
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

54
3 

80
7

A
1

TEPZZ 54¥8Z7A_T
(11) EP 2 543 807 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
09.01.2013 Bulletin 2013/02

(21) Application number: 11425180.4

(22) Date of filing: 06.07.2011

(51) Int Cl.:
E05F 15/04 (2006.01) F15B 15/06 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(71) Applicant: Isaf Bus Components S.r.l.
21020 Mornago (VA) (IT)

(72) Inventors:  
• Sessa, Massimo

20143 Milano (IT)
• Turcatti, Gianni

20143 Milano (IT)

(74) Representative: Leihkauf, Steffen Falk et al
Jacobacci & Partners S.p.A. 
Via Senato 8
20121 Milano (IT)

(54) Rotary actuator for moving a swivel swing door, particularly in vehicles

(57) A rotary actuator (1) for moving a swivel swing
door (2), particularly for vehicles, said rotary actuator (1)
defining a rotation axis (3) and comprising a fluid dynamic

linear actuator (4) and a screw drive (8) wherein a rotor
shaft (10) of the screw drive forms a part of the cylinder
(5) of the linear actuator.
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Description

[0001] The present invention relates to a rotary actu-
ator for moving a swivel swing door, particularly for ve-
hicles, such as buses and trains.
[0002] The swivel swing door for a vehicle, such as a
bus, is connected by means of swivel arms to a rotary
column and can be displaced, by a rotational and lifting
movement of the rotary column, to a closing and locking
position in which locking means of the door and swing
frame are engaged. The movement of the rotary column
is carried out by means of a rotary actuator which com-
prises a linear actuator and a screw drive which turns the
actuator linear movement into a rotary movement.
[0003] DE3705369 describes a know example of a ro-
tary actuator for moving a swivel swing door in a vehicle,
wherein the linear actuator comprises a fluid dynamic
piston-cylinder unit and the screw drive is formed exter-
nally of the linear actuator and comprises a female screw
member which accommodates a cam shaft by the inter-
position of a set of spheres. The connection of the piston
to the female screw member is carried out by means of
a stem extending from the piston within the cylinder to
the female screw member outside of the cylinder.
[0004] In this known solution, the stroke of the piston,
and accordingly the shortest length of the hydrodynamic
cylinder-piston unit adds to the length and diameter of
the screw drive which are necessary to achieve the ro-
tation angle and torsional moment as required by the
particular application. This makes the actuator axially and
radially bulky and often incompatible with the narrow
spaces provided in the areas of the transport means
doors.
[0005] Furthermore, the spheres interposed between
the female screw member and the cam shaft only partially
work under rolling friction and cause a considerable
amount of sliding friction which results in energy dissipa-
tion and wear phenomena, which, in turn, make it nec-
essary to further increase both the drive stroke (due to a
reduction in the thread pitch) and the cam shaft diameter.
[0006] The object of the present invention is thus to
provide a rotary actuator for moving a swivel swing door,
particularly for vehicles, such as buses, having such
characteristics as to overcome the drawbacks mentioned
with reference to the prior art.
[0007] Within the primary object, a particular object of
the invention is to provide a rotary actuator which is more
compact in terms of length and/or width.
[0008] A still further object of the invention is to provide
a rotary actuator having a simplified and sturdy structure
which is efficient in terms of power consumption.
[0009] This and other objects are achieved by means
of a rotary actuator for moving a swivel swing door, par-
ticularly for vehicles, said rotary actuator defining a rota-
tion axis and comprising:

- a fluid dynamic linear actuator with a cylinder defin-
ing an annular pressure chamber therein and an an-

nular piston accommodated within the pressure
chamber in a sliding manner parallel to the rotation
axis,

- a screw drive with a stator which is fastened such
as not to rotate about the rotation axis and connected
to the piston such as to translate together with the
piston in a parallel direction to the rotation axis, as
well as a rotor shaft engaged by the stator by means
of one or more revolving members and configured
such as to rotate about the rotation axis in response
to the translation of the stator,

