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(54) VACUUM AIR PUMP AND GLASS-WIPING APPARATUS

(57) A vacuum air pump and a glass-wiping device
are provided. The air pump comprises a driving motor
(2), an air pump body (1) and a piston air pump member
(15), a rotating shaft (3) is provided in the air pump body,
the driving motor transmits power to the rotating shaft via
a transmission mechanism, a rotating wheel is fixed on
the rotating shaft, a diameter-variable annular limitation
groove (5) is formed in the rotating wheel; at least two
piston air pump members are provided around the air
pump body, a piston rod of each of the members is pro-
vided with a rolling element (6) at the end thereof, the
rolling element is embedded in the annular limitation
groove, the rotating shaft drives the rotating wheel to ro-
tate, and the rolling element rolls within the diameter-
variable annular limitation groove in the circumferential
direction of the rotating shaft to thereby drive the piston
rod (7) to make a reciprocating movement depending on
the size change in radius of the diameter-variable annular
limitation groove. The present invention may change the
number of the piston air pump members so as to keep
the structure simple and compact while increasing the
air flow rate of the air pump, the piston rod performs a
reciprocating movement uniformly and stably, and a plu-
rality of pairs of the piston air pump members are installed
at the same height, thereby reducing the volume in the
shaft direction of the vacuum air pump.
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Description

Field of the Invention

[0001] The present invention relates to a vacuum air
pump and a glass-wiping device, belonging to the tech-
nical field of mechanical manufacturing.

Back ground of the prior art

[0002] A glass-wiping robot in the prior art automati-
cally cleans a glass by allowing a suction cup on the
bottom of the machine body to be adsorbed onto the
glass. The vacuum degree in the suction cup is generated
by the vacuum air pump constantly performing pumping.
The vacuum air pump in the prior art generally accom-
plishes the vacuum-pumping motion such that a motor
drives two symmetrically installed pistons to perform re-
ciprocating movement. Fig. 1 is a structural perspective
view of the vacuum air pump in the prior art; and Fig. 2
is a sectional view of the vacuum air pump in the prior
art. As shown in Fig. 1 in combination with Fig. 2, the
vacuum air pump includes two cylinders A and B each
having one air inlet hole 100A or 100B and one air outlet
hole 200A or 200B, wherein the air inlet holes 100A and
100B are connected to the suction cup, and a balancing
weight 300 is installed on the motor shaft 500 by over-
lapping with an eccentric shaft 400 radially, and wherein
a bearing cone is fixed to the eccentric shaft 400, a bear-
ing cup is fixed to the piston rods 600A and 600B, and
the two piston rods 600A and 600B are disposed oppo-
sitely, and thus when the motor 700 rotates, the two pis-
ton rods 600A and 600B will make an expand and con-
tract movement oppositely by the driving of the bearing
300 so that the two air cylinders A and B perform air
inhaling and air exhausting respectively to pump con-
stantly in the suction cup to maintain the vacuum degree
therein.
[0003] The above vacuum air pump uses only a pair
of pistons for vacuum pumping and thus the air flow of
the air pump is small, and if the suction cup is lifted by
particles on the glass surface, it will lose the vacuum
degree soon, thereby making the machine body fall off
the glass surface. If the air flow of the air pump increases,
the suction cup may recovery the vacuum degree imme-
diately even if air leakage occurs, thereby preventing the
machine body from falling off. The air flow of the air pump
may be increased by increasing the number of the air
pumps, and according to the current way, it can be
achieved only by stacking the piston rods on the motor
shaft. As a result, the vacuum air pump will have a larger
shaft length, and thus has a complicated and non-com-
pact structure, which will significantly affect the appear-
ance and volume of the glass-wiping robot.

