, NAVELEX )

a. Aids In determining the SWBS identification of alterations for
inclusion in shipalt records and subsequently in other Navy data
bases.

b. Identifies ship systems such that the impact of alterations can be
determined and decisions made concerning recommended priorities
for inclusion in the Fleet Modernization Program (FMP).

c. Provides a means for ensuring that standard failure-data correlation
and analysis is performed to the desired level.

d. Serves as a baseline for the development of a complete ship test
program.

3.2.4 Type Commanders (TYCOMs)

a. Aids in determining work priorities by displaying the affected
equipment in relation to its system.

b. Identifies the system such that the impact of alterations can be
determined and decisions made concerning recommended priorities
for inclusion in the FMP.

c. Enables the TYCOM to properly Identify and budget the system for
repairs .

3.2.5 Naval Ships Engineering Center (NAVSEC)

a. Provides a vehicle for ensuring that standard failure-data correla-
tion and analysis Is performed to the desired level.

b. Define s the systems for design consideration and subsequent
corrective measures such as the Detection , Action , Response
Technique (DART) program .

12 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~“ - .



c. Provides detailed information for determining the required level of
repair parts support requirements. 

. -
,

3. 2. 6 Fleet Support Activities

a. Identifies shipboard systems as an aid in determining personnel and
material requirements in response to solving specific ship problems.

b. Serves as a tool for establishing required support capabilities
(people and equipment) .

• 
! ‘~
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4. GEN ERAL INFORMATION , FF-1052 CLASS

The data given in this section are generally applicable to the FF— 1052 class.
For individual ships of this class , consult the appropriate Ship’s Info rmation Book.

4.1 BASIS UF HULL MEASUREMENTS

The designers waterline (D. W. L.) is the waterline corresponding to the normal
displacement and draft . This waterline is 14’ 9” above and parallel to the molded
base line, and Is the draft datum line for showing heights of superstructure, rigging,
etc. , as authorized by NAVSEA. This datum line is measured from the bottom of the
keel plate amidships, which is 1/4” below the molded base line.

The forward perpendicular (F. P.) is a vertical passing through the point where
the designer ’s waterline and the forward side of the ship’s stern intersect. The after
perpendicular (A. P.) is a vertical passing through the point where the designer ’s
waterline and the molded line of the ship’s stern intersect.

4. 2 GENERAL DIMENSIONS AND CHARACTERISTICS

Length, between perpendiculars 415’ - 0”
Length, overall 438’ — 0”
Breadth, extreme 46’ — 7 1/4”
Draft above bottom of keel amidships (D. W. L.) 14’ - 9 7/8”
Draft above lowest projection below keel (D. W. L.) 24’ — 8 1/4”
Displacement to D. W. L. (salt water) 3,945 tons

4.3 HEIGHTS ABOVE D. W. L.

(D. W. L. 14’ — 9” above molded base line)

Quadmast , including antenna No. 4-2 104’ - 2 1/2 ”
C. L. of homing beacon 107’ - 6 1/8”
C. L. of forward anchor light 44’ - 0”
C. L. of masthead light 56’ — 11 1/4 ”
C. L. of towing lights

Upper 62’ - 11 1/4 ”
Lower 50’ — 11 1/4 ”

C. L. of sidelight (P/S) 33’ — 0 3/4”
C. L. of blinker light (P/S) 72’ — 7 1/2 ”
C. L. of range light 92’ — 10”
C. L. of speed and alrcraft warning lights (P/S) 118’ - 1 5/8”
C. L. of ASW light 98’ — 1 1 1/2”

15
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C. L. of man overboard and breakdown lights (2)
and ships task lights (3)

Upper 118’ — 7 3/8”
Middle 112’ — 1 3/8”
Lower 105’ - 7 3/8”

