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(54) ROTARY KNOB

(57)  Arotary knob (10) comprises a rotary body (14)
comprising a rotary body portion of conical configuration
(28) extending to a rotary bottom body portion of cylin-
drical configuration (30), both rotary portions (28, 30) ex-
tending along the rotational axis (A) of the rotary knob
(10); the rotary conical body portion (28) extending from
its large end to its small end, said small end being merged
into the rotary cylindrical body portion (30); a fix body
(18) comprising a fix body portion of hollow conical con-
figuration (32) extending to a fix body portion of hollow
cylindrical configuration (34); the fix conical body portion
(32) extending from its large end to its small end, said
small end being merged into the fix cylindrical body por-
tion (34); the rotary body portions (28, 30) being arranged
inside the fix conical body portions (32, 34); a plurality of
upper balls (24) and lower balls (26) respectively uni-
formly arranged around the rotary conical body portion
(28) and around the rotary cylindrical body portion (30),
in contact with the rotary body portions (28, 30) and with
the fix body portions (32, 34); a balls holder (22) main-
taining the upper balls (24) and the lower balls (26) in a
free of rotation state, said balls holder (22) arranged free
of contact with the rotary body (14).
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates to rotary knobs, and more
particularly to rotary knobs with inertia effect that serve
as input devices for automotive systems.

BACKGROUND OF THE INVENTION

[0002] Multifunctional switches with an indicator, in
which a plurality of functions can be selected and vali-
dated through rotation of a dial knob exist and are com-
monly implemented in automotive environment for in-
stance to control the air conditioning or a High Fidelity
system. Said switches are typically built on an electronic
printed circuit board. A tubular cylindrical core is fixed on
the PCB, and serves as a primary guide for a bushing
thatis placed over said cylindrical core. An external rotary
knob, accessible to an operator, is placed over the bush-
ing. The switch is in mechanical and electrical connection
with the PCB and the rotation of the knob selects various
functions.

[0003] Onecommon problem to all solutions is the lack
of inertia effect which simulates massive rotary wheel
and in terms provides a high perceive quality

[0004] Itis therefore important to propose a new solu-
tion to increase safety for pedestrian.

SUMMARY OF THE INVENTION

[0005] According to the invention, a rotary knob com-
prises a rotary body comprising a rotary body portion of
conical configuration extending to a rotary bottom body
portion of cylindrical configuration, both rotary portions
extending along a vertical axis defining the rotational axis
of the rotary knob; the rotary conical body portion extend-
ing from its large end to its small end, said small end
being merged into the rotary cylindrical body portion; a
fix body comprising a fix body portion of hollow conical
configuration extending to a fix body portion of hollow
cylindrical configuration, both fix portions extending
along the vertical axis; the fix conical body portion ex-
tending from its large end to its small end, said small end
being merged into the fix cylindrical body portion; the
rotary conical body portion being arranged inside the fix
conical body portion; the rotary cylindrical body portion
being arranged inside the fix cylindrical body portion; a
plurality of upper balls uniformly arranged around the ro-
tary conical body portion, in contact with the rotary conical
body portion, and in contact with the fix conical body por-
tion; a plurality of lower balls uniformly arranged around
the rotary cylindrical body portion, in contact with the ro-
tary cylindrical body portion, and in contact with the fix
cylindrical body portion; a balls holder maintaining upper
and lower balls in a free of rotation state, said balls holder
arranged free of contact with the rotary body; such that
balls are rotating in the balls holder when the knob is
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rotationally operated.

[0006] The balls holder may comprise a ring part ar-
ranged around the rotary cylindrical body portion. The
balls holder may comprise a plurality of two lowers arms
extending vertically from the ring part along the rotary
cylindrical body portion, each lower balls being retained
between two lower arms by means of bumps, such that
each of two lower arms forming a lower ball cage. The
balls holder may comprise a plurality of two uppers arms
extending from the ring part in a vertical direction along
the rotary conical body portion, each upper balls being
retained between two upper arms by means of bumps,
such that each of two upper arms forming an upper ball
cage.

[0007] Each of upper balls may be aligned with a lower
ball in the vertical direction along the rotary body, i.e.
each of upper balls may be arranged at a same relative
angular position around the rotational axis than a lower
ball.

[0008] The outer surface of the rotary body may com-
prise a plurality of uniform grooves extending in the ver-
tical direction along the outer surface of the rotary body,
regularly arranged around the outer surface of the rotary
body and in direct contact with the plurality of upper balls
and/or the plurality of lower balls; such that the rotary
body comprises a wavy surface providing haptic effect
while the knob is rotationally operated. The plurality of
uniform grooves may be arranged on the outer surface
of the rotary cylindrical body portion such that said plu-
rality of uniform grooves is in direct contact with the plu-
rality of lower balls.

