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Abstract
This design is a pneumatic loading and unloading manipulator, through the relevant literature review and collation and market
research, the design of the manipulator has four degrees of freedom, and the use of circular coordinates form of design. This
kind of manipulator has the characteristics of wide application range and simple operation. Through the design and analysis of
the pneumatic loop, the motion mode of the manipulator is determined, and the specific motion of each part is described. This
paper mainly designs three main parts of the manipulator, which are finger, wrist and arm. The structure of each part is
designed and the working structure of the whole manipulator is determined. The manipulator has two kinds of replaceable
functions, which can grasp bar or other rules of fast material, and can also load and unload sheet material. The hand is designed
as a replaceable structure, with a clamping and adsorption structure; the rotary cylinder of the wrist is designed; the forehead
expansion and lifting mechanism of the arm and the rotating motion of the hydraulic buffer arm is connected by two cylinders
and two throttle dampers. It’s buffers are introduced. The driving torque of each structure is calculated and the design and
calculation of each cylinder are carried out.
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1. Introduction
1.1. Development Background
Manipulator is a mechanical automation equipment that
arises at the historic moment. Since the Industrial Revolution,
in order to improve labour efficiency, reduce the output of
manpower, facilitate mass production and organizational
assembly, a machine called "industrial manipulator" has
come to the fore. This machine has epoch-making
significance, through the already set procedures, like human
hands can complete the grasp, processing of automated
mechanical equipment. The influence of the manipulator on
industry and people's daily workload is unprecedented. It not
only greatly reduces the labor of the working people, but also
ensures the relative safety index of production and improves
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the quality of products. In the past, there was a lot of dust in
the workshop, and many explosive equipment threatened the
safety of workers at all times. But now the environment is
much better, which is the benefits of mechanized
development. The structure of the robot is relatively simple,
but the specificity is strong, only one machine loading and
unloading device, attachment and special machine robot.
With the development of industrial technology, the most
widely used is the universal manipulator, also known as the
universal robot. Because generic robots can quickly change
their work schemes and are more robust, they are widely
used in changing varieties of production, small batches of
production. At the same time, the manipulator has been
applied in many aspects, such as processing, welding,
casting, assembly, etc. With the progress of society,
mechanical automation has gradually matured and

International Journal of Modern Physics and Applications Vol. 5, No. 2, 2019, pp. 38-49

developed, and has been widely used in transportation [1-3].
1.2. Development Trend at Home and
Abroad
i. In the era of rapid development of the mechanical
industry, the level of various types of machinery is
constantly improving, the function is constantly
enhancing, and the accuracy is constantly improving. Of
course, in the performance of industrial manipulators, its
performance has been constantly improved, faster, more
accurate action, more safe and reliable operation, more
convenient and cheap maintenance and so on.
ii. Nowadays, the control system of industrial manipulator is
moving toward the direction of open controller, gradually
approaching to this direction, which is conducive to the
realization of automation, standardization and networked
operation of the manipulator; with the continuous
development, the working precision of the manipulator is
improved, and the whole machine is more compact and
flexible, and we are widely used. The modular mode
greatly improves the reliability, convenience and
feasibility of manipulator operation.
iii. Sensors are very extensive and important in the overall
use of the manipulator. In addition to the traditional part
of the speed, acceleration and so on, we also used a series
of sensors such as vision in the manufacture of today's
manipulator, in the manufacturing design has been greatly
improved.
iv. The rapid and efficient development of manipulator
makes the application of manipulator in the field of
robotics more extensive and more accurate. Scientists and
researchers from various countries have begun to explore
and explore the application of robots mainly by
manipulators. But generally speaking, the level of robot
technology and its application in the world is relatively
backward, such as: the manufacturing level is not high,
lack of humanized design, low efficiency, operation is not
stable, vibration noise is serious, maintenance is
expensive and so on.
1.3. Transmission Medium and Principle
1.3.1. Transmission Principle
The design is based on the requirements of the mission, using
pneumatic transmission technology. Pneumatic drive
technology evolved from the evolution of hydraulic
technology. This is a kind of compressed air power
transmission mode, air compressor motor output mechanical
energy into the use of pressure energy, control the role of
components, through the pressure of components into
mechanical energy to achieve, and external work. The use of

39

air as a transmission medium has many advantages. The
transmission medium of pneumatic transmission is
inexhaustible, and the inexhaustible air is not polluted, so it
has broad application prospects in the field of automation.
The pneumatic transmission mode is widely used in
machinery manufacturing, automobile manufacturing,
military enterprises, steel manufacturing, chemical industry,
food production, packaging and other industries. With the
development of atomic energy technology, space technology
and computer technology. This is also a lot of advantages of
using air as a transmission medium [4].
1.3.2. Structure of Pneumatic Transmission
i. The air source device usually produces compressed gas
through an air compressor.
ii. Control element, through pneumatic components to
achieve work reversing, voltage regulation, speed
regulation and other functions.
iii. The
actuating
element
realizes
the
specific
implementation through the expansion and swing of the
cylinder.
iv. Auxiliary components, such as silencers, can reduce the
noise generated by the exhaust.

