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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards institutes (ISO member bodies). The work of developing Inter- 
national Standards 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 represented on that committee. International organizations, governmental 
and non-governmental, in liaison with ISO, also take part in the work. 

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

International Standard ISO 4391 was developed by Technical Committee ISO/TC 131, 
Fluid power Systems. 

This second edition was submitted directly to the ISO Council, in accordance with 
clause 6.112 of part 1 of the Directives for the technical work of ISO. lt cancels and 
replaces the first edition (i.e. ISO 4391-19821, which had been approved by the 
member bodies of the following countries : 

Australia Finland 
Austria France 
Belgiu m Germany, F.R. 
Bulgaria India 
Canada Italy 
Chile Japan 
Czechoslovakia Libyan Arab Jamahiriya 

Netherlands 
Norway 
Poland 
Romania 
Spain 
Sweden 
USSR 

The member bodies of the following 
ment on technical grounds : 

countries had expressed disapproval of the docu- 

0 

United Kingdom 
USA 

International Organkation for Standardkation, 1983 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 4391-1983 (EI 

Hydraulic fluid power - Pumps, motors and integral 
transmissions - Parameter definitions and letter Symbols 

0 lntroduction 

In hydraulic fluid power Systems, power is transmitted and con- 
trolled through a liquid under pressure within an enclosed cir- 
cuit. Pumps are components which convert rotary mechanical 
power into fluid power. Motors are components which convert 
fluid power into rotary mechanical power. Transmissions con- 
vert a unidirectional variable Speed shaft input to a unidirec- 
tional or bidirectional variable Speed output. 

1 Scope 

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

lt allots letter Symbols to these characteristics, and indicates 
how they tan be more clearly defined by suffixes correspond- 
ing to particular cases. lt also lists an analysis of Parameter 
dimensions. 

2 Field of application 

The determination of exact descriptions with letter Symbols, 
dimensions and definitions should create a Single and unam- 
biguous terminology for hydraulic Pumps, motors and integral 
transmissions. 

lt is not yet possible to define a terminology absolutely valid in 
all cases concerning life, material fatigue or wear with respect 
to conditions of Operation. This field is to be treated with 
reserve and should undergo precise study in each particular 
case. 

3 References 

ISO 31 IO, General principles concerning quantities, units and 
s ymbols. 

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

ISO 3112, Quantities and units of periodic and related 
phenomena. 

ISO 3113, Quantities and units of mechanics. 

ISO 31/4, Quantities and units of heat. 

PP- 
1) At present at the Stage of draft. 

ISO 1219, Fluid power Systems and components - Graphit 
Symbols. 

ISO 5598, Fluid power Systems and components - 
Vocabulary. ’ ’ 

4 

For 

5 

Definitions 

definitions of terms used, see ISO 5598. 

Guidelines for the use of letter symbols 
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 combination with 
suffixes a large variety of possibilities tan be developed. 
Therefore, the following guidelines are required to avoid the 
creation of too many different symbol-suffix combinations for 
the same subject. 

5.3.1 Only if necessary for clarification are letters to be 
placed at the top of the Symbols (P, M, T) to indicate the unit to 
be used, i.e. when equations are to be developed and com- 
pared for Pumps, motors and transmissions. 

5.3.2 lf two or more suffixes are required, use a comma 
between them. 

5.3.3 First priority : 0, 1, 2 

5.3.4 Second priority : 3, b, d, e, g, h, hm, i, m, s, t, v, p 

5.3.5 Third priority : c, dry, ex, f, fi, in, k, p, n 

5.3.6 Fourth priority : am, aux, Ic, r, st 
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ISO 43914983 (EI 

53.7 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- 
bols with suffixes. 

Use the following Statement in test reports, catalogues and 
sales literature when electing to comply with this International 
Standard : 

5.4 Terms without Symbols 

See clause 12 for definition of terms without Symbols. 