[0009] The rotary body may comprises a detent ring
arranged about the rotational axis at the bottom end of
the rotary cylindrical body portion, said detent ring coop-
erating with aresilient means of the fix body, said resilient
means being configured to engage the detent ring,
wherein the detent ring comprises a pattern of alternating
grooves and ridges, wherein the resilient means are bi-
ased towards the pattern, and wherein rolling of the plu-
rality of balls onto the uniform grooves of the rotary body
is configured to be synchronized with the movement of
resilient means within grooves of the detent ring pattern
while the knob is rotationally operated.

[0010] The plurality of upper balls may be a plurality of
steel balls and the plurality of lower balls may be a plu-
rality of elastomer balls.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Other features, objects and advantages of the
invention will become apparent from reading the detailed
description thatfollows, and the attached drawings, given
by way of example and in which:

- Figure 1 is a schematic perspective view of a rotary
knob according to one embodiment of the invention.

- Figure 2 is a schematic exploded perspective view
of the rotary knob of figure 1.
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- Figure 3 is schematic perspective view in a transver-
sal cut of the rotary knob of figure 1.

- Figure 4 is a schematic perspective view of the balls
holder of the rotary knob of figure 1.

DETAILED DESCRIPTION OF THE PREFFERED EM-
BODIMENTS

[0012] In order to facilitate the description, and in a
non-limiting manner, a vertical axis V is defined. "Low",
"High", "Above", "Below", "Lower" and "Higher" orienta-
tions are defined in the vertical direction.

[0013] According to figure 1 and figure 2, a rotary knob
10 that serves as input devices for automotive systems,
as for instance volume control for audio system or tem-
perature setting for air-conditioning system, is shown.
The rotary knob 10 may also be used for any other ap-
plications even in other technical domain than the auto-
motive domain.

[0014] The rotary knob 10 comprises along a vertical
axis V an upper cap 12 configured to be rotated by a
finger of an operator about a rotational axis A, and a
rotary body 14 configured to rotate about the rotational
axis A. Here the rotational axis A corresponds to the ver-
tical axis V. The upper cap 12 is configured to be attached
at the top end of the rotary body 14. The rotary knob 10
further comprises a detent ring 16 configured to be
mounted at the bottom end of the rotary body 14 and
comprising teeth for angular position detection of the ro-
tary knob 10. The detent ring 16 is configured to be
snapped with the rotary body 14. The rotary knob 10 fur-
ther comprises a rotary detection system (not shown)
cooperating with the teeth, as for instance light barrier
system.

[0015] The rotary knob 10 comprises a fix body 18, or
housing, configured to hold the rotary body 14. The fix
body 18 comprises a ring spring 20 in contact with the
detent ring 16 that prevents preload in the vertical direc-
tion. The ring spring 20 may be replaced by any of resilient
means as long as it prevents preload in the vertical di-
rection. The fix body 18 may be a part of a front panel of
a vehicle.

[0016] According to one embodiment of the invention,
the rotary knob 10 comprises also a balls holder 22 com-
prising a plurality of upper balls 24 and a plurality of lower
balls 26. The plurality of upper balls 24 and the plurality
of lower balls 26 are configured to be arranged around
the rotary body 14, and configured to roll in the balls hold-
er 22 against the rotary body 14 and the fix body 18 when
the rotary knob 10 is operated in rotation. In other words,
the plurality of upper balls 24 and the plurality of lower
balls 26 are rotating simultaneously in the balls holder
22 when the knob 10 is rotationally operated.

[0017] More in details, according to figure 2 and figure
3, the rotary body 14 comprises a rotary body portion of
conical configuration 28 extending to a rotary bottom
body portion of cylindrical configuration 30, both rotary
28, 30 portions extending along the vertical axis V defin-

10

15

20

25

30

35

40

45

50

55

ing the rotational axis A of the rotary knob 10. More par-
ticularly, the conical configuration and the cylindrical con-
figuration are the shapes configuration of the outer sur-
face of the rotary body 14.

[0018] The rotary conical body portion 28 extends from
its large end to its small end. The large end of the rotary
conical body portion 28 is the top end of the rotary body
14 wherein the upper cap 12 can be arranged. The rotary
conical body portion 28 is provided at its large end with
a short annular outwardly extending flange on which the
upper cap 12is placed. The small end of the rotary conical
body portion 28 is merged into the rotary cylindrical body
portion 30 such that the small end of the rotary conical
body portion 28 defines the diameter of the rotary cylin-
drical body portion 30.

