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(57) ABSTRACT 
The invention relates to a motor vehicle gearbox with 
two concentrically mounted input shafts (6,9), each 
driving an individual countershaft (12,15). The counter 
shafts have gear wheels (16,18, 19,41) in engagement 
with gear wheels (21,22,40) on an output shaft. The 
shafts are arranged in a W-configuration and one coun 
tershaft has a disengageable gear wheel (23) in engage 
ment with a gear wheel (11) on the second countershaft 
to reverse the rotational direction of the latter for driv 
ing in reverse. One countershaft (12) has a central syn 
chronizing device (30), by means of which the counter 
shaft, which is drivingly coupled to the temporarily 
non-driven input shaft, can be accelerated up to a rota 
tional speed determined by the gear speed selected. 

6 Clains, 1 Drawing Sheet 
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Re. 33,551 
1. 

MOTOR WEHICLE GEARBOX 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

This present invention relates to a motor vehicle 
gearbox, comprising two concentrically mounted input 
shafts arranged to be driven alternately, and two coun 
tershafts driven by the input shafts, said countershafts 
having gear wheels in engagement with gear wheels on 
an output shaft, at least one of the gear wheels on each 
countershaft being rotatably mounted on its shaft and 
being lockable by means of engaging means to the shaft. 
Double countershafts are used on one end in gear 

boxes in which it is desired, with a given length of the 
gearbox, to obtain more gear ratios than what is practi 
cally possible in a conventional gearbox design with one 
countershaft, and on the other hand in so-called power 
shift gearboxes, i.e. gearboxes with double inputs, each 
driven by an individual clutch. In such gearboxes, the 
gear speeds are preselected, and shifting is effected 
thereafter by disengaging one clutch and engaging the 
other clutch. In both of these known types of gearboxes, 
the driving of the countershafts is arranged so that they 
are always driven simultaneously, and each engaging 
sleeve is coordinated with its own synchronizer, i.e. the 
gearbox has a synchronization for each gear, which 
affects both the dimensions and weight of the gearbox. 

In another gearbox type with double countershafts, 
which is known by e.g. GBA 2 110 324, a single input 
drives at the same time two gear wheels, which via 
individual clutches on the respective countershaft can 
be locked to the shaft and establish a gear train between 
the input shaft and output shaft via either countershaft. 
Shifting is effected according to the above mentioned 
power shift pattern, synchronization being achieved 
with the aid of a central synchronizing clutch on each 
countershaft at the output end of the gearbox. The syn 
chronizing devices comprise in addition to the clutches 
a total of six synchronizing gears, two of which are 
journalled on extra shafts. 
The purpose of the present invention is to provide in 

a gearbox of the type described by way of introduction 
and using the known principle of control synchroniza 
tion, a basic design which permits more compact and 
lighter construction that what has been achieved previ 
ously and which opens the way to completely new 
variants each of which having advantages over the 
previously known designs and contributed together in 
particular to a very compact design of gearboxes with a 
large number of gear speeds. 
This is achieved according to the invention by virtue 

of the fact that the countershafts are coordinated with 
Synchronizing means independent of said engaging 
means, by means of which synchronizing means the 
countershaft which is drivingly coupled to the tempo 
rarily non-driven input shaft, can be accelerated up to a 
rotational speed determined by the gear speed selected. 
Such a two-position central synchronization can be 

achieved with the aid of merely two synchronizing 
gears and with a synchronizing clutch on only one 
countershaft. The central synchronization has six syn 
chronizing functions in a six-speed gearbox, which 
means reduced weight and smaller dimensions. The 
design according to the invention results in particular in 
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2 
very short shafts, which is advantageous with regard to 
torque transmission capacity and gear- and bearing-life. 

If the output shaft is placed in a plane spaced from the 
plane of the countershafts, i.e. the shafts are placed in a 
W-shape, the countershafts can be provided with a pair 
of gear wheels in engagement with each other, at least 
one of which is freely rotatably mounted on its shaft and 
is lookable by means of clutch means to the shaft to 
reverse the rotational direction of the second counter 
shaft. In this way one countershaft is used for the re 
versing function as well, and it is possible thereby with 
out an extra countershaft for reverse gear in a six-speed 
gearbox for example to obtain five speeds in reverse, 

Further features and advantages of the invention will 
be evident from the following description with refer 
ence to an example shown in the accompanying draw 
ing, in which the FIGURE shows a longitudinal section 
through a six-speed gearbox. 

