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{67) Claim
1. An apparatus for controlling a hydraulic pressure usable for a
clutch comprising;

a first valve including a spool with an orifice formed at an
output port Teadiitg e satd clutch, sald first valve beiny opened under the
effect of a differential pressure appearing across said orifice and closed
under the effect of a restorable force of a first spring disposed on one
end of said spool,

a second valve in tiie form of a pressure control valve adapted
to be activated in response to an electric signal, said second valve
functioning to open sald first valve by feeding to the latter a hydraulic
ol1 delivered from a pump during a period of changing speed and gradually
increasing a hydraulic pressure for the clutch after the termination of
filling,

a second spring disposed on the other end side of said spool for
satd first valve, and '
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filling and clutch pressure detecting means for detecting the ;
termination of filling and a clutch pressure on the basis of a displacement

_ of said spool for said first Valve agatnst a resilient force of said second
spring.
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(57) Abstract FROM E FuNP 6

A hydraulic clutch pressure control apparatus according to the present invention is used for a transmission in a con-
struction machine, and provided for each of a plurality of clutches (1), which are controlled thereby separately. This hy-
draulic clutch pressure control apparatus has a first valve (3) for supplying an oil at a high flow rate to a clutch, and a sec-
ond valve (4) for electronically controlling & clutch pressure, and is adapted to detect the completion of a filling operation
and a‘clutch pressure on the basis of the movements of a spool (21) in the first valve (3) and a separately provided piston
by a simply-constructed means. Different pressure receiving areas are provided on the spool (21) in the first valve (3) so as
to prevent the occurrence of an overshooting pressure at the time of completion of a filling operation,
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SPECIFICATION

- APPARATUS FOR CONTROLLING HYDRAULIC
PRESSURE FOR CLUTCH

TECHNICAL FIELD

The present invention relates to an apparatus for
controlling a hydraulic pressure usable for a clutch and
more pafticularly to an apparatus of the foregoing type
which assures that'décection of rfilling and detection of a
clutch_pressune are carried out by a éimple electronic-
control type valve arrangement to prevent an occurrence of
double-engagement.with clutches and speed changing is

smoothly achieved.

- BACKGROUND ART
Fig. 15 illustrates a hitherto widely employed control

for speed changing with a transmission. In the illustrated

 case, speed changing from a lirst speed to a second speed is

taken into account. This conventional control for speed
changing 18 such that a clutch for the Fivst speed is turned
of when a command for speed changing is outputted and at
the same time a hydraulic oil starts to flow in a clutch for
ﬁhe second épeed.‘ Consequently, a hydraulic pressure in the

clutch for the first speed is lowered from a predetermined
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pressure to a ievel of zero when the command fof spéed
changing 1s outputted, ﬁhile a hydraulic pressure in the‘
élutch for the second speed starts

to increase‘grédually after a period of filling time te
elapses. This filling time‘tr‘designates a period of time
required for filling the interior of a clutch pack of the |
clutch Por‘the second speed1with a hydraulic oil.

‘In‘this manner, witﬁ the conventional apparatus, the
time te that elapses nntil the clutch pack is rilled with a
hydraulic‘oii 1s reserved and no toque is transmittéd
during the period of time tp. This causes a so-dalled‘
breathing phenomenon‘to appear during a period of speed
changihg‘with the conventional appératue and the‘bneathing
phenomenon gives rise to a problem concerning ruhning‘
performances such as riding comfortability, accelebation
characteristic or the like. Particularly, with respect to a

large-sized construction machine, a period of filling time

is‘prolonged due to a large capacity of respective clutches,

which hawn a substantial effect on running performances.

In view of the foregoing problems, in the recent years

attentlon has been paid to a\Cndssovev control as disclosed

in an official gazette of Japanese Laid-Open Patent NO.
13758/1963 and the crossover control has been lately carried
out using electronic type‘pressure control valves.

Specifically, according to the prior inVention as proposed
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by the inventors under Japanese Patent Application NO.
271055/1985, a crossover control as shown in Fig. 16 is
carried out using an electronic modulation system for all
clutches to prevent an occurrence of breathing during a
period of speed changing due to the presence of filling
time.

The proposal as shown in Fig. 16 is such that when a
command for speed changing is outputted, a hydraulic oil
starts to flow in a clutch for the second speed to be next
brought in an engaged state, thereafter when the termination
of f1lling is detected, a clutch for the first speed which
has been previously brought in an engaged state 1s turned
off and a bulid-up control is initiated for the clutch for
the second speed.

According to this proposal, an occurrence of breathing
phenomenon due to the presence of filling time tr 1s not
only prevented reliably but also speed changing can be
smoothly achieved, resulting in improved running

performances beilng assured. However, to properly carry out

such speed changing, it is required that the filling time te

is exactly detected and an occurrence of double engagement

is prevented without fail. '
Hitherto, detection of the f11lling has been performed '

by properly controlling a pattern with which a hydraulic

pressure is gradually increased as time elapses after a




command for speed changing 1s outputted. Specifically,
hitherto, a time required for filling the clutch pack with a
hydraulic o1l is suitably set on the basis of prior
experiments, the termination of (illing is identified when
the set time elapses after a command for speed changing is
outputted, and thereafter a hydraulic pressure is increased
gradually.

However, it has been found that detecting of the
f1lling having such time control employed therefor can not
absorb fluctuation in filling time. For instance, when the
clutch pack is filled with a hydraulic oil before the set
time elapses, this allows an useless walting time to be
produced, which brings a factor of causing time lag. In
addition, since there 1s a shortage in reliability of
detection, a problem is that the aforementioned time control
can not be applied to the conventicnal crossover control for
gspeed changing.

Additionally, according to this crossover control for
speed changing, there is a danger that clutches are brought
in double engagement, if releasing and engagement timing of
clutches located at the preceding stige as well as at the
following stages are deviated from correct ones.
Accordingly, this becomes a serious problem from the
viewpoint of measures to be taken for safety.

However, any particular measure for assuring safety is

e ' s




no; taken with the conventional apparatus and this leads to
a fear of causing troubles such as damage or injury of
components or instruments.

