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(54) Speed controller for aperture closing elements and method for controlling speed of said 
elements

(57) The present invention refers to a speed control-
ler for an aperture closing element, and to a method for
controlling speed of said element.

According to the invention, a speed controller for an
aperture closing element (31) that is movable between
a first position wherein said aperture is closed by said
closing element (31) and a second position wherein said
aperture is at least partly opened comprises a movable
member (5) adapted to be associated to a portion of said

closing element (31), and a movement transmission as-
sembly (11, 18, 19, 20). Said speed controller is charac-
terised in that said transmission assembly (11, 18, 19,
20) comprises, in combination, a motor-dynamo (20) and
a one-way clutch (18) arranged such that a first move-
ment can be transferred from the movable member (5)
to said motor-dynamo and a second movement, opposed
to said first movement, can be transferred from said mo-
tor-dynamo (20) to the movable member (5).
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Description

[0001] The present invention refers to a speed control-
ler for an aperture closing element, and to a method for
controlling speed of said element.
[0002] Nowadays a large variety of aperture closing
members like doors, shutters, panels and the like are
automated or controlled in at least one of their opening/
closing movements. A common example of such kind of
automated closing members is represented by sliding
doors, used at the entrance of a room or as furniture
doors.
[0003] A known technical problem of sliding doors is
linked to the first and second fundamental principles of
dynamics, i.e. their mass influences greatly the force that
a user or an automatic actuator has to apply to such doors
to open or close them starting from a door static position.
In addition, it is also a problem to efficiently control the
speed of a sliding door closing movement, at least in the
last part thereof, i.e. when the door is approaching its
fully closed position, in order to avoid that such door
slams against the frame structure on which it is slidably
mounted.
[0004] Automatic sliding doors are driven by complex
mechanisms generally comprising an electric motor and
a chain for transferring an opening/closing movement to
the door. Such arrangements are rather cumbersome
and cannot be applied on a frame structure where space
is limited, like those characterising a furniture article.
Maintenance and a constant electrical power must be
ensured to said arrangements for their efficient working.
Evidently this can constitute a problem and even an im-
portant expense if this type of automatic doors are pro-
vided for a domestic use.
[0005] Some technical solutions have been provided
in the art for solving problems noted above, and in par-
ticular that of controlling speed when a sliding door is to
be closed. A mechanical door check is disclosed in the
European Patent EP 0 363 642 B1 as comprising an input
gear moved by a sliding door and provided for transferring
such movement to a brake by means of a gear train.
Brake means are in the form of a shoe brake wherein
two friction plates are centrifugally movable within a
brake cup for exerting rubbing forces thereby braking the
gear train and consequently the door closing movement.
[0006] A drawback of the above type of door check
consists in that brake cup is progressively worn out by
friction plates thereby reducing the efficiency of the door
check device, as typically happen with shoe brakes. For
restoring full efficiency of such device frequent substitu-
tions of the brake cup and/or friction plates are required
which are not only costly but also undesirable because
they causes the doors, and the relative environment
closed by said doors, to be temporary out of service.
[0007] A further drawback of a check device as dis-
closed in EP 0 363 642 B1 concerns its large dimensions
and noise produced during the brake action exerted by
friction plates on brake cup. For applications in which

