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The expanded use of Industrial Hydraulics 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 inspectign. Since 

the use of industrial hydraulic equipment is relatively 

new for bridges, all of these steps create new challeiiijes 

for bridge engineers. This paper investigates the cuc~-errt 

state of different code requirements and how they appIy 

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 under 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 requ~rements 

is the first order of business. 

Once you ace familiar with AASHTO you will notice that several 

references are made to J.I.C. (Joint Industry Councii), NFPA 

(National Fluid Power Association), IS0 (International 

Standards Institute). This is not done with the expressed 

purpose of confusing the issue. Upon investigation you will 

find that most references are made to J.I.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 sometirnes be simplified for 

field inspection. A copy of the detailed and simplified 

symbols has been attached for your reference. 



Now that you have the basic understanding of thc ncccs:;ary 

design requirei~lt'r~ts the inspection review ycocess may be:,cgirr. 

The proper documentation is always important. in order to 

do a proper job at any Level you must first have a few 

reconmended 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 review than 

it is for field inspection. At the time of shop drawing 

review the engineer must evaluate each cornponent 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 

ccmponents function the same between different manufacturers. 

Field inspection requires rnuch 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 no inspection criteria 

is given for a particular bridge, the field inspector 

should meet with the designer of the bridge to better 

understand what to look for. Once this has been established, 

it becomes a matter of simple inspection practices. 

Comparative analysis froln one inspection to another should 

provide adequate information to identify any major problems. 



This outline is provided as a guidelines for the syrnposiurri 

session. Please refer to the detailed minutes of the  

session for particular de ta i l s  on subjects of interest. 



J I C  
JOINT INDUSTRIAL COUNCIL 

HYDRAULIC STANDARDS 
for lndustrial Equipment 

and General Purpose Machine Tools 

FOREWORD 
Users and suppliers of industrial equipment, as well as The JIC assumes no liability for any patent infringe- 

the component manufacturers, have long recognized that ments or asserted patent infringement which may result 
the safety of personnel and uninterrupted production are from the use of this standard. 
of cardinal importance to the economic growth of industry. Comments or requests for information regarding JIC 
The application of hydraulic mobility and control in a activities or interpretation of the JIC Standards should be 
reliably proven manner necessitated the establishment of addressed to the Secretary of the Joint Industrial Council, 
a standard more than 20 years ago. This is the 1a:est 7901 Westpark Drive. McLean. VA 22101. 
revision of that standard. Proposals to change this JIC Hydrauiic Standard are 

This revision has been written as a General Purpose considered in the Joint Industrial Council meetings held 
Hydraulic Standard and has been extended, where noted. at intervals for this purpose. Future revisions vAll include 
to Mass Production Equipment as well as to the type of application requirements for those fields that become so 
engineering considered desirable. This Standard is basic closely associated with the hydraulic science as to be 
in nature: that is, it does not contain any requirements deemed a part thereof. No additions, revisions, or dele- 
specific to any one industry, company, division, or plant. tions shall be made hereto when reproduced as the JIC 

AJI JIG Standards are advisory only. Their use in Hydraulic Standard tor Industrial Equipm~nt. 
industry or trade is entirely voiuntar/. 

HI General H1.5 SPECIFIC REQUIREMENT VERSION. Where the 
pcrchaser specifies conformance to this JiC Stan- 

~ 1 . 1  PURPOSE. The purpose of this Standard is to pro- dard and fails to specify either the General Purpose or the 
vide basic guidance for the application of hydraulic Mass Production version, the General Purpose Hydraulic 

aooaratus to industrial equipment to promote: Standard shall be deemed acceptable. 
111 Safetv to aersonnel. 
i7i ~nintkrruoied oroduction 
\-, - ~ ~ . ~ .  
(3) Long life of equipment. 
(4) Ease and low cost of maintenance. 

This Standard is intended as a reference and guide for 
detaiied specifications and designs for industrial equip- 
ment utilizing hydraulic components or equipment. I t  is 
not intended to limit or inhibit advancement in hydraulic 

H1.6 TYPE OF REQUIREMENTS. Mandatoryrequirements 
of this Standard are distinguished by use of the 

word "shalt." 
Recommendations in this Standard are distinguished by 
use of the word "shouid." 
A Indicates type of engineering desirabio in new deveiop- 

ments and reengineering of equipment. 

or mechanical engineering. H1.7 DEVIATIONS. Deviation from this Standard shall be 

H1.2 SCOPE. This Standard applies to all hydraulic appti- 
cations on industrial equipment. The term industrial 

equipment, referred to in this Joint Industrial Council (JIC) 
Hydrauiic Standard, is any equipment hydraulically actu- 
ated or controlled, used in, or necessary for manufactur- 
ing processes and assembiy. 

H1.3 ADOPTED DOCUMENTS. To avoid duplication o f  

agreed to in writing by the purchaser and supplier. 
Deviation(s.1 by the purchaser shalt be specified on his 
purchase inquiry, 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 bv  lfirm name)" on suoolier's ouotation. and be . . . . 
confirmed on the pirchase order. ~evietion(s) Shall per- 
tain to specific paragraphs of this Standard, shall apply 
to the order in question and not to future orders, and 

effort and conflict in direction, Standards developed shall not be considered as permanent amendments to 
by other technical organizations have been adopted by this Standard. 
reference as part of this JIC Standard. See Appendix D 
(page 26) for a bibliography of these Standards and their H1.8 DEFINITIONS. Definitions of the terms used in this 

source of supply. Standard are those given in the ANS 093.2-1965, 
Glossary of Terms for Fiuid Power. 

H1.4 DUAL PURPOSE STANDARD. This revision of t h ~  m H1.9 DATA FORM 
JIG Hydraulic Standard for Industrial Equipment 

is a dual ourDose Standard. It is written as a General 
Purpose ~ ianda rd  and extended. where noted, to Mass 
Production Equipment. 
m 1-d;c -;:cs a rcecific reouire-ent for JIG Mass Piadsc- ~ ~ 

tion E q o i ~ . r i n t  only. 
Ma55 Prud::c!.cn Eciliiprnent is single andior special pur- 
pose fquipven' for Con!:nUoils manufactiiiing processing 

I H1.9.1 Data Form Use. A sample Hydraulic Equip- 
ment Data Form is provided in Appendix E 

(pages 31, 32). This Data Form or a similar document 
should be used by the purchaser to provide ihe supplier 
with information required for the proper and specific hy- 
draulic application to mass production 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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8 ~1.9.2 Data Form Content. The purchaser of mass H1.10.3 Piping Layout. Where requested on the pur- 
production equipment should clearly indicate chaser's inquiry and confirmed on  the s u p  

on this Data Form or similar document: plier's quotation, a piping layout shai! be furnished by 
(1) TO which version of this Standard, supplement(s), the supplier, Photographs which clearly show the piping 

and/or other standard(s), if any, he requires con- arrangement and assembly may be substituted by 
fnrrnance. aoreement. [Ref. H.11.2) . 

(2) Unusuai operating conditions, environmental condi- 
tions not otherwise provided for, and required devia- 
t ion(~)  from this Standard as special requirements. 

(3) Unique and other special requirements not covered 
in part (2) of this paragraph. 

(4) Reference to applicable state and locai codes. 
(5)  His equipment preference and the order of prefer- 

ence. . H1.9.3 Omitted Intormation. Where the purchaser of 
mass production equipment does not indicate 

on the Data Form or similar document: 
(1) Conformance to any particular standard. the sup- 

plier's standard shall be acceptable. 
(2) His equipment preference, the supplier's choice of 

equipment shail be acceptable. 
(3) The order of equipment preference, the suppiier's 

choice from the purchaser's preferred equipment 
list shall be acceptable. 

mN1.9.4 Data Form Revision. Where a Hydraulic 
Equipment Data Form or similar document is 

used and later agreements between the purchaser and 
suppiier negate data in the existing data document, :he 
purchaser shaii issue a corrected Hydraulic Equipment 
Data Form or similar data document, marked revised 
and the revision dated. The revised Data Form or simi- 
lar document shall be confirmed by the supplier. 

Hl.10 DRAWINGS 
W1.10.1 Graphical Diagram. ANS Y32.10-1967, Graphic 

Symbols tor Fiuid Poiver Diagrams, shail be 
used for graphical (circuit) aiagrams and to indicate 
component tunction. In final graphjcal diagrams, full 
symbols, not a simplified form, shall be used for muitiple 
flow path directional valves. Information conveyed on 
ine airange-nent of the graphical diagrams shall be in 
accordance with ANS Y14.17-7966, Drafting Standards 
for Fivid Power Diagrams, and shall include the follow- 
!"¶: 
(1) Identification of ail hydraulic equipment by name, 

catalog number, serial or design number, and the 
manufacturer's name. 

(2) Size of piping iines (outside diameter and wall 
thickness of tubing; sire and scheduie of pipe). 

(3) Diameter of each cylinder piston and rod, length of 
stroke, and the estimated force required for the 
intended service. 

(4) The displacement per rpm or minute and the torque 
rating of each hydraulic motor. 

(5) The deiivery in gpm and the direction rotation of 
each pump. 

(6) The horsepower, rpm, and type of each pump drive. 
(7) Operating pressure for the intended service and 

maximum pump-rated pressure. 
(8) Quantity, capacity, and type strainers and fiiters. 
(9) Reservoir capacity. 

(10) Recommended fluid type and viscosity range. 
(111 Time seouence chart, e.g., time range of cycie . , 

exclusive of loading, 
(12) Data or Iexi, or both, showing operations performed 

including the functionjs) of the related electrical 
and mechanical conlrois and actuating equipment. 
Ref. Appendix A (page 27). 

N1.10.2 Floor Layout. Where the installation consists 
of two or more separated equipment assem- 

biies, the supplier shai! provide the purchaser with a 
!lor plan layout specifying dimensional relationships. 

Hl . i1  DATA 70 SUPPLIER 
1 1 1  Scope of Dale to Supplier. The porchaser 

shali specify on his inquiry, and the supplier 
shali confirm on his iiuotation. ail the information neces- 
sary for proper application and uninterrupted pfoduc- 
tion. Such information shaii include: 
(9) Any unusual operating conditions. 
(2) Special requirements an3 unusual environmental 

conditions. 
(3)  Required deviations from this Standard. 
(4) Reference to apgiicebie state and locai codes. 
H1.11.2 Alliiude. Altitude of instaiiations above 3300 

feet (1 kilometer) shali be specified on the 
purchaser's inquiry or on :be Hydraulic Equipment Data 
Form and shali be confirmed on the supplier's quotation. 
W1.11.3 Ambient Temperature. The ambient ternpera- 

ture range of the installatian area shaii be 
specified on :he purchaser's inquiry or the Hydraulic 
Equipment Data Form, anti shali be confirmed on the 
suppiier's quotation. 

H1.12 DATA 10 PURCHASER 
N1.12.1 Preiiminar;l Data. The suppiier shall submit 

ior approval preliminary data in a form that is 
in accordance with ANS Y32.10-1967, Graphic Symbols 
for Fiuid Power Diagrams, and ANS Y14.17-1966, Draft- 
Ing Standards for Fluid Power Diagrams. 
i46.12.2 Final Data. Final diagrams, drawings, and 

texts, including the maintenance data, shail 
conform to the equipment shipped and be forwarded to 
the purchaser not later than the time o f  equipment 
deliveiy. Final graphical (circuit) diagramls) shail clearly 
show all fiuid conductors within circuit manifolds accom- 
modatina two or more manifoid mounted ComDonents. 
Where requested on the purchase order or the iiydiaulic 
Equipment Data Form, f l ~ a i  diagra-ms and drawings 
shall be on reproducibie materiai. 
N1.12.3 Field Changes, Where fieid changes are made 

by the suppiier, the changes shall be recorded 
by the suppiier and copies, or reproducible copies o i  
the corrected drawings, shali be provided to the pur- 
chaser in accordance with the agreement between the 
purchaser and siippiier, or where requested by the 
purchaser, on the Hydraulic Equipment Dala Form or 
similar document. 

Where :he drawings bear the purchaser's titie biock, 
and are in the purchaser's possession, the suppiier chsll 
clearly report all field changes to the purchaser in writ- 
ing. The purchaser shall be responsibie for recording 
such reported changes on the drawing. 
N1.12.4 Meintenance Dala. The suppiier shall provide 

the purchaser with maintenance data for ail 
hvdraulic eauiument that cleariv: , . 
(1) Describes start-up and shut-down procedures where 

tmproper procedures could cause damage to the 
"w","..."',.. 

(2) Describes adjustment procedures. 
(3) indicates external iubrication points and the type 

of lubricant required. 
(4) Identifies seals and packings by the component 

manufacturer's pa:? number. 
16) Sfafes service procedures for unique assemblies. 
(7) Locates iluid level irrdica!ors, fill points, drains, 

filters, Strainers, magnets, etc., that require regu- 
larly scheduied maintenance. 