Summary of the Invention

[0004] With view of the above, the present invention

provides a vacuum air pump and a glass-wiping device,
in which the vacuum air pump may increase the number
of piston air pump members as needed and may keep
the structure simple and compact while increasing the
air flow rate of the air pump. Even if the suction cup is
lifted by particles on the glass surface, it will not lose the
vacuum degree soon for the reason that the air flow rate
of the vacuum air pump is so large that the glass-wiping
device using the above-mentioned vacuum air pump ef-
fectively prevents the phenomenon that the machine
body of the glass-wiping device falls off the glass surface.
[0005] The technical problem is solved by the following
technical solutions of the present invention.
[0006] A vacuum air pump comprises a driving motor,
an air pump body and a piston air pump member provided
on the air pump body, a rotating shaft is provided in the
air pump body, the driving motor transmits power to the
rotating shaft through a transmission mechanism, a ro-
tating wheel is fixed on the rotating shaft, a diameter-
variable annular limitation groove is formed in one side
surface of the rotating wheel; at least two piston air pump
members are provided around the air pump body, a pis-
ton rod of each of the piston air pump members is pro-
vided with a rolling element at the end thereof, the rolling
element is embedded in the diameter-variable annular
limitation groove, the rotating shaft drives the rotating
wheel to rotate, and the rolling element rolls in the cir-
cumferential direction of the rotating shaft within the di-
ameter-variable annular limitation groove, thereby driv-
ing the piston rod to perform a reciprocating movement
depending on the size change in radius of the diameter-
variable annular limitation groove.
[0007] As needed, the diameter-variable annular limi-
tation groove is an eccentric groove, an irregularly-
shaped groove or an elliptical groove.
[0008] The piston air pump members are provided
around the air pump body in pairs. The pair number of
the piston air pump members may be one to three.
[0009] In order to adjust the air flow rate of the vacuum
air pump as needed while keeping the simple and com-
pact structure of the vacuum air pump, a plurality of pairs
of the piston air pump members are uniformly provided
at regular angle and interval in the circumferential direc-
tion of the eccentric wheel.
[0010] For reducing wear, the rolling element may be
a bearing or a roller.
[0011] For ease of arrangement, the outer shape of
the air pump body is a polygon prism or a cylinder.
[0012] For the stable connection of the piston air pump
members with the air pump body, the air pump body is
provided with positioning grooves, the positions of which
correspond to the positions where the piston air pump
members are provided and the shapes of which corre-
spond to the outline shapes of the piston air pump mem-
bers.
[0013] The present invention also provides a glass-
wiping device comprising a suction unit and a walking
unit, the glass-wiping device sucks onto the glass surface
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through the suction unit, the suction unit includes a suc-
tion cup and a vacuum air pump, and the vacuum air
pump supplies a vacuum suction force for the suction
cup, wherein the vacuum air pump is the above-men-
tioned vacuum air pump.
[0014] As needed, various transmission mechanisms
may be used to transmit the power from the driving motor
to the rotating shaft, for example, the transmission mech-
anism may comprise a synchronous wheel provided on
the shaft of the driving motor and a synchronous belt
wheel provided on the rotating shaft, wherein the syn-
chronous wheel and the synchronous belt wheel are con-
nected to each other via a synchronous belt; and the
transmission mechanism may also comprise a driving
gear provided on the shaft of the driving motor and a
driven gear provided on the rotating shaft, wherein the
driving gear and the driven gear are engaged with each
other.
[0015] From the above, the present invention provides
a vacuum air pump in which the number of the piston air
pump members may be increased as needed, and a plu-
rality of the piston air pump members are connected to
the air pump body through the diameter-variable annular
limitation groove including the eccentric groove, the ir-
regularly-shaped groove and the elliptical groove and the
rolling element for keeping the structure simple and com-
pact while increasing the air flow rate of the air pump,
which both ensures that the piston rods each perform a
reciprocating movement uniformly and stably and en-
sures that the plurality of pairs of the piston air pump
members are installed at the same height, significantly
reducing the volume in the shaft direction of the vacuum
air pump,
[0016] The technical solutions of the present invention
will be described in detail with reference to the following
accomplishing drawings and specific embodiments.

Description of attached drawings

[0017]

Fig 1 is a structural perspective view of a vacuum air
pump in the prior art;
Fig 2 is a sectional view of the vacuum air pump in
the prior art;
Fig. 3 is an exploded structural view of the first em-
bodiment of the present invention;
Fig. 4 is a sectional view of the first embodiment of
the present invention;
Fig. 5 is a structural view of an assembly of the first
embodiment of the present invention;
Fig. 6 is a structural view of an assembly of the sec-
ond embodiment of the present invention;
Fig. 7 is a structural view of a diameter-variable an-
nular limitation groove of the third embodimentof the
present invention; and
Fig. 8 is a structural view of a diameter-variable an-
nular limitation groove of the fourth embodiment of

the present invention.

