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Gear shifting device for manual gearboxes.
For gear shifting such gearboxes relatively great for-
ce isrequired, which the driver has to invest for every
shifting operation. The shifting procedure, therefo-
re, can be very tiresome and exacting work for dri-
vers of vehicles with manual gearboxes. In order to
simplify and facilitate such shifting work, the present
gear shifting device is equipped with a side position
cylinder (2a,202) with a pistonrod (11,203), which is
connected to the shifter of the gearbox and movable

to different predetermined positions for adjusting

the shifter to a side position point corresponding to
the selected gear, and a shift point cylinder (2b, 204)
with a piston rod (14, 205), which is connected to the
shifter of the gearbox and movable to different posi-
tions for moving the shifter to a shift point corre-
sponding to the selected gear by swinging the shifter
in one direction or the other, and means are provi-
ded to prevent the movement of said piston rods un-
til declutching has taken place and to prevent return
of the clutch to traction position until the gear has
been engaged in the gearbox.

==L ] 3 b
I 6 8 1 |
LT T = L +5
8
! _}-2b
6 2a
2




FOR THE PURPOSES OF INFORMATION ONLY

cations under the PCT.

AT
AU
BR
CF
CcG
CH
CcM
DE
DK
F1
FR
GA
GB
HU
JP

Austria

Australia

Brazil

Central African Republic
Congo

Switzerland

Cameroon

Germany, Federal Republic of
Denmark

Finland

France

Gabon

United Kingdom
Hungary

Japan -

LI
LU
MC
MG

NO
RO
SE

SN
SU

TG
us

Codes used toidentify States party to the PCT on the front pages of pamphlets publishing international appli-

Democratic People’s Republic of Korea
Liechtenstein
Luxembourg

Monaco

Madagascar

Malawi

Netherlands

Norway

Romania

Sweden

Senegal

Soviet Union

Chad

Togo

United States of America




WO 81/03000 PCT/SE81/00113

-

A gear shifting device

This invention relates to a gear shifting device for manual
gearboxes, comprising a range selector control for at least
engaging the reverse gear and a forward gear and neutral pos-
ition, and a shifter arm coupled together with the shifter of

the gearbox and operated through the range selector control

When transport vehicles, for example heavily ‘loaded trucks

and buses, are driven, éspecially in city traffic, the driver
perpetually must kick up and down for adapting the tractive
power and speed to the prevailing and constantly changing
conditions. Vehicles of this type normally are equipped with

a manual gearbox, and each shifting of gear, thus, is carried
out manually. The shifting of gear in manual gearboxes, however,
requires relatively great force, which can amount to 38 kp,

ané which the driver has to invest for each shif fting operation.
As such shifting operations at times must be effected several
times per minute, it is easily understood that the shifting

can be & very tiresome and exacting work for the driver of

a vehicle with manual gearbox.

.‘:1

In order to avoid the tiresome gear shifting, especially i

buses and similar vehicles it has been ccmmenced to replace

the manual gearbox by an automatic one. The known automatic
gearboxes, however, have the disadvantage that they increzse

the fuel consumption, in some cases by at least 10%.

The present invention, therefore, in principle has <he object
to provide a device, which facilitates the gear shifting of
manual gearboxes substantially, and which further is con-
structed so as to render possible the pre-shifting of a higrsr
or lower gear, semi-automatic or fully zutomatic shifting

with manual gearboxes known per se, and which further is of
such design that it can be mounted in a simple and easy manner,
without much interference, even in existing vehicles, for
example trucks, buses, passenger cars, tractors and other

working vehicles with manual gearbox.
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This object is achieved, in that the gear shifting device

according to the present invention has been given the char-

acterizing features defined in the attached claims.

The invention is described in greater detail in the following,

with reference to the accompanying drawings, in which

Fig. 1
Fig. 2
Fig. 3
i Fig. 4
Fig. 5
Fig. 6
Fig. 7

Figs. 8a-i

Fig. 9

Fig. 10
Fig. 11
Fig. 12
Fig. 13

o

shows from above an embodiment of the gear
shifting device according to the invention
mounted in a vehicle with manual gearbox and
coupled to its ordinary gear shift lever, for
manual shifting or shifting with preselection
of the gears,

is a longitudinal section through a gear shift-
ing cylinder comprised in the gear shifting
device according to the invention,
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I in Fig. 2,

is a section along the line
s a section along the line IV~IV in Fig. 2,

section along the line V-V in Fig. &,

1
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o

section through a coupling -eylinder,
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s a schematic coupling diagram cver the

resent gear shifting device for manual gear

n 9

hifting or shifting with gear pre-selection
of five or ten speed transmission,

show different positions for valves, pistons
etc. comprised in the gear shifting device,

is a schematic horizontal view of an embodi-
ment of the present gear shifting device mount-
ed in a vehicle with manual gearbox and provided
with a gear shifting device of its own for
semiautomatic or fully automatic gear shifting,
is a section through a distributecr comprised
gear shifting device according to Fig. 9,
section along the line XI-XI in Fig. 10,

section along the line XII-XII in Fig. 10,
>
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section along the line XIII-XIIT in
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Fig. 16

Fig. 17

Figs. 19 and 20

Fig. 21

Fig. 2u
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s a section along the line XIV-XIV in

o
e

g. 10,

I

s a schematic view of a coupling diagram
over the present gear shifting device acc-
ording to the embodiment shown in Figs. 9-1u
for semiautomatic or fully automatic gear-
shifting of a five gear transmission,

is a schematic view of the coupling diagram
according to Fig. 15 adapted to a ten gear
transmission,

is a schematic view of a coupling diagram
over the rnesent gear shifting device adapt-
ed for passenger cars,

is a schematic lateral view of a vehicle comb-
ination comprising at least two driving mot-
ors and gearboxes for illustrating an addit-
inal application of the gear shifting device
according to the present invention,

which latter is a direct continuation of

Fig. 19, are together a coupling diagram over
a modified embodiment of the gear shifting
device according to the invention, adapted

to semi-automatic shifting of a six or twelve
gear manual gearbox,

is a section through a shift point cylinder
comprised in the gear shifting device accord-
ing to Figs. 19 and 20, with a cluteh lock
valve in neutral position,

shows the clutch lock valve in shift point

position,

"is a section through a side position cylinder

comprised in the embodiment of the present

gear shifting device shown in Figs. 19 and 20,

is a section through a side position cylinder
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intended to be used at gearboxes with three
side positions; and

Fig. 25 is a schematic view of a section through a
coupling cylinder with a means for traction
position adjustment and automatic engagement

and disengagement.

In the drawings, the reference numeral 1 generally designates

a gearbox.. of known type mounted in a vehicle, on which gearbox
a shifting cylinder 2 according to the invention with clutch
lock for the shifting movements is screwn, and the ordinary
gear shift lever 3 of which, according toc the embodiment of

the present invention shown in Figs. 1-8 for manual shifting

or shifting with preselection of the gears, is extended by a
universally jointed extension rod 4 and by this rod is coupled
to the shifting cylinder 2 via a side position valve 5 and a
shift point valve 6. When the gear shift lever 3 at gear shift-
ing is moved in lateral direction to the intended shift point,
i.e. to any one of the points C,D or E on the neutral position
line A, the extension rod 4 is turned, whereby its joint arm

8 is displaced linear and actuates the side position valve 5.
When the gear shift lever 3 is moved into intended shift point,
its extension rod 4 is displaced'linear and actuates the shift
point valve 6, the function of which and also that of the

side position valve will become apparent from the description

below.

The shifting cylinder 2, which comprises both a side position
cylinder 2a and a shift point cylinder 2b, is coupled together
with the shifter arm (not shown) of the gearbox through a shift-
er 9, which is attached on an axle 11 mounted rotatably and
movably in the cylinder housing 10, and which by a lug 12 engag-
es with a square hole 13 in a piston rod 14. The lug 12 and

therewith the shifter 9 are movable in relation to said hole 13

in the longitudinal direction between two extreme positions.
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The piston rod 14 is provided with two pistons 15,16, which

are located on both sides of the shifter 9 and each in a cylind-
ric space 17 and, respectively, 18, as appears from Fig. 2. Qf
said pistons, the piston 16 is mounted movably on the piston

rod 14 so as to be able to move relative *o said rod and the
piston 15.In the position shown in Fig. 2, i.e. neutral position,
the piston 16 abuts one cylinder end wall and also is held
pressed against it by a constant upper operating pressure, which
at this embodiment is assumed to be 6,8 kp/cmz, while the piston
15 is centered in its cylindric space 17 and on the outside is
under the effect of a constant lower operating pressure, which
is half the said upper operating pressure, i.e. 3,4 kp/cmz,

the difference befween these two operating pressures being the
working pressure. As long as said operating pressures prevail,
the shifter 9, thus, is held in neutral position.

mounted and sealed on the outer surface

I
0

The piston rod 14

in end wall pieces 19 secured by screws,

(o]

of each piston 15,1
and the projecting ends of the piston rod are encased. In order
to prevent the piston rod 14 from rotating, a guide pin 20 is
located over the square hole 13.

The axle 11 carrying the shifter 9 is connected at one end by
splines to a valve cone 21 of a three-position clutch lock valve
22, which in the position shown in Figs. 4 and 5 is in indirect -
connection to a coupling eylinder 23 (Figs. 6 and 7), and which

in its two other positions evacuates the connection to or from

the coupling cylinder 23, i.e. connects it to the atmosphere.
Between a bearing bushing 24 for the axle 11 and the valve cone

21 a spring 25 is clamped, which holds the cone 21 pressed against
its seat in the housing of the clufch lock valve and permits the
axle 11 to move in axial direction without affecting the valve

cone 21. Said clutch lock valwve housing is designated by 26.

On the other side of the shifter 3, the axle 11 also is supported
in a bearing bushing 24 and comprises a portion 27 acting as a

piston rod, which portion is provided with two pistons 28,29,
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which are located each on one side of an intermediate piece 31,
which 1s connected to a cylinder casing 30, and in which the
piston rod or axle portidn 27 is movably mounted. One 28 of said
two pistons is mounted movably on its piston rod 27, while the

other piston 29 is rigidly connected to the piston rod 27.

In neutral position the two pistons 28 and 29 assume the position
shown in Fig. 4, the piston 28 abutting the bushing 24 and s

stop member on the axle portion 27, and the piston 29 centered

in its cylindric space 32. In this position the piston 28 is
actuated by the upper operating préssure, while the piston 29

is actuated on its end facing to the piston 23 by the lower
operating pressure and on its other end by a O-pressure. With
bther words, the shifter 9 is held in neutral position and, thus,
in the shift point position D (sse Fig. 1) by the working

pressure.

The shifter 9 is attached on the axle 11 by means of locking
screwa 33 shaped conically at the end, which screws with théir
conic ends enter conic depressions 34 in the axle 11. Tn order
to render possible a certain adjustment of the shif+ter 9 in
lateral direction on the axle 11, the distance between the conic

21ghtly greater than the

}=4

depressions 34 in the axle 11 is s
threaded holes for the screws 33 in the hub portion 35 of the
shifter. In Fig. 4 the numeral 35 designates evacuation holes
for venting the space 37, which communicates with the lock

valve, and in which the spring 25 is located.