To prevent én occurrence of double engagement, it
suffices that an engaged staté of the respective glutches
can be determined. To this end, there is a neéd of watching
which clutch is_Filléd with a hydraulic oil having a certéin.
1nt¢nsity oripre53ure. -To provide structural érbangement
for the purpose of watching in that way,.there has been made
a proposal for.arrangemené of a strain gauge type pressure
sensor or a semiconductor type pressdreisensor which 1is |
_availablé on the commercial basis. Howéver, the proposai
has a problem that the.c0mmercial pressure sensor 1s
expensive and 1t has a difficulty'in durability. Further,
to prevent an occurrence of double engagement, it suffices
that whether or not the clutch is filled with a hydvéulic
oil having a certain intensity of pressure 1is known.
According, a quantitatiyely detected value derived by a
pbeésube sensor is not required.

background in mind and its object resides in proyv

apparatus for controlling a hydraulic €ssure usable for a

clutch which éSSUPeS th détection of filling and detection

~of" presenc absence of a hydraullc pressure for clutches

rad—by—a—simple—and—iREeXpeRsivEe—
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~ DISCLOSURE OF THE INVENTION
It is the object of the present invention to overcome or
substantially ameliorate the above disadvantages. '
There is disclosed herein an apparatus for controlling a hydraulic
pressure usable for a clutch comprising;
a first valve including a spool with an orifice formed at an
output port leading to said clutch, said first valve being opened under the

 effect of a differential pressure appearing across said orifice and closed

under the effect of a restorable force of a first spring dlsposed on one

" end of said spool,

a second valve in the form of a pressure control valve adapted
to be activated in response to an electric signal, said second valve
functioning to bpen sald first valve by feeding to the latter a hydraulic
oil delivered from a pump during a period of changing speed and gradually
increasing a hydraulic pressure for the clutch after the termination of
filling, ’ ' _
a second spring disposed on the other end side of said spool for
said first valve, and ' , '

filling and clutch pressure detecting means for detecting the
termination of fi1ling and a clutch pressure on'the basis of a displacement

of sald spool for said first valve against a resilient force of sa1d second

spring.
_ BRIEF DESCRIPTION OF THE DRAWINGS

A preferred form of the present invention will now be described by
way of example with reference to the accompanying drawings, wherein:

Fig. 1 is a hydraulic circuit illustrating a first embodiment of the
present invention, Fig. 2 is a sectional view illustrating by way of
example the inner structure of a hydraulic pressure control valve for a
clutch in accordance with the first embodiment, Fig 3 is a time chart
f1lustrating a timing for detecting the termination of




f111ing, Fig. 4 is a sectional view illustrating a second
embodiment of the present invention, Fig. 5 is a hydraulic
circuit illustrating a third embodiment of the present
invention, Fig. 6 1s a sectional view illustrating the inner
structure of a hydraulic pressure control valve for a clutch
in accordance with the third embodiment, Fig. 7 is time
charts illustrating by way of example operation of the
hydraulic pressure control valve in accordance with the
third embodiment respectively, Fig. 8 is a block diagram
illustrating a structural arrangement to be monitored by a
pressure detecting switch, Fig. 9 is a time chart
illustrating a clutch pressure during a period of speed
changing in which an overshoot pressure is generated, Fig.
10 1s a fragmental enlarged view 1llustrating a fourth
embodiment of the present invention, Fig. 11 1s a time chart
1llustrating a clutch pressure during a period of speed
changing in accordance with the fourth embodiment, Fig. 12
1s a hydraulic circuit illustrating a fifth embodiment of
the present invention, Fig. 13 1s a sectional view
illustrating by way of example the inner structure of a
hydraulic pressure control valve for a clutch in accordance
with the fifth embodiment, Fig. 14 is time charts
illustrating by way of example operation of the hydraulic
pressure control valve in accordance with the fifth

embodiment respectively, Fig. 15 is time charts illustrating




a conventional control for speed changing respectively, Fig.
16 is time charts illustrating a control for speed changing
in accordance with the conventional crossover control
system, and Fig. 17 i4s a hydraulic circuit illustrating
clutches for each of which an electronic type hydraulic

pressure control valve is provided.

BEST MODE FOR CARRYING OUT THE INVENTION

Now, the present invention will be described in a
greater detall hereunder with reference to the accompanying
drawings which illustrate preferred embodiments thereof.

Figs. 1 and 2 illustrate a first embodiment of the
present invention.

Fig. 1 illustrates by way of example a hydraulic
c¢ircuit for an electronic type hydraulic pressure control
valve 2 usable for driving a clutch 1 and Fig. 2
schematically shows a sectional structure of the hydraulic
pressure control valve 2.

Referring to Figs. 1 and 2, the hydraulic pressure
control valve 2 comprises a [low rate detecting valve 3, an
electronic type pressure control valve 4 and a filling
detecting switch 9, and the pressure control valve U is
driven in response to an celectrical signal outputted from a
controller 5. The hydraulic pressure control valve 2 allows

a hydraulic oil delivered from a pump 6 to flow therein via

+
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an input port 10 and feeds 1t to the clutch 1 via an output
port 11. At this moment, a port 12 is kept closed.

The electronic type pressure control valve 4 includes a
spool 13, and the right end of the spool 13 comes in contact
with a plunger 15 of a proportional solenoid 14, while the
left end of the same is resiliently supported by a coil
spring 16. A hydraulic pressure in a hydraulic passage 19
is introduced into a hydraulic chamber 18 defined by the
spool 13 and the piston 17.

The flow rate detecting valve 3 includes a spool 21 and
an orifice 7 is formed on the output port: 11 side of the
spool 21, A rilling detecting piston 22 is brought in
contact with the lef't end surface of the spool 21 and it is
resiliently supported by a spring coil 23.

