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The expanded use of Industrial Bydraulics for movable
bridge drive machinery has prompted a need for new
bridge inspection techniques. Proper administration of
this equipment has three standard phases that it must

go through: initial shop drawing approval, construction
inspection, and yearly performance inspection. Since

the use of indusirial hydraulic equipment is relatively
new for bridges, all of these steps create new challenges
for bridge engineers. This paper lnvestigates the current
state of different code requirements and how they apply
to the inspection/approval process for hydraulic drive

machinery.

ASSHTO code requirements have been a major influence in

new drive machinery design. At this time, these require-
ments are uvnder revision to better utilize current hydraulic
technologies. Until this revision is completed there are
proposed changes available from AASHTO which are acceptable
for immediate use. Becoming familiar with AASHTO requirements

iz the first order of business.

Once you are familiar with AASHTO you will notice that several
references are made to J.I.C. (Joint Industry Council), NFPA
{Naticnal Fluid Power Assocliation), IS0 {International
Standards Institute). This is not done with the expressed
purpcse of confusing the issue. Upon investigation you will
find that most references are made to J.1I.C. hydraulic
standards. A copy of the current J.I.C. standards has been

attached for your reference.

Understanding Fluid Power Graphical Symbols is an essential
criteria for proper review. In the design and review stages
detailed symbols are often used to show the intricacies of
component function. These can sometimes be simplified for
field inspection. A copy of the detailed and simplified

symbols has been atbtached for your reference.
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Now that you have the basic understanding of the necessary
design requirements the inspection review process may begin.
The proper documentation is always important. In order to
do a proper ob at any level you must first have a few
recommended documents.

A.) Complete Hydraulic Schematic

B.} Power Unit Layout Drawing

C.) Cross Referenced Bill of Materials

D.} Piping Layout

E.) Catalog Cut Information

F.} Theory of Operation

Checking to make sure that a system will meet specific
requirements is different for shop drawing raview than

it 1g for field inspection. AL the time of shop drawing
review the engineer must evaluate esach component for
pressure rating, flow rating, pressure drop, and a host
of other criteria. Most importantly, will the components
all work together as a smooth system. Not all hydraulic

cecmponents function the same between different manufacturers.

Field inspection reguires much more than just checking
components for model number compliance, the engineer should
check actual flows, pressures, and schematic compliance,
Moreover, a working knowledge of piping practices and

materials is in order.

Yearly inspection is yet another set of criteria for the
inspection engineer. Due to the fact that few hydraulic
drive machinery standards exist, the engineer must decide
what is important to inspect. When nc inspection criteria
is given for a particular bridger the field inspector

should meet with the designer of the bridge to better
understand what to look for. Once this has been established,
it becocmes a matter of simple inspection practices.
Comparative analysis from one inspection to another should

provide adequate information to identify any major problems.



This outline is provided as a guidelines for the symposium
session. Please refer to the detalled minutes of the

session for particular details on subjects of interest.
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JI1C
JOINT INDUSTRIAL COUNCIL

HYDRAULIC STANDARDS

for Industrial Equipment
and General Purpose Machine Tools
H-1-1973
FOREWORD

Users and suppliers of industrial equipment, as well as
the component manufacturers, have long recognized thal
the safety of personnef and uninterrupted production are
of cardinal importance to the economic growth of industry.
The application of hydraulic mobility and contrel in a
reliably proven marnner necessitated the establishment of
a standard more than 20 years ago. This is the lalest
revision of that standard.

This revision has been written as a Genera! Purpose
Hydraulic Standard and has been extended, where noted,
to Mass Production Equipment as well as {o the type of
engineering considered desirable, This Standard is basic
in nature: that is, it does not contain any requirements
specific to any one industry, company, division, or plant.

All JIC Standards are advisory oniy. Their use in
industry or trade is entirely voluntary.

The JIC assumes no liability for any patent infringe-
ments or asserted patent infringement which may result
trom the use of this standard.

Comments or requests for information regarding JiC
activities or interpretation of the JiC Standards should be
addressed io the Secretary of the Joint Industrial Council,
7901 Westpark Drive, Mclean, VA 22101,

Proposals to change this JIC Hydraulic Standard are
considered in the Joint Indusirial Council meetings held
at intervals for this purpose. Fulure revisions will include
application requirements for those fields that become so
closely associated with the hydraulic science as to be
deemed a part thereof. Mo additions, revisions, or dele-
tions shail be made hereto when reproduced as the JiC
Hydraulic Standard for Industrial Equipment.

H1 General

H1.1 PURPOSE. The purpose of this Standard is to pro-
vide basic guidance for the application of hydraulic

apparatus to industrial equipment to promote:

(1) Safety to persoanel

{2) Uninterrupted preduction.

(3} Long life of equipment.

{4) Ease and fow cost of maintenance.
This Standard is intended as a reference and guide for
detailed specifications and designs for industrial equip-
ment ulilizing hydraulic componenis or equipment. It is
not intended o limit or inhibit advancement in hydraulic
or mechanical engineering.

H1.2 SCOPE. This Standard applies to all hydraulic appli-

cations on industrial equipment. The term industrial
equipment, referred to in this Joint Industrial Councit (JIC)
Hydraulic Standard, is any equipment hydraulically actu-
ated or controlled, used in, or necessary for manufactur-
ing processes and assembly.

H1.3 ADOPTED DOCUMENTS. Toc avoid duplication of

eftart and conflict in direction, Standards developed
by other technical organizalions have been adopted by
relerence as part of this JIC Standard. See Appendix D
{page 26) for a bibliography of these Standards and their
source of supply.

H1.4 DUAL PURPOSE STANDARD. This revision of the
JIC Hydrauiic Standard for Industrial Equipment
is a dual purpose Standard. it Is written as a General
Purpose Standard and exiended, where noted, 1o Mass
Productic}n Equipment,
® Indicales a specilic requirement for JIC Mass Produc-
tion E_Mp mant onty.
KMass Production Eguipment s single and/ar special pur-
posg equipment for continuous manufacturing processing
and assembly.

H1.5 SPECIFIC REQUIREMENT VERSION. Where the

purchaser specifies conformance to this JiC Stan-
dard and fails to specify either the General Purpose or the
Mass Production version, the General Purpose Hydraulie
Standard shall be deemed acceptable

H1.6 TYPE OF REQUIREMENTS. Mandatory requirements
of this Standard are distinguished by use of the
word “shall.”
Recommendations in this Standard are dfstmgwshed by
use of the word “shouid.”
A Indicales type of engineering desirable in new deve!op-
ments and reengineering of equipment.

H1.7 DEVIATIONS. Deviation from this Standard shall be

agreed to in writing by ihe purchaser and supplier.
Deviation{s) by the purchaser shali be specified on his
purchase inguiry, or on the Hydraulic Equipment Data
Form, and be confirmed on the supplier's quotation.
Deviation{s} by the suppiier shall be listed as “JIC Devia-
tion by {firm name)’ on supplier's guotation, and be
confirmed on the purchase order. Deviation(s) shall per-
tain o specific paragraphs of this Standard, shall apply
to the order in question and not to future orders, and
shall not be considered as permanent amendments to
this Standard.

H1.8 DEFINITIONS, Definitions of the terms used in this
Standard are those given in the ANS B93.2-1965,
Glossary of Terms for Fluid Power.

= H1.9 DATA FORM

» H1.8.1 Data Form Use. A sample Hydraulic Equip-

ment Data Form is provided in Appendix E
{pages 31, 32). This Data Form or a simiiar document
shouid be used by the purchaser to provide the supplier
with information required for the proper and specific hy-
draulic application to mass preduction industrial equip-
ment. Where a Data Form or similar document is used
by the purchaser, it shall be confirmed on the supplier's
quotation.
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® 31.8.2 Data Form Contenl. The purchaser of mass
production eguipment should clearly indigats
on this Data Form or similar document:

{1) To which version of this Standard, supplementis),
and/or other standard(s), if any, he requires con-
formance.

(2} Unusual operating conditions, environmental condi-
tions not otherwise provided for, and required devia-
tign{s} from this Standard as special reguiraments.

{3} Unigue and other special requirements not covered
in part {2} of this paragraph.

{4} Reference 1o applicable state and local codes,

{5} His squipment preference and the order of prefer-
eance.

B H1.9.3 Omilled Information. Where the purchaser of

mass production equipment does not indicate
on the Data Form or simifar documenti:

{1} Conformance ic any particuiar standard, the sup-
plier's standard shail be acceplable.

{2} His equipmen! preference, the supplier's choice of
equipment shall be acceplabie.

{3} The order of equipment preference, the supplier's
choice from the purchaser’s preferred equipment
list shall be acceptable.

® 11.9.4 Data Form Revision. Where a Hydraulic

Equipment Data Form or similar decument is
used and later agreemenis between the purchaser and
supplier negate data in the existing data document, the
purchaser shall issue 2 corrected Hydraulic Equipment

Pata Form or simitar data document, marked revised

and the revision dated. The revised Data Form or simi-

lar document shali be confirmed by the supplier.

H1.10 DRAWINGS

H1.10.1 Graphical Diagram. ANS Y32.10-1867, Graphic ¢

Symbois for Fluid Power Diagrams, shail be
used for graphical {circuit) diagrams and o indicate
somponent function. In final graphical diagrams, full
symbols, not & simpiified form, shall be used for muitiple
figw path directional valves. Information conveyed on
the arrangement of the graphical diagrams shall be in
accordance with ANS Y14.17-1966, Drafting Standards
for Fluid Power Diagrams, and shall include the follow-
mng:

(E}gidentiﬁcat%cn of all hydraulic equipment by name,
cztalog number, serial or design number, and the
manufacturer's name. .

{2y Size of piping lines (outside diameter and wall
thickness of tubing; size and schedule of pipe}.

3} Diameter of sach cylinder pision and rod, length of
stroke, and the estimated force reguired for the
intended service,

{4} The displacement per 7pm ¢ minute and the torque
rating of each hydraulic motor.

{5) The delivery in gpm and the direciion rotation of
gach pump.

{6; The horsepower, rpr, and type of each pump drive.

{7} Operating pressure for the intended service and
maximum pump-rated pressure.

{8) Quantity, capacity, and type sirainers and filters,

{9} Reservoir capacity.

{10} Recommended fluid type and viscosity range.

(11) Time sequence chart, eg. time range of cycle
exclusive of fcading.

(12} Dala or texi, or both, showing operations performed
including the funciioni{s} of the related electrical
and mechanical controls and actuating eguipment.
Ref. Appendix A (page 27}

H1.10.2 Ficor Layoul. Whers the installation consists

of two or more separated equipment assem-

blies, the supplier shall provide the purchaser with a

flor plan layoul speciying dimensional relationships.

H1.10.3 Piping Layout, Whers requestad on the pur-

chaser's Inguiry and confirmed on the sup-
pHer's quotation, a piping layout shall be furnished by
the supplier. Photographs which ciearly show tha piping
arrangemeni and assembly may be substiluted by
agresment. {Ref, H.11.2)

111 DATA TO SUPPLIER

H1.11.t Scope of Dais W Suppler. The purchaser
shali soecHy on his ipguiry, and the supplier

shal! confirm on his guolation, all the infprmation neces-

sary for proper application and uninterrupted produe-

tion, Such information shall include:

{1} Any unusual operating conditions.

{2} Special requiremsnis and unusual envircnmental

conditiens.

{3} Required deviations from this Standard.

{4} Rafarence o appiicabie state and local oodes.

H1.11.2 Allude. Allilude of instaliations above 3300
feet {1 kilomster] shall be specified on the

purghaser's inquiry or on the Mydraulic Equipment Datla

Form and shall be confirmed on the supplier's gquotation.

H1.1%.3 Ambient Tempersiure. The ambient iempera-
fure range of ihe instaliation area shall be

specified on the purchasser's ingulry or the Hydrauiic

Equipment Data Form, and shall be confirmed on the

suppliar's quetation.

Hi.i2 DATA TO PURCHABER

Hi.42.1 Prefimingry Dais. The supplier shall submit
for approval preliminary data in a form that i3

! in accordance with ANS Y32.10-1967, Graphic Symbols

for Fluid Power Diagrams, and ANS ¥14.17-1968, Drafi-

ing Standards for Fluid Power Diagrams.

H1.42.2 Final Dsis. Final disgrams, drawings, and

texts, including ihe mainienance data, chall

conform 1o the sguipment shipped and be forwarded 1

the purchaser not later than the time of squipment

delivery. Final graphical {circui) diagram(s) shalt clearly
show ail fluid conductors within circuil manifolds accom-
modating two or more manifold mounted componenis.

Where requested on the purchase order or the Hydraulic

Equipment Data Form, final disgrams and drawings

shall be on reproducible material.

H1.12.3 Fleld Changes. YWhere fieid changes are mads

by the supplier, the changss shall be recorded
by the supplier and copies, or reproducible copies of
the corrected drawings, shall be provided to the pur-
chaser in accordance with the agreement between the
purchaser angd supplier, or where requsested by the
curchaser, on the HMydraulic Equipment Dala Form or
similar document.

Where the drawings bear the purchaser’s titie block,
and are in the gurchaser's possession, the supplier shall
clearly repori ail fHield changes to the purchaser in writ-
ing. The purchaser shall be responsible for recording
such reported changes on the drawing.

Hi.12.4 BMezintenance Dala, The supplier shall provide

the purchaser with maintenance datz for ail
hydraulic equipment that clearly:

{1) Describes start-up and shut-down procedures where
improper procedures could cause damage to the
equipmeant.

{2} Descrives adjustment procedures,

{3} indicales external lubrication points and the tvpe
of tubricani required.

{4} 1dentifies seals and packings by the component
manufacturer's part number.

{6} Siaies service procadures for unigue assemblies,

{7} Locates ifluid level indicalors, il points, drains,
fiiters, sirginers, magnels, eto., that require regu-
larly scheduled maintgnance, ’

.;w.
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(8) Lists the serial number of each special cyflinder or

A rotary actuaior. This information should also appear

on the graphical {circuit} diagram.

A Where parts in the hydraulic components are commer-
cially available and manufactured to an established
standard that provides for uniform coding, further identi-
fication as provided by the standard’s ¢ode should be
given,

AH1.12 PROCUREMENT OF EQUIPMENT. The supplier
should procure components which use com-
mercially available parts {key and keyways, bearings, pack-
ings, seals, lock rings, plugs, ets.) and part configuration
(shaft and spline sizes, port sizes, mountings, interface
patterns, etc.) that are manufactured to established stan-
dards and that provide for uniform coding.
® For mass production egquipment, approval shall be
cbtained by the supplier before components are procured.
After approval by the purchaser, deviation(s) by the sup-
plier shall have the purchaser's approval in writing.

#1.14 SAFETY {Ref. H13}
Hi1.14.1 Fail-Bafe Concept. Hydraulic circuits shall be
designed and components selected, applied,
mounted, and adjusted o safely provide uninterrupted
operation and extended life, and be fail safe. Circuits
shall:

(1} Operate within the component manufacturer's speci-
fications.

{2) Be protected against overpressure.

{3} Be so designed and applied that surge pressure,
overpressure, and loss of pressure do nol cause
hazard or damage to the equipment. {Ref, H13.1}

A H1.14.2 Service with Safely. Hydraulic components

attached to the industrial equipment shali
be so iccated that they can be safely serviced.

H1.14.3 Inclined Ladders. Where personnel are re-

guired toc carry heavy or bulky equipment to
perform regularly scheduled maintenance on elevated

hydraulic equipment at a level or 6 or more feet {1.83- -

meters) above the working floor, an inclined ladder
or other suitable inclined means of access shouid be
used. {(Ref. H13.12}
H1.14.4 Elevated Platform. Where elevated walkways
and platforms are required for access and
servicing hydraulic eguipment, they shall comply with
ANS A12.1-1987, Safety Requiremenis for Floor and
Wail Openings, Railings, and Tee Boards. {Ref. H13.13}

H1.15 ACCESSIBILITY, Hydraulic equipment and piping

shall be accessible and so mounted as not to
interfere with the adjusiment of maintenance of the
equipment.

