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(54) Injection timing advance arrangement

(57) An advance arrangement comprises an ad-
vance piston (12) which is slidable within a first bore
(14), the advance piston (12) cooperating, in use, with
a cam arrangement of a fuel pump to adjust the timing
of fuel delivery by the pump. A servo-piston (24) is slid-
able within a further bore (22) provided in the advance
piston (12), a light load piston (26) being moveable rel-
ative to the advance piston (12) against the action of a
light load control spring (28). A servo-control spring (34)
is engaged between the light load piston (26) and the
servo-piston (24) and a seal arrangement (30, 32) com-
prising at least one separate seal member, is arranged
to form a substantially fluid tight seal between the servo-
piston (24) and the light load piston (26). The servo-pis-
ton (24) may include a removable region (40), whereby
removal of the region (40) permits the advance charac-
teristics of the advance arrangement for light load con-
ditions to be varied.
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Description

[0001] This invention relates to an advance arrange-
ment for use in controlling the timing of fuel delivery by
a high pressure fuel pump intended for use in a com-
pression ignition internal combustion engine. In partic-
ular, the invention relates to a servo-type advance ar-
rangement.
[0002] European Patent Application EP 0 921 300 A
describes an advance arrangement for use in controlling
the timing of fuel delivery by a high pressure fuel pump.
The advance arrangement includes an advance piston
slidable within a bore, and cooperating, in use, with a
cam arrangement of the fuel pump to adjust the timing
of fuel delivery by the pump. A servo-piston is slidable
in a bore provided in the advance piston and a light load
piston is moveable relative to the advance piston
against the action of a light load control spring. A servo-
control spring is engaged between the light load piston
and the servo-piston and a control valve is operable to
control the application of fuel to the light load piston to
adjust the timing under light load conditions. Depending
upon the engine load, the pressure of fuel acting on the
light load piston varies and the position of the light load
piston changes. The movement of the light load piston
results in movement of the servo piston which, in turn,
causes movement of the advance piston. The move-
ment of the advance piston causes movement of the
cam arrangement to adjust the timing of fuel delivery by
the pump.
[0003] The arrangement also includes an independ-
ent temperature control valve which is operable to con-
trol the application of fuel to the light load piston depend-
ing upon the engine temperature, thereby permitting ad-
justment of the timing of fuel delivery to compensate for
cold conditions. The advance arrangement therefore
permits adjustment of fuel delivery timing both in re-
sponse to engine load and engine temperature.
[0004] It is an object of the present invention to pro-
vide an improved advance arrangement for use in con-
trolling the timing of fuel delivery by a high pressure fuel
pump.
[0005] According to a first aspect of the present inven-
tion, there is provided an advance arrangement com-
prising an advance piston slidable within a first bore, the
advance piston cooperating, in use, with a cam arrange-
ment of a fuel pump to adjust the timing of fuel delivery
by the pump, a servo-piston slidable within a furkher
bore provided in the advance piston, a light load piston
moveable relative to the advance piston against the ac-
tion of a light load control spring, and a servo-control
spring engaged between the light load piston and the
servo-piston, the advance arrangement further compris-
ing a seal arrangement, including at least one seal mem-
ber carried by the servo piston, arranged to form a sub-
stantially fluid tight seal between the servo-piston and
the light load piston.
[0006] Conveniently, the seal arrangement includes a