only reduced space is available for mounting a check
device, like in a wardrobe for example, a cumbersome
arrangement like that disclosed in the above mentioned
patent cannot easily be applied. In addition, noise pro-
duced by mechanical friction between mechanical com-
ponents and the shoe brake in particular, cannot be tol-
erated in a wardrobe that is usually placed in bedrooms.
[0008] As a partial solution to the above drawbacks it
has been proposed to the market braking devices for
sliding doors wherein braking action is carried out by an
eddy current brake. An embodiment of such devices is
disclosed in the International Patent Application WO
2006/114352. A damping device according to said Patent
Application comprises a sliding member moved by a slid-
ing door and a gear train transforming a linear movement
of the sliding member into a rotational movement of a
disk with an angular speed determined by an appropriate
gear transmission ratio. Said disk is made in an electri-
cally conductive material and rotates facing a plurality of
multipolarized permanent magnets. When disk rotates
magnets creates in the disk eddy currents that opposes
disk movement thereby determining a braking force with-
out having any part in contact and therefore avoiding
wear and tear of brake components.
[0009] A drawback of an eddy current damping device
consists in that the braking force depends essentially on
the disk speed and on the magnetic field intensity. Prac-
tically, the higher is the speed and/or the magnetic field
intensity, the stronger is the braking action. Therefore
such devices need to have well defined transmission
gear ratio in order to transform even a slow linear move-
ment of a sliding member into a quick rotation of the elec-
trically conductive disk. Said transmission gear must be
accurately designed and correctly assembled. Further-
more, intense magnetic fields can be obtained with sev-
eral magnets that are costly and make the device heavy
and mechanically complex to be assembled.
[0010] Damping device disclosed in WO 2006/114352
is designed for exerting a braking force when a sliding
door is to be closed, for this reason the gear train is pro-
vided with a movable wheel that can be moved away
from the other wheels of the train thereby transferring
movement from the sliding member to the eddy current
brake only when such member is moving in one of the
two possible directions, i.e. the direction corresponding
to the door closing movement. A spring element is asso-
ciated to the movable wheel for keeping the latter meshed
with neighbouring wheel and contrasting the moving
away movement.
[0011] Since said movable wheel is moved away by a
rack connected to the sliding member, the eddy current
brake is activated in the first part or the rack movement
when a user opens the sliding door starting from a posi-
tion in which the door is completely closed. This because
a couple of rack teeth has to mesh the moving wheel
before it disengages the neighbouring wheel. Therefore
when a user wants to open a sliding door provided with
a device according to WO 2006/114352, he/she will dis-
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advantageously have not only to overcome the closed
door inertia but also the braking force exerted by the
brake in the first part of the sliding movement.
[0012] In addition said moving wheel can work improp-
erly if the spring member loses its efficiency or breaks
as it can happen after a number of working cycles.
[0013] A drawback common to both devices disclosed
respectively in EP 0 363 642 B1 and in WO 2006/114352
consists in that none of them is suitable for helping the
user when he/she wants to open the sliding door manu-
ally. In fact when a sliding door is in a position fully closing
an aperture, a user has to apply a force sufficiently in-
tense to overcome door weight and friction forces in order
to move such door from its closed position. Considering
that door weight can be relevant specially whether me-
tallic or glass material is used for door structure, it would
be advantageous to have at least such first part of the
door opening movement assisted, so as to reduce forces
that user is requested to apply.
[0014] The aim of the present invention is therefore to
solve the noted problems and thus providing a speed
controller suitable for damping at least the last part of a
closing movement of an aperture closing element and
also suitable for reducing effort requested to a user or to
an automatic actuator for imparting an opening move-
ment to said aperture closing element.
[0015] A further object of the invention is to provide a
versatile speed controller, i.e. a controller whose working
performances can be finely adapted to the features char-
acterising the aperture closing element, like its weight,
its particular use and the gradient of speed to be imposed
to such element.
[0016] Still another object of the invention is to provide
a speed controller for an aperture closing element, like
a furniture door, that greatly reduces wear and tear of
moving parts thereby keeping speed controller perform-
ance constantly high even after a consistent number of
working cycles.
[0017] A further object of the invention is providing a
speed controller having a reduced number of parts and
overall dimensions compared to known type controllers,
the same controller reducing emitted noise and being
extremely reliable.
[0018] Another object of the present invention consists
in providing a speed controller for an aperture closing
element having a simple and reliable mechanical trans-
mission adapted to efficiently allow the same controller
to work as an aperture closing element brake or as an
aperture closing element actuator.
[0019] Still another object of the present invention is
to provide an improved frame structure, like a furniture
article, having at least a door, in particular a sliding door,
whose closing and/or opening movement is assisted by
a speed controller according to the present invention.
[0020] Another object of the invention is to provide a
method for controlling speed of an aperture closing ele-
ment, like a door, and when said element is moved in an
opening direction, both when it is moved in a closing di-