In the FIGURE, 1 designates an engine flywheel, 
which via a multiple disc wet clutch (generally desig 
nated 2) drives a gearbox 3 according to the invention. 
The clutch 2 is a double clutch of a type known per se 
and therefore need not be described more in detail here. 
The clutch unit 4 to the left in the FIGURE is coupled 
via a sleeve element 5 to a first input shaft 6 in the gear 
box, while the right-hand clutch unit 7 is coupled via a 
sleeve element 8 to a second input shaft 9 in the form of 
a hollow shaft concentrically mounted on the first shaft 
6. The two clutch units can in a known manner be alter 
nately engaged or disengaged in order to alternately 
drive the input shaft 6 and 9. The multiple disc wet 
clutch shown can be replaced by a double clutch of dry 
disc-type. 
The first input shaft 6 is provided with a gear ring 10 

in engagement with a gear wheel 11 which is solidly 
fixed to a first countershaft 12. The second input shaft 9 
is provided with a gear ring 13 in engagement with a 
gear wheel 14 which is solidly fixed to a second coun 
tershaft 15. The gear ring 13 is larger than the ring 10, 
which means that the second countershaft 15 will rotate 
more rapidly than the first when the input shafts rotate 
at the same rotational speed. 

Countershafts 12 and 15 carry individual pairs of 
freely rotatably mounted gear wheels 16,17 and 18.19 
respectively. Gear wheel 16, 18 are both in engagement 
with a gear wheel 21 solidly fixed to an output shaft 20. 
Gear wheels 17, 19 are in engagement with a gear wheel 
22 fixed to the output shaft. The shafts are arranged in 
V-shape to make it possible with an extra gear wheel 23 
on countershaft 15, which gear wheel engages the gear 
wheel 11 on countershaft 12, to reverse the rotational 
direction of either countershaft for backing the vehicle. 
It is also possible to reverse the rotational direction of 
either countershaft by means of a gear wheel mounted 
on a separate shaft in the housing, said gear wheel en 
gaging the gear rings 10 and 23. This provides a freer 
Selection of V-shapes and gear ratios and also enables 
the shafts to be placed in the same plane. The gear 
wheels 16, 17, 18, 19 and 23 are lockable to their shafts 
with the aid of axially displaceable engaging sleeves 
24.25 and 26. A gear wheel 40 freely rotatable on the 
output shaft 20 engages gear teeth 41 directly cut into 
the countershaft 15 and it is lockable to the shaft 20 by 
means of an engaging sleeve 42. By cutting the gear 
teeth 41 directly into the countershaft 15 and arranging 
the gear wheel 40 lockable to the output shaft, the need 
is eliminated for needle bearings on the countershaft 
gear wheel, so that it can be made with a very small 
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iameter, which in turn makes a large gear ratio possi 
ble from the countershaft to the output shaft. With the 
aid of an engaging sleeve 27, the input shaft 6 and the 
butput shaft 20 can be locked together for direct drive. 
All of these engaging means lack individual conven 

|ional synchronizing devices. 
Instead, according to the invention the first counter 

shaft 12 is coordinated with a central synchronizing 
ievice generally designated 30. This comprises a pair of 
gear wheels 32.33 freely rotatably mounted on an exten 
sion 31 of the countershaft 12, and an intermediate 
clutch disc 34 which is joined to a sleeve 35 provided 
with axial grooves. Axial splines 36 on the shaft portion 
31 engage in the grooves in the sleeve 35 so that the 
sleeve and the disc 34 are axially displaceable but non 
rotatable relative to the shaft 12. The sleeve 35 is con 
nected to shift-controlling operating means (not shown 
in more detail here), e.g. a pneumatical hydraulic oper 
ating cylinder. The synchronizing gear wheels 32,33 are 
provided on their sides facing the disc 34 with frictional 
surfaces 37,38. The left-hand gear wheel 32 engages a 
gear ring 39 on the second input shaft 9. The gear ring 
39 can have the same number of teeth as the gear ring 10 
on the first input shaft, but in order to prevent blocking 
when shifting, the gear rings 10 and 39 are preferably 
made with teeth differing in number by one to two, for 
example. The right-hand synchronizing gear wheel 33 
engages the gear ring 13 on the second input shaft and 
here there is preferably a difference of one or two teeth 
between the synchronizing gear wheel 33 and the 
driven gear wheel 14 on the second countershaft. 

In the FIGURE, the gearbox is shown in a neutral 
position with both clutch units 4 and 7 disengaged. The 
first gear speed can be engaged by sliding the engaging 
sleeve 42 to the right, whereupon the gear wheel 40 is 
locked to the output shaft 20. Thereafter clutch unit 7 is 
engaged while clutch unit 4 remains disengaged. When 
driving in the first gear speed, the countershaft 12 re 
mains stationary or substantially stationary. When the 
second gear speed is to be engaged, which is done by 
locking the gear wheel i6 to the countershaft 12 with 
the aid of engaging sleeve 24, the shaft 12 must be accel 
erated up to a rotational speed which is lower than that 
of the shaft 15. This is done by synchronizing the clutch 
disc 34 of the synchronizing device 30 to the left against 
the gear wheel 32, which is thus locked to the shaft 12. 

