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ERRATUM 

Page 3 

Sub-clause 5.1.3, line 4 : “design” should read “designated”. 

Page 8 

Sub-clause B-3.4, line 4 : replace “figure 4” by “figure 2”. 

Page 74 

In the figure, write “x” above “100 min”. 
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Foreword 

IS0 (the International Organization for Standardization) is a worldwide federation of 
national standards institutes (IS0 member bodies). The work of developing Inter- 
national Standards is carried out through IS0 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 IS0 Council, 

International Standard IS0 4008/l was developed by Technical Committee ISO/TC 22, 
Road vehicles, and was circulated to the member bodies in July 1979; 

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

Austria 
Belgium 
Chile 
China 
Czechoslovakia 
France 
Germany, F. R. 
Italy 

Japan South Africa, Rep. of 
Korea, Dem. P. Rep. of Spain 
Korea, Rep. of Sweden 
Libyan Arab Jamahiriya Switzerland 
Netherlands United Kingdom 
New Zealand USA 
Poland USSR 
Romania 

No member body expressed disapproval of the document. 

This second edition cancels and replaces the first edition (i.e, IS0 4008-19771. 

@ Organisation internationale de normalisation, l%g l 

Imprim en Suisse 
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Road vehicles - Fuel injection pump testing - 
Part 1 : Dynamic conditions 

Foreword 

This International Standard aims to achieve correct setting and 
adjustment of fuel injection pumps for compression ignition 
engines by providing standardised conditions for testing, 

Part 1 of the international Standard deals with the dynamic 
behaviour of the rotating components [and certain other 
components) of the test bench and pump under test. Non- 
compliance with the dynamic characteristics detailed below can 
produce large errors in injection pump delivery. Adherence to 
certain related International Standards listed in clause 3 is 
essential for the total application of this International Standard, 

0 Introduction 

The accuracy of readings made on a fuel injection pump test 
bench depends on the ability of that test bench to fulfil, within 
acceptable tolerances, all the dynamic demands made by the 
particular injection pump being tested. In order to establish, in 
practice, the suitability of any test bench to test any injection 
pump, this International Standard requires the manufacturers 
of the test bench and of the injection pump to supply certain 
data on their products. 

Based on this data, together with the injection pump 
manufacturer’s test schedule and certain other typical 
numerical values common to injection pump operation, this 
International Standard provides the means to determine 
whether a particular test bench is capable of satisfying the 
dynamic demands of a particular injection pump. 

1 Scope 

1.1 This International Standard defines only the 
requirements and characteristics of test benches necessary to 
ensure consistent results when an injection pump is tested to 
the manufacturer’s test specification regardless of the origin of 
the test bench. 

1.2 This International Standard establishes a form in which 
the test bench manufacturer shall define the capacity of his test 
benches in terms which enable the user to ensure that he keeps 
within the requirements and characteristics necessary for any 
particular injection pump to be tested. 

2 Field of application 

2.1 This International Standard is primarily applicable to test 
benches suitable for calibration of fuel injection equipment for 
compression ignition engines requiring fuel delivery up to 
300 mms/injection/cylinder at full load. 

2.2 No distinction is made between test benches used for dif- 
ferent applications, for example laboratories, manufacturers of 
fuel injection equipment or service stations. 

3 References 

The following International Standards are essential for the total 
application of this International Standard : 

IS0 400812, Road vehicles - Fuel injection pump testing - 
Part 2 : Static conditions. 1) 

IS0 4010, Road vehicles - Calibrating nozzle - Delay pint/e 
type. 

IS0 402011, Road vehicles - Fuel frfters for automotive com- 
pression ignition engines - Part 1 : Test methods. 

IS0 402012, Road vehicles - Fuel filters for automotive com- 
pression ignition engines - Part 2 : Test values and classifica- 
tion. 

IS0 4093, Road vehicles - Fuel injection pumps - High 
pressure pipes for testing. 