rection.
[0021] Advantages, objects, and features of the inven-
tion will be set forth in part in the description and drawings
which follow and in part will become apparent to those
having ordinary skill in the art upon examination of the
following or may be learned from practice of the invention.
The objects and advantages of the invention may be re-
alised and attained as particularly pointed out in the ap-
pended claims.
[0022] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate a possible embodiment of the invention
and together with the description serve to explain the
principles of the invention.
[0023] In the drawings:
[0024] Figure 1 shows an exploded view of a speed
controller for an aperture closing element according to
the present invention;
[0025] Figure 2 shows in a perspective view speed
controller of figure 1 with a movable member in a first
position corresponding to a closed position of an aperture
closing element;
[0026] Figure 3 shows in a perspective view speed
controller of figure 1 with a movable member in a second
position corresponding to an open position of an aperture
closing element;
[0027] Figure 4 shows in a sectional view a one-way
clutch;
[0028] Figure 5 shows in a perspective view a frame
structure provided with a speed controller according to
the present invention;
[0029] Referring to figure 1, a speed controller for an
aperture closing element comprises a casing 1 made in
two halves 2 and 3 coupled by screw means 10. Said
halves 2, 3 defines a compartment 4 housing a movable
member 5 which is associable, at least temporarily, to an
opening closure element of a frame structure, like a door
of a furniture article, by hook means 6 adapted to clasp
a pin (not shown in the figures) provided on said opening
closure element. Movable member 5 is slidably coupled
to casing 1 through a cam follower 7 and a cam 8 provided
on a inner base wall 9 of each casing half 2, 3. A worm
11 is rotatably coupled to the movable member 5 through
a connector 12 threadly engaged to worm 11 such that
a translational movement of the movable member 5 is
transformed in a rotational movement of worm 11 and
vice versa. Connector 12 has further cam followers 13
coupled to cam 8 so as to be pivotally associated to cas-
ing 1 about said cam followers 13. In this way a rotation
of the movable member 5 relatively to worm 11 is allowed
about cam followers 13. First and second end portions
14, 15 of worm 11 are associated to casing 1 through
bushes 16, 25. Elastic means 17 are coaxially arranged
around worm 11 for pushing movable member 5.
[0030] A one-way clutch 18 is provided on the first end
portion 14 of worm 11 so as to mechanically connect
worm 11 with a gear train 19. Gear train 19 is provided
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for transferring a movement from the worm 11 to a motor-
dynamo 20 and vice versa. The term "motor-dynamo" is
used in the present description for designating a revers-
ible electric machine for converting electrical energy into
mechanical energy and vice versa. Moreover, the term
covers both AC and DC machines. Motor-dynamo 20 is
provided with electrical terminals 28, 29 serving as
means for emitting a current when the motor-dynamo 20
is working as a dynamo, and for receiving a powering
current from a power source when the motor-dynamo 20
is working as a motor.
[0031] One-way clutch 18, whose working operation
will be described here below, is provided for allowing
transfer of a first movement from movable member 5 to
motor-dynamo 20 only when said member 5 moves along
worm 11 from a position wherein the aperture closing
element is at least partly opened (see figure 3) leaving
the aperture partly accessible to a position wherein said
aperture is closed (see figure 2). One way clutch 18 can
also transfer a second movement, opposed to the first
movement, from the motor-dynamo 20 to the movable
member 5 for moving the latter from a first position shown
in figure 2 corresponding to a situation in which said ap-
erture closing element closes said aperture to a second
position, shown in figure 3, wherein the aperture is at
least partly accessible.
[0032] With reference to figure 4, such working oper-
ation is obtained by connecting the end portion 14 of
worm 11 to a cap 21 through a pin 22 and a first wheel
23 of gear train 19 to a spring element 24 which is also
engaged on the cap 21. Wheel 23 is mounted idly with
respect to worm 11, i.e. a clearance is present between
wheel 23 and worm 11. A washer 26 is provided on a
side of wheel 23 to avoid direct contact with worm 11.
Windings of spring element 24 can tight when worm 11
and cap 21 are solidly rotated in a first direction indicated
with arrow A in figure 4, in this way a connection is es-
tablished between cap 21 and wheel 23 via said spring
24 and wheel 23 is driven by worm 11. A rotation of worm
11 and cap 21 in a direction opposite to that indicated
with arrow A in figure 4 will leave wheel 23 idle because
spring windings widen. Evidently when wheel 23 works
as driving wheel a movement is transferred to worm 11
only when wheel 23 rotates in the direction opposite to
that indicated by arrow A in figure 4. When worm 11 is
the driving means, direction A operatively corresponds
to a closing movement of the aperture closing element,
i.e. indicates the rotation of worm 11 when an aperture
closing element is moved for closing such aperture. On
the contrary, when wheel 23 is the driving wheel, a rota-
tion of said wheel 23 in the same direction A leaves the
worm 11 idle. This means that only a rotation of wheel
23 in a direction opposite to that indicated by arrow A
can be transferred to worm 11. This happens when an
opening movement is imparted by motor-dynamo 20 to
the aperture closing element, as it will be disclosed here
below.
[0033] It will be now described the operation of a speed

