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(54) Fuel injection valve

(57) The surface 13a of the valve member 12 is subject to the fuel supply pressure through a throttle formed by a groove 19
in the valve member or a passage (27, Figs. 3 and 4) between the inlet passage 23 and the bore containing the push rod
16. The pressure on the surface 13a assists the spring 21 to provide valve closing. The assisting pressure may be regu-
lated by a valve (30, Fig 4) controlling a leakage outlet (24').
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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FUEL INJECTION VALVE_

- o

The present invention relates to a fuel injeclion
valve, more particularly, such a valve for wvse in a
diesel engine and effective in enhancing the ratc of
fuel injection at the end of an injection ecyecle rather
than at of the beginning of the cycle.

One known automatic fuel injection valve for diesel
engines shown in Figure 5, includes a ncedle valve
body 103 having a tip needle valve 104 cooperating
with a valve geat 107 to control the flow of fuel to
a nozzle 106. The valve body 103 is slidable in a
bore 102 in the lower part of a valve body 101 and
urged downwaurdly by a valve spring 108 through a seat
109.

Fuel under pressure P from a fuel injection pump
(not shown) flows into a fuel passage 110 and acts
upwardly on the needle valve body 103 over an effective
area (X - Y) at the lower end 105 of the needle valve
body 103. When the upward force (area (X-Y) x pressure
p) exceeds the downward force of the spring 107, the
needle valve body 103 moves upward lifting the needle
valve 104 from its seut 107 to open the valve so that
fuel o0il is injected from the nozzle 106,

Once the valve is open, the effective area of the
ncedle valve body 103 (on which pressure acts) increases
from (X - Y) to (X), so that the force tending to lift
the needle valve body 103, also increases, and the
needle valve body 103 accelerates until an upper end
102a thereof engages an upper end 10la of the bore.

Figures 6A to 6D are graphs, Figure 6A indicating
non the ordinale axis, the change of pressure a fuel
0il is fed from from the fuel injection pump into the
fuel passage 110, Figure 6B indicating the force tending
to 1ift the needle valve body 103 and the force to
depress the needle valve body 103, Figure 6C indicating
the 1ift of the needle valve body 103, and Figure 6D

indicating the change of the fuel injection rate, in
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—he delivered fuel pressure rises from ?_ <tToward
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P, the force tending to lift the needle valve body
o

.
103 rises from F_ to F. = P, x (x - y).
0 1 IS
The opposing spring force is set to be F_., so that

|
when the pressure exceeds P the needle valve body
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1C3 ascends and the pressure Plis also applied to a
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lower surface of the needle valve 104, the force tending

to lift the needle valve body 103 sharply increases

r
to F2= Plx X. This accelerates the needle valve body

103 which 1lifts quickly from Lo to L1 until its upper
end engages the upper end 10la of the bore 102. Here
a delay between TO and T,, is due to the time taken
to accelerate the mass of the needle valve body.
The force of the spring 108 increases Irom I, o
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F, as the needle owever,
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force tending toc 1ift the needle valve body 103
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larger tﬂan the spring (108) force as indicated
a full line of Figure 6B, and the needle valve body
103 retains maximum 1ift.

When approaching the end of fuel injection, the
pressure in the passage 110 reduces to PD’ and the
force tending to 1lift the needle valve body 103 is
?3 = ?2 x X, which becomes egual to the for 3
the spring 108 tending to depress the needle valve
body 10Z.

As the fuel pressure decreases, the needle valve
body 103 is lifted on the force of the spring 108,

and when the pressure becomes at a time TQ, the

p
3
force tending to 1ift the needle valve body 103 becomes

"

1 = P3 x X; lower than F3. The needle valve body

103 1lift becomes Lo and the needle valve closes when

=l
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the fuel pressure P, (at the time of closing

3 o
needle valve 104) becomes F,/X, the pressure P, ac

pening becomes lower <than T, /% - Y, and
c

tion rate at the tTime of closing
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In practice, the time taken to accelerate the mass
of the needle valve body 103 creates a delay so that
the valve closes not al time TE but at T3. During
this delay the pressure in the fucl passage 110 further
decreases to PA. Accordingly, the fuel injection
rate proportional to the fuel passage internal pressuvre
ig minimised inevilably at the end of fucl injeclion
as shown in Figuve 6D.

However, fuel injected at a high rate ai the heginning
of injection is burned quickly in the combustion chamberv
of the diesel engine to raise pressure, causc combustion
noise or so-called dlesel knock, raise Lhe combustion
maximum pressure raise the combustion temperature
accordingly, thus often producing noxious NOX.

