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(54) An engine injector tester

(57)  An engine injector tester comprising a source
(30) of fluid pressure, an injector mount (20) for receiv-
ing aninjector (18) to be tested and connected to receive
fluid from the tester, and pressure transmission means
(40, 74) to transmit fluid pressure from the said source
(30) to the injector mount (20). Pressure adjustment
means (52) are also provided which serve to enable se-
lection of a given pressure of fluid to be communicated

to the injector mount (20) via the said pressure trans-
mission means (40, 74). Fluid flow measurement means
(78) of the tester are connected to provide a measure
of flow rate of the fluid through the injector (18) when
the tester is in use. The tester further comprises pres-
sure burst means (40) to enable pressure to be trans-
mitted from the said source (30) to the injector mount
(20) as a burst.
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Description

[0001] The present invention relates to an engine in-
jector tester, especially but not exclusively for testing a
two-stage diesel engine injector.

[0002] In one construction of such a tester proposed
hitherto, a gear wheel pump feeds test fluid to such an
injector at steadily increasing pressures. Flow rate
means are provided downstream of the injector to pro-
vide successive measures of the flow rate of test fluid
at these successive pressures. A graph is plotted of the
flow rate versus pressure. The pressure at which flow
rate commences is indicative of the first stage of open-
ing of the injector (commonly abbreviated to "NOP1"),
and a steep rise in the gradient of the plot of flow rate
against pressure indicates the pressure at which the
second stage of the injector opens (commonly abbrevi-
ated to "NOP2").

[0003] One of the problems encountered with such a
construction is the cost involved in providing equipment
which can pump the high volumes of test fluid needed
to enable the tester to work.

[0004] An aim of the present invention is to obviate
this disadvantage.

[0005] Accordingly, the present invention is directed
to an engine injector tester comprising a source of fluid
pressure, an injector mount for receiving an injector to
be tested and connected to receive fluid from the tester,
pressure transmission means to transmit fluid pressure
from the said source to the injector mount, pressure ad-
justment means of the tester which serve to enable se-
lection of a given pressure of fluid to be communicated
to the injector mount via the said pressure transmission
means, and fluid flow measurement means of the tester
connected to provide a measure of flow rate of the fluid
through the injector when the tester is in use, character-
ised in that the tester further comprises pressure burst
means to enable pressure to be transmitted from the
said source to the injector mount as a burst.

[0006] One relatively simple and inexpensive embod-
iment of the burst means comprises a quick-exhaust
valve. The latter may be connected in series with a fluid
reservoir.

[0007] The pressure transmission means may com-
prise a piston and cylinder arrangement in which the
said source is connected to enable the pressure of fluid
from the said source to be applied to one side of a piston,
and fluid on the other side of the piston to be put in com-
munication with the injector mount.

[0008] Preferably, the quick-exhaust valve would then
be arranged upstream of the piston and cylinder ar-
rangement, although it could be arranged downstream
thereof.

[0009] Preferably, the piston and cylinder arrange-
ment is part of a pressure intensifier.

[0010] The pressure intensifier may comprise mova-
ble means which communicate a force applied by the
pressure of fluid in a first cavity of the pressure intensi-
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fier to fluid in a second cavity of the intensifier, the com-
ponent of the area of the movable means to which the
pressure of the fluid in the first cavity is applied to urge
the movable means to move towards the second cavity
being substantially greater than the component of the
area of the movable means which applies a force to the
fluid in the second cavity so that pressure of fluid in the
second cavity created as a result of the force applied to
the movable means by the pressure of fluid in the first
cavity is substantially greater than the latter pressure,
the said movable means comprising the piston of the
said piston and cylinder arrangement and the second
cavity being defined by the cylinder of the said piston
and cylinder arrangement.

[0011] The pressure intensifier may be inexpensively
and readily embodied by a standard hydraulic amplifier
of pressure, such as is used in hydraulic brake systems
of motor vehicles, for example.

[0012] The fluid flow measurement means may com-
prise displacement measuring means arranged to
measure displacement of the piston, coupled with timing
means to measure the time taken for a given displace-
ment of the piston to occur.

[0013] The said burst means may, instead of a quick-
exhaust valve, comprise a clamp on the piston enabling
the pressure to build up before piston movement is al-
lowed by a sudden release of the clamp.

[0014] The tester may be further provided with control
means to cause a succession of bursts to occur at re-
spective different pressures.

[0015] Detection means may be provided to detect
the pressure at which a steep rise in the flow rate occurs
in the flow rate as a function of pressure, to indicate
NOP2 in a two-stage injector.