JIC HYDRAULIC STANDARDS - CONTINUEL) ' 

(8) Lists the serial number of each special cylinder or 
A rotary actuator. 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, furfher identi- 
fication as provided by the standard's code should be 
given. 

A ~ 1 . 1 3  PROCUREMENT OF EQUIPMENT. The supplier 
should procure components which use com- 

mercially available parts [key and keyways, bearings, pack- 
ings, seals, lock rings, plugs, etc.) and part configuration 
(shafl and spiine sires, port sizes, mountings, interface 
patterns, etc.) that are manufactured to established stan- 
dards and that provide for uniform coding. 
s For mass production equipment. approval shail be 
obtained 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. 

H1.14 SAFETY (Ref. HI31 
H1.14.1 Fail-Safe Concept. Hydraulic circuits shall be 

designed and components selected, applied, 
mounted, and adjusted lo safely provide uninterrupted 
operation and Extended life, and be tail safe. Circuits 
shall: 
(11 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 not cause 
hazard or damage to the equipment. (Ref. H13.1) 

A H1.14.2 Senrice with Safety. Hydraulic components 
atlached to the industrial equipment shall 

be so iocaled that lhey can be safely serviced. 
H1.14.3 Inclined Ladders. Where personnel are re- 

quired to carry heavy or bulky equipment l o  
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 should be 
used. (Ref. Ht3.12) 
H1.14.4 Elevated Platform. Where elevated walkways 

and platforms are required for access and 
servicing hydraulic equipment, they shall comply with 
ANS A12.1-1967, Safety Requirements for Floor and 
Wail Openings, Raiiings, and Toe Boards. (Ref. H13.13) 

H1.15 ACCESSIBILITY. Hydraulic equipment and piping 
shall be accessible and so mounted as not to 

interfere with the adjustment of maintenance of the 
equipment. 

H1.16 IDENTIFiCATION 
H1.16.1 Manufacturer's lnforrnaticn Plates. The 

following information shall be permanently 
indicated on each hydraulic component: 
(1) The manufacturer's name and address. 
(2) The manufacturer's part or model designation and 

data necessary to faciiitate servicing. 
(3) Where applicable, other data required by this Stan- 

dard. (Ref. H2.2.3, H7.7.3. H9.5, H9.6) 
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 manufacturer's original lnfor- 
mallon plate shall not be used for this purpose. 
H1.16.3 Port Identiticalion. Component ports, including 

pilot ports, shali be plainly and permanently 
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 identification shall then be plainly 
and permanently shown on an atlached tag. 

Hl.16.4 Vafva Operator Identification. Valve operators 
shaii be plainly and permanently identified 

with the same identification assigned them in the graphi- 
cal diagram, incitiding the operator function(s). Solenoid 
operators shall have the same identification in the 
graphical diagram and the installation as assigned them 
in the electrical diagram. 
H1.16.5 identitication ol  Internal Devices. Cartridge 

type and other functional devices (orifice plugs 
and passages, shuttle valves, check valves, etc.) located 
within a manifold, mounting plate, pad, or fitting shall 
be identified adjacent to their access openings. Where 
access openings are located under a component or 
components, identification shall be adjacent to the 
component and as ciose to the access opening as 
practical, and the identification marked "Concealed." 
H1.16.h Location of ldentificaiion. Component identifi- 

cation, other than the manufacturer's original 
information plate, shail be shown on a lag or plate per- 
manently mounted on the installation adjacent to, not 
on, the component, accessory, or device. 
N1.16.7 Control Station Namepialeo. A nameplate 

shall be provided for each control station com- 
ponent and shall be located where it can be easily read 
by the equipment operator. The nameplate information 
shall be peRinent and easily interpreted, providing posi- 
tive identification of the control component and its 
function [Ref. H13.2) 

H1.17 FLUIDS 
H1.17.1 Compatibility o l  Fluids. Fluid(s) used shall be 

compatible with the hydraulic components and 
shall be in accordance with the recommendations of 
the component man?ifactorer(s!. 
H7.17.2 Tfpe ot Fluid. The supplier shall provide the 

purchaser ivith the fluid specifications, in- 
cluding type, as recommended by the pump manu- 
facturer. 
A H1.17.3 Fire Hazard. Where flame, heated surfaces, 

or other ignition sources adjacent to a hy- 
draulic circuit could be a fire hazard, the hydraulic 
fiuid shouid be sufficiently fire resistant to prevent fire 
or explosion in the event of a major failure. Shielding 
or other isolation means may be used to prevent the 
fluid from reaching the ignition source under predicl- 
able failure conditions. 
H1.17.4 Fire-Resistant Fluids. Where fire-resistant 

fluid(s) is [are) required, the type(s) shall be 
specified on the purchaser's inquiry or Hydraulic Equip- 
ment Data Form, and be confirnied on the supplier's 
quotation. 
A H1.17.5 Separated Fluid Systems. Hydraulic and 

iubrication systems shouid be separated. 
Fluid from the hydiauiic system shouid not be used lo 
lubricate ways, slides, exposed surfaces, andlcr mech- 
anisms no! integral with hydraulic components. Where 
separation is impractical, the foilowing conditions shall 
exist: 
(1) Unit Pressure shaii be compalibie with the intended 

service. 
(2) Adequate means shaii be provided to remove con- 

tamination from the fluid. 
(3) Both the hydraulic and iubrication systems shail be 

capable of performing their required functions wi:h 
the common fluid specified. 

( 4 )  Complete hydraulic and lubrication iniormat'on shall 
be slated on the graphical hydraulic diagram. 

8 Hvdiauiic and lubrication srstems on mass Droduction 
equipment may be combined ocly where aireed to in 
writing by the purchaser. 
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H l . 1 8  SYSTEM TEMPERATURES 
H1.18.1 Heal Generallon. Hydratilic circuits shall be 

designed and applied as lo  minimize genera- 
tion of undesirable heat. 

Hl. lR.2  Operating Temperatures, Under conditions of 
continuous operation, the pump inlet temperature of 
the fluid should be 100" F (38" C) to 120' F (49' C), 
but shall not exceed 130" F (55" C). 

The pump inlet temperature of water-base fluids shall 
not exceed 120" F (49" 6). 
Hl.iB.3 Low Temperature Control. Where temperatures 

lower than 100' F (38' C) are required, the 
maximum allowable temperature shail be specified on 
the purchaser's inquiry or Hydraulic Equiwent Data 
Form and shall be confirmed on the suppiier's quotation. 
HI .?8.4 Differential Temperature Control. Where the 

appiication requires the equipmen: to operate 
within a specific range of dif!eiential temperatures, the 
minimum and maximum temperatures shall be specified 
on the graphical (circuit) diagram and the required 
controls agreed to in writing by the piirchaser and the 
supplier. 

N1.19 FlNRL TESTS 
Hi.?9.1 Noise Limit. Hydraulic systems on industrial 

equipment shail not raise the sound pressure 
level of the equipment, at the time of installation, above 
those specified by applicable codes and standards. 
H3.39.2 Leakage. There shail be no external leakage 

from the hydraulic system at the time of 
purchaser's acceptance. 
N1.19.3 Performance Tests. The hydrau!ic sys:em(sj 

on industrial equipment shall be completely 
performance tested to determine conformance with this 
Standard and the purchaser's specifications. 

H"i.20 PREPARAIIOFi FOR SHIPMENT 
141.20.1 identification of Piping. Where construction of 

the equipment requires shipping or moving in 
sections, removed piping runs an3 their corresponding 
terminai ports zndiof connectors shall be identically 
identified. 
N1.20,i: Packaging of Piping. Removed piping runs 

shali he packaged in a manner thai prctects 
them fiom damage and distorlion and preserdes their 
identi!icaiion during moving and shipping. 
H1.20.3 Sealing a? Openings. Exposed openings in 

hydraulic equipment shall be sealed and male 
threads shai! be sleeved during moving and shipping. 

H2.2.3 Ssie Working Range of Adjustable Conlrols. 
Pressure and flow control components shall be 

constructed in a manner that prevents adjustment out- 
side their safe working range. The manufacturer's infor- 
mation plate on piessure control components shall ha 
marked to indicate their minimum and maximum pies- 
sure limiis. 
W2.2.4 Adjustment of Controls, Adjustments on llo'ef 

control and pressure control components, ex- 
cept *'here tamper-resisiafit, shal! he accessible. 
M2.2.5 Securing Adjustable Componenl Settings. Pro- 

vision shall be made lor securing the individual 
settings of adjustable cornpsnents. (fief. HS.2: 
N2.2.8 Cocking of Adjustable Cornponsnf Settings. 

Where requested o n  the purchaser's inquiry 57 
the Hydraulic Equipment Data Form and confirmed on 
the supplier's quotation, means :or locking the en- 
clos~re(s: or compartrnent(s) in whish flow contioi and 
pressure control component are mounted, or for iocking 
their individual settings, shall be provided. (Ref. H8.3) 
N2.2.7 Loss 01 Working Pressure. Where loss or work- 

ing pressure could cause a hazard, loss o i  
accuracy or damage to t h e  equipment, means shall be 
provided to prevent operation under this condition. 
H2.2,$ Control Media Failure. Xydiaiiiic devices con- 

trolled electrical!). pneumatically, and/or hy- 
dfauiicaliy shali be selected and applied so that failure 
of the control media does not cause a hazard or dam- 
age to the equipment. (Rei. Hi3.7)  
N2.2.9 Control ot Multiple Devices. Wnere there is 

more than one automatically and/or manually 
controlled device on the industrial equipment and where 
failure of anv of these devices could cause a haraid or 
damage to the equipment, protective interlocks shall be 
provided. Where practical, these interlocks should inter- 
rupt all operations, but no? release any iocating pin, 
index drive engagement, latch, or clamping device, 
provided such interruption does not cause hazard or 
damage to the equipment or work in process. 
W2.2.10 Pump Stoppage inlerlock, Where more than 

one pump is used in the industrial equipment 
application, interlocks shal! be provided so that stop- 
page of one pump will not  caiise a hazard or damage 
to the eqvipmeni. 
W2.2.14 Pump Sequence Interlock. Where the opera- 

tion of a pump i n  improper sequence could 
cause a hazard, damage to the equipment, or to the 
work in process, inrerlocks shai! b~ provided to ensure 
operation of the pumps i n  proper sequence. 
H2.2.42 Pumps in Series. Wnefe pumps other than 

centriiugal type are applied in series, pressure 
protection shaii be provided to prevent any one pump 
being damaged from overloading. 

H2 Circuit Controls H2,3 BUMPS IN PARALLEL. Where oumos are con- . . 
nected in parallel: 

Hz.? DEFINITION OF CONTROLS 
a (1) Primarity for standby operation of mass production 

H2.1.1 Manual Controls. Manual control is any control equipment, valving to isoiate each pump assembly 
actuated by the operator. (Re!. ANS B93.2-1365, while the other($) is (are) still in operation shall be 

Glossary of Terms for Fluid Power) provided. 

H2.2 PROTECTION A (2) As a multiple insta!iation on mass producticn equip- 
n ment, vaiving to isolate each pump assembly while 

H2,Z.i Overpressure Protection. Internal andlor exter- 
the othsi(s) is (are) stili in operation should be 

nal overpressure protection shall be provided 
cn the discharge side of each pump, except centrifugal 

provided. 
m (3) Are iinidirectionai, and externally connected, means 

types, and ahead of any positive shutoff valve andlor should be piovidsd in the discharge line of each 
liow restriction. 01.erpressure protection shail be ade- pump assembly i o  p ie~iant  reverse flow of tne fluid. 
ouate for the intended service. 
N2.2.2 Tamper-Resistant Protection. Where a hazard 

ci damags may result if operating pressures H2.4 MANUAL CONTROLS 
are exceeded, tamper-resistant J e g ,  internal positive H2.4.i Control Station Nemeplales. A nameplate shaii 
stop, nonadjustable, etc.1 overpressure protection shall be provided ior  each control station compon- 
be proviled. en! in accordance with ti3.1.7 of this Standard. 

4 
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H2.4.2 Emergency Controls (Ref, H8.11.1, H8.11.2, 
H13.3) 

H2.4.2.1 Emergency Stop and Return Control. Ail 
industrial equipment shall incorporate an 

emergency stop or return controi. 
H2.4.2.2 Emergency Stop and Return Control Fea- 

tures. Emergency stop and return controls: 
(1) Shall be readily accessible from the operator's 

working position. 
(2) Shail not release any locating pin. index drive 

engagement, latch. lock, or clamping device. 
(3) Shall operate immediately. 
(4) Shall b r  independent and unaffected by the ad- 

justments of other controls or fiow restrictions. 
A ( 5 )  Should provide a blocking valve upstream in the 

supply line of the servo valve(s) for emergency 
stop. 

