1SO 4391-1982 (E)

INTERNATIONAL ORGANIZATION FOR STANDARDIZATIONOMEXAYHAPOAHAR OPIAHU3ALIUA NO CTAHAAPTUSALMUSORGANISATION INTERNATIONALE DE NORMALISATION

Hydraulic fluid power — Pumps, motors and integi
transmissions — Parameter definitions and letter s

Transmissfons hydrauliques — Pompes, moteurs et variateurs — Définitions des,grandeurs et lettres utilisées co

First edjtion — 1982-01-15

ral
ymbols

ime symboles

UDC 621.8.032 : 621.65/.67 Ref. No. 1SO 4391-1982 (E)

Descriptors : fluid power, hydraulic fluid power, hydraulic equipment, pumps, hydraulic motors, hydraulic variable speed drive units, definitions,

symbols, letters (symbols).

Price based on 10 pages


https://standardsiso.com/api/?name=3dcbdef62db0b8fffea34df20aa2a684

Foreword

1SO (the International Organization for Standardization) is a worldwide federation: of
nationd! standards institutes {ISO member bodies). The work of developing Inter-
national Standar(ls is carried out through ISO technical committees. Every member
body interested in a subject for which a technical committee has been set up has the
right to be repregented on that committee. International organizations, governmental
and no:n-govern ental, in liaison with 1SO, also take part in the work.

Draft Internationgl Standards adopted by the technical committees are circulated to
the member bodigs for approval before their acceptance as International Standards by
the ISO Council.

Internaiional Standard 1SO 4391 was developed by Technical Committee ISO/TC,131,
Fluid p*)wer systems and components, and was circulated to the membendodies in
January 1979.

It has been apprgved by the member bodies of the following countries :

Australia Finland Netherlands
Austria France Norway
Belgium Germany, F.R. Poland
Bulgaria India Romania
anada ltaly Spain
hile Japan Sweden

¢zechoslo akia Libyan Arab-Jamahiriya USSR

The member bodies of the following countries expressed disapproval of the document
on technical grounds :

United Kingdom
USA
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INTERNATIONAL STANDARD

1ISO 4391-1982 (E)

Hydraulic fluid power — Pumps, motors and integral
transmissions — Parameter definitions and letter symbols

0 Intrgduction

in hydrauljc fluid power systems, power is transmitted and con-
trolled thrpugh a liquid under pressure within an enclosed cir-
cuit. Pumps are components which convert rotary mechanical
power intd fluid power. Motors are components which convert
fluid powgr into rotary mechanical power. Transmissions con-
vert a unidirectional variable speed shaft input to a unidirec-
tional or Qidirectional variable speed output.

1 Scope

This Intdrnational Standard describes and systematically
defines the principal technical characteristics of hydraulic
pumps, motors and integral transmissions.

It allots ldtter symbols to these characteristics, and indicates
how they|can be more clearly defined by suffixes correspond-
ing to pafticular cases. It also lists an analysis of parameter
dimensior}s.

2 Field of application

The detemination of exact descriptions\with letter symbols,
dimensior}s and definitions should create a single and unam-
biguous terminology for hydraulic.pumps, motors and integral
transmissions.

It is not ygt possible to define)a terminology absolutely valid in
all cases ¢oncerning life, \naterial fatigue or wear with respect
to conditlons of operation. This field is to be treated with
reserve ahd should\undergo precise study in each particular
case.

1SO 1219, Fluid power systems and compd
symbols.

ISO b598, Fluid power and

Vocabulary."

syssterns

4 Definitions

For definitions{of terms used, see ISO 5598.

5 Guidelines for the use of lette
and suffixes

5.1 Letter symbols

See clause 7 for letter symbols.

5.2 Suffixes for letter symbols

See clause 8 for suffixes for letter symbols.

5.3 Letter symbols and suffixes

The use of symbols is self-explanatory but in
suffixes a large variety of possibilities cz
Therefore, the following guidelines are req
creation of too many different symbol-suffiy
the same subject.