[0016] The present invention extends to a method of
testing an engine injector comprising transmitting fluid
pressure from a pressure source to an injector under
test, adjusting that pressure to a desired value, and
measuring the flow of fluid which flows through the in-
jector as a result, characterised in that the pressure is
transmitted from the source to the injector as burst.
[0017] An example of an engine injector tester em-
bodying the presentinvention will now be described with
reference to the accompanying drawings in which:

Figure 1 is a pneumatic/hydraulic circuit dia-
gram of an engine injector tester em-
bodying the present invention;

Figure 2 is an axial sectional view through a
part of the tester shown in Figure 1;

Figure 3 shows an axial sectional view of an ex-

ample of an injector which can be test-
ed by the tester shown in Figure 1; and
Figures4to 7  show respective explanatory graphs.
[0018] The engine injector tester shown in Figure 1 is
especially but not exclusively adapted to test a two-
stage diesel engine fuel injector. It comprises an inten-
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sifier 10 having an output 12 connected to an hydraulic
hand pump 14. The latter is also connected to a line 16
which connects the said output 12 of the intensifier 10
to an injector 18 under test held in an injector head or
mount 20.

[0019] A non-return valve 22 is connected between
the pump 14 and the line 16 to inhibit the return of hy-
draulic fluid from the line 16 to the pump 14.

[0020] A line 24 connects an hydraulic fluid reservoir
26 to the pump 14, and a non-return valve 28 in the line
24 prevents fluid in the line 24 returning from the pump
14 to the reservoir 26.

[0021] An air pressure source 30 is connected to an
input 32 of the pressure intensifier 10 via a pressure reg-
ulator 34, a pressure gauge 36, an air reservoir 38, and
a quick-exhaust valve 40 connected in series in that or-
der from the pressure source 30 to the intensifier 10.
The pressure source 30 is also connected to an air outlet
end 42 of the reservoir 26 via a water trap filter 44, a
further pressure regulator 46, a further pressure gauge
48, and an air mover control valve 50 connected in se-
ries in that order from the air pressure source 30 to the
air outlet end 42.

[0022] The air pressure source 30 is provided with
pressure adjustment means 52 to adjust the pressure
of air provided by the source 30.

[0023] With reference to Figure 2, the pressure inten-
sifier 10 comprises a low inertia, low friction vehicle
brake actuator. It comprises a frame 54, at one end of
which is mounted a diaphragm cylinder 56 across which
extends a diaphragm 58, on an outer side of which is
defined a first cavity 60. The cylinder 56 is provided with
a port 62 (constituting the input 32 to the intensifier 10)
on that side of the cylinder 58 to enable pressurised air
to be passed into the said first cavity 60 (and also to
enable air to flow out from that cavity). The diaphragm
58 is in contact with a flange 64 at an outer end of a
plunger rod 66. The other end of that rod 66 is received
in a piston 68 abutting but not necessarily connected to
a plunger 70 which is received within a cylindrical hollow
of a cylinder block 72 defining a second cavity 74 there-
within. The latter is connected to a port 76 (constituting
the outlet 12 of the intensifier 10 although it should be
appreciated that fluid may flow into as well as out of the
cavity 74 through that port 76).

[0024] The effective diameter of the diaphragm 58 is
approximately 150mm. The diameter of the plunger 70
is about 12mm and the cylindrical block 72 accommo-
dates a travel for the plunger 70 of about 10mm. The
pressure intensifier 10 therefore has an intensifying ratio
of approximately 150:1.

[0025] Any linear axial movement of the piston 68 is
detectable by a magnet and inductor coil sensor 78, the
magnet part of which is fixed to the piston 68 by a con-
nector 80. This enables measurement of the rate of dis-
placement of the piston 68. The voltage induced in the
coil is proportional to the velocity of plunger movement,
which in turn is directly proportional to the flow rate of
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fluid from the said second cavity 74.

[0026] The plunger 70 can be moved its full distance
of travel in approximately 0.03 seconds, providing a flow
rate of approximately 2.2 litres per minute.

[0027] Referring again to Figure 1, a control proces-
sor 82 has an LCD display 84. The processor 82 is con-
nected to receive signals from a thermometer 86 in the
reservoir 26, the rate of displacement transducer 78 and
an injected-pressure sensor 88. A further capability of
the processor 82 is to control the tester to perform pre-
set automatic test cycles. To this end it is connected to
operate at least the pressure adjustment means 52
(which may be adjusted manually also) and the quick-
exhaust valve 40.