(6) Shali not require energizing any confroi element. 
(7) Shall not require operation of more than one 

manual controi for ail emergency functions. 
(8) Shall not create an additional hazard. 
H2.4.2.3 Duplicate Emergency Controls. Duplicate 

emergency controls shali be provided at 
each operator station. 
H2.4.2.4 Cycle Resfart. The equipment cycie may be 

manualiy restarted after an emergency 
operation, provided resumption does not create a 
hazard or cause damage to the equipment or to the 
work in process. Where restarting the cycle is not 
feasible, manual controis shall be provided for re- 
turning the actuators affected by the emergency stop 
to their cycle start or other preset position. 

A H2.4.3 Manual Control Levers. Manuaily actuated 
ievers should move in the same direction as 

the resulting motion of the reiated equipment element. 
(Ref. H13.6) 
H2.4.4 Required Setup Controls. Where equipment is 

controlied automatically, manual controls shali 
be 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 personnei, two-hand manual controls shall be 
provided for each operator, which: 
(1) Require maintained actuation of each controi 

throughout the equipment cycle or untii the point 
in the cycle is reached where the hazard ceases. 

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

(3) Are so designed that the equipment cannot be 
operated uniess both manual controls at each con- 
troi station are released between cycles. (Ref. H13.4) 

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

shali: 
(1) Place the controls within reach of the equipment 

operator from his normal working position(s). 
(2) Not require the operztor to reach past rotating or 

moving equipment eiements or work in process to 
operate the controls. 

(3 )  Not interfere with the equipment operator's required 
working movements. 

(4) Protect the controis from external damage. 
(5) Prevent inadvertent operation of the controls. 
(6) Provide adeqsate protection where controls are in 

high temperature or corrosive atmospheres. 
(7) Provide easy accessibility for maintenance. 
(8) Not use hydraiilic piping for support. 

H2.5 AUTOMATlC CONTROLS 
H2.5.1 Location ot Aulomatic Conlrola, The location 

mounting of automatic controls: 
(1) Shail be on a panel or circuit manifold adjacent to 

the related power unit, unless size, function, or pip- 
ing method requires alternate location. 

(2) Shali be a minimum of 24 inches (0.60 meter) or a 
maximum of 72 inches (1.83 meters) above the 
working floor, unless size, function, or piping meth- 
od requires alternate location. 

(3) Shall provide accessibility for adjustment and main- 
tenance of the controis without interfering with 
adjacent equipment. 

(4) Shall provide adequate protection o i  the controls 
where they are in high temperature o i  corrosive 
atmospheres. 

(5) Shali provide adequate protection of the controis 
from malfunction and damage that could be caused 
by work in process, waste materials, contaminants, 
and stock moving. 

A (6 )  Should not use hydfauiic pipe for support. (Ref. H8.5) 
5 W2.5.2 Cycle Time. On mass production equipment, 

load variations and changes in fluid tempera- 
lure shall not cause variations in cycie time inconsistent 
with the required sewice, provided voltage, frequency, 
and manual operations do not change. 
112.5.3 Surge Pressures. Circuits shaii be designed, 

constructed, and adjusted to minimize surge 
pressures. The hydrauiic components shali withstand 
existing surge pressures. (Ref. H8.6, H11.3; 1111.4, H13.1) 
H2.5.4 Sequence Control 

HZ.5.4.1 Sequence by Position. Where a sequence 
malfunction could cause a hazard or dam- 

???? age to the equipment or to !he work in process, p% .x<+ 2 sequencing sha!! be governed by mechanically actu- 

@, 1 ate" fiuld paver valves, i im t  ~w i t cheq  or other 
posltlon-sensing devices. 
H2.5.4.2 Sequencing by Pressure Sensing and by 

Time Lapse. Where a sequence malfunction 
cannot cause a hazard or damage to the equipment 
or to the work in process, sequencing from pressure 
sensing andlor time lapse measuring may be used. 

H2.5.5 Uncontrolled Movement. The circuit shall be 
designed to prevent uncontrolled movement 

and improper sequencing of the hydraulic actuators 
during all phases of the equipment cycle, including 
pump idling, starting, and stopping. (Ref. 1113.8) 
W2.5.6 Feed Confro!s 

H2.5.6.2 Constant Feed Rates. Circui?s requiring 
Constant feed rates shall maintain consis- 

tent flow rates for the service intended, independent 
of reverse force and intermittent loads, and shouid 
be independent of fiuid temperature fluctuatlons. 

A H2.5.5.2 Minimum Feed Volume. The minimum con- 
stant feed rate without feedback should 

provide not less than 6 cubic inches (98 cubic centi- 
meters) per minute fiuid flow through the governing 
flow control. 
H2.5.6.3 Traverse to Feed TransiUon. in changing 

from rapid traverse to feed, the starting 
position of the fed rate shali be consistent and safis- 
factory for the intended service and shail be fail- 
safe. 

c On mass production equipment where the starting 
position of the feed iate is fixed, shifting from raDid 
traverse to feed shali be by direct cam operation of 
the selecting valve. The feed position of the seiecting 
vaive shaii be maintained. 

5 
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M2.5.5.4 Trip Devices. On general purpose equ ip  
ment, feed and cycle limiting trip dpvices shail 

be adjustable. 
m Feed limiting and cycle limiting trip devices used on 

mass production equipment shall be so arranged that 
feed distance(s) can be set and secured. After feed 
distance(s) is (are) preset, the limiting trip device 
assembly shall be adjustable as an assembly. 

A H2.5.7 Positive-Position Stops. Positive-position stops 
shouid be so designed that the dwell time is 

nor affected when rhe po~itive-position stops are reset. 

H2.8 ENCLOSURES AND COMPARTMENTS 
N2.8.j neAnitioc of Comparlment. A compartment is a 

soace within the base. frame. Or column of the 
equigment. (Ref. AN' 893.2-1965, Glossary of Terms 
for Fluid Powerj 
M2.8.2 Delinition of Enclosure. An enciosure is a 

housing for components. (Ref. ANS 893.2-1965, 
Glossarf of Terms for Fluid Power) 
H2.8.3 MaiEilerbsir. Enciosures, enclosure doors, and 

compartment doors for housiny automatic con- 
trols shall be sheet steel not thinner than 14 MSG . - .  - 
(1.88 mm), or approved eqiiiva!ent. 

H2.6 CIRCUIT RELEITIONSHIPS H2.8.4 Types of Boors. Enclosures or compartments 
~2.6 .1  Multiple Acliia:o?s. Circuiis o r  induslriai equ ip  shall have hinged doors that swing horizantaliy 

men! having two or more moving elements, or shall have seif-supporting sliding doors. 
heads, slides, actuators, and/or combinations thereof 
shall be designed to ensure operation i? the proper 

N2.8.5 Fasleners lor Doors. Dsors shall be heid closed 

sequence regardiess of load variations. with mechanical lasteneis al the captive type 
that requires hand tocls to open or shaii be provided 

A ~2.6.2 Flaw Propoitionmeni. Proportionment of fiows with a key lock. (fief, W2.2.6) 
for supply purposes should be by nonadiust- 

able or jockable components thai nlaintain Consistent 
M2.8.6 Maintenance Access. She size of compartments 

flow rates or by continuous positive displacement, in- and eiiciosuies, and the arrange.nent o i  the 

dependent of reverse iorce and intermittent loads. 
control devices within, shall provide adequa?e room for 
ms-in?enance. 

a ~2.6.3 Simultaneous Operation. Where a common 
fluid source is used l o i  simultaneous motion of 

two or more actuators, means should be provided lor  H 3  cylinders 
reasonable propoilionmeat oii in£ fluid to assure in- H3.1 CVLIMBER SPECiFlCkT!ONS, The mounting dimen- 
tended motion of each actuator. sions, rod sizes, and bore sizes of commercially 

~2.7 SERVO CONTROLLED CIRCUITS evailable cyiindefs shail conform :o ANS 893.8-1968, Bore 

H2.7.1 Semo Vailre Location. The servo valve shd l  be and Rod Size Conflgiiratior and Combinations, and to 

mounted as ciose to tne related actuator as ANS 893.3-1968, Cylinder Bore and Piston Rod Sizes ior  

practical :0 minimize the contained volume between the 
Fluid Poiver Cylinders. 

valve and the actuaiar. (Ref. 118.4.21 a Where a ~ ieference of cylinders exis:s lor mass prodi~c- 
- m ~ - t i o n  equipment, ihe pielerence shaii be specified on the 

~ 2 . 7 . 2  Servo Valve Access. Servo valves shall be 6.4 :& 
readiiy removable piping or iz7,r -*purchaser's inqi i i r j  o i  ihe Hydraulic Equipment Data Form. 

other equipmeni elements. .g jW3.2 CMJMOER ALKNMENI. Tile a!ignment of rigidly 
A H2.7.3 Elsctrohydrauiic Sew0 Valve Features. Electri<&;a mounted cyiinders with de~enden i  siides and 

cai connections to eiectricaiiy operated servo other guided equipment elements shall apply no side or 
uaives should utilize plug-in oil-tight connectors. (Rei. radial load to the piston rod or ram. 

H8.9.2) 
A H2.7.4 Emergency Blacking Valve. A blocking valve 

W3.3 NONRIGID MOUMTNlGS. Cylinders with nonrigid 
mountinc!s) shall be applied in accordance with 

should be used upstream in the silpply line to the manufacturer's specifications, including stroke length, 
the servo valve(s) for emergency stop. (Ref. H2.4.2, loading, and use of stop ?ubes. 
Hs.ll.2. Hl3.31 

A H2.1.5 Fiuid Loss Prevention. Means should be pro- H3.4 CYLIMOER SER'JICIMG. The design of the actuated 
vided in both the supply and reiurn lines of a equipment shail: 

sewo va!ve to automaticaliy prevanl fluid draining from (1) Provide accessibility ior cylinder sewicing. 
the valve, the ieiared piping, and actuator when the (2) Permit repiacemen? of continuous ring piston rod 
system is off. (Ref. H8,11.3) packings and saais in the cylinder. 

A H2.7.6 Prolection Against inertia Loads. Crossover 
overpressure protsciion should be used be- H3.5 CYLINDER REPLACEMENT. Cylinders that are no i  

tween a servo valve and its related actuator where high 
an integral pan of the equipment shall be ieplace- 

inertia loads are reflected to the actuator. (Ref. H8.il.4) 
able. 

N2.7.7 Filter Type and Location. Full flow filtration H3.6 REQUIRED CUSHIONS. Where a cy!inder head is 
shall be used in the supply line preceding a used as a positive-position stop, the stop head shall 

servo vaive. (Ref. Hi.5.i) incorporate an ariiustaS!e cushion or an external decelera- 
H2.7.8 Filter Rating. Filter and air breather :stings tion control shail be provided to minimize detrimental 

shall be compatibie with the s e r ~ o  valvelsi mezhanicai impact. 
~~ .~~ , 

A H2.7.9 Fluid Sampling. A means of obtaining a repre- 
sentative fluid Sample without disturbing piping 

should be provided to permit periodic measurement of 
the fluid cieaniiness ieve!. (Re:. H11.22.4) 
H2.7.10 Flushing. Flushila vaives or flushing plates 

shall be utilized during the initia! start-up. 
Fiushing of the system shall continue until the required 
cleanliness level is obtained before instailation of the 
serio valves. This proceduie should also be used when- 
esier the hydraulic system is opened or the cleanliness 
ieve! exceeds ihe recoinmended standard. 

N3.7 CYLINDER SEAL AND SEALING DEVICE 
t43.7.1 Seal Requjremenis. Cylinder sea! requirements 

not specificaiiy covered in the following para- 
graphs shall be in acccidsnce with Section H I 2  of this 
Standard. 
H3.7.2 Cylinder Seals. Seais thai do not leak under 

working conditions withi? the intended sewice 
range: 
(1) Shall be used for cyiinder end sealing. 
(2) Other than that required lor lubrication, shail be 

used for piston rod sealing. 



JIC HYDRAULIC STANDARDS - CONTINUED 

A H3.7.3 Piston Rod Seal Replacement. Piston rod seal 
assemblies should be replaceable without cyl- 

inder disassembly. 
H3.7.4 Dual Piston Rod Seals. Cylinders with dual 

piston rod seals shall: 
(I) Be specified on the purchaser's inquiry or the 

Hydraulic Equipment Data Form and shall be con- 
firmed on the supplier's quotation. 

(2) 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 metallic, they shall be of the step-cut type or 
I shall provide equivalent performance. 

A (2) Can tolerate no leakage other than that required for 
lubrication, they should be an elastomeric type and 
material. 

H3.8 PISTON RODS 

H3.8.1. Piston Rod Size. The piston rod sire, including 
its thread, shoulder, and column strengths, 

shall be adequate for the service intended. 
H3.8.2 Piston and Rod Assembly. Pistons shall be posi- 

tively locked to the piston rod. 
H3.8.3 Piston Rod Hardness. Piston rod material and 

hardness shall be such as to minimize scoring, 
A H3.8.4 Protection of Piston Rods. Piston rods should 

b 
be adequately protected from damage by cor- 

rosion and ab:asion by detrimental materials. 