A cover 25 made of ferrous metallic material is fitted
to the left-hand surface of a valve housing 40 with an
electrical insulating sheet 24 interposed therebetween,
Thus, the cover 25 is electrically isolated [rom the valve
housing 40 in the presence of the insulating sheet 24,
Additionally, a plurality of cover fitting bolts 26 are
electrically isolated from the cover 25 using a plurality of
insulating sleeves 27. The cover 25 has a lead wire 28
connected thereto which in turn is connected to a point a
between resistances R1 and.R2 which are connected to one

another in series. A predetermined intensity of DC voltage

+5e
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(for instance, 12 V) is applied to opposite ends of the
Pesistancés Ry and R, . It should be noted that the valve
housing 40 is earthed. |

With this construction, the piston 22 c¢omes in contact
with the housing 40 at ali‘timesm ‘However, the piston 22 is
not normally brought in contact with the cover 25 made of
ferrous metallic maﬁerial but it comes in contact with the
coVep‘ZS when 1t is displaced in the lethapd direction as
viewed in the drawing. o

In a dasé where the clutch 1 is to be brought in an
engaged state with the construction as shown in Figs. 1 and
2, the controller 5 is so activated that a éolenoid 14 for
the‘electponic type hydnau;1c pvessure control valve 4 is
turned on with a considerably high intensity of electrical
current. ‘Consequehtiy,‘the spool 13 for the pressure
contpol vélVe 4 1s displaced in the leftward directlon so
that a hydvéulic oil delivered from the pump 6 1s introduced
into the pressure control valve 4 via the input port 10 an
the hydraulic passage 20. Hydraulic oll introduced into the

pressure control valve 4 rlows in the flow rate detecting

v

valve 3 via a hydraulic passage 19 and a port 29 and it

flows further in the clutch 1 via an orifice 7 in the spool
21 and an output port 11. In addition, hydraulic oil
introduced through the port 29 is delivered to a hydraulie

chamber 31 via a hydraulic passage 30 in the spool 21,




This causes a differential pressure &PA - PB} to be
generated between the left side of the orifice 7 and the
right side of the same, and the flow rate detecting valve 3
assumes an opened position under the influence of the
differential pressure by allowing the spool 21 to be
displaced in the leftward direction. Consequently,
hydraulic oil introduced into the input port 10 flows
directly into the port 29 and it 1s then delivered to the
clutch 1 via the orifice 7.

On the other hand, since the piston 22 is displaced in
the leftward direction as the spool 21 is displaced in the
lefiward direction, the left end surface of the piston 22 is
brought in contact with the cover 25. Since the piston 22.
comes in contact with the valve housing 40 at this moment, a
potential at the point a is lowered to the earthed level as
shown in Fig., 3, resulting in no voltage appearing &at the
point a.

Delivery of a hydraulic oil to the clutch 1 via the
flow rate detecting valve 3 continues until a clutch pack is
filled with hydraulic oil. wnén the clutch pack is
completely filled with hydraulic oil, the filling is
terminated and this causes no hydraulic oil to flow any more
with the result that the differential pressure between the
left gide of the orifice 7 and the right side of the same

disappears. Consequently, the spool 21 ih the [low rate

#



detecting valve 3 is displaced‘in the rightward direction

under the effect of a restorable force of the spring 23 so

that the flow rate detecting valve 3 is returned to assume a

.closed state. On the other hand, when the spool 21 is
displaced‘in‘the rightward diéection on the termination of
f11ling, the piston 22 is also displaced in the rightward
direction under the effect of resilient force of the spring
23 whereby the left end surface of the piston 22 is parted
away from the cover 25, resulting in é voltage V appearing
at the point a again. ‘Nahely. the time‘point when the
feeling 1is terminated can be known by detecting the time
point when a potential rises at the point a.

A voltage signal derived from the point a is inputted
in the éontroller 5 which in turn detects the rising of the
voltage signal to detect the time péint when the ﬁilling is
terminated. When the controller 5 detects the termination
of filling by way of the voltage signél, an intensiﬁy of
electrical current to be fed to the solenoid 14 is gradually
increased so that a hydraulic pressure to be exerted on the
clutch is gradually increased. Incidentally, the controller
5 is So operaped that the spbol 13 is displaced by a long
distance in the leftwabd‘dibection by 1lnputting a |
considerabiy high intensity of electrical current into the
solenoid 14 when speed changing is 1niﬁiated.and thereaflter

it is kept in a waiting Stéte till the termination of

1
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filling while an intensity of electrical current to be
inputted is lowered to a suitable initial level. When the
controller 5 detects the termination of filling, it
gradually increases an 1iintensity of electrical current from
this initial level.

In this manner, according to the first embodiment, the
termination of filling can be simply and exactly detected by
way of the steps of extracting via the piston 22 a
displacement of the spool 21 for the flow rate detecting
valve 3 adapted to operate in dependence on presence or
absence of flowing of a hydraulic oil into the clutch 1, in
the form of a movement of the piston 22 for contact with the
cover- 25 or a movement of the same away from the cover 25
and then electrically detecting the foregoing movement.
Incidentally, in this embodiment, the spool 21 1is supported
by the spring 23 via the piston 22. However, the present
invention should not be limited only to this.
Alternatively, the spool 21 having the piston 22 secured
thereto may be supported directly by the spring 23.

With this construction, a crossover control for speed
changing as shown in Fig. 16 can be carriled out
reliably. Specifically, 1t suffices that a hydraulic
pressure control valve 2 as constructed in the
above-described manrer is separately connected to a clutch

in the respective gpeed change stages and that for instance,




in a case where speed changing is effected from a first
speed to a second speed, a clutch for the second speed is
filled with a hydraulic oil just before a clutch for the
first speed is disengaged, the clutch for the first speed is
disengaged when a potential at a point a on the hydraulic
pressure control valve 2 disposed for the clutch for the
second speed rises and a clutch pressure for the second
speed is then built up by controlling the pressure control
valve 4.

Fig. 4 illustrates a second embodiment of the present
invention. This embodiment 1s such that an electromagnetic
pickup 35 1s arranged on the housing cover 34 side so that a
movement of the spool 21 is detected by the pickup 35.
Specifically, an induction voltage generated by the
electromagnetic pickup 30 varies as the spool 21 moves and
thereby a movement of the spool 21 can be detected by !
detecting a variation in induction voltage. In this case,
since the spool 21 for the flow rate detecting valve 3 is
returned to a position as shown in Fig. 4 under the effect
of a restorable force of the spring 23 when the clutch pack

1s filled with a hydraulic oil in the same manner as in the

foregoing embodiment, the termination of (1lling can be
exactly detected by detecting the return movement of the
spool 21 with the aid of the electromagnetic pickup 30.