[0028] Atooltray 100 is connected to receive test fluid
from a spray collector 102 via a tool tray drain 104. A
conduit 106 directs spray collected from the injector 54
and returns it to the reservoir 26. Lastly, the air mover
42 and a reservoir drain 108 are connected to the res-
ervoir 26.

[0029] A light bulb 109 is positioned adjacent to the
spray collector 102 to facilitate assessment of the spray
pattern.

[0030] Figure 3 shows in greater detail an example of
an injector 18 under test. It comprises a main body 150
defining a nozzle outlet 152 at its intended lower end
and provided with a body cap 154 at its other end. The
body 150 is formed with a shaped interior cavity 156 ex-
tending axially along its length. Its shape is such as to
house, as a close-fitting, a valve needle 158 at the noz-
zle end, a primary spring 160 and, further from the nee-
dle 158 than the primary spring 160, a secondary spring
162.

[0031] The valve needle 158 is attached to an injector
spindle 164 an upper end of which is spaced, when the
needle 158 is closing the nozzle 152, by a pre-lift gap
from a seat 166 of the secondary spring 162.

[0032] The body 150 is provided with an inlet connec-
tion 168 provided with a passageway 170 extending
from that inlet connection 168 through the injector body
150, to the interior of the nozzle 152.

[0033] As fluid (whether it be diesel fuel or hydraulic
test fluid) is applied under increasing pressure to the
passageway 170, the valve needle 158 rises by a first
displacement, against the resilience of the primary
spring 160, equal to the pre-lift spacing whereupon the
spindle 164 contacts the seat 166, whereupon the valve
needle 158 continues displacement to full lift against the
resilience of the secondary spring 162.

[0034] The pressure required to initiate displacement
for the pre-lift is referred to as NOP1, being the first nor-
mal opening pressure, and the pressure required to in-
itiate displacement of the needle 158 against the resil-
ience of the secondary spring 162 is referred to as
NOP2, being the second normal opening pressure.
[0035] When the system constituting the tester shown
in Figures 1 and 2 is in operation, fluid from the hand
pump 14 is applied to the said second cavity 74, as well
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as to the injector 18 under test. This ensures that the
piston 68 is in its fully retracted position as shown in Fig-
ure 2 and that the hydraulic fluid in the line 16 is under
pressure. During this time, the hand pump 14 is operat-
ed to ensure such a pressure.

[0036] Also, the quick-exhaust valve 40 is in a first
condition in which air can be vented from the said first
cavity 60, again to enable the piston 68 to return to its
start position as shown in Figure 2.

[0037] The quick-exhaust valve 40 is now switched to
open the pressure of air from the source 30 and the res-
ervoir 38, to the said first cavity 60, as a result of which
pressure in that cavity is rapidly built-up by virtue of the
high flow rate of the quick-exhaust valve 40 and the ca-
pacity of the air reservoir 38. In this way, the quick-ex-
haust valve 40 acts as pressure burst means to enable
pressure to be transmitted from the pressure source 30
to the injector 18 as a burst. Thus the force of pressure
in the said first cavity 60 works to build up very rapidly
the pressure in the said second cavity 74 and thence to
the injector 18 under test. A signal from the processor
82 may be applied to the injector 18 in the event that the
latter is electrically operated, via the line 110 to enable
an injection of the test fluid through the injector 18. How-
ever, the rate of increase of injected pressure is suffi-
ciently great, because of the high flow through the quick-
exhaust valve 40 and the capacity of the air reservoir 38
that the injector 18 which as shown in Figure 3 is not
operated electrically can be readily opened and tested.
The instantaneous pressures as measured by the pres-
sure sensor 88 are recorded in the processor 82. A
check is also made on the flow rate as determined by
the processor 82 from the signal it receives from the rate
of displacement transducer 78 and the instantaneous
rate data is recorded. The transducer 78 is coupled with
timing means 200 of the processor 82 to enable flow
rate to be determined from displacement. The test fluid
passes back through the conduit 106 to the reservoir 26.
[0038] It will be appreciated therefore that the rate of
increase of pressure at the two-stage injector 18 when
the quick-exhaust valve 40 is opened is sufficient to ef-
fect full opening of both stages of the injector 18 before
the plunger 70 bottoms out.

[0039] The foregoing cycle is repeated until sufficient
data has been obtained, which may be stored in a mem-
ory 210 within the processor 82.