IS0 4113, Road vehicles - Fuel injection equipment - 
Calibration fluid. 

4 Definitions 

For the purpose of this International Standard, the following 
definitions apply : 

4.1 Description of terms 

4.1.1 angular creep : Limited angular movement which 
occurs between two interacting members only when under 
torsional strain. 

4.1.2 backlash : Angular clearance between two interacting 
members. 

1) At present at the stage of draft. 
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4.1.3 coupling : Component connecting the driveshaft to the 
driven shaft. 

4.1.17 overall pumping efficiency : The percentage of 
mechanical input power represented by hydraulic output power 
at full load. 

4,1.3.1 coupling mounting face : The face of the driveshaft 
for attachment of the coupling. 

4.1.18 speed droop of a test bench : The drop in mean 
speed which occurs as a result of increasing the load at any 
fixed speed selection setting. 4.1.3.2 coupling output driving face : The face of the ter- 

mination member of the coupling which engages the driven 
shaft (or an adaptor on the driven shaft) of the injection pump. 

4.1.19 speed droop of an injection pump governor : The 
drop in mean speed necessary to increase pump delivery from 
minimum to maximum. 

4.1.3.3 coupling stiffness : The torsional stiffness between 
the mounting face and the output driving face of the coupling. 

4,1,4 driveshaft : The member (or integral protrusion from 
the flywheel) connecting the flywheel to the coupling mounting 
face. 

4.1.20 specific speed droop : The speed droop, expressed 
as a percentage of initial speed which occurs as a result of in- 
creasing the load from one specific value to another. 

4,1.5 driven shaft : The input shaft for operating the injec- 
tion pump. 4.1.21 test bench : Device for testing, calibrating and 

adjusting a fuel injection pump, comprising at least the follow- 
ing : 4.1.6 dynamic characteristics : The values of those 

elements of stiffness and inertia which together control the 
amplitude of cyclic deviation from relative mean angular speed 
between the driven shaft and the injection pump housing. 

- coupling mounting face; 

- flywheel; 

4.1.7 flywheel : A rotating mass to which the driveshaft is 
attached. 

- injection pump mounting arrangement; 

- prime mover; 
4,1,8 full load : The maximum injection pump power de- 
mand. - pump delivery measuring system; 

- test injector holder; 4.1.9 injection pump delivery : The volume of fuel 
delivered in a single injection at full load. 

- test oil supply system; 

4.1.10 delivery period : The driveshaft angle in degrees 
represented by the plunger stroke between port closure and 
port opening at full load, 

- transmission. 

4.1.22 test speed : The specific speed at which any par- 
ticular injection pump test is required to be made under condi- 
tions in accordance with the requirements of this International 
Standard. 

4.1.11 mean injection pressure : The average pressure of 
the injection, at full load, and measured at the injection pump 
outlet. 

4.1.12 peak injection pressure : The highest injection 
pressure reached during one injection at full load and measured 
at the injection pump outlet, 

4.1.23 mean injection torque : The average torque acting 
through 10” of rotation required to deliver one injection at full 
load. 

4.1.13 interface : The whole extent of surface contact bet- 
ween two interacting components. 

4.1.24 peak injection torque : The highest torque en- 
countered during an injection period at full load. 

4.1.14 maximum delivery setting : The maximum setting 
according to the manufacturer’s test schedule for the injection 

pump. 

4.125 transmission of a test bench : The whole of the 
mechanism connecting the prime mover to the flywheel. 

4.1.15 number of cylinders of an engine : The number of 
power strokes in one complete cycle. 

4.1.26 transmission of an injection pump : The combina- 
tion of the driveshaft and coupling (including any special injec- 
tion pump drive adaptor mechanism specified by the injection 
pump manufacturer or provided by the test bench manufac- 
turer). 

4.1.16 number of cylinders of an injection pump : The 
number of pumping actions in one complete engine cycle. 