Figs. 5 and 6 illustrate a third embodiment of the



present invention and same or similar components to those in
‘the foregoing embodiments are identified by same reference
numerals, Thus, repeated description will not be required.

Referring to Figs. 5 and 6, the hydraulic pressure
control valve 2 for a pertinent clutch is equipped with a
pressure detecting switch 50 besides the flow rate detecting
valve 3 and the electronic type pressure control valve 4 as
constructed in the same manner as in the foregoing
embodiments.,

In this case, the pressure control valve 4 includes the
same spool 13 as that in the foregoing embodiments and the
right end of the spool 13 comes in contact with a plunger 15
of the proportional solenoid 14, while the left end of the
same 1s resiliently supported by a coil spring 16. A
hydraulic pressure in the hydraulic passage 19 is introduced
into a hydraulic chamber 18 defined by the spool 13 and the
piston 17.

Similarly, the flow rate detecting valve 3 includes the
same spool 21 as that in the foregoing embodiments. An
orifice 7 is formed on the output port 11 side of the spool
21 and the left-hand end of the spool 21 is resiliently
supported by a coil spring 23.

The pressure detecting switch 50 1s provided at the
upper end of the hydraulic passage 19 to detect a clutch

pressure. The pressure detecting switch 50 comprises a




pressure detecting piston 51 and a coil spring 52 for

resiliently supporting the piéton 51.

The spring 52 is adapted to energize the piston 51 via

a spring guide 53 under the effect of a resilient force
thereof of which intensity.is so determined that the piston
51 is not pushed back when a hydraulic pressure for the
élutch. that is, a hydraulic pressure in the hydraulic
passage 19 is lower than a predetermined set pressure Th.
(for instance, 5 Kg/cmz). The piston 51 contacts a valve
body 40 but normally dbes not contact a cover 54 of ferrous

metallic material placed on the upper surface of the valve

body 40. When the pistoh 51 is displaced upwardly against a

resilient force of the spring 52, it is brought in cbntact
with the cover 54, The cover 54 made of ferrous metallic
matérial is electricélly isolated from the body in the
presence of an inSuléting sheet 55 interposed therebetween.
Additibnally, cover fitting bolts 56 are kept in an
electrically isolated state from the cover 54 in.tﬁe
presence of insulating sleeves 57 fitted therethrough.

A lead wire 58 is exteﬁded from the cover 54 so that it
1s connected to a point b between resistances R; and R,
which are connected to one another in series. A
predetermined magnitude of DC voitage ¥ (for instance, 12V)
is applied to the point b and the valve body 40 is earthed.

The hydrauliq pressure control valve 2 as constvucted
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in the above-described manner is connected to a clutch for
the respective speed change stages and each of the control
valves 2 is equipped with the aforementioned pressure
detecting switch 50.

Next, operation of the apparatus constructed as
illustrated in Figs. 5 and 6 will be described below with
reference to time charts as shown in Fig. 7. In a case
where it is required that the clutch 1 communicated with the
hydraulic pressure control valve 2 1s brought in an engaged
state, the controller 5 1s activated to input a trigger
command to the solenoid 14 of the control valve 2 (see Fig.
7(a)). Incidentally, after the trigger command has been
inputted in that way, the controller 5 is kept in a waiting
state till the termination of filling while an intensity of
command electrical current is lowered to a level indicative
of a value of initial pressure command electrical current
corresponding to an initial pressure Pa of the hydraulic
pressure for the pertinent clutch.

The spool 13 in the pressure control valve 4 is
displaced in the leftward direction in response to inputting
of the trigger command and a hydraulic oil discharged from
the pump 6 is introduced into the pressure control valve U
via the input port 10 and the hydraulic passage 20.
Hydraulic oil introduced into the pressure control valve y

flows 1in the flow rate detecting valve 3 via the hydraulic




passage 19 and the port 29 and thereafter it flows 1in the

clutch 1 via the orifice 7 and the output port 11.

Additionally, hydraulic oil introduced through the port 29
is delivered to the hydraulic chamber 31 via the hydraulic

passage 30 formed in the spool 21,

Then, a differential pressure (PA - PB) is generated
between the right side of the orifice 7 and the left side-of
the same and the spo~l 21 1s displaced in the leftward
direction under the influence of the differential pressure
so that the flow rate detecting valve 3 1s kept open.
Consequently, hydraulic oil introduced through the input
port 10 enters directly into the port 29 and it [lows
further in the clutch 1 via the orifice 7. Flowing of
hydraulic oil in that way continues until the clutch pack is
completely filled with hydraulic oil.

During a period of filling time tf that elapses until
the clutch pack is filled with hydraulic oil, a hydraulic
pressure in the clutch pack 1is maintained substantially at a
level of zero as shown in Fig. 7(b) and it does not reach
the pressure Th set by the spring 52, resulting in the upper
end surface of the pin 51 of the pressure detecting switch

50 failing to come in contact with the cover 54 made of

ferrous metallic material. While this operative state is
maintained, a potential appearing at the point b assumes a

value of voltage derived by dividing the voltage V by the




resistances R, and R,, as shown in Fig. 7(c).

2

When the clutch pack is filled with hydraulic oil, the
filling is terminated and no hydraulic oil flows &ny more.
Thus, the differential pressure generated across the orifice
7 disappears with the result that the spool 21 in the flow
rate detecting valve 3 1s displaced in the rightward
direction under the effect of a resilient force of the
spring 23 and thereby the flow rate detecting valve 3 is
returned to the closed state. After the filling is
terminated, the controller 5 is so activated that an
electrical current to be fed to the solenoid 14 is gradually
increased from the value of command electrical current
representative of the initial pressure, as shown in Fig.
7(a).

