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(54) MULTISTAGE PNEUMATIC MOTOR

(57) A multistage pneumatic motor includes a shell
(1) and a power output main shaft (2). The shell (1) is
provided with a gas inlet (3) and a gas outlet (4). Two or
more pneumatic motor stages (11, 12, 13) are installed
in the shell (1). The first pneumatic motor stage is com-
municated with the gas inlet (3), and the last pneumatic
motor stage is communicated with the gas outlet (4).
Compressed gas enters the shell (1) through the gas inlet
(3), drives the first pneumatic motor stage, then drives
the next pneumatic motor stage, and is exhausted from
the shell (1) through the gas outlet (4) at last. Every pneu-
matic motor stage is provided with a power output shaft
(112, 122, 132) which is connected to the power output
main shaft (2), so that the powers produced by all pneu-
matic motor stages (11, 12, 13) are jointed together and
then output by the power output main shaft (2). The multi-
stage pneumatic motor improves working efficiency
greatly, saves energy source and reduces noise.

Fig. 3
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a pneumatic
motor which belongs to the field of mechanical engineer-
ing and is used on sites of industrial and mining operation,
and particularly relates to an energy-saving and efficient
multistage pneumatic motor.

BACKGROUND OF THE INVENTION

[0002] A pneumatic motor is a mechanical device
which takes compressed air as a power source, and has
been widely used due to advantages of being light and
safe and etc., and is especially widely used on operation
sites where electricity is not allowed as a power source
and is also a must. Currently used pneumatic motors are
all single stage motors. Wherein, the pneumatic motors
have many forms of structures, comprising a gear-type
motor, a plunger-type motor, a vane-type motor, a screw-
type motor and etc., and the most widely used motor in
industry such as coal mining is the gear-type motor. The
single stage gear-type pneumatic motor is to provide a
pair of gears engaging with each other within a shell, in
which the gear shaft of one gear is a power output shaft
connected with devices such as a reducer and outputs
power. The shell of the gear-type pneumatic motor is
respectively provided with an inlet and an outlet for the
compressed air, and when passing the gear-type pneu-
matic motor, the compressed air pushes the gears of the
motor to rotate, thereby forming power output. However,
current single stage pneumatic motors have a low work-
ing efficiency, the working efficiencies of usual pneumatic
motors are not greater than 30%, and the compressed
air passes a pair of motor gears and then is directly dis-
charged to the air via the gas outlet, while the gas dis-
charged through the gas outlet still has much energy,
thus this results in large energy consumption and low
efficiency, and the energy loss of current pneumatic mo-
tors is about 70%, which renders huge energy waste;
also, discharging such gas with much energy through the
shell of the motor would render much noise and even
squeaking, which is a pollution to operating personnel
and the environment, and does not comply with current
requirements on low carbon, energy saving and environ-
ment protection.

SUMMARY OF THE INVENTION
Technical problems

[0003] To solve the above problems of or at least one
of the above problems of the single stage pneumatic mo-
tors in the prior art such as low efficiency, huge energy
consumption and large noise, the present invention puts
forward the following technical solutions, so that the
pneumatic motors achieve a greatly improved efficiency
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and obviously decreased noise.
Technical solutions

[0004] A multistage pneumatic motor provided by the
present invention comprises a shell and a power output
main shaft, and the shell is provided with a gas inlet and
agas outlet, characterized in that, two or more pneumatic
motor stages are installed in the shell, the first pneumatic
motor stage among the two or more pneumatic motor
stages is communicated with the gas inlet, and the last
pneumatic motor stage is communicated with the gas
outlet, a power gas enters the shell through the gas inlet,
drives the first pneumatic motor stage and then the sec-
ond pneumatic motor stage, then drives the next pneu-
matic motor stage, and is exhausted from the shell
through the gas outlet at last, every pneumatic motor
stage is provided with a power output shaft which is con-
nected to the power output main shaft, so that the powers
produced by all the pneumatic motor stages are jointed
together and then output by the power output main shaft.
[0005] Preferably, the rotating speeds delivered by the
power output shafts of each stage of the pneumatic motor
to the power output main shaft are the same, so that the
powers produced by each stage of the pneumatic motor
are joined forwardly and then outputted by the power
output main shaft.

[0006] The pneumatic motor is a gear motor, a vane
motor, a plunger motor or a screw motor.

[0007] Preferably, when the pneumatic motoris a gear
motor, the shell is provided therein with a first pneumatic
motor stage consisting of a pair of a first-stage motor
gear and a second pneumatic motor stage consisting of
a pair of a second-stage motor gear, one gear shaft of
the first-stage motor gears is the power output shaft of
the first pneumatic motor stage, one gear shaft of the
second-stage motor gears is the power output shaft of
the second pneumatic motor stage, the power output
shaft of the first pneumatic motor stage, the power output
shaft of the second pneumatic motor stage and the power
output main shaft are the same shaft, the first-stage motor
gear and the second-stage motor gear have the same
number of teeth and the same modulus, and the first-
stage motor gear is shorter than that of the second-stage
motor gear, so that the rotating speed of the power output
shaft of the first pneumatic motor stage is the same with
the rotating speed of the power output shaft of the second
pneumatic motor stage.