2 
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4.2 Symbols and units 

The following symbols and units are used : 

4.2.1 injection pump transmission stiffness : S, in newton 
metres per degree (N.m/“) 

4.2.2 coupling stiffness : S,, in newton metres per degree 
(N.m/‘) 

4.2.3 drive shaft stiffness : S,-,, in newton metres per degree 
(N-m/O) 

4.2.4 flywheel inertia : I, in kilogram metres squared (kgem2) 

4.2.5 torque : T, in newton metres (N-m) 

4.2.5.1 mean injection torque : T,,, in newton metres (N.m) 

4.2.5.2 peak injection torque : Tp, in newton metres (N.m) 

4.2.6 injection pump delivery : Qmax, in cubic millimetres per 
injection per cylinder (mms/injection/cylinder) 

4.2.7 equivalent injection pump delivery : Q,, in cubic 
millimetres per injection per cylinder (mms/injection/cylinder) 

4.2.8 injection period : D, in degrees (“) 

4.2.9 injection pressure : p, in bars (bar)‘) 

4.2.9.1 

4.2.9.2 

4.2.9.3 
(bar) 

4.2.9.4 
(bar) 

4.2.10 

4.2.11 

4.2.12 

4.2.13 

4.2.14 

mean injection pressure : pm, in bars (bar) 

peak injection pressure : PP, in bars (bar) 

mean known (actual) injection pressure : pma, in bars 

peak known (actual) injection pressure : ppa, in bars 

number of cylinders : Z 

overall pumping efficiency : E, as a percentage % 

power : P, in kilowatts (kW) 

speed : n, (min-1) 

test speed : n,, (min-1) 

4.3 Assumptions 

For the purpose of this International Standard, the following 

typical numerical values and relationships shall be assumed : 

a) D = IO0 

b) P,,, = 400 bar 

cl E=75% 

The pressure diagram of the injection shall be represented by a 
semi-sinusoidal form. 

Hence : 

pp = J+,, x t, thus pP = 628 bar 

Tp = T, x: 

5 Dynamic requirements 

5.1 Required dynamic characteristics and limiting 
values 

5.1.1 Speed variation at constant load 

The mean speed of the driveshaft under any steady admissible 
load and stabilised power supply conditions, shall remain cons- 
tant within + 0,25 % at speeds above 800 min-1 and within 
rtr 2 min-1 below 600 min-1 for a period of not less than 
1 min. 

5.1.2 Flywheel 

The test bench shall contain a flywheel which shall be capable 
of fulfilling the requirements of 5.1.3 when supplying from its 
stored energy the whole of the energy of injection without aid 
from the transmission. 

5.1.3 Speed variation at cyclic load 

The cyclic variation of instantaneous speed of the coupling 
mounting face of the driveshaft, due to the cyclic torque de- 
mand of the pump to be tested, shall not exceed 1 % from 
peak to peak at any design test condition. (See annex A; A.1). 

5.1.4 Stiffness of the driveshaft 

When subjected to the peak injection torque demand, the 
driveshaft shall not deflect angularly by more than 0,02O. 

5.1.5 Stiffness of the coupling 

When subjected to the peak injection torque demand, the 
coupling shall not deflect angularly by more than O,l”. 

5.1.6 Stability of the injection pump mounting 

The mounting platform together with any adaptor provided by 

‘I) 1 bar = 100 kPa. 
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the test bench manufacturer to mount the injection pump to be 
tested shall not permit angular deflection of the mounting face 
of the pump body, induced by the full load reaction of the tor- 
que pulse of an injection and about an axis parallel to the pump 
driven shaft, in excess of 0,02O with respect to earth. 

5,1,7 Torsional resonance of the transmission of the test 
bench 

Means shall be provided to prevent any other mass in the 
transmission from falling into torsional resonance with the 
flywheel when excited by the cyclic torque demand of an injec- 
tion pump having the maximum number of cylinders provided 
for and when running at any speed within the test bench overall 
speed range. 

5,1.8 Backlash 

There shall be no backlash in the transmission of the injection 
pump between the flywheel and the coupling output driving 
interface. 