[0019] The fix body 18 comprises a fix body portion of
hollow conical configuration 32 extending to a fix body
portion of hollow cylindrical configuration 34, both fix por-
tions 32, 34 extending along the vertical axis V. The fix
conical body portion 32 extends from its large end to its
small end, said small end being merged into the fix cy-
lindrical body portion 34. In other words, the fix body 18
comprises a vertical opening including a conical cavity
merged with a cylindrical cavity; wherein the small end
of the conical cavity define the diameter of the cylindrical
cavity.

[0020] The rotary body portions 28, 30 are configured
to be arranged inside the fix body portions 32, 34.
[0021] More particularly, according to figure 3, the ro-
tary conical body portion 28 is arranged inside the fix
conical body portion 32 and the rotary cylindrical body
portion 30 is arranged inside the fix cylindrical body por-
tion 34. In order to retain the rotary body 14 inside the fix
body 18, and in order to provide rotation of the rotary
body 14 within the fix body 18, the plurality of upper balls
24 are uniformly arranged around the rotary conical body
portion 28, in contact with the rotary conical body portion
28, and in contact with the fix conical body portion 32.
As the plurality of upper balls 24 is retained in between
the outer surface of the rotary conical body portion 28
and the inner surface of the fix conical body portion 32,
the plurality of upper balls 24 serves as bearing in vertical
direction and radial direction, ensuring the rotary body
14 centering and hard stop of the rotary body 14 when
pushed down. The plurality of lower balls 26 is uniformly
arranged around the rotary cylindrical body portion 30,
in contact with the rotary cylindrical body portion 30, and
in contact with the fix cylindrical body portion 34 such
that the plurality of lower balls 26 serves as bearing in
radial direction, transverse to the vertical direction, and
provides inertia moment.

[0022] The balls holder 22 maintains the plurality of
upper balls 24 and the plurality of lower balls 26 in a free
of rotation state. The balls holder 22 is arranged free of
contact with the rotary body 14 such that sliding frictions
between the balls holder 22 and the rotary body 14 are
avoided. Preferably, the balls holder 22 is also free of
contact with the fix body 18 for the same reasons. Thus
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according to one embodiment, the balls holder 22 is free
of contact with other parts of the rotary knob 10, such
that sliding frictions of the balls holder 22 when the rotary
knob 10 is rotationally operated are avoided.

[0023] Preferably,inorderto optimize inertia effectand
providing a smooth rotation features, the plurality of up-
per balls 24 is a plurality of steel balls and the plurality
of lower balls 26 is a plurality of elastomer balls as rubber
balls. Inertia moment is optimum with lower rubber balls
due to the deformation of rubber balls during rotation op-
eration of the rotary knob 10.

[0024] According to one embodiment of the invention,
the detent ring 16 is arranged about the rotational axis A
at the bottom end of the rotary cylindrical body portion
30. The detent ring 16 cooperates with the resilient
means of the fix body 18, said resilient means being con-
figured to engage the detent ring 16.

[0025] More particularly, the resilient means compris-
es the ring spring 20. The ring spring 20 is arranged bout
the rotational axis A. The ring spring 20 comprises at
least two bumps 36, 38 diametrically opposed engaged
with the detent ring 16 and two attach means 40, 42 di-
ametrically opposed configured to be fixed on the fix body
18 (see figure 1). More particularly, the detent ring 16
comprises a pattern 44 of alternating regularly grooves
46 and ridges 48 extending around the rotational axis A,
wherein the bumps 36, 38 of the ring spring 20 are biased
towards said 44 pattern such that a rotary operation of
the knob 10 causes the ring spring bumps 36, 38 to deflect
and strike the grooves 46 and ridges 48 of the pattern 44
that provides a haptic effect.

[0026] According to figure 4, the balls holder 22 com-
prises aring part 50 arranged around the rotary cylindrical
body portion 30. The ring part 50 is arranged at the junc-
tion between the rotary cylindrical body portion 30 and
the small end of the rotary conical body portion 28.
[0027] In order to maintain the plurality of lower balls
26, the balls holder 22 comprises a plurality of two lower
arms 52 extending vertically from the ring part 50 along
the rotary cylindrical body portion 30 in direction of the
bottom end of the rotary cylindrical body portion 30, each
lower balls 26 being retained between two lower arms
52 by means of bumps, such that each of two lower arms
52 forming a lower ball cage. The bumps of each lower
cage are oriented to the nest of the cage. The space
inside each lower cage, or nest of the lower cage, is a
bitlarger than each lower ball 26 diameter such thateach
lower ball 26 is free to rotate inside the lower cage and
such that it compensate lower balls 26 deformation dur-
ing rotation.