Further, detevioration of the fuel injection rate
at the end of the injection period and the resultant
jncrease in fuel injection time, and the coarse fuel
epray caused by a decrease in injection pressure arve
capable of causing so-called after-burning, and thus
the imperfect combustion. This may not only cause
noxious black smoke (CO, HC) buf alse reduce the thermal
cfficiency.

The acceleration delay might be shortened by lessening
the mass of the needle valve body 103 or increasing
an appareni spring constant by using an upper portiOn.
of the needle valve body 103 as a pressure accumulating
chamber. However, such measures have not yet Dbeen
made effective in improving pevrformance stability.

One object of the present invention is to ensure
a2 low initial fuel injection vate and to enhance the
fuel injection rate toward the end of an injection
cycle Lo shorten the fuel injection period, thereby
decrcasing NOx, CO and HC and enhancing thermal efficiency.

In accordance with the present invention, we propasge
a tuel injection valve having a seated valve for controlling
the flow of fuel under pressure from a fuel supply

passage to a luel injection nozzle wherein the valve
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position,

nd urged in the wvalve closing direczion
by the pressure acting in a pressure acc
in communication via a
passage.

A preferred embodiment of fuel injection valve comprises
a needle valve body serving as the plunger, with a
needle valve for co-operation with a valve seat near
a nozzle hole. The needle valve body runs in a bore
and the space within the bore on one side of the plunger
(opposite to the needle valve), forms at least parct
of the pressure accumulating chamber. A fuel passage
communicating with valve seat also communicates wizh
the pressure accumulating chamber <Through a throtztie
which may be in the form of an axial groove extending
axially of the plunger. -

When the valve opens as the pressure in the fuel
passage rises at the beginning of fuel injection, Ifuel
in the pressure accumulating chamber is compressed
as the needle valve body lifts. This reduces the opening
velocity of the needle valve body and the fuel injecticn
rate is lowered. Thus, the heat generated in an engine

combustion chamber during the initial stage of combusticn
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ed, and the combustion pressure is kept Irom

o}
B

ising.

When the valve closes at the end of a fuel injection
cycle, pressure in the accumulating chamber is kept
high by the fuel passage internal pressure through
the throttles which is applied to an upper end of the
needle valve body, the needle valve of the needle valve
body contacts with valve seat in co-operation with
the spring, thus closing the valve. The fuesl passage
internal pressure at the time the valve begins to close
is higher than that at the end of opening, and due
©0 the increase in the Iuel passage internal pressurse

at =he endéd of the valve closing, the particles si:ze
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rurther, high pressure injection at the time of valve
closing enhances the fuel injection rate sufficienlly
to prevent after-burning, decrease the exhaust of black
smoke, CO and HC, and further to enhance a constant
volume of Sabathe cycle, thus improving the thermal
efficicnecy of the diesel engine.

Preferred embodiments of the invention will now
be described by way of example with reference to the
accompanying drawings in which:

Figure 1 is a longitudinal sectional view of a fucl
injection valve;

Figures 2A to D are pevformance curves for the valve
of Figure 1;

Figure 3 is a longitudinal sectional view of anolher
fuel injection valve;

Figure 4 is a fragmentary longitudinal scectional
view of another fuel injection valve;

Figure 5 is a longitudinal sectional view of a
conventional fuel injection valve; and

Figures 6A Lo D ave performance curves far the valve
of Figure 6.

With reference to Figure 1, a fuel injection valve
body 1 comprises a valve body uppev portion 2, and
a valve body lower povrtion 4 held together with a pressure
accumulating chamber cover 6 therebetween by a nut
3 serewed onlo the upper body portion 2, the upper
end of whieh has screwed thereon a stopper 6.

Within a nose on the lower body portion 4 protruding
from the nut 3 is formed a valve seat 8 and downstream
thereof a nozzle 7. A needle valve body 12 co-operating
with Lhe seat 8 is slidable within a bore 10 formed
centrally of the lower body portion 4 and ?p&ning into
an application chamber 11 upstream of the valve seat
8.

The needle valve body 12 carries a needle valve
14 having a sectional avea Ap for contact with the

valve seat 8, the body or sliding part 13 having a
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sectional area A,, and a smaller diameter part
which a pushrod 16 is connected having a sectional
area A_.