C. L. of aft anchor light 28’ - 9”
C. L. of white stern light 19’ — 9 7/1 6”
C. L. of blue stern light 18’ — 5 7/16”
C. L. of wake light (P) 17’ — 3’ 5/16”
C.W. P. of rotating antenna No. 5— 1 101’ — 11 1/2 ”
C. W. P. of rotating antenna No. 5-2 81’ - 4 1/2 ”
Underside of platform on quadmast 92’ - 1 1/2”
06 level at top of billboard 67’ — 1 1/2 ”
05 level at top of mack 58’ — 1 1/2 ”
04 level In uptake space 49’ — 1 1/2”
03 level at C. L. - aft FR 45 42 ’ — 6 1/8”
03 level at C. L. — FR 54 (gun director platform) 44’ — 11 1/2”
03 level in uptake space 40’ — 1 1/2 ”
C. I. C. high hat 37’ — 7 1/8”
02 level at C. L. — FR 45 1/2 (pIlot house) 34’ — 6 1/8”
02 level — FR 54 to 6” aft FR 69 (otbd C.I. C. 36’ — 5 1/8”

high hat)
02 level at C.L. — 6” aft FR 69 31’ - 6 1/2 ”
02 level at C. L. — FR 93 30’ - 9 1/ 2 ”
02 level at C. L. — FR 101 to FR 110 32’ — 6 1/8”
02 level at C. L. — FR 110 (top of helo hangar) 35’ — 10 1/2”
01 level at C.L. — FR 45 1/2 to FR 54 26’ — 6 1/8”
01 level at C. L. — FR 54 24’ — 6 1/8”
01 level at C. L. - FR 147 23’ - 5 1/4”

4.4 SMALL BOATS

No. Name Each Total

16 CO2 Lifeboats 15 240
1 26’ - 0” Personnel Boat 16 16
1 26’ - 0” Motor Whaleboat 22 22

TOTAL 278

4.5 BERTHING ACCOMMODATIONS

Berths Lockers

Officers 17 Type A 15
CPO 15 Type B 33
Crew 225 Peacoat 11

CPO (Blue Uniform) 1
CPO (Overcoat) 2

16
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4.6 CAPACITY OF BOOMS AND CRANES

Boat Boom 3900 lb
Bathythermograph Boom 400 lb
ASROC and Torpedo Handling Boom 4000 lb
Mk 37 and EX 10 Torpedo Trolley Hoist - No. 2 4000 lb
Torpedo Magazine Crane - No. 1 1000 lb
ASROC Handling System 1500 lb

4.7 FRAME SPACING

Frames are numbered from 0 at the forward perpendicular to 166 at the after
perpendicular . Frame spacing is 30” throughout.

Ships of the FF-1052 class are longitudinal fr amed vessels. Transverse
framing does not exist at each fr ame numbered location. Transverse webs are
spaced approximately every three fr ames between Frame 18 and the stern, and
every two frames forward of Frame 18.