The said higher and lower operating pressures are maintained,
as shown for example in Fig. 7, at a constant intended level
each by a pressure tank 38 and, respectively, 39, which via
filters 40, adjustable pressure reduction valves 41 and check
valves 42 are-connected to a common compressed air producer
(not shown) of the vehicle. The compressed air tank 38 is conn-
ected through a conduit 43 to the cylinder space 18 for the

piston 16, on which the higher operating pressure acts in the
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neutral bosition, and the pressure tank 39 is connected through
a conduit 44 to the cylinder space 17 for the piston 15 and to
the space between the intermediate piece 31 and the piston 29,
on which as on piston 15 the lower operating pressure acts in
the neutral position.

To the high-pressure conduit 43 also the high-pressure end of
the piston 28 is connected via a conduit 45, which end is
exposed to the upper operating pressure at least in the neutral
position. In a similar way, the high-pressure end of the piston
29 is connected to the high-pressure conduit 43 via a conduit
46, in which the side position valve 5 is loacted and in the
neutral position evacuates the high-pressure end of the piston

28, as shown in Fig. 7.

The side position valve 5 is connected via a connection 47 to
a pilot-controlled control valve 48 located in the conduit us,
which valve is open in the neutral position so as to expose

the piston 28 to the upper or lower operating pressure.

At gear shifting the side position valve 5 is actuated by the
gear shift lever 3. When the lever is moved to *he left to shift
point position C for engaging the reverse gear, first gear or
sixth gear, the side position valve 5 is actuarted in such a
manner, that it still evacuates the high-pressure end of the
piston 29, but connects the conduit 47 to the high-oressure
conduit 43, whereby the control valve 48 is closed and evacuates
the pressure at the high-pressure end of the piston 28, which
pressure thereby becomes O. Sinqe the pressure on the high-press-
ure end of the piston 28 is 0, the lower operating pressure act-
ing on the low-pressure end of the pistén 28 can move the piston
29. Thereby, thus, the shifter 9 is moved to the left in Fig. u
to the first side position for gear engagement, at the embodiment
shown for engaging the reverse gear, first gear or sixth gear
(Fig. 8a).

WIPO W
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When the gear shift lever 3 is moved in the opposite direction
to the shift point position E for engaging the fourth, fifth,
ninth or tenth gear, the side position valve 5 is actuated in
such a manner, that it opens the conduit 46 to the high-pressure
end of the piston 29 and evacuates the conduit 47. As a conse-
quence, the control valve 48 opens the conduit 45. Thereby,

the higher operating pressure will act through the conduit 46
on the high-pressure end of the piston 29, and the piston 29
with the piéton rod 27, thus, is moved to the right in Fig. u
to its other side position for gear engagement, at the embodim-
ent shown for engaging the fourth, fifth,ninth-or tenth gear
(Fig. 8b). At the engagement of other gears, the gear shifter 9
remains unaffected in the central position shown in Fig. 4,

i.e. the neutral position.

At the engagement of a gear, the gear shift lever 3 is moved
either forward or rearward in Fig. 1 from its shift point positi-
on, and thereby the shift point valve 6 is actuated in one dir-
ection or the other. Said valve 6 is connected with its input A,
through a conduit 50 including a shift valve 51 communicating with
the low-pressure conduit 44, to a coupling valve 53, which is
controlled by the engagement and disengagement of the clutch of
the vehicle and communicates through a conduit 52 with the
high-pressure conduit 43. The shift position valve 5 further -is
connected with its inputs D and E to the low-pressure conduit 44
through a conduit 54, which is provided with a pilect-controlled
valve 55, which for its operation is coupled into the conduit

50 between the shift valve 51 and coupling valve 51 through a
conduit 56. In the position shown, i.e. the neutral position,

the valve 55 is open, and thereby the lower operating pressure
prevails in the inputs D and E of the shift point valve as well
as in a pair of conduits 57 and, respectively, 58 connected to
the outputs B and C of the valve, of which conduits the latter one
is connected to one end of the piston 15, the other end of which
permanently communicates with the low-pressure conduit 4L, while
the conduit 57 is connected to a pilot-controlled control vaive

59 located in the high-pressure conduit 43 in order to actuate
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said valve by a control pressure, which in the neutral position
corresponds to the lower operating pressure, and which is
counteracted by a corresponding control pressure on the other
side.of the valve 59, which latter control pressure always is
corresponded by the lower operating pressure and is supplied
via a conduit 60 connected to the low-pressure conduit uh,

At declutching for geaé—gﬁift, i.e. when the clutch pedal is
actuated, the o0il pressurs _in the coupling cylinder 23 is in-
creased in known manner, and thereby its two pistons 61 and 62
(see Fig. 6) are moved apart. One piston 61 pivots through its
piston rod 63 a rocking lever 64 counterclockwise in Fig. 7,
which lever thereby so actuates the coupnling valve 53 that it
connects the shift point valve 6 to the high-pressure conduit
43. Thereafter the higher operating pressure will prevail at
the input A of the shift point valve.

The counling cylinder 23 also is under the effect of compressed
air with a pressure, which may be equal to the lower operating
pressure or be any optional pressure, but which must not exceed
the upper operating pressure. When by denressing the clutch
pedal the oil pressure increases, also the piston §2 in the
coupling cylinder 23 is displaced, and thereby the pressure
connectidén through the coupling cylinder 23 to its output A

is opened, which via a shift valve 65 is connected through a
conduit 66 to a pressure bell 67, which assists in swinging

the rocker lever 64 when being exposed to the air pressure in
the conduit 66.

In the conduit 56, between the coupling cylinder 23 and the
shift valve 85, a conduit 68 is connected which is coupled to2
the input A of the clutch lock valve 22. From the output 3

of this valve a conduit 69 extends tc the shift valve 65, anc
before said shift valve in the conduit 69 a quick-releasing
valve 70°is mounted for, if required,rapidly evacuating the
pressure in the conduit §9. In the conduits both to and from
the clutch lock valve 22 the pressure in +the neutral positicn

is zero.
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The said air pressure effected in the conduit 66 by depressing
the clutch pedal, thus, causes the shift valve 65 to close the
conduit 69 to the output B of the clutch lock valve and to

open the connection to the pressure bell 67, which thereby
assists in the opening of the connection between the high-
-pressure conduit 43 and the shift point valve 6 by the coupl-
ing valve 53, whereby the shift valve 51 is caused to close the
low-pressure conduit 44, and the pilot-controlled control valve
55 is caused by the higher pressure in the conduit 50 to assume
the position shown in Fig. 8c, in which position the cutputs

D and E of the shift point valve are evacuated (pressure = 0)
through the conduit 54, and the low-pressure conduit 44 is
closed. Thereby also the pressure in the conduits 57 and 58 is
zero, but this does not affect the control valve 59 nor the

pistons 15 and 16 of the shift point cylinder.

When now the gear shift lever 3 is moved, for example, to the
shift point for the first gear, the shift point valve 6, after
the pistons 28 and 25 of the side position cylinder have assumed
the position shown in Fig. 8a, is caused to assume the position
shown in Fig. 8c, in which position the input A of said valve
is connected to its output C, whereby the higher operating
pressure acts upon the piston 15 of the shift point cylinder
which is connected to the piston rod 14, which piston 15 by

its piston rod 14, which in this position is movable relative
to the piston 16, is moved to its right-hand end position, as
shown in Fig. 8f. Hereby the axle 11 is turned by the shifter
9 coupled together with the piston rod 14, and the shifter sim-
ultaneously therewith actuates the shifter arm of the gearbox
to enggge the gear intended. Due to the turning of the axle 11,
also the clutch lock valve 22 is adjusted to the position

shown in Fig. 8h, in which position the pressure in the conduit

69 is evacuated, while the pressure in the conduit 68 remains

unchanged.

When now the clutch

manner its original
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is actuated to assume the starting position shown in Fig. 7,
whereby the connection to the high-pressure conduit 43 is
interrupted, and the pressure in the conduit 50 is zero. This
implies that the shift valve 51 connects: the low-pressure cond-
uit 44 to the conduits 50 and 58, whereby the high-pressure

side of the piston 15 still is under a pressure, which at least
corresponds to the lower operating pressure, and the piston 15,
thus, is not actuated.Simultaneously with the pressure in the
conduit 50 becoming zero, also the pilot-controlled control
valve 55 is actuated to assume the position shown in Fig. 7

and thereby connects the low-pressure conduit 44 to the conduits
54 and 57, whereby the control valve 59 again is exposed to the
lower operating pressure which, however, is not capable to change
the position of the valve, due to the control pressure of equal
size in the conduit 60 on the other side of the valve. Thereby

a gear shift procedure is completed, at which, for example, the
first gear is engaged, and the gear shifting device is ready

for the next gear shifting procedure.

When the vehicle has increased its speed and a higher gear is

to be engaged, this can be effected manually in the way described
above by depressing the clutch pedal and moving the gear shift
lever 3 to the desired shift point, whereby the clutch pedal

is released, or by preselecting the desired gear, i.e. the

gear shift lever first is moved to the shift point intended and
then engaging of the preselected gear is effected by depressing
the clutch pedal. With other words, the gear shifting device
according to the present invention can be used for manual gear

shifting or for gear shifting with preselection of all gears.

It is assumed that the second gear is to be engaged with pre-
selection. Therefore, at first the gear shift lever 3 is moved

from the shift point for the first gea

H

to the side position C,
whereby the shift point valve & returns to the position shown

in Fig. 7, in which position the input A is blocked, while

the two conduits 57 and 58 are connected to the low-pressure
conduit Lu..The gear shift lever then is moved to the shift

point position D, wherebvy the side position valve 5 is rerturned .

to the neutral position shown in Fig. 7, which implies that
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both the conduit 46 and the conduit 47 are evacuated, whereby
the control pressure on the control valve 48 ceases, and this
valve shifts to the position shown in Fig. 7 and opens the
high-pressure conduit 45 all the way to the high-pressure side
of the piston 28, which thereby is exposed to the higher oper-
ating pressure. The piston 28, thus, is moved together with

the axle 11 and the piston 29 to the neutral position shown

in Fig. 7, without thereby actuating the clutch lock valve 22,
which, thus, still remains in the position shown in Fig. 8h.
Thereafter the gear shift lever 3 is moved into the shift point
for the second gear, whereby the shift point valve 6 is caused
to assume the position shown in Fig. 8d, in which position. the
input A of the valve is connected to its output B, and the

in?ut E is connected to the output C. Thus, no change of the
pressure conditions in the conduits 57 and 58 takes place. There-
by the pistons 15,16 of the shift point cylinder are not affect-
ed, nor is the control valve 59 affected, but the gear previ=-

ously engaged remains engaged.