[0010] wherein the rotor shaft forms an inner surface
of the cylinder and directly defines the pressure chamber
and the piston is in a sealing sliding contact with this inner
surface.
[0011] Due to the integration of the rotor shaft in the
structure of the fluid dynamic cylinder a reduction is ob-
tained both in the axial and radial dimensions of the ac-
tuator as compared with the rotary actuators of the prior
art, as well as the total elimination of at least one wall of
the fluid dynamic cylinder. This results in considerable
structural simplification of the actuator as well as saving
of material and working time required for assembling the
same.
[0012] In order to better understand the invention and
appreciate the advantages thereof, several exemplary
and non-limiting embodiments thereof will be described
below with reference to the drawings, in which:
[0013] Fig. 1 is a perspective view of a rotary actuator
mounted to the door of a transport means;
[0014] Fig. 2 is a view of a rotary actuator according
to an embodiment, wherein an outer wall has been re-
moved;
[0015] Fig. 3 is a view of a rotary actuator according
to an embodiment, wherein an outer wall and a stator
have been removed;
[0016] Fig. 4 shows an enlarged detail of the actuator
in Fig. 3;
[0017] Fig. 5 is a cross-sectional view of a revolving
body of the rotary actuator according to an embodiment;
[0018] Fig. 6 is a cross-sectional view of a screw drive
of the rotary actuator according to an embodiment;
[0019] Fig. 7 is a longitudinal sectional view of a rotary
actuator according to an embodiment in a first operating
configuration (retracted piston);
[0020] Fig. 8 is a longitudinal sectional view of the ro-
tary actuator of Fig. 7 in a second operating configuration
(forward piston);
[0021] Fig. 9 is a longitudinal sectional view of a rotary
actuator according to a further embodiment.
[0022] With reference to the figures, a rotary actuator
1 for moving a swivel swing door 2, particularly for vehi-
cles, is generally referenced 1.
[0023] The rotary actuator 1 defines a rotation axis 3
and comprises a fluid dynamic linear actuator 4 with a
cylinder 5 defining an annular pressure chamber 6 there-
in and an annular piston 7 accommodated within the pres-
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sure chamber 6 in a sliding manner parallel to the rotation
axis 3. The rotary actuator 1 further comprises a screw
drive 8 with a stator 9 being fastened such as not to rotate
about the rotation axis 3 and connected to the piston 7
such as to translate together with the piston 7 in a direc-
tion parallel to the rotation axis 3, as well as a rotor shaft
10 engaged with the stator 9 by means of one or more
revolving members 11 and configured such as to rotate
about the rotation axis 3 in response to the translation of
the stator 9. The rotor shaft 10 provides an inner surface
12 of the cylinder 5 and directly defines the pressure
chamber 6, the piston 7 being in sealing sliding contact
to the inner surface 12.
[0024] As the rotor shaft 10 is incorporated within the
structure of cylinder 5 a reduction in the axial and radial
dimensions, as well as the complete elimination of at least
one cylinder fluid dynamic wall are obtained for the ac-
tuator 1 as compared with prior art rotary actuators. This
results in a considerable structural simplification and in
a saving of both material and processing and assembling
times.
[0025] In accordance with an embodiment, the rotor
shaft 10 is co-axially integrated in the actuator fluid dy-
namic 4 and the inner surface 12 provides an inner cir-
cumferential surface of the annular pressure space 6.
[0026] The concentrical arrangement of the rotor shaft
10 within the linear actuator 4 relative to the annular pres-
sure chamber 6 minimizes the outer diameter of the pres-
sure chamber, with the axial pressure surface and diam-
eter of the rotor shaft 10 being equal, and allows defining
the annular pressure chamber 6 by means of a simple
outer tubular wall 13 which is radially positioned outside
the rotor shaft 10.
[0027] In accordance with a further aspect of the in-
vention, the fluid dynamic actuator 4 can be configured
as a double-effect actuator wherein the pressure cham-
ber 6 is divided by the piston 7 into a first pressure cham-
ber 6A and a second pressure chamber 6B which are
arranged on opposite sides of the piston 7. In this case,
the rotor shaft 10 can directly define a part of both first
6A and second 6B pressure chambers. Advantageously,
also the translatable stator 9, the revolving members 11
and a cam surface 14 (or race) engaged by them are
accommodated within the annular pressure chamber 6.
[0028] Thereby, the area in which the translational mo-
tion is turned into a rotary motion is completely enclosed
within the pressure chamber 6 of the fluid dynamic linear
actuator 4, thereby allowing to provide one outer housing
15 only for the entire rotary actuator 1, the side and end
walls thereof being capable of directly defining also the
pressure chamber.
[0029] This further reduces the overall axial dimen-
sions of the rotary actuator, simplifies and makes the
structure thereof lighter and facilitates processing and
assembly thereof.
[0030] In accordance with a further embodiment, the
revolving members 11 comprise a pin 16 being provided
at the translating stator 9 and a bush 17 pivotally sup-