Part frames in the forward overhang are designated as “A”, “B”, “C”, “D”,
~~~~~~~ ~~~~~~~ and ~~~~

4.8 TANK CAPACITIES AT FULL LOAD CONDITIONS FOR FF-1052 - 1077

Tank Gallons Tons

a. Potable Water

5— 107—1— W 1, 775 6. 59
5—107—2— W 1, 773 6. 59
5— 114—1— W 3, 277 12.17
5— 114—2— W 3,277 12.17

Tot al 10, 104 37. 52

b. Reserve Feed Water

3—92— 1— W 2,351 8.73
3—92—2— W 2,351 8. 73
5— 107— 0—W 3, 280 12.18
5 110 0 W 3, 622 13.45

Total 11, 604 43. 09

c. Lube Oil

5—101— 1—F 1, 078 3.70
- 5—104—3— F 1, 034 3.55

Ii 
Total 2,112 7.25
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Tank Gallons Tons

d. JP-5

5—125—0—J 12 , 797 38.79
5—137—0—J 13, 661 41.41
Service Tank 1,000 3.03

Total 27 ,458 83.23

e. Fuel Oil

(1) Storage

5— 29— 1—E 4 , 871 17.15
5—29—2—F 4, 871 17.15
5—41—1—F 15, 856 55.83
5—41—2—F 15, 856 55. 83
5—48—1—F 15, 819 55. 70
5—48—2—F 15, 819 55. 70
5—54—1—F 20 , 888 73.55
5—54—2—F 20 , 888 73.55

- 5—61—1—F 10, 724 37. 76
5—61—2—F 10, 724 37.76
5— 121—1—F 6, 558 23. 09
5—121—4—F 5, 430 19.12
5—126—1—F 6,168 21.72
5—126—2—F 6, 168 21.72 ’
5—132—1—F 7, 231 25.46
5—1 32—2—F 7, 231 25.46
5—150—0—F 8, 219 28.94

Total 183,321 645.49 - .

(2) Service

4— 76—0—F 12,320 43.38
5— 61--0—F 18, 503 65. 15 

‘

Total 30, 823 108.53 - :
Total Fuel Oil 214, 144 754.02

18 
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5. SSDI FOR FF-1052 CLASS SHIPS

5. 1 SSDI INDEX

The SSDI for FF-1052 class ships is presented on the following pages. The
• - diagrams appear in the following order.

• Index Diagrams Page

• Overall 27
100 — Hull Structure 28
200 — Propulsion Plant 29
300 — Electric Plant 30
400 — Command and Surveillance 31
500 — Auxiliary Systems 32
600 — Outfit and FurnishIngs 33
700 — Armament 34
800 — Integration/Engineering 35

Legend of Symbols 37

System Di agrams
100 — Hull Structure 41
200 — Propulsion Plant 55
300 — Electric Plant 97
400 — Command and Surveillance 115
500 — Auxiliary Systems 151
600 — Outfit and Furnishings 205
700 — Armament 233
800 — Integration/Engineering 245

The Legend of Symbols provides guidance to the ship system diagrams that
accompany certain of the diagrams .

5.2 GENERAL COMMENTS

The following general comments apply to the FF-1052 class SSDI:

a. In each WBS group, elements X01 through X09 are used for general
requirements, and element X98 is used for operating liquids. These
nonhardware elements are indicated by dashed blocks.

b. To maintain continuity of having equipments/components at the fifth level ,
some element titles have been repeated at the fourth and fifth levels and

• appropriately numbered, e. g., element 115.
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c. The term “With System”, or “W. S. “, indicates that the item is coded
with the system of which it is a part of or which it serves.

d. EIC cross—references are entered only in blocks with a direct cross-
reference, I. e., same system, subsystem, equipment as a SWBS
classification.

e. Work center assignments apply only to USS WHIPPLE (FF-1062). Use
of the SSDI for other ships of the class will require verification of
applicable work centers.

f. Elements where no specific equipments could be identified at this time
(e. g., future installations) are shown by double-dashed blocks .

5.3 SWBS CLASSIFICATIONS NOT INCLUDED

The WBS groups, subgroups, and elements listed in Table 1 were determined
to be not applicable to the FF— 1052 class for purposes of this Ship System Definition
and Index.

20
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TABLE 1. NONAPPLICABLE WBS ITEMS FOR FF-1052 CLA SS SSDI
(Sheet 1 of 4)

Group Subgroup J Element J Title

GROUP 0: GENERAL GUIDANCE AND ADMINISTRATION

000 All J All J General Guidance & Administration

GR OUP 1: HULL STRUCTURE

100 110 112 Shell Plating, Submarine Nonpressure Hull
113 Inner Bottom
118 Longitudinal and Transverse Submarine Nonpress.