When now.the preselected gear is to be engaged, the driver only
has to depress the clutch pedal, whereby the coupling valve 53
in the way described above opens the connection from the high=-
-pressure conduit 43 to the input A of the shift point valve 6.
Thereby the pilot-controlled control valve 55 is adjusted to
the position shown in Fig. 8c and effects evacuation of the
conduits 54 and 58. This implies that the pressure on the high-
-pressure side of the piston 15 is zero, and as the control
pressure in the conduit 57 now is higher than the control press-
ure in the conduit 60 on the other side of the control valve 59
in the high-pressure conduit 43, also this valve is adjusted
Fig. 8g) so that the cyliﬁder space 18 is evacuated, and the

pressure becomes zero.

Thereby the pressure on the high-pressure sides of the pistons
15 and 15 becomes zero, and the lower operating pressure, which

via the low-pressure conduit 44 constantly acts upon the low-
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-oressure side of the piston 15, causes the piston 15 to move
from the end position shown in Fig. 8f to its other end pos-
ition shown in Fig. 8g via the central or neutral position,
from which position the piston 15 through its piston rod 14
also moves the piston 16 to its other end position shown in
Fig. 8g. During this movement of the pistons 15,16, the axle
11 is turned by the shifter 9, and thereby the valve cone 21
of the clutch lock valve is moved to its other end position
shown in Fig, 81 and thereby passes the position shown in
Fig. 7, in which the conduits 68 and 68 to and from the

lock valve 22 are connected to each other and block the clutch,
so that this cannot return unless gear shift has taken place.

The gear shift is completed when the pistons 15 and 16 of

the shift point cylinder have assumed the position shown in Fig..

8g. Thereby also the lock valve 22 has assumed the position
shown in Fig. 81 and evacuates the conduit 69. First there-
after the clutch can return from the neutral position to the
traction position. Thereby the coupling valve 53 again is
actuated and interrupts the connection between the high-press-
ure conduit 43 and the input A of the shift point valve and
evacuates the pressure in the conduit 50, whereby the shift
valve 51 and the pilot-controlled control valve 55 are ad-
justed in the way described above, so that the lower operat-
ing pressure will prevail both in the conduit 58 and in the
conduit 57. Thereby neither the control 59 nor the pistons
15,16 are actuated which, thus, remain in the end position

shown in Fig. 8g.

As an example may be assumed that the next gear shift is to
take place directly from the second to the fifth gear by pre-
selection. For this purpose the gear shift lever 3 is moved

-~ note: without first actuating the clutch pedal - from the
second gear shift point to the side position E (Fig. 1),
whereby the shift point valve 6 is returned to the position
shown in Fig. 7, without thereby effecting any actuation of

the control valve 59 nor of the pistons 15 and 15 of the shift
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point cylinder, while the side position valve 5 is so ad-
justed - its slide 5a is moved to the right in Fig. 7 -
that its input A is connected to the conduit 46 and that it
evacuates the conduit 47. This implies that also the piston
29 of the side position cylinder on its high-pressure side
is exposed to the higher operating pressure and thereby is
moved to its end position where it abuts the intermediate
piece 31 and thereby moves the piston rod 27 relative to the
piston 28, which hereby is in its end position abutting the
bushing 24. Thereby also the axle 11 and the shifter 9
connected thereto are moved to the right in Fig. 4 to the
position shown in Fig. 8b, which at the gear shift diagram
according to the embodiment shown is the side position for

the fourth, fifth, ninth and tenth gear.

When then the
point for the
and adjusted to the position shown in Fig. 8e, which position

is the same for the shift points of the first, third, fifth,

gear shift lever 3 is moved into the shift
£

ifth gear, the shift point valve 6 is actuated

sixth, eigth and tenth gear. At this position of the shift
point valve its input A is connected to the conduit 58, while
the conduit 57 is connected to the output D and thereby to
the conduit S4. As it still is the lower operating pressure,
which prevails both at the input A of the shift point valve
and in the conduit 54, no pressure difference arises by ad-
justing the shift point valve from the position shown in

Fig. 7 to the position shown in Fig. 8e, and thus no pressure
difference can affect the pilot-controlled control valve 59
nor the piston 15 of the shift point cylinder. The said press-
ure difference is obtained first when the clutch pedal is
depressed, When now said pedal is depressed for shifting to
the preselected gear, i.e. the fifth gear, the coupling valve

53 is actuated in the aforedescribed way so by the rocker

lever 64 connected to the pressure bell 57 and coupling cylinde

23, that said valve connects the conduit 50 to the high-press-

ure conduit U3, whereby the piston 15 of the shift point cyl-

~

r
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inder on its high-pressure side is exposed to the higher
operating pressure via the conduit 58, and simultaneously

the control valve 55 (Fig. 8c) 1s so adjusted by the higher
pressure, that it evacuates the conduit 54 and thereby the
conduit 57 to the pilot-controlled control valve 53. The con-
trol pressure on the side ‘of the control valve 59 connected
to the conduit 57, thus, is zero, and thereby the control
Pressure acting on the other side of the valve is capable

to adjust the valve 59 to the position shown in Figz. 7, in
which position the piston 16 of the shift point valve oén

its high-pressure side is exposed to the higher pressure,
whereby the piston 16 and the piston 15 are moved “rom the
position shown in Fig. 8g to the position shown in Fig. 8f
and simultaneously turn the shifter 9 so as to engzage the
fifth gear in the gearbox and move the valve cone 21 of the
clutch lock valve to the position shown in Fig. Sh. First
when said valve cone 21 has assumed said position, in which
it evacuates the conduit 69, the clutch pedal can return

to traction position for engaging the gear, and thereby also
the coupling valve 53 is caused to interrupt the connection
between the high-pressure line 43 and the input A cf the
shift point cylinder and to evacuate the pressure in the
conduit 50, whereby the shift valve 51 and the pilct-controlled
control valve'SS are adjusted in the aforedescribed wav so
that the lower operating pressure will prevail in the conduit
58 as well as in the cénduit 57. Hereby no pressure differ-
ence arises which can actuate the control valve 59 or the
pistons 15 and 16 of the shift point cylinder, which thus
remain in the position shown in Fig. 8f until the neaxt gear
shift is to be acrried out.

The manual gearbox used in the example is, as indicated by

dash-dotted lines, equipped in known manner with a high=gear

BN

and low-gear mechanism generally designated by 72, which
through the conduits 73 and 74 is connected to +the conduit

50 and, respectively, 66, to said latter via a quick-release
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valve 75 and a shift valve 76. As the high-gear and low-gear
mechanism is well-known to the expert both with respect to
its design and function, and as it does not have influence
on the gear shifting procedure described, it need not be
elucidated for illustrating the present invention.

In Fig. 9 an embodiment of the present invention is shown
mounted in a vehicle with a manual five-gear gearbox. The
embodiment is intended for semi-automatic or fully automatic
gear shift and with electric control of the gear shift cyl-

inder 2 connected in the aforedescribed way to the gearbox 1.

At this embodiment the gear shift lever 3 by way of example
is shown rigidly connected to a gear wheel 80 mounted rotat-
ably on the steering column, with which gear wheel a pinion
81 co-operates which is connected to an axle 82 rotary mount-
ed at the steering column, which axle through a hinged joint
or flexible axle 83 is connected to an axle 85 in a distrib-
utor 84. Upon turning the gear shift lever 3, thus, the axle
85 of the distributor is turned in a corresponding degree,
and on this axle, as shown in Figs. 10-1lt, a number of cams
86-89 are located which are fixed relative to each other by
pins 90 and can be exchanged. Said cams are in turn called
locking position disc 86, which at its periphery is provided
with twelve depressions 86a, coupling cam disc 87, which is
provided at its periphery with twelive depressions 87a, shift
point disc 88 and high-low gear cam 89.

‘As shown in Fig. 10, the axle 85 is supported by a bearing 91
in the back 92 of the distributor, and on the axle 85 the

cams 86-89 are retained in exchangeable manner by means of a
washer 93 and screw 34. To said back also a sleeve 95 enclos-
ing the cams is connected, which sleeve directly in front of
the locking position disc 86 carries two spring-loaded locking
pins 96 and 97, which are arranged for co-operaticn with the
depressions 86a of the locking position disc so as +to lock

the disc 86 and thereby the axle 25 in disengagement position
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effected by the locking pin 96,and, respectively, in shift
position effected by the locking pin 97. Directly in front

of the coﬁpling cam disc 87 in the sleeve 95 a coupling break-
er 98 is located which by a contact pin 98a acting as cam
follower co-operates with the coupling cam disc 87 to be-:dis-
connected; i.e. break a current circuit when the contact

pin 98a enters a depression 87a, and be connected, i.e. close
the circuit when the pin 87a is on the cam portions 87b bet-
ween the depressions 87a. Directly in front of the shift
position cam 88 in the sleeve 95 a number of shift point =
breakers 100 (100-B, 100-1 a.s.o.) corresponding in number

to the gears and a neutral position breaker 100-N are
located to be engaged and disengaged in response to the pos-
ition of the shift point cam. Furthermore, directly in front
of the high/low~gear cam 89 in the sleeve 95 a high/low-gear
breaker 101 is located *o be engaged and disengaged in res-

ponse to the position of the high/low-gear cam.

For semi-automatic gear shift, however, in Fig. 15 only an
electric coupling diagram for a five-gear manual gearbox and
adapted thereto a pneumatic coupling diagram over the gear
shift device according to the present invention are shown,
which latter however is slightly different from tha< shown in
Fig. 7. In Fig. 15 the details are shown in neutral position,
in which position the locking pin 96 is in a depression 86a,
the contact pin 98a of the coupling breaker is in a depress-

ion 87a (dashed position in Fig. 12), and the shif~ point cam

(IS
[¥9]

o
88 (dashed position in Fig. ) is in the position directly
c

in front of the neutral positicn breaker 120-N, the contact

- pin of which is held depressed, and the hizn/low-gaar cam

89 is in the position indicated in Fig. 1u bv dashed lines,
which latter cam is not necessary at a five-gear bex without

highand low gear.

In the neutral position the neutral position breaker 100-N

in this

i
0
o8 |

closes a circuit 102 to an electric valve 03, wh
position evacuates the conduits 68 and 59 beore and after the

clutch lock valve 22, and the reverse position breaxer 100-B
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and the shift point breaker of the first gear 100-1 close

a circuit 104 to an electric valve 105 in a traction posit-
ion damper 106 with oil tank 107 connected to an auxiliary
cylinder 108 to the coupling pressure bell 67 via a conduit
109 with check valve 110. From said auxiliary cylinder a cond-
uit 111 extends through the electric valve 105 back to the

0oil tank 107.