After the process described, which can be called 
presynchronization and which involves preselection of 
the second gear speed while driving in the first gear 50 
speed, the actual shifting is effected by disengaging 
clutch unit 7 and engaging clutch unit 4. Presynchroni 
zation accounts for approximately half of the synchroni 
zation work and since it occurs during normal driving it 
can be done relatively slowly which is an advantage 
when dinnensioning the components. 
When preselecting the third gear speed, which is 

done by locking the gear wheel 18 to countershaft 15, 
the shaft 15 must be accelerated almost to the same 
rotational speed as shaft 12, since the gear wheel 18 60 
rotates at the same speed as gear wheel 16. This is done 
by displacing the clutch disc 34 to the right against the 
gear wheel 33, which is then locked to the shaft 12 and 
drives the shaft 15 via the gear ring 13 and the gear 
wheel 14. By seeing to it as in the case above that the 
shaft 15 and the gear wheel 18 have approximately the 
same speed, the engaging sleeve 25 can be displaced 
into engagement with the gear wheel 18 without a risk 
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4. 
that engaging teeth will come into such a position that 
shifting is blocked. 
When preselecting the fourth gear speed, the coun 

tershaft 12 is accelerated to essentially the rotational 
speed of the gear wheel 17, i.e. a rotational speed which 
is lower than that of the countershaft 15. This is done by 
the synchronizing-disc 34 being moved to the left in the 
FIGURE for engaging the synchronizing gear wheel 
32, whereafter the actual shifting is effected by disen 
gaging clutch unit 7 and engaging clutch unit 4. Contin 
ued shifting up to the fifth and sixth gear speed is done 
in a corresponding manner by alternatingly locking the 
synchronizing gear wheels 32.33 to countershaft 12. 
For driving and release the gear wheel 23 is locked 

with the aid of engaging sleeve 26. Depending on which 
of the clutches 4,7 is engaged, the rotational direction of 
either countershaft 12 or countershaft 15 can be re 
versed, and a total of five reverse gears are obtained by 
locking one of gear wheels 16,17, 19,18,40. By direct 
coupling by means of engaging sleeve 27, a sixth reverse 
gear can be obtained. 

Instead of the mechanical central synchronization 
described here, it is possible within the scope of the 
invention to have an electronic variation, e.g. one in 
which the intermediate shafts are coupled to individual 
electric motors which are controlled by a microcom 
puter, which selects the correct rotational speed for 
each countershaft for gear speed preselection. Such a 
variant provides greater freedom in selecting the incre 
ments between the gear speeds but on the other hand is 
somewhat more complicated and less reliable. Further 
more, it is possible to use the free clutch and give it a 
short engagement to provide the free countershaft with 
a suitable speed. The invention can of course also be 
used in gearboxes with more or fewer gear speeds than 
that described above. 
We claim: 
1. A motor vehicle gearbox, comprising first and 

second concentrically mounted input shafts, said input 
shafts arranged to be driven alternately such that one 
said input shaft comprises a temporarily non-driven 
input shaft, an output shaft, and first and second coun 
tershafts driven by said first and second input shafts, 
respectively, said countershafts having spaced parallel 
axes and having gear wheels in engagement with gear 
wheels on said output shaft, a gear wheel on each counter 
shaft being in driving engagement with a common gear 
wheel on said output shaft, at least one of the gear wheels 
on each countershaft being rotatably mounted thereon 
and being lockable by means of engaging means to said 
countershaft, and each input shaft being in driving en 
gagement with a corresponding countershaft, said first 
and second countershafts being coordinated with syn 
chronizing means shiftable independently of said engag 
ing means, by means of which synchronizing means 
each countershaft, which is drivingly coupled to said 
respective temporarily non-driven input shaft, can be 
accelerated up to a rotational speed determined by a 
gear speed selected. 

2. The motor vehicle gearbox of claim 1, wherein said 
synchronizing means is arranged to adapt the rotational 
speed of one of said countershaft to approximately that 
of the gear wheel to be engaged. 

3. The motor vehicle gearbox of claim 2, wherein said 
synchronizing means comprises a pair of gear wheels 
rotatably mounted on one of said countershafts, and 
friction means by which one of said gear wheels can be 
drivingly connected to said one countershaft, said gear 
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wheels being in driving engagement with gear rings on 
said corresponding input shaft. 

4. The motor vehicle gearbox of claim 3, wherein said 
gear wheels serving as synchronizing means include 
opposing frictional surfaces and an intermediate friction 
plate axially displaceable but non-rotatably joined to 
said one countershaft and connected to shifting control 

S. 

5. The motor vehicle gearbox of claim 1, wherein said 
output shaft includes gear wheels which engage with 
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6 
gear wheels of equal dimension on said first and second 
countershafts. 

6. The motor vehicle gearbox of claim 1, wherein said 
output shaft lies in a plane spaced from a plane of the 
said first and second countershafts, and said counter 
shafts including a pair of gear wheels drivingly con 
nected to each other, of which gear wheels at least one 
is freely rotatably mounted on said second countershaft 
and is lockable by means of engaging means to said 
second countershaft to reverse the rotational direction 
of said output shaft. 
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