[0008] Preferably, when the pneumatic motoris a gear
motor, the shell is provided therein with a first pneumatic
motor stage consisting of a pair of a first-stage motor
gear, a second pneumatic motor stage consisting of a
pair of a second-stage motor gear and a third pneumatic
motor stage consisting of a pair of a third-stage motor
gear, and the power output shafts of the first pneumatic
motor stage, the second pneumatic motor stage and the
third pneumatic motor stage are connected with the pow-
er output main shaft through a transmission gear.
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[0009] Furthermore, the first pneumatic motor stage,
the second pneumatic motor stage and the third pneu-
matic motor stage surround the power output main shaft
and are arranged in a circular shape, the power output
main shaft is located at the centre of the respective pneu-
matic motor stages, one gear shaft of each pair of motor
gear stages is the power output shaft of each pneumatic
motor stage, the transmission gear comprises a driving
gear provided on the power output shaft of each pneu-
matic motor stage and a driven gear provided on the pow-
er output main shaft while engaging with the driving gear
of each pneumatic motor stage.

[0010] Preferably, the driving gear provided on the
power output shaft of each pneumatic motor stage is a
gear formed on the power output shaft, so that the power
output shaft of each pneumatic motor stage becomes a
driving gear shaft, and the driving gears on the driving
gear shafts of respective pneumatic motor stages have
the same the modulus and the same number of teeth.
[0011] Or, the first pneumatic motor stage, the second
pneumatic motor stage and the third pneumatic motor
stage are arranged in a linear shape, one gear shaft of
each pair of motor gear stages is the power output shaft
of each pneumatic motor stage, the transmission gear
comprises three first-stage driving gears provided on the
power output shaft of each pneumatic motor stage, two
first-stage driven gears simultaneously engaging with the
first-stage driving gears of the adjacent pneumatic motor
stages, two second-stage driving gear shafts being re-
spectively coaxial with the two first-stage driven gears,
and one second-stage driven gear simultaneously en-
gaging with the two second-stage driving gear shafts,
and the one second-stage driven gear shaft is provided
on the power output main shaft.

[0012] Furthermore, the three first-stage driving gears
have the same modulus and the same number of teeth,
the two first-stage driven gears have the same modulus
and the same number of teeth, and the two second-stage
driving gear shafts have the same modulus and the same
number of teeth.

[0013] Preferably, the first-stage motor gear, the sec-
ond-stage motor gear and the third-stage motor gear
have the same number of teeth and the same gear length,
and the modulus of the gears increase stage by stage
so that the rotating speeds of the power output shafts of
the respective pneumatic motor stages are the same.
[0014] Or,the first-stage motor gear, the second-stage
motor gear and the third-stage motor gear have the same
number of teeth and the same modulus, and the lengths
of the gears increase stage by stage so that the rotating
speeds of the power output shafts of the respective pneu-
matic motor stages are the same.

[0015] Or,the first-stage motor gear, the second-stage
motor gear and the third-stage motor gear have the same
modulus and the same gear length, and the numbers of
the teeth of the gears increase stage by stage so that the
rotating speeds of the power output shafts of the respec-
tive pneumatic motor stages are the same.
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[0016] Preferably, the first pneumatic motor stage, the
second pneumatic motor stage and the third pneumatic
motor stage surround the power output main shaft and
are arranged in a circular shape, the power output main
shaft is located at the centre of the respective pneumatic
motor stages, one gear shaft of each pair of motor gear
stages is the power output shaft of each pneumatic motor
stage, the transmission gear comprises respective trans-
mission gears of the respective motor gear stages with
different reduction ratios and a driven gear provided at
the power output main shaft, and the rotating speeds
delivered from the respective pneumatic motor stages to
the power output main shaft are the same.

Advantageous effects

[0017] For the multistage pneumatic motor provided
according to the present invention, multiple pneumatic
motor stages are provided within the shell, and the pow-
ers at the power output shafts of the multiple pneumatic
motor stages are joined together and then output through
a power output main shaft, that is, multiple pneumatic
motors are connected in series and used jointly, then the
gas energy of the compressed air is fully used, so that
the gas energy discharged out of the pneumatic motor
are lowered to the minimum extent, and the energy of
the compressed air is fully used, thereby improving the
working efficiency of the pneumatic motor and lowering
the noise of the discharged gas. From experiments, the
efficiency of the three-stage pneumatic gear motor pro-
vided by the present invention can be enhanced by 40%-
50% compared with the current single-stage pneumatic
gear motor, and the noise can be lowered by at least 10
decibels based on the prior art.