2. Design Plan
2.1. Manipulator Requirements
In order to realize automatic machining technology. It is
applied to the upper and lower materials, the turnover
movement of workpiece, and the coherence of process, so as
to improve work efficiency and safety.
In the process of machining in China, there are many times
by plane or manual loading and unloading, which can meet
the production requirements under the condition of a single
product and low production capacity. However, with the
development of science and technology and the growth of
social demand, the demand of all aspects is increasingly
strengthened, and the replacement of new products is more
frequent. In this trend, the use of special equipment or
manual loading and unloading has exposed many problems
and shortcomings. Maintenance troubles and waste of land
resources are not conducive to automated production line; on
the other hand, it does not have enough flexibility, it is
difficult to adapt to the changing speed, is not conducive to
the adjustment of product structure. With the development of
automation, almost all manipulators are easy to work with
rhythm and more precise control in order to reduce the cost
of production, reduce the control of manpower. The
production mode of mechanical automation has formed a
strong demand.
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Manual use, not only strengthens the labor light, easy to
industrial accidents, compared with mechanical automation
efficiency is lower, product quality and materials are not
stable enough to meet the needs of mass production.
2.2. Main Tasks
i. Selection of coordinate type and determination of
degree of freedom of the manipulator designed in this
paper, and design on this basis.
ii. The design and calculation of the overall structure of
the hand, wrist and arm on the three parts of the
manipulator.
iii. The structure design of the pneumatic loop of the
mechanical hand, so that every action of the
manipulator satisfies the task book plan.
2.3. Determination of Specific Plans
2.3.1. Mechanism Design Plan
The main components are divided into three parts. The key
point and characteristic of this design is the structure design of
manipulator and the universality of manipulator. According to
the need of clamping objects or materials, the clamping hand
structure is adopted; when the object to be extracted is sheet
metal, the structure of negative pressure suction cup is adopted.
Therefore, in the design of the manipulator's hand, a
replaceable hand structure is designed; in the design of the
manipulator's wrist structure, the general characteristics should
be considered first, and the level requirements of grasping the
workpiece should also be met. Therefore, the wrist should be
rotated to meet the requirements, and a rotating mechanism

should be designed for this purpose; the structure of the
manipulator's wrist should be designed. Design, need to
complete two movements, rotating and lifting, so the use of
linear cylinder design and rotating cylinder arm design. In
addition, the manipulator arm needs three degrees of freedom.
According to the design requirements, the arm can carry out
stretching motion, rotating motion and lifting motion. The
rotating motion and lifting motion of the arm are carried out by
the transverse movement of the column, and the power comes
from the cylinder drive. In addition, the hydraulic system
should be designed as a cushion device to realize the normal
work of the manipulator.
2.3.2. Design Scheme of Pneumatic Circuit
In this design loop, the actuators of each component are
single-acting single-rod piston cylinder responsible for the
expansion and contraction of the components, and in the loop
design of one-way throttle valve and speed control valve,
constitute a throttle speed control system to control the size
of the air flow and the movement of the cylinder driving
power speed. Finally, three two-position five-way reversing
valves control the direction of cylinder movement and a
reversing valve control the direction of cylinder rotation.
Through the console sensor, the manipulator's working action
can be transformed.
The pneumatic control principle is adopted in this design, and
the pneumatic transmission controls the movement of the
mechanical arm. Among them, the cylinder is controlled by
electromagnetic valve, so as to realize the operation of
manipulator. As shown in Figure-01.

Figure 1. Pneumatic Circuit of Mechanical Hand.

According to the design of the pneumatic circuit in Figure 1,
we analyse the motion state of the mechanism.
i. For the end of the manipulator Y1b horizontal direction
design: Y1 electromagnet electrified, electromagnetic

reversal valve into the correct position state, at this time
to complete the cylinder retraction, at this time, the
manipulator completed the action when the withdrawal;
ii. For the vertical manipulator design: Y2 electromagnet
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Y2b end electrified, electromagnetic reversal valve for the
right state, at this time, the cylinder completed the
retraction action, the corresponding manipulator on the
completion of the ascent action, on the contrary, the
manipulator completed the descent action.
iii. For the rotating part of the manipulator: Y3 electromagnet
Y3b end electrified, electromagnetic reversal valve for the
right state, at this time the cylinder completes clockwise
rotation, the corresponding arm to complete clockwise
rotation, otherwise complete counter clockwise rotation.
The analysis of Y4 and Y5 is the same [5-8].

