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Abstract 

Valve parts need to be clamped and positioned for many times in the process of 
machining. In order to overcome the shortcomings of the existing fixtures, such as the 
need for manual replacement and the difficulty in ensuring the clamping accuracy, a 
multi position automatic hydraulic flexible clamping system for valve parts is designed 
and developed to realize the purpose of one-time clamping and multi position 
processing, which lays the foundation for efficient and high-precision automatic 
processing. 
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1. Introduction 

The production and processing of valve shell parts and disc parts are the key points of valve 

manufacturing and processing.At present, most of the blanks used to manufacture valve parts are 

forged or cast. The blank is machined by lathe, milling machine, grinder and other equipment to meet 

the requirements of valve parts manufacturing.Due to the complex structure and process of valve 

parts, especially the valve shell parts, they need to be clamped and positioned for many times in the 

process of processing. At present, it is difficult to ensure the clamping accuracy because of manual 

replacement. On the one hand, it is easy to form cumulative errors and affect product quality, and on 

the other hand, it leads to low processing efficiency and it is difficult to realize automatic 

production.Therefore, multiple clamping in the production process of valve parts is the most 

important factor restricting the automatic production of valve parts and improving the product quality. 

2. General scheme design 

The multi position automatic hydraulic flexible clamping system mainly includes multi station 

mechanical clamping device, hydraulic control system, and the transformation of electrical control 

system of machine tool involved in the realization of automatic processing, the design and 

transformation of interface between CNC operating system and PLC. 

2.1 Multi position hydraulic mechanical clamping device 

According to the structure and manufacturing requirements of the existing valve parts (such as shell 

parts), the multi position hydraulic mechanical clamping device is designed. Through the hydraulic 

system, the functions of clamping, indexing, locking positioning, loosening and so on are realized, 

and automatic switching of fixed angle position for valve parts processing is finally achieved. 

2.2 Design of fixture hydraulic control system 

The hydraulic control system is designed and developed to provide power for multi position hydraulic 

mechanical clamping device to clamp valve parts and switch positions. 
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Figure 1. General scheme of multi station automatic hydraulic flexible clamping system 

 

2.3 System transformation scheme of NC machining equipment 

The existing traditional CNC machining equipment is reformed, including mechanical mechanism, 

electrical control system and CNC system. 

3. The design ofchuck 

3.1 Design of clamping structure 

Because the hydraulic pressure has the characteristics of large clamping force and fast response, the 

clamping mechanism uses hydraulic pressure as the power. The clamping mechanism consists of two 

upper and lower clamping claws. The lower claw is fixed on the chuck body, and the upper claw is 

controlled by the hydraulic cylinder moving up and down to control the clamping and loosening, the 

working state is shown in Fig. 2 and Fig. 3. 

  

Figure 2. Clamping state Figure 3. Releasing state 

 

3.2 Indexing structure 

Similar to the ratchet mechanism, it has the advantages of simple structure, stable rotation and high 

efficiency, so it is widely used. When it works, the thrust piston and the locking piston move 
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reciprocally to act on the rotating chuck seat. When the thrust piston is pushed out, the locking piston 

retracts, and the final collet seat is at 45 degrees. When the thrust piston retracts and the locking piston 

is pushed out, the collet seat is at 90 degrees, as shown in Fig. 3. Through the reciprocating movement 

between them, the whole indexing action is realized. The thrust piston achieves temporary indexing 

at 45 degree position, and the locking piston realizes 90 degree indexing and locking. 

 

Figure 4. Principle of indexing 

 

 

Figure 5. Chuck assembly 

3.3 Work principl 

The general assembly drawing of chuck is shown in 5, which is mainly composed of chuck body, 

rotating chuck seat, rotating chuck, cylinder cover, thrust piston, locking piston, clamping chuck, 

clamping piston, clamping cylinder cover, and etc. As can be seen from Fig. 5, the clamping piston 
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can stretch and retract under the action of hydraulic pressure to drive the clamping chuck to move up 

and down, so as to clamp the workpiece and realize the action of clamping the workpiece. The thrust 

cylinder piston and locking piston are designed to be linked, that is, the locking piston will return 

when the thrust piston is extended. As shown in Fig. 5, under the action of hydraulic pressure, the 

locking piston retracts when the thrust piston is pushed out, and the thrust piston simultaneously 

pushes the rotary chuck seat to rotate 45 degrees. Then the thrust piston returns to the locking piston 

and pushes out, pushing the rotating chuck seat to rotate 45 degrees again and locking the rotating 

chuck seat at the same time. Push the rotary chuck seat to rotate twice, so as to realize the 90 degree 

indexing function. 

 

Figure 6. Three dimensional model of chuck 

 

4. Design of hydraulic control system 

The dividing chuck is used together with the oil separator, which is respectively installed in the front 

end and rear end of the main shaft, and the middle part is connected by oil pipe. Through the control 

of hydraulic system, multi station machining can be carried out once clamping, and the spindle of the 

machine tool can also automatically shift the angle in the rotation, which can be divided into 90° 

bisection angle. 

 

Figure 7. Installation drawing of chuck 
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The chuck adopts hydraulic control. There are three oil cylinders in the chuck as the executive 

components, which are clamping and loosening cylinder, 45 degree control cylinder and 90 degree 

control cylinder. Figure 8 is the schematic diagram of hydraulic control system. 

The hydraulic pump station has two groups of oil circuits, one is to control the rotation indexing, the 

other is to control the clamping and loosening, and each group has pressure regulation control. When 

working, the motor starts to drive the oil pump to work. The flow path of hydraulic oil is from oil 

tank oil filter oil pump oil circuit block solenoid valve oil distribution block clamping cylinder and 

indexing cylinder. The oil circuit of a, B, C and D is switched by controlling the solenoid valve, so 

as to control the tightness and indexing function of chuck. 

 

 

Figure 8. Schematic diagram of hydraulic control system 

 

Chuck is automatic indexing, so in place detection is very important, in the automatic processing 

process has been detected in place of the signal. It is used to detect whether the chuck rotation is in 

place. If it is not in place, the alarm will be given and the machine tool will stop. After the alarm is 

removed, the machine tool will return to normal. When the pressure at e in Figure 8 does not reach 

the set value, the pressure relay will give a signal, and the machine tool will alarm and stop all actions. 

When the chuck is indexing, when the chuck is rotated by the thrust piston or locking piston, the 

detection port is blocked and no oil enters. Only when the chuck is in place can the oil enter. Therefore, 

there will be pressure. If the chuck is not pushed in place, that is, there is no pressure signal output to 

the control system. In the whole indexing process, the first push piston pushes the chuck seat in place 

and then gives the signal, then the locking piston is allowed to push the chuck seat and lock. The 

whole process is in the detection state, and the two pistons must be in place to work normally, which 

ensures the reliability and stability of chuck indexing. 
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5. Conclusion 

This paper mainly aims at the traditional manufacturing process of valve parts, based on the existing 

CNC machining equipment, to improve the manufacturing accuracy and efficiency of valve parts, a 

set of multi position hydraulic flexible clamping system is developed. 
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