[0018] The working principle of the multistage pneu-
matic motor of the present invention is as follow: after
the compressed air enters the shell of the multistage mo-
tor, the pressure of the gas lowers while its volume in-
creases after passing each pneumatic motor stage, then,
according to a gas state equation, without considering
temperature changes, the pressure of the gas is in in-
verse proportion to the volume of the gas, that is, the
volume of the gas will increase when the pressure of the
gas lowers. The present invention fully considers the
changes of gas pressure and volume between multistage
motor, and uses many methods to achieve that the ro-
tating speeds delivered from the respective motor stages
to the power output main shaft are substantially the same,
so as to reduce the mutual interference between the re-
spective motor stages and achieve the forward joining of
the powers of the respective pneumatic motor stages,
which greatly enhances the total output power.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Fig. 1 is a schematic diagram of the structure of a
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two-stage pneumatic gear motor of the present in-
vention;

Fig. 2 is a schematic diagram of the structure of a
three-stage pneumatic gear motor of the present in-
vention;

Fig. 3 is a top diagram of the Fig. 2;

Fig. 4 is a schematic diagram of the structure of an-
other three-stage pneumatic gear motor of the
present invention; and

Fig. 5 is a top diagram of the Fig. 4.

DETAILED DESCRIPTION OF THE PRESENT INVEN-
TION

[0020] To more clearly understand the above objects,
features and advantages of the present invention, the
presentinvention will be further described in details here-
inafter in conjunction with the accompanying drawings
and specific embodiments.

[0021] Many specific details are explained in the fol-
lowing description for the convenience of fully under-
standing the present invention, however, the present in-
vention can be implemented with other manners different
from those described herein, and therefore, the present
invention is not limited by the following specific embodi-
ments to be disclosed.

[0022] Embodiment 1: Fig. 1 illustrates the structure of
a two-stage pneumatic gear motor of the present inven-
tion, and the two-stage pneumatic motor comprises a
shell 1 and a power output main shaft 2, and the shell 1
is provided with a gas inlet 3 and a gas outlet 4, charac-
terized in that, the shell 1 is provided therein with two
pneumatic gear motor stages, i.e., a first pneumatic gear
motor stage 11 consisting of a pair of a first-stage motor
gear 111 and a second pneumatic gear motor stage 12
consisting of a pair of a second-stage motor gear 121,
the first pneumatic gear motor stage 11 is communicated
with the gas inlet 3, the last pneumatic gear motor stage,
i.e., the second pneumatic gear motor stage 12, is com-
municated with the gas outlet 4, and a power gas enters
the shell 1 through the gas inlet 3 and then drives the
first pneumatic gear motor stage 11 and then the second
pneumatic gear motor stage 12, and is finally discharged
out of the shell 1 through the gas outlet 4, the first pneu-
matic gear motor stage 11 is provided with a power output
shaft 112, the second pneumatic gear motor stage is pro-
vided with a power output shaft 122, the power output
shaft 112 of the first pneumatic gear motor stage 11 and
the power output shaft 122 of the second pneumatic gear
motor stage 12 are connected with the power output main
shaft 2, so that the powers produced by the pneumatic
gear motor stages are joined together and then output
by the power output main shaft 2. In this way, each pneu-
matic gear motor stage is provided with a power output
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shaft, and the power output shaft of each pneumatic gear
motor stage is connected with the power output main
shaft, so that the powers produced by each of the pneu-
matic gear motor stages are joined together and then
output by the power output main shaft, thus the energy
of the compressed gas is fully used, the efficiency of the
pneumatic motor is improved, and the speed and the
pressure of the fully used compressed gas discharged
out of the shell are lowered greatly, and thus the noise
of the pneumatic motor is decreased.

[0023] Preferably, the rotating speeds delivered from
the power output shafts of each stage of the pneumatic
gear motor to the power output main shaft are the same,
so that the powers produced by each stage of the pneu-
matic gear motor are joined forwardly and then outputted
by the power output main shaft. In this way, the power
gas can be used to the most extent to improve the effi-
ciency of the pneumatic motor to the greatest extent. In
this embodiment, one gear shaft of the first-stage motor
gears 111 is the power output shaft 112 of the first pneu-
matic gear motor stage 11, one gear shaft of the second-
stage motor gears 121 is the power output shaft 122 of
the second pneumatic gear motor stage 12, the power
output shaft 112 of the first pneumatic gear motor stage
11, the power output shaft 122 of the second pneumatic
gear motor stage 12 and the power output main shaft 2
are the same shaft, and the first-stage motor gear 111
and the second-stage motor gear 121 have the same
number of teeth and the same modulus, and the first-
stage motor gear 111 is shorter than the second-stage
motor gear 121, so that the rotating speed of the power
output shaft 112 of the first pneumatic gear motor stage
11 is the same with the rotating speed of the power output
shaft 122 of the second pneumatic gear motor stage 12.
As for the relationship between the lengths of the first-
stage motor gear 111 and the second-stage motor gear
121, it can be determined according to the inverse pro-
portion relationship between the pressure and the vol-
ume of the compressed air and then in combination with
the value of the compressed air which has passed the
two pneumatic gear motor stages. This can be rendered
via simple mathematic calculation, which can be con-
ducted by those skilled in the art and thus is omitted here-
in.