41

3.2. Hand Design Calculation
3.2.1. Design of Clamping Hand Structure
The hand structure is composed of a clamp and a guiding
mechanism. Common principles such as slider type, wedge,
gear rack, spring lever type, the design of the use of gear rack
force transmission.
i. Calculation of Driving Force
Figure 2 is the hand structure of the manipulator. The weight
G is 20Kg, the angle of the large "V" shaped gripper is 2 =
120, d = 105mm, r = 21mm, and the friction coefficient is =
0.1.

2.4. Technical Parameters
i. Purpose: this manipulator is used for cutting and cutting
10 tons of lathe.
ii. Design technical parameters:
(a) Maximum grab weight: 20Kg (gripping hand) 10Kg (air
suction cup)
(b) Degree of freedom of institutions: 4 degrees of freedom
(c) Coordinate type: cylindrical coordinates
(d) Maximum working radius: 1700mm
(e) Maximum center height of fuselage: 1500mm
(f) Major motion parameters:
Figure 2. Rack and Pinion hand structure.

Arm telescopic stroke: 600mm arm speed 400mm/s
Arm lift stroke: 400mm arm lift speed: 250mm/s
Arm rotation range: 0°-240° arm rotation speed: 900/s

1 gripper, 2 finger, 3 rack, 4
7 cover, 8 cylinder, 9 nut.

fan-shaped gear, 5

pin, 6

screw,

(a) as shown in the diagram, the driving force formula is:

(g) Wrist motion parameters
(1)

Slewing range 0°–180° rotation speed 180° /s
Positioning accuracy (-0.5 +0.5)
(h) Buffer mode: hydraulic bumper.

(b) Strength calculation formula of workpiece force based on
fixture holding:
0.5

(i) Driving mode: pneumatic transmission
(j) Control mode: point position control

3. Hand Structure Design
3.1. Design Principles
i. Design the corresponding clamping device and driving
device according to the required driving force.
ii. Firstly, the stiffness and strength should be guaranteed, so
as to lighten the requirement as much as possible and
reduce the load on the arm.
iii. Ensure the accuracy of the hand to meet the accuracy
requirements.

99.2

The driving force of substitution:
2

2

105
21

99.2

(2)

992

According to the requirements: transmission mechanism for
rack and gear transmission efficiency = 0.94, take, the
maximum acceleration to take
9.8, then

∴

1

992

1

9.8
9.8

1.5 2
0.94

2

3200

According to the actual needs of the fixture, the driving force
of the cylinder of the claw is calculated to be 3200N.
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ii. Cylinder Diameter Calculation
According to the principle of force balance, the cylinder
designed in this paper acts unidirectional, so two forces must
be overcome to make it impossible to expand freely, that is, the
spring force and other resistances should be less than the thrust
of the cylinder acting on the piston rod. In the design, the
thrust on the piston rod is expressed, the spring reverse force is
expressed, the total resistance of the cylinder is expressed, and
the cylinder working pressure is expressed by P.
The formula is:
#$% &

!"

!

'

Spring reaction calculation: !
In the form:
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,
+
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)* 1

.

CD

!
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!

'

(4)

According to the analysis, the diameter of the one-way acting
cylinder can be obtained.
' 01 20%

/

&-#

(5)

Known formula:

.
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(6)

The average diameter of springs is m.
spring outer diameter, m.

9 Effective number of springs.

Inspection of Machine Manual for Data Substitution.

)* 1

+

"

3.24 < 15

'
"
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3318.05

3318.05

From this we can calculate:

$&R

KSM

(7)

In the form:
∆ Cylinder wall thickness.
D

cylinder bore diameter,

T

experimental pressure, take
ZL3, [L]=3MPa.

T =1.5P,

take the material:

. T
2K+M

52
2 3

6 10U
10F
10(

5.2HH

3.2.2. Design of Air Negative Pressure
Sucker

shear modulus of spring materials, general pick up
79.6 1<= .

!

992
N
120

In general cylinder design, the ratio of cylinder wall
thickness to inner diameter is less than or equal to 1/10, so
taking delta = 5.0, the outer diameter of cylinder is D =
52+5.0*2 = 62mm.

spring steel wire diameter, m.

)*

>

4
≥J
D

When the data is substituted, the wall thickness is:

In the form:
.8

"

Q

In design, considering the effect of load rate:

"

52.34HH

The cylinder must be of a certain thickness under compressed
air pressure. Its wall thickness is calculated according to the
thin-walled cylinder formula.

piston stroke, m.