first seal member which forms a close clearance or slid-
ing fit on the servo-piston. The first seal member is pref-
erably of elongate, tubular form and, more preferably,
takes the form of a rod seal which is carried by the servo
piston. The seal arrangement may also include a sec-
ond seal member arranged to sealingly engage the light
load piston. The second seal member conveniently
takes the form of an O-ring seal.
[0007] The provision of the seal arrangement eases
manufacture of the advance arrangement in that any ec-
centricities between the light load piston and the servo-
piston can be compensated for. The need for concentric
grinding of the servo-piston and the light load piston dur-
ing manufacture is therefore eliminated.
[0008] According to a second aspect of the invention,
there is provided an advance arrangement comprising
an advance piston slidable within a first bore, the ad-
vance piston cooperating, in use, with a cam arrange-
ment of a fuel pump to adjust the timing of fuel delivery
by the pump, a servo-piston slidable within a further bore
provided in the advance piston, a light load piston move-
able relative to the advance piston against the action of
a light load control spring, a servo-control spring en-
gaged between the light load piston and the servo-pis-
ton, the servo-piston being adaptable to include a re-
movable region, whereby removal of the region permits
the advance characteristics of the advance arrange-
ment for light load conditions to be varied.
[0009] Removal of the region of the servo piston per-
mits the length of the servo-piston to be altered and,
hence, the maximum extent of movement of the servo-
piston within the further bore can be altered. The maxi-
mum extent of movement of the servo-piston deter-
mines the maximum extent of movement of the advance
piston and, hence, determines the maximum level of ad-
vance. This aspect of the invention therefore provides
the advantage that removal of the region of the servo-
piston enables the advance characteristics of the ar-
rangement for light load conditions to be varied. The ad-
vance arrangement can therefore be adapted easily for
use under different operating conditions.
[0010] Conveniently, the removable region of the ser-
vo-piston takes the form of a spigot arranged at one end
of the servo-piston.
[0011] Conveniently, the servo-piston defines an
abutment surface which is engageable with a surface
defined by the light load piston to limit movement of the
servo-piston within the further bore in circumstances in
which the region is removed.
[0012] Preferably, the region of the servo-piston de-
fines an abutment surface which is engageable with a
further surface defined by the light load piston to limit
movement of the servo-piston within the further bore in
circumstances in which the region is not removed.
[0013] Preferably, the servo-piston may be adaptable
to be provided with regions of different length to permit
the maximum level of advance under light load condi-
tions to be varied.
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[0014] The invention will now be described, by way of
example only, with reference to the following figures in
which;

Figure 1 is a view, part in section, illustrating part of
a fuel pump incorporating an advance arrangement
in accordance with an embodiment of the invention;
and

Figure 2 is a graph illustrating the advance charac-
teristics of the arrangement in various modes of op-
eration.

[0015] The advance arrangement of the present in-
vention is intended for use in controlling the timing of
fuel delivery by a high pressure rotary fuel pump includ-
ing a cam ring which is angularly adjustable with respect
to a pump housing, the cam ring including a plurality of
cam lobes. The cam ring encircles part of a distributor
member which includes pumping plungers reciprocable
within respective bores of the distributor member, the
plungers having associated therewith respective shoe
and roller arrangements, the rollers of which are en-
gageable with the cam surface of the cam ring. In use,
fuel is supplied to the bores of the distributor member
by a transfer pump, the fuel serving to push the plungers
of the distributor member radially outwards. The output
pressure of the transfer pump is controlled so as to be
related to the speed of operation of the engine with
which the pump is being used. Rotation of the distributor
member relative to the cam ring causes the rollers to
move relative to the cam ring, engagement of the rollers
with the cam lobes causing the plungers to be forced
inwards, pressurizing the fuel within the bores, and
causing fuel to be delivered by the fuel pump at high
pressure. It will be appreciated that by altering the an-
gular position of the cam ring, the timing at which fuel is
delivered by the pump can be adjusted.
[0016] Referring to Figure 1, in order to permit adjust-
ment of the angular position of the cam ring, the cam
ring is provided with a peg which extends into an open-
ing 10 provided in an advance piston 12 which is slidable
within a first bore 14 provided in a housing 16. The ends
of the first bore 14 are closed by end plates 18 which
are secured to the housing 16 by means of bolts 20, ap-
propriate O-rings being used to seal the end plates 18
to the housing 16.
[0017] The advance piston 12 includes an axially ex-
tending second bore 22 within which a servo-piston
member 24 is slidable. A light load piston 26 is also re-
ceived within the bore 14, the light load piston 26 includ-
ing a central bore into which the servo-piston 24 ex-
tends, the light load piston 26 acting to guide movement
of the servo-piston 24. A light load control spring 28 is
engaged between the light load piston 26 and one of the
plates 18 to bias the light load piston 26 into engage-
ment with a step defined by part of the bore 14.
[0018] The servo-piston 24 is arranged to carry an