[0024] Although the above embodiment 1 describes
the pneumatic gear motor, those skilled in the art would
know that the motor can be other forms of pneumatic
motors, and although the above embodiment of the
two-stage gear motor achieves, through the length rela-
tionship between the motor gears, the same rotating
speed delivered from the first motor stage and the second
motor stage to the power output main shaft, and then
achieves the forward joining of the powers of the two
motor stages, those skilled in the art would know achiev-
ing the same rotating speed delivered from the two gear
motor stages to the power output main shaft through
changing the modulus or the number of teeth of the motor
gears, or through changing both the modulus and the
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number of teeth of the motor gears; in addition, a gear
shift mechanism can be used to achieve the same rotat-
ing speed delivered from the two gear motor stages to
the power output main shaft, and then to achieve the
objects of the present invention.

[0025] Embodiment2: Figs. 2 and 3 illustrate the struc-
ture of a three-stage pneumatic gear motor according to
the present invention, and the three-stage pneumatic
gear motor comprises a shell 1 and a power output main
shaft 2, and the shell 1 is provided with a gas inlet 3 and
agas outlet4, characterized in that, the shell 1 is provided
therein with three pneumatic gear motor stages, i.e., a
first pneumatic gear motor stage 11 consisting of a pair
of a first-stage motor gear 111, a second pneumatic gear
motor stage 12 consisting of a pair of a second-stage
motor gear 121 and a third pneumatic gear motor stage
13 consisting of a pair of a third-stage motor gear 131,
the first pneumatic gear motor stage 11 is communicated
with the gas inlet 3, the last pneumatic gear motor stage,
i.e., the third pneumatic gear motor stage 13, is commu-
nicated with the gas outlet 4, and a power gas enters the
shell 1 through the gas inlet 3 and then drives the first
pneumatic gear motor stage 11 and then the second
pneumatic gear motor stage 12, and then the rest one
by one, is finally discharged out of the shell 1 through the
gas outlet 4 after passing the third pneumatic gear motor
stage 13, the first pneumatic gear motor stage 11 is pro-
vided with a power output shaft 112, the second pneu-
matic gear motor stage 12 is provided with a power output
shaft 122, the third pneumatic gear motor stage 13 is
provided with a power output shaft 132, the power output
shaft 112 of the first pneumatic gear motor stage 11, the
power output shaft 122 of the second pneumatic gear
motor stage 12 and the power output shaft 132 of the
third pneumatic gear motor stage 13 are connected with
the power output main shaft 2, so that the powers pro-
duced by the respective pneumatic gear motor stages
are joined together and then output by the power output
main shaft 2. Thus, the energy of the compressed gas is
fully used, and the efficiency of the pneumatic motor is
improved; and the speed and the pressure of the dis-
charged gas are lowered, and the noise of the pneumatic
motor is decreased.

[0026] Preferably, as shown in Figs. 2 and 3, the first
pneumatic motor stage 11, the second pneumatic motor
stage 12 and the third pneumatic motor stage 13 sur-
round the power output main shaft 2 and are arranged
in a circular shape, the power output main shaft 2 is lo-
cated at the centre of the respective pneumatic motor
stages, one gear shaft of each pair of motor gear stages
is the power output shaft of each pneumatic motor stage,
and the power output shafts of the first pneumatic motor
stage, the second pneumatic motor stage and the third
pneumatic motor stage are connected with the power
output main shaft 2 through a transmission gear. In this
embodiment, the transmission gear comprises a driving
gear 113, 123, 133 provided on the power output shaft
112, 122, 132 of each pneumatic motor stage and a driv-
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en gear 21 provided on the power output main shaft 2
while engaging with the driving gear 113, 123, 133 of
each pneumatic motor stage. Furthermore, the driving
gear 113, 123, 133 can be formed together with the power
output shaft of each pneumatic motor stage, so that the
power output shaft of each pneumatic motor stage be-
comes a driving gear shaft, and the driving gears 113,
123, 133 on the driving gear shafts of respective motor
stages have the same the modulus and the same number
of teeth.