This permits a hydraulic pressure [or the pertinent
clutch to be gradually increased from the initial pressure
Pa (for instance, about 2 Kg/cmz), as shown in Fig. 7(b).
Since the pressure Th set for the spring 52 1s set
appreciably larger than the initial pressure Pa, the
hydraulic pressure causes the pressure detecting piston 51
to be displaced upwardly against the resilient force of the
spring 52, when it i1s in excess of the set value Th.
Consequently, the upper end surface of the piston 51 is
brought in contact with the cover 54. This allow the cover

54 made of ferrous metallic material to be electrically
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conducted to the earthed body 40 via the piston 51,
resulting in the potential at the point b being lowered to a
level of zero, as shown in Fig. 7(c). Thus, no voltagz
appears at the point b.

Accbording to the third embodiment, presence or absence
of* a hydraulic pressure in the clutch pack is recognized in
the form of a movement of the pressure detecting piston 51
at the upper end of the hydraulic passage 19 in contact with
the cover 54 or a movement of the former away from the
latter so that a movement of the piston 51 in contact with
the cover 54 or a movement of the former away from the
latter can be electrically detected via variation in voltage
at the point b. Accordingly, presence or absence of a
hydraulic pressure for the pertinent clutch can be known by
examining presence or absence of a potential at the point b.

Additionally, according to this embodiment, an
electronic type hydraulic pressure control valve 2 having
the aforementioned pressure detecting switch 50 incorporated
therein is provided for the respective clutches and outputs
from the plural pressure detecting switches 50 are inputted
in the controller 5, as shown in Fig. 8. The controller 5
monitors outputs from the plural pressure detecting switches
50 and then makes a determination on the basis of the result
derived from monitoring as to whether double engagement 1is

made or not. Namely, which clutch is kept in an engaged
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state can be recognized by monitoring outputs. from the

plural pressure switches 50, and in a case where clutch
pressure detecting signals are simultaneously outputted from
two pressure switches 50, this can be determined as double
engagement. When the controller 50 has determined that
double engagement 1s made, it takes a countermeasure such
that a command is outputted to reduce a hydraulic pressure
in one of 'the clutches immediately or turn off all the
clutches immediately in order to prevent pertinent
components or instruments from being damaged or injured due
to an occurrence of double engagement.
Indeed, with respect to the hydraulic pressure control
valve 2 as shown in Fig. 6, it has been found that when the
spool 21 for the flow rate detecting valve 3 is closed after
the filling time t, elapses, an overshoot pressure as shown
in Fig. 9 is generated and this gives rise to a factor that
a shock occurs during a period of speed changing or an
abnormal sound is generated. Unless this overshoot pressure
is reduced, any effort becomes useless which 1s intended to ;
reduce a shock due to speed changlng by carrying out torque |
compensation using the electronic type hydraulic pressure
control valve. Accordingly, reduction of the overshoot
pressure becomes a serious problem. To absorb the overshoot
pressure, there has been proposed a method of providing an

accumulator. However, problems arise that this method is
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practiced at an expensive cost and moreover structure in the
proximity of the valve is enlarged and complicated. For the
reason, the conventional method fails to be put in practical
use.

As results derived from a variety of research works
conduéted by the irnventors with the foregoing problems in
mind, it has been found that the overshoot pressure is
generated when a return speed of the spool 21 in the flow
rate detecting valve 3 is slow during a period in which the
spool 21 returns (moves in the rightward direction) after
the termination of (illing. In this connection, an usual
flow rate detecting valve 3 1s so designed that a pressure
recelving area A, of the spool 21 in the hydraulic chamber
31 is substantially equal to a pressure recelving area A2 on
the left-hand end surface of the same. Namely, with such
construction as shown in Fig. 6, since the spool 21 is
returned only by a restorable force of the spring 23 when
the differential pressure between the left side of the
orifice 7 and the right side of the same disappears, the
result is that a speed of its return movement 1s slow and a
certain time delay occurs until the spool 21 is completely
closed.

To obviate the foregoing problems, the present
invention provides a fourth embodiment. According to the

fourth embodiment, as shown in Fig. 10, a certain amount of
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difference is provided between the pressure receilving area
A2 at the left end of the spool 21 and the pressure
receiving area A1 of" the same in the hydraulic chamber 31 in
such a manrer that the pressure receiving area A2 on the
left end surface of the spool 21 is larger than the pressure
receilving surface A1 of the same in the hydraulic chamber 31
and an equation as represented by A2 = 2A1 is established
therebetween.

Here, when it is assumed that a pressure belore the
orifice 7 1s represented by PA and a pressure behind the
same 1s represented by PB as shown in Fig. 5, a differential
pressure A P appearing across the orifice 7 1s represented

by AP =P, - Pp..

A B

Accordingly, a force exerted on the left-hand end
surface of the spool 21 is represented by A, Py and a force
exerted on the spool 21 in the leftward direction in the
presence of* a hydraulic pressure in the hydraulic chamber 31
is represented by Ay PA'

Namely, a force F as represented by the following

formula is exerted on the spool 21 in the rightward i

direction,
= 2A; Py - Ay P,
= Ay (2P = Py) m—- (1)

Now, 1t 1s assumed that the differential pressure AP
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becomes zero on the termination of filling. %% thig moment,

P, becomes equal to Py and therefore the [oriula {1} is
modified in the form of F = Al PA. Thus, thls Fovwe F is
exerted on the spool 21 in the rightward di:reation, that is,
in the direction of closing of the spool 21. 1t should be

noted that P, is not reduced completely to zero due to

A
resistance existent throughout piping, return spring in the
clutch or'the like.

Consequently, in this case, when the filling is
terminated, the spool 21 is returned under the effect of a
force represented by a return force of the spring 23 with a
force F = A4 A added thereto, resulting in the spoal 21
belng closed at a high speed.