Detailed Description of Preferred Embodiments

First Embodiment

[0018] Fig. 3 is an exploded structural view of the first
embodiment of the present invention; Fig. 4 is a sectional
view of the first embodiment of the present invention; and
Fig. 5 is a structural view of an assembly of the first em-
bodiment of the present invention. As shown in Figs. 3
to 5, the present invention provides a vacuum air pump
comprising a driving motor 2, an air pump body 1 and a
piston air pump member 15 provided on the air pump
body 1, wherein a rotating shaft 3 is provided in the air
pump body 1, the driving motor 2 transmits power to the
rotating shaft 3 through a transmission mechanism, and
a rotating wheel is fixed on the rotating shaft 3. A diam-
eter-variable annular limitation groove 5 is formed on one
side surface of the rotating wheel and may use various
shapes, and in the present embodiment, the rotating
wheel is an eccentric wheel 4 and thus the diameter-
variable annular limitation groove 5 formed on one side
surface of the eccentric wheel 4 is round. Four piston air
pump members 15 are provided around the air pump
body 1, the piston rod 7 of each of the piston air pump
members 15 is provided with a rolling element 6 at the
end thereof, the rolling element 6 is embedded in the
diameter-variable annular limitation groove 5, the rotat-
ing shaft 3 drives the eccentric wheel 4 to rotate, and the
rolling element 6 rolls in the circumferential direction of
the rotating shaft 3 within the diameter-variable annular
limitation groove 5, thereby driving the piston rod 7 to
perform a reciprocating movement. For reducing wear,
the rolling element 6 may be a bearing or the roller.
[0019] In order to adjust the air flow rate of the vacuum
air pump while maintaining the simple and compact struc-
ture of the vacuum air pump if necessary, a plurality of
the piston air pump members 15 are uniformly provided
in the circumference direction of the eccentric wheel 4 at
a regular angle and interval. The piston air pump mem-
bers 15 may be provided in pairs around the air pump
body 1, and the pair number may be one to three. That
is, the number of the piston air pump members 15 pro-
vided around the air pump body 1 is either an odd number
or an even number. Generally, when the diameter-vari-
able annular limitation grooves 5 have a regular shape,
the piston air pump members 15 are provided in pairs
(i.e., the number of the piston air pump members 15 is
an even number) around the air pump body 1 so that the
strain applied to the output shaft of the motor is uniform;
and when the diameter-variable annular limitation
grooves 5 have an irregular shape, the piston air pump
members 15 may be not provided in pairs (i.e., the
number of the piston air pump members 15 is an odd
number) around the air pump body 1. In this case, it will
be appreciated that they may be also provided in pairs.
For ease of arrangement, the outer shape of the air pump
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body 1 is a polygon prism or a cylinder. In the embodi-
ments shown in Figs. 3 to 5, the outer shape of the air
pump body 1 is a quadrangular prism. Two pairs of piston
air pump members 15 are provided (i.e., the number of
the piston air pump members 15 is four) in the four di-
rections of the air pump body 1.
[0020] As shown in Fig. 3, in order for the reliable con-
nection of the piston air pump members 15 with the air
pump body 1, the air pump body 1 is provided with posi-
tioning grooves 9, the positions of which correspond to
the positions where the piston air pump members 15 are
provided and the shapes of which correspond to the outer
shapes of the piston air pump members 15. If necessary,
various transmission mechanisms may be used to trans-
mit power from the driving motor 2 to the rotating shaft
3. For example, the transmission mechanism in the
present embodiment comprises a synchronous wheel 10
provided on the shaft of the driving motor 2 and a syn-
chronous belt wheel 11 provided on the rotating shaft 3,
wherein the wheels 10 and 11 are connected to each
other via a synchronous belt 12.
[0021] As shown in Figs. 3 to 5, the operation process
of the vacuum air pump of the present invention is as
follows: when the vacuum air pump starts to operate, the
driving motor 2 rotates, and its output shaft drives the
rotating shaft 3 to rotate via the synchronous wheel 10,
the synchronous belt 12 and the synchronous belt wheel
11. While the rotating shaft 3 rotates, the rolling element
6 (i.e., bearing or roller) embedded in the diameter-var-
iable annular limitation groove 5 rolls in the circumferen-
tial direction of the rotating shaft 3 within the diameter-
variable annular limitation groove 5, thereby driving the
piston rod 7 to perform a reciprocating movement. Spe-
cifically, as the rolling element 6 rolls in the circumferen-
tial direction of the rotating shaft 3 within the diameter-
variable annular limitation groove 5, the distance from
the end of the piston rod 7 to the rotating center of the
eccentric wheel 4 varies in different directions of the ec-
centric circumference of the eccentric wheel. With the
propulsive force from the inside of the outer wall of the
diameter-variable annular limitation groove 5, the end of
the piston rod 7 is pulled towards the rotating center of
the eccentric wheel 4 so that the piston rod 7 is gradually
extended to the maximum length; and with the propulsive
force from the outside of the inner wall of the diameter-
variable annular limitation groove 5, the end of the piston
rod 7 is pulled away from the rotating center of the ec-
centric wheel 4 so that the piston rod 7 is gradually re-
tracted to the minimum length. Four piston rods 7 pro-
vided around the air pump body 1 perform the recipro-
cating movement in turns, thereby accomplishing vacu-
um pumping. As shown in Fig. 5, four piston air pump
members 15 provided around the air pump body 1 are
indicated by the numbers 1, 2, 3 and 4 respectively in
the clockwise direction. When the eccentric wheel 4 ro-
tates once, each of the cylinders connected to the ec-
centric wheel 4 performs the reciprocating movement for
one time, and the four cylinders indicated by the numbers