[0027] Under this structure and the arranging manner
of the respective motor stages, to achieve the same ro-
tating speed delivered from the each pneumatic motor
stage to the power output main shaft, it is only necessary
to achieve the same rotating speed of the power output
shaft of each stage, thus, the same rotating speed of the
power output shafts of the respective motor stages can
be achieved by setting the number of teeth and the length
of the first-stage motor gear 111, the second-stage motor
gear 121 and the third-stage motor gear 131 to be the
same and by increasing the modulus of the gears stage
by stage. As for the specific ratio relationship between
the gear modulus of the respective motor gear stages
111, 121, 131, it can be rendered via simple mathematic
calculation according to the inverse proportion relation-
ship between the pressure and the volume of the power
gas and the pressure value of the power gas passing
each motor stage, and this could be calculated by those
skilled in the art and thus is omitted herein.

[0028] Embodiment 3: it is also a three-stage pneu-
matic gear motor arranged in a circular shape, and its
structure and the arranging manner of the respective mo-
tor stages are the same with those shown in Figs. 2 and
3, the transmission and connection relationship between
the power output shafts of the respective pneumatic mo-
tor stages and the power output main shaft is the same
with the above embodiment 2, while, a difference, com-
pared with embodiment 2, lies in the manner of achieving
the same rotating speed of the power output shaft of each
pneumatic gear motor stage, and embodiment 3
achieves the same rotating speed of the power output
shafts of the respective motor stages by setting the mod-
ulus and the number of teeth of the first-stage motor gear
111, the second-stage motor gear 121 and the second-
stage motor gear 131 to be the same and by increasing
the lengths of the gears stage by stage. Likewise, the
specific ratio relationship between the gear lengths of the
respective motor gear stages 111, 121, 131 can be ren-
dered via simple mathematic calculation according to the
inverse proportion relationship between the pressure and
the volume of the power gas and the pressure value of
the power gas passing each motor stage.

[0029] Embodiment 4: it is also a three-stage pneu-
matic gear motor arranged in a circular shape, and its
structure and the arranging manner of the respective mo-
tor stages are the same with those shown in Figs. 2 and
3, the transmission and connection relationship between
the power output shafts of the respective pneumatic mo-
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tor stages and the power output main shaft is the same
with the above embodiment 2, while, a difference, com-
pared with embodiment 2, lies in the manner of achieving
the same rotating speed of the power output shaft of each
pneumatic gear motor stage, and embodiment 4
achieves the same rotating speed of the power output
shafts of the respective motor stages by setting the mod-
ulus and the gear lengths of the first-stage motor gear
111, the second-stage motor gear 121 and the third-
stage motor gear 131 to be the same and by increasing
the numbers of the teeth of the gears stage by stage.
Likewise, the specific ratio relationship between the num-
bers of the teeth of the respective motor gear stages 111,
121, 131 can be rendered via simple mathematic calcu-
lation according to the inverse proportion relationship be-
tween the pressure and the volume of the power gas and
the pressure value of the power gas passing each motor
stage.

[0030] Although the above embodiments 2, 3 and 4
describe the pneumatic gear motor, those skilled in the
art would know thatthe motor can be other forms of pneu-
matic motors; although the above embodiments of the
three-stage gear motor achieve the same rotating speed
delivered from the respective motor stages to the power
output main shaft and then achieve the forward joining
of the powers of the respective motor stages, through
adjusting the rotating speeds of the power output shafts
of the respective gear motor stages to be the same and
through the driving gears with the same modulus and the
same number of teeth, those skilled in the art would know
achieving the same rotating speed delivered from the
three gear motor stages to the power output main shaft
through other adjusting and transmitting manners, and
then to achieve the objects of the present invention, and
the following embodiment 8 is one of the implementation
manners.

[0031] Embodiment5:Figs. 4 and 5 illustrate the struc-
ture of a three-stage pneumatic gear motor according to
the present invention, and the three-stage pneumatic
gear motor comprises a shell 1 and a power output main
shaft 2, and the shell 1 is provided with a gas inlet 3 and
agas outlet4, characterized in that, the shell 1 is provided
therein with three pneumatic gear motor stages, i.e., a
first pneumatic gear motor stage 11 consisting of a pair
of a first-stage motor gear 111, a second pneumatic gear
motor stage 12 consisting of a pair of a second-stage
motor gear 121 and a third pneumatic gear motor stage
13 consisting of a pair of a third-stage motor gear 131,
the first pneumatic gear motor stage 11 is communicated
with the gas inlet 3, the last pneumatic gear motor stage,
i.e., the third pneumatic gear motor stage 13, is commu-
nicated with the gas outlet 4, and a power gas enters the
shell 1 through the gas inlet 3 and then drives the first
pneumatic gear motor stage 11 and then the second
pneumatic gear motor stage 12, and then the rest one
by one, is finally discharged out of the shell 1 through the
gas outlet 4 after passing the third pneumatic gear motor
stage 13, the first pneumatic gear motor stage 11 is pro-
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vided with a power output shaft 112, the second pneu-
matic gear motor stage 12 is provided with a power output
shaft 122, the third pneumatic gear motor stage 13 is
provided with a power output shaft 132, the power output
shaft 112 of the first pneumatic gear motor stage 11, the
power output shaft 122 of the second pneumatic gear
motor stage 12 and the power output shaft 132 of the
third pneumatic gear motor stage 13 are connected with
the power output main shaft 2, so that the powers pro-
duced by the respective pneumatic gear motor stages
are joined together and then output by the power output
main shaft 2. Thus, the energy of the power gas is fully
used, and the efficiency of the pneumatic motor is im-
proved; and the speed and the pressure ofthe discharged
gas are lowered, and the noise of the pneumatic motor
is decreased.