Fig. 11 is a time chart illustrating a relationship ofl
time vs. hydraulic pressure for a pertinent clutch in the
valve constructed as shown in Fig. 10. With such valve
construction; an overshoot pressure appearing after the

filling time t,. elapses can be adequately reduced,; as shown

£
in Fig. 11.
Namely, the valve construction shown in Fig. 10 assures
that the overshoot pressure is reliably reduced by such
simple and inexpensive improvement that the pressure
receiving area A2 of the spool located on the side where a
force 1s exerted in the direction of closing of the (low

rate detecting valve 3 1s determined ldarger than the
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pressure recelving area Ay of the same located on the side

‘where a force is exerted in the direction of opening of the

flow rate detecting valve 3 (it is preferable that a

| dif?erence 1h area therebet@men is larger).

Figs. 12 and 13 illustrace a fifth émbodiment ol the
present invention. This embodiment is such that both
functions comprising a filling detecting function provided
in accordance with the first and secohd embodiments and a
clutch pressure detecting function prbvided in accordance
with the third embodiment are attained by & single sensor
construction.

Specifically, reflerring td Figs. 12 and 13, a hydraulic
pregsure contral valvé 60 comprises a pressure ¢ontrol valve
61 for controlling a hydraulic pﬁessure usable‘FOP a clutch,
a flow rate detecting valve 62 and 4 sensop‘section 63 for
détecting a‘billing and a clutch pressure. The pressure
control valve 61 is contpollied by a controller 5, and a
detection signdl S from the sensor section 63‘is\inputtediin
the controller 5, |

A hydraulic oll delivered from a pump which is not
shown in‘ché drawings 1s introduced into the hydraulic

pressure control valve 60 via an input port 70 and 1t is

‘then fed to the clutch 1 via an output‘port 71. At this

moment, a port 72 is kept ¢losed and ports 73 and Tl

represent a drain port respectively.
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The electronic type pressure control valve 61 includes
a spool 75 of which right end comes in contact with a
plunger 77 of a proportional solenoid 76, and a coil spring
78 1is disposed at the left end of the spool 75.
Additionally, a hydraulic pressure in a hydraulic passage 82
is introduced via a hydraulic passage 81 into a hydraulic
chamber 80 defined by the spool 75 and the piston 79.

The flow rate detecting valve 62 includes a spool 85
which defines hydraulic chambers 86, 87 and 88. An orifice
90 is formed between both the hydraulic chambers 87 and 88.
The spool 85 is so constructed that it has three different
pressure receilving areas Sl' 82 and 83 which have a
relationship among them as represented by S1 + 83 > 82 and
82 >-S3. A coil spring 91 is disposed at the left end of
the spool 85 and another coil spring 92 is disposed at the
right-hand end of the same. When no hydraulic pressure is
introduced into the hydraulic chambers 87 and 88, the spool
85 1s maintained at a neutral position shown in Fig. 12
where both the springs 91 and 92 have their (ree length.
Accordingly, when the spool 85 is held at a neutral state, a
hydraulic oil which flows in the (low rate detecting valve
62 from a hydraulic passage 84 via the input port 70 is
caused to stay in the hydraulic chamber 86.

Here, when it is assumed that spring constants of the

springs 91 and 92 are represented by kl and k2, hydraulic

24
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pressures in the hydraulic chambers 87 and 88 are

represented by Pl and P2 and a displacement of the spool 85

from the neutral position is represented by x, a force Fl

represented by the following formula (2) 1is exerted on the

spool 85 in the rightward direction when the spool 85 is

located leftward of the neutral position shown in Fig. 13.
F‘l = kg x o+ S1 P, + Py (83 - 82) --- (2)

On the contrary, when the spool 85 is located rightward
of the neutral position, a force F2 represented by the
following formula (3) is exerted on the spool 85 in the
leftward direction.

F = k2 X = S

P S,) --- (3)

1 Pp - Py (S,
Incidentally, in this case, k, > ky is assumed.

2

Specifically, in this case, the spring 91 functions as a
return spring for the spool 85 and the spring 92 functions
as a pressure setting spring for the purpose of detecting a
hydraulic pressure for the clutch.

A detecting pin 94 made of metallic material is
disposed on the upper right side of the valve body 93 in
order to detect that the spool 85 1s displaced further

rightward of the neutral position shown in Fig. 13 against a

resilient force of the spring 92. The detecting pin 94 is
attached to the valve body 93 by means of a cover 95 in the
presence of an electrical insulating sheet 96 and a lead

wire 97 is extended from the detecting pin 94.




i

The lead wire 97 1is connected to a point ¢ between
resistances Rl and R2 which in turn are connected to one
another in series. A predetermined magnitude of DC voltage
V (for instance, 12 V) is applied to the resistances Rl and
R2 therebetween and the valve body 93 is earthed. Namely,
the sensor 63 for detecting a filling and a hydraulic
pressure for the pertinent clutch comprises the spring 92;
the detecting pin 94 serving as a contact on the spool 85
and the resistances Rl and RZ'

The hydraulic pressure control valve 60 having the
sensor section 63 used therefor is disposed individually for
clutches for respective speed change stages.

Next, operation of the apparatus constructed as
illustrated in Figs. 12 and i3 will be described below with
reference to time charts as shown In Fig. 14. It should be
noted that Fig. 1l4(a) shows a command electrical current I
from the controller 5, Fig. 14(b) does a pump pressure Pp,
Fig. 14(c) does a hydraulic pressure Py in the hydraulic
chamber 87 before the orifice 90, Fig. 14(d) does a
hydraulic pressure (clutch pressure) P2 in the hydraulic
chamber 88 behind the orifice 90 and Fig. 1l4(e) does an
output S from the sensor 63.

When 1t is requlired that a clutch allocated to a
certain speed change stage 1s brought in an engaged state,

the controller 5 is so activated that a trigger command
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electrical current I, is inputted in the solenoid 76 of the

1
pertinent valve 60 (time tl), a command electrical current I
is later lowered to an initial pressure command electrical
current Io corresponding to ‘an initial pressure Pa for the
hydraulic pressure for the pertinent clutch (Fig. 14(d)) and
it is then held in a waiting state till the termination of
filling while the foregoing operative state is maintained.