1, 2, 3 and 4 each accomplish four states of air in, hold,
hold and air out sequentially, hereby completing the vac-
uum pumping. During the motion process as discussed
above, the diameter-variable annular limitation grooves
5 provide both driving and limiting functions.

Second Embodiment

[0022] Fig. 6 is a structural view of the assembly of the
second embodiment of the present invention. As shown
in Fig. 6, the difference of the present embodiment from
the first embodiment is: in the present embodiment, the
piston air pump members 15 are provided in three pairs,
i.e., six piston air pump members 15 indicated by the
numbers 1 to 6 are provided uniformly around the air
pump body 1. For the reason that the number of the piston
air pump members 15 becomes greater, the outer shape
of the air pump body 1 is a cylinder, for ease of arrange-
ment.
[0023] In addition, the transmission mechanism in the
present embodiment has a different structure from that
of the first embodiment, and comprises a driving gear
provided on the shaft of the driving motor 2 and a driven
gear provided on the rotating shaft 3, wherein the driving
gear and the driven gear are engaged with each other.
[0024] Other technical features of the present embod-
iment are substantially the same as those of the first em-
bodiment and their detailed description can be consulted
in in the first embodiment and will be omitted herein.

Third Embodiment

[0025] Fig. 7 is a structural view of a diameter-variable
annular limitation groove of the third embodiment of the
present invention. As shown in Fig. 7, the diameter-var-
iable annular limitation groove in the present embodiment
is an irregularly-shaped groove 1000. The piston air
pump members 15 are provided around the air pump
body in plural pairs, the piston rod 7 of each of the piston
air pump members 15 is provided with a rolling element
at the end, the rolling element is embedded in the irreg-
ularly-shaped groove 1000, the rotating shaft drives the
rotating wheel to rotate, and the rolling element rolls with-
in the irregularly-shaped groove 1000 in the circumfer-
ential direction of the rotating shaft to thereby drive the
piston rod 7 to make a reciprocating movement depend-
ing on the size change in radius of the irregularly-shaped
groove 1000.

The Fourth Embodiment

[0026] Fig. 8 is a structural view of a diameter-variable
annular limitation groove of the fourth embodiment ac-
cording to the present invention. As shown in Fig. 8, the
diameter-variable annular limitation groove in the present
embodiment is an elliptical groove 2000. The piston air
pump members 15 are provided around the air pump
body in plural pairs, the piston rod 7 of each of the piston
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air pump members 15 is provided with a rolling element
at the end, the rolling element is embedded in the elliptical
groove 2000, the rotating shaft drives the rotating wheel
to rotate, and the rolling element rolls within the elliptical
groove in the circumferential direction of the rotating
shaft, due to that the elliptical groove 2000 has long and
short axes, to thereby drive the piston rod 7 to make a
reciprocating movement depending on the size change
in long and short axes of the elliptical groove 2000. In
particular, when the elliptical groove 2000 is symmetrical
with respect to the rotating shaft and the piston air pump
members 15 are provided symmetrically in pairs and at
two sides of the elliptical groove 2000, the piston rods 7
provided symmetrically are always on the equal-diame-
ters (such as, the long axis or the short axis) of the ellip-
tical groove simultaneously such that two sides of the
rotating shaft are stressed equally to thereby achieve a
better shock-absorbing effect.
[0027] The present invention also provides a glass-
wiping device comprising a suction unit and a walking
unit, the glass-wiping device sucks onto the glass surface
through the suction unit, the suction unit includes a suc-
tion cup and a vacuum air pump, and the vacuum air
pump supplies a vacuum suction force for the suction
cup, wherein the vacuum air pump is any one of the vac-
uum air pumps present in the above-mentioned embod-
iments.
[0028] From the above, the present invention provides
a vacuum air pump in which the number of the piston air
pump members may be increased as needed so as to
adjust the air flow rate of the vacuum air pump; and a
plurality of pairs of the piston air pump members are con-
nected to the air pump body through the diameter-vari-
able annular limitation groove including the eccentric
groove, the irregularly-shaped groove and the elliptical
groove and the rolling element for keeping the structure
simple and compact while increasing the air flow rate of
the air pump, which both ensures that the piston rods
each make a reciprocating movement uniformly and sta-
bly and ensures that the plurality of pairs of the piston air
pump members are installed at the same height, signif-
icantly reduces the height in the shaft direction of the
vacuum air pump, makes the structure more compact
and thus saves space. Even if the suction cup is lifted by
particles on the glass surface, it will not lose the vacuum
degree soon due to that the air flow rate of the vacuum
air pump is large, so that the glass-wiping device using
the above-mentioned vacuum air pump effectively pre-
vents the phenomenon that the machine body of the
glass-wiping device falls off the glass surface.