5.3.1 Only if necessary for clarification
placed at the top of the symbols (P, M, T) to

nents — Graphic

components —

r symbols

combination with
n be developed.
lired to avoid the
combinations for

are letters to be
ndicate the unit to
veloped and com-

be used, i.e. when equations are to be de

pared for pumps, motors and transmissionst

3 References

ISO 31/0, General introduction to ISO 31 — General principles
concerning quantities, units and symbols.

1ISO 31/1, Quantities and units of space and time.

1ISO 31/2, Quantities and units of periodic and related
phenomena.

1SO 31/3, Quantities and units of mechanics.

1SO 31/4, Quantities and units of heat.

1) At present at the stage of draft.

5.3.2
between them.

5.3.3 First priority : 0, 1, 2
534
5.3.5 Third priority : c, dry, ex, f, fi, in, k,

5.3.6 Fourth priority : am, aux, Ic, r, st

If two or more suffixes are required, use a comma

Second priority : 3, b, d, e, g, h, hm, i, m, s, t, ¢

p,n
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5.3.7 Last priority : a, ma, mi, max, min 6 Identification statement (Reference to this
International Standard)
5.3.8 See clauses 8, 9 and 10 for examples of the use of sym- Use the foilowing statement in test reports, catalogues and
bols with suffixes. sales literature when electing to comply with this International
; Standard :
|
5.4 Terms without symbols “Parameter definitions and letter symbols in accordance with
1SO 4391, Hydraulic fluid power — Pumps, motors and integral
See clause 12 for definition of terms without symbols. transmissions — Parameter definitions and letter symbols."”

| o
7 Le'fter symbols for characteristics
7.1 Alphabetjcal sequence of Latin and Greek letters for symbols
Reference Description Symbol Dimension Definition or explanation
7.11 Bylk modulus K ML-T-2 The relationship of applied, stress and volumefric strain
produced when stress.is‘applied uniformly to alf sides of
a body.
It is the reciprocahof compressibility.
7.1.2 Fofce F MLT 2 -
71.3 Fréguency f T-1 —
7.1.4 Moment of inertia 1 ML? Value calculated from the moments of inertip of the
moving parts
7.1.5 Mgss m M —
7.1.6 Rgtational frequency n T The number of revolutions of the drive shaft in unit time
(sgeed)
717 Pojwer P ML2T —3 -
7.1.8 Prtfssure p ML-T-1 Static pressure at a stated point
7.1.9 Malss flow rate Im MT ! The mass of a fluid crossing the transverse plane|of a flow
path per unit time
7.1.10 Vdume flow rate qy B31-1 The volume of a fluid crossing the transverse plane of a
| flow path per unit time
7.1.1 Stiffness s ML2T -2 Ratio of the variation of torque applied to a shaff and the
J variation of the angular position of the shaft
|
7.1.12 Tofque T ML2T ~2 -
7.1.13 Time t T —
7.1.14 instantaneous v L3 Swept volume at a given shaft position
displacement
7.1.15 Swept volume |4 L3 The volume of a theoretically incompressible fluid that
would be displaced by a complete stroke, cycle or
2n
revolution V' = So vdg
7.1.16 Speed ratio Z 1 Ratio of speed of two different units
7.1.17 Volume coefficient of ’ o ol —
thermal expansion
7.1.18 Degree of irregularity for ¢ 1 Xoax = Xmin )
| parameter X oX = — % where X is any parameter
mi
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Reference Description Symbol Dimension Definition or explanation

7.1.19 Position of setting € 1 For variable units, the position of the control device is
defined by the ratio between the theoretical swept

volume V; at a given adjustment and the maximum

theoretical swept volume Vi’max

v,
© T Vi
7.1.20 Efficiency n 1 —
7.1.21 ‘Temperature [ ® —
7.1.22 Angular velocity w T The number of radians of a shaft.in un|t time w = 2nn
7.2 List of other symbols
Referente Description Symboi Dimension Definition or explanation
‘ 7.2.1 Direction of rotation : ‘ From the poing of view of an observer Idoking at the end
— clockwise R 1 of the shaft
— anti-clockwise L 1

