
International Core Journal of Engineering Vol.5 No.2 2019     ISSN: 2414-1895 

134 

Research on inertia matching of drive system of super-torque and 
high-precision indexing rotary device 

Jun Xie a, YingHua Liao b and Chuan Liao c 

Sichuan University of Science & Engineering, Yibin 644000, China; 

ajunxie0204@163.com, b191151820@qq.com, c635993390@qq.com 

Abstract 

The super-torque high-precision indexing rotary device is a key component in large-scale 
rotor machining,and is often used to achieve accurate indexing of parts in large-scale CNC 
machine tools.The inertia matching of the servo drive system of the indexing rotary device 
is particularly important,which seriously affects the indexing accuracy,transient response 
characteristics and performance stability of the entire indexing rotary device.The paper dis- 
cusses the inertia matching in the servo drive system of the indexing rotary device.Theoret- 
ical analysis and calculation verification show that the inertia ratio of the drive system meets 
the inertia matching requirements, so the indexing accuracy and machining accuracy of the 
whole system are guaranteed. 
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1. Introduction

Large rotors such as nuclear power, steam turbines or large aerospace engines require a 360°circum- 

ferentially uniform blade mounting groove for rotor rotation. In order to ensure that the rotor center 
of mass is in the center of rotation, the rotor can run smoothly, and the indexing of the rotor assembly 

groove is processed. Accuracy is especially important. The super-torque high-precision indexing and 

turning device is a key component in the processing of large-scale rotors. It determines whether the 

rotor mounting groove machined by the special machine for rotor machining can meet the 

requirements for use[1-2]. The indexing slewing device is driven by the servo motor, and the inertia 

matching of the servo drive system has a serious impact on the performance of the whole machine 
[3-4]. This paper analyzes and studies this. 

2. Division Rotary Device Structure And Transmission Principle

2.1 Mechanical Structure 

Figure 1 is a structural view of an indexing slewing device,which includes a transmission mec- 

hanism, a detecting mechanism,a clamping mechanism,and the like.The transmission mechanism 
includes a servo motor 7,a precision reducer 8, a coupling 9,an indexing worm 10,an indexing spindle 

4,and the like.comprises a disc brake 1,a brake disc 3,an indexing dial 6,and the like. 

2.2 Working principle 

The numerical control system sends an indexing signal, the servo motor 7 drives the precision  

speed reducer 8, the precision speed reducer 8 drives the indexing worm 10 through the coupling 9, 

and the indexing worm 10 drives the indexing worm wheel 5 to rotate, realizing precise continuous 

indexing; The indexing worm wheel 10 is connected with the indexing disk 6, the indexing disk 6 is 
connected to the rotor, the indexing worm wheel 10 is mounted on the indexing spindle 4, and the 
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front end of the indexing spindle 4 is equipped with an indexing disk 6 which can be coupled with 

the loading rotor, and the indexing The tail section of the main shaft is equipped with a rotary encoder. 

When indexing, the rotary encoder outputs the actual position of the rotor for full closed-loop control; 

the front and rear ends of the indexing spindle are respectively supported by high-precision heavy-

duty spindle bearings; In order to ensure that the indexing spindle no longer has an action after the 

indexing is completed, an automatic clamping clamping disk is added to the rear bearing end of the 

indexing spindle. When the circular grating 2 detects the rotational angular displacement close to the 

indexing angle, the numerical control system A stop signal is issued, the drive motor starts to 
decelerate, and accurate positioning and clamping is achieved by the disc brake 1 and the chucking 

disc 3. 

Fig1. Indexing device structure 

3. Inertia Matching

3.1 Analysis 

According to Newton's second law: 

(𝐽𝑀 + 𝐽𝐿)𝑑𝑛/𝑑𝑡 = 𝑀 − 𝑀𝐿                                                     (1)

Where: n is the speed of the motor,r/s; t is the acceleration time, s; 𝑑𝑛/𝑑𝑡 is the angular acceleration;

𝐽𝑀 is the inertia of the motor itself,kg∙m^2 ;𝐽𝐿 is the load inertia of the motor shaft kg∙m^2;𝑀 is the

torque of the motor, N ∙ m;𝑀𝐿 is the load torque equivalent to the motor shaft N ∙ m.

