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INTRODUCTION TO PRINT READING

A through knowlkedgeof the information presented in the title block, the revison
block, the notesand legend,and the drawing grid is necessarybefore a drawing
can be read. This information is displayedin the areas surrounding the graphic
portion of the drawing.

EO 1.1 STATE thefivetypesof information provided in thetitle block
of an engineering drawing.

EO 1.2 STATE how thegrid system on an engineering drawing is used
to locate a pieceof equipment.

EO 1.3 STATE thethreetypesof information provided in the revision
block of an engineering drawing.

EO 1.4 STATE the purpose of the notes and legend section of an
engineering drawing.

I ntr oduction

Theability to readandundersandinformationcontainedndrawingsis essentialto performmost

engineering-relategobs. Engineeringdrawings are the indudry's meansof communicating
detailedandaccuratenformationon howto fabricate assemble trouble$oot,repair,andoperate
a pieceof equipmentor a system. To undersandhow to "read"a drawingit is necesary to be
familiar with the standardconventionsrules and basic symbols used on the varioustypes of

drawings But before learning how to read the actual "drawing," an undersanding of the

informationcontainedn the variousnon-drawingareasof a print is also necesary. This chapter
will addres the informationmog commonlyseenin the non-drawingareasof a nucleargrade
engineeringype drawing. Becaug of the extremevariationin format, locationof information,
and types of information presentedon drawingsfrom vendorto vendorand site to site, all

drawingswill not necesarily containthe following informationor format, but will usually be
similar in nature.

In this handbookthe termsprint, drawing, and diagramare used interchangeablyo denotethe
completedrawing. This includesthegraphicportion,thetitle block, thegrid system,therevison
block, andthe notesandlegend. Whenthe words print, drawing,or diagram,appearn quotes
the word is referringonly to the actualgraphicportion of the drawing.
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Anatomy of a Drawing

A genericengineeringdrawing canbe divided into the following five major areas or parts

Title block

Grid system

Revision block

Notesandlegends
Engineeringdrawing (graphicportion)

agrLODdDE

The information containedin the drawingitself will be coveredin subsequentmodules This
modulewill coverthe non-drawingportionsof a print. Thefirst four partslisted aboveprovide
importantinformation about the actual drawing. The ability to undersand the information
containedin thes areasis as importantas being able to readthe drawing itself. Failure to
undersandthes areascanreault in improperuse or the misinterpretationof the drawing.

The Title Block

Thetitle block of a drawing,usually locatedon the bottomor lower right handcorner,contains
all the informationnecesary to identify the drawingandto verify its validity. A title blockis
divided into severalareasas illustratedby Figure 1.

First Area of the Title Block

Thefirst areaof thetitle block containsthe drawingtitle, the drawingnumber,andlists
thelocation,the site, or the vendor. The drawingtitle andthe drawingnumberare used
for identificationandfiling purpogs. Usually the numberis uniqueto the drawingand
is compriged of a code that containsinformation aboutthe drawing such as the site,
system,and typeof drawing. Thedrawingnumber mayaso contain informatiorsuchas
the sheetnumber,if the drawingis partof a series or it may containthe revison level.
Drawings are usually filed by their drawing numberbecaus the drawing title may be
commonto severalprints or seriesof prints.

Second Area of the Title Block

The secondareaof the title block containsthe signaturesand approvaldates which
provide informationas to whenand by whom the componentAgstem was designedand
when and by whom the drawing was drafted and verified for final approval. This
informationcanbeinvaluablein locatingfurtherdataon the system/componentiesgn or
operation. These namescan aso help in the redlution of a discrepancybetweenthe
drawingandanothersourceof information.
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Figurel Title Block

Third Area of the Title Block

The third areaof the title block is the referenceblock. The referenceblock lists other
drawingsthatarerelatedto the system/componengr it canlist all theotherdrawingsthat
arecross-referenceanthedrawing,dependingnthesite'sor vendor'sconventions The
referenceblock canbe extremelyhelpful in tracingdown additionalinformationon the
system or component.

Otherinformation may also be containedin the title block and will vary from site to site and
vendorto vendor. Someexamplesare contractnumbersand drawing scale.
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Drawing Sale

All drawingscanbe classified as eitherdrawingswith scaleor those not drawnto scale.
Drawingswithoutascaleusually areintendedo preentonly functionalinformationabout
the componentor system. Prints drawn to scale allow the figures to be rendered
accuratelyand precisly. Scale drawingsilso allow componentand ystemsthat are too
largeto be drawnfull size to be drawnin a moreconvenientandeasy to readsize. The
opposte is aso true. A very small componentanbe scaledup, or enlargedso thatits
detailscan be seenwhendrawnon paper.

Scaledrawingsusually preenttheinformationusedto fabricateor congructacomponent
or system. If adrawingis drawnto scale,it canbe usedto obtaininformationsuch as

physcal dimensons, tolerancesand materialsthat allows the fabricationor congruction

of thecomponenor system. Everydimenson of acomponenbr systemdoesnot have
to be statedin writing on the drawingbecaus the user canactuallymeasire the distance
(e.g.,thelengthof a part) from the drawinganddivide or multiply by the statedscaleto

obtainthe correctmeasirements

The scale of a drawingis usually presentedas a ratio andis readas illustratedin the
following examples

1"=1" Readas 1 inch (on the drawing) equals1 inch (on the actual
componenbr system). This canaso be statedas FULL SIZE in
the scale block of the drawing. The measired distanceon the
drawingis the actualdistanceor size of the component.

3/8"=1 Readas 3/8 inch (on the drawing) equals1 foot (on the actual
componenbr system). Thisis called3/8 scale. For examplejf a
componentpart measires 6/8 inch on the drawing, the actual
componenimeasires?2 feet.

1/2"=1' Readas 1/2 inch (on the drawing) equals1 foot (on the actual
componenbr system). Thisis called1/2 scale. For example,f a
componentpart measires 1-1/2 incheson the drawing the actual
componenimeasires 3 feet.
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Grid Sydgem

Becauge drawingstendto be largeand complex,finding a specific point or pieceof equipment
on a drawing can be quite difficult. This is especially true when one wire or pipe run is

continuedon a seconddrawing. To help locate a specific point on a referencedprint, most

drawings especially Piping and Intsument DrawinggP&ID) and electrical shematic drawings
havea grid system. The grid canconsst of letters numbers or both that run horizontallyand
vertically aroundthe drawingas illustratedon Figure2. Like acity map,thedrawingis divided

into smaller blocks eachhavinga uniquetwo letter or numberidentifier. For examplewhena

pipeis continuedirom onedrawingto anothernotonly is the seconddrawingreferencedn the

first drawing,but so arethe grid coordinatedocatingthe continuedpipe. Thereforethe search
for the pipe containedin the block is much easier than searchingthe whole drawing.
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Figure2 Exampleof a Grid
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Revision Block

As changedo acomponentr systemaremade thedrawingsdepictingthecomponenbr system
mug be redrafted and reased. When adrawing isfirst issued,it is calledrevison zero, and the
revison block is empty. As eachrevison is madeto the drawing, an entry is placedin the
revison block. This entrywill providetherevison number,atitle or summaryof therevison,
andthe dateof therevison. Therevison numbermay also appearat the end of the drawing
numberor in its own separateblock, as shown in Figure 2, Figure 3. As the componentor
system is modified, and the drawingis updatedto reflect the changesthe revison numberis
increa®d by one,andthe revison numberin the revison block is changedo indicatethe new
revison number. For example,if a Revision 2 drawingis modified, the new drawing showing
the lates modifications will have the same drawing number, but its revison level will be
increagdto 3. Theold Revision 2 drawingwill befiled andmaintainedn thefiling systemfor
historical purposs.
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Figure3 RevisionBlock
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Changes

There are two commonmethodsof indicating where a revison has changeda drawing that
containsa systemdiagram. Thefirst is the cloud method,whereeachchangeis enclogd by a
hand-drawrcloud shape,asshownin Figure4. The secondmethodinvolvesplacinga circle(or
triangle or othershape)with the revison numbernextto eacheffectedportion of the drawing,
as shownin Figure4. The cloud methodindicateschangesfrom the mast recentrevison only,
whereasthe secondmethodindicatesall revisons to the drawing becaus all of the previous
revison circlesremainon the drawing.