)*

"

iii. Design of Cylinder Outer Diameter

spring precompression, m.

.

992 201.08
G
0.5 10F 0.4

Therefore, this design meets the requirements.

spring stiffness, N/m.

!"

4
E
D

Find the circle in the mechanical manual and get D=52 mm
from d/D=O.2-0.3. Calculate the diameter of piston rod: d =
(0.2-0.3) D = 10.4-15.6 mm and the diameter of piston rod is
15 mm. According to the design requirements, the surface
stress of the piston rod must be less than the allowable stress,
and the strength should be checked. Check mechanical
manual = 120 MPa, F = 750N

(3)
+ .

4 !"
B

60

/@

10A(

201.08

Figure 3 shows the structure of adjustable jet suction cup. There
is an appropriate gap between the nozzle and the nozzle sleeve,
which is conducive to the work of the nozzle and the smooth
removal of the exhausted gas. However, when the clearance is
too small, the velocity of the jet and the exhaust will decrease
due to the friction sleeve wall, which will reduce the flow rate of
the exhaust; however, the clearance cannot be too large, because
this will cause the farther the gas is, the lower the velocity of the
exhaust will be, which will affect the normal work. Therefore,
the gap between the nozzle and the nozzle sleeve should be
properly adjusted so that the nozzle can work more effectively.
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In Figure 3, the relative position of the nozzle and the nozzle
sleeve is adjusted to facilitate the change of clearance [9].

range of (1~3).
(
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=1.5; is chosen here.

Azimuth coefficient, vertical adsorption of the

workpiece, K 3 =

1
, friction coefficient, It is recorded as F,
f

When the workpiece is made of metal material, the F range
of the belt is 0.5-0.8; when the sucker level is adsorption,
Then take ( = l.5.
Substituting data:
.

B

4

"

D9

(

100
B

4

The diameter of the sucker is 23.9cm.

2 1.5
3.14

1.5

23.9WH

4. Wrist Structure Design
4.1. Design Principles

Figure 3. Adjustable Jet Negative Pressure Sucker Structure.
1 Strain rubber sucker, 2 Sucker core, 3 Ventilation damage, 4 Sucker
body, 5 Nozzle, 6 Nozzle sleeve.

Figure 4 is the working principle of negative pressure
suction cup, which converts pressure energy of gas into
velocity energy of gas through ejector. Air is medium. Air
compressor is used to compress and purify air. According to
Bernoulli equation, at the end of nozzle, static pressure is
very low because of the high velocity of air flow, so the air
between the absorbed workpiece and suction cup is
continuously high-speed airflow. Remove and form a
negative pressure zone, so as to achieve the effect of
adsorption.

iv. According to the requirement of making the
manipulator more flexible and universal, a degree of
freedom should be added at the wrist to enable the claw
to rotate freely. According to these requirements, wrist
degrees of freedom are designed.
v. Wrist design should meet the requirements of strength
and stiffness to ensure normal wrist work.
vi. A reliable transmission clearance adjusting mechanism
is needed to reduce the rebound clearance and improve
the transmission accuracy.
vii. The wrist is designed to connect the paw and arm. The
coordination between them is very important in design.
4.2. Specific Design Plan

Figure 4. Principle of Jet Flow.

The diameter of the suction cup is calculated. First, according
to the suction formula:
>#$%

'V1 V% V6

(8)

Among them:
.

sucker diameter (cm).

magnetic suction (N), the manipulator known according
to the parameters required for this design 100N, so P = 100N;
safety factor, the safety factor of starting when
"
adsorbing, desirable (1-2) " = 2;
Work coefficient. Generally, it can be selected in the

According to the principle of grasping the workpiece by
the manipulator, it is necessary to consider the grasping
ability of the gripper at different angles, optimize the
design of the structure of the wrist part, improve the
application scope of the manipulator, and consider that the
grasping process is mainly carried out on the level, so
according to the design requirements, the wrist should
have a rotary cylinder. The design of rotating wrist
formation is mainly composed of simple structure and
rotation of the wrist by rotating the cylinder. Based on the
general requirements of the manipulator, and mainly used
to grab the horizontal workpiece, so the design of a
cylinder rotating around the x-axis can meet the
requirements of work. The design of the rotating wrist
should reach 180 degrees. There is a wrist joint structure
which is driven by a rotating motion of one degree of
freedom, which is unified with the pneumatic.
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2

4.3. Wrist Design Calculation

of wrist rotation (N·cm·s ).
If the centre of the workpiece and the axis of rotation are not
repeated, its rotational inertia is _" .
_"