A stop hole 17 formed in the pressure accumulating
chamber cover 5, co-axial with and communicating with
the bore 10 in the lower body portion 4, receives the
smaller diameter body part 15. An annular pressure
accumulating chamber 18 defined between -the upper face
13a of the sliding part 13 of the needle valve body
12 and the lower face 5a of the cover 5, communicates
via a throtitle groove 19 formed on a side of the sliding
part 13, with the application chamber 1l.

3etween the stopper 5 and a spring seat 20 carried
by the push rod 16 is a spring 21 which biases the
needle valve body 12 downward toward the valve closed
position (with the needle valve 14 in contact with
the valve seat 8).

A fuel passage z2 through the pressure accumulating
chamber cover 5, communicates with the fuel passage
9 in the valve body upper portion 4 and a fuel inlet
passage 23 in upper body portion 2, for connection
to a fuel injection pump (not shown). A leak hole
24 is provided in the stopper 6.

When fuel from a fuel injection pump {(not shown)
flows into the fuel passages 23, 22 and 9, pressure
in the passage begins to rise from Po (Figure 2), the
pressure in the pressure accumulating'chamber 18
communicating with the application chamber 11 through
the throttle groove 12 also being Po, and the racte
of pressure rise in the pressure accumulating chamber
18 is low (Po - P2; dotted line in Figure 2).

¥hen the internal fuel pressure reaches ?., =zhe
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the valve seat 8 fto open the valve, and fuel injecticon
(from the nozzle hole 7) commences.
At the iInstant the valve opens, the effesctive zres

of the needle valve body 12 on which pressure acts

increases to A, from (Al - A,), and thus the force

-

tending to lift the needle valve body 12 increases

to f3 = Pl X Al (Figure 2B), so that ascent of the
needle valve body 12 is accelerated by the force f3.

The valve 1lift increases from 20 to 41 during the
period to to t,.

As the lift increases, fuel in the pressure accumulating
chamber 18 is compressed, the pressure increasing

successively along <the curve PZ to P, to P (Figur

3 4
24), P3 x (Al - A3) plus the force of the spring 21
becomes f = f_ = P_ x A, at the pressure P midway

4 5 5 1

3
) , and further lift of

of the lift (time t the needle

1
valve body 12 is limited by the pressure rise in the
pressure accumulating chamber 18. The lift of the

needle valve body 12 at time tl is él (Figure 2C),

and since the pressure in the fuel passage and the
1lift of the needle valve body 12 are small, the initial
fuel injection rate is low as indicated by roo- T,
in Figure 2D.

Yhen the pressure increases, the fuel in the pressure
accumulating chamber 18 and the spring 21 are further
f6 = P4 X (Al - A3
T and when the pressure

compressed until P_ x Al = ) + force

S

f7 of the spring 21 at time 51

in the fuel passage exceeds PS'

the small diameter part 15 abuts the upper end 17a

an upper end 1%a of

of the stop hole 17, to determine the maximum 1ift

( 52 in Figure 2C).

As shown in Figure 2D, the fuel injection rzte incresases
from r, To r_ in the period T, - t_, but remains iow

3]

s compared with the prior art fuel injection valves.
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needle valve 14 also increases as shown in Figure 23,
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he needle valve
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fuel passage @ is fed into e pressure accumuiating
chamber 18 through throttle groove 19, so that he
pressure in the pressure accumulating chamber 18 continues
to rise, even after the pressure in the fuel passage
begins to decrease as the fuel injection end approaches.
The force tending to open the needle valve 14 is balanced
by the force tending to close the valve at time t3;
the force tending o open the valve being given by

fs = P7 x A., and the force tending to close the valve
being P4 X (4, - A,) plus zhe force of <he spring 2l
at the time of full 1ift f7 = fs; Accordingly, as

the pressure in the fuel passage decreases further
so the 1ift of the needle valve body 12 decreases.
The valve-closing start pressure P7 is very high as
compared with the known prior art for the internal

pressure P_ of the pressure accumulating chamber 18.

8
Since the pressure in the accumulating chamber 18

and the spring 21 depress the needle valve body 12

continuously the volume of the pressure accumulating

chamber 18 increases, the pressure in the accumulating

chamber 18 decreases, and the force tending to open

the needle valve 14 also decreases.