[0028] In order to maintain the plurality of upper balls
24, the balls holder 22 comprises a plurality of two uppers
arms 54 extending from the ring part 50 in a vertical di-
rection along the rotary conical body portion 28, in the
direction of the large end of the rotary conical body portion
28, each upper balls 24 being retained between two up-
per arms 54 by means of bumps, such that each of two
upper arms 54 forming an upper ball cage. The bumps
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of each upper cage are oriented to the nest of the upper
cage. The space inside each upper cage, or nest of the
upper cage, is a bit larger than each upper ball 24 diam-
eter such that each upper ball 24 is free to rotate inside
the upper cage.

[0029] In the context of the invention, it should be un-
derstood that the expression "extending in a vertical di-
rection along the rotary conical body portion 28", means
extending in a vertical plan of the rotational axis A, in the
direction of the large end of the rotary conical body portion
28 and in an oblique manner relative to the vertical axis
V similar to the vertical extension of the conical outer
surface of the rotary conical body portion 28.

[0030] According to one embodiment of the invention,
the plurality upper balls 24 is arranged around the rota-
tional axis A, in a perpendicular plane of the rotational
axis A. There are six upper balls 24 uniformly arranged
around the rotational axis A, i.e. each upper ball 24 is
spaced by 60° from one another upper ball 24. The plu-
rality of lower balls 26 is arranged around the rotational
axis A, in another perpendicular plane of the rotational
axis A. There are six lower balls 26 uniformly arranged
around the rotational axis A, i.e. each lower ball 26 is
spaced by 60° from one another lower ball 26.

[0031] Thus, according to one embodiment of the in-
vention, the balls holder 22 comprises only six upper cag-
es and six lower cages that respectively retained the six
upper balls 24 and the six lower balls 26.

[0032] According to one embodiment of the invention,
each of upper balls 24 is aligned with a lower ball 26 in
the vertical direction along the rotary body 14. It means
that each of upper balls 24 is arranged at a same relative
angular position around the rotational axis A than alower
ball 26. Thus, according to one embodiment of the inven-
tion, each of upper cages is aligned with a lower cage in
the vertical direction along the rotary body 14.

[0033] In other words, it means that according to a rel-
ative angular position around the rotational axis A, the
six upper balls 24 are respectively arranged at a 0°, 60°,
120°, 180°, 240°, and 300° angular position, and accord-
ing to the same relative angular position around the ro-
tational axis A, the six lower balls 26 are respectively
arranged ata 0°,60°, 120°, 180°, 240°, and 300° angular
position.

[0034] According to one embodiment of the invention,
the upper balls 24 are all similar, and the lower balls 26
are all similar. More particularly, the upper balls 24 may
have the same diameter than lower balls 26 such that
the nest of each upper cage and lower cage of the balls
holder 22 are all similar.

[0035] To provide a better haptic effect than the one
obtained by the ring spring 20 cooperating with the detent
ring 16, a plurality of uniform grooves 56 are regularly
arranged vertically on the outer surface of the rotary cy-
lindrical body portion 30 and all around the outer surface
of the rotary cylindrical body portion 30 such that said
plurality of uniform grooves 56 is in direct contact with
the plurality of lower balls 26. According to said arrange-
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ment of uniform grooves 56, the outer surface of the ro-
tary cylindrical body portion 30 comprises a wavy surface
providing haptic effect while the knob 10 is rotationally
operated.

[0036] When combined with the haptic effect provided
by the detent ring 16 together with the ring spring 20,
rolling of the plurality of lower balls 26 onto the uniform
grooves 56 of the outer surface of the rotary cylindrical
body portion 30 is configured to be synchronized with the
movement of the bumps 36, 38 of the ring spring 20 within
the grooves 46 of the detent ring pattern 44 while the
knob 10 is rotationally operated.

[0037] Optionally, or additionally, other uniform
grooves 56 may be also arranged on the outer surface
of the rotary conical body portion 28 and all around the
outer surface of the rotary conical body portion 28 in a
vertical direction, such that the plurality of uppers balls
24 is in direct contact with said other uniform grooves 56.
According to said arrangement of other uniform grooves
56, the outer surface of the rotary conical body portion
28 comprises awavy surface providing haptic effect while
the rotary knob 10 is rotationally operated.