H1.16 IDENTIFICATION
H1.16.1 Manuvfacturer's information Plates. The
following information shall be permanentiy
indicated on each hydraulic component:
{1) The manufacturer's name and address.
(2) The manufacturer's part or model designation and
data necessary to facilitate servicing.
{3) Where applicable, other data required by this Stan-
dard. {Ref. H2.2,3, H7.7.3, H8.5, HB.6)
H1.16.2 Component Identification. Hydraulic compo-
nents shall be plainly and permanently identi-
fied with the same identification assigned to them in the
graphical diagram. The manufacturers original infor-
mation plate shall not be used for this purpose.
H1.16.3 Port ideniificalion. Compconent ports, including
pitot ports, shall be plainly and permanenty
identified and the same identification shown on the
graphical digram. Where port identification is not pro-
vided on the component or differs from the manufactur-
er's original, the identificalion shall then be plaialy
and permanently shown on an attached lag.

Hi.16.4 Vaive Operalor identificalion. Vailve operators

shall be plainly and permanently identified
with the same identification assigned them in the graphi-
cal diagram, inciuding the operator function{s). Solenoid
operaters shall have the same identification in the
graphical ¢iagram and the instaliation as assigned them
in the electrical diagram.

#1.46.5 Identification of inlernal Devices. Cariridge

type and other functional devices (orifice plugs
and passages, shuttle valves, check valves, etc.} located
within a manioid, mounting plate, pad, or fitting shall
be identified adiacent to their access openings. Where
access openings are located under a component or
components, identification shali be adjacent to the
compaonent and as close to the access opening as
practical, and the identification marked “Concealed.”

H1.16,8 Location of Identification. Component identifi-

caticn, other than the manufacturer’s criginal
information plate, shall be shown on a tag or plate per-
manently mounied cn the instaliation adiacent to, not
on, the component, ACCessory, of device.

H1.18.7 Conirol Station Hameplales. A nameplate

shali be provided for each controf station com-
ponant and shail be located where it can be sasily read
by the equipmeant operator. The nameplate information
shall be pertinent and easily interpreted, providing posi-
tive identification of the conirol compeonant and its
function {Ref. H13.2}

Hi.17 FLUIDS

H1.17.1  Compatibility of Fluids. Fluid(s) used shall be
compatibie with the hydraulic components and

. shall be in accordance with the recommendations of
5 the component manufacturer{sh
i H1.17.2 Type of Fluid. The supplier shall provide the

purchaser with the f{luid specifications, in-
cluding type, as recommended by the pump manu-
facturer.
A H1.17.32 Fire Hazard, Where Hame, heated surfaces,
or other ignition scurces adjacent to a hy-
draulic circuit could be a fire hazard, the hydraulic
fiuid should be sufficiently fire resistant to prevent #re
or explosion in the event of a major fallure. Shielding
or other isolation means may be used io prevent the
fiuid from reaching the ignition source under predict-
abie failuras conditions.

H1,17.4 Fire-Resistant Fluids. Where fire-resistant

fluid(s) is (are) required, the lype(s) shall be
specified on the purchaser's inquiry or Hydraulic Equip-
ment Data Form, and be confirmed on the suppiier's
quotation.

4 H1.17.5 Separaied Fluid Systems. Hydraulic and

iubrication systems should be separated.

Fiuid from the hydraulic sysiem should not be used to

fubricate ways, slides, exposed surfaces, and/or mech-

anisms not integral with hydraulic components. Where
separation is impractical, the following conditiocns shall
exist:

{1} Unit Pressure shall be compatible with the intended
service.

(2} Adeguate means shall be provided to remove con-
tamination from the fluid,

{3} Both the hydraulic and lubricalion systems shall be
capable of performing their required functions with
the common fluid specified.

(4} Complete hydraulic and lubrication information shall
be stated on the graphical hydraulic diagram,

a Hydraulic and lubrication systems on mass production

equipment may be combined only where agreed io in
writing by the purchaser.
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H1.48 SYSTEN TEMPERATURES
H1.18.1 Heat Generation. Hydraulic circuits shall be
designed and applied as to minimize genera-
tion of undesirable heal.
¥1.18.2 Cperaling Temperatures. Under conditions of
continuous operation, the pump iniet temperature of
the fHuid should be 100° F (38° C) 1o 120° F (48° C},
but shall not excesd 130° F (85° G
The pump inlet lemperature of waler-base fluids shall
not exceed 120° F {49° C).
11.18.3 Low Temperature Control. Where temperalures
lower than 100° F {38° ) are required, the
maximum aHowable temperaiure shali be speciiied on
the purchaser's inguiry or Hydravlic Equipment Data
Form and shall be confirmed on the supplier's guotation.
H1.48.4 Differential Temperature Conirol. Where the
application requires the egquipment o operals
within a specific range of difierential temperalures, the
minimum and maximum temperaiures shall be specified
on the graphical {circull} diagram and ihe required
controle agreed 1o in writing by the purchaser and the
supplier.

¥1i.18 FINAL TESTS

¥1.39.1  Hoise Limil Hydraylio systems on indusirial
aguipment shall not raise the sound pressure

tavel of the equipment, a8t the time of instaliation, above

those speciied by applicable codes and standards.

#1.,19.2 Leakage. There shall be no external ipakags
from the hydraulic sysiem st the lime of

purchaser's acceplance.

H$.19.3 Performance Tesis. The hydrawlic sysiemis)
on indusirial equipment shall be completely

nerformance tested 1o determine conformance with this

Siandard and the purchasers specifications.

H1.20 PREPARATION FOR SHIPMERNT
M1.26.1  identification of Piping. Where construgtion of

the equipment requires shipping of moving in

sections, remaved piping runs and thelr corresponding

terminal poris and/or connectors shall be identically

identified.

$1.20.2 Packaging of Plping. Hemoved piping runs
shall be packaged in a manner thal profecis

thern from damage and distortion and preserves their

identification during moving and shipping.

+4.20.3 Sesling of Openings. Exposzed openings in
hydraviic equipment shall be sealed and male

threads shail be sleeved during moving and shipping.

Hz Circuit Controis

H2.4 DEFINITION OF CONTROLS
M2.1.1 Manus! Conirels. Manual contral is any control
aciuated by the operator. {Ref. ANS B83.2-1865,

Glossary of Terms for Fiuid Power}

H2.2z PROTECTION

Hez.2.7  Overpressure Protection. Internal and/or exter-
nal overpressure protection shall be provided

an the discharge side of sach pump, except cendrifugal

types, and ahead of any positive shutolf valve and/or

flow restriction. Overpressure protection shall be ade-

gquate for the intendsd service.

42.2.2 Tamper-Besistant Protection. Whers 2 hazard
gr damage may resull i operaling pressures

are excesded, lamper-resistant [s.g., internal positive

stop, nonadjustable, efc.) overpressure protection shall

be providad.

H2.2.2 Bale Working BRangs o Adiusiable Conirols,
Pressure and How conbrol components shall be
constructed in a manner that prevenis adiustment oul-
side their safe working range. The manufaciurer’s infor-
mation plate on pressure conirol cemponents shall be
marked to indicale their minimum and maximum pres-
sure limits.
H2.2.4 Adjusiment of Conirsls. Adjustmenis on flow
control and pressure conirpl componants, ax-
cept where tamper-resisiant, shall be accessible.
H228 Securing Adjusizble Component Sellings. Pro-
vision shall be made for securing ths individual
seitings of adjustable componants, {Ref. H8.2}

H2.28 Locking of Adlusishble Component BSeifings.

Where requesied on the purchaser's inguiry or
the Hydraulic Equipment Data Form and confirmed on
the supplier's gquoistion, means for locking the en-
ciosure{s) or comparimentii{s] in which How conirol and
pressure control component are mounied, o for iocking
their individual seltings, shall bs provided. (Hef. HB.3}
H2.2.7 Loss of Working Pressure, Where loss of work-

ing pressure could gause a hazard, loss of
accuracy or damage 1o the sguipment, means shall be
provided io prevent operation under this condition
HZ.2.8 Conirol Mediz Faiflure. NHydraulic devices con-

trolied electrically, pnsumatioslly, and/or hy-
drauficelly shall be selected and spplied so that fallure
of the control media does not causs g hazard or dam-
age o the equipment. {(Ref. MH13.7}

H2.2.8 Conirs! of Mulliple Devices. Where therg is

more than one automatically and/or manustly
controfied device un the indusirial equipment and wherg
faiiure of any of thess davices could cause 3 hazard oy
damage to the squipmani, protective interiocks shall be
provided. Where praciical, these interiocks shouid inlsr-
rupt all operations, but not release any ifocating pin,
index drive engagement, latch, or clamping device,
provided such interruplion does not cause hazard of
damage o the squipment or work in protess.

H2210 Pump Bloppage Inlerlonk. Where more than
cne pump 5 used in the indusidial sguipment
application, inierlocks shall be provided so fhat slop-
page of one pump will NGt causs a hazard or damage
to the eguipment.
H2.2.11 Pump Sequence Interipck. Where the opera-
fionr of a pump in improper ssguence could
cause & hazard, damage o the eguipmeni, or fo the
work in process, interfocks shail be provided o ensurs
operation of the pumps in proper sequence,
H2.2.92 Pumps in Beries, Where pumps other than
cenirifugal type are spplied in series, pressure
protection shall be providsd to prevent any one pump
being damaged from overicading.

Hz.3 PUMPS N PARALLEL. Where pumps are cone

nected in paraliel:

B 1Y Primarily for standby operalion of mass production
equipment, valving to isoiale each pump assembly
while the other{s} is {are} siill In operation shall be
provided.

4 (2) As a multiple installation on mass production equip-

= ment, valving to isolals each pump assembly while
the other{s} is {are} st in opsration should be
provided.

® (3] Are unidireclional, and sxiernally connectad, means
should be provided i the discharge Hne of sach
pump assembly to prevent reverse fiow of the fluid.

H2.4 MANUAL CONTROLS
H2.4.1 Conirol Station Mameplales. A namesiate shall
e provided for each control statlon compon-
ent in sccordance with H1.1.7 of ithis Standard.
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H2.4.2 Emergency Conirols (Ref. HB.11.1, H8.11.2,
H13.3)
H2.4.2.1 Emergency Stop and Return Control. Al
industrial equipment shall incorporate an
emergency stop or return conirod.
H2.4.2.2 Emergency Stop and Relurn Conirol Fea-
tures. Emergency stop and return controls:

(1} Shall be readily accessible from the operator’s
working position,

{2} Shall not release any localing pin, index drive
engagement, latch, lock, or clamping device.

{3) Shali cperate immediately.

{4} Shall be independent and unaffected by the ad-
justments of other controls or flow restrictions.

4 {5} Should provide a blocking valve upstream in the

supply line of the serve valve{s) for emergency
stop.

(6) Shall not require energizing any control eiement.
{7) Shall not require operation of tmore than one
manua!l controi for all emergency funciions,

{8) Shall not create an additional hazard.

H2.4.2.2 Duplicate Emergency Conlrols. Duplicate
emergency controls shali be provided at
each operator station.
H2.4.2.4 Cycle Bestarl. The equipment cycle may be
manually restaried after an emergency
operation, provided resumption does not creale a
hazard or cause damage o the equipment or to the
work in process. Where restarting the cycle is not
feasible, manual controls shall be provided for re-
turning the actuators affected by the emergency stop
to their cycle start or other preset position.

4 H2.4.3 Manual Conlrol Levers. Manually actuated
fevers shouid move in the same direction as

the resulting motion of the reiaied equipment element.

{Ref. H13.8}

H2.4.4 Required Selup Conirols. Where equipment is
controlted automatically, manual controls shall

pe provided to independently position actuators for

changeover and setup, {Ref. H8.11.10}

H2.4.5 Two-Hand Control. Where pinch points and
other movement hazards are exposed to the

operating perscnnel, two-hand manual controls shail be

provided for each operator, which:

(1} Regquire maintained actuation of each control
throughout the equipment cycle or until the point
in the cycle is reached where the hazard ceases.

(2} Are so located and guarded thaf operation by means
other than both hands is prevented.

(3) Are sc designed that the equipment cannot be
operated uniess both manual controls at each con-
trof station are released between cycles. (Ref. Hi13.4)

H2.4.6 Location of Manual Controls. {Ref. H13.5)
The location and mounting of manual controls
shali:

(1) Place the conirols within reach of the equipment
oparater from his nermal working position(s).

{2) Not require the operator o reach past rotaling or
moving equipment elements or work in process o
operate the controls.

{3} Not interfere with the equipment operator's required
working movements.

{4) Protect the contrels from external damage.

{5) Prevent inadvertent operation of the controls.

{6} Provide adequate proiection where controls are in
high temperature or corrosive atmospheres.

{7) Provide easy accessibility for maintenance.

(8) Not use hydraulic piping for suppori.

H2.5 AUTOMATIC CONTROLS

M2.5.1 Localion of Automalic Conirols. The location

mounting of automatic controls:

{i} Shall be on a pane! or circuit manifold adjacent o
the related powsr unii, unless size, function, or pip-
ing method requires alternate location.

{2} Shall be a minimum of 24 inches {0.60 meter) or a
maximum of 72 inches {1.83 melers} above the
working fleor, unless size, function, or piping meth-
od requires allernate location.

{3) Shall provide accessibility for adiustment and main-
tenance of the conirols without interfering with
adjacent eguipment.

{4) Shall provide adegquale protection of the controis
wherg they are in high temperaiure or corresive
atmospheres.

{5) Shall provide adequate protection of the controls
frem maliunction and damage that could be caused
by werk in process, waste maieriais, contaminanis,
and stock moving.

4 {8) Should not use hydraulic pipe for suppert. (Ref. H3.5)

s H2.5.2 Cycle Time. On mass production equipment,
ioad varigtions and changes in fluid tempera-
ture shall not cause variations in cycie time Inconsistent
with the required service, provided voliage, frequency,
and manual operations do not changs,
H2.5.3 Surge Pressures. Circuils shall be designed,
constructed, and adiusied to minimize surge
pressures. The hydraulic components shall withstand
existing surge pressures. (Hel HB.&, MH11.3, M11.4, H131)

H2.5.4 Sequence Lonirol

H2.5.4.1 Sequence by Posifion. Where a sequence
matfunction could cause a hazard or dam-
age to the equipment or to the work in process,
sequencing shail be governed by mechanically actu-
ated fhiid power valves, limit swiches, or other
position-sensing devices.
H2.5.4.2 Seguencing by Pressure Sensing and by
Time Lapse. Where 2 sequence malfunclion
cannot cause a harzard or damage o the equipment
or to the work in process, sequencing from pressure
sensing and/or fime lapse measuring may be used.

H2.5.5 Unconirolied Movement The circult shall be

designed to prevent unconirciied movement
and improper sequencing of ihe hydraulic acluators
during ali phases of the equipment cycle, including
pump idling, starting, and stopping. {Heif. H13.8)
4258 Feed Controls

H2.5.8.1 Constant Feed Rales. Circuils requiring

constant feed rates shall maintain consis-
tent flow rates for the service intended, independent
of reverse force and intermittent loads, and should
be independent of fluid temperature fluctuations.

A M2.5.82 SHinimum Feed Yolums. The minimum con-

stant Teed rate without feedback should

provide not less than § oubic inches (98 cubic centi-

meters} per minute fluid flow ihrough the governing
flow conirol.

H2.5.6.3 Traverse to Feed Tramsition. In changing

from rapid traverse to leed, the starting
position of the fed rate sha!ll be consistent and saljs-
factory for the intended service and shall be fail-
sale.

g On mass production equipment where the stariing
position of the feed rate is fixed, shifiing from rapid
traverse fo feed shail be by direct cam operation of
the selecting valve. The feed position of the selecting
valve shall be maintained.
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H2.5.6.6 Trip Devices. On general purpose equip-
ment, teed and cycle lmiting Irip devices shall
he adjustable.

a Feed Hmiting and cycle limiting trip devices used on
mass production sguipment shall be so arranged that
feed distance(s) can be set and secured. Aftgr feed
distancels) s (ars) preset, the fimiting trip device
assembly shall be adjustable as an assembly.