For engaging the first gear, the gear shift lever 3 is turned
downward, ¥hereby the axle 85 of the distributor is turned
in the direction indicated by the arrow 112 . in Fig. 11.
Thereby the contact pin 398a of the coupling breaker is de-
pressed by the coupling cam disc 87 and closes a circuit 113
to an electric valve 114, which thereby is caused to connect
the high-pressure conduit 43 to the conduit 66. Thereby the
shift valve 65 is caused to block the connection to the
conduit 69, while the pressure bell 67 and the oil in the
tank 107 are exposed to the higher pressure to cause the
clutch to declutch and the pressure bell 67 to swing the
rocker lever 64, which thereby opens the coupling valve 53
whereby this valve connects the high-pressure conduit 43 to
the conduit 50. The higher pressure now prevailing in the
conduit 50 causes a pressure transducer 115 unactuated by
the lower operating pressure to close a circuit 116 to a
control lamp 117 preferably located in the driver”s cab,
which lamp indicates declutching of the clutch. The higher
pressure in the conduit 50 further causes the shift valve

51 to block the low-pressure conduit 44 and to open the conn-
ection to the shift point valve, which here consists of two
electric valves 6a and 6b, the input A of which is connected
to the conduit 50 and normally is closed. The output B of
the valve 6a which in Fig. 15 is evacuated is connected
through the conduit 58 to the high-pressure side of the
piston 15 of the shift point cylinder, while the output B

of the other valve evacuated in Fig. 15 is connected through
the conduit 57 to the low-pressure side of the piston 16 of
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the shift point cylinder, the high-pressure side of which
through the conduit 60 is connected directly to the high-
-pressure conduit 43 and, thus, 1s exposed constantly to
the higher operating pressure. In the position shown in
Fig. 15, thus, the pressure in the conduits 57 and 58 is

Zero.

It can be noted that the control valve 59 used in Fig. 7,

thus, is excluded in the example shown in Fig. 15.

When the shift point cam 88 during its rotary movement caused
by the gear shift lever 3 leaves the neutral position

breaker 100-H, which is marked in that the locking pin 97
snaos into a depression 86a in the cam disc 86, the circuit
102 is interrupted and thereby the valve 103 is sc adjusted
that it connects the conduit 43 to the conduit 68. Thereby
the higher operating pressure also prevails in the conduit
69, whereby a2 pressure transducer 119 unactuated by the higher
operating pressure is caused to close a circuit 120 to a
control lamp 121 preferably located in the driver”s cab for
shifting. The higher operating pressure in the conduit 59

also protects the clutch against too early declutching.

(%]

At the same time as the breaker 100-N breaks the circuit 102,
110,

which circuit 122 like the circuit 102 before the breaker 100-N

it closes a circuit 122 connected to the coupling circuit

comprises a contact 123, which is controlled by a pulse counter
124 in response to the motor revolutions so as to declutch the

vehicle at idle speed of the motor.

The next step in the gear shifting procedure is that the
shifting cam 88 actuates the shift point breaker 100-1 of the
first gear, which breaker thereby breaks the circuit 10u,
whereby the electric valve 105 of the traction position damper
assumes its other position, which implies that the oil from
the auxiliary cylinder 108 must pass two throttle valves 125

N
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for being returned to the o0il tank 107. Thereby a soft
engagement of the traction position is obtained when such
is to take place. The shift point breaker 100-1 at the same
time as it breaks the circuit 104 also is caused to close

a circuit 126 to a two-position electric valve 5a, which is
one of two side position valves 5a,5b for the pistons 28,28~
of the side position cylinder. The side position valve Sa
in its normally open position shown in Fig. 15 connects

the high-pressure conduit 43 to the conduit 45 to the
high-pressure side of the piston, while the other side
position valve 5b in its normally closed position shown in
Fig. 15 evacuates the high-pressure side of the piston
through the conduit 46,

When, thus, the circuit 126 is closed, the side position
valve 5a is caused to assume its second position, in which
it evacuates the conduit 45, so that the pressure on the
high-pressure side of the piston is zero, and the piston
28 in the aforedescribed way adjusts the shifter 9 to the

‘

side position for the first gear (Fig. 8). When the pressure
in the conduit 45 has dropped below a predetermined value,
for example 0,2 kg/cmz, a pressure transducer 127 closes

a circuit 128 to a relay 129, which thereby is engaged and
in its turn closes a circuit 130 to the shift point valve

6a, whereby this valve is caused to assume its other posit-
ion, in which its input A where the higher operating pressure
prevails is connected to the conduit 58. The pistecn 15, thus,
is exposed on its high-pressure side to the higher operating
pressure and thereby is moved in the aforedescribed way to
the position shown in Fig. 8f for engaging the first gear in
the gearbox, and simultaneously therewith the valve cone

21 of the clutch lock valve is turned to the position shown
in Fig. 8h, in which position the conduit 69 is evacuated.
When the pressure in the conduit §9 has dropped below a pre-
determined value, which shall be higher than the lower oper-

ating pressure, for example 5 kg/cm2, the pressure transducer
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119 breaks the circuit 120, and the control lamp 121 exting-
uishes, which indicates that the gear shifting procedure is

completed and the gear intended is engaged.

When the gear shifting lever 3 enters the position for the
first gear, the locking pin 96 snaps into a devression in
the cam disc 86 and yields a distinct shift position. At

the same time as this position is obtained, the contact pin
98a of the coupling breaker snaps into a depression 87a in
the coupling cam disc 87 and thereby the circuit 113 is broken,
whereby the electric valve 114 assumes the position shown in
Fig. 15 for evacuating the pressure in the conduit 66 and
peessure bell 67. First thereafter the clutch can return

to traction position, which takes place in a soft way owing
to the traction position damper 106. At this return, the
coupling valve 53 is adjusted to its normal position, in
which it evacuates the conduit 50. When the pressure in this
conduit has dropped below a predetermined value, which

shall be higher than the lower operating pressure, for ex-
ample 5 kp/cmz, the pressure transducer 115 breaks the
circuit 116,whereby the control lamp 117 extinguishes and

thereby indicates, that the clutch is engaged.

For rendering possible declutching without having to dis-
engage a gear, a pressure contact 131 is provided in the
driver’s cab, which contact upon its depression closes a
circuit 132 coming from all shift point  breakers 200,

except of course from the neutral position breaker 100-N.

Said circuit 132 is connected to the coupling circuit 113 after
the coupling breaker 98, and thereby the clutch is caused

in the aforedescribed way to declutch. When then the pressure
contact 132 is released, the circuit 13?2 again is >roken,

and the clutch can return to traction position.

At kicking up to the second gear, the gear shift lever 3
is turned through a further step in the same direc<tion, and

thereby the coupling breaker 98 is caused to close the circ-
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uit 113, whereby declutching takes place in the aforedes-
cribed way, and the shift point‘cam 88 is caused to leave
the shift point breaker 100-1, whereby this breaker breaks
the circuit 126, which implies that the side position valve
5a assumes the possition shown in Fig. 15 and connects the
conduits-43 and 45 with each other. The pressure transducer
127 breaks the circuit 128, and the pistons 28 and 29 of
the side position cylinder are caused to return to the pos-~
ition shown in Fig. 15, which also is the side position for
the second and the third gear. When the circuit 125 is
broken,also the relay- 129 disengages, and the circuit 130
is broken, whereby the shift point valve 6a returns to the
position shown in Fig. 15, in which position the conduit

58 is evacuated, and the piston 15 returns from the posit-
ion shown in Fig. 8f to the position shown in Fig. 15 and
thereby adjusts the valve cone 21 of the clutch lock valve
to the position shown in Fig. 15. Thereby the pressure in
the conduit 89 is the same as the higher operating pressure,
and the pressure transducer 119 is actuated in the afore-

described way for coupling-in the control lamp 21.

“#hen then the shift point breaker 100-2 for the second gear
is actuated by the shift point cam 88, it closes a circuit
133 to the shift point valve 6b, which thereby is adjusted

to its other position, in which its input A, at which now
the higher pressure prevails, is connected to the conduit 57.
Thereby the pistons 15 and 16 of the shift point cylinder
are moved to the position shown in Fig. 8g, and through the
shifter 9 the second gear is engaged in the gearbox, and

the valve cone of the clutch lock valve is turned —o the
position shown in Fig. 8i, in which position the conduit

69 is evacuated. As soon as the counling breaker 95 breaks
the circuit 113, the clutch returns to traction position
whereby traction position damping onlv occurs over a throttle

valve 125.

At kicking up to the third gear, the breaker 100-3 is closed

after declutching, and the circuit 130 is closed after the

-
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relay 129, because in this case the pistons 28 and 29 of
the side position cylinder need not be actuated. The gear

shifting then takes place in the aforedescribed way.

According to the present invention, it is also possible at
the semi-automatic gear shifting device to jump over one

or more gears without affecting the engaged gear. For this
purpose, a foot-operated contact 135 or a hand-operated
contact is provided in the driver’s cab, which contact is
coupled-in after all shift point breakers 100 in the circ-
uits 130,133. For elucidating its function it is assumed
that direkt kick=-up from the second gear to the fourth gear
is desired. At the same time as or after the gear shift
lever 3 has been moved from the shift point of the second
gear, whereby the coupling circuit 113 is closed and the
circuit 133 is broken, so that the shift point valve 6b is
adjusted to the position shown in Fig. 15 and evacuates

the conduit 57 to move the pistons 15 and 16 of the shift
point cylinder to the neutral position shown in Fig. 15,
the contact 135 is actuated. However, as these circuits
were broken previously, nothing napcens. When then the
shift point cam 88 passes over the shift point breaker
100-3 for the third gear, nothing habppens, because the
circuit 130 is broken already by the contact 135. Before
the gear shift lever 3 is being moved into the shift
point’of the fourth gear, the contact 135 is released for
coupling-in the two circuits 130 and 133. When then the
shift point cam 88 actuates the shift point breaker 100-4,
it closes a circuit 136 to the side position valve Sb,
which is adjusted to its other position and thereby connects
the high-pressure conduit 43 to the conduit 4§, whereby

the piston 29 moves the shifter 9 to the side position for
the shifting point of the fourth or fifth gear. When the
pressure in the conduit 45 rises above a predetermined value,
for example 5 kp/cmz, a pressure transducer 137 is caused to

close a circuit 138 to a relay 139, whereby this is engaged
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and closes the circuit 133 to the shift point valve 6b,
whereby the pistons 15 and 16 of the shift point cylinder

are moved to the position shown in Fig. 8g for inserting the
fourth gear into the gearbox and for adjusting the clutch
lock valve 22 to the position shown in Fig. 8i, whereby the
conduit 69 is evacuated. The coupling breaker 98 then effects
in the way described the coupling-in of the traction posit-
ion. For the fifth gear a relay 140 is provided, which upon
its actuation closes the circuit 130 to the shift noint valve
6a for moving the pistons 15 and 16 of the shift point cylinder
to the position shown in Fig. 8f for engaging the fifth gear

in the gearbox.