NOTE 2

REVISION NUMERAL TO BE SHOWN
IN GRID DIRECTLY UNDER
CORRESPONDING NUMERAL ON DRAWING

1. FOR GENERAL NOTES AND
LINE NUMBER SCHEDULE SEE

REV 1 DRAWING WO000001 .

2. A OR Q INDICATES REVISIONS

REVISION TRIANGLES TO BE PLACED AS CLOSE AS
POSSIBLE TO LOCATION ON REVISION

GGR DRAMI
PIPING & NSTRUMENT

R DRANNG
& NS
DIACRAM

PROCESS WATER

- Wa
COOLING WATER SYSTEM

N s\
DEESEL GENERATOR

Figure4 Methodsof DenotingChanges

The revidon numberandrevison block are especially useful in researchingthe evolutionof a
specific system or componenthroughthe compari®n of the variousrevisons.
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Notes and L egend

Drawingsarecompriged of symbolsandlines thatrepregntcomponent®r systems Although
a majority of the symbols and lines are self-explanatoryor standard(as described in later
module$, afew uniguesymbolsandconventionsnug beexplainedor eachdrawing. Thenotes
andlegendssectionof adrawinglists andexplainsany specialsymbolsandconventionsised on
the drawing, as illustratedon Figure 5. Also listed in the notessectionis any informationthe
designer or draftamanfelt was necesary to correctly use or undersandthe drawing. Becaug
of the importanceof undersandingall of the symbolsand conventionsused on a drawing,the
notesandlegendsectionmug be reviewedbeforereadinga drawing.
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Summary

The importantinformationin this chapteris summarizedbelow.

Intr oduction to Print Reading Summary
. Thetitle block of a drawingcontains

the drawingtitle

the drawingnumber

location, site, or vendorissuing the drawing
the design, review, and approvalsignatures
the referenceblock

J Thegrid systemof adrawingallowsinformationto bemoreeasily identified
using the coordinatesprovidedby the grid. The coordinatelettersand/or
numbersbreakdown the drawinginto smaller blocks

. Therevision blodk of adrawing providestherevision numbe, atitle or summay
of therevison, andthe dateof the revison, for eachrevison.

. The notesandlegendsectionof a drawingprovidesexplanationf special
symbolsor conventionsisadon thedrawingandanyadditionalinformationthe
designer or draftamanfelt was necesary to undersandthe drawing.
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INTRODUCTION TO THE TYPES OF DRAWING S,
VIEWS, AND PERSPECTIVES

To read a drawing correctly, the user musthave a basic understandingof the
various categoriesof drawings and the views and perspectivesn which each
drawing can be presented.

EO 1.5 LIST thefivedrawing categoriesused on engineering drawings.

Categories of Drawings

The previouschaptemreviewedthe non-drawingportionsof a print. This chaptermwill introduce
thefive commoncategorieof drawings Theyarel) piping andinstrumentdrawings(P&IDs),
2) electricalsingle linesandschematics3) electronicdiagramsandschematics4) logic diagrams
andprints, and5) fabrication,congruction, and architecturaldrawings

Piping and Instrument Drawings (P& IDs)

P&IDs are usually designedto present functional information abouta system or component.

Examplesare piping layout, flowpaths pumps valves instruments signal modifiers and
controllers as illustratedin Figure6.

1

=
=TT

Lo

4

Figure6 ExampleP&ID
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As arule P&IDs do not have a drawing scale and presnt only the relationdip or sequence
betweencomponents Just becaus two piecesof equipmentaredrawnnextto eachotherdoes
not indicatethatin the plantthe equipments evenin the samebuilding; it is just the next part
or piece of theystem. Thes drawingsonly preent informationon howa g/stem functions not
the actualphyscal relationsips.

Becaug P&IDs providethemog concise formatfor how a systemshouldfunction,theyareused
extengvely in the operation,repair,and modification of the plant.

Electrical Single Lines and Schematics

Electrical single lines and

B SWITCHYARD B SWITCHYARD

schematics are designed to BUS2 BUSH

present functional information r——l ————————————————————————— lL——l

aboutthe electricaldesign of a PO LT EAR

system or component. They ( /

provide the same types of A AL
YTYN YTYNN

information about electrical
systems that P&IDs provide
for piping and instrument
systems Like P&IDs,
electricalprints arenot usually
drawn to scale. Examplesof
typical single lines are site or
building power distribution,
system powerdistribution, and

BUS 2-2 BUS 1-2

o —

motor control centers. S R R e

Figure 7 is an exampleof an Q O O Q O O

eIeCtrlcalgngle Ilne B PUMP B COOLING MCC-2 B LIGHTING SPARE AUX PUMP
PUMP CAB

Electricalschematicgprovidea O

more dealed level of 480V

informationaboutan electrical oS

system or componenthanthe

single lines. Electrical Figure7 Exampleof a SingleLine

schematic drawings presnt

information such as the individual relays relay contacts fuses, motors lights, and instrument
sensors. Examplesof typical schematicsare valve actuatingcircuits, motor start circuits, and
breakercircuits.

11
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Figure8 is anexampleof a motor start circuit schematic. Electricalsingle lines andschematics
provide the mog concise format for depictinghow electricalsystems should function,and are

used extensvely in the operation repair,and modificationof the plant.

2
o —
i" o—0 o\ %Eg
- o—0 o\ e = §§
§ o—o0 o\ po . = 85
3
440 v
L
10 _ 10
1 T PV N T
L1 110 v 2
2 ”STAIST "STQP ”EMEIS
HYD | 7CR HYD STOP oM OL’'S 1M OL'S 7
3 o 3
APB |
4 —A——-1 { 1
IM MAN AUTO” 8 T
5 QJJ @—0
I 1SS 9
6 o o 8CR 1
1
1LS 2 10 @—<
7] e—G O »
2CR 1CR 1
: ] * -+
LS . 8CR 3CR
e S 2313 OCR ,
3CR 14
10 I M—o
]
3LS 14 9CR 15 D
R S N 1 J
41S f}ﬁ%’ 16 O
12 #—o_ o 1TDR 3
16 8CR
ITOR 17 |, 18
13 1»—0}0 11 @—0
215 I 19 5CR
14 —\c - >
6LS @ 20
15 ¢—o_ o 2TOR———
6CR 5CR
Il L
16 APy E(
2TDR 1CR |22 8CR 23
17 o W I 6CR ’
”START CYCLE”:} 1 i
5 L o 1CR 55  5CR ,¢ 27 o 28 @ |
—o © * | * | Y * 7
9CR 1TDR 8CR { )
19 — —Te—
5CR
29 6CR 30 1CR
20 I [l ,H’ 3 @—0
21

Figure8 Exampleof a Schematic
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Electronic Diagrams and Schematics

Electronic diagramsand schematicsare designed to presgent information aboutthe individual
componentgregstors, trangstors, and capacitor} used in a circuit, as illustratedin Figure9.
These drawingsare usually used by circuit designersand electronicsrepair peronnel.

MZ8.2
P P CR5 R14
) ) Mﬂ IN277 1.5K
- CR6
| lm IN277 i

R15
3000

250Q0P0T

CR8
MZ3.9

R6 1500 500QPOT

CR3 =
IN1530A

R5
CR4 —
MZ12 220 -

Figure9 Exampleof an ElectronicDiagram
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L ogic Diagrams and Prints

Logic diagramsandprints canbe usedto depictseveraltypesof information. Themog common
use is to provide a simplified functionalrepregntationof an electricalcircuit, as illustratedin

Figure10. Forexamplejt is easier andfaster to figure out how a valve functionsandresponds
to variousinputs signals by repregntinga valve circuit using logic symbols thanby using the
electrical schematicwith its complex relays and contacts These drawings do not replace
schematicsbut they are easier to use for certainapplications

b .y

B
D

f>—=e
F
9 >——] )

Figure10 Exampleof a Logic Print

Fabrication, Construction, and Architectural Drawings

Fabrication, condruction, and architecturaldrawings are designed to present the detailed
informationrequiredto congruct or fabricatea part, system, or structure. Thes threetypesof

drawingsdiffer only in their applicationas oppo®d to any real differencesin the drawings
themelves Condruction drawings commonlyreferredto as "blueprint” drawings preentthe
detailedinformation requiredto assemble a structureon site. Architecturaldrawingspresent
informationaboutthe conceptuablesign of the building or structure. Examplesarehouse plans

building elevations(outdde view of eachside of a structure),equipmentinstallation drawings
foundationdrawings and equipmentassembly drawings

Fabricatiordrawings as shownin Figurell,aresimilar to congructionandarchitecturatirawing
but are usually found in machineshops and provide the necesary detailedinformation for a
craftanan to fabricate a part. All three types of drawings fabrication, congruction, and
architecturalare usually drawnto scale.