Claims

1. A vacuum air pump comprises a driving motor (2),
an air pump body (1) and a piston air pump member
(15) provided on the air pump body, characterized
in that, a rotating shaft (3) is provided in the air pump

body (1), the driving motor (2) transmits power to the
rotating shaft (3) via a transmission mechanism, a
rotating wheel is fixed on the rotating shaft (3), a
diameter-variable annular limitation groove (5) is
formed in one side surface of the rotating wheel; at
least two piston air pump members (15) are provided
around the air pump body (1), a piston rod (7) of each
of the piston air pump members (15) is provided with
a rolling element (6) at the end thereof, the rolling
element (6) is embedded in the diameter-variable
annular limitation groove (5), the rotating shaft (3)
drives the rotating wheel to rotate, and the rolling
element (6) rolls within the diameter-variable annular
limitation groove (5) along the circumferential direc-
tion of the rotating shaft (3) to thereby drive the piston
rod (7) to make a reciprocating movement depending
on the size change in radius of the diameter-variable
annular limitation groove.

2. The vacuum air pump of Claim 1, characterized in
that, the diameter-variable annular limitation groove
(5) is an eccentric groove, an irregularly-shaped
groove or an elliptical groove.

3. The vacuum air pump of Claim 1, characterized in
that, the piston air pump members (15) are provided
around the air pump body (1) in pairs.

4. The vacuum air pump of Claim 3, characterized in
that, the piston air pump members (15) are well-
distributed provided in the circumferential direction
of the rotating wheel at an equal angel interval.

5. The vacuum air pump of Claim 3, characterized in
that, the pair number of the piston air pump members
(15) is one to three.

6. The vacuum air pump of Claim 5, characterized in
that, the outer shape of the air pump body (1) is a
polygon prism or a cylinder.

7. The vacuum air pump of Claim 4, characterized in
that, the air pump body (1) is provided with a posi-
tioning groove (9), the position of the positioning
groove (9) corresponds to the position where the pis-
ton air pump member (15) is provided, and the shape
of the positioning groove (9) corresponds to the outer
shape of the piston air pump member (15).

8. The vacuum air pump of Claim 1, characterized in
that, the transmission mechanism comprises a syn-
chronous wheel (10) provided on the shaft of the
driving motor and a synchronous belt wheel (11) pro-
vided on the rotating shaft (3) ,wherein the synchro-
nous wheel (10) and the synchronous belt wheel (11)
are connected to each other via a synchronous belt
(12).
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9. The vacuum air pump of Claim 1, characterized in
that, the transmission mechanism comprises a driv-
ing gear provided on the shaft of the driving motor
and a driven gear provided on the rotating shaft,
wherein the driving gear and the driven gear are en-
gaged with each other.

10. The vacuum air pump of Claim 1, characterized in
that, the rolling element (6) is a bearing or a roller.

11. A glass-wiping device comprises a suction unit and
a walking unit, the glass-wiping device is adsorbed
onto the glass surface through the suction unit, the
suction unit includes a suction cup and a vacuum air
pump, and the vacuum air pump supplies a vacuum
suction force for the suction cup, characterized in
that, the vacuum air pump is the vacuum air pumps
of any one of Claims 1 to 10.
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