“Parameter definitions and letter Symbols in accordance with 
l SO 439 1, H ydraulic fluid power - Pumps, mo tors and integral 
transmissions - Parameter definitions and Ie tter s ymbols . ” 

7 Letter Symbols for characteristics 

7.1 Alphabetical sequence of Latin and Greek letters for Symbols 

Reference 1 Description / Symbol 1 Dimension Definition or explanation 

The relationship of applied stress and volumetric strain 
produced when stress is applied uniformly to all sides of 
a body. 

lt is the reciprocal of compressibility. 

7.1.1 Bulk modulus K ML-‘T-* 

7.1.2 Forte F MLT-2 

7.1.3 Frequency f T-l - 

7.1.4 Moment of inertia I 

l I 

ML2 Value calculated from the moments of inertia of the 
moving Parts 

7.1.5 Mass m M 

The number of revolutions of the drive shaft in unit time 7.1.6 

7.1.7 

Rotational frequency 
(Speed) 

Power P ML2T-3 - 

7.1.8/ Pressure P ML-‘T-’ Static pressure at a stated Point 

7.1.9 Mass flow rate MT-’ The mass of a fluid crossing the transverse plane of a flow 
path per unit time 

7.1 .lO Volume flow rate 

l qv l L3T-1 

The volume of a fluid crossing the transverse plane of a 
fiow path per unit time 

7.1.11 Stiff ness ML2T-2 Ratio of the Variation of torque applied to a shaft and the 
Variation of the angular Position of the shaft 

7.1.12 l Torque T ML2T-2 

7.1.13 Time t T 

Swept volume at a given shaft Position 7.1.14 

7.1.15 

Instantaneous 
displacement 

Swept volume 

V L3 

V L3 ly incompressible fluid that 
complete stroke, cycle or 

The volume of a theoretical 
would be displaced by a 

s 

2x 
revolution V = 

0 
vdcp 

Ratio of Speed of two different units 7.1.16 

7.1.17 

7.1.18 

Speed ratio 

Volu me coeff icient of 
thermal expansion 

Degree of irregularity for 
Parameter X 

z 1 

a 0 ’ n- 

6X 1 

- 

X -X. 
(ijx = -LE!--.---- z-!L~~, 

xrni 
where X is any Parameter 

2 
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ISO 43914983 (EI 

I 
4 

Reference Description Symbol Dimension Definition or explanation 

7.1.19 Position of setting E 1 For variable units, the Position of the control device is 
defined by the ratio between the theoretical swept 
volume Vi at a given adjustment and the maximum 
theoretical swept volume Vi max I 

‘i 
c ~ 

= ‘i max , 

7.1.20 Efficiency r? 1 - 

7.1.21 Temperature 8 0 - 

7.122 Angular velocity Co T-’ The number of radians of a shaft in unit time cc) = 2x11 

7.2 List of other Symbols 
* 

Reference Description 

7.2.1 Direction of rotation : 

clockwise - 

- anti-clockwise 

Symbol Dimension Definition or explanation 

From the Point of view of an observer looking at the end 

R 1 of the shaft 

L 1 

8 Suffixes for Symbols for characteristics 

8.1 Alphabetical sequence of Latin and Greek letters for suffixes 

Reference Description Suffix Definition or explanation and examples 

8.1.1 a Acceptable conditions 

Ambient 

Conditions which permit a tolerable Standard of Performance and life 
PP PP---- ------ -- 

Surrounding 
---m--------m---- ---_ 

8.1.2 am 

aux 
---- 

b 

8.1.3 Auxiliary 

8.1.4 Adjustment 
-- 
Cyclic stabilized 
conditions 

----~----------.-~-----.----~~--- 
Conditions in which the relevant Parameters vary in a repetitive manner, 
similar conditions repeating at regular intervals 

8.1.5 C 

Stabilizing 
period 

Cyclic 
Operation 

-VP---_ 

8.1.6 
- V P - -  

d Drainage 
--------------------------------~-- 

For values for which the fluid impact is not to be considered 
-------.-----------------------_ 

Obtained by direct measurement or by calculation based on measurements 
P-F----------- ----------- -----__ 