The needle valve 14 closes at when the force

Ty
tending to open the needle valve 14 Pg e Al = fg balances
the force tending to close the valve P x (A, - A_)

10 1
plus the force of the spring 21 at the time of ful

W

closing £, - £, = f however there is a delay (t
i

2 g’ 4
- t5) due to the time taken to accelerate the mass
of the needle valve 14, and thus the valve closes at

a point %£_. in time. The pressure in the fuel passage

5 .
EY
then drops as low as Pl1. However, the valve-closing
start pressure ?7 and the valve-closing end pressure
?l‘ are very high as compared with conventionai Injection ;

valves, by virtue of pro

v
chamber 18 and the throttle groove 18, the eifect
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being not only

the fuel mist during
but also

After

fuel in the accumulating chamber 18

drop as shown in Figure 24,

in the fuel passage - the

injection starts at

next fuel injection cycle.

Other embodiments shown in Figures 3
equivalent reference numerals are

accumulating chamber cover

minimisacti
the I
an enhancement of the fuel

the end of fuel injection,

time ¢

—a-—

Yy

on of <the particle size o
uel injection end period
injection rate.
the pressure of
continues to a
to the pressure ?O of fuel
pressure before the fuel

- in readiness for the

6

-~

and 4 (wherein
used) have no pressure

5 and the needle valve bedy

12 does not have a small diameter part equivalent <o
part 15 in Figure 1.
The valve body upper portion 2 is in direct contact

with the valve body lower
thereto by the nut 3. The
18 is formed by the space
of the sliding part 13 of
and a lower surface 2a of
2, the annular space, the

through which it passes an
a square section spring 2%
Also, instead of the thr
1,
23 and the insertion hole

An air vent valve 28 1is
24 formed on the stopper 6
6a forming an abutment det
the clearance 4 being smal
the upper surface 13a of
12 and ¢

needle valve body

valve body upper portion 2

is closed. Thus, the uppe

vody 12 is always subject

Tae

a throttle 27 is formed between the fuel pass

portion Aland is coupled
pressure accumulating chamber
between an upper surface

the needle valve body 12

the valve body upper portion
pushrod 16 and a hole 25
d of a chamber 26 containing
and the spring seat 20C.
ottle groove 19 in Figure

age

25.

screwed into the leak hole
which has a central projection
ermining the maximum 1ift,

ler than the distance between

the sliding part 13 of the

t
Y

he lower surface Za of 2

the needle valve

when 12

r end 13a of the neecdle valve
To the pressure oi fuel in
chamber 12, even 27T maxinun
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The embodiment o igure £ is basically simi
e

-

o that of Figure 3 except that the spring 21 is circular
in section and that a needle valve 30 movabie by a
screw 29 is provided for adjusting the effective flov
area of the leak hole 24',

In the embodiments of Figure 3 and Figure 4 when
fuel oil is fed from the fuel injection pump and zhe
pressure in the fuel passage rises from_Poto Pl, fuel
flows through the throttle 27 and the pressure in
the pressure accumuiating chamber 18 also rises from
Po to P_ as described above with reference =zo Figure
2.

n

The force tending to open the valve is £, = 2. x

“ -
+ -

(Al - A;) as shown in Figure 23, is opposed by the

pressure in the pressure accumulating chamber 18 ac
on the upper surface of the sliding part 13 (P2 X Al)

and a spring force f, - f When the pressure in the

fuel passage exceedslpl, ihe needle valve 14 lifts
from the valve seat 8, and fuel injection from the
nozzle hole 7 begins.

Instantaneously, the effective (pressure receiving
area) of the needle valve body 12 increases from (A

he

[ ad

ct

-
-

- A2) to A,, so that the force tending to 1ifst
A .

—_~
(53]

gur

4

(]

needle valve body 12 increases to f3 = P, x

2B) and as the needle valve body 12 lifts it is ac

"

g-s
k

(9]
®
[
®
3]
[\
ct
®
.

by the force f3.
As 1ift of the needle valve body 12 increases, so
fuel in the pressure accumulating chamber 18 is compressed

to increase the pressure as shown in Figure 2A. When

at half 1ift the pressure reaches P3 (at t.), £, =

f5 of P3 X Al + force of the spring 21, is balanced

by the force tending to open the needle valve 14 (P.

-

X A.) and an increase in the 1if* of the .needle wvalve
L

body 12 is limited.

When the pressure in the fuel passage rises <o =2xcesed
?., the fuel in the pressure accumulating chamber .3

r
and the spring 21 are furzther compressed

#



10

15

20

25

30

w
wm

3 T4 7

until an upper end of <the spring seat 20 comes in
(

f. =2 x A, - force f_ of the spring 2! at time t.),
ontact
with the projection 6a at maximum 1if+*
2C).