ported on the pin by means of the interposition of a set
of (cylindrical) rolls and having a cam-follower surface
18 which engages by rolling contact the cam surface 14
provided in the rotor shaft 10.
[0031] The arrangements of the pin 16 and cam-sur-
face 14 on the rotor shaft 10 and on the translating stator
9 can be inverted according to the particular design re-
quirements and design choices.
[0032] The revolving members 11 are thus provided
by (cylindrical) rolling bearings, the inner support thereof
(pin 16) being connected to the stator 9 and the outer
ring (bush 17) thereof forming the cam-follower surface
18 in contact to the cam surface 14 of the rotor shaft 10
or vice versa.
[0033] Advantageously, the orientation of the pin 16
or, in other words, the local rolling axis of the bush 17 is
substantially radial relative to the rotation axis 3 which,
in turn, corresponds to the longitudinal axis of the rotor
shaft 10.
[0034] Two revolving members 11 may be provided in
diametrally opposite positions relative to the rotation axis
3 or three revolving members with 120° angular pitch.
[0035] The cam-follower surface 18 is advantageously
convex or rounded in the direction of the rolling axis to
eliminate the sliding friction due to the rolling differential
between the radially outer area of the bush and the ra-
dially inner area thereof.
[0036] In accordance with one exemplary embodi-
ment, the actuator 1 comprises an outer housing 15 pro-
vided by a tubular wall 13 and two opposite head walls
19 connected to each other and to the tubular wall 13 by
means of a plurality of preferably three tie rods 20. The
head walls 19 radially support the rotor shaft 10, by
means of roller bearings 21, and axially, by means of one
or two axial roller bearings 22 enclosed within fifth wheels
against which a shoulder 23 of the rotor shaft 10 is abut-
ted. The tie rods 20 axially extend at an angular pitch
(either constant, e.g. of 120° or irregular depending on
the inner space conditions of the device) through the an-
nular pressure chamber 6 provided between the outer
tubular wall 13 and the rotor shaft 10 and provide trans-
lation and anti-rotation guides for the piston 7. At least
one, preferably both head walls 19 have a central hole
through which at least one end 24 is extended, preferably
both opposite ends 24 of the rotor shaft 10 outside the
housing 15. The ends 24 of the rotor shaft 10 can be
either grooved or profiled such as to allow an integral
connection with a swivel arm 25 of a door 2.
[0037] At the head walls 19 or at the outer wall 13 brack-
ets 26 can be provided for securing the rotary actuator 1
to a utility, particularly a vehicle, for example a bus or
railway wagon.
[0038] The piston 7 can comprise an annular body that
can be either single-piece or made of several pieced
joined to each other, which forms:

- an outer circumferential surface 27, preferably with
one or more seats accommodating outer annular

3 4 



EP 2 543 807 A1

4

5

10

15

20

25

30

35

40

45

50

55

gaskets 28, for sliding and sealing engagement with
an outer surface of the cylinder formed by the tubular
wall 13,

- an inner circumferential surface 29, preferably with
one or more seats accommodating inner annular
gaskets 30, for sliding and sealing engagement with
the inner surface 12 of the cylinder formed by the
rotor shaft 10,

- as well as a plurality of preferably three axial holes
31, which are possibly provided with annular gaskets
32, which accommodate the axial tie rods 20 to fas-
ten the piston 7 such as not to be capable of rotating
about the rotation axis 3.

[0039] The translatable stator 9 can comprise a tubular
portion that provides the stator and can be formed either
as one piece with the piston 7 or connected thereto inte-
grally in rotation (for example by means of a key 33).
[0040] At an end area of the pressure chamber 6 being
defined by the cam surface 14 of the screw drive (and,
accordingly, not involved in the movement of the piston)
an (annular) filling body 34 can be advantageously pro-
vided which is suitable to reduce, in this area, the volume
that can be filled with pressure fluid, with the axial length
of the end area (Fig. 7,8) being equal. This allows a fast
emptying and a fast pressurization of the fluid volume,
e.g. compressed air in that area (for example, during the
return-stroke of the piston), without any requirement of
sealingly isolating the area from the remaining part of the
pressure chamber.
[0041] Thereby, a further structural simplification is ob-
tained as compared with prior art solutions.
[0042] The return stroke of the piston 7 can be obtained
by means of pneumatic or hydrodynamic control (pres-
surization of the second pressure chamber 6B in the case
of a double-effect actuator (shown in the drawings) or,
alternatively, by means of a return spring acting on the
piston (not illustrated).
[0043] In accordance with a further aspect of the in-
vention, the linear actuator 4 comprises a pneumatic
dampening system that slows down the movement of the
piston 7 when it enters an end-of-stroke area.
[0044] In an embodiment, the cylinder 5 provides a first
duct 35 for feeding and draining the pressure fluid, which
communicates with a first opening in the pressure cham-
ber 6 and a second feed and drain duct 36 communicating
with a second opening in the pressure chamber, wherein
the second duct 36 has a throttled section (by means of
an adjustment screw 37) relative to the section of the first
duct 35. Furthermore, the piston 7 provides an isolating
annular wall 38 which is adapted to sealingly engage an
isolating annular seat 39 (which is possibly provided with
a gasket) when the piston 7 enters the end-of-stroke area.
The isolation annular seat 39 extends between the first
opening and the second opening such that, when the
piston 7 enters within the end-of-stroke area, the engage-
ment of the isolating wall 38 with the isolating seat 39
separates an air volume within the pressure chamber 6