controller according to the invention with reference to fig-
ures 2 and 3 where the upper half 2 of casing 1 has been
removed.
[0034] In figure 2 speed controller is shown in its rest
position corresponding to a situation wherein the opening
closure element (not shown in figure 2) is closed and the
aperture is not accessible. In this rest position a pin pro-
vided on said closing element is engaged by hook 6 of
movable member 5 and the latter is placed substantially
parallel to worm 11. Elastic means 17 have a minimal
potential energy stored therein. When a user or an auto-
matic actuator moves the closing element in the opening
direction for making the aperture accessible, movable
member 5, dragged by the aperture closing element,
translates along worm 11 guided by cam followers 13
and 7 sliding on cam 8. Connector 12 translates solidly
with member 5 and rotates worm 11 in direction indicated
by arrow B in figure 2 which is opposite to arrow A shown
in figure 4. Since the worm 11 is now the driving means,
the one-way clutch 18 leaves wheel 23 idle, i.e. wheel
23 is not driven by worm 11 and therefore, gear train 19
and motor-dynamo 20 do not receive any movement, and
the speed controller is inactive.
[0035] If it is desired to reduce forces that a user or an
automatic actuator is requested to apply when an open-
ing movement is imparted to an aperture closing element,
motor-dynamo 20 can be powered by any kind of elec-
trical powering means, such as a battery or a main power
supply. Depending on the type of powering means used,
such means can equivalently be incorporated in the
speed controller compartment 4 or placed outside the
casing 1. In this way a movement is transferred from the
motor-dynamo 20, working as an electrical motor, to
worm 11 through gear train 19. Wheel 23 is therefore a
driving wheel rotating in the direction B and imparting the
worm 11 a rotation via one-way clutch 18. As described
above, such rotation of worm 11, which is opposite to
that shown in figure 4 by arrow A, will be transformed by
connector 12 in a translational movement of movable
member 5.
[0036] Sensing means 27 can be provided substan-
tially at the end portions of cam 8 for sensing position
and/or speed of movable member 5 so as to start or stop
powering motor-dynamo 20, respectively, as soon as an
opening movement is imparted to the aperture closing
element and therefore to movable member 5 or as soon
as the aperture closing element disengages from mova-
ble member 5, i.e. when the latter is approaching the end
portion 30 of cam 8, compressing almost completely the
elastic means 17 (figure 3). Sensing means 27 can be
of many known types, like a Hall effect sensor, a micro
switch and the like. In order to power motor-dynamo 20
on and off in response to signals output by sensing means
27, control means (not shown in the figures) can be pro-
vided in signal communication with said sensing means
27. Said control means are suitable to operate powering
means to supply a current to electrical terminals 28, 29
of motor-dynamo 20 and also to dissipate current pro-
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duced on terminals 28, 29, by connecting therebetween
a resistance R>0, or by short-circuiting them, as it will be
diffusely described here after.
[0037] In figure 3 it is shown the speed controller of
figure 2 after that movable member 5 has travelled sub-
stantially along the whole longitudinal run of worm 11 and
has compressed almost completely the elastic means 17
causing it to store potential energy. Cam followers 13
slides on cam 8 which comprises a straight portion par-
allel to longitudinal extension of worm 11 and an end
portion 30 forming an angle with the straight portion. Such
end portion 30 is designed so as to cause movable mem-
ber 5 to rotate about cam follower 7 thereby rotating hook
6 for disengaging the latter from pin provided on the ap-
erture closing element.
[0038] In case an opening translational movement of
movable member 5 is imparted by motor-dynamo 20
working as an electrical motor through gear train 19, as
mentioned above, sensing means 27, placed substan-
tially at the end portion 30 of cam 8, senses presence of
movable member 5 and outputs a signal that is used by
control means for powering motor-dynamo 20 off.
[0039] When the cam follower 13 has reached the end
portion 30 of cam 8, movable member 5 stays in the ro-
tated position reached at the end of cam 8 as shown in
figure 3 until the aperture closing element is engaged
again by hook 6 in the closing movement imparted to
said element by a user or an automatic actuator. Evident-
ly, when the aperture closing element is moved for closing
such aperture, movable member 5 will travel along worm
11 in the opposite direction compare to that described
above, i.e. it will move from the end portion 30 of cam 8
(figure 3) to its rest position shown in figure 2. During its
return movement, i.e. during the closing movement of
the aperture closing element, movable member 5 is not
only dragged by the aperture closing element but it is
also pushed by elastic means 17 that releases its poten-
tial energy. Similarly to what has been already described
above, movable member 5 causes worm 11 to rotate
about its longitudinal axis by means of connector 12. This
rotation takes place in direction of arrow A shown in figure
4. Since worm 11 is now the driving means, one-way
clutch 18 transfer worm 11 rotational movement to wheel
23 and therefore motor-dynamo 20 is activated by gear
train 19. Said motor-dynamo 20 now works as a dynamo,
producing a voltage on its electrical terminals 28, 29. For
braking translational movement of movable member 5,
motor-dynamo 20 works as an electromagnetic brake,
i.e. as a dynamo brake. In other words, voltage produced
on electrical terminals 28, 29 can be used for generating
a current through an electrical resistance R>0 interposed
between terminals 28, 29 and not shown in the drawings.
Such resistance R>0 can also be varied, i.e. adjusted,
by control means during movement of the movable mem-
ber 5 towards its rest position shown in figure 2. In this
way the braking action can be arranged as desired, con-
sidering the weight of the aperture closing element, the
tolerable noise produced by the contact of closing ele-