14
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Figure1l Exampleof a FabricationDrawing
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Drawing Format

P&IDs, fabrication,condruction,andarchitecturalrawingscanbepresntedusing oneof several
different formats The standardformatsare single line, pictorial or doubleline, and cutaway.
Eachformat providesspecific information abouta componenir system.

Single Line Drawings

The single line formatis most commonlyusedin P&IDs. Figurel2is anexampleof a
single line P&ID. The single line format repregntsall piping, regardles of size, as
singleline. All systemequipmenis repregntedby simple standardsymbols(coveredn
later moduleg. By simplifying piping and equipment,single lines allow the system's
equipmentandinstrumentationrelations$ips to be clearly undersood by the reader.

CROSS
GLOBE VALVE -|- UNION GATE VALVE Y—FITTING
ELBOW A D] —— Ht D>< o ]
£ i CAP
PLUG

TEE COUPLING
B (JOINT) CHECK VALVE

45" ELBOW
T REDUCER

Figure12 Exampleof a SingleLine P&ID

Pictorial or Double Line Drawings

Pictorial or doubleline drawingspreentthe sametype informationas a single line, but
the equipmentis repregntedas if it had beenphotographed. Figure 13 providesan
exampleillustration of a pictorial drawing. This formatis rarely used since it requires
much more effort to producethana single line drawingand doesnot presentany more
informationas to howthe systemfunctions Comparehepictorialillustration,Figure13,
to the single line of the same system shown in Figure 12. Pictorial or doubleline
drawingsare often used in advertisng andtraining material.

16
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CROSS
mow — ﬂgﬁrvﬁfgﬁ—m
|r e In""“lhfﬂ CAP
V

Figure 13 Example Pictorial

Assembly Drawings

Assembly drawing are a specia application of pictorial drawings that are common in the
engineering field. As seen in Figure 14, an assembly drawing is a pictorial view of the
object with all the components shown as they go together. This type pictorial is usually
found in vendor manuals and is used for parts identification and general information
relative to the assembly of the component.
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Figure 14 Example of an Assembly Drawing
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Cutaway Drawings

A cutaway drawing is another special type of pictorial drawing. In a cutaway asthe
name implies, the componrent or system has a portion cut away to reveal the internal
parts of thecomponentr system. Figure 15 is anillustration of a cutaway. This

type of drawing is extremely helpful in the maintenancandtrainingareasvherethe
way internal parts are assembled is important.

FEEDBACK
LEVER CROSS SPRING FLEXURE
SPIRAL
CANTILEVER INPUT LEVER
SPRING
FLAPPER
NOZZLE

NOZZLE BACK-—
PRESSURE LINE

FEEDBACK PLUNGER

| — OVERTRAVEL SPRING
| — FEEDBACK BELLOWS

NEGATIVE FEEDBACK
PORT

———_ DROP-OUT SPRING
(WHEN SPECIFIED)

RELAY DIAPHRAGMS

a

7

EXHAUST PORT L,
OUTPUT I\ FILTER & RESTRICTION
CARTRIDGE
SUPPLY
RELAY POPPET POSITIVE FEEDBACK LINE

Figure 15 Example of a Cutaway
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Views and Per spectives

In addition to the different drawing formats, there are different views or perspectives in which
the formats can be drawn. The most commonly used are the orthographic projection and the
isometric projection.

Orthographic Projections

Orthographic projection is widely used for fabrication and construction type drawings,
as shown in Figure 16. Orthographic projections present the component or system
through the use of three views, These are atop view, aside view, and afront view.
Other views, such as a bottom view, are used to more fully depict the component or
system when necessary.
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[
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Figure 16 Example Orthographic Projection
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Figure 17 shows how eachof the threeviews is obtained. The orthographicprojection
is typically drawnto scaleandshowsall componentsn their properrelation$ipsto each
other. The threeviews when providedwith dimensons and a drawing scale, contain
informationthatis necesary to fabricateor condruct the componenbr system.

HORIZONTAL
PLANE

LINE OF
SICHT

Figure17 OrthographicProjections
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| sometric Projection

The isometricprojectionpregentsa single view of the componenbr system. The view
is commonlyfrom aboveandat an angleof 30°. This providesa morerealidic three-
dimensonal view. As shown on Figure 18, this view makesit easier to see how the
systemlooks andhow its variousportionsor partsarerelatedto oneanother. Isometric
projectionsmay or may not be drawnto a scale.
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Summary

The importantinformationin this chapteris summarizedbelow.

Drawing Types, Views, and Perspectives Summary
. The five engineeringdrawing categoriesare:
P&IDs
Electrical single lines and schematics
Electronicdiagramsand schematics
Logic diagramsand prints

Fabrication,congruction, and architecturaldrawings
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TERMINAL OBJECTIVE

1.0 Given an engineeringprint, READ and INTERPRET facility engineeringPiping and
InstrumentDrawings
ENABLING OBJECTIVES
1.1 IDENTIFY thesymbolsusedon engineering?&IDs for the following typesof valves
a Globevalve g. Relief valve
b. Gatevalve h. Rupturedisk
C. Ball valve I Three-wayvalve
d. Checkvalve J- Four-wayvalve
e. Stopcheckvalve K. Throttle (needle)valve
f. Butterfly valve l. Presure regulator
1.2 IDENTIFY the symbols used on engineeringP&IDs for the following typesof valve
operators
a. Diaphragmvalve operator
b. Motor valve operator
C. Solenoidvalve operator
d. Pigon (hydraulic) valve operator
e. Hand (manual)valve operator
f. Reach-rodvalve operator
1.3 IDENTIFY the symbolsused on engineering?&IDs for edu@tas and ejectors
1.4 IDENTIFY the symbolsused on engineering®?&IDs for the following lines

Proces

Pneumatic

Hydraulic

Inert gas

Instrumentsignal (electrical)
Instrumentcapillary
Electrical

@roo0 oW
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ENABLING OBJECTIV ES (cont.)

1.5

1.6

1.7

1.8

IDENTIFY the symbols used on engineeringP&IDs for the following basic types of
instrumentation:

Conductivity or salinity cell
Radiationdetector

a. Differential pressure cell
b. Temperatureelement

C. Venturi

d. Orifice

e Rotometer

f.

g.

IDENTIFY the symbolsusedon engineering?&IDs to denotethe location, eitherlocal
or boardmounted,of instruments indicators andcontrollers

IDENTIFY thesymbolsusedonengineerind®?&IDs for thefollowing typesof instrument
signal controllersand modifiers

a Proportional

b. Proportional-integral

c Proportional-integral-differential
d Squareroot extractors

IDENTIFY the symbols used on engineeringP&IDs for the following typesof system
components

Centrifugalpumps

Postive displacemenpumps
Heatexchangers
Compresors

Fans

Tanks

Filterdstrainers

Q@ @0 oW
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ENABLING OBJECTIV ES (cont.)

1.9

1.10

1.11

1.12

STATE how the following valve conditionsare depictedon an engineeringP&ID:

Openvalve

Closd valve

Throttledvalve

Combinationvalves(3- or 4-way valve)
Locked-clogd valve
Locked-opervalve

Fail-openvalve

Fail-closed valve

Fail-asis valve

—“S@mooooTe

Givenanengineerind?&ID, IDENTIFY componentandDETERM I NE theflowpath(9
for a givenvalve lineup.

IDENTIFY the symbols used on engineeringfluid power drawingsfor the following
components

Pump

Compresor

Reservoir

Actuators

Piping and piping junctions
Valves

~OoR0 o

Givenafluid powertypedrawing,DETERM I NE the operationor resultantactionof the
statedcomponenwhenhydraulic presure is applied/removed.

vi
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ENGINEERING FLUIDS DIAGRAMS AND PRINTS

To read and understandengineeringfluid diagramsand prints, usually referred
to as P&IDs, an individual mustbe familiar with the basic symbols.