Hull Framing

120 124 Bulkheads in Torpedo Protection System
125 Submarine Hard Tanks
126 Submarine Soft Tanks

130 133 3rd Deck
134 4th Deck
135 5th Deck

140 143 3rd Platform
144 4th Platform

• 145 5th Platform

150 157 6th Deckhouse Level
158 7th Deckhouse Level
159 8th Deckhouse Level and Above

160 164 Ballistic Plating
166 Sponsons

190 195 Erections of Subsections (Progress Report Only)

GROUP 2: PROPULSION PLANT

200 210 All Energy Generating System (Nuclear)

220 222 Gas Generators
223 Main Propulsion Batteries
224 Main Propulsion Fuel Cells

230 232 Propulsion Steam Engines
233 Propulsion Internal Combustion Engines
234 Propulsion Gas Turbines
235 Electric Propulsion
236 Self-Contained PropulsIon Systems
237 Auxiliary Propulsion Devices
238 Secondary Propulsion (Submarines)
239 Emergency Propulsion (Submarines)
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TABLE 1. (Sheet 2 of 4)

Group Subgroup Element Title

GROUP 2: PROPULSION PLANT (Continued)

200 240 246 Propulsor Shrouds and Ducts
247 Water Jet Propulsors

260 263 Shaft Lube Oil System (Submarines)

GROUP 3: ELECTRI C PLANT

300 310 312 Emergency Generators

• 320 322 Emergency Power Cable System

GROUP 4: COMMAND AND SURV~ ILLANCE

400 410 412 Data Processing Group
413 Digital Data Switchboards
414 Interface Equipment
415 Digital Data Communications
416 Command and Control Testing
417 Command and Control Analog Switchboards

420 425 Periscopes
427 Inertial Navigation Systems
428 ‘ Navigation Control Monitoring

440 444 Tel emetry Systems

450 453 Ai r Search Radar (3D)
454 Aircraft Control Approach Rad ar
459 Space Vehicle Electronic Tracking

460 461 Active Sonar
464 Classification Sonar

470 476 Mine Countermeasures

490 492 Flight Control and Instrument Landing Systems
493 Non—Combat Data Processing Systems
494 Meteorological Systems
495 Integrated Operational Intelligence Systems

GR OUP 5: AUXILIARY SYSTEMS

500 510 515 AIr Revitalization Systems (Submarines)
517 Auxiliary Boilers and Other Heat Sources

540 543 AvIation and General Purpose Lubricating Oil
544 Liquid Cargo

22
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- TABLE 1. (Sheet 3 of4)

Group [ Subgroup J Element J Title

GROUP 5: AUXILIARY SYSTEMS (Continued)

500 550 552 Compressed Gases
553 O2N2 System
554 LP B1ow
556 Hydraulic Fluid System
557 Liquid Gases, Cargo
558 Special Piping Systems

560 563 Buoyancy and Hovering (Submarines)
564 Trim System (Submarines)
565 Trim and Heel (Roll Stabilization)
567 Lift Systems
568 Maneuver ing Systems

570 573 Cargo Handling

580 585 Elevating and Retracting Gear
• 586 Ai rcraft Recovery Support Systems

587 Ai rcraft Launch Support Systems
589 Miscell aneous Mechanical Handling Systems

590 591 Scientifi c and Ocean Engineering Systems
592 Swimmer and Diver Support and Protection

Systems
594 Submarine Rescue, Salvage and Survival Systems
596 Handling System for Diver and Submersible

Vehicles
597 Salvage Support Systems

GR OUP 6: OUTFIT AND FURNISHINGS

600 630 639 Rad iation Shielding

650 653 Dental Spaces

670 673 Cargo Stowage

GROUP 7: ARMAMENT

700 720 724 MissIle Hydraulics
725 Missile Gas
726 Missile Compensating

730 All Mines

740 All Depth Charges

750 754 Submarine Torpedo Ejection
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TABLE 1. (Sheet 4 of 4)

Group J Subgroup [ Element f Title

GROUP 7: ARMAMENT (Continued)

700 770 All Cargo Munitions

780 All Aircraft Related Weapons

GROUP 8: INTEGRATION/ENGINEERING (SHIPBUILDER RESPONSE)

800 J 820 All Special Drawings for Nuclear Propulsion Systems

GROUP 9: SHIP ASSEMBLY AND SUPPORT SERVICES

900 All All Ship Assembly and Support Services
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FOR FF-1052 CLASS SHIPS

Ii’

25/26

L . .  • ._U- - —- — •=- —•- - - - ---- — — —-



1~11It ~ 

_____

_
_____ 

J~~~ ~J~z ~
•—•