For engaging the reverse gear, which can be e&ffected only
from the neutral position, first a contact 141 preferably
located in the driver’s cab must be closed before the gear
shift lever 3 can be moved to the reverse position. By closing
the said contact, also the circuit 126 is closed, whereby the
condiit 45 is evacuated, and the pistons 28 and 2% of the

side position cylinder move the shifter 9 to the side position
for the shift point of the reverse gear (Fig. 8a). Thereby

the gear shift lever can be moved to the reverse gear point,
whereby the neutral position breaker 100-N breaks the circuit
102 to the electric valve 103 and closes the circuit 122 to
the coupling circuit 113 already closed by the cocupling breaker
98 for declutching the clutch. In the reverse gezr point the
cam 88 actuates the reverse position breaker 100-3 so that

the circuit 104 over the shift point breaker 100-: to the
electric valve 105 of the traction position damcer is broken
and the circuit 133 to the shift point valve 6b is closed,
whereby the input A of this valve is connected *5 the conduit
and thereby the pistons 15 and 16 of the shift -oiat cylinder
are moved to the position shown in Fig. 8g for encaging the
reverse gear in the gearbox. Upon return of the clutch to the
traction position it is damped by the two throttis valves 125

in the traction position damper 106.
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In Fig. 15 also a known high/low gear cylinder is shown for
illustrating, that it does not involve any difficulties or
problems, .but rather is very simple to use the present gear
shifting device of:semi-automatic or fully automatic design
also at manual gearboxes provided with high and low gear,

the gears of which, thus, are doubled. For exemplifying this,
in Fig. 16 an electrié diagram over the device according to

the invention is shown for use at a ten-gear gearbox or rather
at a five-gear gearbox with high and low gear.

In Fig. 16 the device is shown in a gear shifting phase, in
which the shift point cam 88 is located between the shif*

point breakers 100-5 and 100-6, i.e. the shift point breakers
for the fifth and sixth gear, and the coupling breaker 98
closes the circuit 113 to the electric valve 114 of the clutch,
while the high/low gear breaker 101 is in position to be
shifted by the cam 89 for breaking a circuit 142 to an electric-
ally controlled low gear valve 143 and close the circuit 144

to an electrically controlled high gear valve 145, i.e. for
shifting from low to high gear, which takes place between the
fifth and the sixth gear. The said two valves 143 and 145

are connected to the high-pressure conduit 43 thrcugh a cond-
uit 146, which is provided with a valve 147 locate< in the gear-
box and being of such design, that it permits air =o pass
through at neutral position. The valves 143 and 145 Ffurther

are connected each to one side of the piston 149 o the high/
loe gear cylinder 148 through a conduit 150 and, respectively,
151.

When now by additional turning of the axle 25 of the distrib-
utor by means of the gear shift lever 3 the high/low gear
breaker 101 is shifted, the current to the low gear valve 143
is interrupted, and the valve assumes its other pcsition and
via the conduit 150 evacuates one side of the Distcn. After
the circuit 142 has been broken, the circuit 14L +a +he high

gear valve 145 is closed, which valve therebv assumes its other
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position, in which it connects the high-pressure conduit 146
to the conduit 151. Thereby the piston 149 on its side not
evacuated is exposed to the highér pressure and is moved to
its other end position for engaging the high gear. When the
piston leaves its low gear end position, i.e. the position
shown in Fig. 16, by an inductive transducer 152 a circuit
153 between the circuit 142 and one contact pin of the shift
point breaker 100-5 is broken, and first when the piston 149
has assumed its high gear end position, an inductive trans-
ducer 154 closes in a similar wav a circuit 155 between the-:
circuit 144 and one contact pin of the shift point breaker
100-6. It is hereby ensured that, even when the shift point
breaker 100-5 or 100-6 is closed, the side position valves
5a,5b and the shift point valves 6a,8b remain without current
until the piston 149 of the high/low gear cylinder has assumed
its respective end position, and thereby neither the fifth
gear nor the sixth gear can be engaged unless said piston 148

has assumed the respecfive end position.

When this has taken place, and the shift point breaker 100-6
is actuated by the cam 88, the circuit 155 all the way o the
circuit 126 is closed, and thereby the side position valve 5a
adjusts the shifter 9 to the side position for the sixth gear,
whereafter the pressure transducer 127 in the aforedescribed
way closes the circuit 128 so that the relay 129 functions

and causes the shift point 6a to engage the sixth gear and

tne turning of the valve cone 21 of the clutch lock valve to
the vositicn shown in Fig. 8h, whereby the conduit 69 is evac-
uated. It is here to be observed that, even if the coupling
breaker 98, which at this embodiment is located between the
shift point breakers 100-5 and 100-6 for the fifth and sixth
gear, with its contact pin 98a in this position is located

in the deoression 87a of the coupling cam disc in Fig. 18,

and thus has broken the circuit 113 to the electric valve 114
of the clutch, this valve still can be supplied with current

over the circuit 122, which as in Fig. 15 is connected to the




WO 81/03000 PCT/SE81/00113

27

circuit 113 directly after the coupling breaker 98, and
which passes over the neutral position breaker 100-N and

the breaker or contact 123 controlled by the motor speed

via the pulse counter 124, which contact at this embodiment
is arranged so as to close the circuit 122 when the motor
speed drops below a predetermined number of revolutions,

for example 600 rpm, and to break said circuit when the
motor speed exceeds a predetermined number of revolutions,
for example 1200 rpm. This implies, thus, that when the
motor speed at kick-up or kick-down drops below 600 rpm,

the motor speed, for actuation of the electric valve 11y

of the clutch and for moving the clutch into traction posit-
ion, must be increased by widening the throttle to at least
1200 rpm, because first then the contact 123 breaks the circ-
uit 122 and thereby the current to the electric valve 114,
so that this valve is shifted for evacuating the conduit 66
and thereby for returning the clutch to traction position.
Traction position damping hereby is effected over the two
ar, first
e tenth

throttle valves 125, in addition to the reverse ge
gear and.second gear, also at the sixth gear to th
gear, in that the circuit 153 is broken as soon as the piston

149 of the high/low gear cylinder leaves the low gear position.

Besides at shifting to the reverse gear, first gear, fourth
gear and fifth gear, also at shifting to the sixth gear,

ninth gear and tenth gear some of the side positicn valves

5a and 5b must be actuated. For this purpose, at the embodim-
ent shown in Fig. 16 the shift point breakers 100-5, 100-9

and 100-10 are connected to the shift point breakers 100-1,
100-t and, respectively, 100-5 each through a circuit 156,
while the shift point breakers 100-7 and 100-8 for the seventh
and, respectively, eigth gear are connected to the shift point
breakers 100-7 and, respectively, 100-3 each through a c
"157. TFor engaging the reverse gear the contact 141 must 1

closed, as mentioned abcve.

In Fig. 15 as well as in Fig. 15 a clutch pedal 153 is shown,
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which normally need not be used and, therefore, can be
excluded, but it must be available and be used at vehicle
combinations having more than one motor (see Fig. 18) in
order to effect simultaneous and synchronous gear shifting

of the gearboxes of these motors.

For obtaining fully automatic shifting with the gear shifting
device according to the present invention, it is necessary

at the embodiment shown in Figs. 15 and 16 to provide, besides
an automatic shift mechanism comprising, for example, reverse
gear position, parking position, neutral position, drive pos-
ition and one or two additional forward gear positions, only
a means, for example a speed control means, which controls

a rotary cylinder coupled to the axle 85 of the distributor
for turning, in response to the speed and load, the axle 85
of the distributor and its cams 86-89 for automatic shifting
to a suitable gear. It is, however, more suitable to equip the
gear shifting device with a minicomputer, which is fed with
information on speed, throttle opening, power drawn, which
can be measured in the induction manifold of the motor, and
fuel consumption, and which on the basis of this information
calculates a suitable gear at a certain moment and produces

control impulses to electric valves intended for shifting to

t

ly

via the microbréakers 100.%When using a minicomputer, thus, the

the selected gear either directly to said valves or indirec
c¢istributor 84 can be abandoned.

The gear shifting device according to the invention advantage-
ously can be used also at passenger cars. For exemplifying this,
ig. 17 shows a coupling diagram over an embcdiment of the

present gear shifting device for semi-automatic shifting of

)

four-gear gearbox of a passenger car, which gearbox in a
simple way by a so-called split means 160 is provided with

nigh and low gear and,thus, can be an eight-gear gearbox.

At this embodiment, as at the embodiment shown in Fig. 7,

SOREAY
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the conduits 68 and 69 to and from the clutch lock valve 22

are connected on both sides of the shift valve 65, so that

at declutching, i.e. when the coupling breaker 98 closes the
circult 113 to the electric valve 65 of the clutch, the higher
operating pressure is permitted to enter not only the conduit 66
and the pressure bell 67, but also the conduit 69, and thereby
finally the piston of the shift valve 65 is exposed to the same
pressure on both its sides and is centered for blocking the
conduit 66 and thereby for locking the clutch in declutched
position until the gear intended has been engaged in the gear-
box. The gears, furthermore, at this embodiment are located

so that the pistons of the side position cylinder must be

moved to the side position shown in Fig. 8a for engaging the
reverse gear, and to the side position shown in Fig. 8b for
engaging the third gear and the fourth gear. For engaging the
first gear and second gear, thus, the side positicn cylinder
need not be actuated. Traction position damping is provided

for both the reverse gear and the first gear. This embodiment
for semi-automatic shifting substantially ovperates in the same
way as the embodiment according to Fig. 15 and, therefore,

need not be described in greater detail. It is to be pointed
out, however, that, as the electric valve 103 in the embodiment
according to Fig. 15 has been excluded at the embcdiment
according to Fig. 17, and thereby also the circuizt 102, the

neutral position breaker 100-N in Fig. 17 is single-acting.

As regards the split means 160, it is coupled to a2 high/low
gear cylinder 161, which through conduits 162 and 163 is ccnn-
ected to an electric valve 164, which through a conduit 155 is

.
i

0

connected to the conduit 50, and to which a circuit 166
connected having a contact 167, preferably located at the

gear shift lever 3,for the high and low gear.

For engdging the high gear, the contact 167 is actuated and
thereby the circuit 156 is closed and the electric valve is
adjusted so as to evacuate the conduit 153 and thereby one
side of the pistoﬁ of the high/low gear cylinder, and —onnects
the conduit 155, which in this posizion is evacua-~ed through

the coupling valve 53, to the conduit 152 to the cther side
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-of the piston. As soon as the gear shift lever 3 is moved

to a new shift point, declutching is effected in the afore-
described way, and thereby the higher operating pressure is
coupled in the conduit 50 and, thus, in the conduits 165 and
162 for moving the piston of the high/low gear cylinder to the
high gear position. Kick-down from high gear to low gear is
effected in a corresponding manner by actuating the contact

167 so as to break the circuit 1686.

When, for example, the high gear, i.e. the sixth gear, is

to be engaged directly from the second gear, the contact 167

is actuated in the above way so as to cause the valve 164 to
evacuate the conduit 163 and to connect the conduit 162 to the
conduit 165. Thereafter a foot-operated contact 168 is actuated
which closes the circuit 122 and thereby the circuit 113 to

the electric valve 114 of the clutch, which valve effects

the declutching and then pressure in the conduits 50, 155 and
162 for engaging the high gear. When then the foot-operated
contact 168 is released, the circuit 122,113 is broken, and

the clutch returns to the traction position.

