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Abstract: In this paper, we develop a mechanism that mainly used a special cam and gearbox to utilize a DC servo motor 

powerfully and speedily for a linkage manipulator. The mechanisms can be charged slowly, store the energy in a spring and 

release it on demand using a click mechanism. By compared the motions with many cams, we designed our special cam that 

can output an explosive movements. Two torsion springs, used as elastic elements, are located on the manipulator axis which is 

connected to the main link and the mechanism. Consider about the output of a manipulator, we choose to implement a four bar 

linkage design for the motion and force control. The manipulator’s mathematic models are built for purposed of analysis and 

control.  
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1 INTRODUCTION 

Since robots work in place of humans in many fields, 

the developing of high-performance robots has increased 

rapidly, such as those in industry fields, automobile 

assembly plants, precision works, etc. Depends the 

development of multiple motors, about the high speed robot, 

one interesting and challenging research topic is the energy 

saving problems. 

However, multitudinous of techniques are proposed in 

many aspect to achieve the high speed motions. For a 

manipulator, the motion of high-speed could consist of 

three patterns, 1) Fast-forward (FF); 2) Fast-reverse (FR); 

3) Fast forward and reverse (FFR). There is a developed 

golf robot [1] whose swing simulates human motion is 

proposed in order to reach ultra Fast-forward speed. Imitate 

to human motion ability, this robot consists of a shoulder 

joint with a high-power direct-drive motor and a wrist joint 

with a low-power direct-drive motor to realize ultrahigh-

speed dynamic manipulation using a dexterous mechanism. 

The most representational Fast-reverse technique is utilized 

in jumping robot. It is generally known that the high power 

humanoid is desired for application of running or jumping 

motions. The dynamic motion of jumping is characterized 

by large instantaneous forces and short duration [2], 

depends of those conditions, some jumping structures used 

springs both in improve the velocity and energy 

conservation [3]. The crucial factor in a high speed 

manipulator is the motor. 

There is a relatively large robots related to using high-

speed mechanisms or methods for manipulators for 

different applications and different scales. In the following 

subsections, we will review the principles of how these 

existing robots address the challenges of high-speed 

problem in manipulators. 

By the literature survey the general classification is 

given in Fig. 1. Five common high-speed structures are 

introduced in this figure, (i) the spring systems [4], (ii) the 

cam system [5], [6], (iii) four-bar spring linkage system [5], 

[7], (iiii) the electric system [8], (iiiii) hydraulic system. 

Every structure has their advantages and disadvantages. The 

most skillful spring system is applied in gums, combine of 

kinds of springs and the bullet,  

2 DESIGN OF HIGH-SPEED MANIPULATOR 

The driving principle of this system is described. 

 
Fig. 1. The illustration of motion flow chart 
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Fig. 2. Classification of the existing high-speed manipulators

2.1 Mechanical design 

The mechanisms can be charged slowly, store the 

energy in a spring and release it on demand using a click 

mechanism. This mechanical principle is used by several 

small animals and insects. 

By compared the motions with many cams, we designed 

our special cam that can output an explosive movements. 

The manipulator, consisting of a four bar linkage structure 

connected by springs and travels quickly using this special 

cam that is mounted on actuator which are connect by gears. 

The shape of the cam has been specifically designed to 

yield a constant torque on the motor through a three stage 

gearbox system. 

Two torsion springs, used as elastic elements, are 

located on the manipulator axis which is connected to the 

main link and the mechanism. To charge these two springs, 

a small DC motor actuates the special cam and rotates the 

main link lever manipulator by a constant angle (can been 

calculate by the given cam parameters) for one charge cycle. 

Consider about the output of a manipulator, we choose 

to implement a four bar linkage design for the motion and 

force control. Using this design offers the possibility to 

modify the rotating angle by adjustment the parameters of 

the special cam and the trajectory of the manipulator tip by 

adjustment of the gear ratio. 

Gear 2 Cam

Gear 1

Gear 3

Gear 4

Fixation plate
Main bar

 

Fig. 3. The mechanical design of the high speed structure. 

 

The structure for connect the main link and the torsion 

springs: 
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Fig. 4. The torsion spring fixing mechanism 

 

2.2 Kinematic model 

Mechanical design and kinematic analysis are 

introduced in this paper. 

 

Fig. 5. The kinematic model of the high speed structure. 

 

Fig. 6. The four bar linkage structure. 

 

For the input of the motor, we have : 
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Where, the force is calculated  
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2.3 Dynamic model 

The manipulator’s mathematic models are built for 

purposed of analysis and control. The dynamic model is 

built and many simulation models are built for testing the 

velocity and explosive force of the manipulator. 

Suppose the system is in balance, we have, 

0tT                    (6) 

In this redundant actuator system, suppose there are two 

independent joint 1 and 4, the equation between the 

independent joint and the dependent joint is: 
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The testing results show that the requirements with 

respect to velocity, acceleration, working space and energy 

are successfully achieved. 

 

3 CONCLUSION 

This mechanism witch is designed to be characterized 

as high speed manipulator could also form the propulsion 

system of a jumping robot or be used for self deployment of 

sensors. Our future research can combining some more 

degree of freedom manipulator and developed as a 

biomimetic arm that may attach more applications. 
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