~~~~~~~~~~~~~~~~~~~ J~~~~
!J ~

F
~ki iL 1i ~ k~U 

_____ _____  _____  _____• 
~~~ L~c:J ~ ~ ~ 1 ~ 1L~1~ I ~ _____

1— —L~__h~[~= {F,I~~ 

~~ 
~~ ~

‘
~

‘
~

‘ Li~ _____ 

L~1 ~— 5 ~ Iu~Lh fl~ H4j ~ _ _ _ _ _  

IiJ H~J ]L,~ ~I i~d—f;;II1•—1 ~~~~~~~ ~ ~ ~:j ~ L~!--~d L-~i I 
______

~
;
~:H 

~

_

~

_

~r
_ 1 ~ 

~~~~~~~~~~ 

_____ ~ 1 
_____ ______ ______

~~~~~ 
1~;I:; ~ ; 1 E~~ ~ ~!~1t 1 ~ ~ ~! 

~‘ 
1 L~1H ~

27

-- -—



I

-
~

JJ.1 L1~ [i! Ii? ~ ______ ______ ______ ______

••

~~I~H Li:i [~i Li~i 
j E :; 1i 

______

~~ fti~ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

~;~! R ~i ~• 
L~ L-•~J  L;~~~~~

! ~; J 
______

!11~a:. 
~ 

fl

~ 

:~

••
~

3l•
~I E ~ 11
II-

5 $ I ~~~~~~~~~
28



—
~~~~~~~

--•—•— - - — --—“- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘ ——-- - .—~~~~
—•-•,,- -— -~‘-‘~

-—.—,‘-•-- 
~

- 
~~~

.‘— • —-- — --‘ ‘—• ---••---— -- -‘•--——— •

•0

•~~4S .
U

•0

~ 4 S
•1% I.
0 S
-‘~~~

‘-0.

I~~ 1I a  I
• -I ~~~. L •

~ ~ ~k’9
~~. 

:“‘ -
~

~~~~~~— -•‘ , n• c I• ’_• 0•c~~~u- k  ~~~~~~~~~ 0 ’ O S~~~~ S

_______ ~~~~~~•:z ~~~~~~
I I

______ ______ ~ 
L-~ Li~ [~— !~ ~ ~ ~ Li;~i ~ ~ 

______

_ _ _ _  _ _ _ _  ~L;~ ~Li, J
V 

_ _  _ _  _ _

-I, 
_
~•, —

~1i 1.~~BJ~ 
J;,~I i

&

29

- --~~~~~~~~~~~~~ --~~~~~~~ ~~~~~~~~~~~~~
-• ‘~~~~~~~

‘- ‘
~~~~~~ ~~~~~~~~~~ — — - ‘~~~ -—‘— -~~ 



- _
~~~~~~~~~~~~~~~~~~~~~~~~~ -—-- ~ —~~,~

:-- 
~~

- - ,~~_ :~~TT ’ 
~~~~~~~~~~~~~~~~~ 

- ‘-— ---‘-

U .
U -u
~• ,
o s
- S

1 1
ldfl fl I~ J~h 

_ _ _ _ _

A i0~F L 
_____  

LII!:]

_ _ _ _  _ _ _ _  

~~~~~~~ h1~,1L~c’: ~ _ _ _ _

~ ~F• ~[J! F •L~ll1 L’~
] L~1 Li 

______

_____

_
_____

h
_____

_
_____

_
_____

1 fl ~~~~~
‘
~~~
‘ 

~~~~~~

[ I ~~~~~~~~~~ ~~~~~ I

’

~ 

~~~~~~~ 
______

_ _  -- -~~‘--~~~



—~‘- - -~~~ -

_____  _____  

~~~ F~
;

~1 
~ 

_____  

a 

-‘

______ ~ ~~~~ ~~~~ ~~il

L1 h L1~;J L~ 1 Li I L I L ~
~~~~~~ ~P?J~ 

F~i
1.. .[-~_ 1.. ~~~ ~

‘]
~~ 

_____ _____
~~~~ [ [!i’~i 

~~~~~ ][i: IL~IL T ~H~Li 
____ ____ ____ ____

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

~ L -~ ~ ~ j ~ 
~ 

] 
~~ ______ ______

______ ______ 

1~I ~!~ •j [c;: j ~~~

• ~~0.

{;11~: 1{~ 31 

1LI~JL I dL H ~~]



111~ ri~i ~ 
~i~q [II1.8~ ~a:!!__J t~,q!IJ ~~~ 

______

_
______ ______

i L  ~~~~- .  ~ 
, [i

-
v ~~*-~ .! —

~
j 1

_

1j 

~

J

~~

J 

~ JJ ~~~~~~~ E ~~~~~~~~

•
~ if hi-1 U~ 1 Lii~1 P }
~~~~~

~~~: L ~•~
:i h L i~I U~J~

______ 

]Efl E•• ••
~;~ F.I~-H] L!~11 ~:il : 1 

______

.J iT 1~ I ill j
~~~’ 