At the embodiments shown in Figs. 1-1i8 the pressure governors
41, which are set for the pressure intended by the kncks 172
shown schematically, are interconnected through a conduit 170,
which is shown in Figs. 7 and 17. Said conduit 170, mcre prec-
isely, extends from: the upper chamber 171 of the pressure
governor, which goverror is provided for the higher operating
pressure, to the conduit outgoing from the pressure governor 41
provided for the lower operating pressure. Hereby the advant-
age is obtained that the pressure difference between the higher
and the lower operating pressure substantially is held constant
even when one or the other pressure Zor some reascn changes

upward or downward.

In Figs. 19 and 20 a furthér embodiment of the presen: gear
shifting device is shown which is coudled to six-gear manual
gearbox of known tyve, which is provided with a sc-called
split gear, of which gearbox onlv its so-called shift cr

side position axle 201 is shown. On said axle 201 *he
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(not shown) of the gearbox is arranged to be moved, depending
on the selected gear, first into one of the four side possit-
ion points D,E,F and G by linear displacement of the axle 201
and then, by turning the axle 201, to be moved to the intended
shift point for engaging the selected gear in the gearbox.
For the linear displacement of the shift axle, and therewith
its shifter, to the intended side position point, the gear
shifting device comprises a side position cylinder 202, which
by its pisten rod 203 is connected to the shift axle 201, and
for turning the shift axle, and therewith the shifter, to the
intended shift point the gear shifting device comprises a
shift point oylinder 204, which by its piston rod 205 is
hingedly connected to a rotary joint 206, which by means of
splines or the like is attached non-rotatably on the shift
axle. The shift axle, thus, can move relative to the rotary
joint in its longitudinal direction. The shift point cylinder
204 at its other end preferably is hingedly attached to the
housing of the gearbox or to some other fixed point, and the
side position cylinder 202 can be mounted in a suitable way

on the housing of the gearbox.

The side position cylinder 202 at the embodiment shown in Figs.
- 19-24 comprises three pistons 207,208 and 209, each located

in a cylinder space 210,211 and, respectively, 212 in the
cylinder 202, of which pistons the piston 207 is rigidly conn-
ected to its piston rod 203, while the two other pistons 208
and 209 are supported movably on the piston rod 2C3, and, more
precisely, on a narrow portion 203a of the piston rod, to
which portion also the piston 207 is attached, as shown in

Fig. 23.

The side position cylinder 202 is assembled of three pieces

screwn together, viz. an end wall piece 202a, in which the

cylinder space 212 for the piston 209 is formed, an intermedi-

ate piece 202b, in which the cvlinder space for ths piston 203
a1

1s formed and which is provided with a partition wall 202b”7,
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which defines the cylinder spaces 211 and 212 from each other
and in which the piston rod is slidably mounted with its
narrow portion 203a, and a terminal end wall piece 202c, in
which the cylinder space 210 for the piston 207 is formed and
which is provided with a circular shoulder 213 facing toward
the pistén 208 and acting as a limit stop for the piston 208,
the other limit stop of which consists of the partition wall
202b" . Like the piston 209, the limit stop of which consists
of said partition wall and end wall piece 202a, the piston 208
is arranged so as to assume one or the other of two end posit-
ions, and between its end positions has a stroke corresponding
to the distance between the side position points of the gear-
box. As there is no partition wall between the cylinder spaces
210 and 211, the piston 208 acts in both its end positions

as a limit stop for the piston 207, the other limit stop of
which consists of the terminal end wall piece 202c. In order
to have a space between the pistons 207 and 208 even when the
piston 207 is in its end position against the piston 208, the
piston 208 is formed with a central portion 14 ektended to the
piston 207, which central portion; thus, constitutes the limit
stop proper for the piston 207 and prevents the pistons from
being moved closely adjacent one another. The distance between

the pisten 207 and the end portion 214t in the positicn shown

js v
s}

in Fig. 24, in which position the piston is in an intermediate
position, is the same as between the piston and the terminal
end wall piece 202c and corresponds to the distance between

the side position points of the gearbox.

In the position shown in Fig. 23 the piston 209 is held pressed
against the end wall piece 202a, and the niston 202 is

held pressed against the shoulder 213 of the terminal end wall
piece by a constant ubper operating pressure, which acts on

the high pressure sides of the pistons 208 and 209 facing toward
each other, and which at the embodiment shown is assumed *o be
6.6 KD/CMZ, while the piston 297, which can be caused to assume

four different positions, is held in the intermediate position
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shown in Fig. 23 by a constant lower operating pressure
prevailing in the space between the pistons 207 and 208 and
thereby acting on the low-pressure sides of said pistons,

which operating pressure at the embodiment shown is assumed

to be half the higher operating pressure. As long as the press-
ure on the high-pressure side of the piston 207 is zero, the
lower operating pressure acting on the low-pressure side of

the piston tends to move the piston 207 and therewith the
piston rod 203 to the left in Fig. 23, but is obstructed by

the piston 209, bv which the piston rod 203 abuts in the trans-
ition 215 between its narrow and wide portion. Thereby the
piston 207 is held in the intermediate position shown in Fig.
23, which position corresponds to the side position point F

for the third and fourth gear.

When the upper operating pressure on the high-pressure side
of the piston 208 is evacuated, the lower operating pressure
acting on the low-pressure side of the piston 7 is capable to
move the piston 207 to its end position against the terminal
end wall piece 202c, and thereby the piston 209 is moved *o
its other end position against the partition wall 202b° and,
thus, is adjusted to the side position point C for the fifth
and sixth gear. For adjusting the side position point E and D
for the first gear and second gear and, respectively, reverse
gear, the piston 207 on its high-pressure side is exposed to
the upper operating pressure, and thereby the piston 207 is
moved to i1ts end position against the projecting portion 214

of the oiston 208, and the piston 208 thereby being in-its
left-hand end position in Fig. 23, the side positicn point E

1s adjusted, but when the piston 208 is in its righ+*-hand end
positicn, the side position point D for the reverse gear is
adjusted. It is to be observed *that at the movement of the
piston 207 against the piston 208, the lower opera<ing pressure
between these pistons is maintained at the same constant level
by means, for example, of a pressure reduction valve or the

like (not shown).

The shiZt point cvlinder 204, which is arranged, af*ar the

intended side position point has been adjusted bv the side
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position cylinder, to turn the shift axle 201 and therewith
the shifter for engaging the intended gear in the gearbox,
comprises two pistons 217 and 218 located each in a cylinder
space 219 and, respectivelv, 220. The piston 218 is rigidly
connected to the piston rod 205 of the shift point cylinder,
while the other piston 217 is movable relative to the piston
rod 205, as apvears from Fig. 21, and is supported on an axle
journal 222 movably mounted in an end wall piece 221 of the
cylinder. The piston rod 205 is mounted movably in the other
end wall piece 223 of the cylinder and in an intermediate
piece 224, which defines the cylinder spaces 219 and 220 from
one another. In the position shown in Fig. 21, the neutral pos-
ition, the piston rod 205 with its free end abuts the piston
217, which for this purpose is formed with a depression 225 in
its side facing toward the intermediate piece 224,and is held
in abutment to the piston 217 by the lower operating pressure,
which constantly acts on the low-pressure side of the piston
216, i.e. its side facing toward the end wall piece 223. The
piston 217 on its side in the neutral position shown in Fig.
21 is held abutting the intermediate piece 224 by the upper
operating pressure, which constantly acts on the high-pressure
side of said piston, i.e. on its side facing toward the end
wall piece 22%. Since this pressure exceeds the lower operat-

ing pressure acting on the low-pressure side of the piston

218, the piston 218 is held in the neutral position centered
in its cylinder space 220, with the possibility of being moved

in one or the other direction for turning the shift axle 201

U1}

or engaging the intended gear in the gearbox.

The said upper and lower operating pressures are maintained

at the intended constant level each by a pressure vessel 227

and, respectively, 228, which via a filter 229, adjustable

pressure reduction valves 230 and a compressed air conduit

231 are connected to a common compressed air producer (not shown)
f the vehicle. The compressed air vessel 227 for the upper or

higher operatinz pressure is connected through a high-pressure
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conduit 232 to the cylinder space 219 of the shift point cvl-
inder on the high-pressure side of the piston thereof, and to
the cylinder spaces 210,211 and 212 of the side position cyl-
inder on the high-pressure side of the respective piston via
branch conduits 233,234 and 235, which are provided each with
an electrically controlled operating valve 236, 237 and, resp-
ectively, 238. The valves 237 and 238 normally are open for
maintaining the higher operating pressure on the high-pressure
sides of the pistons 208 and 209, while the valve 236 normally
is held closed and in this position evacuates the cylinder
space 210 on the high-pressure side of the piston, so that

the pressure thereon is zero.

The high-pressure conduit 232 further is connected to an input
A of an electrically controlled operating valve 232, which
normally is held closed, as shown in Fig. 20, and <he output B
of which, which in closed position of the valve is evacuated,
is connected through a conduit 240 including a shift valve 241
to an input A of two normally closed electrically controlled
shift point valves 242 and' 243. The output D of the valve 2u?2
is connected via a conduit 244 to the cylinder space 220 of

the shift point cylinder on the high-pressure side of the piston
218, while the outoput D of the other shift point valve 243 is
connected via a cenduit 245 to the other cylinder space 219 of
the shift point cylinder on the low-pressure side of the piston

217.

The compressed air vessel 228 for the lower operating pressure
1s connected through a low-bpressure conduit 247 to *he cylinder
space 222 of the shift point cylinder on the low-pressure side
of the piston thereof and to the space of the side position
cylinder between the pistons 207 and 208 and to the shift valve
241,

A compressed air cenduit 2ut8 for supply of compressed air for
overating the clutch is provided, which conduit is shown coupl=-
ed to the ingoing compressed air conduit 231 b e

229 and extends to an input A of a normally cl
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controlled coupling valve 249, and at the embodiment shown in
Figs. 19 and 20 to an input A of two electrically controlled
normally closed operating valves 250 for operating the engage-
ment and disengagement of the split gear portion of the gear-
box, i.e. the low and high gear portion.

The output B of the coupling valve 249 is connected through a
conduit 251 to an input A of a clutch—3ock valve 252 located
in direct connection to the shift.point cylinder 204, the
output B of said lock valve being connected through a conduit
253 to the conduit 251 via a shift valve 254. Said valve 254
in its turn is connected through a conduit 255 to the pressure

oll tank 256 of the clutch.