_i

31
i

j"

(12)

In the form:
_i

the moment of inertia of the workpiece on the axis of
2

gravity (Ncm·s ));
the weight of the workpiece (N);

G1
Figure 5. Rotary structure diagram of hand bowl.

e1

Figure 5 shows the structure of the wrist rotating motion. For
the calculation of the driving force, the rated driving torque
of the wrist is M, the inertial torque produced by accelerating
motion is @XYZ[8\Y] , and the friction torque at the rotating
support is @ \Z .
@

@

@XYZ[8\Y]

\Z

(9)

When the weight of the clamping workpiece is 10Kg, rotate
180 degrees to calculate the torque N.
i. The rotating cylinder and the telescopic hydraulic
buffer of the hand and wrist are equivalent to a cylinder
with a diameter of 120 mm and a height of 220 mm.
The gravity of the cylinder D 3.14is as follows:
D

0.06
H(

0.22 7800
0.98 /

190

ii. The relationship between friction moment and driving
moment is found by looking through the manual of the
manipulator. @ \Z =0.1M N/Kg.

The center of gravity of the workpiece is offset from

the axis of rotation (cm).
It is assumed that the center coincides with the axis of
rotation.

_

_"

1
@h
2

1
12

1

∴ @XYZ[8\Y]

1 190
2 9.8 /
3h

0.06

0.033 . H. f A

1 10 9.8
1
12 9.8
A
4.87 . H. f

0.033

4.87

2

3

2.616
0.314

0.05

5

Again, according to the formula: @ = @XYZ[8\Y] +
@ \Z =@XYZ[8\Y] +0.1M = 59.12 N. M.

4.4. Calculation of Driving Torque for
Rotary Cylinders

iii. If the angular velocity of the wrist is zero ω , The
angle at which the movement turns over a period of
time is ^ψ , Then:
@XYZ[8\Y]

_

_"

`%

∆b

(10)

The Angle of Turning of Aerodynamic Process ^ c 18°
0.314
, Then the angular velocity of rotation at the same
speed is zero e 2.616
/f, The formulas of moment of
inertia are as follows:
_

"

@h , _"

" 3

" i

1

3h

(11)

In the form:
_

moment of inertia of the arm parts relative to the axis of

_"

the rotational inertia of the workpiece relative to the axis

Figure 6. Structure diagram of rotary cylinder.
1 piston rod piston; 2, 7 bolt; 3 front cover; 4 positioning pin;
5 cylinder block; 6 seat valve core; 8 mesh body; 9 axis elastic retainer
ring; 1o~18 rubber sealing ring; 19 flange; 20 bolt

2

rotation (N·cm·s );

The relationship between cylinder pressure and driving
torque in the form:
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@

&Zlm % A % n

(13)

Formula:
M

Driving torque of rotary cylinder (N. Cm).

P Rated working pressure of rotary cylinder (N. Cm).
R

internal radius of cylinder block (cm).

r

output shaft radius (cm).

The working pressure P is rated pressure, which is fixed, with
international standards, generally 0.55 MPa. According to the
design of cylinder radius R is 25 cm; output shaft radius R is
7 cm, movable plate width B is 4 cm. So the calculation is:

o h

2

0.55

movement of the manipulator, and the mechanical and
electrical components installed on the arm can be balanced
[10-15].
The above design requirements are mutually coordinated and
constrained, design should be comprehensive and reasonable
consideration, in order to meet the performance and
efficiency requirements.

5.1.1. Characteristics of Cylindrical
Coordinate Arm Structure

b movable width (cm).

@

45

10F

366.3 H

0.04
2

0.25

0.07

The driving torque required for wrist rotation according to
the driving torque is 59 . 12 N ⋅ m , the calculated driving
torque of the cylinder is far greater than the required driving
torque, so it meets the requirements.

5. Arm Design Principles,
Characteristics and
Classification
5.1. Design Principles
The section shape and the outline size of the arm need to be
reasonably selected according to the magnitude of the force,
the stiffness of the support point and the distance between the
support point should also be properly designed, in addition,
the direction and position of the force should also be
reasonably arranged to simplify the structure, ensure accurate
assembly, and meet the accuracy requirements. Please. The
speed of the manipulator's hand is a reflection of the
development of productivity at this stage. To sum up, the arm
of the manipulator should be as light as possible. Mechanical
arm is sensitive to read. Considering that the sliding friction
will increase the resistance and affect the sensitivity of the
arm movement, the rolling friction is chosen as far as
possible to replace the sliding friction. The orientation and
positioning parts of the cantilever manipulator should be
arranged to meet the requirements of the arm movement, so
that the arm can balance the movement as far as possible,
prevent the stuck phenomenon of the mechanism when
moving, and also reduce the eccentric moment of the lifting
support axis. In the design of the above arm, the weight of
the device should be fully utilized to ensure the smooth

This design uses the cylindrical coordinate type of arm
design, through consulting the literature, we know that the
cylindrical coordinate type of manipulator workspace is a
cylindrical space, this structure is relatively simple and easy
to produce, and the main thing is that the precision of its
work is relatively high, in general manipulator often used this
way. An arm designed to carry workpieces.