Claims
1. Rotary knob (10) comprising:

a rotary body (14) comprising a rotary body por-
tion of conical configuration (28) extending to a
rotary bottom body portion of cylindrical config-
uration (30), both rotary portions (28, 30) extend-
ing along a vertical axis (V) defining the rotation-
al axis (A) of the rotary knob (10); the rotary con-
ical body portion (28) extending from its large
end to its small end, said small end being
merged into the rotary cylindrical body portion
(30);

a fix body (18) comprising a fix body portion of
hollow conical configuration (32) extending to a
fix body portion of hollow cylindrical configura-
tion (34), both fix portions (32, 34) extending
along the vertical axis; the fix conical body por-
tion (32) extending from its large end to its small
end, said small end being merged into the fix
cylindrical body portion (34);

the rotary conical body portion (28) being ar-
ranged inside the fix conical body portion (32);
the rotary cylindrical body portion (30) being ar-
ranged inside the fix cylindrical body portion
(34);

a plurality of upper balls (24) uniformly arranged
around the rotary conical body portion (28), in
contact with the rotary conical body portion (28),
and in contact with the fix conical body portion
(32);

a plurality of lower balls (26) uniformly arranged
around the rotary cylindrical body portion (30),

10

15

20

25

30

35

40

45

50

55

in contact with the rotary cylindrical body portion
(30), and in contact with the fix cylindrical body
portion (34);

a balls holder (22) maintaining the plurality of
upper balls (24) and the plurality of lower balls
(26) in a free of rotation state, said balls holder
(22) arranged free of contact with the rotary body
(14);

such that balls are rotating in the balls holder
(22) when the rotary knob (10) is rotationally op-
erated.

Rotary knob (10) according to the preceding claim
characterized in that the balls holder (22) compris-
es

aring part (50) arranged around the rotary cylindrical
body portion (30);

a plurality of two lowers arms (52) extending verti-
cally from the ring part (50) along the rotary cylindri-
cal body portion (30), each lower balls (26) being
retained between two lower arms (52) by means of
bumps, such that each of two lower arms (52) form-
ing a lower ball cage;

a plurality of two uppers arms (54) extending from
the ring part (50) in a vertical direction along the ro-
tary conical body portion (28), each upper balls (24)
being retained between two upper arms (54) by other
means of bumps, such that each of two upper arms
(54) forming an upper ball cage.

Rotary knob (10) according to any one of the pre-
ceding claims characterized in that each of upper
balls (24) is aligned with a lower ball (26) in the ver-
tical direction along the rotary body (14).

Rotary knob (10) according to any one of the pre-
ceding claims characterized in that outer surface
of the rotary body (14) comprising a plurality of uni-
form grooves (56) extending in the vertical direction
along the outer surface of the rotary body (14), reg-
ularly arranged around the outer surface of the rotary
body (14) and in direct contact with the plurality of
upper balls (24) and/or the plurality of lower balls
(26);

such that the rotary body (14) comprises a wavy sur-
face providing haptic effect while the rotary knob (10)
is rotationally operated.

Rotary knob (10) according to claim 4 characterized
in that the plurality of uniform grooves (56) are ar-
ranged on the outer surface of the rotary cylindrical
body portion (30) such that said plurality of uniform
grooves (56) is in direct contact with the plurality of
lower balls (26).

Rotary knob (10) according to any one of the claims
4 or 5 characterized in that the rotary body (14)
comprises a detent ring (16) arranged about the ro-



9 EP 3 614 411 A1

tational axis (A) at the bottom end of the rotary cy-
lindrical body portion (30), said detent ring (16) co-
operating with a resilient means (20) of the fix body
(18), said resilient means (20) being configured to
engage the detent ring (16), wherein the detent ring
(16) comprises a pattern (44) of alternating grooves
(46) andridges (48), wherein theresilient means (20)
are biased towards the pattern (44), and wherein roll-
ing of the plurality of balls (24, 26) onto the uniform
grooves (56) of the rotary body (14) is configured to
be synchronized with the movement of the resilient
means (20) within grooves (46) of the detent ring
(16) pattern (44) while the rotary knob (10) is rota-
tionally operated.

Rotary knob (10) according to any one of the pre-
ceding claims characterized in that the plurality of
upper balls (24) is a plurality of steel balls.

Rotary knob (10) according to any one of the pre-
ceding claims characterized in that the plurality of
lower balls (26) is a plurality of elastomer balls.
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