A H2857 DBositive-Position Slops. Positive-position stops
should be so designed thal the dwell time is
not affected when the positive-posilion stops are resel.

H2.6 CIRCUIT RELATIONEHIPS
H2 8.1 Mullipfe Actualors. Cirguils on industrial sguip-
ment having two of more moving eslements,
neads, slides, aciuators, and/or combinstions thersof
shal! be designed ic ensure operation in the proper
sequence regardiess of load variations.
4 H25.2 Flow Proporiionment Proportionment of Tlows
for supply purposes should be by nonadjust-
abie ar lockable components 1hat mainiain Gonsistent
flow rates or by conlinuous positive displacement, in-
gependent of reverse force end intermittent loads.
4 H283 Simuianscous Dperstion. Where a Common
fiyid source is used for simullanesus motion of
wo or more aciuators, means should be provided for
reasonazble proportionmant of the Hluid to assure in-
tended motion of each agtuator,

H2.7 SERYVD CONTROLLED CIRCUITE
H2.7.4 Servn Yalve Location. The serve vaive shall be
mounted as ciose to the related actuator as
praciical o minimize the contained volume betwesn the
valve and the actuator. (Rel. HE4.2}

¥M2.7.2 Serve VYalve Aucess. Servo valves shall be-
readily removable without disturbing piping or

other equipment glemants.

4 H27.2 Elecirohydraulic Serve Vaive Features. Electri-
cal connections to elscirically operated servo

vaives should ptliize plug-in ¢il-tight connectors. {Rei.
Hg.2.2}
A H27.4 Emergency Biscking Walve. A blocking valve
should ba used upsiream in the supply ling fo
the serve valvel(s) for smergency stop. {Rel H2A4.2
HMB.11.2, H13.3}
4 H2.7.5 Fluid Loss Preveniion. Means should be pro-
vided in both the supply and relurn fines of a
servo valve to automatically prevant fivid draining from
the valve, the related piping, a&nd actuator when tha
system is off. {Ref. H8.11.3)
4 H2.7.6 Prolection Agsinst fherlis Losds,  Crossover
overpressure protsction should be used be-
tween a servo valve and its related actuator where high
inertiz ipads are reflectad io the actuator. {Ref HB.11.4}

H2.7.7 Fiter Type =nd Localion. Full flow filtration
shall be used In the supply line preceding a

servo valve. {Ref. H7.5.1}

$2.7.8 Filter Raiing. Filter and air breather ratings
shall be compatible with the servo wvalva{s}

used, {Ref. H7.5.2)

4 H2,7.9 Fluid Sampling. A means of obigining a repre-

sentative fluld sample without disturbing piping

should be provided to permit periodic measurement of

the fluid cleanliness level {Rel M171.22.4}

H2.7.10 Flushing. Flushing valves or Hushing plates
shall be utilized during the initial stari-up.

Fiushing of the sysiem shall continue until the required

oleantiness level is cobtained before installation of the

serve vaives. This procadure should also be used when-

aver the hydraulic system is opened or the cleandiness

leve! exceads the recommended slandard.

H2.8 EMCLOSURES AND COMPARTMENTS

H2.8.9 Deliipition of Compartment. A compariment is a
space within the base, frame, or oolumn of the

equipment. {Ref. ANS BO3.2-1865, Glossary of Terms

for Fluid Fowsr}

H2.8.2 Deofinition of Esclosuse. An enclosure is a
housing for components. {Rel ANS B83.2-1565,

Giossary of Terms for Fluid Power)

HZ.8.3 Msterisls. Enclosures, enclosure doors, and
compariment doors for housing automatic con-

trols shall be shest sieel nol thinner than 34 MSG

{1.88 mm), or approved equivalent,

H2.8.4 TYypes of Uoors. Enclosures or compartments
shall have hinged doors that swing horizontally

or shall have selb-supporting sliding doors.

H2.85 FPFasteners for Doors. Doors shall be held ciosed
with mechanical {astensrs of ths captive type

that requires hand iocls io open or shall be provided

with & key fock. {Ref. H2 2.8}

H2.8.5 Maintenance Accsss. The size of compariments
and enclosures, and the arrangement of the

control devices within, shall provide adequate room for

maintanance.

H3 Cylinders

Ha,1 CYLIHDER SPECIFICATIONS, The mounting dimsen-
sipns, rod sizes, and hore sizes of commercially

avallable oylinders shall conform o ANS BIR.E8-1388, Bore

and Bod Size Oonfiguration and Combinations, and 1o

ANS BE2.3-18988, Cyiinder Bore and Piston Rod Sizes for

Fluid Power Cylinders.

a Whare a prefersnce of oviinders exists for mass produc-

gortion equipment, the preference shall be specified on the

purchaser’s inguiry or the Mydrauile Equipment Dala Form.

H3.2 COYLINDER ALIGHNMENT. The slignment of rigidiy
mounted  cviinders with dependent slides and

“ other guided equipment elemenis shall apply no side or

radial icad i the pision rod or ram.

3.3 NONRIGID MOUNTMIGS. Cylinders with nonrigid

mounting(s) shall be appled in eccordance with
the manufacturer’s specifications, incluging stroke length,
ioading, and use of stop tubes.

H3.4 CYLINDER SERVICING, The design of the actuated
squipment shall:
{3} Provide accessibility for oylinder servicing,
{2} Permit replacement of continuous ring piston rod
packings and sealy in the cylinder.

#3.8 CYLINDER REPLACEMENT. Ovyiinders thal are not
an integral part of the sguipment shal be replace-
ablae.

H3.6 FREQHRED CUSHIONS, Where a cviinder head is

used gs a posilive-position siop, the stop head shall
incarporate an adjusiable cushion or an axiernal decelera-
tion conirel shall be provided to minimize detrimental
mechanical impact,

H3.7 LCVYLINDER SEAL AND BEALING DEVICE

H3.7.1 Beszl Reguiremenis, Cyviinder seal requirgments
not specifically covered in the foliowing para-

graphs shall be in accordance with Section Hi2 of this

Standard.

Hi.7.2 Oyiinder Seals. Seals thal do not lesk under
working conditicns within the Intended service

range:

{1} Shall be used for gylinder and sesling.

{2} Other than ihat required for lubrication, shall be

used for piston rod sealing.
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A H3.7.3 Piston Rod Seal Replacement. Piston rod seal
assemblies should be replaceable without cyl-
inder disassembly.

M3.7.4 Dual Piston Rod Seals. Cylinders with dual

piston rod seals shall:

{1} Be specified on the purchasers inquiry or the
Hydraulic Egyipment Data Form and shall be con-
firmed on the supplier's gquotation.

{?) Have an external provision for draining the inter-
seal fluid collection.

H3.7.5 Piston Rings. Where the sealing devices used

on a cylinder piston:

(1) Are metaltic, they shall be of the step-cut type or
shall provide equivalent performance.

4 {2 Can tolerate no leakage cther than that required for
lubrication, they sheould be an elastemeric type and
material.

H3.8 PISTON RODS
H2.8.1. Piston Rod Size. The piston rod size, including
#ts thread, shoulder, and column sirengths,
shail be adesquate for the service intended.
H3.8.2 Piston and Rod Assembly. Pistons shall be posi-
tively locked to the piston rod.
H3.8.3 Pisten Heod Hardness. Piston rod material and
hardness shall be such as fo minimize scoring.
A& HM3.8.4 Protection of Piston Rods. Piston rods should
be adequately protected from damage by cor-
rosion and abcasion by detrimental materials.

K39 AIR ENTRAPMENT
H3.9.1 Fluid Input Location. Flow of fluid into non-
rotating cylinders should be at the extreme top
of the bores to prevent entrapment of air.
H3.9.2 Purging of Air. Cylinders which may not utilize
their full stroke shail have provision for purging
entrapped air.

#3.9.3 Air Bleed Accessibility. External provisions for . &

purging entrapped air from cylinders shall be
accessible.

H4.4 FLUID MOTOR DATA
H4.1.1 Motor Data. A dala sheet, catalog, or listing
that is in acgordance with ANS Y14.17-1966,
Drafting Standards for Fluld Power Diagrams, giving
information on minimum and maximun rpm, pressure
range, volumetric d¢isplacemeni, forque or horsepower
ouiput, and the viscosity range of each rotary fluid
motor shall be provided,
H4.1.2 Duplicate Informalion. Where a rotary motor
manufaciurer’'s information plate is not readily
visible, a plate with duplicate information shall be in-
stalled In a readily visible location as ciosely adjacent io
the component as is practical.
The manufacturer's coriginal information plate shail
not be removed.
H4.1.3 Direction of Motor Rolation. Where reverse
rotation of a unidirectional fuid motor applica-
tion could cause a hazard or damage to the equipment,
the direclion of shaft rotation shall be clearly indicated
on the motor or the driven assembly and be clearly
visibte, and the direction of fluid flow to the related
motor poris shall be clearly indicated on the graphical
diagram.

H4.2 FLUID MOTOR MOUNTINGS

H4.2.1 Accessibility of Rotary Motors. Rotary fluid
motors, and assemblies that include rotary fluid
motors, shall be readily accessible for servicing.

¥4.2.2 Protection of Rotary Motors. Rotary fluid motors
i shall either be mounted where they are pro-
tecled from damage or suitable guarding shall be pro-
vided.
H4.2.3 Rigid Mountings. The mounting of rotary fluid
motors fo or on their drivern mechanism assem-
blies shall be sufficiently rigid so as to prevent mis-
alignment due to work load, temperature variations,
and/or maximum iorque transmission.

H4.2.4 Direct-Coupled Fiuid Molors. Direct-coupled

rotary fluid motors shall be mounted to their
driven mechanism assembiies in a manner thal assures
alignment.

H4.3 SHAFT COUPLINGS

H4.3.1 Power Transmission. Shafl couplings shalf be
adequate to transmit the rated torque of the

rotary fluid motor, including any required braking

operation.

H4.3.2 Flexible Couplings. Whers flexible couplings
are used with a rotary fluid motor, the couplings

shall be readily accessible.

u On mass production equipment, fiexible couplings used
between shafts shall he of a type approved by the
purchaser. The itype of coupling{s) should be specified
on the purchaser's inguiry or the Hydraulic Equipment
Data Form and shall be confirmed on the supplier's
guotation.

H4.4 INSTALLATION OF FLUID MCTORS

H4.4.1 RPM of Rotary Motors. The operating rpm or

range of rpm of each rotary fluid motor applica-
tion shall be within the minimum and maximum limils
of the manufacturer's specifications for the intended
. service. The starting and stall torques, the effect of load
. variations, and the kinetic energy of the moving load
. shall be considered in the application of rofary fluid
: motors,

Compatibility with the Fluid. Rotary fluid motors
shail be compatible with the fluid used.

H4.4.3 Motor Drains, The size, location, fermination,

and configuration of the piping for required
rotary fiuld motor drains shall be in accordancs with
the component manufacturer’s specifications and shatf
be piped separately without restriction to the reservoir
or {0 a vented coliecting manifold. (Ref. H11.12}

Hd.4.4 Prefill of Molor Housings. Where the manuifac-

turer's specifications require prefilling rotary
fiuid motor housings with fluid prior to start-up, a readily
accessibie means for prefilling shall be provided and
shall be so located to assure no enirapment of air in
the housing.

H5 Pumps

H5.1 PUMP DATA

H5.11 Information and Specificalions. A data sheset,
catalog, or listing that is in accordance with ANS

Y14,17-1966, Drafting Standards for Fluid Power Dia-

grams, stating information on rpm, pressure range,

velumetric cutput, horsepower requirements, and the

fluid viscosity range shall be provided for hydraulic

pumps.

H8.1.2 Duplicate Information. Where the pump manu-
facturer's information plate is net readily visible,

a plate with dupiicale information shall be installed in a

readily visitle location.

The manufaciurer's original information plate shall not

be removed from the pump.

H5 1.3 Direction of Rotation. The direction of rotation
shail be clearly indicaled on each pump and

shall be readily visible,
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H5.2 PUMP MOUNTINGS

#4521 Pump Location. Pumps and subassembiies that
include a pump shaik

{1} Be readily acoessibie Jor maintenance,

{2} Be mounted where ihey arp protecied from damage.

{3} Not be mounted inside of a reservoir.

#5.2.2 HBigid Mounting. The pump and drive motor
mounting shall be sufficiently rigid to prevent

misalignment due to work load, iemperature variations,

and/or rated torgue transmission.

#5.2.3 Direci-Coupled Pumps. Dirsct-coupled pumps
shall he sgcurely mounied in 2 manner that

assures glignment.

4 M52 PUMP AND DRIVE MOTOR TYPES. On mass pro-
] duction equipment, standard single-end shaft,
‘oot mounted electric moters, and hydravlic pumps should
be used.

H3.4 COUPLINGS OF PUMPS TO DRIVE BOTORS
£31 Power Transgmizsion Shaft couplings shall have
adenuate capacily to iransmit the powsr re-
guired.
HE 4.2 Fiszible Couplings. A Hexible coupling shali be
used betwegen the pump aend drive molor
shafts,
2 Gn mass production squipment, flexible couplings of a
type approved by the purchaser shall be used betwsen
the pump and drive molor shafls. The type of flexible
coupling should be specified on the purchaser’s inquiry
or Hydraulic Equipment Dals Form, and shall be con-
firmed on the supplier’s quolation.
#5,4.3 Salety Guards. A detachable safely guard shall
be fastensd over sxopsed couplings and ro-
iating shafs,

}5.5 INSTALLATION OF PUNMPSE

H5.5.1 RPY of Pumps. The pump operating rpm shall

not exceed the manufacturer’s specificalions’

for the service intended.
@ On mass production equipment where the purchaser
requires pump rprm other thap that recommendsd by the
manufactursr, the required rpm shall be specified an the
surchaser's inquiry of Hydraulic Equipment Dats Form
and shzall be confirmed on the supplier's guotation.
H5,52 Pump inlet Piping. Pump inlet piping shall be
in accorgdance with the pump manufacturer's
specifications. (Ref, H11.6}
H5.5.%3 Compatibility with ihe Fluld, Pumps shall be
compatibie with the fluid used.
H5.5.4 Pump Drains. The size, locatien, termination,
and configuration of the piping for required
pump drains shall be in accordance with the compon-
ent manufacturer's spacifications and shall be piped
separalaly withoui resiriction fo the reservelr or ventad
coltecting manifold. (Fel H11.12)
M5.5.5 PreBli of Pamp Housings, Whers the manufas-
tyrer's specifications require prefilling pump
housings with fluid prior to sfart-up, & readily accessible
means of prefilling shall be provided and shail be so
located te assure no enirapment of air in the housing.
¥5.5.6 Pump Priming. Where the pump slartup dis-
charges against 2 blocked passage, provision
shall be made in the pump discharge line, ahead of the
blocking component, for purging air from the pump
chambers, Purging shall {erminaie auvtomatically when
the pump primes.

He Fluid Reservoirs

ME.1 LIMITATIONS OF THIS STANDARD. This Standard

applies to integral and nonintegral reservoirs; it

does not apply lo sealed or pressurized reservoirs.

HE.Z MONINTEGRAL RESERVOIRS. Noninlegra!l fiuid

reseryoirs shall bs n accordance with NFPA stan-
dard T3.18.2, Neonintegral Industrial Fluld Power Hydraulic
Reservoirs.

# {63 INTEGRAL BREBERVOIRS. integral reservoirs on

mass production equipment may be used only by
specific agreement beiween the purchaser and the supphier
and should be in acgordance with NFPA standard T3.18.2,
where osractical.