5.1.2. Class of Arm Structure
i. The telescopic movement of the two-guide bar
mechanism is a double guide arm telescopic mechanism
for arm movement.
ii. Double piston rod cylinder structure has two piston rod
expansion movement, lifting motion and transverse
translation belong to linear motion; back and forth
motion, up and down swing belong to rotary motion;
through the way of linear motion and at the same time
have up rotation motion become a composite motion.
iii. Piston rod and rack and pinion mechanism, through two
types of components to complete the lifting and
expansion of the arm.
In this design, the movement of the arm part is realized by
the force of the cylinder, which consists of rotating, lifting
and telescopic cylinders.
Through the design of the telescopic arm manipulator, the
horizontal telescopic arm movement is realized; the lifting
arm design completes the vertical lifting motion of the
manipulator; the rotary arm design completes the rotary
motion of the manipulator. The three movements form an
overall effect of the arm.

5.2. Arm Lift Design
The arm lifting mechanism is made up of many parts.
Including the piston shaft of the lifting cylinder, the
connecting disc of the positioning block, an adjustable
positioning block, touch iron, the positioning rod of the
lifting cylinder, buffer bumping iron and guide rod, etc. In
the design of the pneumatic circuit, there are three air pipes
at the top of the column, which push the arm to stretch,
wrist to turn and fingers to tighten. The air inlet at the lower
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end of the column feeds compressed air into the lift cylinder
of the arm so that the cylinder rises together with the
positioning rod. And adjust the rising height through the
adjustable positioning block. The position of the positioning
block determines the ascending stroke of the arm. The
maximum adjustable stroke is 370 mm, and the buffer
stroke can be adjusted according to the weight of the handle
and the moving speed of the arm. The moving range is
about 15-30 mm, so the maximum ascending stroke is 400
mm. After the compressed air at the lower end of the lift
cylinder of the arm is discharged, the piston cylinder is
lowered through the dead weight, which drives the whole
manipulator down. Decline depends on self-weight to
achieve [2].
The lifting arm of the manipulator is used to support and
drive the horizontal telescopic arm and realize the vertical
lifting movement of the manipulator. According to the design
principle, the vertical motion of the manipulator is up to 400
mm, and the moving parts of the overall design mechanism
are in the fuselage. Considering the rotary motion and lifting
motion, a reasonable and effective motion mechanism can be
achieved.
The combination of slewing and lifting mechanisms in the
arm has the following ways:
i. The part of the slewing mechanism is under the lifting
mechanism part. The advantage of this structure is that it
can withstand greater torque. The disadvantage is that the
rotary mechanism will be subjected to greater pressure, so
the rotary mechanism with greater strength should be
selected.
ii. The slewing mechanism is above the lifting mechanism.
This structure uses a single cylinder piston rod device,
with internal forces, so that the structure is relatively
compact. However, if the rotary arm and the telescopic
arm are lifted together, the motion parts need greater
requirements.
iii. Piston cylinder and rack gear mechanism. The rotating
motion of the arm is realized by the meshing motion of
the rack and pinion mechanism: the reciprocating motion
of the gear connected by the arm is driven by the
reciprocating motion of the rack, thus enabling the arm to
move left and right. After comprehensive consideration,
the first scheme is adopted in this design, that is, the
rotary mechanism is under the lifting mechanism. Vertical
lifting arm is a complete pneumatic component of the
movement of the manipulator in the vertical direction due
to eccentricity should bear the telescopic arm, heavy load,
cylinder selection requirements can withstand greater
eccentric load, cylinder selection requirements can
withstand greater eccentric load, in addition to the need to

add a guide rod mechanism to reduce the cylinder piston
rod Degree of bending deformation.