EO 1.1

EO 1.2

EO 1.3

EO 1.4

IDENTIFY the symbols used on engineering P& IDs for the
following types of valves:

S D o0 o

Globe valve g. Relief valve

Gate valve h. Rupture disk

Ball valve i. Three-way valve
Check valve j- Four-way valve

Stop check valve k. Throttle (neede) valve
Butterfl y valve I.  Pressureregulator

IDENTIFY the symbols used on engineering P& IDs for the
following types of valve operators:

S0 Q0 oo

Diaphragm valve operator

M otor valve operator

Solenoid valve operator

Piston (hydraulic) valve operator
Hand (manual) valve operator
Reach rod valve operator

IDENTIFY the symbols used on engineering P& IDs for
educators and ejectors.

IDENTIFY the symbols used on engineering P& IDs for the
following lines:

o0 oo

Process e. Instrument signal (electrical)
Pneumatic f. Instrument capillary
Hydraulic g. Electrical

Inert gas
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EO 1.5 IDENTIFY the symbols used on engineering P& IDs for the
following basic types of instrumentation:

a. Differential pressurecell e. Rotometer

b. Temperature element f. Conductivity or

c. Venturi salinity cell

d. Orifice g. Radiation detecta
EO 1.6 IDENTIFY the symbols used on engineering P& | Ds to denote

the location, either local or board mounted, of instruments,
indicators, and controllers.

EO 1.7 IDENTIFY the symbols used on engineering P& IDs for the
following types of instrument signal modifiers:

a. Proportional
b. Proportional-integral
c. Proportional-integral-differential
d. Squareroot extractors
EO 1.8 IDENTIFY the symbols used on engineering P& IDs for the

following types of system components:

a. Centrifugal pumps e. Fans

b. Positive displacement pumps f.  Tanks

c. Hea exchangers g. Filters/strainers
d. Compressas

Symbology

To readandinterpretpiping andinstrumentdrawings(P&IDs), thereademug learnthemeaning
of the ymbols This chapter disusses the commongmbolsthat are usdto depict fluid gstem
components Whenthe symbologyis mastered,thereademwill beableto interpretmog P&IDs.

Thereadershould notethatthis chapteris only repregntativeof fluid system symbology,rather
than being all-inclusve. The symbols presented herein are those most commonly used in
engineering P&IDs The reader may exparnis or herknowledge by obtaining arsfudying the
appropriatedrafting standardsused at his or her facility.
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Valve Symbols

Valves are used to control the direction, flow rate,and presure of fluids. Figure1l showsthe

symbols that depictthe major valve types

It shoud be notedthat globe and gatevalveswill often be depictedby the samevalve symbol.
In such cases, information concerningthe valve type may be conveyedby the component
identification numberor by the notesand legendsection of the drawing; however,in many

instanceseventhat may not hold true.

GLOBE: ——
ALTERNATIVE: ——D<—

GATE: —D<t——
ALTERNATIVE: ——DKH——

BALL: —tot—

ALTERNATIVE: —— O——

NEEDLE: —DK——
ALTERNATIVES: Q oK
BUTTERFLY: —/b——

ALTERNATIVES: > AN

PLUG: —

DIAPHRAGM —lﬁéli
ALTERNATIVE: —— 54—

PIPE D
REDUCER:

RELIEF: Eﬁ

ALTERNATIVES: % Hi 2#

THREE—-WAY:

FOUR—WAY: 4%17
ALTERNATIVE: —§§7
—

CHECK: N
—
ALTERNATIVES: i A
STOP CHECK: —PI)—
—
ALTERNATIVES: >« >
ANGLE: Z?li

N
RUPTURE DISC: ————

ALTERNATIVES: _———C 4[['7
PRESSURE —@7

REGULATOR:

Figurel Valve Symbols
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Valve Actuators

Somevalves are provided with actuatorsto allow remote operation,to increag® mechanical
advantagepr both. Figure 2 shows the symbols for the commonvalve actuators Note that

althougheachis shown attachedo a gatevalve,anactuatorcanbe attachedo anytype of valve

body. If no actuatoris shownon a valve symbol, it may be assumedthe valveis equippedonly

with a handwheefor manualoperation.

DIAPHRAGM: (i} PISTON: E}

S
ALTERNATIVE: ALTERNATIVE:

ELECTRIC MOTOR: E REACHROD: Dél
SOLENOID: MANUAL: {;2}

ALTERNATIVE: &

Figure2 Valve Actuator Symbols

The combinationof a valve andanactuatoris commonlycalleda controlvalve. Controlvalves
are symbolizedby combiningthe appropriatevalve symbol and actuatorsymbol, as illustrated
in Figure2. Control valvescanbe configuredin manydifferentways The mog commonly
found configurationsare to manually control the actuatorfrom a remoteoperatingstation, to
automaticallycontrol the actuatorfrom an instrument,or both.

In many cases, remote control of a valis accomplisied INTERMEDIATE
by using an intermediate small control valve to operate ggk‘ETr;glLD ALV
the actuator of the proces control valve. The ,ﬁ

intermediatecontrolvalveis placedin theline supplying
motive force to the proces control valve, as shown in
Figure3. In this exampleair to the proces air-operated
control valve is controlled by the solenoid-operated,

3-wayvqlve in the air gpply line. _The 3-way valve may PROCESS CONTROL J
supply air to the control valve's diaphragmor vent the VALVE
diaphragmto the atmogphere.

Figure3 RemotelyControlledValve
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Note that the symbols alonein Figure 3 do not provide the readerwith enoughinformationto
determinewhetherapplying air presure to the diaphragmopensor closes the proces control
valve, or whetherenergizingthe solenoidpressurizesor ventsthe diaphragm. Further,Figure3
isincompletein thatit doesnot show the electricalportionof the valve control system nor does
it identify thesource of the motivéorce (compresed air). Although Figure 3 inform¢he reader
of thetypesof mechanicatomponentsn the control systemandhow theyinterconnectjt does
not provide enoughinformationto determinehow those componentseactto a control signal.

Control valves operatedby an instrumentsignal are symbolizedin the same manneras those
shown previoudy, exceptthe outputof the controlling instrumentgoesto the valve actuator.
Figure 4 shows a level instrument (desgnated"LC") that controls the level in the tank by
postioning anair-operateddiaphragmcontrol valve. Again, notethatFigure4 doesnot contain
enough informatiomo enable the reader to determine how the control valyp®nelsto a change
in level.

//”’—_—"‘\\\ —r—sr— AIR SOURCE
LEVEL
44——{EE)4‘/////CONTROLLER
TANK

LEVEL
CONTROL
VALVE

N

Figure4 Level Control Valve

An additionalaspectof some control valvesis a valve positioner, which allows more precise
control of the valve. This is especially useful wheninstrumentsignals are used to control the
valve. An exampleof avalve positioneris a set of limit switchesoperatedy the motion of the
valve. A postioner issymbolized by a guarebox on the tem ofthe control valve actuatorhe
pogtioner may havelines attachedor motiveforce,instrument ggnals or both. Figure5 shows
two examplesof valvesequippedwith podtioners Notethat,althoughthes examplesaremore
detailedthanthose of Figure3 andFigure4, thereaderstill doesnot havesufficient information
to fully determineregpons of the control valve to a changein control signal.
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FIGURE A FIGURE B

Figure5 Control Valveswith Valve Positioners

In ExampleA of Figure5, the readercanrea®nably assume that openingof the control valve
is in some way proportionalto the level it controls and that the solenoid valve providesan
overrideof the automaticontrol sgnals However thereadercannotasertainwhetherit opens
or closss thecontrolvalve. Also, thereadercannotdeterminean which directionthevalve moves
in reppone to a change in theontrol parameterin ExampleB of Figure 5, theeader can make
the samegeneralassumptionsas in ExampleA, exceptthe control signal is unknown. Without
additional informationthe readecan onlyassume theair supply providesboththe controkignal
and motive force for positioning the control valve. Even when valves are equippedwith
positioners the pogioner symbol mayappear only on detaileygem diagrams Larger, overall
system diagramsusually do not show this much detail and may only show the examplesof
Figure5 as air-operatedralveswith no specialfeatures

Control Valve Designations

A control valve may serve any numberof functionswithin a fluid system. To differentiate
betweernvalve uses, a balloonlabelingsystemis usedto identify the functionof a controlvalve,
as shownin Figure6. The commonconvention
is thatthefirst letterusedin the valve designator
indicatesthe parameterto be controlled by the
valve. For example:

FLOW CONTROL VALVE:

F = flow

T = temperature

L = level TEMPERATURE CONTROL VALVE:
P = presure

H = hand(manuallyoperatedvalve)
LEVEL CONTROL VALVE:

The secondletter is usually a "C" andidentifies
thevalve as a controller,or activecomponentas

HBH%

oppo®d to a hand-operatedralve. The third PRESSURE CONTROL VALVE:
letter is a "V" to indicate that the piece of
equipments a valve. Figure6 Control Valve Designations
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Piping Sygems

The piping of a single system may
contain more than a single medium.
For example, although the main
proces flow line maycarrywater,the
associatedauxiliary piping may carry
compresedair, inertgas, or hydraulic
fluid. Also, a fluid system diagram
mayalso depictinstrumentsignalsand
electrical wires as well as piping.
Figure 7 shows commonly used
symbols for indicating the medium
carried by the piping and for
differentiating between piping,
instrumentationsignals andelectrical
wires. Note that, although the
auxiliary piping ymbolsidentify their
mediums the symbol for the proces
flow line doesnotidentify its medium.