5.1.9 Misalignment 

The injection pump mounting platform together with any adap- 
tor provided by the test bench manufacturer to locate the injec- 
tion pump to be tested shall be so constructed that misalign- 
ment at the coupling between the axis of the driveshaft and the 
axis of the driven shaft does not exceed : 

radially : 0,13 mm; 

angularly : 0,25 mm over a length of 300 mm. 

5.1.10 Angular creep 

There shall be no angular movement between any two inter- 
acting members, between the flywheel and the coupling output 
interface, when subject to torque reversals equal to twice the 
peak injection torque. 

5.2 Methods of test 

5.2.1 The speed variation at constant load (see 5.1 .I) shall 
be assessed by measured observation when running the test 
bench through a matrix of three speeds and three loads (cover- 
ing 70 % of the available speed range and load range using a 
suitable dynamometer to absorb the load), Power supply 
voltage shall be checked using an on-line voltmeter across all 
lines. During the test, the power supply shall remain stable to 
within the following limits : 

voltage : f 0,5 % 

frequency : * 0,l %. 

5.2,2 Because of the large number of physical tests which 
would be represented by all the combinations of test bench 
type, injection pump type and test speed, formulae have been 
developed, based on the typical values and relationships shown 
in 4.3, so that the values for the flywheel inertia, driveshaft 

stiffness and coupling stiffness necessary to achieve the re- 
quired dynamic characteristics of 5.1.2 to 5.1.5 can be 
established by reference to the following two parameters at full 
load : 

injection pump delivery : Qmax; 

test speed : nt. 

5.2.3 The values for flywheel moment of inertia, driveshaft 
torsional stiffness and torsional stiffness of couplings shall be 
established by physical measurement (for coupling stiffness, 
see annex Cl. 

5.2.4 The stability of the injection pump mounting 
(see 5.1.6) shall be established by dynamic measurement using 
the special injection pump simulating apparatus and test pro- 
cedure specified in annex B. At least five equispaced test 
speeds n, within the overall speed range of the test bench shall 
be chosen and the equipment shall be operated to measure, 
relative to each chosen test speed, the value of the injection 
pump delivery Q at which the pump mounting face (including 
any pump locating adaptor) deflects angularly by 0,02O (See 
annex B; B.4.1). 

5.2.5 The test bench output power and speed droop shall 
be checked by physical measurement using a suitable 
dynamometer connected to the test bench driveshaft. Five 
measurements of power P shall be made (at equispaced inter- 
vals of test speed nt between the extremes of the stated range) 
to verity that the test bench can deliver its stated maximum per- 
missible power. Four equispaced measurements shall be made 
through the speed range to obtain the speed droop values. 

5.2.6 Absence of backlash and angular creep shall be 
checked by measurement by applying a reversal of torque be- 
tween the flywheel and the coupling output driving face. The 
value of the torque to be applied shall be calculated according 
to the formula in A.4 (see annex A). 

To apply the test, the flywheel shall be locked to the test bench 
main frame by any convenient means and the coupling shall be 
connected to a fuel injection pump or other suitable fixture. 
The torque shall be applied to the driven shaft first in a 
clockwise direction. (The fixture described in annex C may also 
be used). 

It shall then be slowly reversed in an anti-clockwise direction. 
The applied torque shall then be relaxed and any resulting 
angular displacement at the interface of any two interacting 
components shall be measured with a resolution better than 
0,02O. Special attention should be taken with respect to 
tapered and cylindrical interfaces and bolted flanges. The test 
shall be repeated five times in both directions of torque rever- 
sal. 

NOTE - “Backlash” includes clearance of positive engagement 
clutches, torque limiting devices, or gears in a gear box. 

5.2.7 Misalignment shall be checked by any suitable conven- 
tional apparatus with adequate resolution and stiffness. (Exten- 
sion bars more than 200 mm long shall be not less than 30 mm 
diameter). 
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