5.3. Arm Telescopic Design
Since the arm's expansion is a linear reciprocating
movement, we designed to use pneumatic piston cylinder to
achieve the arm's expansion movement. The reason for using
a piston cylinder is that the piston cylinder is light in weight
and small in volume, so the cylinder is widely used in the
design of a manipulator. When the pneumatic actuator works,
the stretching motion of the arm begins synchronously. We
adopt a guiding device to prevent the arm from turning
around the axis, so as to ensure the direction of the work
piece grasped by the fingers of the manipulator is accurate
and the stiffness of the arm mechanism is greatly enhanced.
The specific design and manufacture of the scheme should be
decided according to the structural layout of the design and
the weight and volume of the grasping object. In this
manipulator, we adopt a single guide rod as the guiding
device. Using such a guiding device can greatly increase the
rigidity of the manipulator arm and enhance the manipulator
arm. The guiding [10].
The arm of the manipulator consists of a double-acting
cylinder, a guide rod, a positioning rod and two adjustable
positioning blocks. The cylinder block of the double-acting
cylinder is fixed and installed. The compressed air enters the
two cavities of the cylinder from the inlet and outlet holes to
work. The hollow piston sleeve rod drives the wrist rotary
cylinder and the hand to move steadily and uniformly. We
used three expansion pipes to connect the piston rod sleeve,
two of which compressed air into the cylinder leading to the
hand, the remaining expansion pipes compressed air into the
cylinder leading to the hand, and then mounted a guide rod
above the cylinder block of the double-acting cylinder. Its
function is to prevent unnecessary rotation of the piston
sleeve rod in a planar telescopic motion, thus ensuring that
the hand jig works in the direction we want. We have also
installed quick exhaust valves at the two nozzles of the dualacting cylinder to ensure that the hand retracts quickly. In
addition, because the distance of each arm is different, we
also installed adjustable positioning blocks on the
manipulator, which can be set according to the requirements
of different travel distances adjustable positioning blocks to
achieve our purpose. Because of the impact loss in the
process of arm expansion, we need a buffer device. The
buffer device of arm expansion movement is hydraulic
buffer. Wrist rotation is achieved by rotating cylinder, and the
wrist part of the buffer device using the cylinder throttle
buffer way.
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5.4. Design of Arm Rotary Mechanism
In this design, we make full use of connecting rods, gears,
sprockets and so on. These mechanisms have very good
transmission function and play a vital role in the design. In
the design of the manipulator, we mainly used rotary cylinder
block, rotary shaft, fixed piece, rotary positioning block,
rotary intermediate positioning block and rotary hydraulic
buffer and other parts. Every part is indispensable, and each
part bears the vital role of the manipulator. In the design of
rotating mechanism, I consider from many aspects, such as
economic factors, strength, stiffness and so on. In this design,
a multi-point positioning buffer device is used to adjust the
rotation angle of the arm by adjusting the position of two
rotary positioning blocks and rotary intermediate positioning
blocks.
The lowest end of the whole mechanism is the arm rotating
mechanism. In the design, we should consider the energy
consumption of the mechanism, ensure the accuracy and
stability of the mechanism, and also consider the vibration
and noise of the mechanism. We need to have a strong
rigidity and strength to carry the weight of the whole
manipulator, in the whole process of manipulator work, all
parts of the manipulator's stretching and rotating motion
needs to be supported by the bottom of the rotating
mechanism, so we design this mechanism in the body, and
use the base to fix the mechanism, thereby. So that the entire
manipulator can work stably and safely.

5.5. Dimension Design and Verification of
Arm Expansion and Rotary Cylinder
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and the pressure on the left and right sides is different
because of the different volumes of the two cavities. The
pressure oil entering the working chamber will drive the arm
to do forward movement, and its driving force should
overcome the inertia force produced by the friction resistance
between the sealing devices that reach the surface of the
moving arm components, and its size should be greater than
the inertia force. According to the Product Sample of China
Yantai Pneumatic Component Factory, the quality of the
cylinder can be estimated and the design closing size can be
measured simultaneously. It is found that the mass of the
relaxed object is 55 kg when the object is clamped in the
expansion part. The contact area: S = O.5 H in the
verification, only the cylinder with the inner diameter
. 100 HH and the radius r = 50 HH can be checked. The
telescopic part of P=0.4Mpa arm is mainly composed of arm
telescopic cylinder, rotary cylinder and clamping cylinder.
Clamping cylinders, hydraulic bumpers, hand paws and some
related fixed element:
i. Cylinder body driving force calculation:
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ii. Measuring the mass of wrist clamping object is 70kg, The
design acceleration is
10 H/f, Then the inertial force
is zero:
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iii. Considering the friction of piston and so on, the friction
coefficient is set
0.2:
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iv. According to the driving force formula:
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The total force is:
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Because ! < !" , The size of the standard CAT cylinder can
meet the design requirements and meet the actual driving
requirements at the same time.
Figure 7. Stress state of hand mouth extending.

v. The formula of wall thickness is as follows:
As shown in the diagram, a driving arm extends through the
piston cylinder to drive the piston in the cylinder. Usually in
the internal single-rod piston cylinder, the volume of the two
chambers is different, such driving force and pressure, the
relationship between the two sides is different. In the single
rod piston cylinder, the relationship between the driving force

Q
In the form:
T

experimental pressure.