HE4 ELEVATED RESERVOIRS

# H5.4.1. Elevalsd Beservolr Filling, Where the raservoir
top for mass production souipment is slovated
to a height of more than 4 fest (1.22 wmelers) above

floor level, manusl or sulomatic meeans for fliing from

the foor jeve! shall be provided.

i6.4.2 Eloveled Regervelr Fiuid Level Llevated reser-
voirs shall be gquipped with a Huid tevel indi-

cator thel can be sasily read from ihe working fioor

igval,

HME.5 MULTIPLE REZERVOIRS. Adequate and effective

means shall be provided 1o control the resservoir
fluid levels where two or more separaisd resservoirs are
used with a common hydrauslic oireuil

H7 Filtration and Fluid Condilioning

H7.1 BEMOVAL OF CONTAMINANTS. Fillration shall be

proviged (o remove delrimenial material from the
hydraulic fluid. The degree of fillration shall be consistent
with the service intended,

AHY.Z FHLFLOW FILTRATION. Full-liow fifiration
should bz used io ensurs maximum Huid ex-

s POSUTE 10 the Hllering element

M3 PROPDRATIORAL FILTRATION. Where proportional

fitration iz used, the flow capacily shall be sufi-
cient to filter all the hydraulic fluid in the cirocull within a
maximum period of fowr hours,

B M7.4 SPECIFIC TYPE OF FLTER. Where s specific

ype of filter Is required on mass production
squipment, the tyoe shall be specified on the purchaser's
ingquiry or the Hydraulic Equipment Dala Form and shall
be confirmed on the suppiier's quotation.

H7.53 FILTRATION FOR SERVO CONTHOLS
H7.5.1 Filler Type and Localion, Fullfiow fitration
shall be usad in the supply Hne preceding a
sarvo velve. {Asf, W2.7.7}
H7.5.2 Filler Rating, The filter and breather rating shall
be compatible with ihe servo valve{s) used.
{Ael. H2.7.8}

H7.6 FILTER PRESSURES

H7.8.1 Pressure Drop. Provision shali be made for
fimiting the maximum pressure drop across the
filter element ¢ the manufaciurer’s specification.
H7.8.2 Housing Pressurs, Tha filler housing pressure
shall not excesd the manufaciurer's specifica-
fion.

H7.7 FILTER BERVICING

H7.7f Construclion and Insiallation. The filler con-
struction and the filler instaliation shall permit
changing of the filtgr element without disturbing the
piping. Filiers shall be readily accessible for servicing.
4 H7.7.2 Condition Indicalor. A msans should be pro-
vided io indicale when the filier nesds ser-

vicing.

# On mass productipn sguipment, 2 means shall be pro-
vided 1o indicals when the filter needs servicing.
H7.7.3 Element identification. The filler element idanti-

fication numbar shall be permanently displayed
on the filler housing. {Ref, H1.18.4)
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w H7.7.4 Servicing Without Shutdown. On mass produc-
tion equipment, means shall be provided to
change filter elements without stopping the equipment.

H7.8 SUCTION FILTERS {STRAINERS)

H7.8.1 Submerged Suction Filters. Suction filters
{strainers) used below the fluid level shall be
adequately sized to permit optimum service life.

A At the maximum flow required, the maximum pressure
drop acrass a suction filter {strainer} installed below
the fluid leve! should not be greater than ¥: psi clean.

4 At the maximum flow required using fire-resistant fluids,
the maximum pressure drop across a suction filter
(strainer} installed below the fluid leve! should not be
greater than %% psi with the filter in the new and clean
condition.

H7.8.2 Suction Filters Above the Fluid Level. Suction
filtars (strainers) used above the fluid level

shali have flow capacities conforming to the recommen-

dations or specifications of the pump manufacturer.

A H7.8.3 Suction Filter Condition indicator. Where a

suction filier {strainer} is used, means should
be provided o indicate when the suction filter needs
servicing.
H7.8.4 Servicing Without Draining Reservoir. Where a
suction filter is used below the fluid level, pro-
vision shall be made for element removal and servicing
without draining the reservoir.

4 H7.8.5 Servicing Without Shuldown. Where suction

] filters (strainers) are used on mass production
equipment, means for servicing the filter element{s}
without stopping the equipment should be provided.
H7.8.6 Sell-Cleaning Suction Filters. Seif-cleaning suc-

tion filters ({strainers) shall be automatically

actuated,

H7.9 MAGNETS

AH7.91 Capacity of Magnets. Magnels of sufficient @&
guantity and strength to remove ferrous par- "

ticles from the circulating reservoir fluid should be
provided.
4 H7.9.2 Location of Magnels. Where magnets are used,

they should be lccated in the return side of the

reservoir near a baffle opening.

H7.9.3 Servicing of Magnels. Magnet assembly instal-
lations shall be readily accessible and exclude

entry of contaminanits during servicing.

H3 Vealving

A HB.1 PRESSURE CHECKING PROVISIONS. Prassure
controt vaives should have provisions for gauge
checking the governed pressure.

HB8.2 SECURING ADJUSTABLE VYALVE SETTINGS. Pro-
vision shall be made for securing the individua!
settings of adjustable valves, (Rel. H2.2.5)

= H8.3 LOCKING OF ADJUSTABLE VALVE SETTINGS.

Where requested on the purchaser’s ingquiry or
the Hydrautic Equipment Data Form and confirmed on the
supplier’s quetation, means shall be provided for locking
the enclosure(s) or compartment(s} in which flow conirol
and pressure control valves are mounted, or for locking
their individual settings. (Ref. H2.2.8)

H8.4 VALVE LOCATIONS

H8.4.1 Panel Mounling., Valves and other automatic

controls shall be mounted on a panel or circuit
manifold adjacent to the related power unit, unless the
size, function, or piping method requires an alternale
tocation. (Ref. H2.5.1}

HB.4.2 Servo Walve Location. Where a servo valve Is
used, it shall be mounted as close to the re

lated actuator as practical so as to minimize the con-

tained volume bhetween the wvalve and the actuator.

{Ref. H2.7-1)

HB.A3 Valves Above Fluid Lewel. Valves shall be
located above the high fluid of the reservoir

except where praper functioning reguires cotherwise,

4 HB.5 VALVE SUPPORT. Piping should not be used to
support valves, {Ref, H2.5.1)

H8.6 DETRIMENTAL SURGES. The operation of valves
shall not produce detrimental hydraulic surges.
{Ref. H2.5.3, H11.3, H11.4, H13.1}

HB.7 EXTERNAL DRAINS. Where the application of a

valve requires an external drain, the drain shail be
piped to the reservoir or a vented collecting manifold.
{Ref. Hi1,12.1}

HB.8 MAMNIFOLD MOUNTED YALVES
H8.81 Mounling Face Seals. Sealing devices that seal
with pressure shall be used in the interface
mounting of manifold vaives.
A H8.8.2 Valve Localing Pins. Manifold mounted valves
should have locating pins.
H8.8.3 Interface Hole Patlerns. The interface pattern
of manifold mounted vaives shall conform {o
ANS B93.7-1968, Dimension for Mounting Surfaces of
Sub-Plate Type Hydraulic Fluid Power Valves,

H8.9 ELECTRICALLY QPERATED VALVES

HA8.3.1 Solencid Vailve Features. Scoienoid valves shall
have:

= (1} Sealed solenoid enclosures thal prevent entrance

i of contaminants.

{ (2) Adequate internal space to accemmodate 6 inch
{15.2 centimeler) taped isads of No. 14 AWG wire.
J {Ref. JIC EGP-1-1367 and EMP-1-1967}

{3} Ring type connectors on the wire ieads. (Ref. JiC
EGP-1-1967 and AMP-1-1367}

{4) Threaded electrical conduit connections (NPSM).

(5} Captive type fasieners {0 secure covers.

{6) Suitable means to prevent loss of covers,

{7) Manual overrides which can bhe operaied without
removing solencid covers or enclosures, but which
cannct be operated accidentally.

{8} Suitable means ic prevent electrical operation of
the valve when a scienoid cover or enclosure is
removed.

A H8.9.2 Elecirohydraulic Serve Valve Features. Electri-
cal connections to electrically operated servo

valves should ulilize plug-in oil-tight conneciors. {Ref.

+H2.7.3}

H8.9.3 Destructive Mammering. Sclenoid and hydrauli-
cally operaied valves shall be selected and in-

stalled to eliminate destructive hammering of the scle-

noids and spoois.

HB.10 VALVE SERVICING
HB8.10.1 Accessibility. Valves shall be accessible for
adjustment and servicing.
4 H8.10.2 Valve Replacement. Manifold mounted valves
should be used to permit removal and replace-
ment without disturbing the fluid lines.

H8.11 VALVE APPLICATION
- HB8.1.1 Emergency Funclions. Valves used for emer-
gency functions shall eperate immediately and
shall not require energizing any conirol efement. {Ref.
H2.4.2.2}
A H8.11.2 Emergency Blocking ¥alve. A blocking valve
should be used upsiream in the supply line to
the servc vaive for emergency step. (Ref. H2.4.2 2
H2.7.4, F13.3)
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AMS41.3 Fluid Loss Prevenlion. Means shouid be pro-
vided in botlh the supply and return lines of a
servo valve to automatically prevent fiuid draining from
the valve, the reiated piping, and actuator when the
system is off, (Ref. H2.7.5
A HE41.4 Protection Against Inerliz Loads. Crossover
overpressure pretection should be used be-
tween a servo valve and Hs related aciuator where high
inertia loads are refiected to the aciualor. {Ref. H2.7.8)
HB.11.5 Gravitationa! EHect. The effect of gravity on
the main siements of a vaive shall be con-
sidered in mounting any valve to assure fail-safe con-
ditions.,
Ha 1.8 Counterhatancing. On verlical and inclined
squipment slides, rams, and other similar
gquipment glemenis, Mmeans shall ba provided (o prevent
their rapig drop. This s a requirement in the absence
of counterweighting. not a substitute for, or an addition
to, counterwaighiing. (Ref. H13.9}
#8,11.7 Muitole Flow Paih Valves
AHR1L.7.1 Spooik-Typs ¥alves. Spooltype valves with
rmultiple flow paths should be mounied
with the main spool of the vaive in 2 horizontal plang
{0 prevent uncontroied movement and hazard.
HE.41.7.2 Spring Beturned Valves. Where the mount-
ing position of a spring returned valve
with multiple flow paihs places the main slement of
ihe valve in a vertical plane, the spring force applied
an the main slement should be in a downward dirgc-
tion. Circuits shall uss this returned position of a
spring returned multiple fiow path valve as the fai-
safe condition,
¥8.11.8 Detenled Valves

Two-pasition,  no-spring,

spooi-type valves shall have their spool posi-
ticn mechanically maintained by detents or equivalent

means,
M8,11.9 Reauired Two-Position Valves. Two-position;
ao-spring valves shall be used for cperating
iocating pins, index sngagement or clamping mechan-
tsms, or any actustors requiring ths maintenance of
their position during start-up, siopping, or in the event
of elcetrical Tailure. {(Ref HB.11.8)
18,1110 Independent Conlrel of Actualors. Whers
actuators are automatiicaily centrolisd, man-
val controls shall be provided to independantly position
actuators o the presel timing or start cycle locations
and to changeover and setup iocations. (Ref. H2.4.4)

Ho  Accumulziors

H5.1 ACCUMULATOR CONSTHULTION. The acoumuiator
shail be constructed o conform to ASME Revision
1 Section 8, Code for Unfired Pressure Vessels.

H8.2 RELIEVING FOR DISASSEMBLY. Means shall be
wrovided for safely relieving accumuiaior gas and
liquid pressure prier 1o accumulalor disassembly.

HG.3 AR BLEFDING. Clroulls that include accumuiaiors
shall be so arranged that all the air can be bled
from the hydraulic circuil

HE8.4 ACCUMULATOR SAFETY (Ref H13.40)

49.4.1 Automalic Venh Hydraulic circuils incorporating
accumuiaters shail automatically vent the ac-

cumulator liauid pressure or shall positively isolaie the

accumulator when the squipment ig shut off, isclation

shall prevent uncontroiled movement of the actuators

in case manual overrides on assoclated squipment are

operated.

1¢

M24.2 Pressure Isclation. Where devistion is agresd

to or a circuil application utllizes sccumulator
liquid pressure isolation only {not venied} when eguip-
ment is shul of, compiete informalion for proper ser
wicing shail be given on or nsar the accumulaior in a
visible locatipn. The information shall inciude the stale-
ment “"CAUTION — PRESSURIZED VESSEL. Duplicate
information shall be provided on the graphical diagram.
H9,4.3. Discharge Hale. Accumulator discharge rates

shall be restricted 1o the demands of the in-
tended service.

M2.4.4 Charging Medivum. Gas accumulators shall be
charged with nitrogen or an inert gas.

#9.85 ACCUMULATOR IDENTIFICATION PLATES. The
following information shall be permanently indi-
cated on the identification plate of each hydraulic accu-
mulator.
{1} Manufacturer's nams and address,
{2} Manufaciurer’s modsel numbar.
{3} Manuiaciurer's serial number, if any.
{4} Rated Maximum working pressure.
(53 Fluid capacily.
{8} Charging medium.
{7} Precharge pressura.
{8) CAUTION — PRESSURIZED VESSEL.
HE.& DENTIFICATION OF CHARGING MEDIUM. The
charging medium and precharge pressure shall be
inscribed on the accumulator nameplate by the supplier
at tims of instaffation. (Ref ME.5 8, 7},

HE.7 ACCUMULATOR SERVICING. Accumulators shail be
readily accessible for removal and servicing.

Hi0 Hesat Exchangers
SH10.1

APPLICATION. The use and application of heat
exchangars shall be subleot o approval by the
purchaser.

Hi0.2 URLUBUAL TEMPERATURE. Any unusual tempera-

e that allecls the equipment operation shall bs
specified on purchaser's Inguiry or Mydraulic Equipment
Data Form and shall be confirmed on the supplier’s quota-
tion. The supplier should iInclude the ambient temperature
sffect in determining the necessily for {and sizing of) heat
exchangers.

¥10.5 USE OF TUERMAL CONTROLS. Where the use

of hieat exchangers is approved, automatic thermal
contrels shall be used as required ic maintain the oper-
ating temperalurg range of the hydraulic Huid,

Hi0.6 DISGRAM DRATA. The maeke, ype, pipe size,
capacity, and rates of fuid flow shall be clearly
indicaied on ths graphical diagram,

Hi11 Piping, Fittings, and
Fluid Passages
Hit.1 PIPING DEFINITIONS
H1i.3.1  Piping. Piping includes all pipe, iubing, hose,

and ftlings. {Rel AME BB3-1985, Glossary
of Terms {or Fluid Power)
M11.1.2 Passage. A passage is any machined or fluid-
conducting path which lies within Or passes
ihrough a component. {Ref, ANS B03.2-1365, Giossary
of Terms for Fluid Power). Passzages include all con-
ductors other than piping.

Hi1.2 PIPING LAYDUY. Where reguasted on the pur-

chasar's inguiry and confirmsd on the suppliers
guolation, a piping layout shall be furpished by the sup-
plier. Pholographs may be substituled by agresment,
{Ref, H1.10.3
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H11.3 WALL STRENGTH OF PIPING. Piping shall have
adequate wall strength to withstand additional
pressure above that of the intended service, including the
surge pressure rise rate and frequency developed when
gycling the equipment. (Ref. H2.5.3, HB.6, M11.4)
Use of operating pressures ahove 2500 psi (172.4 bars)
and the selection of piping materials shall be by written
agreement between purchaser and supplier.

H11.4 SURGE SUPPRESSBION. Pressure surges shall be

minimized at their source. Protective devices shall
be provided in the circuit(s) to protect piping and fittings
from hydraulic impact. {Ref. H2.5.3, H8.6, H11.3}

H11.5 AREA OF PIPING. Piping shall have sufficient
cross sectional area to prevent cavitation, exces-
sive power losses, and the generation of excessive heat.