elongate, tubular seal member 30 which conveniently
takes the form of a rod seal. The seal member 30 has
an inner surface which forms a close clearance or sliding
fit on the servo-piston so as to form a substantially fluid
tight seal. A second seal member 32 in the form of an
O-ring is carried by the seal member 30 so as to form a
substantially fluid tight seal with the light load piston 26.
The servo-piston 24 is therefore a substantially fluid
tight, sliding fit within the opening of the light load piston
26. The servo-piston 24 also forms a substantially fluid
tight, sliding fit within the second bore 22 provided in the
advance piston 12.
[0019] A servo control spring 34 is engaged between
the light load piston 26 and an annular member 36 which
is carried by the servo-piston 24. The seal member 30
defines an abutment surface 30a for a circlip 36 which
sets the pre-load of the servo control spring 34 upon
assembly of the arrangement. The pre-load of the servo
control spring 34 determines the point at which the
speed advance starts, as will be described in further de-
tail hereinafter.
[0020] The servo-piston 24 is provided with a remov-
able end member 40 which conveniently takes the form
of a spigot. In use, movement of the servo-piston 24 to
the left in the illustration shown is limited by engagement
between the end face of the end member 40 and plate
18. The servo control piston 24 also defines an abut-
ment surface 24a. It will be appreciated that, if the end
member 40 of the servo-piston 24 is removed, the abut-
ment surface 24a is engageable with a surface 38 de-
fined by the light load piston 26 to limit the extent of
movement of the servo-piston 24 to the left in the illus-
tration shown.
[0021] In use, movement of the servo-control piston
24 to the left in the illustration shown causes the timing
of fuel delivery to be advanced. Whether the end mem-
ber 40 is in place or is removed therefore determines
the maximum permitted advance for light engine loads,
as will be described in further detail hereinafter.
[0022] The end of the second bore 22 remote from the
light load piston 26 is closed by means of a disc-shaped
member 42 which is located within an annular groove
formed in the advance piston 12. Movement of the servo
piston 24 relative to the advance piston 12 is limited by
engagement of an end of the servo-piston 24 with the
disc-shaped member 42.
[0023] A first control chamber 44 is defined by an end
face of the advance piston 12 remote from the light load
piston 26, the associated part of the first bore 14, and
the associated end plate 18. The first control chamber
44 communicates, via a channel (not shown) formed in
the outer periphery of the advance piston 12, with a first
passage 45 within which a non-return valve 47 is locat-
ed. The first passage 45 and the non-return valve 47 are
shown in dashed lines as they are not visible in the sec-
tional view shown in Figure 1.
[0024] The first passage 45 communicates with the
second bore 22 and, depending upon the position of the
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servo piston 24, may communicate with a first recess
53 provided in the outer surface of the advance piston
12 by means of a second passage 49 (also shown in
dashed lines). The first recess 53 is located so that, for
all permitted positions of the advance piston 12 relative
to the housing 16, the first recess 53 communicates with
a third passage 55 (shown, in part, in dashed lines) in
communication with a chamber defined between the
housing 16 and an electromagnetically operated control
valve 52 mounted upon the housing 16, the chamber
communicating constantly with a third bore 62 by means
of a further bore 63 (shown in dashed lines) provided in
the housing 16.
[0025] The advance piston 12 and light load piston 26
together define a second control chamber 54 within
which the servo control spring 34 is located, the second
control chamber 54 communicating with a radially ex-
tending passage which opens into a second recess 58
provided in the outer surface of the advance piston 12.
The second recess 58 is located so that for all permitted
positions of the advance piston 12, the second recess
58 communicates with a fourth passage 60 (shown, in
part, in dashed lines) which communicates with the third
bore 62. The further bore 63 provided in the housing 16
communicates, constantly, with a passage (not shown)
containing fuel at transfer pressure, and the third bore
62 communicates with a metering valve arrangement
(not shown).
[0026] It will be appreciated that, depending upon the
axial position of the advance piston 12, the second re-
cess 58 communicates with a control valve passage 68
in communication with the control valve 52.
[0027] Under normal operating conditions, where the
engine load is high and operating at normal operating
temperatures, the control valve 52 is switched so that
fuel at transfer pressure is supplied to the third passage
55, but is not supplied to the control valve passage 68.
Further, the metering valve supplies fuel at low pressure
to the fourth passage 60. In these conditions, the fuel
pressure within the second control chamber 54 is rela-
tively low, thus the light load piston 26 is biased by
means of the light load control spring 28 into engage-
ment with a shoulder of the first bore 14, as illustrated
in Figure 1. Fuel at transfer pressure is supplied through
the third passage 55 and the first recess 53 to a chamber
70 defined by the second bore 22 of the advance piston
12, the end of the servo-piston 24 and the disc-shaped
member 42.
[0028] In the position shown in Figure 1, the servo pis-
ton 24 occupies a position in which communication be-
tween the chamber 70 and the first control chamber 44
is not permitted. However, should the speed of rotation
of the engine increase, resulting in an increase in the
transfer pressure, the fuel pressure within the chamber
70 may increase to a sufficient extent to cause move-
ment of the servo-piston 24 against the action of the ser-
vo control spring 34 to a position in which communica-
tion between the chamber 70 and the first control cham-

