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(57) Abstract: A power tool comprises a housing (10;110) with an output shaft (11;111) driven by a rotation motor, and an angle

erein the angle drive (12;112) comprises a drive spindle (15;115)

& connected to the motor and carrying a pinion (15;115), and a bevel gear (17;117) secured to the output shaft (11;111). The drive
m spindle (15;115) and the pinion (16;116) are supported in the housing (10;110) via a ball type thrust bearing (24;124) having in one
& of its embodiments an inner ring (31) with a thread for cooperation with a threaded portion (33) on the drive spindle (15), and an
& outer ring (26;126) which is rigidly secured in the housing (10). The inner ring (31) is adjustable and lockable relative to the drive
(g spindle (15) by an annular lock element (35). In an alternative embodiment the inner ring (131) is secured to the drive spindle (115),
O whereas the outer ring (126) is threaded into a threaded portion of the housing (110) such that the outer ring (126), the drive spindle

(115) and the pinion (116) are adjustable relative to the housing (1
arrests the outer ring (126) in set position.

10) and the bevel gear (117). A deformable lock element (135)
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Power tool with angle drive and pinion adjustment

The invention relates to a power tool which comprises a
housing, an output shaft connected a rotation motor to via
an angle drive, wherein the angle drive comprises a drive
spindle with a pinion, and a bevel gear connected to the
output shaft, and a thrust bearing axially supporting the
drive spindle relative to the housing.

In power tools of this type there is a problem related to a
limited service life of the angle drive. Particularly, this
problem occurs in power wrenches where relatively heavy
torque loads are to be transferred. This is mainly due to
the fact that the angle drive, gears and bearings together
are of a small size in relation to a heavy transferred
torque load, which means that the contact pressure on the
gear teeth flanks is very high. In order to cope with this
high contact pressure it is of greatest importance that the
gear teeth engagement between the driving pinion and the
bevel gear is absolutely correct under all load conditions,
of course also that the gears are of a suitable material
properly heat treated and machined.

To illustrate the magnitude of the challenge in seeking to
solve the above mentioned problem a comparison can made
with a gear box of a car where the service life of the
gears in the gear box would be reduced to less than 1 % of
its normal service life if they were stressed to the same

level as in a power wrench.

To obtain an accurate engagement between the pinion and
bevel gear teeth the play between the gears is crucial.
This play depends mainly on the axial position of the
pinion and, hence, the drive spindle. The acceptable
tolerance for the axial position of the pinion relative to
the bevel gear is no more than +/- 0.01 mm. A common way of
adjusting the pinion position is to use shims, but that
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technique is cumbersome and not accurate enough. The
multiple contact surfaces between the shims, the drive
spindle bearing and the housing also add to a slightly
resilient support of the bearing and an accuracy of +/-
0.01 mm of the drive spindle and pinion position is not at
all guaranteed. Moreover, the shims technique is rather

time consuming and not suitable in mass production.

Another way to adjust a bearing play is to use threaded
supported elements for the axial fixation of one of the
ball races. That solution, however, contains another
difficulty, namely that the ball race must not rotate
relative its support during operation but still be easily
movable during adjustment. These two contradictory features

are very hard to accomplish.

The main object of the invention is to provide a power tool
with an angle drive wherein an accurate enough setting of
the pinion to bevel gear play is easily and safely
accomplished.

This is accomplished by an improved pinion bearing
arrangement which in the following specification and claims

is described as two alternative embodiments.

The two preferred embodiments of the invention are
described in detail below with reference to the

accompanying drawings.

In the drawings

Fig. 1 shows a longitudinal section through the forward
end of a power tool including the angle drive according to
a first embodiment of the invention,

Fig. 2 shows, on a larger scale, a fraction II of Fig. 1,
Fig. 3 shows a side view of a lock element comprised in
the power tool illustrated in Figs.1l and 2,

Fig. 4 shows a front view of the lock element in Fig. 3,
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Fig. 5 illustrates the pinion bearing arrangement
according to a second embodiment of the invention,
Fig. 6 shows a lock element for securing the setting of

the pinion the embodiment illustrated in Fig. 5.

In Figs. 1 and 2 there is shown a section through a power
tool which comprises a housing 10 supporting an output
shaft 11 driven by a rotation motor (not shown), and an
angle drive 12 connecting the motor to the output shaft 11.
The angle drive 12 comprises a drive spindle 15 coupled to
the motor and being formed integrally as a one-piece member
with a pinion 16, and a bevel gear 17 formed integrally
with the output shaft 11. At its forward end the output
shaft 11 is journalled in a ball bearing 18, whereas the
rear end of the output shaft 11 comprises an extension 20
which is supported in the housing 10 by a needle bearing
21.