PROCESS FLOW LINE:

PNEUMATIC (AIR) LINE
OR DEFINED PROCESS LINE:

HYDRAULIC LINE:
ALTERNATIVE:

INERT GAS LINE:
INSTRUMENT SIGNAL:
INSTRUMENT CAPILLARY:

ELECTRICAL WIRES:
ALTERNATIVE:

ELECTRIC
HEAT TRACING:

STEAM
HEAT TRACING:

—E—— —E-— ——E—

—S— — —S— — — ~—S—

Figure7 Piping Symbols
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The diagrammay aso depict
the individual fittings
comprisng the piping runs
dependingon its intendeduse.
Figure 8 shows symbols used
to depictpipe fittings.

| nstrumentation

Oneof the main purposs of a
P&ID is to provide functional
information about how
instrumentationin a system or

piece of equipmentinterfaces
with the system or piece of

equipment. Becaus of this, a
largeamountof thesymbology
appearingon P&IDs depicts
instrumentatiorandinstrument
loops

The symbolsusedto repreent
instrumentsandtheirloopscan
bedividedinto four categories
Generally each of these four
categoriesuses the component

EDUCTOR:

EJECTOR:

PIPE D
REDUCER: CROSS:

HOSE
CONNECTION:

SCREW CAP:

WELD CAP:

LOOP SEAL:

ATMOSPHERIC
VENT:

S~ FLEXIBLE
™~ CONNECTION: ﬂﬂk

— REMOVABLE | |
ar— SPOOL: — -

LATERAL, OR Y: -|—§|-

— TRUE Y: Y

—7D
UNION, SCREWED: —|-|-I—

F OR T FLANGE: ——

BLANK FLANGE: —|

Figure8 More Piping Symbols

identifying (labeling) schemeidentified in Table1. Thefirst columnof Tablel lists the letters
usedto identify the parametebeingsensed or monitored bytheloop or instrument. The second
column ligs the lettersused toindicate the type of indicator or controlleFhe third column lits
the lettersused to indicatethe type of component. The fourth columnlists the lettersused to
indicatethe type of signalsthatare beingmodified by a modifier.
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TABLE 1
Instrument Id entifiers
Type of Indicator
Sengd Parameter or Controller Type of Component Type of signal
F = flow R = recorder T = trangnitter | = current
T = temperature | = indicator M = modifier V = voltage
P = presure C = controller E =element P = pneumatic
| = current
L =level
V = voltage
Z = position

Thefirst threecolumnsaboveare combineduchthatthereailting instrumentidentifierindicates
its sensed parameterthe function of the instrument,and the type of instrument. The fourth
columnis used only in the case of aninstrumentmodifier andis used to indicatethe typesof

signalsbeingmodified. Thefollowing isalist of examplenstrumentidentifierscongructedfrom
Table1.

FIC = flow indicatingcontroller TT = temperaturdransnitter
FM = flow modifier PT = presuretransnitter
PM = presure modifier FE = flow element

TE = temperatureslement FI = flow indicator

TR = temperatureecorder Tl = temperaturendicator
LIC = levelindicatingcontroller FC = flow controller
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Sensing Devices and Detectors

The parameter®f any systemaremonitoredfor indication,control, or both. To createa usable
signal, adevicemud beinsertedinto the systemto detectthe desired parameter.ln somecases,
a deviceis used to createspecial conditionsso that anotherdevice can supply the necesary
measirement. Figure 9 shows the symbols used for the various sensors and detectors

ORIF ICE: T — THERMOCOUPLE: %
ALTERNATIVE: ——I||——
—_ ROTOMETER @
VENTURI: e
FLOW ELEMENT: S (1S —
=

@ g DIFFERENTIAL PRESSURE CELL:
TEMPERATURE ELEMENT: é é CONDUCTIVITY CELL: H

WITHOUT WITH

WELL WELL
RADIATION DETECTOR

Figure9 Detectorand SensingDevice Symbols
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Modifiers and Transmitters

Sen®rsanddetectordy themslvesarenot sufficient to createusablesystem indications Each
sensor or detector mud be coupled with appropriatemodifiers and/or trangnitters  The
exceptionsarecertaintypesof localinstrumentatiorhavingmechanicateadoutssuchas bourdon
tube presure gagesand bimetallic thermometers Figure 10 illustrates various examplesof
modifiersandtransnitters Figure 10 also illustratesthe commonnotationsused to indicatethe
locationof aninstrument,i.e., local or boardmounted.

Transnitters are used to
convert the Signa| from a BASIC SYMBOL USED FOR:
sensor or detectorto aform
that can be sent to a
remote point for

procesing, controlling, or
monitoring. The outputcan
be electronic (voltage or
current), pneumatic, or
hydraulic.  Figure 10

LOCALLY MOUNTED INSTRUMENT:

BOARD MOUNTED INSTRUMENT:

INSTRUMENT BEHIND BOARD:

OOO

illustrates symbols for EXAMPLES OF MODIFIERS
several specific types of
transnitters E/I

LOCALLY MOUNTED VOLTAGE

OrR |E/I
TO CURRENT FLOW MODIFIER:

Thereadershould notethat

modifiers may only be LOCALLY MOUNTED PNEUMATIC P/'@ ‘
OR OrR |E/I

identified by the type Of TO CURRENT PRESSURE MODIFIER:
input and output signal

(such as I/P for one that LOCALLY MOUNTED SQUARE
ROOT EXTRACTOR:

ﬁ

convertsan electricalinput
to a pneumatic output)
rather than by the
monitored parameter(such
aa PM for presure

. ~| |» R T
modifier). FLOW TRANSMITTER: é g

PRESSURE TRANSMITTER:

EXAMPLES OF TRANSMITTERS

Figure10 Transmittersand Instruments

11
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Indicators and Recorders

Indicators and recorders are
instrumentsthatconvertthe signal
generatedby an instrument loop
into a readable form. The
indicator or recorder may be
locally or boardmounted,andlike
modifiers and transnmitters this
information is indicated by the
type of symbol used. Figure 11
providesexamplesof the symbols
used for indicators and recorders
andhow their locationis denoted.

Controllers

Controllersproces thesignalfrom
an instrumentloop and use it to
position or manipulatesome other
systemcomponent.Generallythey
are denotedby placinga "C" in
the balloon after the controlling
parametelas shownin Figure 12.
Thereare controllersthat serveto
proces a signal and createa new
signal. Thes include proportional
controllers proportional-integral

controllers and proportional-integral-differentiatontrollers The symbolsfor thes controllers
are illustrated in Figure 13. Note that thes types of controllers are also called signal

conditioners

LOCALLY MOUNTED
FLOW INDICATOR:

BOARD MOUNTED
FLOW INDICATORS:

BOARD MOUNTED
PRESSURE INDICATOR:

FLOW RECORDER

MOUNTED BEHIND BOARD:

LOCALLY MOUNTED

TEMPERATURE RECORDER:

LOCALLY MOUNTED
PRESSURE RECORDER:

$7F

LOCALLY MOUNTED TEMPERATURE
OR PRESSURE INDICATORS: @

® 06 OG0

FLOW CONTROLLER

TEMPERATURE CONTROLLER

PRESSURE CONTROLLER

®©06

LEVEL CONTROLLER

Figure12 Controllers

Figure1l IndicatorsandRecorders

PROPORTIONAL

PROPORTIONAL—INTEGRAL

PROPORTIONAL—INTEGRAL—-DIFFERENTIAL

CURRENT TO PNEUMATIC

ONORONO

Figure13 Signal Conditioners
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Examples of Simple Instrument L oops

Figure 14 shows two examples of
simple instrument loops Figure 14
(A) shows a temperaturetransnitter
(TT), which generateswo electrical
signals Onesignal goesto a board-
mountedemperatureecorde(TR) for
display. The secondsignal is sentto
a propottionalintegral-detivative (PID)
controller,the outputof which is sent
to a current-to-pneumaticmodifier
(I/P). In the I/P modifier, the electric
signal is convertedinto a pneumatic TN

signal, commonly 3 psi to 15 psi, FIGURE B
which in turn operateghevalve. The
function of the completeloop is to
modify flow based on proces fluid
temperature. Note that there is not
enoughinformationto determinehow
flow andtemperatureare relatedand
what the setpoint is, but in some
instancesthe setpoint is statedon a
P&ID. Knowing the setpoint and
purpo® of the systemwill usually be
sufficient to allow the operationof the
instrumentloop to be determined.