ber 44 is permitted, fuel flowing from the chamber 70,
past the non-return valve 46 to the first control chamber
44. The flow of fuel to the first control chamber 44 in-
creases the pressure therein, applying a force to the ad-
vance piston 12 causing it to move towards the left in
the orientation illustrated in Figure 1. Movement of the
advance piston 12 in this direction causes movement of
the cam ring, due to the cooperation of the peg with the
opening 10, to advance the timing of fuel delivery by the
pump.
[0029] Once the movement of the advance piston 12
results in communication between the chamber 70 and
the first control chamber 44 being closed by the servo-
piston 24, the supply of fuel to the first control chamber
44 is terminated and movement of the advance piston
12 in this direction ceases.
[0030] Clearly, in circumstances in which it is desira-
ble to retard the timing of fuel delivery by the pump, the
advance piston 12 must move towards the right in the
orientation illustrated. In such circumstances, the trans-
fer pressure falls, thus the servo-piston 24 moves to-
wards the right. Movement of the servo-piston 24 rela-
tive to the advance piston 12 beyond a predetermined
position results in a drain passage (not shown) being
uncovered to permit fuel to escape from the first control
chamber 44 to the cam box of the high pressure fuel
pump. Thus, fuel pressure within the first control cham-
ber 44 falls, resulting in movement of the advance piston
12 to the right. Movement of the advance piston 12 ceas-
es upon the advance piston having moved to a position
in which the drain passage is closed by the servo-piston
24.
[0031] It will be appreciated that the extent of travel
of the advance piston 12 to the left in the illustration
shown is limited by the engagement between the end of
the servo-piston 24 and the surface 38 of the light load
piston 26. It will be appreciated that the engine speed
at which advance is started is determined by the force
due to the servo control spring 34 urging the servo-pis-
ton 24 to the right in the illustration shown, the advance
piston 12 being caused to move, and hence the timing
of fuel delivery being advanced, when the force due to
the servo control spring 34 is overcome by fuel pressure
within the chamber 70. The maximum permitted ad-
vance is determined by the maximum extent of travel of
the servo-piston 24, and hence of the advance piston
12, the maximum extent of travel of the servo-piston be-
ing determined by the position of the light load piston 26.
[0032] Figure 2 illustrates the load and speed ad-
vance characteristics for the fuel pump with the engine
operating at both high and light load conditions. With
reference to the speed advance characteristics at high
load, it can be seen that the maximum advance is rela-
tively low.
[0033] In conditions where the engine is operating at
a light load, the metering valve allows the pressure ap-
plied to the fourth passage 60 to rise. This causes fuel
pressure within the second control chamber 54 to in-
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crease. Increased fuel pressure within the second con-
trol chamber 54 results in movement of the light load
piston 26 to the left in the illustration shown against the
action of the light load control spring 28. Such move-
ment of the light load piston 26 reduces the compression
of the servo control spring 34 acting on the servo piston
24, and the application of fuel to the chamber 70 as de-
scribed hereinbefore therefore causes movement of the
servo-piston 24 to the left in the orientation illustrated.
As described hereinbefore, the movement of the servo-
piston 24 permits fuel to flow to the first control chamber
44 resulting in movement of the advance piston 12 to
the left, advancing the timing of fuel delivery by the
pump.
[0034] If the end member 40 of the servo piston 24 is
present, as shown in Figure 1, movement of the servo
piston 24 to the left in the illustration shown is limited by
engagement between the end surface of the end mem-
ber 40 and the end plate 18. If, however, the end region
of the servo piston 24 is removed, movement of the ser-
vo piston 24 to the left in the illustration shown is limited
by engagement between end surface of the end mem-
ber 40 and the surface 38 of the light load piston 26.
[0035] Referring to Figure 2, it can be seen that the
effect of moving the light load piston 26 has an effect
upon the relationship between engine speed and the
maximum permitted level of advance. Curve D repre-
sents the speed advance characteristic for an advance
arrangement in which the end member 40 of the servo
piston 24 is removed and curve C represents the speed
advance characteristic for an advance arrangement in
which the end member 40 of the servo piston 24 is
present. Thus, the maximum level of advance can be
altered by removing the end member 40 of the servo
piston 24.
[0036] It will be appreciated that by providing the ser-
vo piston 24 with an end member 40 having a length
less than the length of the end member 40 shown in Fig-
ure 1, a further alternative advance characteristic can
be achieved, as represented by curve E in Figure 2.
Thus, the advance arrangement can easily be adapted
to provide the advance characteristics required for any
particular application.
[0037] An advantage is also obtained in that the pro-
vision of the separate seal arrangement, in the form of
the tubular seal member 30 carried by the servo-piston
24 and the O-ring seal carried by the rod seal, to provide
a substantially fluid tight seal between the servo-piston
24 and the opening of the light load piston 26 removes
the need for concentric grinding of the pistons 24, 26
during manufacture as any eccentricity between these
components can be taken up by the seal arrangement.
[0038] The control valve 52 may be a temperature
control valve 52 such that, for both of the operating con-
ditions described hereinbefore, the control valve 52 may
be switched in order to adjust timing to compensate for
the engine being cold. A description of the operation of
a temperature control valve in an advance arrangement