The drive spindle 15 is rotatively journalled in the
housing 10 via a needle bearing 22 for transferring radial
forces and a ball bearing 24 for transferring axial forces
to the housing 10. At transfer of a torque load via the
angle drive 12 both the drive spindle 15 and the output
shaft 11 are exposed to axial forces which are transferred
to the housing 10 via the bearings 18 and 24.

The bearing 24 comprises an angular contact bearing of the
type having a full number of balls 25 without any
separating ball cage. The bearing 24 comprises an outer
ring 26 secured between a shoulder 27 in the housing 10 and
a ring screw 28 co-operating with a threaded portion 29 in
the housing 10. The bearing 24 also includes an inner ring
31 which at its forward end is formed with a internal
thread 32 for co-operation with a threaded portion 33 on
the drive spindle 15. At its rear end, the inner ring 31 is
formed with a number of axially directed teeth 34 for co-

operation with an annular lock element 35.
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The lock element 35 is formed with inwardly directed teeth
36 for co-operation with axially directed splines 37 on the
drive spindle 15, and has axially directed teeth 39 for
engagement with the teeth 34 on the inner ring 31. The lock
element 35 is also provided with a circumferential groove
40 for supporting an O-ring seal 41. For arresting the lock
element 35 in its locking position, i.e. in engagement with
both the drive spindle splines 37 and the teeth on the
inner ring 31, there is provided a lock ring 42 supported
in a peripheral groove 43 on the drive spindle 15.

When assembling the angle drive 12 the output shaft 11 and
the bearing 18 are first put in place. Then, the thrust
bearing 24 is assembled and mounted on the drive spindle 15
with the inner ring 31 threaded onto the drive spindle
portion 33 as far as possible. Thereafter, the drive
spindle 15 together with the bearing 24 is introduced into
the housing 10 until the outer ring 26 of the bearing 24
rests against the shoulder 27 in the housing 10. The outer
ring 26 is secured to the housing 10 by mounting and
tightening of the ring screw 28. In this position the
pinion 16 engages the bevel gear 17, but there is a

substantial play between the gear teeth.

Now, the axial play between the pinion 16 and the bevel
gear 17 is to be set to obtain a correct engagement between
the gear teeth of the pinion 16 and bevel gear 17. This is
accomplished by rotating the inner ring 31 of the thrust
bearing 24 such that the inner ring 31 moves backwards
pressing the balls 25 against the outer ring 26. This
results in a forward movement of the drive spindle 15, and
when the drive spindle 15 has come to a position where the
play between the pinion 16 and the bevel gear 17 is nill
and there is experienced a certain resistance against
rotation the inner ring 31. Then, the inner ring 31 is
rotated backwards a certain predetermined angle for
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obtaining the correct desired play in the angle drive. As
the correct play between the pinion 16 and bevel gear 17 is
set the lock element 35 is shoved along the drive spindle
splines 37 until the axially directed teeth 39 engage the
teeth 34 of the inner ring 31. Then, the lock ring 42 is
mounted in the groove 43 in the drive spindle 15. Now, the
inner ring 31 is rotationally locked, and the set play
between the pinion 16 and bevel gear 17 is safely

maintained.

In the embodiment illustrated in Fig. 5, the inner ring of
the bearing 124 is divided into two halves 131 a, b one of
which 131a is supported against a shoulder 127 on the drive
spindle 115. The other inner ring half 131 b is axially
locked by a lock ring 128. The outer ring 126 of the
bearing 124 has a rear extension with an external thread
132 arranged for co-operation with a threaded portion 133
of the housing 110. Moreover, the outer ring 126 is formed
with two grooves (not illustrated) on which is mounted a
lock element 135 in the form of a sheet steel washer with
two inwardly directed teeth 136 for co-operation with the
non-illustrated grooves on the outer ring 126. The outer
ring 126 is safely locked against further rotation in that
a rear flange 142 on the lock element 135 is deformed into
engagement with axially directed teeth 134 at the end of a
forward section of the housing 110. Thereby, the outer ring

126 is maintained in its correct position.