Hi1.6 PUMP INLET PIPING. Pump inlet piping shall be
in accordance with the pump manufacturer's
specification. (Ref. H5.5.2}

H11.7 FLUID VELOCITY IN PIPING. The Huid velocities
through piping:
(1) Shall not create undue lemperaiure rise, pressure
drop, or shock load on the eguipment.
4 (2) Shouid not exceed 15 feet (4.5 meters) per second.
Where velocities exceeding 15 feet {4.5 meters) per
sezcond are required, the hydraulic equipment shall be
compatible.
Where a maximum velocity of less than 15 feet {4.5
maters) per second is desired on mass production
equipment, the desired velccity shall be specified on
the purchaser's inquiry or the Hydraulic Equipment
Data Form and shall be confirmed on the supplier's
quotation.

H11.8 PIPING RUNS
H11.8.1 Continucus Tubing Runs. Exclusive of termi-
nal connectors and adapters, tubing runs shaill
be integral and continuous from one device or com-
ponent io ancther.
4 H11.8.2 Tube Branching. Tube branching should occur
at terminal connectors and/or adapters that
are securely anchored to a terminal device or com-
panent.
% H11.8.3 Number of Fittings. Piping runs fabricated of
welded or threaded joints should contain a
minimum nurrber of fittings and bends.

Couplings shall be used only where necessary for
length and assembly.

H11.8 PIPING ACROSS ACCESS WAYS. Piping runs

across access wals shall no tinterfere with the
normal use of the access way and should be lccated either
below or well abave the fioor fevel and shall be in accor-
dance with purchaser’s requirements, These piping runs
shali be readily accessible, rigidly supported, and, where
necessary, protected against external damage.

H11.10 PIPING BETWEEN ASSEMBLIES. Where the

equipment is constructed of separated assem-
bifes, & rigidly mounted bulkhead type terminal device or
terminal manifold shall be used to support the piping
runs and shall provide connection for each end of the
piping spans between assemblies.

H11.11 PIPING LOCATHONS. The location of piping shall
not interfere with the adjustment, repair, or re-
ptacement of components or the industrial equipment
etements, nor shall if subjet the piping to wear or damage
from the work in process, the normal operation of the
eguipment, or the performance of normat maintenance.

H11.12 EXTERNAL DBRAINS. Components with external

drains shall be drained to the reservoir through
separate piping runs or through & vented coliecting mani-
fold. (Ref. H4,4.3, H5.4.4, H8.7}

11

H11.13 FOREIGN MATTER IN PIPING. Piping, fitlings,
and fluid passages, including cored and drilied
holes, shall be iree of deirimental foreign matter (scalg,
burrs, etc., that may be dislodged to cause maifunclion
or restrict flow).
H11.14 PIPING CONNECTIONS
Hi1.14.1 Fitting Materials.  Unless compatibility or
pressure requirements necessitate allernate
materials, steel fittings shall be used.
H11.14.2 Siepped Passages. Fillings with stepped-up
or restricting stepped-down passages are not
recommended.
H11.14.3 Orilice Fiitings. The size, function, location,
and identification of crifices within fittings
shall be shown on the graphical diagram. (Ref. ANS
Y14.17-1966, Drafting Standards for Fluid Power Dia-
grams} Fitlings with orifices shall be permanently identi-
fied with the same identification shown on the graphical
diagram in accordance with section H1.16 of this Stan-
dard. (Ref. H1.16.5, H1.16.8}
H11.14.4 Soldered Connections. Soft solder connec-
fions shall not be used.
Hi1.145 Sealing Flanged Connections. Flanged con-
nections shail use sealing devices that seal
with peessure.
}11.16.6 High Pressure Connections. Pipe used in
service above 2500 psi (172.4 bars shall have
welded or brazed joints.
H11.15 TUBE FITTINGS
& HT1.15.7 Straight Thread Fittings. Siraight thread pres-
sure sealing fittings shouid be used for cir-
cult construction. Straight thread pressure sealing fit-
1 tings shail conform to ANS B116.1-1968, Specifications
* for Straight Thread Hydraulic Ports.
H11.15.2 Flare Fillings. Where flared type tubing fif-
tings are used, construction of the tube (i.e,
tube end of the connector body, nut, and sleeve where
a part of the fitting} shall be 37° from the center line.
(Ref. SAE J514b, Hydraulic Tube Fittings)

H11.18 TUBING
H11.16.1 Stee! Tubing Specilicelions. Seamiess steel
tubing used in circuit construction shall con-
form to ANS BG63.11-1969, Seamiess Low Carbon Hy-
draulic Line Tubing. ‘

Welded steel tubing used in circuit construction
shall conform to ANS B93.4-1969, Eleciric Resistance
Weided, Mandret Drawn Hydraulic Line Tubing.

Steel tubing used in circuit construction shall be
appiied in accordance with Appendix B {page 27) of
this Standard.

H11.16.2 Plastic Tubing. Use of plastic tubing in cir-
cuit construction shall be by written agree-
ment betwean the purchaser and the supplier.
H11.16.3 Tubing Sizes. Tubing sizes used in circuit
construction for pilot and power transmission
iines shall be Ya”, 37, 12", %", used for special lines,
such as azir bleed-offs, capiliary *ubes, restrictive flows,
shall be specified on the graphic.. ‘agram.
H11.17 PIPE JOINTS
H11.17.%  Taper Pipe Threads. Where used, taper pipe
threads for circuit connections shall con-
form to ANS B2.2-1868, Dryseal Pipe Threads.
H11.17.2 Dislortion from Pipe Threads. The assembly
of taper threaded pipe and fittings o com-
ponents shall not distort the component housings so as
i0 cause excessive internal leakage or malfunction.
H11.18 PIPE SPECIFICATIONS. Pipe used in circuil con-
struction shall conform to the requirements of
ASTM A-106, Grade B, Pipe SpeciHicalions or ASTM
AS3-B, Type F or Type S, Pipe Specifications, Ref. Appen
dix C, {pages 28, 29}.
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31118 FLEXIBLE LINES
H11.18.1 Flexible Line Use. Flexible hose, swing joints,

or similar devices:

{1} Shall be used beiween moving elements of the
equipment.

A {2} Shouid be avoided on stationary equipment ele-
ments, except where these components provide a
functional purpose {adjustment of movable devices,
interchange of similar equipment, ete}.

Flexible hose may be used 1o suppress the trans-
mission of mechanical vibration and/or noise.

A 149,162 Flexible Hose Safely Factor. Flexible hose

used in circuits where the working pressures
exceed 250 psi {17.2 bars} should have a minimum
factor of safety of 4:1. {Ref. H11.20.4}

3411.99.3 Flexible Hose Inslallations. Installations of

fiexible hose shall:

{1} Have vertical termination at ihe hose, ends, or the
nose shall be adequalely suppotied where end
terminations are other than verical.

(2} Have only sufficient length to aveid sharp fiexing
and siraining of the hose during the equipment
aperation.

t3) Minimize torsional deflection of the hose.

{4) Be jocated or protected to minimize abrasive rub-
bing of the hose wall

H14.19.4 Flexible Hose Replacemeni, Fiexible hose

shouid be replaceable without disturbing
adjacent equipment and/er piping connections. (Ref.
+H11.21)

M11.20 PIPING SUPPORTS
#11.26.1 Support Aeguirements. Piping shall be se-

curely supported io prevent s movement

and minimize s vibration.

H11.20.2 Support Instalislions. Piping support shall not ~
be weided to the piping, nor shall the con- =
tact of the supports with the outside of the piping -

damage if.
AH11.20.3 Spacing of Piping Supporis. The maximum
length of piping between supports shouid not
exceed the distances specified in Table 1.

TABLE 1
—mki'!:;rbing ouiside Pipe, E.engxh_betw;en
Diameier in Mominal Supports in
inches Size Feetl
W,M,.g,;/_;_%_,w,w,, . Z _—
T, %, %, T, 1 %, Ve, % 5
T {7 and larger  1and larger 7

H11.280.4 Flexible Hose Failure. Flexible hose shail be
resirained of confined where its  failure
would constitute a hazard. {Ref. H13.11}

H11.21 ACCESSIBILITY OF PIPING
H41.21.1  Accessibility of Piping Cenneclions. Connec-
tins of flexible lines, fabricaied pipe, and
tubing runs shall be accessible,
A& Hi1.21.2 Clearances in Fitling Clusters. Where {lexible
lines and/or piping runs terminate in a fitting
cluster, clearances should permit securing each
threaded joint without disturbing adjacent piping or
equipment.
M11.21.3 Bemoval of Piping Runs. Fiexible lings, fab-
ricated pipe, and tubing runs shall be remov-
able without disturbing the terminal components.

Hi1.22 TEST LOCATIONS
H11.22.9 Test Ports in Piping. An accessible test port
shali be provided in the piping where &
pressure governing component is not so equipped.
A H11.222 Tesl Feed Pressures. An accessible test port
should be provided between each feed pro-
ducing acluator and its governing flow control.
s H11.22.3 WMultipressure Test Stallons. Where muitiple
pressures are used on mass production
equipment, a multiple port test station with one gauge
and selector valve or push-to-read vaives shall be pro-
vided to permit checking any pressure without interrupt-
ing or stopping the operation of the eguipment. Mul-
tiple port test statiens shall be shown on the graphical
diagram and each iest position shall be identified.
& HI1.22.4 Fiuid Sampling. Where servo devices are
used, means of obiaining a represeniative
fiuid sample without disturbing piping shouid be pro-
vided to permit periodic measurement of the fuid clean-
liness ievel. {Ref. HZ.7.9}
M11.22.58 Test Port Indicating. Test poris located in the
circuit piging shail! be shown on the graphi-
cal diagram.

H11.23 FLUID CONDUCTIMNG MANIFOLDS

H11.23.1 Maniiold Definition, A manifold s a condue-
tor which provides mulliple connection poris.
{ANS B893.2-1985, Glossary of Terms for Fluid Power)

H11.23.2 Mouniting Manifold. A mounting manifoid is a
subbase for attachmeni and support of an
individual component gnd it provides lerminal connec-
tion of piping runs.
HH.23.3 Juncliorn Manifold, Junction manifolds pro-
vide both branching and terminal connection
of piping runs.
#11.23.4 Terminal Manifold. Terminal manifolds are
used at intermediate locations, providing sup-
port and terminal connection of piping runs too short
jor continuous runs, or are used to provide pre-
determined locations for piping disassembly in sep-
aratad eguipment assamblies.

H11.23.5 Circuit Maniold. Circult manifoids make
more efficiant use of space by providing for
attachment and support of manifold mounted compon-
ents, and are used lor channeling fluid through internal
conduciors in & manner prescribed by the graphical
diagram.
H11.235.1 Circuliry within Manifolds. Circuitry en-
compassed by circuit manifoids shall be
plainly indicated on the graphical diagram. Where
boundary iines or boundary énvelopes are used for
this purpose, the boundary indicated shall not include
any symbo} of a component not mounted on or with-
in the cirguit manifoid.

H11.23.5.2 Identificalion on Circuit Manifolds. Al
porls, solencids, and components mount-
ed on or withip circuit manifolds shall be permanently
identified In accordance with the provisions of this
Standard {Ref. H1.18) and shall correspond with the
graphical diagram. Orifice plugs and passages and
devices within the manifold shall be identified ad-
jacent to their access openings. When access opeén-
ings are located under a gomponent or components,
identification shall be adjacent to the compoenent and
as ciose 1o access opening as practical and the
identification shall be marked “Concealed.”

A H11.23.53 Inlernaf Devices. Hydraulic devices {such

as cartridge type valves, checks, etcl}

should not be located within a cireuit manifold unless

it is impractical to locate them externaily. internal

devices should be accessible without disturbing other

components and shall nol require manifold dis.
assembly, {Ref, H1,16.5)
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A4 H14.21.5.4 Manifold Assemblies. Large circuit mani-
folds should be assembied {rom finished
and ported sections for ease of manufacture and re-
placement.
H11.23.5.5 Manifold Interface Seals. iInterface seals
used in assembled manifolds shait be of
a type that seals with pressure.
H11.23.5 Manitold Distortion. Circuit manifolds shall
not distort under operating pressures and
iemperatures s0 as to cause component maHunction.
H11.23.7 Manifold Materials. Manifold material shall be
compatible with the fluid used.
H11.23.8 Flow Capacily of Manifold Conductors, Flow
capacity of manifold conductors shail equal
that for correspondence piping.
H11.23.¢ Handling Provisions. Manifolds and manifold
assemblies weighing more than forty {40}
pounds shall have provision for liing the manifold
with attached componenis.
#H11.22.10 Support of Manifolds. Manifolds shall be
rigidly and securefy attached to the equip-
ment; supports shall be independent of piping.

H12 Seals and Sealing Devices

AH12.4 SEALING PRINCIPLES. Sesling devices for hy-
draulic circuits should be of the pressure seai-

ing type.

H12.2 SEALING MATERIALS. Sealing device materials 53

shall:
(1) Not be adversely affected by the hydraulic fluid.

(2) Be of compatible materials where adjacent contact o

materials are metals.

{3)Be of an elastomeric material where no leakage
other than that required for lubrication can be
tolerated, e.g., for reciprocating and rotating ele-
ments.

H12.3 SEAL QUANTITY. Seals shall be adequate in size
and in number for the service intended.

Avi2.4 AVAILABILITY. Packings, seals, and sealing de-
vices used in hydraulic circuit should be come-
mercially available.

HM12.5 SEAL REPLACEMENT. Where conlinuous ring

packings and seals are used, the component and
the actuated eguipment designs shaii facilitate servicing
and replacement of seals and packings.

Hiz2.6 SEAL GLAND CLEARANCES. Ciearances in seal
glands shall prevent extrusion of the sealing mate-
rial{s}.

H12.7 ADJUSTABLE SEAL GLANDS. Where seal glands

are adjustable, seal and packing gland chambers
shall be so designed that they cannot be adjusted beyond
their functional iimits.

51N e ot
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This section is concerned with the safety aspects of appiy-
ing hydraulic power and is control to industrial equip-
ment. included are the safety related requirements from
other sections of this $tandard which have been repeated
below primarily for those interested in this imporiant
phase of hydraulic application.

H13.f SAFE CIRCUITRY. Hydraulic circuils shall be de-
signed and components selecled, applied,
maunted, and adjusted to safely provide uninterrupted
operation, extended life, and shall be fail-safe. Circuits
shall:
{1} Operate within the compenent manufacturer's speci-
fications.

i3

{2} Be protected agains! overpressura.

{3) Be so designed and appiied that surge pressurs,
overpressure, and loss of pressure do not cause
hazard or damage io the equipment. {Ref H1.14.1)

{4} Be so designed and constructed that components
attached io the industrial eguipment are iocaled
where they can be safely serviced. (Ref, H1.14.2)

H13.2 CONTROL STATION NAMEPLATES. A nameplale

shall be provided for sach controf station com-
ponent and shall be located where it can be easily read
by the eguipment operator. The nameplate information
shall be pertinent and easily interpreted, providing posi-
tive identification of the control component and its func-
tion. {Ref. M1.18.7}

H13.3 EMERGENCY STOP AND RETURN CONTROLS.
All industrial equipment shall incorporate an
emergancy stop or return contrel. Duplicale emergency
contrais shall bs provided at each operator station.
Emergency stop and return controts:
{1y Bhall be readily accessible from the opsraler’s
working position.
{2} Bhali not release any locating pin, index drive en-
gagement, lalch, lock, or clamping device.
{3} hall operate immediataly.
{4} Shall be independent and unaffected by the adjust-
ments of other controls or flow restrictions.
4 (5} Should provide a blocking valve upsiream in the
supply ling of the servo valve(s} for emargency stop.
{8) Shall not require energizing any control element.
{7) Shall not require aperation of more than one man-
ual control for alf emergency functions.
{8} Shall not create an additional hazard.
{Ref. HZ2.4.2)

H13.4 TWO-HAND CONTROL. Where pinch points and

other movement hazards are exposed to the oper-
aling personnel, two-hand manual contrels shall be pro-
vided sach operator, which:

(1} Reguire maintained actuation of sach control
throughout the equipment cycle or until the peint
in the cycls is reached where the hazard ceases.

{2} Are so located and guarded that operation by means
giher than both hands is preventad.