. T
2uLv
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Material coefficient.
T

Formula extraction
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€
experimental value of material strength and steel
extraction.

.

€

The material here is ZL3, so. [σ ] = 3 MPa .
Therefore,

Q

So, take Q

Substituting data for calculation:
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When the manipulator is doing the telescopic action, the
wrong action of the arm rotating around the axis will occur,
which makes the direction of the finger deviate. Therefore, in
order to ensure the accuracy of finger movement, so that the
force on the piston rod is within the scope of bearing, it is
necessary to strengthen the rigid strength of the arm design.
Therefore, a guiding device is needed when carrying out the
structural design of the arm. The detailed scheme should be
determined according to the design and layout of the
structure to grasp the weight of the influencing factors. At the
same time, the weight should be reduced as far as possible,
and the inertial motion mechanism with the center rotation of
the distribution of the layout structure should be designed.
The calculation of piston rod diameter: the hollow piston rod
should be used to meet the design requirement of this piston
rod in this design. Three retractable gas pipes are installed in
the rod. The inner diameter of the piston rod needs a larger
size, but it must meet the relevant requirements of the design.
Take d = 70mm, d°= 56mm.
When the cylinder is subjected to longitudinal thrust, the
longitudinal force reaches its limit F k time, the piston rod
will bend axially due to excessive force, which will destroy
the stability of the mechanism. Therefore, the thrust load
(cylinder workload must be applied !" and Total resistance to
work ! Sum) No grace can exceed the ultimate force.

At the same time, we can see that Fk it is related to the
capacity stroke of cylinder, installation mode and piston rod.
Its relation formula is:
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piston rod length, m.
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cross section radius of piston rod, hollow, m.
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And the thrust load is:

5.6. Design and Check of Reverse Device
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The relevant data are obtained:
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According to the check, the design meets the design
requirements.

5.7. Hydraulic Buffer
Arm telescoping and lifting are used by two throttle dampers
of hydraulic bumpers. The effect is the same, but the structure
is somewhat different. A buffer cylinder is installed with
adjustable flow valves. Each throttle has two one-way valves
with parallel first buffer oil circuit and an individual secondary
buffer oil line is composed of adjustable flow valves. Before
positioning the deceleration position of the arm movement, the
moving part contacts the piston rod of the buffer cylinder and
lets the oil pass through the left cavity of the piston cylinder in
the right chamber of the throttle valve and the one-way valve.
The oil blockage resistance counteracts the driving force and
the inertial force of the moving part, so that the arm reduces
speed. In the piston rod nozzle blockage, oil flow to the right
cavity, the left cavity through the intake and throttle valve, oil
continues to be blocked, the arm slows down, and finally
positioning. The stroke range of the bumper is 0~40mm. When
the stroke of the buffer reaches 25 mm, the buffer can reach
the deceleration speed of 24 m/ f and the damping time is
about 0.02 s [11].
The rotating motion of the hydraulic buffer arm is
connected by two cylinders and two throttle dampers. The
first stage of the hydraulic buffer is completed by a oneway throttle valve. The middle position of the piston rod of
the cylinder block is controlled by a double electromagnetic
valve. When the rotating arm needs an intermediate
positioning point, the piston rod of the block cylinder
moves telescopically, and the movement time and the
rotating motion instructions of the arm are independent of
the time. When this process is completed, a reversing signal
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is sent to reverse the double solenoid sliding valve, and the
piston rod is lowered by air intake through the upper part of
the cylinder. At the same time, compressed air enters the
right cavity of the gas-liquid converting cylinder through
the solenoid sliding valve, the pressure oil enters the
cushioning and positioning state of the left cylinder, and the
piston rod reaches out of the cylinder block to the middle
position for the next one. The location buffer is applied in
practice, and the effect is better. With the design
consideration, the maximum buffer stroke of the hydraulic
bumper is about 35mm. The damping force of the buffer
cylinder adjusts the one-way throttle valve in the range of
0-24_at the first stroke, and the damping force is about
1500-2000N; at the range of 26-38mm at the second stroke,
the damping screw is about 800-1000N [12].

6. Conclusion

manipulator.

6.3. Shortcomings Still Exist
i. The design has some limitations in the degree of freedom,
the movement did not achieve the highest standards.
ii. When loading and unloading, it is only suitable for lighter
workpiece. Overweight workpiece will overload the
manipulator and make its movement inaccurate.
iii. The further automatic control of the manipulator can be
further improved if the control part can be added to PLC.
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