[0040] The illustrated pressure intensifier is capable
of providing high-pressure fluid (in excess of 700 bar).
For example, an air pressure of about 5.0 bar applied to
the diaphragm 58 generates an injected pressure of
about 750 bar. A high flow rate of the order 2 litres per
minute can be achieved.

[0041] The data recorded in the processor 82 may be
processed in a number of ways to determine the open-
ing pressures of the injector 18.

[0042] For example to test the 2-stage injector 18 as
illustrated in Figure 3, after the operator has pre-set test
data into the processor 82, the tester will automatically
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cycle to collect data and determine pressure and flow
conditions for the injector 18 being tested. To determine
the NOP2 pressure, it does this by measuring the pres-
sure and flow rate at which the secondary spring 162 is
activated.

[0043] These conditions are dependent on the specif-
ic design and type of injector 18. The operator will have
knowledge of the correct operating conditions for the
type of injector to be tested from published data.
[0044] Figure 4 shows a graph of pressure (as meas-
ured by the pressure sensor 88) and displacement (of
plunger 70) as a function of time. The pressure scale is
illustrated in bar, the displacement in mm, and the time
in ms. Thus, at just beyond 0.06ms in this time scale,
the quick-exhaust valve 40 is opened so that the pres-
sure rises very rapidly, to create a burst or pulse of pres-
sure and a shot or injection of fluid through the injector
18, and the plunger 70 accelerates rapidly. A reasonably
steady state is achieved at a pressure of roundabout
270bar in Figure 4 with a displacement of approximately
1mm for every 0.01ms, which given the dimensions of
the various components of the system, corresponds to
a flow of something of the order of 1 litre per minute.
[0045] In operation of the tester two pressures will be
selected and entered into the control system into the
processor 82 of the tester by the operator using a key-
pad (not shown) provided for this purpose. The de-
signed NOP2 fuel flow rate may also be entered. These
pressures will be one suitably below the designed NOP2
and the other suitably above NOP2, represented as po-
sitions 1 and 2 on the graph in Figure 5. This shows a
graph of flow rate on the vertical axis as a function of
pressure on the horizontal axis, for successive bursts of
test fluid through the injector 18. By starting the tester
an automatic cycle will be carried out. To render the il-
lustrated tester fully automatic, the hand pump 14 may
be replaced by an hydraulic pump (not shown) connect-
ed to be operated automatically by the processor 82.
[0046] The system will perform tests and obtain pres-
sure and flow results for the two selected test pressures.
An algorithm pre-loaded by the manufacturer or held in
a separate processor or computer will determine further
test pressures. These test pressures are selected de-
pendant on the flow results of the first test sequence and
on the basis of progressively selecting pressures and
related flows that will more closely bracket the actual
NOP2 and corresponding flow rate. Thus, referring
again to Figure 5, subsequent tests would be carried out
at the pressures for position 3 and then 4, and lastly at
position 5. These fit the illustrated curve of flow rate as
a function of pressure, and indicate a value for NOP2
between pressure values a and b in that Figure, which
may be of sufficient accuracy to avoid the need for ad-
ditional tests to be made. In this way by repeated testing
a map of results is obtained and stored in the memory
210 and the software algorithm can then determine the
actual NOP2 value.

[0047] Alternative test sequences may also be used
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to determine the second stage opening pressure using
the system, for example by repeat testing from a low
pressure setting to a higher pressure setting a complete
record by selected intervals of pressure and flow may
be mapped to obtain the graph shown in Figure 6, and
from that the actual NOP2 value can be ascertained.
[0048] Alternatively a single shot of the system and
the record of instantaneous pressure and flow, varying
continuously until the plunger 70 bottoms out, may be
analysed to determine the NOP2 value. The curves of
pressure and displacement as a function of time as in
this case may be as shown in Figure 7, in which the time
at which the elbow in the displacement curve occurs
would indicate the NOP2 value from the pressure curve.
[0049] The system may also be used to determine in-
termediate points of flow and pressure that are indica-
tive of whether the injector is performing correctly. Injec-
tors with rate shaping nozzles may also be tested by this
system.

[0050] Numerous variations and modifications to the
illustrated system may occur to the reader without taking
the resulting construction outside the scope of the
present invention. To give one example only, a suitably
modified air bellows piston arrangement could be used
for the intensifierinstead of a vehicle brake actuator. The
fuel injector illustrated in Figure 3 may instead be a mul-
ti-stage diesel injector. The magnet and inductor coil 78
may be replaced by a diffraction grating device, for ex-
ample. The quick-exhaust valve 40 may be a Bosch
Rexroth part, No. 573-503-0010.