{3} Are s0 designed that the equipment canunot be
operaied unless both manual controls at each con-
trol gtation are released between cycles.

{Ref. H2.4.5;

H13.5 LOCATION OF MANUAL CONTROLS. The iocation
and mounting of manual controls shatl:

{1} Fiace the controls within reach of the equipment
operator from his normal working positionds).

(2) Mot require the operator to reach past rolating or
moving equipment elements or work in process to
operate the controls.

{3} Not interfere with the equipment operalor's reguired
waorking movemenis.

{Ref, H2.4.6)

Hi3.6 MANUAL CONTROL LEVERS. Manually actuated

levers should move in the same direction as the
resulting motion of the relaied squipment element. (Ref.
H2.4.3)

H13.7 CONTROL MEDIA FAILURE. Hydraulic devices

controlied electrically, pneumatically, and/or hy-
draulically shall be selscted and so appiied that faiflure
of the control media does not cause a hazard or damage
io the equipment. {Ref. H2.2.8)

H13.8 UNCONTROLLED MOVEMENT. The circuits shall

be designed o prevent unconirolled movement
and improper sequencing of the hydraulic actuators dur-
ing all phases of the equipment cycle, including pump
idiing, starting, 2nd stopping. (Ref, H2.5.5)

e e W



JC HYDRAULIC STANDARDS — CONTINUED

H13.8 COUNTERBALANCING. On vertical and inclined

equipment slides, rams, and other similar equip-
ment elements, means shall be provided to prevent their
rapid drop. {Ref. H8.11.6}

H13.16 ACCUMULATOR SAFETY (Ref. HS.4}
H13.10.1 Aulomatic Venlt. Hydraulic circuits incorpo-
rating accumulators shail automatically vent
the accumulator when the equipment is shut off. Isola-
tion shall prevent unconirolled movement of the actua-
tors in case manual overrides on associated eguipment
are operated.
H12.10.2 Pressure isolation. Where deviation is agreed
to or a circuit application utilizes accumula-
tor Hquid pressure isolation only {not vented} when the
equipment is shuit off. complete information {for proper
servicing shall be given on or near the accumulator in
a visible location, The information shaill include the
statement: CAUTION — PRESSURIZED VESSEL. Dupli-
cate information shall be provided on the graphical
diagram.

H13.10.3 Discharge Rate. Accumulator discharge rates
shall be resiricted to the demands of the

intended service.

H13.10.4 Charging Medium, Gas accumulators shall be
charged with nitrogen or an inert gas.

H13.11 FLEXIBLE HOSE FAILURE, Fiexible hose shall be
resirained or confined where its failure would
constitute a hazard. {Rel. H11.20.4)

H13.12 NCLINED LADDERS. Where personnel are re-

quired to carry heavy or bulky equipment to per-
form regularly scheduled maintenance on elevated hy-
draulic equipment at a tevel of 6§ or more feet (1.83 meters)
above the working fioor, an inclined ladder or other suit-
abie inclined means of access should be used. (Ref.

H1.14.9)

Hi2.12 ELEVATED PLATFORMS. Where elevated walk-
ways and platforms are required for access and
servicing hydraulic eguipment, they shall comply with
ANS A12.1-1967, Safety Reguirements for Floor and Wall
Cpening, Railing, and Toe Boards. (Ref. Hi.14.4)

APPENDIX D

Sfandard Reference Documenis

Joint industrial Councll {JIT)
7901 Westpark Drive
Mclean, VA 22101

EMP 1-1867
EGP 1-1967
National Fiuid Power Associatlon {NFPA}

Post Office Box 49
Thiensville, Wisconsin 53082

Electrical Standard for Mass Production Equipment
Elgctrical Standard for General Purpose Equipment

T3.8.67.2 Size Designation and General and Physical Requirements of Fluid Power Connectors and Closures,
T3.8.67.3 Procedurs for Testing Fluid Power Stee! Connectors and Closures.
13.16.2 Recommended Standard for Nonintegral Fluid Power Hydraulic Reservoirs

Society of Automotive Engineers (SAE)
485 Lexington Avenue

New York, New York 10017

J-514b Hydraulic Tube Fittings

American Soclety of Mechanical Engineers (ASME)

345 East 47th Street

New York, New York 10017

Revision 1, Section 8, Code for Unfired Pressure Vessels
American Society for Tesling and Materials (ASTM)

1916 Race Street
Philadelphia, Pennsylvania 18103

A-53 Grade B, Type F and type § Welded and Seamiess Steel Pipe
A-106 Grada B, Seamless Carbon Steel Pipe for High Temperature Service

American Mational Standards Instituie {ANSH)

1430 Broadway
New York, New York 10018

A12.1-1867 Floor & Wall Openings, Railings & Toe Boards - Safety Reguirements
B2.1-1863 Pipe Threads {Except Dryseal}

82.2-1968 Dryseal Pipe Threads

B863,1-1964 Seamiess Low Carbon Hydraulic Line Tubing

B93.2-1865 (alossary of Terms for Fluid Power

B93.3-1968 Cylinder Bore and Piston Rod Sizes for Fluld Power Cylinders
B93.4-1869 ERW Hvdraulic Line Tubing

B93.7-1868 Mounting Surfaces of Sub-Plate Hydraulic Valves

B93.8-1968 Bore and Rod Size Configuration and Combinations
B93.11-196% Seamiess Low Carbon Steel Hydraulic Line Tubing
B8116.1-19868 Specifications for Straight Thread Hydraulic Ports
¥14,17-1866 American Drafting Standards of Fluid Power Diagrams
¥32.10-1967 Graphic Symbols for Fluid Power Diagrams

14
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equivalent. The user in aff cases should use the 1.5.0. symbols where possible. H this is not possible the publisher suggests use

FLUID POWER GRAPHICAL SYMBOLS

IMPORTANT

Previous editions of the Lighting Reference Handbook, have carried the Fluid Power Graphical Symbols as arrived at by the American
National Standards Institute. The international Standards Organization, has published symbols upon which world wide agreement
has been reached. Unfortunately many of the symbals carried in the American Nationa! Standards Institute standards have yet
to be agresd upon by the International Standards Qrganization. The publisher, in an attempt to help the user of this publication
in the transitional period, has published both sets of standards. The feft-hand columns on these pages refiect the international
Standards Organization specification for graphical symbols. The right-hand columns are the sxisting AN.8.1. 1967 symbols that

ire roughry 2ounvaent 1o the 1LS.0. symbols. Where voids exist in either column the publisher was unabie to find an approximate

of the A.N.S.I. symbols since these are in use and will probably be in use for quite some time in the future.

Graphic symbols shown below (left hand col-
umns only) are in accordance with 1SO
1219-1976 (E/F), “'Fluid Power systems and
components—graphic symbols”.

Approx. equiv. symbo! (ANS]
Y32.10-1967) as it appeared
in 4th Edition of the Lighining
Reference Handbook.

{fiter, separator, lubricator,
heat exchanger)

5. FLUID CONDITIGHERS : :

Description * Application Symbol
5.1 Hasic symbols
511 Lise: 2.4.1 Soiid Line
§.1.11 - conlinuous flow Tines w, {itain fine conductor, outline, anc shalt)
511.2 - iong dashes — ey e 242 e e e Daghline
- e f L=1E (Pl ne tor cantich)
51.1.3 - short dashes  1p V. 943 Dotted Line
, L
51.1.4 - doutie Mechanical connections L <58 (Drzn fine)
(shafts, levers, piston-rods) Ql
5.1.1.5 - long chain thin Enciosure for several - ““? D <5
{optional use) components assembled )
in ong unit e 2.4.4 - - Center Ling
5.1.2 Circle
semi-circle :
3 n
As a rule. energy conver- O rg example)
5121 sion units (purmp, COM- 2.5.1 Circ’e anc Sem-Cicle
pressor, motor} Q
5122 Measuring instruments O O O O
5123 Nen-return valve,
retary connection, O 2.5 L1 Large and smail circles may be used
ele. s grify that ore compangnt is the "main” and the
5.1.2.4 Mechanical limk, roller, etc. o BIRET 1 auxiary
‘ ™
5.1.2.5 Semi-rotary actuator D
513 Sgquare, As a rule, control valves D [j Dj 2:5.4 Sore Rectarse
rectangle {valve) except for non-
returs vaives B:D <>
514 Diamond Conditioning apparatus

'

{revices which confrol the phymcal charoeionsis

ol the Jlu\(f




FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col- Approx. equiv. symbol (ANSI

umns only) are in accordance with ISO Y32.10-1967) as it appeared
1219-1976 (E/F), 'Fluid Power systems and in 4th Edition of the Lightning
components—graphic symbols”. Reference Handbook.
2.45 Lings crossag {The niersscton 8 not
Description Application Symbol necessarly gl §0° angls)
1. l /
5.1.5 Miscellaneous E - | >\IEC

symbals
i ] 2.4.8 Lines mining
5.1.5.1 %icw fine connection ;} d=5E | i I i

”_"(g ._éi;.-.m B Mn&TV* HaW
O
§1.5.2 Spring '\M l I -
— e g
5.1.5.3 Restrigtion: _ X _ §
51841 - aifecied hy viscasily N 3.7 Line with Fixeg Hestiction
— — .
54532 - unatiected by viscosity W 8.2 3E”ﬂ
o g 2.1 Vaniur
A - g—
D
5.2 Functional symbols | The direction of flow and 3.5 fioe Dyecton of
the nature of the fluid
5.2.1 Triangle:
5.2.%.1 - solid Hydraulic fow
5212 - in Gutling only Preumatic flow or exhaust
1 gimosphere
522 Arrow indication of:
£2.2.% - dirgction
5222 - direction of rotation

- path and direction of
52.2.3 flow through valves

For regulfating apparaiys as
in 7.4 both representations
with or without a tail 1o the
end of the arrow are used
without distinction. As a
general rule the line perpen-
dicular to the head of the
arrow indicates that when
the arrow moves the i
terios path ahways remains
connected 1o the correspon-
ding exierior path.

1&



FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col-
umns only) are in accordance with 1ISC
1219-1976 (E/F), ““Fluid Power systems and

components—graphic symbols’’.

Approx. equiv. symbol (ANSI

Y¥32.10-1967) as it appeared

in 4th Edition of the Lightning
Reference Handbook.

Description

Application

Symbol

2.9 Ao arow through a symbol at approxdimately
45° indicales that the companent can be adjustad
o7 varied.

523 Siopin arrow indication of the possibility ;
of reguiation or {
of a progressive variability. /
2,10 An arrow paralle! to the short side of a sym-
hol, within the symbai, indicaies that the compo-
nent i pressure compensated.
LA
2,11 Aine tsrmnaling in 2 dot to represent & ther
mometer s the symbol for lernperaiufe Causs O @
ettact.
3. ROTARY DEVICES
8.1 Basic Symbol
8.1.1 With Ports
8.1.2 with Rotating Shaft, wih Control, and with
Drain
1 e 4 o
»-% S
; i &,
¢
} |
U L
8.1 Pumps and Yo convert mechamcal
COMpTESSors energy imte hydraulic or
preumatic energy
8.2 Hydraulic Pump
811 Fixed capacity §.2.1 Fixad Displacemant
hydraulic pumg:
8.1.1.1 ;ﬁw&giwone direction @ 3211 Undsrectional
§.1.1.2 - with two directions
of flow Use of the equipment ,;
e e en i
or explanation of 8.2.1.2 Bicirectional
the symbol
i i §.2.2.1 Unidirection
§.1.2 :jgfabtiﬁccgaamc;y The s_ymbo% s 3 2.2.1 Unir onal !
8.1.2.1 “with one direction | combmation Gt como! &
of flow of 6.1.1.1 and 5.2.3 (slop- Snpil Ompiete
' ing arrow) ¢
The symbai is 2 ) ’
it two directions Ccmbé{iatioﬂ 8.2.2.2 Bidirzctional ¥
b.12.2 ; ik o GHECONS| 1 6.1.1.2 and 6.2.8 7
(stoping arrow) Simnlitied Complate
' ¢
17 .




FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col- Approx. equiv. symbol {ANSI
umns only} are in accordance with iSO Y¥32.10-1967) as it appeared
1219-1976 {E/F), "'Fluid Power systems and in 41 Edition of the Lightning
components—graphic symbols™. Reference Handbook.
tUse of the equipment 52.% s ded
Description or explanation of Symbol §.2.31%
the symbuol
§.1.3 Fixed capacity
compressor {always
one direction of fiow}
8.2 Motors To convert hydraulic or
pregmatic energy into
rotary mechanical energy
5.2.1 Fixed capacity
hydraulic motor:
8213 - with ong giraction
of flow
6.2.1.2 - with two directions
of flow
6.2.2 Yariable capacity
hydraulic motor: The symbal is a combination
§2.21 - with one direction { of 6.2.1.1 and 5.2.3 {slop-
of flow ing arrow)
The symboi is a combination
6.2.2.2 . with two directions | of 6.2.1.2 and 5.2.3 {slap-
of flow ing arsow) : 33220000 !
A
!
§.2.3 Fixed capacity 3.4 ¢ v;
prneumatic moter: 18
£.2.3.1 - with one direction @: §
of flow ~
2.6.2 B on "
6.2.3.2 - with two directions CZ): N
of flow
§.2.4 Variable capacily The symbol is a combination
aneurnatic motor of 6.23.1 and 5.2.3 (slop-
6.2.4.1 - with pne direction | ing arrow}
of flow
The symbel is a combination
6.24.2 - with two directions [ of 6.2.3.2 and 5.2.3 (sfoping
of fiow ATOW)

bt
o0
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FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col-
umns only) are in accordance with ISO
1219-1976 (E/F), “Fluid Power systems and

components—graphic symbols®'.

Approx. equiv. symbol (ANSI
Y32.10-1967) as it appeared
in 4th Edition of the Lightning
Reference Handbock.

Use of the equipment

drive units

capacity. Remote drives, see

Description or explanation of Symbol
the symbol
6.25 Oscillating @
motor: :D——-
6.25.1 - ydraulic ‘@: 872 P e (R
6.2.5.2 - preumatic
8.3 Pump/mator Unit with two functions,
yaits gither as pump or as rotary
motor.
§.3.1 Fixed capacity
puma/motor unit
6.3.11 - with reversal of the | Functioning as pump or
direction of flow. moter according to direction
of flow.
§.3.1.2 - with one single Functioning as pump of
direction of flow motor without change
OF 3% & motor.
£.3.1.3 . with two directions | Functioning as pumgp of
of flow motor with either direction of
flow.
ECTOT 85 3 pump.
ar firgelion as @ maion
8.4.1.2 Simplitet Symbat
rd
6.3.2 Variabie capacity frecson of fow as eAher a pump
pumpimotor unit:
) 5421 Compets Symigt B.4.2.2 Smplified Symbol
§.3.2.1 - with reversal of the 1 The symbol is a combination : ! 4 d
direction of fiow of83.1.1and 523
(stoping arrow)
$.3.2.2 - with one single The symbol is a combination
direction of flow of 8312 and 523
(sloping arrow)
6.3.2.3 - with two directions | The symbol is 2 combinaticn
of flow of 5313 and 5.2.3
(sloping arrow)
o Torque converter. Pump
6.4 Variable spead and/or motor are of variable %:é

12.2.




FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col-
umns only) are in acccrdance with SO
1219-1976 (E/F), “'Fluid Power systems and
components—graphic symbols”.

ApPprox. equiv.
Y32.10-1967) a

in 4th Edition of the Lightning

Reference Han

symbol (ANS]
s it appeared

dbock.

