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Abstract 

The mechanical arm of traditional industrial robots usually use large stiffness to control the 
vibration of the end of the robot as small as possible, so as to ensure that the required 
positioning accuracy is achieved; but this kind of manipulator has many disadvantages such 
as heavy weight, high power consumption, simple function, low load ratio, and small 
working range. It has been unable to meet human needs. In this paper, a new type of 
pneumatic rope controlled flexible manipulator is proposed. Based on the working 
requirements of the flexible manipulator, the structure model of the flexible manipulator is 
set up, and the aerodynamic control principle of the system is designed[1]. 
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1. Introduction 

The research of flexible manipulator has been studied abroad earlier. The American McKibben 

pneumatic muscle is more famous. The pneumatic artificial muscles are studied from the bionics 

angle, and the biological tendon is tested or replaced by the pneumatic artificial muscle; German 

Festo Bionic Grabber Assistant, Bionic Grabber Assistant developed with the elephant nose as a 

prototype, its structure is made of three parallel hydraulic tendons with hardware structure. The 
robotic arm of this article is also inspired by the elephant's nose and the octopus tentacles, has 

established a pneumatic rope controlled flexible manipulator, which solves the shortcomings of the 

traditional manipulator with heavy weight, high power consumption, simple function, low load ratio, 

and small working range. 

2. Structural Design of Flexible Manipulator 

Figure 2.1 shows the overall structure of a flexible robot arm. The flexible manipulator adopts the 
coordination function of the rubber gasbag structure 1 and the wire rope structure 2 to complete the 

action. Each joint is connected in turn through a connecting plate 3 and an intermediate connecting 

universal joint 4. Among them, the rubber balloon 1 realizes its own bending deformation by the 

change of the air pressure so as to control the change of the position of the flexible arm, and the wire 

rope 2 completes the operation through the pneumatic air cylinder 5 controlled by the pneumatic 

servo valve. The simultaneous drive of the two enables the flexible manipulator to move in all 

directions [2-3]. 

The flexible mechanical arm is composed of a plurality of flexible joints composed of a plurality of 
parallel mechanisms in series. Each flexible joint consists of four rubber air bags, four steel wire 

ropes, two upper and lower connecting plates and a cross universal joint. Four rubber airbags and four 

wire rope loop arrays are alternately arranged on the connecting plate. Rubber airbags at the same 

position of each joint achieve gas flow through the vent holes on the connecting plate, and the air 

pressures of the parts of the rubber airbags communicating with each other are the same, and together 

form a connected airbag structure. The wire rope at the same position of each joint is an integral 
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structure, which is the same rope that is not cut off, and passes through the through hole at the same 

position on the connecting plate in sequence. The end of the flexible manipulator can be connected 

to an actuator such as a manipulator to grasp the object. 

When the air cylinder pulls the wire rope to stretch, the rubber airbag will also undergo axial bending 
deformation, and the flexible robot arm will realize bending motion. When the air cylinder does not 

pull the wire rope, the rubber airbag returns to its initial state through the action of its own elastic 

structure. 
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1-rubber pneumatic bag  2- steel wire rope  3- junction plate  4.-cross universal joint  5- air cylinder 

Fig. 2.1 The flexible manipulator overall structure diagram 

3. Pneumatic Position Servo System Model  

Figure 3.1 shows a schematic diagram of the pneumatic servo system control process. Multiple 

sensors are required in the system: air cylinder piston displacement x and speed x , detected by a 

displacement sensor mounted on the air cylinder; The pressure of the air cylinder
ap ,

bp in the left and 

right chambers and the pressure of the air source
sp are detected by the pressure sensor.

aV and
bV are 

the volume of the left and right cylinders, respectively,
aT ,

bT and
sT are the temperature of the left and 

right cylinders and the air supply source respectively, 
maq and 

mbq are the gas mass flows into and out 

of the two chambers of the cylinder. The gas inflow is positive and the gas outflow is negative, aA

and bA are the compressive areas on both sides of the piston, respectively. The PWM signal of the 

desired duty cycle is generated in the MCU, and is used to drive the valve core of the pneumatic servo 

valve after being amplified by the power amplification module, thereby achieving closed-loop control 

of the cylinder position. 
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Fig 3.1 Pneumatic servo system schematic diagram 
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Fig 3.2 Pneumatic control overall schematic diagram 

Figure 3.2 shows the general schematic of the pneumatic control of the flexible manipulator .The 

rubber airbags I, II, III, IV and the cylinders A, B, C, D that move the pulling wire ropes a, b, c, d are 

supplied with the same air source, and the rubber airbag is precisely controlled by the proportional 
pressure reducing valve to stabilize the air flow. The rubber balloon pressure is controlled to adjust 

the bending degree of the joint; The air cylinder uses a cylinder with a displacement sensor and uses 

a three-position five-way pneumatic servo valve to control and adjust the bending direction of the 

joint. 
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The air source was supplied with a small air compressor alone, followed by a pneumatic triple filter 
air filter, a pressure reducing valve, and an oil mist filter, and a gas storage tank was used to stabilize 

the air supply. The pneumatic circuit is divided into two branches for controlling the rubber airbag 

and wire rope cylinders. The precision pressure reducing valve for controlling the pressure change of 

the rubber airbag adopts a proportional pneumatic three-way pressure reducing valve. When the 

rubber balloon is supplied with air, the rubber balloon axially bends and elongates; when the air 

supply is not provided, the rubber balloon maintains the initial force under its own elastic force. The 

status does not change. The three-position five-way pneumatic servo valve that controls cylinder 
pressure change uses double electromagnets to enable two-way movement. When the left 

electromagnet is conducting, the cylinder moves to the right to achieve the elongation of the wire 

rope; when the right electromagnet turns on, the cylinder moves to the left to achieve the retraction 

of the wire rope[4]. 

In each joint, the rubber airbags and the wire rope cylinders cooperate with each other, and their 

position on the connection plate is shown in Figure 3.3. The cylinder A pulls the wire rope a while 

expanding the airbags I and II. At the same time, the cylinder C pulls the wire rope c to retract and 
the airbags III and IV compress. The elongation of the steel wires B, D connected to the cylinders B, 

D is approximately the same, and the flexible manipulator bends in the direction of the wire c at this 

time. By controlling the pressure of the compressed air in the rubber bladders I, II, III, IV and 

cylinders A, B, C, D, it is possible to control the bending of the flexible robot arm in all directions. 
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Fig 3.3Air bag and wire rope distribution diagram 

4. Conclusion 

In this paper, a new type of pneumatic rope controlled flexible manipulator is proposed. According 

to the working requirements of the flexible manipulator, the structure model is set up, and the 

aerodynamic control principle is designed to make the system achieve the ideal motion requirements 

and provide reference for the improvement of the flexible manipulator. 

References 

[1] Mou Huijin. Research Significance and Status Quo of Control Technology of Flexible 

Manipulator Arm [J].  Modern Economic Information, 2008, (08). 

[2]  Wang Luoluo. Research on Structure Design and Control of Lightweight Manipulator [D]. Harbin 

Institute of Technology,2005. 

[3]   Zhai Shimin,Liu Rong,Xue Tong. Rope drive continuous robot design [J]. Mechanical 

Engineering and Automation.2015:119-121. 

[4]   Hu Weian, Lu Bo. Modeling and Simulation of Pneumatic Position Servo System[J]. Hydraulic 

Pneumatic and Sealing. 2010, (08):24-27. 
 
 