[0032] As shown in Figs. 4 and 5, the first pneumatic
motor stage 11, the second pneumatic motor stage 12
and the third pneumatic motor stage 13 are arranged in
a linear shape, one gear shaft of each pair of motor gear
stages is the power output shaft of each pneumatic motor
stage, the power output shafts 112, 122, 132 of the first
pneumatic motor stage, the second pneumatic motor
stage and the third pneumatic motor stage are connected
with the power output main shaft 2 through a transmission
gear, and the transmission gear comprises three
first-stage driving gears 113, 123, 133 provided on the
power output shafts 112, 122, 132 of each pneumatic
motor stage, two first-stage driven gears 61, 62 simulta-
neously engaging with the first-stage driving gears of the
adjacent pneumatic motor stages, two second-stage
driving gear shafts 71, 72 being respectively coaxial with
the two first-stage driven gears 61, 62, and one second-
stage driven gear 21 simultaneously engaging with the
two second-stage driving gear shafts 71, 72, and the one
second-stage driven gear 21 is provided on the power
output main shaft 2. Preferably, the three first-stage driv-
ing gears 113, 123, 133 have the same modulus and the
same number of teeth, the two first-stage driven gears
61, 62 have the same modulus and the same number of
teeth, and the two second-stage driving gear shafts 71,
72 have the same modulus and the same number of
teeth.

[0033] Under this structure and the arranging manner
of the respective motor stages, to achieve the same ro-
tating speed finally delivered from the power output
shafts 112, 122, 132 of the respective pneumatic motor
stages to the power output main shaft 2, it is only neces-
sary to achieve the same rotating speed of the power
output shafts 112, 122, 132 of the respective stages.
Thus, the same rotating speed of the power output shafts
of the respective motor stages can be achieved by setting
the number of teeth and the length of the first-stage motor
gear 111, the second-stage motor gear 121 and the third-
stage motor gear 131 to be the same and by increasing
the modulus of the gears stage by stage. As for the spe-
cific ratio relationship between the gear modulus of the
respective motor gear stages 111, 121, 131, it can be
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rendered via simple mathematic calculation according to
the inverse proportion relationship between the pressure
and the volume of the power gas and the pressure value
of the power gas passing each motor stage, and this
could be calculated by those skilled in the art. Embodi-
ment 6: it is also a also a three-stage pneumatic gear
motor arranged in a linear shape, and its structure and
the arranging manner of the three motor stages are the
same with those shown in Figs. 4 and 5, the transmission
and connection relationship between the power output
shafts of the respective pneumatic motor stages and the
power output main shaft is the same with the above em-
bodiment 5, while, a difference, compared with embodi-
ment 5, lies in the manner of achieving the same rotating
speed of the power output shaft of each pneumatic gear
motor stage, and embodiment 6 achieves the same ro-
tating speed of the power output shafts of the respective
motor stages by setting the modulus and the number of
teeth of the first-stage motor gear 111, the second-stage
motor gear 121 and the third-stage motor gear 131 to be
the same and by increasing the gear lengths stage by
stage. Likewise, the specific ratio relationship between
the gear lengths of the respective motor gear stages 111,
121, 131 can be rendered via simple mathematic calcu-
lation according to the inverse proportion relationship be-
tween the pressure and the volume of the power gas and
the pressure value of the power gas passing each motor
stage.

[0034] Embodiment 7: it is also a also a three-stage
pneumatic gear motor arranged in a linear shape, and
its structure and the arranging manner of the three motor
stages are the same with those shown in Figs. 4 and 5,
the transmission and connection relationship between
the power output shafts of the respective pneumatic mo-
tor stages and the power output main shaft is the same
with the above embodiment 5, while, a difference, com-
pared with embodiment 5, lies in the manner of achieving
the same rotating speed of the power output shaft of each
pneumatic gear motor stage, and embodiment 7
achieves the same rotating speed of the power output
shafts of the respective motor stages by setting the mod-
ulus and the gear lengths of the first-stage motor gear
111, the second-stage motor gear 121 and the third-
stage motor gear 131 to be the same and by increasing
the numbers of the teeth stage by stage. Likewise, the
specific ratio relationship between the numbers of the
teeth of the respective motor gear stages 111, 121, 131
can be rendered via simple mathematic calculation ac-
cording to the inverse proportion relationship between
the pressure and the volume of the power gas and the
pressure value of the power gas passing each motor
stage.