8 Suffixes for symbols for characteristics

8.1 Alphabetical sequence of Latin and Greek letters for suffixes

Referente Description Suffix Definition or explanation and exampleés
8.1.1 Acceptable conditions a Conditions which permit a tolerable standard of performance and life
8.1.2 Ambient am Surrounding -
8.1.3 Auxiliary aux — B
8.1.4 Adjustment b — N
. 8.1.5 Cyclif:'stabilized c CEor?ditions ip‘which the .relevant parameters \;;/;1; repetitive manne—r,-
conditions similar conditions repeating at regular intervals

X L~

Stabitizimg Eyctic
period operation
/_—>

8.1.6 Drainage d — -
8.1.7 Indication of dry dry For values for which the fluid impact is not to be considered -
8.1.8 Measured value e Obtained by direct measurement or by calculation based on measurement;
8.1.9 External ex — -
8.1.10 Fluid f — -
8.1.11 Filling fi Indicating values due to imperfect filling of pump -
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Reference Description Suffix Definition or explanation and examples
8.1.12 Geometric g Calculated on the basis of the geometric dimensions
8.1.13 Hydraulic h —
8.1.14 Hydraulic mechanical hm -
8.1.15 Theoretical i —
8.1.16 Internal in —
8.1.17 Compressibility related k —
8.1.18 Logal Ic =
8.1.19 Me¢ chanicalv m —
8.1.20 Ar{thmetic mean ma X+ X+ ...+ X,
Xma = n
8.1.21 Integral mean mi Mean value obtained by integration with respect to-time.
Mean value in the course of one revolution in\time ¢,
1
X . =— s” X dt
mi t1 0
8.1.22 Limiting conditions of min These are characterized by the extreme (minimum or maximum) values
opgration max which each parameter can take; the other parameters being stgted
8.1.23 Raled conditions n Steady state conditions\for which a component or system is
recommended as a result-of specified testing. The “‘rated characteristics”
are in general shown in catalogues
8.1.24 Pepk duty related p A peak duty is an‘impulse during which the quantity exceeds|the per-
mitted maximuntvalue. A peak duty is defined by a value whjch for a
short period.exceeds average value
8.1.25 Digcontinuous conditions r Conditions in which the relevant parameters do not attain stabiligation as
of pperation defined in either 8.1.5 or 8.1.27
8.1.26 Logses S —
8.1.27 Steady state conditions st €onditions in which relevant parameters do not change apprecigbly after
of pperation a period for stabilization
X is any parameter
|
i I
| * '
| :
i Stabilizing | Steady state
1 period { performance
el
’L
8.1.28 Totalrvalue Totat value of @ parameter where other values are afso used——
8.1.29 Rotational angle ) —
8.2 List of other suffixes
Reference Description Suffix Definition or explanation and examples
8.2.1 ' 0 Neutral condition
8.2.2 Position in unit 1 + | Inlet or input
8.2.3 2 Outlet or output
824 P Pump
8.25 | Type of unit M Motor Placed at the top of the symbols
8.2.6 1 T Integral transmission

* Where the suffixes 0, 1 and 2 are not sufficient for specific description, identify inlets by odd numbers and outlets by even numbers.

4
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9 Examples for the use of symbols with

I1SO 4391-1982 (E)

suffix for general characteristics

Reference Description Symbol Dimension Definition or explanation

9.1 Dry mass My M Mass of unit without fluid

9.2 Fluid mass my M Mass of fluid contained in unit when ready to operate

9.3 Total {(working) mass m, M Mass of unit ready to operate
mg = my. + m

9.4 Volumetric loss qv, 371 —

9.5 Torgue loss T, ML2T -2 TP =T, -T
or
TQA = Tl - Te

9.6 Differential temperature A8 (] *

9.7 Ambient temperature Oym Q] The temperature of thé-environment in which the
apparatus is working

9.8 Fluid drainage By ® Temperature of the fluid at an external drainage point

temperature

9.9 Fluid temperature 6, ¢} The temperature of the fluid measurgd at a specified
point '

9.10 Fluid inlet temperature ()“ ® Temperature of the fluid measured at the inlet of the unit

9.1 Fluid outlet temperature 0, ¢ © Temperature of the fluid measured at|the outlet of the
unit

9.12 Local temperature 0, ® Temperature of the equipment at a defined point

10 Examples for the use of symbols with suffix for pumps and motors
Reference Description Symbgl Dimension Definition or explanation
10.1 Transformation of energy ~ — General

* A is an indication of a differential value.