FIGURE A

(=)
Y

Figure14 InstrumentatiorSystemExamples

The pneumatidevel transnitter (LT) illustratedin Figure 14 (B) senses tanklevel. The output
of theleveltrangnitter is pneumaticandis routedto a board-mountetevel modifier (LM). The
level modifier conditionsthe signal (possibly boods or mathematicallynodifiesthe signal) and
uses the modified signal for two purpo®s. The modifier drivesa board-mountedecorder(LR)
for indication,andit sendsa modified pneumaticsignal to the diaphragm-operatel@vel control
valve. Notice thatinsufficient informationexigs to determinethe relationsip betweensensed
tank level andvalve operation.

Components

Within everyfluid system thereare major componentsuch as pumps tanks heatexchangers
andfans Figure 15 showsthe engineeringsymbolsfor the most commonmajor components

13
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CENTRIFUGAL PUMP:

293
]
o (PO [

SUBMERSIBLE

POSITIVE DISPLACEMENT

PUMP: OR
RECIPROCATING FAN:
Y
CENTRIFUGAL
ALTERNATIVE: > <
K j OR

ROTARY %

HEAT EXCHANGER: OR

VANEAXIAL PROPELLER

e T | e )
o ]
[ ]

)
STRAINER:  — 8 |— or

COMPRESSOR:

OR
ALTERNATIVE: W

Figure15 Symbolsfor Major Components
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Miscellaneous P& ID Symbols

In additionto thenormal ymbolsusedon P&IDs to repregntspecific piecesof equipmentthere
are miscellaneoussymbols that are used to guide or provide additionalinformation aboutthe
drawing. Figure 16 lists and explainsfour of the more commonmiscellaneoussymbols

PIPE OR WIRE IS CONTINUED
ON DRAWING XX-001, GRID
COORDINATE X-=Y, FLOW IS

TO THAT DRAWING

| xx—001-x-Y >

PIPE OR WIRE IS CONTINUED

FROM DRAWING XX-002, GRID
{ XX=002-X-Y COORDINATE X-Y, FLOW IS

FROM THAT DRAWING

PIPE OR WIRE IS CONTINUED
ON DRAWING XX—003, GRID
AX-005—-X-¥ COORDINATES X—Y, FLOW IS

IN BOTH DIRECTIONS

- _ _ ___ BUILDING/AREA BOUNDARY

Figure16 MiscellaneousSymbols

Summary

The importantinformationin this chapteris summarizedbelow.

Engineering Fluids Diagrams and Prints Summary

. In this chapterthe commonsymbolsfound on P&IDs for valves valve opesgtors, proces
piping, instrumentationand commonsystem componentavere reviewed.

15
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READING ENGINEERING P&IDs

Standardsand conventionshave been developedto provide consistencyfrom
drawing to drawing. To accuratelyinterpret a drawing, thesestandardsand
conventionsnustbe understood.

EO 1.9

engineering P& ID drawing:

o0 oW

Open valve

Closd valve
Throttled valve
Combination valves
(3- or 4- way valve)

STATE how the following valve conditions are depicted on an

L ocked-closed valve

Fail-closal valve

e.
f.
g. Fail-open valves
h.
i. Fail-asdisvalve

L ocked-open valve

Standards and Conventions for Valve Status

Before a diagramor print can be
properly readand undersood, the
basic conventionsused by P&IDs
to denote valve postions and
failure modesmug be undersood.
The reader must be able to
determinghevalve position, know
if this position is normal, know
how the valve will fail, and in
some cases know if the valve is
normally locked in that position.
Figure 17 illustrates the symbols
used to indicate valve status
Unless otherwige stated, P&IDs
indicate valves in their "normal”
position. This is usually
interpreted as the normal or
primary flowpath for the system.
An exceptionis safety systems
which arenormally shownin their
standbyor non-accidentondition.

3-way valvesare sometimesdrawnin the paosition thatthey will fail to insteadof alwaysbeing
drawnin their "normal” position. This will eitherbe definedas the standardby the system of

CLOSED VALVE:

OPEN VALVE:
THROTTLED VALVE:
LOCKED OPEN VALVE:
LOCKED CLOSED VALVE:

VALVE FAILS OPEN:

VALVE FAILS CLOSED:
VALVE FAILS AS IS:

THREE-WAY VALVE WITH
ONE PORT OPEN, ONE CLOSED:

KAATK XX I

o

Figure 17 Valve StatusSymbols

drawingsor notedin some manneron the individual drawings

16
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Summary

The importantinformationin this chapteris summarizedbelow.

Reading Engineering P& IDs Summary

. This chaptereviewedthebasc symbology,commonrstandads, andconventionsisedon
P&IDs, suchas valve conditionsandmodesof failure. This information,with the
symbology leanedin the precedng chaper, providesthe informaton necesary to read
andinterpretmog P&IDs.

17
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P&ID PRINT READING EXAMPLE

The ability to read and understandprints is achievedthrough the repetitive
reading of prints.

EO 1.10 Given an engineering P&ID, IDENTIFY components and
DETERMINE the flowpath(s) for a given valve lineup.

Example

At this point, all the symbolsfor valvesandmajorcomponenthavebeenpresnted,as havethe
conventiondor identifyingthe condition ofa g/stem. Refer to Figure 18s necesary toanswer
the following quegions. The answersare providedin the backof this sectionso thatyou may
judge your own knowledgelevel.

18
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NV z¢

ANN

ANN

d/|

d/|

Figure18 ExerciseP&ID
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Identify the following componentdy letter or number.

Centrifugalpump
Heatexchanger
Tank

Venturi

Rupturedisc

Relief valve
Motor-operatedralve
Air-operatedvalve
Throttle valve
Conductivity cell

Air line
Current-to-pneumaticonverter
Checkvalve

A locked-clogd valve
A closed valve

A locked-opervalve
A solenoidvalve

QTOS3ITARTIST@TOQ0DT

Whatis the controlling parametefor Valves 10 and21?

Which valveswould needto changeposition in orderfor PumpB to supply flow to only
points G andH?

Which valveswill fail open? Fail closed? Fail as is?

20
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Answersfor quegions on Figure 18
1. A orB
CorD

E

31

1

8orl7
2,3, 70r 16
10,21

12 0r 24
26

32

28

S5orl4

18 or 19
18 or 19

4

11 or 23

2TV OS3ITATIS@TOL0TY

2. Temperaturess sensed by the temperatureelements(TE)

3. Openl18 and/orl9
Shut13 and25

4. Fail Open: 2 and3
Fail Closed: 10 and21
Fail asis: 7 and 16

21
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Summary

The importantinformationin this chapteris summarizedbelow.

P& ID Print Reading Example Summary

. Thischapteiprovidedthestudentwith examplesn applyingthemateral
learnedin Chaptersl and 2.
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FLUID POWER P&IDs

Fluid powerdiagramsandschematicsequirean independenteviewbecausghey
usea uniquesetof symbolsand conventions.

EO 1.11 IDENTIFY the symbols used on engineering fluid power
drawings for the following components:

a. Pump d. Actuators
b. Compressor e. Piping and piping junctions
c. Resevoir f. Valves
EO 1.12 Given a fluid power type drawing, DETERM INE the operation

or resultant action of the stated component when hydraulic
pressureis applied/removed.

Fluid Power Diagrams and Schematics

Different symbologyis used when dealingwith systemsthat operatewith fluid power. Fluid

powerincludeseithergas (such as air) or hydraulic(such as wateror oil) motive media. Some
of the symbolsusedin fluid powersystemsarethe sameor similar to those alreadydiscussed,

but many are entirely different.