As the trigger command electrical current I1 is
inputted  in that way, the spooi 75 in the pressure control
valve 61 is displaced in the leftward direction and a
hydraulic oil delivered from the pump flows in the hydraulic
chamber 87 of the [low rate detecting valve 62 via the input
port 70 and the hydraulic passage 82. Hydraulic oll
introduced into the hydraulic chamber 87 flows in the
hydraulic chamber 88 via the orifice 90 and it flows further
in the clutch 1 via the hydraulic passage 83 and the output
port 71. At this moment, a differential pressure (Pl - P2)
is generated between both the hydraulic chambers 87 and 88
due to the provision of the orifice 90. Here, since the
pressure P2 is approximately equal to zero, the spool 85 is
displaced in the leftward direction under the effect of a
force represented by (S2 - 83) Py = kg x (where S, is larger
than 83) which is derived by inserting a condition of Py, =0
in t‘.hevf.’or‘mula (2).

As a result, the flow rate detecting valve 062 1s opened

I




so that hydraulic oil introduced into the hydraulic passage
84 flows in the hydraulic chamber 87 via the hydraulic
chamber 86 and thereafter it flows further in the clutch i
via the orifice 90, the hydraulic chamber 88, the hydraulic
passage 83 and the output port 71. The flowing of hydraulic
oll continues until the clutch pack is completely filled
with hydraulic oil.

Here, when the spool 85 is held at the neutral position
shown in Fig. 13 as well as during a period of filling time

t. in which the spool 85 is displaced leftward of the

£
neutral position, the spool 85 is parted away fr&m the
detecting pin 94.

As long as the foregoing operative state is maintained,
a potential appearing at the point ¢ assumes a value of
voltage which is derived by dividing the voltage V by the
resistances Ry and R,, as shown in Fig. 14(e).

When the clutch pack is filled with oil, the filling is
terminated and no hydraulic oil flows any more. Thus, the
differential pressure across the orifice 90 disappears.
Namely, pressuée P1 becomes equal to pressure PZ‘

Consequently, the spoal 85 1s displaced in the
rightward direction under the effect of a force derived from
inserting a condition of P, = P, in the formula (2), that

is, a force represented by the following formula, until it

is returned to the neutral position.

B
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1 = K1 X o+ P2 (S1 + 83 - SZ)

Here, siice the respective pressure receiving areas Sl' 0

82 and 83 on the spool 85 are set in accordance with a

relationship represented by S1 + S3 >~SZ. a force P2 (S1 +

83 - 82) generated due to a difference in pressure receiving
area is exerted on the spool 85 in the same direction as
that of a restorable force of the spring 91 whereby the
spool 85 is displaced in the rightward direction under the
effect of a force which is derived by the restorable force
of the spring 91 with the force due to the diflerence in
pressure receiving area on the spool 85 added thereto.

While the spool 85 is returned in that way, a hydraulic
pressure from the pump is transmitted to a hydraulic
pressure for the pertinent clutch via the hydraulic passage
84, the hydraulic chamber 87, the orifice 90 and the
hydraulic chamber 88, resulting in a shoot pressure as shown
in Fig. 14(d) being generated.

The spring constant k2 of the spring 92 is set to a
pressure value Th larger than the initial pressure Pa but !
smaller than the aforesaid shoot pressure (see Fig. 14(d)).

Thus, during a period of return movement of the spool

85, the latter is displaced in the rightward direction to
the neutral position as shown in Fig. 13 and thereaflter it
is displaced further in the rightward direction in the

presence of the shoot pressure against the energizing lorce




k2 x of the spring 92 whereby the right end surface of the
spool 85 comes in contact with the detecting pin 94.
Namely, in this case, the spool 85 is displaced in the
rightward direction under the elfect of a force derived by
putting a condition of P1 = P2 in the formula (3).

Consequently, since the detecting pin 94 is
electricaily conducted to the earthed valve body 93 via the
spool 85, the potential at the point ¢ is lowered to a level
of zero as shown in Fig. 14(e) and thereby no voltage
appears at the point ¢ (time tz).

The potential at the point ¢ 1s inputted in the
controller 5 as a detecting signal S so that the controller
‘5 determines the termination of filling by an initial rising
~of the poténtial‘at the point c. When the termination of

filling is determined, the controller 5 gradually increases
the initial command electrical current I‘Fov the pertinent

clutch from the initial pressure electrical current I0

without delay (see Fig. 14(a)). Incidentally, when the

A ‘ controller 5 determines the termination of filling, it

lowers a command electrical current for the clutch located

at the previous stage to a level of zero as shown by an
one~dotted line in Fig. 14(a). |

As a result; a clutch pressure for the pertinent clutch
is loweréd from the‘aFOPeSaid value of shoot pressure to the

initial pressure Pa‘and thereafter it is gradually
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increased, as shown in Fig. 14(d). Accordingly, the spool
85 1is once displaced in the leftward direction toward the
neutral position from the operative state in which it
contacts the pin 94. Therealter, since the clutch pressure
P2 is gradually increased, it exceeds the set pressure Th ofl
the spring 92 at a certain time point t3. Consequently, the
spool 85 is displaced in the rightward direction again
against the energizing force k2 x of the spring 92 until its
right end surface comes in contact with the detecting pin
94.

Thus, a potential at the point ¢ is lowered to a level
of zero again at the time t3 and thereafter this zero level
is maintained.

Specifically, since the potential at the point ¢ is
such that it becomes zero when the clutch 1s activated with
a pressure higher than the set pressure Th and 1t assumes a
predetermined value of voltage when the clutch pressure is
lower than the preset pressure Th, presence or absence of
the clutch pressure, that is, an engaged state of the clutch :
can be known by monitoring the potential at the point ¢.
Additionally, in this case, since the potential at the point
¢ 1s once lowered to a level of zero due to the shoot
pressure on the termination of the feeling, the termination
of the latter can be detected by detecting the [irst

lowering.