8.1.7 
PF-_ 
8.1.8 

---- 
8.1.9 

Indication of dry dry 

Measured value 
-P-P--- 
External 

e 
---~~ 

ex 
---~ 

f 8.1 .lO 
---- 
8.1.11 

Fluid 
---- ------ 
Filling 

-- ------ 

---------_____----.------------_---------- 
Indicating values due to imperfect filling of pump 

---------------__-.- -_--. -- ___--- -------- 
fi 

--~--.- 
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ISO 4391-1983 (EI 

Reference Description Suffix Definition or explanation and examples 

8.1.12 Geometrie 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 Local Ic - 

8.1.19 Mechanical m - 

8.1.20 Arithmetic mean ma 
x - 

x, + x2 + . . . + xn 
ma - 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 t, 

1 
Xmi = - 

s 
” Xdt 

*1 O 

8.122 Limiting conditions of min These are characterized by the extreme (minimum or maximum) values 
Operation max which each Parameter tan take; the other Parameters being stated 

8.123 Rated 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 Peak duty related P A peak duty is an impulse during which the quantity exceeds the per- 
mitted maximum value. A peak duty is defined by a value which for a 
short period exceeds average value 

8.1.25 Discontinuous conditions r Conditions in which the relevant Parameters do not attain stabilization as 
of Operation defined in either 8.15 or 8.1.27 

8.1.26 Losses S - 

8.127 Steady state conditions st 
of Operation 

Conditions in which relevant Parameters do not Change appreciably after 
a period for stabilization 

X is any Parameter 

8.128 Total value 

8.129 Volumetric value 

8.130 Rotational angle 

t 

V 

P 

Total value of a Parameter where other values are also used 

- 

- 

8.2 List of other suffixes 

Reference Description Suffix Definition or explanation and examples 

8.2.1 
8.2.2 
8.2.3 

8.2.4 
8.2.5 
8.2.6 

Position in unit 
Neutral condition 
Inlet or input 
Outlet or output 

Pump 
Motor Placed at the top of the Symbols 
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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ISO 43914983 (El 

9 Examples for the use of Symbols with suffix for general characteristics 

Reference Description 1 Symbol Dimension Definition or explanation 

9.1 Dry mass mdry M Mass of unit without fluid 

9.2 Fluid mass 

9.3 Total (working) mass 

9.4 Volumetric loss 

mf 

mt 

qvs 

M 

M 

L3T-’ 

Mass of fluid contained in unit when ready to operate 

Mass of unit ready to operate 

mt = mdry + mf - 
- 

9.5 Torque loss Ts ML2T-2 , T,P = Te - Ti 

/ I or 

TM 
S 

= Ti - Te 

9.6 Differential temperature 1 AO 1 0 * 

9.7 
~~ 
Ambient temperature The temperature of the environment in which the 

1 eam 1 @ 1 apparatus is working 

9.8~i.$d~;~e / ed,f 1 @ 1 Temperature of the fluid at an external drainage Point 

9.9 Fluid temperature Of 0 The temperature of the fluid measured at a specified 
Point 

9.10 Fluid inlet temperature 8 ‘,f 0 

9.11 Fluid outlet temperature 8 2, f 0 

Temperature of the fluid measured at the inlet of the unit 

Temperature of the fluid measured at the outlet of the 
unit 

9.12 Local temperature 8 IC 
0 Temperature of the equipment at a defined Point 

10 Examples for the use of Symbols with suffix for Pumps and motors 

Reference 

10.1 

Description Symbol Dimension Definition or explanation 

Transformation of energy - - General 

“h qvl et pl hl 6, I I 

t 
P'I th', e' p, h' '1 , , 

Te 
P- m 
t.0 

t 

& qv2 I ef p2, hfl e2 

, LLJ 
Pump : Ap = p2 - pl Motor : Ap = pl - p2 

P ‘ah = Pp?v,,, 

‘2,h = Pp?v2,, 

Pm = Tp 

P Jh = Pl’W,,, 

‘2,h = P2’4V2,~ 

‘rn = Tp 

‘rn Tp 
------- = 

rlt=p -p 
- - ---- 

1.h 2.h ‘l,h - ‘2,h 
ylt = 

P 2,h - ‘l,h 

‘rn 

P2.h - ‘l,h 

* A is an indication of a differential value. 