The said clutch lock valve 252 comprises, as appears from F
21, a movable slide which consists of the piston rod 205 of
the shift point cvlinder and which for this purpose is formed
with a relatively wide groove 257 extending all about. In the
neutral position shown in Fig. 21 the groove 257 is located
directly in front of the input A and communicates with a passage-
way 258, which is formed in a valve housing 259 enclosing the
piston rod 205, and which with its other end opens into a

groove 250 widened to the piston rod and extending all about,
which groove is located in the side of the valve hcusing facing
toward the piston rod. Said groove 260 in its turn communicates
with a groove 261 formed in the outside of the valve housing

and extending all about, which groove 261 is located directly

in front of and communicates with the output B of the clutch
lock valve. Said output B is located in a cylindric casing 262,
which closes the groove 261 and encloses a part of the valve

ece

OL‘J
[

housing and which with a flange is screwn on the end wall

O
th

223 of the shift point cylinder. At the other flanged end
the casing the valve housing 259 is screwn. At the end of the
valve housing 259 a sliding sleeve 263 for the end porticn 25u4
of reduced diameter of the piston rod is attached, and between
said end vportion and the sliding sleeve 263 a sealing sleeve

265 is attached.
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In the valve housing 259 an evacuation port 266 is located,
which in all positions of the piston 218 communicates with._a
space 267 located between the end portion 264 of the piston

rod and the valve housing 259. In the position shown i

i.e. the neutral position, said space 267 shall have an axial
length which at least corresponds to the stroke of the piston
218 from its intermediate position shown in Fig. 21 to the end
positions. A passageway in the piston rod 205 opens, with one

or more apertures 268, which in all positions of the piston

218 communicate with the evacuation port 266 via the space 267,
into said space and is connected via openings 270 to two grooves
271 and 272, which extending all about are located in the
outside of the piston rod for connecting the output B of the
clutch lock valve to the evacuation port 266 in each of the

end positions of the piston, i.e. in the shift points. In

Fig. 22 such a shift point, more precisely the right-hand shift
point of the piston is shown, in which position, thus, the
groove 272 communicates with the groove 260 in the valve hous-
ing 253, whereby the output B is evacuated via the port 255.

The input A of the clutch lock valve, however, in this position
is held closed by a portion 273 on the piston rod, and a corres-
ponding portion 274 is provided on the other side of the gzroove
257 for closing the input A of the clutch lock valve in the
other shift point, in which the output B, thus, communicates
with the evacuation port 266 at the groove 272 in the piston
rod.

At the embodiment shown in Figs. 19 and 20 the gear shifting
device is operated electrically by means of a control system
adapted for semi-automatic gear shifting, which system is schem-
atically illustrated in Fig. 19. This embodiment, of course,
also can be arranged for manual shifting with or withcut ore-
selection of the gears or for fully automatic shifting in acc-

ordance with embodiments described oreviously.

Said semi-automatic control svstem, as shown in Fig. 13, com-
s

prises a couoling cam disc 275 located in a di
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which disc in Fig. 19 is shown spread and arranged for co-oper-
ation with a coupling breaker 277 fixed relative to the cam
disc 276, which breaker closes a circuit 278 to the coupling
valve 249 when the pin 277a of the breaker is actuated by a
projection 276a on the cam disc, and breaks said circuit when
the pin 277a enters a depression 276b in the cam disc 276. In
said distributor, further, a shift cam 279 is provided which

is turned simultaneously with the coupling cam disc and is
located directly in front of a number of shift pdint breakers
300 (300-B, 300-1 a.s.o.) corresponding in number to the number
of gears and a neutral position breaker 300-N, which breakers
300 are arranged to be engaged and disengaged in response to

the position of the shift cam.

In Fig. 19 the gear shifting device is shown in the neutral pos-
ition, in which the coupling current circuit 278 is interrupted
and the neutral position breaker 300-N is disengaged. It is

assumed that the first gear is to be engaged. For this purpcse

lO

the gear shift lever is turned downward in Fig. 1 and thereby
also the coupnling cam disc 276 is turned, and so is the shift
point cam 278, in the direction indicated by the arrow 280 in
Fig. 19. Before the shift point cam 279 has left =<he neutral
vosition breaker, the couvling breaker 277 is closed by the
u“O]ectvon 276a of the coupling cam disc and closes the circuit
278 to the counling valve 249. Thereby this valve is caused t
open and to connect the hivh?nressure conduit 248 to the cond-
uit 255 to the pressure oil tank 256 of the clutch for effecting
declutching of the clutch, and to the conduit 251 to the input

. of the clutch lock valve. As this input in the neutral DOS~

>

ition communicates with the output B, thus, the higher operat-
ing pressure will prevail also in the conduit 253, whereby a
pressure transducer 281 set for a relatively low —ressure, for
example 0,25 kp/cmz, is caused to close a circuit 282 from a
current source 283, for example a battery, to a ceupling control

lamp 284, which therebv is coupled-in and indica that the

(%]

are conn-

es
declutching procedure has started. To the circuit 28
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ected each of the shift point breakers 300 except the neutral
position breaker 300-N, and also a circuit 285 is connected
which via the electrically controlled overating valve 239 is
drawn to a make-contact 286 and carries current first when the
make-contact 286 is actuated by the declutching lever 287 of the
clutch, which takes place first at fully disengaged clutch.

When the clutch is disengaged, the make-contact 286 is actu-
ated and first thereafter the circuit 285 carries current, where-
by the control valve 239 is opened and connects the high-press-
ure conduit 248 to the conduit 240 all the way to the shift
point valves 242 and 243, which in this position are closed.

The shift valve 241, between which and the control valve 239

a throttling can be located, hereby is caused to block the conn-

ection to the low-pressure conduit 2u47.

At the same time as the coupnling cam disc 276 is turned, also
the shift point cam 279 is turned from the neutral position
breaker 300-N to the shift point breaker 300-1 for the first
gear, which thereby is closed and closes a circuit 288 to the
side position valve 236 of the side position cylinder. Hereby
this valve is opened, and the piston of the side position cylinder
on its high-pressure side is exposed to the higher oOperating
pressure and thereby is moved to its end position, corresponding
to the side position point E for the first and the second gear,
against the projection 214 of the piston 208 remaining in its
left-hand end position in Fig. 23. Hereby the shifter is set

in said side position point E.

When the pressure in the branch condulz: 233, in which a press-
ure transducer 289 is located which is set for a pre-deternined
pressure, for example 6,0 kp/cmz, exceeds said pressure, the
pressure transducer 289 is actuated ard closes a circuit 280 to
a relay 291, which thereby is engaged and in its turn closes

a circuit 292 to the shift point valve 242, whereby this valve
ovens and exposes the piston 218 of the shift point cvlinder

on its high-pressure side to the higher operating pressure.
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The piston 218 and its piston rod 205 thereby are moved to

the left in Fig. 21 and to the right in Fig. 20, whereby the
shift axle 201 with shifter is turned and engages the first gear
in the gearbox.

When the-piston rod 205 enters this shift point, the input A

of the clutch lock valve is closed by the piston rod portion
273, while its output B is evacuated through the evacuation port
266. Thereby the pressure in the conduit 253 connected to the
output B is lowered, and when it drops below the pressure for
which the pressure transducer 281 is set, the pressure trans-
ducer 281 1s caused to break the circuit 282. As this circuit
also is connected to the coupling valve 249 between said circuit
and a diode 293, also the current to the coupling valve 249 is
disconnected - in this position the coupling breaker 277 has
already broken by means of the coupling cam disc the circuit

278 to the coupling valve 249, which thereafter is supplied

with current via the circuit 282 - and the coupling valve 2ug
thus is caused to again assume its position shown in Fig. 20,
.in which position the conduits 255 and 251 are evacuated via

the output B of the counling valve. Hereby the air pressure in
the pressure oil tank 256 of the clutch drops, and the clutch

can return to traction position.

When the shift point cam 279 leaves the neutral position breaker
300-N, this breaker closes a circuit 294 between the declutch-
ing circuit 278 and an idle run contact 295, which is controll-
ed bv a pulse counter 296 in response to the motor speed, sO

that it declutches the vehicle at idle run revolution of the
motor, which implies, that the circuit 234 does not carry current
at a number of revolutions hicgher than the intended idle run
number of revolutions. In the circuit 294 a contact 227 for

b as desired

(s]

manual connection and disconnection of the circuit 2
is provided, which contact preferably is located in the driver s

cab. . .
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At the same time as the shift point breaker 300-1 is coupled-in
by the shift point cam 279, also a circuit 298 to an electric-—
ally controlled operating valve 299 in a traction position
damper is closed, which generally is indicated by 301. The

said circuit 299 is connected to the shift point breakers 300
for at least the lower gears, for example the reverse gear, the
first gear, the second gear and the third gear, as shown in
Fig. 19, but, of course, traction position damping can be ob-
tained for all gears by connecting the circuit 2928 to all shift
point breakers 300. Said operating valve 299, as is most clearly
apparent from Fig. 25, is coupled into a conduit 302 between
the pressure oil tank 256 of the clutch and an input/output A
of the control cylinder 303 of the clutch, which inout/output
A leads directly into the cylinder 303 on the high-pressure
side of its piston 304. The overating valve 299 is shunted
-throuzh a shunt cenduit 304 with a check valve 305, which perm-
its oil to flow from the pressure oil tank 256 to the input/
output A of the control cylinder, but not in the opposite dir-
ection through the shunt conduit 304, whereby oil, which at

the return of the clutch to traction position is pressed out
through the input/output A of the control cylinder, must flow
through the valve 299 from its input A to its output B or from
its input A to its output C. The latter outout is connected to
the ceonduit 302 between the valve 292 and the pressure oil
cylinder 256 via a conduit 305, which includes two throttlings
307 and 308, of which the latter one is a needle valve or
similar throttle valve which is controlled in resvonse to the
position of the gas pedal or the motor speed, so that the degree
of throttling increases with increased motor speed, i.e. the
higher the motor speed, the more the flow through the throttle
valve 308 is throttled. Hereby a verv soft coupling-in of the
clutch is obtained, without anvy jerks, and the clutch pedal

need not be used, although this is shown in the Figures.

In the operating cvlinder 303 of the clutch, in one end wall

piece 31/ an input/output B is located which via a conduit 309
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communicates with the conduit 302 and which extends into a
sleeve 312, which is located movably in a cylindric hole 311
in the end wall piece 310 and open to the piston 304 of the
operating cylinder, via a groove 313 formed in the end wall
plece and enclosing the sleeve and a number of radial holes
314 in the sleeve 313. Internally in the sleeve 313 close to
its open end a cylindric seat 315 is formed, the axial width
or length of which corresponds to the slipping or coupling-in
distance of the clutch. Through said seat extends in the
position shown in Fig. 25 a piston rod 316 connected to the
piston 304, which rod is provided with a traction position
piston 317 having such dimension that it sealingly can pass
through the seat 315. The position-of the sleseve in relation to
the traction position piston 317 can be changed by means of an
adjusting screw 319 which can be locked by a locking nut 318,
by means of which adjusting screw, thus, the traction position

can be adjusted.