Use of the equipment

aiternately in both directions

Description or explanation of Symboi
the symbaol
B.5 Cylinders Equinment to convert
hydraulic of preurnatic
energy into finear energy
6.5.1 Single acting Cyfnder in which the fuig | Coaed  § Simpified
Cytinder pressure aitways acls in one 8.1 Cylinders, Hydrauks & Preumane
and the same direction {on o _
the forward stroke}. £.1.1 Single Acting B.1.2 Doudle Acing
; i i
5.5.1.1 - eturned Hy an General symbol when the — i
unspecified force. method of retum is not {
specified. \
§.5.1.2 -returned by spring  § Combination of the general L . .
symbol 6,5.1.1 and 5.1.5.2 xaTTaS P
(spring)
§.5.2 Goubie acting Cylinder in which the fiuid
cylinder: fiuid prassure operates -
alternately in both directions §.1.2.1 Sing End Rod
{forward and backward ! t
strokes) : 1
85.2.1 - with single
piston rod
£8.5.2.2 - with doubls-gnded
endad piston rod
) The action is dependent 2uit funetion
£5.3 Ditterential on the difierence between | 1 '
cyfinger the effective areas on each L ; i
side of the pisten i 1 ]
= { 3 R
i ] g
{Horn-Cushon} {Cushion. Advance & Retract)
6.5.4 Cyfinder with cushion:f | ) . : L §.1.2.3 Fixed Cushion, Advarce & Retract
Gylinder incorporating fixed 1
§.5.4.1 - with single fixed cushion acting in one direc- f - | |
cushion tien only oot
5.5.4.2 - with doubie Cylinder ith fixed iE : -
fixed cushion cushion acting in both }’—_-]J: . - N
: directions 6.1.2.4 Adppnnhie Cus Aoy g Uy
6543 - with singte The symbal is & combination h L
adiustable cushion | 9f 6.5.4.1 and 5.2.3 (sloping i b}f
arow} ‘. P s
§5.4.4 - with double The symbol i a combination . * R
adiustabie custion | 0f 65.4.2 and 5.23 (sloping ) ,E’%
arrow)
855 Telescopic cylinder:
The fluid prassure always
. ) acts in one and the same __,_—,__":‘3
§5.5.1 - single a6tNg direction {on the forward -
stroks).
§.5.5.2 - double acting The fluid pressure operates f:ég

{fforwarg and backward
strokas;,

By
o]




FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col-
umns only) are in accordance with I1SO
1219-1976 (E/F), “Fluid Power systems and
components—graphic symbols”.

Approx. equiv. symbol (ANS!
Y32.10-1967) as it appeared
in 4th Edition of the Lightning
Reference Handbook.

Use of the equipment

Description or explanation of Symbot
the symbol
6.6 Pressure Equipment transforming a Detailed Simplified N
intensifiers: pressure x into 2 higher 5.2 Pressure Intensifier
pressure y J{,
‘glﬁ !
6.6.1 - for one type of E.g. @ pneumatic pressure x )1 i:ﬁxi._{y
fhuid is transformed into a higher
pnewmatic pressure y. ,\l{,
. A
§.6.2 - for two types E.g. a pneurnafic pressure ¥ B
of fluid is transformed itc a higher = Y
hydraulic pressure y. i 3
o Equipment transiorming a
&7 Air-gil actuator prigumatic pressure ino a 3!7 L
substantially equal hydraufic
Pressure Or Vice versa.
§.3 Serve Posiicner (Simplified)
Hydraulic Pogumatic
hd et
6.4 Discrete Posiioner
Combine w0 GF more Dasic oylinder symbols
i H ! ] L I | |
7 CONTROL VALVES l . L_l B
7.1 Method of represen- | Made up of one or more
tation of vaives squares 5.1.3 and arrows
{except 7.3 and 7.6} | In cirouit dizgrams hydraufic
and preumatic units are nor-
maily shown in the
unoperated condition.
713 One single square indicates unit for confroffing 10.4 Envelopes
flow or pressure, having in
operation an infinite number
af possibie positions bet-
ween its end positions 5o a3 D
to vary the conditions of
fiow across one or more of
fts ports, thus ensuring the
chosen prassure andior flow
with regard 1o the operating
conditions of the circuit.
712 Two of more indicates a directional control 105 Parts
' Squares valve having as many |

distinct positions as there
are squares. The pipe con-
nections are normally
represented as connected to
the box representing the
unoperated condition (see
7.1}. The operating positions
are deduced by imagining
the boxes to be displaced so
that the pipe connections
correspond with the ports of
the box in guestion.

21




FLUID POWER GRAPHICAL SYMBOLS

Graphic symbois shown below (left hand col- Approx. equiv. symbol (ANS]

umns only) are in accordance with 1SO Y¥32.10-1967) as it appsarad
1219-1976 (E/F), "'Fluid Power systems and in 4th Edition of th2 Lightning
components—graphic symbols™. Reference Handbook.
Use of the equipment
Description or explanation of Symbol
the symbol
113 . Simplified symbol The number relers to a .
for valves in cases | ncte on the diagram in B
of muitiple repstition. { which the symbel for the |
valve is given in fult
1.2 Cirectional Units providing for the
control valves opening (fully or restricted)

or the closing of one or
mare fow paths
{represented by several

squares).
124 Flow paths: Square containing interior
lines
1.2.3.1 - one flow path
7.2.12 - two closed ports
7.2.13 - two flow paths
7214 - two flow paths
and cne closed
port
1218 - two flow paths
with cross
connection
7.2.18 - one fiow path in a
by-pass position, two
ciosed poris.
722 Mon-throttling direc. | The unit provides distingt

tional control valve. | circuit conditions each
depicted Dy a square.
1223 Basic symbal for 2-position
directional control valve

7203 Basic symbol for 3-position
directiona! conirgt vaive

7.2.23 A transitory but significant
condition between two
distinct positions is optionally
represented by a square with
dashed ends.

A basic symbol for a direc-
tional control vaive with two
distingt positions and one
transitory intermediate
condition.

7.2.24 Designaticn: The first
figure in the designa-
tion shows the
number of ports,
texchuging pilot
ports} and the se- N
cond figure the R
number of distint L
positions. 22




71.2.25

7.2.25.1

12252

72258

7.2.25.1

72282

FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col-
umns only) are in accordance with 1SO
1219-1976 (E/F), ‘‘Fluid Power systems and
components—graphic symbols™.

Approx. equiv. symbol (ANS!

Y32.10-1967) as it appeared

in 4tnh Edition of the Lightning
Reference Handbook.

Use of the equipment

Description or explanation of Symbol
the symbol
Directional Directional control

control vave 2/2:

- with manual control

- controlied by
pressure operating
against a retum
spring (e.Q. on ar
ynloading valve)

Directignal control
valve 312

- controfied by
pressure in both
directions.

- controfled by
solenoid with
rgturn spring

valve with 2 ports and 2
distinct positions

Directional control valve
with 3 ports and 2 distinct
positions

indicating an intermediate
condition (see 7.2.2.3)

HiT]

— B —

10.8.5.1 Two-Position

Sormally Closed Mormzlly Open
L } é =
M T i3 N\ T

1010 Three-Way Vaives
18.10.% Two-Position
10.10.1.1 Normaily Open

bt y
mi /O M‘/' v

10.90.1.3 Distributor Pr
gne port. thes the o

gasurs is distributad first 0
[

10.10.1.4 T PrESsUTe
T T
A & Y ‘?

L En
¢¥ A 7/ 7
l

1.7 Pigt Prassure
7.7.1 Remote Supply

18.11 Four-Way Valves
10,111 Two-Postion

i
. X Ml 3% -%:

11

1
v X Actuated LR ¥ g{“!“

Pl

4

18.11.2 Three-Pasition A B
[
ay Meiher { T 1l é{ i 1
sontrol
actuaied | T
¥

H e
™
(= 0o

b Conrol .
a0 L(i_ i -
actuaiad
actua \ ¥ T T AW /\/

¢y Controi Lc
a G —

agtuates '\

-
-
=

T
[
(o=

—3
-H
wly
i
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FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col- Approx. equiv. symbol (ANS!
umns only) are in accordance with SO Y32.10-1967) as it appeared
1219-1976 (E/F), "'Fluid Power systems and in 4th Edition of the Lightning
components—graphic symbols’. Reference Handbook.
Use of the equipment
Description or explanation of Symbot
the symbot
1.2.2.7 Directionat control  § Birectional control valve i}etaﬁesf
valve 4/2: with 4 ports and 2 distinct
nositions
7.2.27.1% - gontrolied by
pressure in both
directions by means
of a pilot vaive {with
a singie solencid I
and spring retum) Simpiified
3
7228 Directional control | Directionat cantral rixm
valve 5/2: with 5 ports and 2 distinct R
pasitions
7.2.2.8.% - controffed by
pressure in DOth —_ KE_ - ‘
directions }’ ‘
Vet %
7.2.3 Throtiling directional § The unit has 2 extrame
control aositions and an infinite
numbar of intermediate
conditions with varying
dgegrees of throttling.
All symbaois have parailel
lines aiong the length of the
boxes.
For valves with mechanical
feedback, see 9.3
7.2.2.1 Showing the extreme
positions
7.2.3.2 Showing the extreme
positions and a central
{neutrai} position
1233 - with 2 ports Fer example: Tracer valve
{one throttling plunger operated against a
grifice) return spring
7.2.3.4 - with 3 ports For example: Directional
{two throttling rontro) valye controlled by
pressure against a return
spring

24




FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (ieft hand col-
umns only) are in accordance with ISO
1219-1976 (E/F), “'Fluid Power systems and
components—graphic symbols™.

Approx. equiv. symbo! (ANSI

Y32.10-1967) as it appeared

in 4th Edition of the Lightning
Reference Handbook.

Use of the equipment

18.15 infinite Positioning Four-Way Vahves

Description or explanation of Symbol
the symbot P
J 3 f 4 A ;i =1
7.23.5 - with 4 poris For exampie: Tracer valve, ¥, /% 4 -
{four throttling plunger operated against a %@% ﬁ{mh k - =< t l
orfices) returm sprirg i !
;>ﬂ T?/Mm“l\ﬁ
; -1 S"j I i
1
724 Electro-hydraulic A unit which accepts an 7.19 Serve
servo valve: analogue electrical signal {(Tis symbol containg representation for energy
Electro-pneumatic and provides a simiar o, command input. and resullant output)
Serve vaive: analogue figid power cufput
7.2.4.% - single stage - with direct operation M E E
7.24.2 - two stage with - with indirect pilpt
mechanical feedback § operation
7.2.43 - two stage with - with indirect pilet
hydraulic feedback operation
7.3 Non-return valves, Valves which aliow free flow
shuttie valve, rapid | in one direction only
exhaust valve
7.3.1 Nen-retumn vaive: Opens if the inlet pressure is 10.9.2 Check _ i
7.3.11 - free fugher than the outlet ! 1
pressure s | Simplfied Symno!
\ﬁ—_% A
) ) ’ Flow to the right is blocked.
7312 - spring loaded Opens 1 the inlet pressure is t | ;:;Sj, ilg }he i?z% xsif!tfnmfzg
greater than the outlet i i ‘(C o - hosite S?'}:’;‘O;;“ :
pressure plus the spring L RS Sy
pressure e e
1.3.1.3 - pitot controlled Asin 7.3.1.1 but by pilot
control it is possible to 18.9.4 Check, Pisi-Operzied to Close
prevent: l
Le
7.3.1.341 - closing of the valve @ ““‘C}““""“
B - heck, Piot-Operatsd 0 Open
13432 - ogening of the valve 16.8.3 Check, Piot-Cp to Ope
S
7.3.14

- with restriction {nit allowing free flow in i AP
one disection but restricted | 5 i
flow i the other




FLUID POWER GRAPHICAL SYMBOLS

Graphic syrmbols shown below (left hand col-
umns only} are in accordance with ISO
1219-1976 (E/F), “'Fiuid Power systems and
components—graphic symbols™.

Approx. equiv. symbol (ANSI
Y¥32.10-1967) as it appeared
in 4th Edition of the Lightning
Reference Handbook.

lise of the equipment

Description or explanation of Symbal 16.10.2 Double Check Vailve, Double check vaves
the symbol can be Duit with and without "cross bleec.” Such
¥aves wih nWo poppels do not usually aliow pressure
1o momentardy 7088 bieed’ to return during transk-
tion. Valvas with one poppet may alow "cross bleed’
as these symbols Hlustrate.
7.3.2 Shuttle vaive The inlet port connected to 10.10.2.% Without Cross Bizsg (Ore-Way Fiow}
the higher pressure i3
automatically connected to ,@_ L@WJ
the outlet port while the
other inle? port is closed. #
10.16.2.2 Wilh Cross Bized {Reverse Flow Permitted)
733 Rapid exhaust valve | When the inlet port is
unloaded the cutlet port is -
freely exhausted S
74 Pressure controt Units ensuring the control o
valves pressure. Represented by
one single square s in
7.1.1 with one arrow {the
tail to the arrow may be
slaced & the end of the ar
row. For interior contrailing
conditions, see 9.2.4.3
16.9.5.2 normally Open
7.4.1 Pressure coniroi General symbols 10.9.5.2 Infinite Position
valve: Normally Ciosed Mormaily Open
Complete 5
411 - 1 throttiing E
arifice normally or My My
closed T
71.4.12 - 1 throttling 16.12 Inficitz Positiomng (Betwesn Open & Closed)
prifice normaily or
open 10121 Normally Giosed  10.12.2 Normatiy Ooen
i
]
71413 - 2 throtifing b T
orifices, normally A —jj‘ — Moy
closed —
10.13.1 Prassurs Redef T
142 Pressure relief valve | inlet pressure is controfled - — o _ =
{safety valve) by opening the exhaust port i i Simplited Symbal /V\L_
i0 the reservoir of fo atmos- Dengtes ¥i
phere against an oppasing ‘_L
force (for example a spring} % {
- é
7.4.2.1 - with remote pilot | The pressure at the inlet

contral port is imited as in 7.4.2 or i ~ -$
to that corresponding 1o the !
setting of a pilet control

A sf} ;\d ‘J
L_l,J L

Korma! clualed (Foiaviag)
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74.3

FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col-
umns only) are in accordance with ISO
1219-1976 (E/F), “'Fluid Power systems and
components—graphic symbols™.

Approx. equiv. symbol (ANSI
Y32.10-1967) as it appeared
in 4th Edition of the Lightning
Reference Handbook.

Use of the equipment

oressure relief

to a value proportional to
the pilot pressure (sse
9.24.1.3)

Description or explanation of Symboi
the symbol
Proportional Inlet pressure is iimited

Seguence valve

When the inlet pressure
overcomes the opposing
force of the spring, the valve
opens pernttting flow from
the outlet porl

16.13.2 Sequence

1.4.5.1

1452

7453

Prassure reguiator
or reduging vake

- without refief port

- without relief port
with remate conteol

- with relief port

{recucer of pressure}:

A unit which, with a
variable infet pressure, gives
gives substantially constant
output pressure provided
that the inlet pressure re-
mains higher than the re-
quired outlet pressure.

As in 7.4.5.1 but the outlet
gressure is dependent
on the sontrol pressure

19.13.3 Pressura Reduting

1

10.13.4 Pressure Reducing and Relzving

3

, &

ﬁj

-
-

{‘_

10,13.5 Ariine

ressiure Regulator
{Adjustadie, Releving}

T,
¥

?_,J

7.4.54

- with refigf port,
with remote control

As in 7.4.5.3 but the outlet
pressure is dependent on
the control pressure

r-

Ditferential pres-
surg reguiator

The cutiet pressure 1
reduced by a fixed amount
with respect to the inlet
préssure

1.4.7

Proportional pres-
sure regulator

The outlet pressure is

reduced by a fixed ratio
with respect to the inlet
pressure (see 9.2.4.1.3)

1

—
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FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col-
umns only) are in accordance with IS0
1219-1976 (E/F), “‘Fluid Power systems and
components—graphic symbols”.

Approx. equiv. symbol (ANSI
Y32.10-1967) as it appeared
in 4th Edition of the Lightning
Reference Handbook.