Claims

1. An engine injector tester comprising a source (30)
of fluid pressure, an injector mount (20) for receiving
an injector (18) to be tested and connected to re-
ceive fluid from the tester, pressure transmission
means (40, 74) to transmit fluid pressure from the
said source (30) to the injector mount (20), pressure
adjustment means (52) of the tester which serve to
enable selection of a given pressure of fluid to be
communicated to the injector mount (20) via the
said pressure transmission means (40, 74), and flu-
id flow measurement means (78) of the tester con-
nected to provide a measure of flow rate of the fluid
through the injector (18) when the tester is in use,
characterised in that the tester further comprises
pressure burst means (40) to enable pressure to be
transmitted from the said source (30) to the injector
mount (20) as a burst.

2. Anengineinjector tester according to claim 1, char-
acterised in that the burst means (40) comprises
a quick-exhaust valve (40).

3. Anengine injector tester according to claim 2, char-
acterised in that the quick-exhaust valve (40) is
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10.

connected in series with a fluid reservoir (38).

An engine injector tester according to any preced-
ing claim, characterised in that the pressure trans-
mission means (40, 74) comprise a piston and cyl-
inder arrangement (68, 72) in which the said source
(30) is connected to enable the pressure of fluid
from the said source to be applied to one side of a
piston (68), and fluid on the other side of the piston
(68) to be put in communication with the injector
mount (20).

An engine injector tester according to claim 4 read
as appended to claim 2, characterised in that the
quick-exhaust valve (40) is arranged upstream of
the piston and cylinder arrangement (68, 72).

An engine injector tester according to claim 4 read
as appended to claim 2, characterised in that the
quick exhaust valve (40) is arranged downstream
of the piston and cylinder arrangement (68, 72).

An engine injector tester according to any one of
claims 4 to 6, characterised in that the piston and
cylinder arrangement (68, 72) is part of a pressure
intensifier.

An engine injector tester according to claim 7, char-
acterised in that the pressure intensifier comprises
movable means (58, 66, 68, 70) which communi-
cate a force applied by the pressure of fluid in a first
cavity (60) of the pressure intensifier to fluid in a
second cavity (74) of the intensifier, the component
of the area of the movable means to which the pres-
sure of the fluid in the first cavity (60) is applied to
urge the movable means (58, 66, 68, 70) to move
towards the second cavity (74) being substantially
greater than the component of the area of the mov-
able means (58, 66, 68, 70) which applies a force
to the fluid in the second cavity (74) so that pressure
of fluid in the second cavity created as a result of
the force applied to the movable means (58, 66, 68,
70) by the pressure of fluid in the first cavity (60) is
substantially greater than the latter pressure, the
said movable means (58, 66, 68, 70) comprising the
piston (68) of the said piston and cylinder arrange-
ment (68, 72) and the second cavity (74) being de-
fined by the cylinder (72) of the said piston and cyl-
inder arrangement (68, 72).

An engine injector tester according to claim 8, char-
acterised in that the pressure intensifier comprises
a standard hydraulic amplifier of pressure such as
is used in hydraulic brake systems of motor vehi-
cles.

An engine injector tester according to claim 1 or any
one of claims 4 to 9 read as appended to claim 1,
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characterised in that the said burst means com-
prise a clamp on the piston (68) enabling the pres-
sure to build up before piston movement is allowed
by a sudden release of the clamp.

An engine injector tester according to any preced-
ing claim, characterised in that the fluid flow
measurement means (78) comprise displacement
measuring means arranged to measure displace-
ment of the piston, coupled with timing means to
measure the time taken for a given displacement of
the piston to occur.

An engine injector tester according to any preced-
ing claim, characterised in that the tester is further
provided with control means (82) to cause a suc-
cession of bursts to occur at respective different
pressures.

An engine injector tester according to any preced-
ing claim, characterised in that detection means
(82) are provided to detect the pressure at which a
steep rise in the flow rate occurs in the flow rate as
a function of pressure, to indicate NOP2 in a two-
stage injector (18).

A method of testing an engine injector (18) compris-
ing transmitting fluid pressure from a pressure
source (30) to an injector (18) under test, adjusting
that pressure to a desired value, and measuring the
flow of fluid which flows through the injector (18) as
a result, characterised in that the pressure is
transmitted from the source to the injector as a
burst.
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Figure 3 - General Assembly of TRB Injector
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