___
~~~~~~~~ I I I I I I 

_ _ _ _ _  _ _ _ _ _

~~~ Iii] ~;i L’ Lii~ [J;~ j ~~ ______ ______

•EIiiI:1-1 L’~ ~ ~~~ ~~ 1 ~ I 
______ ______ ______ ______

-______________  

jj JJ1 
32 

L~’i Llfl 
~ ~ 41L:i~ L~J 

•



I —I -~~~~~ , ~

• . ~~~ i—s ~~~0
Q uh  I ~~~~~~~~~~ ~~• .0- - s-~•~-~ ______ ~L i U

I OS

I ~

• ‘ dJ ~!~J il l
I I

- ~b 
~~~
. 1~ 1

A L~!.~_i I ~ 

2 2 -  
d d. 

_____

_ _ _ _  _ _ _ _  

H ~ ft’ U’ ~ ;~j[!L___J [ ~q 
~ ~ ~~~

• 
~~ 

______

~~ J [ 1  ~~ ~~ [ ~~1 -u ~~~~- I
- 

~;‘ r 1~ü1 ~ au 
______ ______ ______ ______

, ~ ~[u U;~ ~‘]‘~ ~ 1Li~ i
V •.r —j—i1_1 ~ ~~ [. I~~~~~.

I ~~~ I ~~~ ~~ I ~ ~~~ I ~~~~L~1-LJ 
~9 ~~~ ~~~

•~ r~
,

Ic ~9 : I — ~~~~~~~~~

L~L~~_J ~~~

T~ L •~‘~1
• ______ ( 

~~~~

-
-

~~

-

~~~~ 

~~~~~~~~~ I~ ~ ~ ~
33 

—•- -- • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~
“ ‘

~~~
‘—  ‘~‘ ‘~



U -u

O U
—~~- S

A 
_____ 

L~~~~d 

~~ 

L i~ L’~ _____

~~~~~_~~-g~ =~~
-
~~ =~~~~— o  . 0 ‘4 e~~~ 
C

______ ~~~~~~~ 
~~~~~~~~ ;‘~~~~~;

r ~~~~ FL ’ f L 1 h L~U4! ft!;~ ____ ____ ____

~1 ~~~~~~~~~~ 

______

_
______ 

~ ~~

‘7 ~Lfl ]1JF ~~~.
E
EI I Li p I

1 1 1  ~~~~ ~~
-
~

‘

•1 ~? h ~~~I ~~~~~~~~~~~~~ ~~~~~~~

34

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



- -

.0

U ,
0 .0
Cds-, I.o U

• 0
~~0.

~L ~ ~~~ _____

_
_____ _____ _____

~~ 1~i~1L-~ f l . Ij LU! iilfli 
_ _ _ _  _ _ _ _

_____F i:iiF ~~ LbJ~i LijJ I~:~ _____ _____ _____ _____ _____

_____ ~ [ ~1L~ ~L ~ l Ltj ~ i Lii l Li4 ~ _____ _____

E d  
I ~~~1 •~~!

V 
_____

fl 4 II 
_____

_____  _____  _____ ~ ] ~ 
] ~i j

35/36 

- - -—- ‘••-- ~ —-—,- - ~,__s_____ •___•_ ~_•—.-- —-——‘ ~~~~—— •—— —•,- —•——•• —;— —- - - •



_ _ _ _  
L E G E N D  OF S Y M B O L S

SYMBOL DESCRIPTION
—t:’-l-— GLOBE VALV E

GLOB E VALVE, LOCKED OPEN

GLOBE VALVE , LOCKED CLOSED

GLOBE VALVE , MANUALLY OPERATED IN PLACE OR PNE!A MKT $CAL LY FROM

- 
MAIN DE CK

—t~~— AIR MOTOR OPERATED VALVE_•~ G,LOBE VALVE, WITH MANUAL G EAR OPERATE D IN PLACE AND
AJACE NT SPACE 

—~~

—tb GLOBE VALVE , ANGLE

—~~1-- GLOBE VALVE, REMOT E OPERAT ED

—*4— ~iLOBE STOP CHECK VALVE

---
~~~~