from the first opening and forces it to pass only through
the second opening and the second duct 36 with the throt-
tling. Thereby, the speed of the piston 7 is damped when
approaching the end-of-stroke thereof.
[0045] In accordance with an embodiment, the second
duct 36 is connected to the first duct 35 at a downstream
location (drain direction) of the throttling, such as to allow
a feeding and a pressurization of the pressure fluid (com-
pressed air) through the first duct 35 and first opening,
thereby avoiding any undesired slowing down during the
initial phases of the movement of piston 7, and accord-
ingly of the door being operated.
[0046] As shown in Fig. 7 and 8, this concept and the
structure of the pneumatic damper described herein can
be similarly implemented in both pressure chambers 6A,
6B of a double-effect actuator.
[0047] In accordance with a further embodiment (Fig.
9), at one or both axial ends of the cam surface 14 there
is provided a stop surface 40 against which the revolving
members 11 or the stator 9 are abutted when the end of
a first length 41 of the stroke of the stator 9 (or the piston
7) intended to rotate the rotor shaft 10 is reached. When
the stator 9 moves past the end of a first length and enters
a second length 42 of stroke intended to translate or lift
the rotor shaft 10, the axial engagement between the
revolving members 11 or the stator 9 and the stop surface
40 causes the rotor shaft 10 to translate axially along with
the stator 9 until the total end-of-stroke is reached (rep-
resented in Fig. 9 by the abutment surface 43 for example
of an upper fifth wheel 22.
[0048] When the stator 9 is in the first length 41 of
stroke (length dedicated to rotation) the axial translation
of the rotor shaft 10 results to be prevented from the
gravity force applied for example by the door connected
to the rotor shaft, by a return spring (not illustrated) bias-
ing the rotor shaft axially from a stopped position or by a
counter-surface being shaped such as to allow for the
axial displacement of the rotor shaft 10 only to a prede-
termined angular position which corresponds to the com-
pletion of the rotational movement thereof.
[0049] Thereby, the rotary actuator 1 provides both to
rotation and translation of the rotor shaft 10 in two well-
distinct steps, and then to the orientation, locking lifting
and release lowering of the door to which it is mounted.
[0050] Advantageously, sensors of axial and angular
positions can be mounted to the housing 15 of the rotary
actuator 1 and interact to the end/s 24 of the rotor shaft
10 which project outwards from the housing 15. These
sensors can comprise e.g. potentiometric, mechanic, op-
tical ad/or inductive sensors.
[0051] The rotary actuator of the present invention has
a number of advantages, particularly it has reduced axial
and radial dimensions, a sturdy, though simplified and
lightened structure as well as a high energy efficacy in
turning the translational movement produced by the lin-
ear actuator into a rotational movement of the rotor shaft.
[0052] Obviously, to the rotary actuator according to
the present invention, those skilled in the art, aiming at
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meeting specific and contingent requirements, will be
able to carry out further modifications and variations, all
being encompassed within the scope of protection of the
invention, such as defined by the following claims.

Claims

1. A rotary actuator (1) for moving a door (2) particularly
a swivel swing door, particularly for vehicles, said
rotary actuator (1) defining a rotation axis (3) and
comprising:

- a fluid dynamic linear actuator (4) with a cylin-
der (5) internally defining an annular pressure
chamber (6), an annular piston (7) accommo-
dated within the pressure chamber (6) in a slid-
ing manner parallel to the rotation axis (3),
- a screw drive (8) having a stator (9) fastened
such as not to rotate about the rotation axis (3)
and connected to the piston (7) such as to trans-
late along with the piston (7) in the direction par-
allel to the rotation axis (3), and a rotor shaft (10)
being engaged with the stator (9) by means of
one or more revolving members (11) and con-
figured such as to rotate about the rotation axis
(3) in response to the translation of the stator (9),
characterized in that the rotor shaft (10) pro-
vides an inner surface (12) of the cylinder (5)
and directly defines the pressure chamber (6)
and in that the piston (7) is in sealing sliding
contact with said inner surface (12).