Fluid powersystemsare divided intdive basc parts

. : PUMP, SINGLE,
pumps reservoirs actuatorsvalves andlines. FIXED DISPLAGEMENT

Pumps

In the broadareaof fluid power,two categoriesof PUMP, SINGLE,
pump symbols are used, dependingon the motive VARIABLE DISPLACEMENT
mediabeingused (i.e., hydraulicor pneumatic). The
basic symbol for the pumpis a circle containingone
or more arrow headsindicating the direction(9 of COMPRESSOR,
flow with the pointsof the arrowsin contactwith the FIXED DISPLACEMENT
circle. Hydraulic pumpsare shown by solid arrow
heads Pneumaticcompresors are repregnted by
hollow arrow heads Figure 19 providescommon
symbolsusedfor pumps(hydraulic)andcompresors
(pneumatic)in fluid powerdiagrams

Figure19 Fluid PowerPumpand
CompressoSymbols
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Reservoirs

Reservoirsprovidealocationfor storageof themotivemedia(hydraulicfluid or compresedgas).
Althoughthe symbols used to repregntreervoirsvary widely, certainconventionsare used to
indicatehow a reservoir handlesthe fluid. Pneumaticeservoirs are usually simple tanksand
their symbology is usually some variation of the cylinder shown in Figure 20. Hydraulic
resrvoirscan be much more complex in terofshow the fluid isadmitted to and removed from
the tank. To conveythis information, symbology conventionshave beendeveloped. Thes
symbolsarein Figure 20.

HYDRAULIC SYSTEM PNEUMATIC SYSTEMS

‘ N -

RESERVOIR, OPEN RESERVOIR WITH CONNECTING
LINE ABOVE FLUID LEVEL AND VENTED

RESERVOIR, PRESSURIZED RESERVOIR WITH CONNECTING RECEIVER FOR AIR
LINES, BELOW FLUID LEVEL OR GASES

L L

RESERVOIR WITH
CONNECTING LINES, LINES ENTER OR LEAVE BELOW
ABOVE FLUID LEVEL RESERVOIR ONLY WHEN ESSENTIAL TC
CIRCUIT FUNCTION

Figure20 Fluid PowerReservoirSymbols

Actuator

An actuatorin a fluid power system is any device that convertsthe hydraulic or pneumatic
presureinto mechanicalvork. Actuatorsareclassified as linear actuatorsandrotary actuators
Linear actuatorshavesomeform of piston device. Figure21 illustratesseveraltypesof linear
actuatorsandtheir drawing symbols
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SINGLE—ACTING CYLINDER.

17 FORCE| [
- —
PICTORIAL FORCZ ILLUSTRATION DRAWING

SYMBOL

DOUBLE—ACTING DIFFERENTIAL CYLINDER. HAS EQUAL FORCE ON BOTH SIDES OF PISTON.

FORCE — { ) ~— FORCE

4 S

FORCE —=1i_f=— FORCE

PICTORIAL FORCz ILLUSTRATION DRAWING
SYMBOL

DOUBLE—ACTING DIFFERENTIAL CYLINDER. MORE FORCE IS EXERTED AGAINST THE FACE
THAN THE OTHER SIDE OF THE PISTON.

<— FORCE
FORCE (g
—_—
<— FORCE

PICTORIAL FORC= ILLUSTRATION DRAWING
SYMBOL

Figure21 Symbolsfor Linear Actuators

Rotaryactuatorsaregenerallycalledmotorsandmay be fixed or variable. Severalof the more
commonrotary symbols are shown in Figure 22. Note the similarity betweenrotary motor
symbolsin Figure22 andthe pumpsymbolsshownin Figure19. The differencebetweenthem
is that the point of the arrow touches the circle in a pumpandthetail of the arrow touchesthe
circle in a motor.
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Pipin

MOTOR, ROTARY,
FIXED DISPLACEMENT

MOTOR, ROTARY,
VARIABLE DISPLACEMENT

MOTOR, OSCILLATING

Figure22 Symbolsfor Rotary Actuators

Thesole purpo® of pipingin afluid powersystemis to trangort theworking media,atpresure,
from onepointto another. The symbolsfor the variouslines andterminationpointsare shown

in Figure 23.

LINE, WORKING
LINE TO VENTED 4/?
LINE, PILOT MANIFOLD
e PLUG OR PLUGGED SN
CONNECTOR CONNECTION
°
(E)NCTE)TLOOIE»EEL?NXE) TESTING STATION N
(GAGE CONNECTION) s
LINE, FLEXIBLE \/‘ 5
POWER TAKEOFF (HYD.) ﬁ)ﬁ
LINE, JOINING
i RESTRICTION, FIXED —
\
LINE, CROSSING # } RESTRICTION, VARIABLE ——
OR orR |
DIRECTION OF FLOW _ o | STRAINER w
LINE TO RESERVOIR ‘
ABOVE FLUID LEVEL
BELOW FLUID LEVEL |

Figure23 Fluid PowerLine Symbols
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Valves

Valvesarethemodg complicatedsymbolsin fluid powersystems Valvesprovidethecontrolthat
is requiredto ensure that the motive mediais routedto the correctpoint when needed. Fluid
powersystem diagramsrequiremuchmore complexvalve symbologythanstandardP&IDs due
to thecomplicatedvalving usedin fluid powersystems In atypical P&ID, avalveopens closes,
or throttlesthe proces fluid, butis rarely requiredto route the proces fluid in any complex
manner(three-and four-way valvesbeingthe commonexception¥. In fluid powersystemsit
is commonfor a valve to havethreeto eight pipesattachedo the valve body, with the valve
beingcapableof routingthefluid, or severalseparatédfluids, in any numberof combinationsof
input and outputflowpaths

Thesymbolsusedto repreentfluid powervalvesmug containmuchmoreinformationthanthe
standard P&ID valve symbology. To meet this need,the valve symbology shown in the
following figureswas developedor fluid powerP&IDs. Figure?24, a cutawayview, provides
anexampleof theinternalcomplexityof a simple fluid powertypevalve. Figure24 illustrates
a four-way/three-pasion valve and how it operatedo vary the flow of the fluid. Note thatin
Figure 24 the operatorof the valveis not identified, but like a standardproces fluid valve the
valve could be operatedoy a diaphragmmotor, hydraulic,solenoid,or manualoperator. Fluid
powervalves whenelectricallyoperatedoy a solenoid, aredrawnin the de-energizeghostion.
Energizingthe solenoidwill cau® the valve to shift to the otherport. If the valveis operated
by otherthana solenoidor is a multiport valve, the informationnecesary to determinenow the
valve operateswill be providedon eachdrawingor on its accompanyindegendprint.

CYLINDER

(INLET) (INLET) (INLET)

PRESSURE
l T PRESSURE PRESSURE PRESSURE

|

ﬂV
-
- TOTANK _— T TANK
OR EXHAUST OR EXHAUST

A FOQUR WAY, THREE POSITION "A" POSITION "B" POSITION ”C”
POSITION VALVE IN
POSITION "C"

Figure24 Valve Operation
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Referto Figure 25 to seehow the valve in Figure 24 is trangormedinto a usable symbol.

STEP NO. 1:

START WITH THE BASIC SYMBOL "ENVELOPE” FOR A
VALVE.

STEP NO. 2:
(FROM PUMP)
P P
ADD THE PORTS OR OPENINGS TO THE SYMBOL. EVEN b vy ! 2 1 2
THOUGH THE PICTORIAL SHOWS THREE PORTS ON THE 'M 7
TOP OF THE VALVE, PLACE TWO ON THE TOP AND TWO  [fffill .
ON THE BOTTOM. PRI
P07 T
T (TO TANK
OR EXHAUST)
PICTORIAL RIGHT WRONG

STEP NO. 3: Ly L
SHOW THE FLOWS IN ALL THREE POSITIONS.