According to this embodiment, the electronic type
hydraulic pressure control valve 60 having the
aforementioned sensor section 63 attached thereto is
provided for the respective clutches so that outputs from
the plural sensor sections 63 are inputted in the controller
5, as shown in Fig. 8. The controller 5 monitors outputs
from the plural sensor sections 63 to determine the
termination of filling and presence or absence of double
engagement on the basis of results derived from the
monitoring. Namely, the controller 5 outputs a trigger
command Io to a clutch to be brought in an engaged state and
thereafter determines the time when the {illing is
terminated, by detecting the first lowering of a detection
signal S to be inputted therein from the sensor section 63
of the clutch, In addition, the controller 5 determines
which clutch is held in an engaged state, by monitoring
outputs from the plural sensor sections 63, and in a case
where clutch pressure detecting signals are simultaneously
outputted from two sensor sections 63, 1t determines that
this 1s identified as double engagement. When the double
engagement is determined by the controller 5, the latter
immediately outputs a command for lowering a nydraulic
pressure for one of the clutches or takes a countermeasure
such that all the clutches are turned off immediately, in

order to prevent assoclated components or ilnstruments (rom
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spool.

being damaged ov‘injured due to ﬁhe double engagement.
In‘this manner, according tb this embodiment, since a
spring 92 1is dispoéed on the opposite side to the return
spring 91 and a displacement of the spool 85 from the
ﬁeutral position towapd‘the spring 92 side is detected by
the contact switch arrangement comprising a‘detecting pin 94

and resistances Ry and R,, this makes it possible to detect

‘the termination of rfilling and determine a clutch engaged

state by the single sensor anpéngement including a single

Fubthév,;since a reiationship as represented by Sl‘* 83
> S, and S2 >=S3 is pnovidéd for the respective pressure
receiving abeas‘Sl, §, and S5 on the spool 85, a Corde
generated by a difference in pressure receiving area with a
restorable force of ﬁhe‘peturn spping 91 added thereto is

exerted on the spool 85 when the latter is displaced in the

rightward‘dipection after the termination of filling whereby

the spool 85 can be returned to the neutral p0sitioh at a
high speed. Incidentally, when returning of the spool 85 is
achieved only by a resilient force of the spring 91, the
spool‘85 hdas a reduced return speed with the‘result that an
overshoot pressure as represented by a dotted line in Fig.
14(d) is generated on the termination of (illing and this
gives rise td a factor of causing a_shbck due to speed

changing. In this case, the overshoot pressure can be

-




aforementioned difference in pressure receiving area.
It should of course be understood that the present
invention should not be limited only to these embodiments

but various changes or modifications may be made in a

detecting a filling time may be arbitralily made in any

be detected by a movement of the spool 21.
In addition, the pressure detecting switch 50 may be
located at other suitable position within the interior of

the valve body, provided that the position assures that a

hydraulic pressure usable for the pertinent clutch can be

detected.

INDUSTRIAL APPLICABILITY

| The present invention is advantageously applicable to a

transmission for a construction machine such as truck, wheel

loader or the like as well as a passenger car.

X

reduced by increasing the return speed of the spocl by the

suitable manner. For instance, structural arrangememt for

other fashion, provided that the termination of filling can
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The claims defining the invention are as follows:

1. An apparatus for controlling a hydraulic pressure usable for a
clutch comprising;

a first valve including a spool with an orifice formed at an
output port leading to said clutch, said first valve being opened under the
effect of a differential pressure appearing across satd orifice and closed
under the effect of a restorable force of a first spring disposed on one
end of said spoot,

a second valve in the form of a pressure control valve adapted
to be activated in response to an electric signal, sald second valve
functioning to open said first valve by feeding to the latter a hydraulic
oi1 delivered from a pump during a period of changing speed and gradually
increasing a hydraulic pressure for the clutch after the termination of
filling,

a second spring disposed on the other end side of said spool for
sald first valve, and

fi111ng and clutch pressure detecting means for detecting the
termination of fil1ing and a clutch pressure on the basis of a displacement
of sald spool for said first valve against a resilient force of sald second
spring.

2. An apparatus for controlling a hydraulic pressure usable for a
clutch as claimed in claim 1, wherein a spring constant of said second
spring is determined larger than that of said first spring,

3, An apparatus for controlling a hydraulic pressure usable for a
clutch as claimed in claim 1, wherein a spring constant of said second
spring means is set larger than an initial pressure for the clutch on the
termination of fi1ling and smaller than a shoot pressure generated when the
spool for the first valve 1s closed in response to the termination of
filling,

4.  An apparatus for controlling a hydraulic pressure usable for a
clutch as claimed in claim 3, wherein sald fi1ling and clutch pressure
detecting means 1s adapted to detect the termination of filling during a
period of first displacement of the spool against a resilient force of said
second spring for the spool after a speed changing command is produced.

et e e e
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5. An apparatus for controlling a hydraulic pressure usable for a
clutch as claimed in claim 1, wherein said filling and ciutch detecting
means comprises a member dispdsed on the housing of the apparatus and
contact and non-contact detecting means for detecting contacting of the
spool for the first valve with said member and parting of the former away
from the latter.

6. An apparatus for controlling a hydraulic pressuse usable for a
clutch as claimed in claim 5, wherein said member comprises an electrically
conductive detecting pin disposed on the housing ©»f the apparatus with an
electric insulating materjal used therefor and said contact and non-contact
detecting means is such that contacting of the spool for the first valve

%%, with sajd detecting pin and parting of the former away from the latter are

Lo represented in the form of an electrical ON or OFF signal.

7.  An apparatus for controlling a hydraulic pressure tsable for a

e e clutch as claimed in claim 6, wherein said contact and non-contact

. detecting means comprises voltage applying means for applying a

* %’ predetermined magnitude of voltage to said detecting pin and voltage
detecting means for detecting a voltage appearing on said detecting pin
when the spool for the first valve comes in contact with tne detecting pin
and the former is parted away from the latter,

*eass’ 8.,  An apparatus for controlling a hydraulic pressure usable for a

« clutch as claimed in claim 1, wherein the spool for the first valve is such

that a pressure receiyving area of the spool located on the side where the

E,'... first valve functiciis in the direction of closing is determined larger than
that of the spool located on the side where the first valve functions in
the direction of opening.

DATED this TWENTY-SEVENTH day of JUNE 1990
K K Komatsu Seisakusho
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