can be found in European Patent Application EP 0 921
300 A.
[0039] Conveniently, the control valve 52 is a solenoid
control valve but it will be appreciated that other types
of control valve may be employed.
[0040] Although the description hereinbefore is of a
fuel pump of the type in which pumping plungers move
in a radial direction in order to supply fuel at high pres-
sure to an engine, it will be appreciated that the advance
arrangement may be applicable to other types of high
pressure fuel pump.

Claims

1. An advance arrangement comprising an advance
piston (12) which is slidable within a first bore (14),
the advance piston (12) cooperating, in use, with a
cam arrangement of a fuel pump to adjust the timing
of fuel delivery by the pump, a servo-piston (24) sl-
idable within a further bore (22) provided in the ad-
vance piston (12), a light load piston (26) moveable
relative to the advance piston (12) against the ac-
tion of a light load control spring (28), and a servo-
control spring (34) engaged between the light load
piston (26) and the servo-piston (24), the advance
arrangement further comprising a seal arrange-
ment, comprising at least one seal member (30, 32)
carried by the servo piston (24), which is arranged
to form a substantially fluid tight seal between the
servo-piston (24) and the light load piston (26).

2. The advance arrangement as claimed in Claim 1,
wherein the seal arrangement includes a first seal
member (30) forming a close clearance fit on the
servo-piston (24).

3. The advance arrangement as claimed in Claim 1 or
Claim 2, wherein the first seal member (30) is of
elongate, tubular form.

4. The advance arrangement as claimed in any of
Claims 1 to 3, wherein the seal arrangement in-
cludes a second seal member (32) arrange to seal-
ingly engage the light load piston (26).

5. The advance arrangement as claimed in Claim 4,
wherein the second seal member takes the form of
an O-ring seal (32).

6. The advance arrangement as claimed in any of
Claims 1 to 5, wherein the servo-piston (24) is
adaptable to include a removable region (40),
whereby removal of the region (40) permits the ad-
vance characteristics of the advance arrangement
for light load conditions to be varied.

7. An advance arrangement comprising an advance

7 8



EP 1 167 723 A2

6

5

10

15

20

25

30

35

40

45

50

55

piston (12) slidable within a first bore (14), the ad-
vance piston (12) cooperating, in use, with a cam
arrangement of a fuel pump to adjust the timing of
fuel delivery by the pump, a servo-piston (24) slid-
able in a further bore (22) provided in the advance
piston (12), a light load piston (26) moveable rela-
tive to the advance piston (12) against the action of
a light load control spring (28), a servo-control
spring (34) engaged between the light load piston
(36) and the servo-piston (24), the servo-piston (24)
being adaptable to include a removable region (40),
whereby removal of the region permits the advance
characteristics of the advance arrangement for light
load conditions to be varied.

8. The advance arrangement as claimed in Claim 7,
wherein the removable region of the servo-piston
(24) takes the form of a spigot (40) arranged at one
end of the servo-piston (24).

9. The advance arrangement as claimed in Claim 7 or
Claim 8, wherein the servo-piston (24) defines an
abutment surface (24a) which is engageable with a
further surface (38) defined by the light load piston
(26) to limit movement of the servo-piston (24) with-
in the further bore (22) in circumstances in which
the region (40) is removed.

10. The advance arrangement as claimed in any of
Claims 7 to 9, comprising a plate member (18) ar-
ranged to close an open end of the first bore (14),
wherein the region (40) of the servo-piston (24) is
engageable with the plate member (18) to limit
movement of the servo-piston (24) within the further
bore (22) in circumstances in which the region (40)
is not removed.

11. The advance arrangement as claimed in any of
Claims 7 to 9, wherein the servo-piston (24) is
adaptable to be provided with regions (40) of differ-
ent length to permit the maximum level of advance
to be varied.
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