PoT PoT

POSITION A POSITION "B”  POSITION " C”
(CLOSED)
STEP NO. 4: —
ADD THE ACTUATING MECHANISM TO THE SYMBOL. IN WW
THIS CASE, THE VALVE IS MANUALLY ACTIVATED IN ONE SPRING TANUAL
DIRECTION, SPRING ACTIVATED IN THE OTHER. (MANUAL
STEP NO. 5: .,
COMBINE ALL THE ELEMENTS INTO A SINGLE SYMBOL. WW —]
P T

Figure25 Valve SymbolDevelopment
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Figure 26 shows symbolsfor the variousvalve typesusedin fluid powersystems

VALVE, CHECK

VALVE, MANUAL SHUTOFF

VALVE, MAXIMUM
PRESSURE (RELIEF)

VALVE, BASIC SYMBOL
SINGLE FLOW PATH
IS MODIFIED

VALVE, BASIC SYMBOL
MULTIPLE FLOW
PATHS ARE CHANGED

VALVE, SINGLE FLOW

PATH, NORMALLY CLOSED
(ARROWS DENOTE
DIRECTION OF FLOW)

VALVE, SINGLE FLOW
PATH, NORMALLY OPEN
(ARROWS DENOTE

DIRECTION OF FLOW)

VALVE, MULTIPLE FLOW
PATHS, BLOCKED

N R
-+

VALVE, MULTIPLE FLOW
PATHS, OPEN
(ARROWS DENOTE
DIRECTION OF FLOW)

VALVE, DIRECTIONAL,
2 POSITION
3 CONNECTIONS

VALVE, DIRECTIONAL,
3 POSITION
4 CONNECTIONS
OPEN CENTER

VALVE, DIRECTIONAL,
3 POSITION
4 CONNECTIONS
CLOSED CENTER

-
-

Figure26 Fluid PowerValve Symbols
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Reading Fluid Power Diagrams

Using the symbology previousy
discussed, a fluid power diagramcan
now beread. But before readingome
complex examples let's look at a
simple hydraulicsystemandconvert it
into a fluid powerdiagram.

Using the drawing in Figure 27, the

left portionof Figure 28 liss each part
andits fluid powersymbol. Theright

side of Figure 28 shows the fluid

power diagram that repregnts the
drawingin Figure 27.

7

; N
/
=
-

H

N¢
X
%
N

7
s

7
/\\\
i
\‘\
LR
N\
N

NOZZLE

Figure27 SimpleHydraulic PowerSystem

LEGEND

DISPLACEMENT

FLUID EJECTOR ;
(NOZZLE) _—
PUMP, FIXED

LINE, WORKING

S

LINE, FLEXIBLE

OPEN RESERVOIR
WITH LINE CONNECTING
BELOW FLUID LEVEL

L |

PUMP

\_

~_ /N—(;JLE

HOSE

PIPE

Figure28 Line Diagramof Simple Hydraulic PowerSystem
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With an undersandingof the principlesinvolved in readingfluid powerdiagram,any diagram
canbe interpreted. Figure 29 showsthe kind of diagramthatis likely to be encounteredn the
engineerindield. To read thigdiagram, a ®p-by-gep interpretation ofvhat ishappening in the
systemwill be preented.

I
|
|
PB—1 - 2| 3| }
® —— 1 VW}
************ T4
| | 1
\ | i
o
|
\
1
\
] I

Figure29 Typical Fluid PowerDiagram

Thefirst stepis to getan overall view of whatis happening. The arrowsbetweenA andB in
the lower right-handcornerof the figure indicatethatthe systemis designedto pres or clamp
sometype of partbetweentwo sectionsof the machine. Hydraulic systemsare often used in
pres work or otherapplicationswherethe work piecemud be heldin place.
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With the basic function undersood, a detailedstudy of the diagramcanbe accomplitiedusing
a step-by-gep analyss of eachnumberedocal areain the diagram.

LOCAL AREA NUMBER 1

Symbolfor anopenreservoir with a strainer. The straineris usedto cleanthe oil before
it entersthe system.

LOCAL AREA NUMBER 2

Fixed displacemenpump, electricallyoperated. This pump provideshydraulic presure
to the system.

LOCAL AREA NUMBER 3
Symbol fora relief valve with eparate presire gage.The relief valve ispring operated
and protectsthe system from over presurization. It also actsas an unloadervalve to
relievepresurewhen thecylinderis not in operation. Whensystem presure exceedsts
setpoint,the valve opensandreturnsthe hydraulicfluid backto thereservoir. Thegage
providesa readingof how muchpresureis in the system.

LOCAL AREA NUMBER 4
Composte symbol fora 4-way, 2-posion valve. Pushbutton PB-1 isused to activate the
valve by energizingthe S-1 solenoid (note the valve is shown in the de-energized
position). As shown, thehigh presure hydraulicfluid is beingroutedfrom Port1 to Port
3 and therto the bottomchambetrof the piston. This drivesandholdsthe pistonin local
area#5in the retractegbosition. Whenthepistonis fully retractedandhydraulicpresure
builds, the unloader(relief) valve will lift andmaintainthe system'spresure at setpoint.

When PB-1 is pushed and S-1 energizedthe 1-2 ports are aligned and 3-4 ports are
aligned. This allows hydraulicfluid to enterthe top chamberof the piston anddrive it
down. The fluid in the bottom chamberdrains though the 3-4 ports back into the
reservoir. The piston will continueto travel down until either PB-1is releagd or full

travelis reachedat which point the unloader(relief) valve will lift.

LOCAL AREA NUMBER 5
Actuating cylinder and piston. The cylinder is designed to receivefluid in eitherthe
upperor lower chambers Thesystemis designedso that whenpresureis appliedto the
top chamberthebottomchambeis alignedto drainbackto thereservoir. Whenpresure
is appliedto the bottomchamberthe top chambeiis alignedso thatit drainsbackto the
reservoir.
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Types of Fluid Power Diagrams

Severalkinds of diagramscanbe used to show how systemswork. With an undersanding of
how to interpretFigure 29, a readerwill be ableto interpretall of the diagramsthat follow.

A pictorial diagram shows the phydcal arrangementof the elementsin a system. The

componentsareoutline drawingsthat show the externalshapeof eachitem. Pictorialdrawings
donotshowtheinternalfunction of theelementsaandarenot especially valuablefor maintenance
or troublesooting. Figure 30 shows a pictorial diagramof a system.

=fll I
E
D -‘i T
B G {
H -
C
A LIST OF COMPONENTS
A—RESERVOIR E—DIRECTIONAL VALVE
B—ELECTRIC MOTOR F—FLOW CONTROL VALVE
C—PUMP G—RIGHT ANGLE
D—-MAXIMUM PRESSURE CHECK VALVE
(RELIEF) VALVE H—CYLINDER

Figure30 Pictorial Fluid PowerDiagram

A cutawaydiagramshows both the physcal arrangementind the operationof the different
components It is generallyused for instructional purpo®s becaus it explainsthe functions
while showinghow the gstem isarranged.Becaug theg diagramsequire ® muchspace, they
are not usually used for complicatedsystems Figure 31 shows the system repregntedin
Figure30 in cutawaydiagramformatandillustratesthe similarities anddifferencesbetweerthe
two typesof diagrams
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c
J_('G) IN
ouT (F)
DRAIN
\_/‘J (H)
LIST OF COMPONENTS (A) e
A-RESERVOIR E—DIRECTIONAL VALVE
B—ELECTRIC MOTOR F—FLOW CONTROL VALVE
C—PUMP G—RIGHT ANGLE
D—MAXIMUM PRESSURE CHECK VALVE
(RELIEF) VALVE H—CYLINDER

Figure31 CutawayFluid PowerDiagram

A schematicdiagramuses symbolsto show the elementsn a system. Schematicsaredesigned
to supply the functional informatiorof the system. Theydo notaccuratelyrepreent therelative
locationof thecomponents Schematicareuseful in maintenancevork, andundersandingthem

is an important part of trouble$iooting. Figure 32 is a schematicdiagram of the system
illustratedin Figure 30 and Figure 31.

LIST OF COMPONENTS
L A—RESERVOIR E—-DIRECTIONAL VALVE
B—ELECTRIC MOTOR F—FLOW CONTROL VALVE
I (D) C—PUMP G—RIGHT ANGLE
1 D—-MAXIMUM PRESSURE CHECK VALVE
| (RELIEF) VALVE H—-CYLINDER
\
L
(H)
(B.,C) ;
(

(A)

Figure32 Schematid-luid PowerDiagram
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Summary

The importantinformationin this chapteris summarizedbelow.

Fluid Power P&IDs Summary

. This chaptereviewedthe mos commonlyusedsymbolsonfluid power
diagramsand the basic standardsand conventionsfor readingand
interpretingfluid powerdiagrams
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