H3.9 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 shall have provision for purging 
entrapped air. 
H3.9.3 Air Bleed Accessibiiity. External provisions for 

purging entrapped air from cylinders shall be 
accessible. 

H4.1 FLUID MOTOR DATA 
H4.1.1 Motor Data. A data sheet, catalog, or listing 

that is in accordance with ANS Y14.17-1966, 
Draftinq Standards for Fluid Power Diagrams, giving ~. 
informaiion on minimum and maximum rpm, pressure 
range, voiumetric displacement, torque or horsepower 
output, snd the viscosity range of each rotary fluid 
motor shall be provided. 
H4.1.2 Duplicate Information. Where a rotary motor 

manufacturer's information plate is not readily 
visible, a plate with duplicate information shall be in- 
stalled in a readily visible location as closely adjacent to 
the component as is practical. 

The manufacturer's original information plate shall 
not be removed. 
H4.1.3 Direction of Motor Rotation. Where reverse 

rotation of a unidirectional fluid motor appllca- 
tion could cause a hazard or damage to the equipment. 
the direction of shaft rotation shall be clearlv indicated 

H4.2.2 Protection of Rotary Motors. Rotary fluid motors 
shall either be mounted where they are pro- 

tected from damage or suitable guarding shall be pro- 
vided. 
H4.2.3 Rigid Mountings. The mounting 01 rotary fluid 

motors to or on their driven mechanism assem- 
blies shall be sufficiently rigid so as to prevent mis- 
alignment due to work load, temperature variations, 
and/or rnaximum torque transmission. 
H4.2.4 Direct-Coupled Fluid Motors. Direct-coupled 

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

H4.3 SHAFT COUPLINGS 
H4.3.1 Power Transmission. Shaft couplings shall be 

adequate to transmit the rated torque of the 
rotary fluid motor, including any required braking 
operation. 
H4.3.2 Flexible Couplings. Where flexible couplings 

are used with a rotary fluid motor. the couplings 
shal! be readily accessible. 

o On mass production equipment, flexible couplings used 
between shafts shall be of a type approved by the 
purchaser. The type of coupling(s) should be specified 
on the purchaser's inquiry or the Hydraulic Equipment 
Data Form and shali be confirmed on the supplier's 
quotation. 

H4.4 INSTALLATION OF FLUlD MOTORS 
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 rnaximum limits 
of the manufacturer's s?ecifications for the intended 
service. The starting and stall torque-, the effect of load 
variations, and the kinetic energy of the moving load 
shall be considered in the application of rotary fluid 
motors. 
H4.4.2 Compatibility with the Fluid. Rotary fluid motors 

shail be compatible with the fluid used. 
H4.4.3 Motor Brains. The sire, location, termination. 

and configuration of the piping for required 
rotary fluid motor drains shall be in accordance with 
the component manufacturer's specifications and shall 
be piped separately without restriction to the reservoir 
or to a vented collecting manifold. (Ref. H11.12) 
H4.4.4 Prefill of Motor Housings. Where the manuiac- 

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

H5 Pumps 
H5.1 PUMP DATA 

H5.1.1 Information and Specifications. A data sheet. 
catalog. or iisting that is in accordance with ANS 

Y14.17-1966. Drafting Standards for Fioid Power Dia- 
grams, stating information on rpm, pressure range. 
vclumetric output, horsepower requirements, and the 
fluid viscosity range shali be provided for hydraulic 
pumps. 
H5.1.2 Duplicate Information. Where the pump manu- 

~ ~ 

on the motor or the driven assembly and be clearly factiirer's information plate is not readily visible. 
visible, and the direction of fluid flow to the related a plate with duplicate icformation shall be installed in a 

D motor ports shall be clearly indicated on the graphical readily visible location. 
diagram. The manufacturer's original information plate shall not 

be removed from the pump. 
H4.2 FLUID MOTOR MOUNTINGS H5.1.3 Direction of Rotation. The direction of rotation 

H4.2.1 Accessibility of Rotary Motors. Rotary fluid shall be clearly indicated on each pump and 
motors, and assemblies that include rotary fluid shall be readily visible. 

motors, shall be readily accessible for servicing. 
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n5.2 PUMP MOUNTINGS H6.2 NONIMTEGWBL RESERVOIRS. Nonintegral fluid 

~5 .2 .1  Pump LOCL~~~OR. Pumps and subassemblies that resewoirs shall be in accordance with NFFA stan- 

include a pump shall: dard T3.?6.2, Nonintejral industrial Fluid Power Hydraulic 

(7) Be readily accessible for maintenance. Reservoirs. 

(2) Be mounted where they are protected from damage. s NS.3 INTEGRAL. RESERVOIRS. integrai reservoirs on 
(3) NO? be mounted inside of a resewoir. mass production equipment may be used only by 
H5.2.2 Rigid Mounting. The pump and drive motor specific agreement betwcon iine purchaser and the supplier 

moiinting shaii be Sufficiently rigid to prevent and should be in accordance wit":NFPA standard T3.76.2, 
misalignment due to work load, temperature variations; where practical. 
and/or rated torque transmission. 
H5.2.3 Direct-Coupled Pumps. Direct-coupled pumps 

shali he securely mounted in a manner that 
assures alignment. 

A H5.3 BUMP AND BRlVE MOPOW WPES. On mass pro- 
m duction equipment, standard single-end shaft, 
foot mounted elecliic motors, and hydraulic pumps should 
be used. 

H6.4 ELEVATED RESERVOIRS 
s W6.4.1. Elevated Reservoir Filling. Where the resewoir 

top for mass production equipment is elevated 
to a height of more than 4 feet (1.22 meters) above 
floor level, manual of au:?rnii?ic means for fiiiing from 
the floor level shail be piirvided. 
M6.4.2 Elevated Reservoir Fiuid Level. Eievaled reser- 

voirs shail be equioped with a fluid level iadi- 

H5.4 COUPLINGS OF PUMPS TO DRIVE MOTORS calor that can be easily read from the working floor 
level, 

5.4.1 Power Transmission. Shafi couplings shall have 
adequate capacity to transmit the power re- H8.5 MULTIPLE RESERVOIRS, Adequate and effective 

quired. means shall be prw4iiei; to ccntro! the reservoir 
N5.4.2 Flexible Couplings. A flexible coupling shall be fluid levels where ?wn or more separated reservoirs are 

used between the pump and drive motor used with a common ivdraolic circuit. 
shafts 

rn Gn mass production equipment, flexibie couplings of a H7 Filtration and Fluid Conditioning 
type approved by the purchaser shaii he used between 
i h s  niimn and drive motor shafts. The Woe of flexibie N7.1 REMOVAL Of CONTAMINANTS. Fiji ialion shall be . . . - -. . -. . - . . 
coupling should be specified on the purchaser's inquiry provided lo remove detrimental material from the 
or Hydraulic Equipment Data Form, and shall be con- hydraulic fluid. The degree of filtration shall be consistent 

firmed on ihe supplier's quolation. with the sewice intended. 

M5.4.3 Safety Guards. A detachable safery guard shall A H1.2 FULL-FLOW FILTRATION. Full-flow fillraiion 
be fastened over exposed couplings and ro- should be used to ensure maximum iluid ex- 

taling sbaf?s. lo  the filtering element. 

H5.5 lNSTALLATlON OF PUMPS PROPORTIONAL NLTRATION. Where proportiooal 
H5.5.1 RPM of Bumps. The pump operating rpm shal! , 

fiitration is used, the flow capacity shall he sufli- 

not exceed the manuiacturer's speciilcations cient to filter all the hydraulic fluid in the circuit within a 

for the service intended. maximum period of four hotiis. 

s On mass production equipment where the purchaser n M7.4 SPEClFlC TYPE OF FILTER. Where a specific 
requires pump rpm other than that recommended by the type of filter is required on mass production 
manufacturer, the required rpm shail be specified on the equipment, the type shall be specified on the purchaser's 
poichaser's inquity or Hydraulic Equipment Data Form inquiry or the Hydiauiic Equipment Data Form and shall 
and shall be confirmed on the suppiier's quotation. be confirmed on the supi;lier's quotation. 

~ 5 . 5 . 2  Pump Inlet Piping. Pump iniel piping shall be H75 FILTRATION FOR SERVO CONTROLS 
in accordance with the piimp manufacturer's H7.5.1 Filter Tape and Location. Full-flow filtration 

specifications. (Ref. W11.6i shal! he used in the supply line preceding a 
M5.5.3 Compal ib i l i~  with the Fluid. Pumps shall be sewo valve. (Ref. MS.1.7) 

compaiibie with the fluid used, H7.5.2 Filter Rating. The filter and breather rating shail 
M5.5.4 Pump Drains. The size, iocaticn, termination, be compatible with the serdo valve(s) used. 

and contisuration o i  the piping for :equired 1R-f H7 7 R I  . ~ 

pump drains shall be in accordance with the cornpon- 
ent manufacturer's specifications and shail be piped 
separately withoui restriction to the reservoir or vented 
collecting manifoid. (Ref. Hli.12) 
H5.5.5 Piefill of Pump Housings. Where the manufac- 

turer's specifiiztions require preiiiling pump 
housings with fluid prior to sta?-up, a readily accessible 
means of nrefiilina shall be vrovided and shall be so 

>. . ."# 

tll.6 FILTER PRESSURES 
N7.6.1 Pressure Drop. Provision shall be made for 

limiting the maximum pressure 2mp across the 
fiiter eiement to She m2nufa~:urer's specification. 
HS.S.2 Housing Pressure;, The tiller housing pressure 

shall not exceed the manufacturer's specifica- 
tion. - ~ F -  - 

iocated to assure no entrapment of air in the housing. m.7 Fli~iER SERVICING 
HS.5.6 Pump Priming. Where the pump siari-up dis- 

charges against a blocked passage, provision 
sha!! be made in the pump discharge line, ahead of the 
blocking component, for Purging air from the pump 
chambers. Purging shali terminate automaticaiiy when 
the pump primes. 

. . . . . . . - . -. . . -. . . . - . . . . 
H7.7.1 Construction and instailation. The fiiter con- 

struction and the iil!sr ins:ellatinn shali permit 
changing of the fiiter e!ement viithout disturbing the 
piping, Filters shall be readiiy accessible for servicing. 
H7.7.2 Condition Indicator. A means should be pro- 

vided to indicate when the filter needs ser- 
vicing. 

H6 Fluid Reservoirs a On mass production ecjuipment, a means shaii be pro- 

W6.1 LlMliATiONS OF THIS STANDARD. This Standard vided lo indicate when the filler needs se,wicinc. 

applies to integral and nonintegral reservoirs; it H7.9.3 Element identi:ica?ion. The filter element identi- 
does not apply to sealed or pressiirized reseivolw. fication number shall be permanently dispiayed 

o r  the fiite: nousing. (Ref, H:.15.i) 
8 
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m 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 Filten. 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 across a suction filter (strainer) installed below 
the fluid level should not be greater than Y2 psi clean. 

A At the maximum flow required using fire-resistant fluids, 
the maximum pressure drop across a suction filter 
(strainer) installed below the fluid level should not be 
greater than 1/4 psi with the filter in the new and clean 
~onditinn 

H8.4.2 Servo Valve 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 between the valve and the actuator. 
(Ref. H2.7-1) 
H8.4.3 Valves Above Fluid Level. Valves shall be 

located above the high fiuid of the reservoir 
except where proper functioning requires otherwise. 

A H8.5 VALVE SUPPORT. Piping should not be used to 
supporl valves. (Ref. H2.5.1) 

H8.8 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 - -, . - . . . - . . . 
H7.8.2 Suction Filters Above the Fluid Level. Suction valve requires an external drain, thedrain shail be 

filters (strainers) used above the fluid level piped to the reservoir or a vented collecting manifold. 

shall have flow capacities conforming to the recommen- (Ref. H11.12.1) 

dations or specifications of the pump manufacturer. H8.8 MANIFOLD MOUNTED VALVES 
A H7.8.3 Suction Filter Condition Indicator. Where a H8.8.1 Mounling Face Seals. Sealing devices that seal 

suction filter (strainer) is used, means should with pressure shall be used in the interface 
be provided to indicate when the suction filter needs mounting of manifold valves. 
servicing. 