Assembling the thrust bearing according to this embodiment
of the invention is similar to the process described above,
namely put together the bearing 124 separately with the
drive spindle 115 and introducing this assembly into the
housing 110, thereby threading the outer ring 126 into the
threaded portion 133 of the housing 110 until there is
experienced a torque resistance when rotating the angle
drive. Then, the outer ring 126 is rotated a predetermined

angle in a reverse direction, thereby pulling the bearing
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124 and the drive spindle 115 a distance corresponding to
the desired gear teeth play between the pinion 116 and the
bevel gear 117. Then, the lock element 135 is deformed to
engage the teeth 134 on the housing 110, so as to secure
the obtained angular position of the outer ring 126 and the
set play between the gear teeth of the angle drive.

Both the above described bearing arrangements are based on
the inventive idea that either one of the ball bearing
rings of the thrust bearing is axially adjustable, whereas
the other one of the bearing rings is rigidly secured to
the housing or the drive spindle, alternatively. This means
an accurate and simple setting of the axial play between

the pinion and the bevel gear of the angle drive.
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Claims.

1. Power tool, comprising a housing (10), an output
shaft (11) driven by a rotation motor, and an angle drive
(12) coupling the motor to the output shaft (11), said
angle drive (12) comprises a drive spindle (15) coupled to
the motor and carrying a pinion (16), and a bevel gear (17)
mounted on the output shaft (11), said drive spindle (15)
is axially supported relative to the housing (10) by a ball
bearing (24) having an inner ring (31) and an outer ring
(26), and an adjusting means (32,33) for setting the axial
position of said drive spindle (15) and the pinion (16)
relative to the bevel gear (17),

characterized in that said outer ring (26)
being axially secured relative to the housing (10), and

said adjusting means (32,33) comprises

J a threaded portion (33) on said drive spindle
(15),

. an internal thread (32) formed integrally with
said inner ring (31) and arranged to co-operate with said

threaded portion (33) on said drive spindle (15), and

J a coupling means (35) for rotationally locking
said inner ring (31) relative to said drive spindle (15) as
a desired axial position of said drive spindle (15) is

obtained.

2. Power tool according to claim 1, wherein said
coupling means (35) comprises a number of axially directed
coupling teeth (34) on said inner ring (31), an annular
coupling element (35) provided with axially directed
engagement teeth (39) for co-operation with said coupling
teeth (34), and said coupling element (35) having radially
inwardly directed teeth (36) for co-operation with splines
(37) on said drive spindle (15).
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3. Power tool according to claim 1 or 2, wherein said
coupling element (35) is axially locked by a lock ring (42)
received in a circumferential groove (43) in said drive
spindle (15).

4. Power tool according to claim 1, wherein said

thrust bearing (24) is an angular contact ball bearing.

5. Power tool according to anyone of claims 1-4,
wherein said pinion (15) is formed integrally as a one-

piece member with said drive spindle (15).

6. Power tool comprising a housing, an output shaft
(111) driven by a rotation motor, and an angle drive (112)
coupling the motor to the output shaft (111), said angle
drive (112) comprises a drive spindle (115) coupled to the
motor and carrying a pinion (116), and a bevel gear (117)
mounted on the output shaft (111), said drive spindle (115)
is axially supported relative to the housing (110) by a
thrust bearing (124) having an inner ring (131) and an
outer ring (126), and an adjusting means (132,133) for
setting the axial position of said drive spindle (115) and
the pinion (116) relative to the bevel gear (117),
characterized in that said inner ring (131) is
rigidly secured to said drive spindle (115), and said

adjusting means (132,133) comprises
. a threaded portion (133) in the housing (110),

. an outer thread (132) formed on and integrally
with said outer ring (126), said thread (132) is arranged
to co-operate with said threaded portion (133) in the
housing (110), and

. a coupling means (134,135) for rotationally
locking said outer ring (126) relative to the housing (110)
as a desired axial position of said drive spindle (115) is
obtained.
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7. Power tool according to claim 5, wherein said
thrust bearing (124) is a deep groove ball bearing with a
full number of uncaged balls, and said inner ring (131a,
131b) is divided into two halves.

8. Power tool according to claim 5 or 6, wherein said
coupling means (134,135) comprises at least two external
axially directed grooves on said outer ring (126), and an
annular lock element (135) having at least two radial teeth
(136) for co-operation with said grooves, and at least two
axially directed teeth (134) on the housing (110) which
said lock element (135) is arranged to engage by
deformation.

9. Power tool according to anyone of claims 6-8,
wherein said pinion (116) is formed integrally as a one-

piece member with said drive spindle (115).
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