-— GAT E VALVE

BUTTERFLY VALV E

—~- 4-— SWING CHECK VALVE
-~

LIFT CHECK VALVE

— .~~1--- NEE DLE VALVE

STOP COCK PLUG. OR CYLINDER VALVE 3 WAY , Z PORT

_j~I CONTROLLED VA LVE 6OILE~ FEED

• PRE SSURE REDUCING OR PRESSURE REGULATING INCREASED ACTUATING
PRESSURE CLOSES

PRESSURE REDUCING ()~ PRE SSURE REGULATING DECREASED ACTUATING
• PRESSURE CLOSES

PRESSURE REGULATING VALVE AIR PILOT OPERATED

PUMP GOVERNOR

THERM OSTATICALLY CONTROLLED VALVE

D U M P  VALVE

~~~~~~~~~~~ 
PILOT VALVE

—t~’l- FLOAT OPERAT ED VALVE

ANGLE LIFT CHECK VALVE

CONTROL VALVE

—t*3~ HOSE CONNECTION AND GLOBE VALVE

NOTE S VALVES OTHER THAN THE GLOBE VA LV E MAY U5E THE MODIF IERS SHOWN.
IN ADDITION COMBINATIO NS OF VA LVE MODIFIERS MAY BE USED.
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L E G E N D  O F  S Y M B O LS

SYMBOL DESCRIPTION

VENT

BOILER DRUM SAFETY VALVE

ANGLE RELIEF VA LV E (ENCLOSED SPRING)

COMBINED EXHAUST AND RELIEF VA LV E

PRESSURE (~AUGE

VACUUM - PRESSURE GAUGE

®DX DUPLEX PRESSURE GAUGE

ABSOLUTE PRESSURE GAUGE

DI STANT READ NG PRESSURE GAUGE

DISTANT READU4 C THERMOMETER

Ij il SIGHT READING THERMOMETER

THERMO EL EMENT

—~~J— METER SIGHT FLOW

—
~~~

--- PRESSURE BREAKDOW N ORIFICE

OPEN F U N N EL

—III—— SPECTACLE FLANGE

DUPLEX STRAINER

V 5T~~AINER

STRAINER

IMPULSE TRAP & STRAINER

SA L I N I TY C E L L

ORIFICE PLATE

—
~
J— MOTOR CONTROLLER

TEST TEE

SU PER H EATER

—f~~~~~~
J— MANIFOLD

—9~~J-— EDUCTOR

38
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L E G E N D  O F  S Y M B O L S

SYMBOL DESCRIPTION

,-.fl PUSHBUTTON & INDICATOR LIGHT

~~ PUSHBUTTO N

-E ~~~~ EXPANSION JOINT -

GAGE GLASS

DUPLEX ~TWIN BASKET) MAGNETIC STRAINER

THERMOCOUPLE CONNECTION OR THERMOSTAT

THERMOMETER ANY ANGLE DIAL . BARE BULB TYPE DIRECT READING

- 

- 
THERMOMETER DISTANT READING BARE BULB TYPE

—1J-- CONSTANT FLOW FITTING

FUNNEL WIT H SWING COVER

—1 -- CONCENTRIC REDUCER

—~J—-- REDUCER

- —jJ HOSE ADAPTER

—
~D1-- SOUND ISOLATION FITTING

- 
- —

~~~~~~~~
— FLEXIBLE HOSE

—c~ i-- FLOW MEASURING NOZZLE

—~
_ 

SHAFT TURBINE END , COUPLING OIL SPRAY

—~3~-- ANGLE STOP VALVE

—
~~~~~

--- BALL CHECK STOP VA LV E

PRESSURE VENT

LOCK SHIELD VALVE, HIGH LIFT

BOTTO M SLOWDOwN VALVE~ NIGH LIrT

TOP SLOWDOWN VALVE, HIGH LI FT

_4~~~~i AIR OPERATED VALVE SPRING CLOSING

AUTOMATIC RECIRCULATING VALVE

C R O S S  VALVE

—fZJ MOTOR PRESSURE SWITCH

—~ J LIMIT SWITCHES
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