Use of the equipment

Description or explanation of Symbol
the symboi

1.5 Flow conirol valves 1 Units ensuring controd of
flow. Excepting 7.5.3 posi-
tions and method of
representation as 7.4

18.18 Fiow Control Valves
10.16.% Adjustabie, Non-Compensated {Flow can-
iref in each direction

75.1 Throtle valve: Simpified symbol (Does not bl in each diection)
indicate the conirol method 7
or the state of —-%; .%.... I -
the vaive)

7.5.1 - with manual Detailed symbol {indicates

controf the control mathod or the
state of the valve)
15.1.2 - with mechanical
contro} against a
return spring (brak-
ing valve) ‘

752 Flow control valve: | Variations in inlet pressure Detailed Simpiified P
do not affect the rate of 10.16.2 Adjustable with Bypass L
flow Flow is controlled to the right

_ 1 | Flow 10 the et bypasses control.
1.5.2.1 - with fixed outpat =
L -y il
18.16.3 4zjustable and Pressure Compensated
e - with Bypass
7522 . with fixed outgut | As 7.5.2.1 but with refiet | &=t =1 ¥ o
and relief port to for excess flow Tb b= j 10.18.4 Acjustable,
1ESErvoi y ———%;R—A—?_ Temperature & Pressure
L : l C i Compensated
r
7523 - with variable As 7.5.2.1 but with arrow —?ﬁéi' ;::“3 [ £
output 5.2.3 added to the symbol — WL;]J L7ZZ.J
of restriction
7.5.2.4 - with variable As 7.5.2.3 but with refief LS i
putput and relief for excess fiow l
port 10 reservoir

753 Fiow dividing vaive | The flow is divided into two —t
flows in 2 fixed ratio )( )
substantially independent of
pressure variations 1

10.8 Two-Way Vaivas (2 Pored Valves)
10.8.1 On-0Off {(Manual Shut-0if)
.
1.6 Shut-off valve Simpitied symbol ‘> ::I OFF

}
= i

H

-

Simplited




FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col- Approx. equiv. symbol (ANSI
umns only) are in accordance with 1SO Y¥32.10-1967) as it appeared
1219-1976 (E/F), “'Fiuid Power systems and in 4th Edition of the Lightning
components—graphic symbols’’, Reference Handbook.
Use of the equipment
Description or explanation of Symbol
the symboi
8 ENERGY
TRANSMISSION AND 4.4 Energy Source | . Compresser. Ac-
CONDITIONING cumiiaton, 212 ) Thas s, Wy De used o repre-
sent a fiuid oo may b€ 2 pump.
8.1 Saurces of energy TOMPIESsar, of gr asspcated Syslem.
8.1.% Pressure source Simpiified general symbel — e Hydratfio
8.1.1.1 Hydraulic pressure —b— Prevmatic
squrce Simpiited Symbol
Symbals to be used when LT S—
the nature of the source 3 a l ]
8.1.1.2 Preumatic pressure | should be indicated L 1>§
SOUICE 1
Symbol £ 8.8 Mutors, Engines
8.1.2 Electric motor ymbol 113 in | C y
Publication 117.2 8.8.1 Electnc Motor M
8.1.3 Heat engine f 1
- 0
8.2 Figw lines and
connections
8.2.1 Fiow ling:
8.2.1.1 - working fine, 3t e Line, Working {man)
return fine and feed
line
mmmmmm 3.z e e —— Linme. ot {for control}
8.2.1.2 - pilot control
line
8.2.1.3 - drain or bleed e ——— 33 e i.me. Liguid Drain
e 3.4 Lire. sensing. el sa;c‘n as gauge ‘:‘a_nes shali be
§2.14 - Hlgxible pine Flexitle hose, usually U drawn the same as tha iins o wheh i connets
connecting moving parls
U 3.§ Lz Fecble
8.2.1.5 - glectric fine é
245
8.2.2 Pipeline junction A _ﬂ#w & _ A'?_ -
l i 08
et IEC
8.2.3 Crossed pipelines | Not connected he tersection is not
-——i—- >< iEC




FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col- Approx. equiv. symbol (ANSI
umns only) are in accordance with iSO Y32.10-1967) as it appeared
1219-1976 (E/F), “‘Fluid Power systems and in 4th Edition of the Lightning

components—graphic symbols”. Reference Handbook.
Use of the equipment
Description or explanation of Symbot
the symbol
8.2.4 Air bleed o«
i
g2.8 Exhaust port: 3.6.1 Plain orifice. unconnaciable
8.2.5.1 - plain with no pro-
viston for connection LVJ - }
8.2.5.2 - threaded for i 3.8.2 Copnectable orifiee (B G Thigad) by intzmnal
conngction v Return
-}

8.2.5 Power take-off: On equipment or fines, for 3.8.% Puga T
snergy take-off or Plugged  port M—z
measurgment

—X —— !
8.2.6.1 - plugged !
8.2.6.2 - with take-off line —XE— ]

8.2.7 Quick-acting 310 Quick Disconnact

cougling: 3.70.1 Without Checks

}._;_<_ Conneglad
. ——>—i &~ Disconnected
3.18.2 With Two Checks
Connected “C)}“—@“”‘
Disconnectsd Q i3 .<} _—

3.10.3 Wit Oas Check
% Connacied
,,%_1 hOMDLsconrlecied

8.2.7.1 - connected, without
mechanically opened
non-return valve

8272 - conpected, with
mechanically cpened
non-retum vaives

gpen end
8274 - uncoupied, closed

by free non-return
vaive {see 7.3.1.1)

>
-+
8.2.7.3 - uncoupied, with
-t

8.2.8 Aotary connection: | Line junction allowing 3.11 Ratating Coupling
angular movement in service
§.2.81 - one way - - - —
8.2.8.2 - three way #
8.2.9 Silencer ] 9.3.3 Muffier Fy ]
HTE! - H >
i
&3 Reservoirs
o t 4.1 Reservgir
8.3.1 eservoir open o ] Vented } Pressurizes
atmosphers: I surized
4.1.1 Resereor with Comngcting Ling
8311 - with infet pioe | rvoir with Conngeting Lines
above fluid level P i Above Fiuid Level !
Y |
I

L—-"«w—*
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FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col-
umns only) are in accordance with 1SO
1219-1976 (E/F), "'Fluid Power systems and

components—graphic symbols™

Approx. equiv. symbol (ANSI
Y32.10-1967) as it appeared
in 4th Edition of the Lightning
Reference Handbook.

Use of the equipment

Below Fiad Level

drained

Description or explanation of Symbol
the symbol ! ' l
8.3.1.2 - with ini(_at pipe . .
below fluid level I | S
*Show line entering or leaving below resgrvoit anly
whan such botiom connection s essential to crcuit
function. ;_L
8.3.1.3 . witr: 2 header fine | i 4.1.2 Simgilitied symbol. The symbels are used as
part of 2 complete circuit. They are anaiogous to
the ground symbol of electrical diagrams —{1+ 1EC Saveral
such symbois Ly may be used in one diagram 1o repre-
sent the same raservoir. 1
4.1.2.1 Below Fuid Level |, L
i {
!
4.1.2.2 Above Fluid Level - L
tThe raturn ling is drawn to terminzte at the upright
legs of the tank symbol.
4.1.2.3 Veatsd Manifold —é
[
8.3.2 Pressurized reservair C;
24 Accumulators The fluid i5 maintained 4.2 Accumulator
under pressure by a spring N -
weight 0f COMPrESSed gas 4.2.2 Accumulator, Gas Chargec
{alr, nitrogen, etc.)
4.2.1 Accumuiator, Spring Loaded
@ 4.2.3 Accurmuiator, Weigh%ed
4.3 Receiver, for Air or other Gages
8.5 Filters, water raps,
lubricators and
misceilaneous
apparatus
B.5.1 Filter o7 strainer : §.2 Filtar—Strainer j
852 Water trap: 5.3 Separator
5.3.1 With Manua! Dran
8.5.2.1 - with manua!
control 5.3.2 Wah Automatic Drain
8.5.2.2 - automatically : >
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FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col-
umns only) are in accordance with SO
1219-1976 (E/F), “Fluid Power systems and
components—graphic symbols™.

Approx. equiv. symbol (ANSI
Y¥32.10-1967) as it appeared
in 4th Edition of the Lightning
Reference Handbook.

Use of the equipment

Description or explanation of Symbeol
the symbol
8.5.3 Filter with wiater
trap:
8.5.3.1 - with manua Combination of 8.5.1 and
control 8521
8.5.3.2 - atomatically Combination of 8.5.1 and
drained §522
854 Air oryer A unit drying air (for exam- : 5.5 Dessicater .
ple by chemical means) {Chem<al Dryer)
855 Lubricator Small quantities of oif are 5.6.1 Less Drain 5.6.2 ¥4th Meruai Drain
added 1o the air passing
through the unit in order io
iubricate equipment receiv-
ing the air
8.5.8 Conditioning uatt Consisting of filter, pressurg | ¢ ="~ ===
reguiator, pressufe gauge ! @ i
and lubricator . :
8.5.6.1 - Detailed symboi L ‘E__. i
8552 - Simplified symbol T @ 7
8.8 Heat exchangers Apparatus for heating or
cooling the circufating fiuid
8.6.1 Temperature The fluid temperature is
Controlier maintained between two
predetermined values.
Tue 2rrows indicaie thal
heat may be either intro-
duced or dissipated
8.8.2 Cooler The arrows in the diamond
indicate the extraction of §.1.2 Coor
heat
8.6.2.1 - without representation of . h:f‘ S -
the fiow lines of the coolant . -
8.6.2.2 - indicating the flow fines of :

the coolant
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FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col-
umns only) are in accordance with I1SO
1219-1976 (E/F), “‘Fluid Power systems and

components—graphic symbols’'.

Approx. equiv. symbol (ANSI

Y32.10-1967) as it appeared

in 4th Edition of the Lightning
Reference MHandbook.

Use of the equipment

Description or explanation of Symbot 5.1.1 Hegler
the symbal ‘rside triangles indicate the introducton of heat.
8.6.3 Heater Tr;e a?m:ls i_n thizj aéa_mon? Gutside triangies show
ndic —@— hostina madirm
;)e;ra e the introduction o the hezting medium s liuid,
Outside viangles show the hestng medium is
Jaseous,
g CONTROL
MECHANISMS
9.1 Mechanical
components
g8.1.1 Rotating shaft: The arrow indicates rotation 2.13 Aotating shafts are symboized by an arrcw
which incicates Girectior of rotetion (assume arrcw
9.1.1.1 - in one direction on nezar side of shaft).
9.1.1.2 - in gither direction :
312 Detent A device for maintaining a P o
given position
; ; The symbel for uniocking
ck vige
8.1.3 Locking devi controf is inserted in the Q
square
9.1.4 Gver-centre device Prevents the mechanism
- stapping in a dead centre _—‘\EE
position
315 Pivoting devices
3.1.5.1 - simple ?i
31572 - with traversing ?—:
lever
~
3153 - with fixed fufcrum ﬁ
9.2 Control methods The symbols representing

control methods are incor-
porated in the symbol of
the conirolled apparatus to
which they shouig be adja-
cent. For apparatus with
several sqares the actuation
of the control makes effec-
tive the square adjacent to
it.
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FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below {left hand col-
umns only) are in accordance with SO
1219-1976 {E/F), "'Fluid Power systems and
componenis~graphic symbols’.

Approx. eguiv. symbol (ANSI

Y32.10-1967) as it appeared

in 4th Edition of the Lightning
Reference Handbook.

Description

Use of the equipment
or explanation of

Symbal

the symboi {qu 15 !w.,,ei g ‘

wpe e, oot DE g
9.2.1 Muscular controb: General symbofl {without T e

indication of contra! type} ;:zx[: [::i_

7.2.1 Pysh Bution 799§ aua
9.2.1.1 - by push butien % ’ 7.2.2 Lever /&:
8.2.1.2 - by lever ,é{ E

7.2.3 Feda or Treadis
82123 - by pedai /{ ) e
4322 BMechanical control 7.4 Spreg -
9221 - by piunger of { A ,f\:‘\i
tracer e
8222 - by spring IW’[
9.2.2.3 - by rafier
3.2.2.4 - by roller, operating =
in one direction only c/ 7.5 Prasure Comuenszed r ”:é" :
923 Electrical controi
E”““ |
9.2.3.1 - by solencid: EZ:{: [7ﬂ -~—/~:v—"-
§.2.311 - with 1 winding b
82312 - with 2 windings operating
in opposite directions m:
82.3.1.2 . with 2 windings operating 7.6.2 g
in a variable way pro-
gressively, operating in op-
posite direction o Fv,fr—
RN
HH
9.2.3.2 - by electric motor & )&JM
824 Control by applice-
tion or reiease of
pressure 7.7.2 Suriy
8241 Direct acting r——f“
conteol: =
- —{ - Loy
8.2.4.1.1 - by application of o o
préssure R B 8 "
8.2.4.1.2 - by release of _._Q_,[ I
pressuse [
in the symbo! the larger UL
9.2.4.13 - Dy different reclangte represents the Bone ; .

control areas

larger control area, ie. the
priprity phase
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FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col-
umns only) are in accordance with 1SO
1219-1976 (E/F), “Fluid Power systems and
components—graphic symbols”.

Approx. equiv. symbol (ANSI
Y32.10-1967) as it appeared
in 4th Edition of the Lightning
Reference Handbook.

Use of the equipment 7.7.4 Pint Contralicd. Sproyg Centered

Description or explanation of Symbol o N
the symbol f_
M A
Sumpiifigd Symbol
: — {9 b —

9242 indirect control, General symboi for pilot N A

pilgt actuated: directional contro! valve

. Campiate symbol

92421 - by application of

pressure ‘ﬂ: —'E:E 7.7.5 Pior Differantal
§.2422 - by release of _—

pressure .@:[ . l — - u <]
9243 Interior control The control paths are inside - -

paths the unit ! ! Symboi Completa Symbol
9.2.5 Combined control:
4251 - by solenoid and The pilot directional valve ;

pilot directional i5 actuated by the solenoid — B

vahe
9.25.2 - by sclencid ar Either may actuate the

pilt directional control independently E g:

valve Intzrnal Piigt /

Supply and Dxhoust B

493 Mechanical feedback] The mechanical connection T 1

of a control apparatus 1) ]
moving part to a controlled
apparatus moving part is

represented by the symbol |
5.1.1.4 which joins the iwo
parts connected. (For ex-

amples see 11.1.2 and )|
12.1.1)

7.8.7 Solengid and Piit

i

1) Controiled apparatus
2y Control apparatus

3 i
,,,,,,, I
ol
‘ - I
741 Compon s A 5 oroenier)
Baoin . On
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FLUID POWER GRAPHICAL SYMBOLS

Graphic symbols shown below (left hand col-

umns only) are in accordance with 1SO
1219-1976 (E/F), “Fluid Power systems and

components—graphic symbols™.

Approx. equiv. symbol (ANSI
Y32.10-1967) as it appeared
in 4th Edition of the Lightning
Reference Handbook.

Use of the equipment Ang | i
Description or sta::pianatt:on of Symbol @z Qe signal and a secons
e symbol signal both catse the devey
b A0 GRESSHE,
I / One signal or the ofher
or - cigngl causes the device (o
opgrata.
AngDr Sie
The solencid and the piiot or
-4 the manual cvermce and the
! / ik
Tha sgiencd and the piot
or
I / > a manudt overnde and th
R
a7
a Manual geernde aione
i@ SUPPLEMENTARY
EQUIPMENT
0.1 Measuring
instryments
10.1.1 Pressure measure-
ment: The point on the circle at e
which the connection joins '
18.1.1.1 - pressure gauge the symbol is immaterial
Torrnnas T
1012 Temperature 9.1.2 Termperatie
measurement: . e
18.1.2.1 - Thermometer The point on the gircle at .
which the connection joins
the symbol is immaterial.
1013 Measurement of 9.1.3 Fiow Meler
fiow: “—@" 8031 P e (D)
16.1.3.9 - Flow meter )
10.1.3.2 - intergratin 91.3.2 Tozieng i
.13 f‘inergattg @ 327 3 __(:i),_
low meter :
0.2 ther apparatus
10.2.1 Pressure electric 83,1 Pressure Snorh

switch