ment with the frame structure on which the element is
mounted or the speed reached by said closing element
during its closing movement. For example, a constant
resistance R can be set between electrical terminals 28,
29 so as to maintain a constant braking action during the
whole movement of movable member 5 along worm 11,
or, if preferred, terminals 28, 29 can be maintained re-
ciprocally isolated for a first portion of movable member
5 movement and a resistance R can be set between elec-
trical terminals 28, 29 just on the last part of movable
member 5 movement so as to brake suddenly the aper-
ture closing member only when it is approaching the com-
plete closed position.
[0040] It is also possible to short-circuiting terminals
28, 29 to obtain an intense braking action. Intervention
of control means on the resistance R is made evaluating
position and/or speed of movable member 5 through sig-
nals output by sensing means 27. As a further embodi-
ment of the present speed controller, a resistance R of
a specific and predetermined value can be permanently
set between electrodes 28, 29 when the controller is
mounted on an aperture closing element.
[0041] When the aperture closing element has fully
closed the aperture, i.e. the movable member 5 has
reached its rest position shown in figure 2, sensing means
27 outputs a signal to control means so as to interrupt
the action of the latter on electrical terminals 28, 29 of
the motor-dynamo 20. In this way the speed controller
will be ready to assist a user or an automatic actuator
when start performing the next opening movement of the
aperture closing element.
[0042] It is now clear as the present speed controller
is very versatile because it can be adapted to aperture
closing elements different in shape and in weight, and
also to closing elements that are mounted in a variety of
frame structures, like walls, furniture articles, vehicles
and so on. A speed controller according to the invention
can also be applied to already existing aperture opening
elements.
[0043] In figure 5 it is shown a mere example of a pos-
sible application of a speed controller as described be-
fore. A couple of aperture closing elements in the form
of sliding doors 31 are mounted on a frame structure in
the form of a furniture article 32. Each door 31 is provided
with a speed controller connected to a main electrical
energy power supply by means of wires 33. Control
means for controlling working operations of the speed
controller can be stored in a box 34 placed outside the
speed controller. However, said control means can be
also placed within compartment 4 of the speed controller
casing 1.
[0044] In view of the above disclosure, it is evident as
a speed controller according to the present invention can
be arranged and/or operated so as to work either only
as a braking device for reducing speed of an aperture
opening element while closing or both as a breaking de-
vice and as opening assistant for reducing forces that a
user or an automatic actuator has to apply to an aperture
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closing element for starting an opening movement of the
latter. The invention is therefore advantageously suitable
for modifying speed of an aperture closing element as
desired during its opening and/or only during its closing
movement, in particular a deceleration is produced dur-
ing the closing movement and an acceleration of the ap-
erture closing element is produced by the speed control-
ler when an opening movement is initiated.
[0045] It should be also considered as comprised in
the present invention a speed controller having the fea-
tures recited in the appended claims and provided for an
opening closure element pivotally mounted on a frame
structure. If preferred, said speed controller can also be
mounted on an aperture closing element for providing
the same effects described above when the closing ele-
ment is to be closed and/or opened.