[0035] Although the above embodiments 5, 6 and 7
describe the pneumatic gear motor, those skilled in the
art would know thatthe motor can be other forms of pneu-
matic motors; although the above embodiments of the
three-stage gear motor achieve the same rotating speed
delivered from the respective motor stages to the power
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output main shaft and then achieve the forward joining
of the powers of the respective motor stages, through
adjusting the rotating speeds of the power output shafts
of the respective gear motor stages to be the same and
through the connection manner of the transmission gear,
those skilled in the art would know achieving the same
rotating speed delivered from the three gear motor stages
to the power output main shaft through other adjusting
manners and transmitting manners, and then to achieve
the objects of the present invention.

[0036] Embodiment 8: this embodiment is a
three-stage pneumatic gear motor arranged in a circular
shape, and the arrangement of the respective pneumatic
motor stages is the same with those shown in Figs. 2 and
3, that is, the respective pneumatic motor stages sur-
round the power output main shaft and are arranged in
a circular shape, and the power output main shaft is lo-
cated at the centre of the respective motor stages. Being
different from the above embodiment 2, the transmission
gear comprises respective transmission gears of the re-
spective motor gear stages with different reduction ratios
and a driven gear 21 provided at the power output main
shaft 2, and thus the same rotating speed delivered from
the respective pneumatic motor stages to the power out-
put main shaft 2 is achieved, thereby achieving the in-
vention objects of the present invention. In this embodi-
ment, it can be set that the last transmission gears of the
respective pneumatic motor stages have the same mod-
ulus and the same number of teeth or different numbers
of teeth, and in this way, the last one of the respective
transmission gears of the respective motor gear stages
with different reduction ratios can engage with the driven
gear 21 at the output main shaft 2. When the last trans-
mission gears have the same number of teeth, the rotat-
ing speeds of the respective motor gear stages have
been adjusted to be the same through the respective
transmission gears with different reduction ratios before
the last transmission gears; when the last transmission
gears have different numbers of teeth, the rotating
speeds of the respective motor gear stages have not
been adjusted to be the same through the respective
transmission gears with different reduction ratios before
the last transmission gears, and the rotating speeds de-
livered to the output main shaft 2 must be adjusted to be
the same through the relationship between the numbers
of the teeth of the last transmission gears. The two trans-
mission and speed adjustment manners can both
achieve the object of achieving the same rotating speed
delivered from the respective pneumatic motor stages to
the output main shaft 2.

Industrial Applicability

[0037] The above embodiments of the present inven-
tion can allimprove the overall efficiency of the pneumatic
motor, save energy, lower the noise, and then achieve
the objects of the present invention.

[0038] Described above are merely preferred embod-
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iments of the present invention and are not intended to
limit the present invention. For those skilled in the art,
the present invention may have various alterations and
changes. Any alterations, equivalent substitutions, im-
provements and etc. made within the spirit and principle
of the present invention should be covered in the scope
of protection of the present invention.

Claims

1. A multistage pneumatic motor, comprising a shell
and a power output main shaft, and the shell being
provided with a gas inlet and a gas outlet, charac-
terized in that, two or more pneumatic motor stages
are installed in the shell, the first pneumatic motor
stage among the two or more pneumatic motor stag-
es is communicated with the gas inlet, and the last
pneumatic motor stage is communicated with the
gas outlet, a power gas enters the shell through the
gas inlet, drives the first pneumatic motor stage and
then the second pneumatic motor stage, then drives
the next pneumatic motor stage, and is exhausted
from the shell through the gas outlet at last, every
pneumatic motor stage is provided with a power out-
put shaft which is connected to the power output
main shaft, so that the powers produced by all the
pneumatic motor stages are jointed together and
then output by the power output main shaft.

2. The multistage pneumatic motor according to claim
1, characterized in that, the rotating speeds deliv-
ered from the power output shafts of each stage of
the pneumatic motor to the power output main shaft
are the same, so that the powers produced by each
stage of the pneumatic motor are joined forwardly
and then outputted by the power output main shaft.

3. The multistage pneumatic motor according to claim
2, characterized in that, the pneumatic motor is a
gear motor, a vane motor, a plunger motor or a screw
motor.