- 
A H8.8.2 Valve Locating Pins. Manifold mounted valves 

H7.8.4 Servicing Without Draining Reservoir. Where a should have locating pins. 
suction filter is used below the fluid level, pro- 

vision shall be made for element removal and servicing 
H8.8.3 Interface Hole Palferns. The interiace pattern 

of manifold mounted valves shail conform to 
without draining the reservoir. ANS 693.7-1968, Dimension for Mounting Surfaces of 

A H7.8.5 Servicing Without Shutdown. Where suction Sub-plate Type Hydraulic Fluid Power Valves. 
s filters (strainers) are used on mass production 

eouioment. means for servicing the fiiter element(s1 H8.9 ELECTRICALLY OPERATED VALVES ~~, . 
u I ~ O L I  - ! 3 ~ 3  cg !ne c(;diprnrnl SPUU d be provided 
H7.8.6 Self-Cleaning Suction Filters. Se'l c'e3nrng SLC- 

i '1 I ! t r s  (stra.ners1 sha'l be a.lornat,cn'ly 
actuated. 

H7.9 MAGNETS 
AH7.9.1 Capacity 01 Magnets. Magnets of sufficient 

quantity and strength to remove ferrous par- 
ticles from the circulating reservoir fluid should be 
provided. 

a H7.9.2 Location o l  Magnets, Where magnets are used, 
they should be located in the return side of the 

reservoir near a baffle opening. 
H7.9.3 Servicing of Magnets. Magnet assembly instal- 

lations shall be readily accessible and exclude 
entry oi contaminants during servicing. 

A H8.1 PRESSURE CHECKING PROVISIONS. Pressure 
control valves should have provisions for gauge 

checking the governed pressure. 

H8.2 SECURING ADJUSTABLE VALVE SETTINGS. Pro- 
vision shall be made for securing the individual 

settings of adjustable valves. (Ref. H2.2.5) 

H8.9.1 Solenoid Valve Features. Solenoid valves shall 
have: 

(1) Sealed solenoid enclosures that prevent entrance 
of contaminants. 

(2) Adesuate internal sDace to accommodate 6 inch 
3: 1 (15.2 centimeter) tanid leads of No. 14 AWG wire. 

i ~ e f .  JIC EGP-I:I~&' and EMP-1-1967) 
(3) Ring type connectors on the wire leads. (Ref. JIC 

EGP-1-1967 and AMP-1-1967) 
(41 Threaded electrical conduit connections INPSM). 
(5') Captive type fasteners to secure covers. 
(6) Suitable means to prevent loss of covers. 
(7) Manual overrides which can be operated without 

removing solenoid covers or enclosures, but which 
cannot be operated accidentally. 

(8) Suitable means to prevent eiectrical operation of 
the valve when a solenoid cover or enclosure is 
removed. 

A H8.9.2 Eieclrohydrautic Servo Valve Features. Electri- 
cal connections to electrically operated servo 

valves should utilize plug-in oil-tight connectors. (Ref. 
H2.7.31 
H8.9.3 Destructive Hammering. Solenoid and hydrauli- 

cally operated valves shall be selected and in- 
stalled to eliminate destructive hammering of the sole- 
noid* s n l  ~"""1s 

= H8.3 LOCKING OF ADJUSTABLE VALVE SETTINGS. 
Where requested on the purchaser's inquiry o i  

the Hydraulic Equipment Data Form and confirmed on the 
supplier's quotation, means shall be provided for locking 
the enclosure(s) or compartment(s) in which flow control 
and pressure control valves are mounted, or for locking 
their individual settings. (Ref. H2.2.61 

H8.4 VALVE LOCATIONS 
H8.4.1 Panel Mounting. 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 alternate 
location. (Ref. H2.5.11 

. . - . - - - . . - - - - . -. 
H8.10 VALVE SERVICING 

H8.10.1 Accessibility. Valves shall be access;b!e for 
adjustment and servicing. 

h H8.10.2 Valve Replacement. Manifold mounlel valves 
should be used to permit remor~al and replace- 

ment without disturbing the fluid lines. 

H8.11 VALVE APPLICATION 
- H8.1.1 Emergency Functions. Valves used for emer- 

Sency functions shall operate immediately and 
shall not require energizing any control element. (Ref. 
H2.4.2.2) 

A H8.11.2 Emergency Blacking Valve. A b!ocking valve 
should be used upstream in the supply line to 

the servo valve for emergency stop. (Ref. H2.4.72. 
H2.7.4, H13.3) 
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A H8.11.3 Fluid Loss Prevention. Means shouid be pro- 
vided in both the supply and return lines of a 

servo valve 10 au?omatically prevent fluid draining from 
the vaive, the refated piping, and actuator when the 
system is off. (Ref. H2.7.5) 

A H8.11.4 Protection Against Inertia Loads. Crossover 
overpressuie protection should be used be- 

tween a servo valve and its related actuator where high 
inertia ioads are iefiected to the actuator. (Ref. H2.7.6) 
W8.il.5 Graritalional Effect. The effect of gravity on 

the main elements of a vaive shal! be con- 
sidered in mountins any valve to assure faii-safe con- 
ditions. 
H8.1.6 CounteibatancinS On veiticai and inciined 

equipment slides, rams, and other similar 
equipment elements, means shaii be provided l o  prevent 
their raoid drov. This is a requirement in the absence 

839.4.2 Pressure imolaiien, Whe16 deviatiDn is agreed 
to or a circuit application utilizes accumulator 

liquid pressure isolation only (not vented) when equip- 
ment is shut off, compiete information for proper ser- 
vicing shail be given on or near the accumulator in a 
visible location. The intormation shail include the slate- 
ment -CAUTION - PRESSURIZED VESSEL." Duplicate 
information shal! be provided on the Graphical diagram. 
H9.4.3. Discharge Rate. Accumulator discharge rates 

shal! be restricted to the demands of the in- 
tended senice. 
W9.4.4 Charging Medium. Gas accumuiators shall be 

charged with nitrogen or an inert gas. 

Hs.5 ACCUMULATOR lDENTlFlCRTIQN PUTES. The 
ioilowing information shail be permanently indi- 

cated on the identification plate of each hydraulic accu- 
m,, istnr ". . 

of co~n ie rwe igh t in~ .  not a substitute for, or an addition (1) Manufacturei's name and adnress. 
to, counterweignting. (Ref. 1113.9) (2) Maniifacturer's model number. 
).18.1?.7 Miiiiip!e Flow Path Valves (3) Manutacturer's serial number: i f  any. 
A H8.11.7.I Spoal-Type Valves. Spool-type valves with (4) Rated hi'aximum working 2iessure. 

multiple flow paths shouid be mounted (5) Fluid cspaciiy, 
with the mzin spool e l  the vaive in a horizontal plane (6) Charging me+ riiim. 
to prevent uncontrolled movement and hazard. (7) Piecharge pressure. 
H8.11.7.2 Soring Returned Valves. 'Nhere the mount- (81 CAUTION - PRESSURiZED VESSEL 

~ - 
ing position of a spring returned vaive 

with multiple iiovv paths piaces the main element of N9.E IDENTlFICATiCN OF CHARGING MEDIUM. The 

the valve in a vertical plane, the spring force applied chargicg medium a n d  -recharge pressure shail be 

on the main element should be in a downward direc- inscribed on the accumuiatoi nameplate bj ihe suppiier 

tion. Circuits shali use tt.is returned position of a at time of ilisiai!a:ion. {Ref. H9.5 6, 7). 

spring returned multiple tiow path valve as the faii- W9.7 ACCUMULATOR SERVICIMG. Accumulators shall be 
safe condition. readilv accessib:e for removal and servicinii. 

118.11.8 Delenled Valves. Two-position, no-spring, -?*i~-i 

spooi-type valves shail have their spool posi- .$?--:"1 . H I 0  Heat Exchangers tion mechanicaiiy maintained by detents or equivalent if.;r T.i 
means. x-.", "1110.1 APPLICATION. The use and appiication of heat 
HB.11.9 Required Two-Position Valves. Two-position: -"'-'. -' exchangers shall be subject to approvzi by the 

no-soring vaives shall be used for operating ~urchaser. . . 
iocating pins, index engagement or clamping mechan- 
isms, or any actuators requiring the maintenance of 
their position during start-up, stopping, or in the event 
of elceiiicai failure. (Rel. W8.71.8) 
N8.11.10 Independent CDnlroI 0% Actuators. Where 

actuators are automaticailj, controlled, man- 
ual contiois shali be provided :o independentiy position 
;irti!atois :o the oreset timinci or start cycle locations 

~ . . - 
and to changeover and setup iocations. (Ref. H2.4.4) 

H9 Accumulators 
H9.1 ACCUMUbAIOR CONSTRUCTION. The accumuiator 

shaii be constructed to conform to ASME Revision 
1 Section 8, Code for Unfired Pressure Vesseis 

Hg.2 RELIEVING FOR BiSASSEMSLY. Means shall be 
provided for sateiy relieving accumuiator gas and 

iiquid pressure prior to accumulator disassembiy. 

H9.3 AIR BLEEDING. Circuits that inciude accumuiators 
shall be so arranged that all the air can be bied 

from the hydraulic circuit. 

M9.4 ACCUMULATOR SAFETY (Ref. 1113.10) 
H9.4.1 Automatic Vent. Hydraulic circuits incorporaling 

accumulators shall automaticaily vent the ac- 
cumulator iiquid pressure or shail positively isolate the 
accumuiator when the e~uiument is shut off. lsoiaiion ~-~ ~ . . 
shall prevent uncontrolled movement of the actuators 
in case manual overrides on associated equipment are 
operated. 

H10.2 UNUSUAL TEMPERATURE. Any unusuai iempera- 
ture that affects the equipment operation shali be 

specified on purchaser's inquiry or Hydraulic Equipmen: 
Data Form and shali be confirmed on the supplier's quota- 
tion. The supslier shculd incluc'e the ambient temperature 
effect in determining :he necessity for (and sizing of) heat 
exchangers. 

H10.5 USE OF THERMAL CONTROLS. Wheie the use 
of heet excnansers is approved, automatic thermal 

contiois sha:! be used as required to maintain the oper- 
ating temperaiure range of the hydraulic fluid, 

ii10.6 BrAGRAM DATA. Tne make, ijpe, pipe size. 4 
capacity, and ra%s of fluid flow shali be clearly 

indicated on the graphical diagram. 

HI1 Piping, Fittings: and 
Fluid Passzges 

H1l. l  PIPING DEFINITIONS 4 
H11.1.1 Piping, Fiping inclhdes all pipe, tubing, hose, 

and fittings. (Ref. AEIS B93-1365, Giossary 
of Terms for Fluid Power) 
H11.1.2 Passage. A passage is any machined or fluid- 

conducting path which lies within or passes 
through a coilponeill. (Ref. ANS 893.2-1965, Giossarj 
of Terms for Fluid Power). Passages include eli con- 4 
ductors other than piping. 

H11.2 PIPING LAYOUT, Where reqi isted on the pur- 
chaser's inquivj and cocfirmcd on the suppilei's 

quotation, a pipin9 iayou? shali be furnished by the sup- 
plier. Photographs may oe substituted by agreement. 
(Ref. H l . l G . 3 )  

4 
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H11.3 WALL STRENGTH OF PIPING. Piping shall have 
adequate wall strength to withstand additional 

pressure above that o f  the intended service, including the 
surge pressure rise rate and frequency developed when 
cycling the equipment. (Ref. H2.5.3, H8.6, H11.4) 

Use of operating pressures above 2500 psi (172.4 bars) 
and the selection of piping materials shall be by written 
agreement between purchaser and supplier. 

H11.4 SURGE SUPPRESSION. 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 excessme heat. 

H11.6 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 fluid velocities 
through piping: 

(1) Shali not create undue temperature rise, pressure 
drop, or shock load on the equipment. 

.i (2) Should not exceed 15 feet (4.5 meters) per second. 
Where velocities exceeding 15 feet (4.5 meters) per 

second are required, the hydrauiic equipment shall be 
sompalibie. 

:* Where a maximum velocity of less than 15 feet (4.5 
meters) per second is desired on mass production 
equipment, the desired velocity shall be specified on 
the purchaser's inquiry or the Hydraulic Equipment 
Date Form and shall be confirmed on the supplier's 
quotation. 

H11.8 PIPING RUNS 
H11.8.1 Continuous Tubing Runs. Exclusive of termi- 

nal connectors and adapters, tubing runs shall 
be integral and continuous from one device or com- 
ponent to another. 
Hll.B.2 Tube Branching. Tube branching should occur 

at terminal connectors andlor adapters that 
are secureiy anchored to a terminal device or com- 
ponent. 

r H11.8.3 Number of Fittings. Piping runs fabricated of 
welded or threaded joints should contain a 

minimum nuwber of fittlngs and bends. 
Couplings shall be used oniy where necessary for 

length and assembly. 

H11.9 PIPING ACROSS ACCESS WAYS. Piping runs 
across access wals shall no tinterlere with the 

normal use of the access way and should be located either 
below or well above the floor level and shall be in accor- 
dance with purchaser's requirements. These piping runs 
shall be readily accessible, rigidly supported, and, where 
necessary, protected against externai damage. 

H1l.10 PIPING BETWEEN ASSEMBLIES. Where the 
equipment is constructed of separated assem- 

blies, a 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. 