T
[
> \\ﬁ 4,
RJ ~
n, w I ! I
"pp qu,e' p1,h: 91
Pump : Ap = p, — p, Motor : Ap = p, — p,
P‘l,h =Py P1,h = P14y e
Py = Dyqv, P, = Pyav,
P, =T,w P, =T, w
n_PZ,h P1h_P2,h“P1,h n = P Tew
t - = =5
P Tow YOP - Py Py -

P2,h
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Reference Description Symbol Dimension Definition or explanation
The above definition of hydraulic power is adopted because it is not possible to use the strain energy of the fluid in
practice.
Definition :
The effective flow is the actual flow under conditions of pressure and temperature existing at the outlet of the pump
‘ or at the inlet of the motor. If the flow is measured under other conditions, corrections have to be applied to deter-
\ mine the effective flow.
The differential pressure Ap is the difference between the static pressures at the outlet and the inlet of a pump or of a
‘ notor. i i ; p to take
apcount of this.
10.2 Hydraulic pumps - - Units which transform rotary mechanical emergy into
hydraulic energy
10.3 Hydraulic motors - - Units which transform hydraylic) energy into rotary
mechanical energy
10.4 Adjusting force Fy MLT ~2 Maximum force required._for adjustment tgking into
account all conditions./including friction, | pressure,
speed, direction and time of adjustment
105 Acceptable frequency of Jo a T Frequency at which the equipment could be adjusted for
agljustment the travel or-angle of adjustment indicated
10.6 Ory moment of inertia Idry mL2 Moments of ‘inertia of the mechanical parts
10.7 Moment of inertia of fluid I ML? -
: —
10.8 | Tptal moment of inertia I, ML2 Moments of inertia of all dynamic masses (npechanical
and fluid)
Io= Iy, + 1
10.9 Hydraulic power P, ML2T53 -
10.10 Theoretical power P, MIE2T -3 PP = gy-Ap = Ty
PM = av:bp = Trw
10.11 Nominal power P, ML2T -3 Rated power of the driving prime mover
10.12 Motor power PY ML2T=3 | PM = T .0
10.13 Plimp power Pt ML2T -3 Ph=T,0
L
10.14 Djfferential pressure Ap ML™TT-2 | ApP = p, — p,
M
Ap"Y = py = Py
10.15 Minimum (inlet/outlet) Prin ML-'T-2 | pf . Minimum acceptable pressure at the ifilet of the
pressure pump
pgl'min : The minimum outiet pressure of the| motor to
; ensure satisfactory operation
10.16% Maximum {outlet/inlet) D ML™'T—2 ps .. : The maximum permitted outlet pressfire of the
pressure pump in steady state conditions
| p?”'max : The maximum permitted inlet pressure of the
! motor in steady state conditions
For other conditions of operation, other values of the
maximum pressure can be defined with other symbols
10.17 Peak pressure Py ML~1T-2 A pressure which may exceed the permitted maximum
pressure for a relatively short time
10.18 Effective flow qv, L3T-1 q'f/z o Actual flow at pump outlet

q%le : Actual flow at motor inlet

Actual flow measured at the temperature and pressure
present at that point



https://standardsiso.com/api/?name=3dcbdef62db0b8fffea34df20aa2a684

1SO 4391-1982 (E)

Reference Description Symbol Dimension Definition or explanation
. - P . M

10.19 Theoretical flow av, LT qy, = Ven qy, = Vin

10.20 Volumetric external losses AV o L3r-? qT/s ox - Loss of output due to external leakage
q'\ﬂs ox - Increase of input to allow for external leakage

10.21 Volumetric filling losses qvg L3r-1 Loss of output due to imperfect filling of the pump

10.22 Volumetric internal losses s in [ q?/s i’ Loss of output due to internal leakage
qu,in : Increase of input to allow for.internal leakage

10.23 Volumetric compressibili- av, L3171 P Ap

ty losses ' g =\ 9V ~ Vg in ~ 9V ex K
If the elasticity and the play of the mechanical parts are neglected, as well as changés‘in volume of the
fluid due to physical/chemical characteristics or to the presence of air in the fluid, then
- v
qu,e =4y - qys,in + qys,ex - qu,k
M
qV1,e = qVi * qu,in + qu,ex + qu,k