At declutching oil is pressed into the cylinder 3C3 besides
through the input/output B via the sleeve 312, which thereby
is caused to abut the adjusting screw 319 and thereafter is
held pressed against the same even when the *raction position
piston 317 passes through the seat 315 of the sleeve during
the movement of the piston 304 from its end sosition shown .
in Fig. 25 to its other end position marked bv the line 320

in Fig. 25, and in which the clutch is entirely declutched.

[

In this end position then the piston 304 is held until the
counling valve 249 after engagement of a gear is adjusted by
the pressure transducer 281 to the position shown in Fig. 20
for evacuating the compressed air a.o. in the conduit 255.
Thereby the o0il pressure in the hvdraulic sys<em of the clutch
is reduced so that the return spring of the clutch is capable
to return the oiston 304 of the declutching cylinder 303 for
engaging the clutch. Hereby oil is pressed out from the cvl-
inder 303 throuzh the input/outout A and the input/output B
via the sleeve 2312 until the traction positicn piston 317 ent-
ers its seat 315 and blocks the connection through the sleeve

312, This takes place when the clutch starts func=ioning. This
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This position is marked by the line 321 in Fig. 25, and as

the connection through the sleeve 312 and input/output B now
is held closed by the traction position piston, 0il can flow
out only thgough the input/output A, whereby the movement

of the piston is braked, and a soft coupling-in of the clutch
is obtained. When a low gear is concerned, the oil, as ment-
ioned before, will flow from the input/outout through the
conduit 305, in which the flow is throttled by the throttle
valve 307 and by the throttle valve 308 controlled in response
to the motor speed. This also contributes to a soft engagement

of the clutch, free of jerks.

When the clutch is engaged entirely, and full traction position
has been assumed, which position is marked by the line 322

in Fig. 25, the traction position piston 317 leaves its seat
315, and thereby the connection through the sleeve 312 and
input/output B again is opened, and the piston 304 thereafter

is moved relatively quickly to its end position.

At the beginning of the coupling-in orocedure, i.e. when the
piston 304 of the operating cvylinder leaves its left-hand

end position in Fig. 25, also the declutching lever 287 returns,
which causes the make-contact 286 +to break the circuit 235,

and thereby the operating valve 239 is shifted to the position
shown in Fig. 25, whereby its output B is evacuated, and there-
by the shift valve 241 is shifted so that the low-pressure
conduit 247 is connected to the conduit 2u0. The biston 218

of the shift point cylinder,thus, on its high-pressure side

is exposed to the lower operating pressure until the next

gear shifting takes oplace.

It is now assumed that shifting is to take place to the second
gear. The gear shift lever 275 is moved to the shift point of
the second gear, which is marked by the pointer 223, whereby
the counling cam disc 275 actuates the coupling ccntact 277,
which closes the circuit 273 and thereby the point E bv move-

ment of the piston 207. At the same time the pressure transducer
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289 connects the circuit 290, whereby the relay 124 engages
and closes a circuit 125 to the shift point valve 243, which
thereby is onened and exposes the piston 217 of the shift
point cylinder on its .low-pressure side to the higher operat-
ing pressure, whereby the two pistons 217 and 218 are moved
to their left-hand end position in Fig. 21 for engaging the
second gear in the gearbox by turning the shift axle 201 and
its shifter. Thereafter the clutch is engaged in the way

described above.

In principle each shifting takes place in the way described
above, so that no further examples need to be set forth. It
is, however, to be pointed out that for engaging the reverse
gear first a contact 326 nust be depressed manually for closing
the circuit 288 to the side position valve 236, which thereby
is ovened for exposing the piston 207 of the side position
cylinder to the higher overating pressure. The relay 324 hereby
is not actuated, but when the reverse position breaker 300-3

is closed a circuit 328 connected to a relay 327 is closed to

the side position valve 237, wherebv this is closed. Thereby
the pressure in the branch conduit 234 and on the high-press-
ure side of the piston 208 of the side position cylinder is
evacuated, and first thereby the side pesition peint D for
the reverse gear is engaged. When the pressure in the branch
conduit 234 is lower than & predetermined value, for example
0,25 kp/cmz, a oressure transducer 329 closes a circuit 330,
and thereby the relay 327 is caused to close the circuit 32§
to the shift point valve 204, which thereby is opened and

effects the engagement of the reverse gear.

As in the branch conduit 234, to the branch conduit 235 a
pressure transducer 231 Iis connected which is actuzted when
the pressure in said conduit drops below a predetermined value,
for exampnle 0,25 kD/ch, and therebv closes a circuit 332 to

a relay 333 connected to the shift noint bdreaker for the sixth
gear for closing the circuit 325 to the shift point valve 2u3.

A corresvonding relay 334 is connected to the shift point
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breaker for the fifth gear for closing the circuit 292 to

the shift point valve 242. The two shift point breakers 300
for the fifth gear and the sixth gear are via a circuit 236,
to which the relays 234 and 235 are connected, connected to
the side position valve 238 for controlling the same.

In Fig. 24 a side position cvlinder is shown only by way of
example which is intended for a gearbox with three side posit-
ion points, and which therefore is provided only with two
pistons. The piston 208 at the embodiment shown in Fig. 24

is not required here.

In the circuit 282 a relay 335 is located which normally is
closed and thus holds the circuit 282 closed. When the mctor
speed drops to idle run revolution, the circuit 294 as ment-
ioned above carries current, and thereby the clutch is engaged
via the circuit 278 and the coupling valve 249, and at the

same time the relay 335 is disengaged, which in its turn breaks
the circuit 282, wherebv all gears, the shift pdint breakers

of which are located after the relav 335 in the circuit 282,
"are disengaged. The driver now can select anv gear, and when
he then increases the motor speed, the gear thus selected is
engaged automatically in that the circuit 294 is broken.

For illustrating a further applieation of the gear shifting

g
device according to the present invention, in Fig. 18 a vehicle
combination with two separate motors and gearboxes is shown,
one located in the traction vehicle and the other one on the
trailer coupled after the traction vehicle. By the gear shift-
ing device according to the present invention it is rendered
possible in a simple and efficient way to simultaneously and
synchronously shift the gears in the gearboxes of both motors
and also to disengage one or the other of the motors and effect
traction only by one. It is hereby possible without great costs
to bring about vehicle combinations having a loading capacity

of up to 120 tons.

A WIPO
% Fbar. mv(\ﬂg\;
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The present invention is not restricted to what is described
above and shown in the drawings, but can be altered and modif-
ied in many different wavs within the scope of the invention
idea defined in the attached claims. It may be mentioned, for
example, that at fully automatic control of the gear shifting
orocedure by computer or the like the gearbox need not be

synchronized.

For this purpose a pulse transmitter can be arranged on the
motor and on the outgoing shaft of the gearbox, which *rans-
mitter registers the respective number of revolutions in the
form of signals, which pass to the minicomputer, which on the

basis of this informaticn selects the gears in question.

During the gear shifting procedure, an adjusting means manages
the motor speed. When gear shifting is to take place, the

motor first iIs relieved whereby a previously engaged gear easily
leaves its shift point. The adjusting means manages the number
of revolutions of the motor so that it agrees with the gear
being engaged. The adjusting means then is disengaged, and the
gas pedal thereafter acts as usual for foot control. In this
way a rapid and jerkless gear shifting is obtained, and the
clutch must be used only at start and stop, which implies that
its service life is increased substantially. As unsynchronized
gearboxes can be used, the gearboxes are much cheaper and,
besides, have a lighter weight, at the same time as the fuel
consumption iIs reduced because no synchronization work is

required.
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WHAT I CLAIM IS:

1. A gear shifting device for manual gearboxes, which device
is coupled to the gearbox for controlling its shifter for
engaging a selected gear in the gearbox, character -
ized in that it comprises a side position cylinder
(2a,202) with a piston rod (11,203), which is connected to

the shifter of the gearbox and movable to different predeterm-
ined positions for adjusting the shifter in a side position
point corresponding to the selected gear, and a shift point
cylinder (2b,204) with a piston rod (14%,205), which is conn-
ected to the shifter of the gearbox and movable tc different
positions for moving the shifter to a shift point correspond-
ing to a selected gear by turning the shifter in one direct-
ion or the other, and means for- oreventing the movement of
said piston rods until declutching has taken place, and

for preventing return of the clutch to traction pesition

until the gear has been engaged in the gearbox.

2. A device as defined inclaimi, characterized
i n that the piston rods (11,203,14,205) of said cylinders
are arranged to move perpendicularly relative to one another.
3. A device as defined inclaim 1, characterized
i n  that the side position cvlinder (2a,202) includes one
piston less than the number of side position poin=s in the
gearbox, and that one of said pistons is rigidly connected

to its piston rod (11,203), while the remaining pistons are

mounted movably on said piston rod.

L, A device as defined in claim 1 or 2, characternr -

Ie

z e d in that for controlling the s

(2a,202) and the shift point cylinder (2b,204:) the pressure

de posizion cylinder

acting in the cylinders is adjustable.

5. A device as defined inclaim2 or 3, character -

®
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ized i n that in the neutral position of the side
position cylinder, from which position the shifter can be
moved in one direction or the other, one piston (15,207) of
the side position cylinder is held centered in its cylinder
space and in this position is exposed on one side to a subst-
antially constant predetermined lower operating pressure,
while the other piston (16,209) in this position is in one
end position and is exposed to a predetermined upper oper-

ating pressure.

6. A device as defined in anv one of the claims 2 - U4,
characterized 1in that in the neutral position
of the shift point cylinder, from which position the shifter
can be swung in one direction or the other, one piston (29,218)
of the shift point cylinder is held centered in its cvlinder
space (32,220) and is exposed on one side to a substantially
constant oredetermined lower operating pressure, while the
other piston (28,2i7) in this position is in one end position
and is exposed on its side oprosite to the firstmentioned
piston to a predetermined upper operating pressure, which
against the action of the lower operating pressure holds the

pistons of the shift point cvlinder in said neutrai position.

7. A devige as defined in claim S5 or 6, charzc terr -
ized i n that the said operating pressures are the

same for the two cylinders, and that the upper one preferably

is twice as high as the lower one.

8. A device as defined in anv one of the preceding claims,
characterized in that said means for preveni-
ine the movement of the piston rods before declutching and
"the return of the clutch befcre engagement of a gezr in the
gearbox consists of a clutch lock valve (22,252) with a valve
means, which in resoonse to *he piston rod cf either the sids
position cylinder or shift toint cvlinder is movablie for conn-
ectine and disconnecting a oressure reauired for actuating the

clutech.
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A device as defined in any one of the preceding claims,

characterized in that the pressures acting

on
of
or

in

10.

the pistons of said two cvlinders are adjustable by means
valves controlled by the gear shift lever of the gearbox
by a minicomputer, which automatically manages gear shifting

response to information on at least speed or load.

A device as defined in anv one of the preceding claims,

characterized 1in that it comprises traction

position damping means (106,301), which are engaged at the

shifting to at least lower gears and preferably also to the

reverse gear for effecting traction position damping.
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