H1 l . l l  PIPING LOCATIONS. The location of piping shall 
not interfere with the adjustment, repair, or re- 

placement of components or the industrial equipment 
elements, nor shall it subjet the piping to wear or damage 
from the work in process, the normal operation of the 
equipment. or the perfrrrmance of normal maintenance. 

H11.12 EXTERNAL DRAINS. Components with external 
drains shall be drained to the reservoir through 

separate piping runs or through a vented collecting mani- 
f o l d  (Ref. H4.4.3, H5.4.4, H8.7) 

11 

H11.13 FOREIGN MATTER IN PIPING. Piping, fittings. 
and fluid passages, including cored and drilled 

holes, shall be tree of detrimental foreign matter (scale. 
burrs, etc., that may be dislodged to cause malfunction 
or restrict flow). 
H11.14 PIPING CONNECTIONS 

H11.14.1 Fitting Materials. Unless compatibility or 
pressure requirements necessitate alternate 

materials, steel fittings shall be used. 
H11.14.2 Stepped Passages. Fittings with stepped-up 

or restricting stepped-down passages are not 
recommended. 
H11.14.3 Orilice Fittings. The size, function, location, 

and identification of orifices within fittings 
shaii be shown on the graphical diagram. (Ref. ANS 
Y14.17-1966, Drafting Standards for Fiuid Power Oia- 
grams) Fittings 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. H1.16.6) 
Hn.14.4 Soldered Connections. Soft solder connec- 

tions shaii not be used. 
H11.14.5 Sealing Flanged Connections. Flanged con- 

nections shall use sealing devices that seai 
with pressure. 
H11.14.6 High Pressure Connections. Pipe used in 

service above 2500 psi (172.4 bars shall have 
welded or brazed joints. 

H11.15 TUBE FITTINGS 
A H11.15.4 Straight Thread Finings. Straight thread pres- 

sure seaiing fittings should be used tor cir- 
cuit construction. Straight thread pressure sealing fit- 

; tings shall conform to ANS B116.1-1968, Specifications ' 
for Straight Thread Hydraulic Ports. 

$ H11.15.2 Flare Fittings. Where flared type tubing fit- 
3 , i 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) 

H11.16 TUBING 
H11.16.1 Steel Tubing Specilications. Seamless steel 

tubing useti in circuit construction shali con- 
form to ANS B93.11-1969, Seamless Low Carbon Hy- 
draulic Line Tubing. 

Welded steei tubing used in circuit construction 
shall conform to ANS 093.4-1969. Electric Resistance 
Welded, Mandrel Drawn Hydraulic Line Tubing. 

Steel tubing used in circuit construction shall be 
applied in accordance with Appendix B (page 27) of 
this Standard. 
H11.16.2 Plastic Tubing. Use of piastic tubing in cir- 

cuit construction shall be by written agree- 
ment between the purchaser and the supplier. 
H11.16.3 Tubing Sizes. Tubing sizes used in circuit 

construction for pilot and pov.er transmission 
lines shall be Y n " ,  :)a". %", lh", used lo: special lines, 
such as air bieed-offs. capiliary 'vbes, restrictive flows, 
shall be specified on the graphiL,. 'iagram. 

H11.17 PIPE JOINTS 
H11.77.7 Taper Pipa Threads. Where used, taper pipe 

threads for circuit connections shaii con- 
form to ANS 52.2-1968, Dryseal Pipe Threads. 
H11.17.2 Dislortion from Pipe Threads. The assembly 

of taper threaded pipe and fittings to com- 
ponents shaii not distort the component liousings so as 
i o  Cause excessive internai ldakage or maifunction. 

H11.18 PlPE SPECIFICATIONS. Pipe used in circuit con- 
s i r ~ c t i o n  shaii conform to the requirements of 

ASTM A-106, Grade 5. Pipe Specifications or ASTM 
A53-B, Type F or Type S, Pipe Specifications. Ref. A p p v  
dix C, (pages 28. 29). 
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H11.19 FLEXIBLE LINES 
H11.19.1 Flexible Line Use. Flexible hose, swing joints, 

or similar devices: 

111 Shail be  used between moving elements of the . . 
equipment. 

A (2) should be avoided on stationary equipment ele- 
ments, except where these components provide a 
functional purpose (adjustment of movable devices. 
interchange of simiiar equipment, etc.). 

Flexible hose may be used to suppress the trans- 
mission of mechanical vibration &nd/or noise. 

A Hf1.19.2 Flexible nose Safety Factor. Flexible hose 
used In circuits where the working pressures 

exceed 250 psi (17.2 bars) should have a minimum 
fartor nf snfatv of 4:1. (Ref. Hlf.20.41 

H11.22 TEST LOCATIONS 
H11.22.1 Test Ports In Piping, An accessible test port 

shaii be provided in the piping where a 
pressure governing component i s  not so equipped. 

A H11.22.2 Tesl Feed Pressures. An accessible test port 
should be provided between each feed pro- 

ducing actuator and its governing flow control. 
s H11.22.3 Muitipresstire Test Stations. Where multiple 

pressures are used on mass production 
equipment, a muitiple port test station with one gauge 
and selector valve or push-to-read vaives shalt be pro- 
vided to permit checking any pressure without interrupt- 
ing or stopping the operation of the equipment. Mul- 
tiple port test stations shall be shown on the graphical 
diagram and each test position shall be identified. ." ~, ~ 

~11.19.3 Flexible Hose Installations, installations of AH11.22.4 Fluid Sampling. Where servo devices are 
flexible hose shall: used, means of obtaining a representative 

(1) Have vertical termination at the hose, ends, or the 
fiuid sample without disturbing piping should be pro- 

hose shaii be adequately supported where end 
vided to permit periodic measurement of the fluid ciean- 

terminations are other than vertical. liness level. (Ref. H2.i.9) 

(2) Have only sufficient length to avoid sharp fiexing N11.22.5 Test Port Indicating. Test pons located in the 
and straining of the hose during the equipment circuit piping shail be shown on the graphi- 

operation. cal diagram. 
(3) Minimize torsional deflection of the hose. 
(4) Be located or protected to minimize abrasive rub- H11.23 FLUID CONDUCTING MANIFOLDS 

bing of the hose Wail. H11.23.1 Manifold Definition. A manifold i s  a conduc- 

HH.19.4 Flexible Hose RepfacemenL Flexible hose tor which provides multiple connection ports. 

should be replaceable without disturbing (ANS 893.2-1965, Giossary of Terms for Fluid Power) 
adjacent equipment andlor piping connections. (Ref. H11.23.2 Mounting Manifold. A mounting manifold is a 
H11 711 subbase for attachment and support of an . , . . . - . > 

individual component and i t  provides terminal connec- 
W11.20 PIPING SUPPORTS tion of piping runs. 

~11.20.1 Support Requiremen&. Piping shal: be se- HH.23.3 Junction Manifold. Junction manifolds pro- 
cuieiy supported to prevent its movement vide both branching and terminal connection 

and minimize its vibration. of piping suns. 
~11.20.2 ~ u p p o r i  lnstatiations. Piping support shaii not ':g. v:! ~11.23.4 Terminal Manifold. Terminal manifolds are 

be welded to the piping, nor shall the con- ~''*&.% used at intermediate locations, providing s u p  
tact of the supports with the outside Of the Piping 'kG6 port and terminai connection of piping runs too short 
damage it. for continuous runs, or are used to provide pre- 

A H11.20.3 Spacing of Piping Supporis. The maximum determined locations for piping disassembly in sep- 
length of piping between supports should not arated equipment assembiies. 

exceed the distances specified in Table 1. H11.23.5 Circuit Manifold. Circuit manifolds make 

more efficient use of space by providing for 
TABLE 1 attachment and support of manifold mounted compon- 

- ~. ~ . ents, and are used for channeling fluid through internal 
Tubing oulside Pipe, Length.behveen conductors in a manner prescribed by the graphical 

Diameter in Nominal Supports i n  diagram. 
Inches Size Feel 

~ 

H11.23.5.J Circuitry within Manitotds. Circuitry en- 

“4 , 3" YB , '/4 3 compassed by circuit manifolds shall be 
.- - plainly indicated on the graphical diagram. Where 

112, %, 34, '18, 7 %, %, Y4 5 boundary iines or boundary envelopes are used for 
-- -- 

7 
this purpose, the boundary indicated shall not include 

1 r/, and larger 1 and larger -- any symboi of a component not mounted on  or with- 
in the circuit manifold. 

Wl1.20.4 Flexible Hose Failure. Flexible hose shaii be H11.23.5.2 identllication on Circuit Manifolds. All 
restrained or confined where its failure ports, solenoids, and components mount- 

wouid constitute a hazard. (Ref. H13.11) ed on or within circuit manifolds shall be permanently 

H11.21 ACCESSlBlLlTY OF PIPING 
identiiied in accordance with the provisions of this 
Standard (Ref. H1.16) and shail correspond with the 

H11.21.1 Accessibility ol Piping Connections. Connec- graphicai diagram. Orifice plugs and passages and 
tins of flexible lines, fabricated pipe, and devices within the manifold shall be identified ed- 

tubing runs shail be accessible. jacent to their access openings. When access open- 
A ~11.21.2 Clearances in Fitting Clusters. Where flexible ines are located under a component or components, 

lines and/or piping runs terminate in a fitting idintiiication shaii be adjacent to the component and 
cluster, ciearances should permit securing each as close to access opening as practical and the 
threaded joint without disturbing adjacent piping or identification shail be marked "Concealed." 
equipment. A W11.23.5.3 internal Devices. Hydraulic devices (such 
H11.21.3 Removal of Piping Runs. Fiexible iines, fab- as cartridge type valves, checks, etc.) 

ricated pipe, and tubing runs shali be remov- should not be iocated within a circuit rnaniioid unless 
able without disturbing the terminal components. it is impracticai to locate them externaily. internal 

devices should be accessible without disturbing other 
components and shall not requirs manifold dis- 

1 2  assembly. (Ref. H1.16.5) 
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r ~11.23.5.4 Manifold Assemblies. Large circuit mani- (2) Be protected against overpressure. 
folds should be assembled from finished (3) Be s3 designed and applied that surge pressure. 

and ported sections for ease of manufacture and re- overpressure, and loss of pressure do not cause 

placement. hazard or damage to the equipment. (Ref. H1.14.1) 

H11.23.5.5 Manifold lntedace Seals. Interface seals (4) Be so designed and constructed that components 

used in  assembled manifolds shall be of attached to the industriai equipment are iocated 

a type that seals with Pressure. where they can be safely seivtced. (Ref. H1.14.2) 

H11.23.6 Manifold Distortion. Circuit manifolds shall H13.2 CONTROL STATION NAMEPLATES. A nameplate 
not distort under operating pressures and shaii be provided for each control station com- 

temperatures so as to  cause component maiftinction. ponent and shail be located where it can be easily read 

H11.23.7 Manifold Materials. Manifold material shall be by the equipment operator. The name21a:e infarma!;on 
compatible with the fluid used. shall be pertinent and easiiy interpreted. providing posi- 

H11.23.8 Flow Capacity ol Manifold Conductors. Flow live identification of the contioi component a r d  its func- 
capacity of manifold conductors shall equal tion. (Ref. H1.16.7) 

that for correspondence Piping. H13.3 EMERGENCY STOP AND RETURN CONTROLS. 
H11.23.9 Handling Provisions. Manifolds and manifold All industriai equipment shall incorporate an 

assemblies weighing more than forty (40) emergency stop or return control. Dupiicate emergency 
pounds shall have provision for lifting the manifold controls shaii be provided at each operator siation. 
with attached components. Emergency stop and return controis: 
W11.23.tO Suppor? of Manifolds. Manifolds shall be (!) Shall be readily accessible from the operator's 

rigidly and secureiy attached to the equlp- woixing position. 
men!; supports shali be independent of piping. (2) Shall not release any loceting pin, icdex drive en- 

gagement. ia tck lock, or clamping device. 
I-it 2 Seals and sealing Devices (3) haii operate immediateiy. 

(4) Shaii be independent and unaffected by the adjusl- 
aH12.1 SEALING PRINCIPLES. Sealing devices for hy- ments of other cantrols or fiow restrictions. 

draulic circuits should be of the pressure seai- A (5) Should provide a blocking valve upstream in the 
ing type. suppiy line of the servo valve(s) for emergency stop. 