2. The rotary actuator (1) according to claim 1, wherein
the rotor shaft (10) is co-axially connected in the fluid
dynamic actuator (4) and the inner surface (12) pro-
vides an inner circumferential surface of the annular
pressure space (6).

3. The rotary actuator (1) according to claim 1 or 2,
wherein the linear actuator (4) is configured such as
a double-effect actuator and the pressure chamber
(6) is divided from the piston (7) into a first pressure
chamber (6A) and a second pressure chamber (6B)
and wherein the rotor shaft (10) directly defines a
part of the first (6A) and second (6B) pressure cham-
bers.

4. The rotary actuator (1) according to any preceding
claim, wherein the translatable stator (9), the revolv-
ing members (11) and a cam surface (14) engaged
by the revolving members (11) are also arranged
within the annular pressure chamber (6).

5. The rotary actuator (1) according to any preceding
claims, wherein the revolving members (11) com-
prise roller bearings with an inner support (16) con-
nected to the stator (9) and an outer ring (17) forming

a cam-follower surface (18) in contact with a cam
surface (14) of the rotor shaft (10) or vice versa.

6. The rotary actuator (1) according to claim 5, wherein
the cam-follower surface (18) is rounded in the di-
rection of a rolling axis thereof.

7. The rotary actuator (1) according to any preceding
claims, comprising an outer housing (15) formed by
a tubular wall (13) and two opposite head walls (19),
wherein the head walls (19) support the rotor shaft
(10) both in a radial manner by means of roller bear-
ings (21) and in an axial manner by means of at least
one axial roller bearing (22).

8. The rotary actuator (1) according to claim 7, wherein
the head walls (19) are connected to each other by
means of a plurality of tie rods (20) axially extending
through the annular pressure chamber (6) formed
between the outer tubular wall (13) and the rotor shaft
(10) and forming translational and anti-rotation
guides for the piston (7).

9. The rotary actuator (1) according to claim 7, wherein
each of the head walls (19) has a central hole through
which the two opposite ends (24) of the rotor shaft
(10) extend outwards of the housing (15).

10. The rotary actuator (1) according to claim 8, wherein
the piston (7) comprises an annular body forming:

- an outer circumferential surface (27) in sliding
and sealing contact with the tubular wall (13),
- an inner circumferential surface (29) in sliding
and sealing contact to the inner surface (12) of
the cylinder being formed by the rotor shaft (10),
- a plurality of axial holes (31) accommodating
the axial tie rods (20),
- a tubular portion forming the translatable stator
(9).

11. The rotary actuator (1) according to any preceding
claim, wherein in an end area of the pressure cham-
ber (6) being defined by a cam surface (14) of the
screw drive there is arranged a filling body (34) which
reduces the volume that can be filled with the pres-
sure fluid, with the axial length of the end area being
equal.

12. The rotary actuator (1) according to any preceding
claim, wherein the linear actuator (4) comprises a
pneumatic dampening system which slows down the
movement of the piston (7) when it enters an end-
of-stroke area.

13. The rotary actuator (1) according to claim 12, where-
in the cylinder (5) forms:
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- a first duct (35) for feeding and draining the
pressure fluid in communication with a first
opening in the pressure chamber (6), and
- a second feeding and drain duct (36) in com-
munication with a second opening within the
pressure chamber (6), wherein the second duct
(36) has a throttled section relative to the section
of the first duct (35),
and wherein the piston (7) forms an isolation wall
(38) such that, when the piston (7) enters the
end-of-stroke area, it sealingly engages an iso-
lation seat (39) extending between the first
opening and the second opening such as to sep-
arate an air volume within the pressure chamber
(6) from the first opening and forcing the latter
to be vented only through the second opening
and second duct (36).

14. The rotary actuator (1) according to claim 13, where-
in the second duct (36) is connected to the first duct
(35) at a point downstream the throttling as viewed
in the draining direction.

15. The rotary actuator (1) according to any preceding
claim, wherein the rotor shaft (10) forms a stop sur-
face (40) against which the revolving members (11)
or the stator (9) are abutted when the end of a first
length (41) of the stroke of the stator (9) is reached
and wherein, when the stator (9) moves past the end
of the first length and enters a second length (42) of
the stroke thereof, the rotor shaft (10) axially trans-
lates together with the stator (9) until reaching a total
end-of-stroke, wherein the rotary actuator (1) com-
prises means that prevent an axial translation of the
rotor shaft (10) when the stator (9) is within the first
length (41) of stroke.
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