Claims

1. Speed controller for an aperture closing element (31)
that is movable between a first position wherein said
aperture is closed by said closing element (31) and
a second position wherein said aperture is at least
partly opened, said controller comprising a movable
member (5) adapted to be associated to a portion of
said closing element (31), and a movement trans-
mission assembly (11, 18, 19, 20), characterised
in that said transmission assembly (11, 18, 19, 20)
comprises, in combination, a motor-dynamo (20)
and a one-way clutch (18) arranged such that a first
movement can be transferred from the movable
member (5) to said motor-dynamo (20) and a second
movement, opposed to said first movement, can be
transferred from said motor-dynamo (20) to the mov-
able member (5).

2. Speed controller according to claim 1 wherein said
first movement corresponds to a movement of said
aperture closing element (31) from its second posi-
tion to its first position.

3. Speed controller according to claim 1 or 2 wherein
said movement transmission assembly (11, 18, 19,
20) comprises: a worm (11) rotatably coupled to the
movable member (5) for transforming a translational
movement thereof in a rotational movement, said
worm (11) being associated to a first portion of said
one-way clutch (18); a gear train (19) associated to
a second portion of said one-way clutch (18) and to
said motor-dynamo (20).

4. Speed controller according to claim 3 comprising
elastic means (17) coaxially arranged around said
worm (11), the elastic means (17) being provided for
pushing said movable member (5).

5. Speed controller according to any claim 1 to 4 where-

in said motor-dynamo (20) comprises short-circuited
electrical terminals (28, 29).

6. Speed controller according to any claim 1 to 4 where-
in said motor-dynamo (20) comprises electrical ter-
minals (28, 29) and at least one electrical resistance
R>0 placed therebetween.

7. Speed controller according to any preceding claim
wherein said motor-dynamo (20) comprises electri-
cal terminals (28, 29) electrically connected to con-
trol means adapted to adjust electrical resistance R
between said electrical terminals (28, 29).

8. Speed controller according to any preceding claims
comprising sensing means (27) adapted to sense
position and/or speed of said movable member (5).

9. Speed controller according to claims 7 and 8 wherein
said sensing means (27) are in signal communica-
tion with said control means so as to drive the motor-
dynamo (20) in response to position and/or speed
of the movable member (5).

10. Speed controller according to any preceding claim
further comprising powering means electrically con-
nected to said motor-dynamo (20) for driving said
movable member (5) so as to move said aperture
closing element (31) from the first to the second po-
sition.

11. Method for controlling speed of an aperture closing
element characterised by comprising the following
step: (a) detecting whether a movable member (5)
associated to an aperture closing element (31) is
moving from a first position wherein said aperture is
closed to a second position wherein said aperture is
at least partly opened or in the opposed direction;
(b) powering a motor-dynamo (20) so as to acceler-
ate the closing element (31) towards said second
position if in step (a) a movement of the movable
member (5) toward said second position has been
detected, or dissipating electric power generated by
a motor-dynamo (20) providing a resistance R≥0 be-
tween electrical terminals (28, 29) of said motor-dy-
namo (20) if in step (a) a movement of the movable
member (5) toward said first position has been de-
tected.

12. Method according to claim 11 wherein step (a) is
carried out by sensing means (27) and step (b) is
carried out by control means in signal communica-
tion with said sensing means (27).

13. Method according to claim 12 wherein the resistance
R is adjusted by said control means until the movable
member (5) is stopped.
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14. Frame structure comprising at least one aperture
closing element (31) and a speed controller accord-
ing to any claim 1 to 10.

15. Frame structure according to claim 14 character-
ised by being a furniture article (32) wherein said at
least one aperture closing element (31) is a door
slidably coupled to said frame structure.
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