-,. (6) Shall not require energizing any control element. 
~ 1 2 . 2  SEALING MATERIALS. Sealing device materials , '* (,) Shail not operation of more than one man- 

shall: p I.-- ual control for ali emergency functions. 
(1) Not be adverseiy affected by the hydraulic fluid. $ 22 $i ((8 )hall no! create an additional harard. 
(2) Be of compatible materials where adjacent contact, (aef. ~ 2 4 . 2 )  

materials are metals. 
(3) Be of an elastomeric material where no leakage H13.4 TWO-HAND CONTROL. Where pinch points and 

other than that required for lubrication can be other movement hazards are exposed to the oper- 
tolerated, eg. ,  for reciprocating and rotating ele- ating personnel, two-hand manual controls shall be pro- 
menls. vided each operator, which: 

H12.3 SEAL OUANTITY. Seals shall be adequate in size 
(1) Require maintained actuation of each control 

and in number for the service intended. 
throughout the equipment cycle or until the point 
in the cycle is reached vihere the hazard ceases. 

d ~ 1 2 . 4  AVAILABILITY. Packings, seals, and sealing de- (2) Are so located and guarded that operation by means 
vices used in hydraulic circuit shouid be com- other than both hands is prevented. 

meicially avaliable. (3) Are so designed that the equipment canunot be 
operated gnless both manuai controis at each con- 

1-112.5 SEAL REPLACEMENT. Where continuous ring trol station are released between cycles. 
packings and seals are used, the component and (aef. 112.4 5) 

the actuated equipment designs shall facilitate servicing 
and replacement of seals and packings. H13.5 LOCATION OF MANUAL CONTROLS. The location 

and mounting of manuai controls shall: 
H12.6 SEAL GLAND CLEARANCES. Ciearances in seal (1) Place the controis ivithin reach of the equipment 

glands shali prevent extrusion of the sealing mate- operator from his normai working position(s). 
rial(s). (2) Not require the operator to reach past rotating or 

~ 1 2 . 7  ADJUSTABLE SEAL GLANDS. Where seal glands moving equipment elements or work in process to 

are adjustabie, seal and packing gland chambers operate the controls. 

shail be so designed that they cannot be adjusted beyond (3) Not interfere with the equipment opera!or's required 

their functional limits. v~orking movements. 
(Ref, H2.4.E) 

".;o p... . . .. . 
- ,  ' 2 2.t i s . ,  H13.6 MANUAL CONTROL LEVERS. Manu3iIy act~iated 

levers should move in the same direction as the 
This section is concerned with the safety aspects of apply- resiilting nlotion of the related equipment element. (Ref. 
ing hydiauiic power and its control to industrial equip- H2.4.3) 
ment. Included are the safety related requirements from 
other sections of this Standard which have been repeated 1-113.7 CONTROL MEDIA FAILURE. Hydiauiic devices 
below piimaiiiy for those interested in this important controiled electrically, pneumatically. and!o- hy- 
phase of hydraulic appiication. draulically shall be selected and so applied that failure 

of ine control media does no! cause a hazard or damage 
H13.1 SAFE CIRCUITRY. Hydraulic circuits shall be de- to the equipment. (Ref. H2.2.8) 

signed and components selected, applied, 
mounted. and adjusted to safely provide uninterrupted HT3.8 UNCONTROLLED MOVEMENT. The circuits shall 
operai:on, extended life, and shail be fail-safe. Circuits be designed to prevent uncontrolied movement 
shail: and impioper sequencing of the hydraulic actuators dur- 

(1) Operate within the component manufacturer's speci- ing ail phases of the equipment cycle, including pump 
fications. idiing, starting, and stopping. (Ref. H2.5.5) 

1 3  



JIC HYDRAULIC STANDARDS - CONTINUED 

~13 .9  COUNTERBALANCING. On vertical and inclined 
equipment slides, rams, and other similar equ ip  

ment elements, means shall be provided to prevent their 
rapid drop. (Ref. H8.11.6) 

H13.10 ACCUMULATOR SAFETY (Ref. H9.4) 
H13.10.1 Automatic Vent. Hydraulic circuits lncorpo- 

rating accumulators shall automatically vent 
the accumulator when the equipment is shut off. Isola- 
tion shall prevent uncontrolled movement of the actua- 
tors in case manual overrides on associated equipment 
are operated. 
H13.10.2 Pressure Isolallon. Where deviation is agreed 

to or a circuit application utilizes accumufa- 
tor liquid pressure isolation only (not vented) when the 
equipment is shuit off. complete information for proper 
servicing shall be given on or near the accumuiator in 
s visible location. The information shaii 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 restricted to the demands of the 

intended service. 
Ht3.10.4 Charging Medium. Gas accumulators shall be 

charged with nitrogen or an inert gas. 

H13.11 FLEXIBLE HOSE FAILURE. Flexible hose shall be 
restrained or confined where its failure would 

constitute a hazard. (Ref. H11.20.4) 

H13.12 INCLINED 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 level of 6 or more feet (1.83 meters) 
above the working floor, an inclined ladder or other suit- 
able inclined means of access should be used. (Ref. 
H1.14.3) 

H13.13 ELEVATED PLATFORMS. Where elevated walk- 
ways and platforms are required for access and 

servicing hydraulic equipment, they shall comply with 
ANS A12.1-1967, Safely Requirements for Floor and Wall 
Opening, Railing, and Toe Boards. (Ref. Hi.14.4) 

APPENDIX D 

Standard Reference Documents 
Joint lndustriat Council (JIC) 

7901 Westpark Drive 
McLean, VA 22101 

EMP 1-1967 Electrical Standard for Mass Production Equipment 
EGP 1-1967 Electrical Standard for General Purpose Equipment 

National Fluid Power Association (NFPA) 
Post Office Box 49 
Thiensville, Wisconsin 53092 
13.8.67.2 Size Designation and General and Physical Requirements of Fluid Power Connectors and Closures. 
T3.8.67.3 Procedure for Testing Fluid Power Steel Connectors and Clwures. 
T3.16.2 Recommended Standard for Nonintegrai Fluid Power Hydraul.ic Reservoirs 

Society of Automotive Engineers (SAE) 
485 Lexington Avenue 
New York, New York 10017 
J-514b Hydraulic Tube Filtings 

American Society of Mechanical Engineers (ASME) 
345 East 47th Street 
New York, New York 10017 
Revision 1, Section 8.  Code for Unfired Pressure Vessels 

Amerlcan Society for Testing and Materials (ASTM) 
1916 Race Street 
Philadelphia. Pennsylvania 19103 
A-53 Grade 8, Type F and type S Welded and Seamless Steel Pipe 

A-106 Grade B. Seamless Carbon Steel Pipe for High Temperature Service 

American National Standards Institute (ANSI) 
1430 Broadway 
NPW York, New York 10018 

Floor a Wall Openings, Railings Toe Boards - Safety Requirements 
Pipe Threads (Except Dryseal) 
Dryseal Pipe Threads 
Seamless Low Carbon Hydraulic Line Tubing 
Glossary of Terms for Fluid Power 
Cylinder Bore and Piston Rod Sizes for Fluid Power Cylinders 
ERW Hydraulic Line Tubing 
Mounting Surfaces of Sub-plate Hydraulic Valves 
Bore and Rod Size Configuration and Combinations 
Seamless Low Carbon Steel Hydraulic Line Tubing 
Specifications for Straight Thread Hydraulic Ports 
American Drafting Standards of Fluid Power Diagrams 
Graphic Symbols for Fluid Power Diagrams 



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 symbols carried in the American National Standards Institute standards have yet 
to be agreed upon by the International Standards Organization. The publisher, in an attempt to help the user of this publication 
in the transitional period, has published both sets of standards. The left-hand columns on these pages reflect the International 
Standards Organization specification for graphical symbols. The right-hand columns are the existing A.N.S.I. 1967 symbols that 
~ . >  . .-, ....; -;., , 5;. ..;'ent to the I S 0  synbols. Where voids exist in either column the publisher was unable to find an approximate 
equivalent. The user in all cases should use the I.S.O. symbols where possible. If this is not possible the publisher suggests use 
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. 

I 

b 

2.4.2 - - - - - Oai? Llnr 
(?I:G: i~x tor cantic') 

2.4.3 ----------- Dcttec i t ne  

b 

.4.4 - - - - - Cen!er Llne 

P 

As a rule. energy conver- 
sion units (pump. corn. 25 .1  Clrce ;-c S e r C  rclc 

Measuring instruments 

D 2 5 .1 .1  L s ~ t  2-d s!n;:l c;:c'es may be used :o 
5 ,]!,.fy tb,ht 0-2 rcc~pa-ent is !he "man" a20 t5e 
c:'iei the acx a:y 

Mechanical link. roller. etc. 

Semi-rotary actuator 

D 
AS a rule, control valves 
(valve) except for non- 

8 



FLUID POWER GRAPHICAL SYMBOLS 

(I 

Flow line connection 

3.7 LIP? ; :b i r e 5  %rr?.::sn - - 
- unanected by viscosity 

9.2.2 Or.' :? P die  

p ,.i.,...' . . C 

~ --- . ..+> 
A-- ,----- 

9.3.2 F : 5..,!',:1 

-------+ --4-+-- 

. direction of rotation 

- path and direction of 
flow through valves 
For regulating apparatus as 
in 7.4 both representations 
with or without a tail lo  the 
end o l  the arrow are used 
without d~stinction. As a 
general rule the line perpan- 
dicular to the head of the 
arrow indicates thal when 
the arrow moves the in- 
terior path always remains 
connected to the correspon- 



FLUID POWER GRAPHICAL SYMBOLS 

components-graphic symbols". 

2.10 An zira8.J Garaile !a the shcfl r , i e  of a Cjm- 
S C ~ ,  w i thn  1% eiymaj;, inCicaies !n i l  !k? 5onpo. 
?en1 is pressure compensated. 

2.11 A I c e  :e!minatin"n a dct 13 irj!ese!;l s :her- 

I 

31.1 1::ith Pans 

b 

with one dlrectlan a.2.1.1 U?r rccl:onsl 

8 8 2 1 . 2  6:6 : t i io?a l  

8 
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FLUID POWER GRAPHICAL SYMBOLS i 

Y32.10-1967) as i t  appeared 
ii; 4:il Edition of the i i ~ h t n i n g  4 

4 

(I 

4 

The syrnboi is a combinati 

- v,iih two direclions 

The syrnbcl is a combination 

18 



FLUID POWER GRAPHICAL SYMBOLS 

1 

b 

b 

u'ariabie capacity 
~umpimotor unit: 

- with reversai Of 
direction of fiow 

. with one single 
direction of flovi 

- with two direct 
Of flow 

Variable speed 
drive units 

The symboi is a combination 
of 6 3 . 1 1  and 52 .3  
(sloping arrow) 

The symbol is a combination 
of 6.3 1.2 and 5 2 3 
(sloping arrov;) 

The symboi a a comb~natlon 
o f 6 3 1 3 a n d 5 2 3  
(sloptng arrow) 

S E , ? ~ : ; ~ . ! : : . ;  z .a  c,.;;: j n  c! :,a# as ether apdmp 
or 25 3 "Cia! 

1 . .  : s :  8.4.3.2 S1rnplfe3 Symboi 

Torque convener. Pump 
andlor motor are of variable 
capacity Remole dives, set 
122.  



FLUID POWER GRAPHICAL SYMBOLS 

Y32.10-1967) as it appeared 
in 4th Edition of the Lightning 

componen!s-graphic symbols". Reference Handbook. 

Description 

Cylinders 

Single acting 
Cylinder 

- returned by an 
unspecified force. 

-returned by spring 

Double acting 
cylinder: 

- with singie 
piston rod 

- with double-ended 
ended piston rod 

Cyiinder with cushio 

-w i th  singie fixed 
cushion 

- with double 
fixed cushion 

- viith single 
adiustable cushion 

- with double 
adjustabie cushion 

Telescopic cylinder: 

- single acting 

- double acting 

Use of the equipment 
or explanation of 

the svmbol 

Equipment to convert 
hydraulic or pneumatic 
energy into linear energy 

Cvlinder o which the fluid -, 
pressure aiways acts in one 
and the same airectlon ( o l  
the forward stroke) 

General symbol when {he 
method of return is no1 
specified. 
Cornbinalion of the general 
symbol 6.511 and 5 15.2 
(spring) 

Cylinder in which the fluid 
fiuid pressure operates 
alternately in both directions 
(fonvard and backward 
strokesi 

i h a  action is deoendent 
on the direrence between 
the effective areas on each 
Side o l  the piston 

Cyiinder incorporating fixed 
cushion achoQ in one direc- 
tion only 
Cylinder with fixed 
cushion acting in both 
directions 

arrow) 

i h e  svmbol is a combinaiior 
of 6 <4 2 and 5 2 3 (slopins 
arrow) 

The fluid pressure abays 
acts in one and the same 
direction (on the forward 
stroke). 

slmkes) 

Symbol 
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in accordance with IS0 

6.2 P:essu:e !nteqs~fier 

- tor hvo types g .  a pneumatic pressure x 
ansformed into a higher 

6.4 01cc:ete Fas~tlai:er 
C?mb:~e h a  or niore 5ds.c cjlcc?: s;m?'ols 

een its end positions so as 

represented as connected to 
the box representing the 
unoperared condition (see 
7.1). The operating positions 
are deduced by imagining 
the boxes to be displaced so 



FLUID POWER GRAPHICAL SYMBOLS Zh 
Graphic symbols shown below (left hand col- 
umns only) are in accordance with IS0  
1219-1976 (EIF), "Fluid Power systems and 
cornponeilts-graphic symbols". 