The pressure in the fuel passage then increases
as shown in Figure 2A, so that force tending to open
the needle valve 14 also increases as shown in Figure
2B, and the needle valve 14 remains opening. However,
high-pressure fuel in the fuel passages 23, 22, 9 is
fed into the pressure accumulating chamber 18 through
the throttle 27, so maintaining a high pressure in
the pressure accumulating chamber 18.

Even after the fuel passage internal pressure begins
to drop as the end of fuel injection approaches the
pressure in the pressure accumulating chamber 18 continues
to rise. At time t3 the force f8= P7 x Al tending
to open the needle valve 14 is balanced by the force
tending to close the valve (P_ x A. + force of the

8 1

spring 21 at the ime of full lift f7 = f_ ), and as

the pressure in the fuel passage drops tgereafter so
the 1ift of the needle valve body 12 reduces. Thus
the spring 21 depresses the needle valve body 12, increasing
the volume of the pressure accumulating chamber 18
and decreasing the pressure therein. The force tending
to open the needle valve 14 also continues to reduce.
The needle valve 14 is to close at time t4 when
the force to open the needle valve 14 (P3 X Al = fg)
is balanced by the force to close (Plo X Al plus force
of the spring 21 at the time of full close fl - f

= fg), however, a delay arises due to the time taien
to accelerate the mass of the needle valve 14, and
the valve in fact, closes at time t5'
After the end of fuel injection, fuel in the pressure

accumulating chamber 18 continues to flow ouc through

n

the throttle 27 to eqgualise with the pressure in the

-
1

fuel passage and as shown in igure 24, it drops o

In the embodimentof Figure 4 pressure in the pressure
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accumulating chamber 18 can be regulated by the needle
valve 30 thus enabling adjustment of the fuel injection
valve according to the operating state of an engine.

As described above, the invention comprises disposing
a needle valve body with a needle valve coming in contact
with valve seat nearby a nozzle hole and its upper
end depressed downward by a valve spring in a sliding
hole perforated in a valve body lower portion, forming
a pressure accumulating chamber over the needle valve
body, leading fuel Passage communicating with the valve
seat into the pressure accumulating chamber through
a throttle, therefore a fuel injection rate at a fuel
injection beginning will be moderated, thus a heat
generation is suppressed to combustion in a diesel
engine combustion chamber, a combustion pressure is
kept from rising and a noise is also suppressed, and
NOx will be less'produced.

Further, the invention has advantages in that the
fuel injection rate at the end of an injection cycle
is enhanced, the fuel injection period is shortened
at the same time, after—burning in the combustion of
diesel engine is avoided, there is a decrease in the
black smoke, CO and HC exhausted and an improvement
in thermal efficiency. Furthermore, the fuel injection
valve of the invention is simple in structure and obtainable

at a moderate cost.
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l. A fuel injection valve having a sealed valve forvr
controlling the flow of fuel under pressure from a
fuel supply passage to a fuel injection nozzle,vhcrein
the valve is operable by a plunger biased toward a
§ valve closed position, and urged in the valve closing
direction by the pressure acting in a pressure accumulating
chamber in communication via a throttle with the fuel
supply passage.
?. A valve according to claim 1 wherein the arrangement
10 is such that in use, fuel supply pressure acts on one
side of the plunger in the sense to open the seated
valve and in opposition %to bias, and that Lthe pressure
in the pressure accumulating chamber acts an the other
side of the plunger.
15 3. A valve according to claim 1 or claim 2 wherein
the throttle is in the form of a groove cxtending axially
of the plunger to communicate between opposite sides
thereof,
4, A valve according +o any one of claims 1 to 3
20 comprising a needle valve cooperating with a valve
scat and carried by 4 necdle valve body that is slidable
in a bore to form the said plunger, Lhe needle valve
being smaller in diameter than the body and extending

inlo a chamber communicating with the fuel supply passagc

AN
n

upstream of the valve seat.

5. A valve accnrding to any onc of the preceding

claims wherein the space within the bore on a side

of the plunger oppoeite to the valve forms at least

a part of the pressure accumulating chambar.

30 6. A valve according %to any one of the preceding
¢claims comprising an abutment limiting maximum 1lift
of the valve.

7. A fuel injection valve constructed and arranged’
gubstantially as hereinbefore described with reference

35 to and as illustrated in Figures 1 and 2, Figure 2

and/or Figure 4 of the accompanying drawings.
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