5 
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ISO 4391-1983 (EI 

~~ 
Description 1 Symbol / Dimension 1 Definition or explanation Reference 

The definition of hydraulic power below 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 differente between the static pressures at the outlet and the inlet of a pump or of a 
motor. If there is a differente of kinetic or potential energy between the inlet and the outlet, correct Ap to take 
account of this. 

10.2 Hydraulic Pumps 4-j---& Units which transform rotary mechanical energy into 
hydraulic energy 

10.3 Hydraulic motors Units which transform hydraulic energy into rotary 
mechanical energy 

10.4 Adjusting forte Maximum forte required for adjustment taking into 
account all conditions including friction, pressure, 
Speed, direction and time of adjustment 

Fb MLT-2 

10.5 Acceptable frequency of 
adjustment 

Frequency at which the equipment could be adjusted for 
the travel or angle of adjustment indicated 

10.6 Dry moment of inertia Moments of inertia of the mechanical Parts 

10.7 Moment of inertia of fluid I, ML2 - 

10.8 Total moment of inertia Moments of inertia of all dynamic masses (mechanical 
and fluid) 

‘t = ‘dry + I, 

4 ML2 

10.9 Hydraulic power 

10.10 Theoretical power PP = qv.0 Ap = Ti.0 I 
PM i - - qvi.Ap = Ti’cL) 

10.11 Nominal power ‘n I ML2T-3 Rated power of the driving Prime mover 

10.12 Motor power PM m ML2T-3 Pm = Tew 

pp=T.cc, - 
m e 

- 
10.13 Pump power PP m ML2T-3 

10.14 Differential pressure APP = P2 - P’ 

hpM = P’ - P2 

AP ML-1T-2 

10.15 Minimum (inlet/outlet) 
pressure 

P pl min : Minimum acceptable pressure at the inlet of the I 
pump 

p~min : The minimum outlet pressure of the motor to I 
ensure satisfactory Operation 

P min ML-‘T-2 

10.16 p; max : The maximum permitted outlet pressure of the , 
pump in steady state conditions 

M pl max : The maximum permitted inlet pressure of the , 
motor in steady state conditions 

For other conditions of Operation, other values of the 
maximum pressure tan be defined with other Symbols 

Maximum (outlet/inlet) 
pressure 

10.17 Peak pressure 

10.18 Effective f low 

A pressure which may exceed the permitted maximum 
pressure for a relatively short time 

~~__--_-- ._I_--. 
P qv2 e : Actual flow at pump outlet 

, 

CIF, e : Actual flow at motor inlet 

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

----- ---__~_~-~ -- 

4 Ce L3T-’ 

4- 
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ISO 4391-1983 (EI 

Reference Description Symbol Dimension Definition or explanation 

10.19 Theoretical flow 4 Vi L3T-’ 4pV, = Ten; L$. = Vi*n I 

10.20 Volumetric external losses q v s, ex 
L3T-’ 

-- 

Y’v, ex : Loss of output due to external leakage 
I 

10.21 Volumetric filling losses qvs fi t 
L3T-’ 

4Fi?, ex : 
Increase of input to allow for external leakage 

I - 

Loss of output due to imperfect filling of the pump 

10.22 Volumetric internal losses q v s, in 
L3T-’ 4;s in ’ Loss of output due to internal leakage 

I 

qV, in 
: Increase of input to allow for internal leakage 

I 

10.23 I / Volumetric compressibili- L3T-’ 
ty losses d; k = , 

If the elasticity and the play of the mechanical Parts are neglected, as well as changes in volume of the 
fluid due to physical/chemical characteristics or to the presence of air in the fluid, then 1 