Approx. equiv. symbol (ANSI 
Y32.10-1967) 23 it a p p e x s d  
in 4th E d i i i ~ n  of t?dis5.i:zing 
Reference iiandbcok. 

D e s c r i p t i o n  
Use o f  t h e  e q u i p m e n t  

or e x p l a n a t i o n  of Symbd 
t h e  s v m b o l  

Simplified symbol 
lor valves in cases 
of multiple repetition 

The number refers to a 
note on the diagram s 
which the symbol for the 
valve is given in full 

Directional Units providing for the 
control valves opening (fully or restricted) 

or the closing of one or 
more flow paths 
(represented by several 
squares). 

Flow paths: Square containing interior 
lines 

- one flow path 

- two closed por t  

- two now paths 

- wo now paths 
and one closed 
port 

- FNO flow paths 
w w  cross 
connection 

- one flow path in a 
by-pass position, two 
closed poris. 

depicted by a square. 
Basic symbol !or 2-position 
direcfional control valve 

transitory but significant 
ndition between N o  

present& by a square with 

Designation: The first I figure in the designa- [ 
tion shows the 
number of pons, 
(exciuding pilot 
ooitsl and the se- 

! cond figure the 
number of d~siinct ,st>-" 

positions 22 



FLUID POWER GRAPHICAL SYMBOLS 

components-graphic symbols". 

10.9.5.1 Twc~?oi'Pon 
),c.-33b,, Q:!, - '  I 

10.10 ih;ee.!',ay Valves 
10.10.1 T ' ~ o ~ ? ~ s ~ t ~ o n  
10101.1  t4arxa.ly Op;, 10.10.1.2 L:o!m; 9 C!osed 

10.101.3 Dl$:-bd:or !F!issc:e .s dr:r,i-:?Yrrs :a 
2-e port t i l ~ ;  the G:!":! 

10.10.1.4 Y:c-?-Essu~~ 

7.7 ?1:0: ?reridre 

k 7.7.1 Rec:s!e Sco?~y 

10.11 :o~l'.>;:<; va><eS 
10.11.1 i:.o-F:z,:mn 

b Indicating an inleimediate 
condition (see 7.2.2.3) 

B 

1011.3 T;:;:! FIG:: F : : >  la:. 
i ' ; r p  p*l!,~: ',,'J,,!c; 

I. 



FLUID POWER GRAPHICAL SYMBOLS 

Y32.10-1967) as it appeared 
in 4th Edition of the Lightning 
Reference Handbook. 

directions by means 7.81 Sc'r.;,: o: F 5! 

E , ~ ! - i q  p:31 Supply 

number o! intermediale 
condi:ions with vaiying 
degrees of throflling. 
All symbois have parallel 
lines aiong the length o! the 

For valves with mechanicai 

Showing the extreme 
posilions and a central 

For example: Directional 

I .  . .  I I .~ . 



FLUID POWER GRAPHlCAL SYMBOLS 

For example: Tracer valve. 
plunger operated agzinst a 

(:h,s s:mba i2n:ainr .eyesc-takon for e';e:Sy 
n;u! cornman3 !nC;!. and resd!!a;i aiiiput ) 

- with direct operation 

greater than the outlet ( C o r 3 o s t e  S;-huc!) 

10.9.4 Check. ?,ci~C;j?,:!?d to Close 

- opening of the valve 

flow in the other 



FLUID POWER GRAPHICAL SYMBOLS 

components-graphic symbols". Reference Handbook. 

10.10.2 3 c ~ S l e  Checn Vdive D o u b ~  check vaiaes 
;an be c u :  ;;:;h an3 iiithl?r! ci3ss S:eed ' Such 
bakes &,:h p3i;pe:s 00 nc: us;ai,y a!!oa 2:tssure 
to rnonentai!y c:oii Seed lo  return du:!ng fransi- 

as these s inso ls  lildstrate 

The inlet port connected lo  10.13.2.1 ::::ro-t C,oss 6 e e o  (C-e-Viay Fiaw) 
the higher pressure is 
automatically connected to 
the outlet pon while the 
other inlet pod is closed. 

10.10.2.2 t?Ih Cross B;?ec (lieverse Floe$ Perm:ned) 

4 

one single square as in 
7.1.1 with one arrow (the 
tail to the arrow may be 
placed at the end 01 the ar- 
row. For interior controlling 
conditions, see 9.2.4.3 

Normally Open 

10.12 init. r ?  Po i to l !nQ (Bsi:/re? @en & i n e d )  

10.12.1 horrna:ly Cicsed 10.12.2 ?Jorna::y Open 

-,a CI I pre,,,tre relief valve Inlet pressure is controtied 
1 I bv ooenino the exhaust ooif ! d  ' . .-.. . . - - - -. - . - 

(saieiv valve, 
td the resinair or to atmos. 
phere against an opposing 
force (for examp'- - 

7.4.2.1 - with remote pilot The pressure at the inlet 
control pori is limited as in 7.4.2 or 

to that corresponding to the 
setting of a pilot control 



FLUID POWER GRAPHICAL SYMBOLS 

the pilot pressure (see 

L 

b 1013.3 P:esr-r? R e S ~ c n g  

that the inlet pressure re- 
mains higher than the re- 
quired outlet pressure. 

w i t h o ~ t  relief porl 

10.13.4 P-Es:.dre Reduc;ng 33S S C !  !,;ang 

b 10.13.5 A ,:!n: P:rs.s~re Regulatoi 
(A.iiu::i3Ie. R e  e v ; n ~ )  

b 

I, 

with respect to the inlet 

I) 

reduced by a lixed ratio 
with respect to the inlet 
pressure (see 9 2 . 4 1  3) 

0 
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i io l  in each direction) 
Simplified symbol (Does not 

- with mechanical 

10.16.2 Ps~ustabie with Bjpass 
Flow ,s c:"frolied to  the rich1 
Flo'tt ic l t e  ie.1 bycasses cocirol 

10.16.3 ir,uslabie a?d Pressvs iamgeri iafrd 

10.16.3 Ac;bs:able, 
iempera!u.? & Prejscre 

AS 7.5.2.1 but with arrow 
5.2.3 added to the symbol 



FLUID POWER GRAPHICAL SYMBOLS 

components-graphic symbols". 

4.4 E r e i a ;  S.!i~-ce ,Pd;?o C::-:.ZSSOI r i c ~  
:uwl,afC:. 2': I T h l i  5.r::: -J, he is23 10 :err*  
;On; a ' 1 . 4  - -  ji".-, . . h  ." T,. u b  ...... *t . .  .. r: r e  a 2~ : '1g  
: o ~ P . ~ s P o ! .  3' aa1i:Ser LSS2t 2:ec sysiem. 

-cC F7euma:ic 
5.:!3 i,eb S j 7 t ? I  

I 

I 

b "e, !:/or<,?G [:.I2 0, 

return line and !eed 

------ 3.2 - - - - L l e .  ?,iot (:or conIr3i) 

b . - - - - - - -- - - - 3.3 - -- - ---- L'ce L~qutd  O:an 

3.4 :.I?? se!.slrg F:C s:lcn as GacSe Ines s h 2  be 
:r?':.:i [he s,!r-,e as !P? ;I:$ :O ;&:: '1 coni!r::s 

Flexl5le hose, usually 
connecting moving parts 

3 8 ;,i F.z'.be 

D 

B 
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FLUID POWER GRAPHICAL SYMBOLS 

components-graphic symbols". Reference Handbook. 
1 

Use of the equipment 
Description or explanation of 

the svmbol 
-- 

A s  bleed 

Exhaust porl: 

- plain with no pro. 
vision for conneclioi 

- threaded for 
connection 

ower a e-o 

. with lake.off line --x+ 

Symbol 

Oiiick-acting 
coupling: 

- connecled. without 
mechanically opened 
non-return valve 

- connected, with 
mechanically opened 
non-return valves 

. uncoupied, with 
open end 

- uncoupled, closed 
by free nun-return 
valve (see 731.1)  

angular movement in selvice 
- one wav 

- three ivay I 

-+ ++ D iconnecied 
10 2 W t h  T:io Checis 

Cilonnec!:: 

10.3 'i'!itn Or; Ci:eck 

Reser#oir open lo 
atmosphere: 

- v~ i th  inlet pice 
above fluid level 

4.1 Reservar / Vented / [PleSSLliilCd/ 
4.1.1 Reserar  w'ti i C o l i l e c t ~ f i ~  Lines 

Above Fiuld Level 

* 
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'Show iine en:ering or leav in~ helo:: icse?doir only 
hhrn s ~ c h  bof:om connecllon IS essenra toclrcuit 

. with a header line 4.1.2 Simp!ilieO symbol The symbols are used as 
part ol a complete ci;cul. They are alaiogous :o 
:he ground symbol of electrical 6 , a r ; : a r s j l  IEC Severai 
scch symbols & may be used in one O:agram !o repre. 
sent the same reservoir. I 
4.1.2.1 Belo'& Fiuid Level & 

4.1.2.2 Above Fluid Levei 
(The ieiurn line is drawr to 1erm;nzle il tSe upright 
legs ot the !ank symboi. 

4.1.2.3 Venkd Manifold 

I 
4.2.2 Accun~la!or. Gas Char;ec 

4.2.1 Accunu:aio!. Sp:ng Lga6e6 

4.3 Eeceiver. lor Air or other Gases 

B 

5.3.2 Vhli Au:onz:ic Drain 

D 

3 1 



FLUID POWER GRAPHICAL SYMBOLS 4 

Graphic symbols shown below (left hand col- 
umns only) are in accordance with IS0 
1219-1976 (EIF), "Fluid Power systems and 
components-graphic symbols". 

Use of the equipment 
Description or explanation of Symbol 

the symbol 

Filter with water 
trap: 

- with manual Combination ol 8.5.1 and 
control 8.5.2.1 
- automatically Combination of 8.51 and 
drained 85 .22  

Air dryer A unit drying air (for exam- 
ple by chemical means) 

Lubr~cator Small quantities 01 oil are 
added to fne air passing 
through the unit in order to 
lubricate equipment receiv- 

] ing the air I 

and lubricator 

- Simplified symbol I --Ezl- 
cooling the circulating fluid 

Temperature The fluid temperature is 
Controller maintained between two 

predelermined values. 
The arrows indicate that 
heat mav be either infro- 
duced 0; dissipated 

The arrows in the diamond 
indicate the extraction of i heat 

- without representation of /R 
the llow lines of the coolant U/ 
- indicating the flow lines of 
the coolant 

Approx. equiv. symbol (ANSI 
Y32.10-1967) as it appeared 
in 4th Edition of the Lightning 
Reference Handbook. 1 

5 4 . 2  G,;? A,!:.;.;:; p i p  + 
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I 

1 

b 

b 

P 

! 

B 

B 3 3 

in 4th Edition of the Lightning 
Reference Handbook. 

! r i d e  :r;;nG8ei ind,ca;r :?e ,rt:ci;.c:?n o: heat. 

C ~ : ; , s e  1. a-;es show 

in either direction 

with hxed fulcrum 

which they should be adja- 
cent. For apparatus with 
several sqares the aciualion 
01 the control makes effec. 

I tive the square adjaceni to 1 it. I I 
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Reference Handbook. 

indication of control type) 
4 

7.2.1 Pfi? 3utl9.1 

4 

4 

- by ro!ier, operaling 
i;i one direction On!y 

Eleclrical control 

- with 2 windings 0peral;ng 
in opposite directions 

with 2 windings operating 
in a variable way pro- 

In the symbol She larger 
rectangle represents the 



FLUID POWER GRAPHICAL SYMBOLS 

components-graphic symbols". 

Sl!r:p ' ? d  Sj-Sol 

directional control valve 
Co:-?i?te sy7'.01 

moving par! to a controlled 
apparatus moving part is 
represented by the symboi 
5 1 . 1 4  which joins the two 
paits connected. (For ex- 



FLUID POWER GRAPHICAL SYMBOLS 

components-graphic symbols". 

D e s c r i p t i o n  

SUPPLEMENTARY 
EQUIPMENT 

Measuring 
instruments 

Pressure measure. 
ment: 

- pressure gauge 

Temperature 
measurement: 

- Thermometer 

Measurement of 
flow. 

- Flow meter 

- tn!ergrating 
fiow meter 

&her apparatus 

Pressdre electric 
Switch 

Use of the e q u i p m e n  
or e x p l a n a t i o n  of 

the s y m b o l  

The point on the circie at 
which the connection join: 
the synbol is immaterial 

The point on the circle at 
which the connection joins 
the symbol is immaterial. 
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