10.24 Adjusting torque T, ML2T -2 -

10.25 Effective torque T, ML2T -2 P
T,=—

w
10.26 Theoretical torque T, ML~ 2 VieAp
i oo2n
10.27 Hydraulic-mechanical T, ML2T -2 TP =T, - T,
losses (torque losses) TQ" - T -T,

10.28 Starting torque T, ML2T ~2 The minimum torque available at the mptor shaft when
starting from rest for a given pressure differential under
specified conditions

10.29 Time of adjustment L, T Time required for adjustment

10.30 Shortest time-of.adjust- fy. min T The shortest possible time required fpr the angle of

ment adjustment indicated

10.31 Total timé of adjustment L. T Time required for adjustment taking ipto account the
travel and angle of the total adjustment

; 3

10.32 Effective swept volume Ve L . qu’e. qvi ¢
Ve _ n ' e n

10.33 Geometric swept volume Vg L3 Volume displaced, calculated geometrically without
reference to tolerances, clearances or deformation

10.34 Derived swept volume Vi L3 The volume displaced (pump), or volume absorbed
{motor) at defined minimum working pressure, obtained
from measurements at two different speeds
VP _ Aqule B (qule)nz - (qVZ,e)II1

' An [ ap-o ny —m Ap—0
Agy (QV ) - (QV )
1,e 1.eln 1.eln
V:\A I _ 2 1
An - Apao ny — My Ap -0
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Reference Description Symbol Dimension Definition or explanation
10.35 Overall efficiency 7 1 . v, o T; Pyy = Py,
’1 = ]7 o]/’ = T o e
t v ‘Thm qVi Te Pm
M qy; Te Pm
3 =N B — =
‘ vhm vy i Pin— Py
10.36 Volumetric efficiency 1, 1 qv, qv.
P _ i M . !
”V fs k1 ! ”V L
Tl I,e
10.37 H .dI:aLI"C mechanical Mo 1 _— IL. Mo _Tg
efficiency Mom = T’ Mhm = T,
10.38 Zeyo position e=0 1 Corresponds to zero swept volumeNe = 0)
11 Examplep for the use of symbols with suffix for integral transmissions
Reference Description Symbol Dimension Definition or explanation
1M1 Infegral transmission Combination of one or more hydraulic pumps and one or
more motorsdorming a unit.
Duringcuse; the functions of the pump and motor are
determined by their actual function at a specified time.
The.input shaft is connected to the source of energy; the
output shaft is connected to the load and is driven by the
motor(s)
1.2 Odtput shaft speed M T-1 Number of revolutions per unit time of the output shaft
11.3 Theoretical output speed n T=1 VP
n:Vl = nP.Zi = nP . —ﬁ
Vi
1.4 Input shaft speed n T-1 Number of revolutions per unit time of the inplt shaft
1.5 | Moment of inertia of Ir'\r’,‘ ML2 Moment of inertia of all the mechanical parts cgnnected
| mgving mechanical parts to the motor shaft
cohnected to the motor
‘ shaft
1.6 } Moment of inertia of 1,'\’,I ML2 Moment of inertia of all the mechanical parts cgnnected
i mgving mechanicalparts to the pump shaft. Relative to the pump shaft
cohnected to thexpump
shaft
1.7 Polwer input-to auxiliary P, ML2T 3 Sum of the mechanical power inputs which are rlecessary
drive in order to drive the boost pump and cooling system
11.8 Auxitiary-drive-nput L MLZF—=2 Sum-ottheinputterques-which-are-reeessary-id order to
torques drive the auxiliary units (boost pump and cooling
system)
11.9 Theoretical output torque ™ ML2T 2 " M
™ - L - 7P L
i Zi i ViP
11.10 Input torque TP ML2T ~2 Sum of all input torques to the transmission
1.1 Theoretical speed ratio Z 1 VP
‘ ]
11.12] Overall efficiency 1, 1 PM T M
| B, o= = T
! t P P..,P
‘ Pl T, w
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