P 
qV2,e = qVi - 4Vs in + qVs ex - qVs k t # i I 

M 
qVl,e = qVi + qVs in + I qVs ex + I qVs k I 

ML2T-2 10.24 Adjusting torque 

ML2T-2 Cl 
Te = - 

c-9 

10.25 Effective torque 

ML’T-’ Vi* AP 
Ti = 2n- 

10.26 Theoretical torque 

ML’T-’ TP 
S 

= Te - Ti 

TM 
S 

= Ti - Te 

10.27 Hydraulic-mechanical 
losses (torque losses) 

ML’T-’ The minimum torque available at the motor shaft when 
starting from rest for a given pressure differentia! under 
specif ied conditions d T Time required for adjustment 
_~-- -.- 

The shortest possible time required for the angle of 
adjustment indicated 

T 10.30 Shortest time of adjust- 
ment 

T Time required for adjustment taking into account the 
travel and angle of the total adjustment 

10.31 Total time of adjustment 

L3 4v2 e 
I/P = ---I. qvl e pl = ---L 
. e n ’ e n 

----------- 
Volume displaced, calculated geometrically without 
reference to tolerantes, clearances or deformation 

-- 

10.32 Effective swept volume 

The volume displaced (pump), or volume absorbed 
(motor) at defined minimum working pressure, obtained 
from measurements at two different Speeds 

L3 10.33 Geometrie swept volume 

L3 10.34 Derived swept volume 

vy = ( :;::)A,,*o = [ “L~f+)~\jj+o 

-__ ---_---- -- 
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ISO 43914983 (EI 

Dimension Description 1 Symbol Definition or explanation 

hf = &‘$, = 
Yb, e Ti ‘2.h - ‘1 h , ._ _. ___ . __ = - _ -_--__--___ 

4li Te Pm 

17 I ‘i Te pm 
qy = y7”.qhm = --- -.-- . = 

qL l,e 

--f p 

1, h 

- -z--p- -- 

I 2, h 
ppp__- _-_----- ~~.- 

P _ Q”“e 
4 I”i 

& _ ; 

4 I”i 

IIy = .- ...~_ 

qL’l,e 
-- ~___~ _--- -_-----p---- 

T. T 
P _ .___ !-. 

qhrn - 
M = -?- 

T ’ qhrn 
e Ti 

-~ --- 

Corresponds to zero swept volume (E = 0) 

Reference 

1 10.35 Overall efficiency 

1 10.36 

1 10.37 Hydraulic mechanical 
efficiency 

qhrn 

1 10.38 Zero Position C=O 

11 Examples for the use of Symbols with suffix for integral transmissions 

Description 1 Symbol 1 Dimension Definition or explanation Reference 

Combination of one or more hydraulic Pumps and one or 
more motors forming a unit. 

11.1 Integral transmission 

During use, 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 
motork) 

Number of revolutions per unit time of the output shaft 11.2 Output shaft Speed nM T-l 

11.3 Theoretical output Speed nM i T-l VP 
nM = np.Zi = np. i I VM i 

Number of revolutions per unit time of the input shaft 11.4 1 Input shaft Speed np T-l 

Moment of inertia of all the mechanical Parts connected 
to the motor shaft 

ML2 11.5 Moment of inertia of 
moving mechanical Parts 
connected to the motor 
shaft 

IM m 

Moment of inertia of all the mechanical Parts connected 
to the pump shaft, relative to the pump shaft 

ML2 11.6 Moment of inertia of 
moving mechanical Parts 
connected to the pump 
shaft 

rp M 

Sum of the mechanical power inputs which are necessary 
in Order to drive the boost pump and cooling System 

~~ 
11.7 Power input to auxiliary 

drive 
P aux ML2T-3 

11.8 Auxiliary drive input 
torques 

T aux ML2T--2 

11.9 Theoretical output torque TM i ML2T- 2 

Sum of the input torques which are necessary in Order to 
drive the auxiliary units (boost pump and cooling 
System 1 

TP VM 
7-y = -- .i. = 7-P . _-.! I 

‘i 
I Vp 

11.10 Input torque TP ML’T-’ Sum of all input torques to the transmission 

1 11.11 Theoretical Speed ratio ‘i 

11.12 Overall efficiency qt 1 PM 
yIt= -Tz 

Tyd 
--~-- 

PP m TL= wp 
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