4. The multistage pneumatic motor according to claim
3, characterized in that, when the pneumatic motor
is a gear motor, the shell is provided therein with a
first pneumatic motor stage consisting of a pair of a
first-stage motor gear and a second pneumatic motor
stage consisting of a pair of a second-stage motor
gear, one gear shaft of the first-stage motor gears is
the power output shaft of the first pneumatic motor
stage, one gear shaft of the second-stage motor
gears is the power output shaft of the second pneu-
matic motor stage, the power output shaft of the first
pneumatic motor stage, the power output shaft of
the second pneumatic motor stage and the power
output main shaft are the same shaft, the first-stage
motor gear and the second-stage motor gear have

10

15

20

25

30

35

40

45

50

55

the same number of teeth and the same modulus,
and the first-stage motor gear is shorter than the sec-
ond-stage motor gear, so that the rotating speed of
the power output shaft of the first pneumatic motor
stage is the same with the rotating speed of the pow-
er output shaft of the second pneumatic motor stage.

The multistage pneumatic motor according to claim
3, characterized in that, when the pneumatic motor
is a gear motor, the shell is provided therein with a
first pneumatic motor stage consisting of a pair of a
first-stage motor gear, a second pneumatic motor
stage consisting of a pair of a second-stage motor
gear and a third pneumatic motor stage consisting
of a pair of a third-stage motor gear, and the power
output shafts of the first pneumatic motor stage, the
second pneumatic motor stage and the third pneu-
matic motor stage are connected with the power out-
put main shaft through a transmission gear.

The multistage pneumatic motor according to claim
5, characterized in that, the first pneumatic motor
stage, the second pneumatic motor stage and the
third pneumatic motor stage surround the power out-
put main shaft and are arranged in a circular shape,
the power output main shaft is located at the centre
of the respective pneumatic motor stages, one gear
shaft of each pair of motor gear stages is the power
output shaft of each pneumatic motor stage, and the
transmission gear comprises a driving gear provided
on the power output shaft of each pneumatic motor
stage and a driven gear provided on the power output
main shaft while engaging with the driving gear of
each pneumatic motor stage.

The multistage pneumatic motor according to claim
6, characterized in that, the driving gear provided
on the power output shaft of each pneumatic motor
stage is a gear formed on the power output shaft, so
that the power output shaft of each pneumatic motor
stage becomes a driving gear shaft, and the driving
gears on the driving gear shafts of respective pneu-
matic motor stages have the same the modulus and
the same number of teeth.

The multistage pneumatic motor according to claim
5, characterized in that, the first pneumatic motor
stage, the second pneumatic motor stage and the
third pneumatic motor stage are arranged in a linear
shape, one gear shaft of each pair of motor gear
stages is the power output shaft of each pneumatic
motor stage, the transmission gear comprises three
first-stage driving gears provided on the power out-
put shaft of each pneumatic motor stage, two first-
stage driven gears simultaneously engaging with the
first-stage driving gears of the adjacent pneumatic
motor stages, two second-stage driving gear shafts
being respectively coaxial with the two first-stage
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driven gears, and one second-stage driven gear si-
multaneously engaging with the two second-stage
driving gear shafts, and the one second-stage driven
gear is provided on the power output main shaft.

The multistage pneumatic motor according to claim
8, characterized in that, the three first-stage driving
gears have the same modulus and the same number
of teeth, the two first-stage driven gears have the
same modulus and the same number of teeth, and
the two second-stage driving gear shafts have the
same modulus and the same number of teeth.

The multistage pneumatic motor according to claim
7 or 9, characterized in that, the first-stage motor
gear, the second-stage motor gear and the third-
stage motor gear have the same number of teeth
and the same gear length, and the modulus of the
gears increase stage by stage so that the rotating
speeds of the power output shafts of the respective
pneumatic motor stages are the same.

The multistage pneumatic motor according to claim
7 or 9, characterized in that, the first-stage motor
gear, the second-stage motor gear and the third-
stage motor gear have the same number of teeth
and the same modulus, and the lengths of the gears
increase stage by stage so that the rotating speeds
of the power output shafts of the respective pneu-
matic motor stages are the same.

The multistage pneumatic motor according to claim
7 or 9, characterized in that, the first-stage motor
gear, the second-stage motor gear and the third-
stage motor gear have the same modulus and the
same gear length, and the numbers of the teeth of
the gears increase stage by stage so that the rotating
speeds of the power output shafts of the respective
pneumatic motor stages are the same.

The multistage pneumatic motor according to claim
5, characterized in that, the first pneumatic motor
stage, the second pneumatic motor stage and the
third pneumatic motor stage surround the power out-
put main shaft and are arranged in a circular shape,
the power output main shaft is located at the centre
of the respective pneumatic motor stages, one gear
shaft of each pair of motor gear stages is the power
output shaft of each pneumatic motor stage, the
transmission gear comprises respective transmis-
sion gears of the respective motor gear stages with
different reduction ratios and a driven gear provided
at the power output main shaft, and the rotating
speeds delivered from the respective pneumatic mo-
tor stages to the power output main shaft are the
same.
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