If the angular acceleration is too small, it will increase the time between when the CNC system issues 
a command and when the feed system is completed, that is, the system is usually too slow. If the 

angular acceleration changes, the response of the system will suddenly and slowly,which will serious- 

ly affect the machining accuracy and system stability of the CNC system. If you want to make the 

change of angular acceleration small, you should make the change of 𝐽𝑀 + 𝐽𝐿as small as possible,

then it is better to make the proportion of 𝐽𝑀 + 𝐽𝐿  smaller. This is the principle of "inertia

matching"[5-6]. 

The indexing slewing device requires good fast response characteristics. To improve the fast response 
characteristics of the system, the resonant frequency of the mechanical transmission compo- 

nent must first be increased, that is, the rigidity of the mechanical transmission component is increas- 

ed and the inertia of the mechanical transmission component is reduced. Second, Reducing the reson- 

ance peak by increasing the damping can also achieve the requirement of improving the fast response. 
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The weight of the nuclear electric rotor used for the indexing slewing device is 180000 kg. The 
nuclear power rotor generates a large inertia force when it rotates. It is necessary to properly match 

the inertia of the drive system to ensure good machining accuracy of the entire CNC system [7]. Servo 

accuracy and transient response characteristics.In general,the inertia ratio of the servo motor moment 

of inertia 𝐽𝑀 and the load inertia 𝐽𝐿 is:

 𝐽𝐿/𝐽𝑀 ≤ 3~5                                                                 (2)

For small and medium CNC machine tools 𝐽𝐿/𝐽𝑀 ≤ 3; For large CNC machine tools𝐽𝐿/𝐽𝑀 ≤ 5.

When the performance requirement is higher, the smaller the ratio, the better, especially in high- 

speed cutting. The nuclear power rotor involved in this paper is low-speed cutting, and the rotating 
speed of the processing nuclear electric rotor is 1.5 rpm, which is a large-scale CNC machine tool. 

Therefore, the inertia ratio of the drive system can satisfy 𝐽𝐿/𝐽𝑀 ≤ 5[8-9].

3.2 Calculation Of Moment Of Inertia 

The formula for calculating the moment of inertia of a rotating component is: 

𝐽𝑖 = 1/32𝜋𝛾𝐷2𝐿                                                              (3)

Where: 𝐽𝑖  is the inertia of the rotating part, kg∙m^2; 𝛾 is the material density, kg∙m^3; 𝐷 is the diamet- 

er of the rotating part, m; 𝐿 is the length of the rotating part, m. In the indexing rotary device, the re- 

ducer, the coupling, the worm, and the nuclear rotor can be calculated by the equation (3). 

The formula for calculating the moment of inertia of a linear moving part is: 

𝐽𝑊 = 𝑊(𝑡/2𝜋)2                                                              (4)

Where: 𝐽𝑊 is the linear inertia of the moving part, kg∙m^2; 𝑊 is the weight of the linear moving part,

kg; 𝑡 is the screw pitch, m. No linear motion component in the indexing slewing device. 

The load inertia converted to the motor is: 

𝐽𝐿 = ∑ 𝐽𝑖 (𝑛𝑖/𝑛𝑚)2 + ∑ 𝐽𝑤 (𝑛𝑖/𝑛𝑚)2                                          (5)

Where: 𝐽𝑖  is the inertia of each rotating component, kg∙m^2; 𝑛𝑖 is the rotational speed of the rotating

component, r/min; 𝑛𝑚 is the rotational speed of the motor, r/min; 𝐽𝑤 is the inertia of each moving

component, kg∙m^2. 

𝐽𝐿 = 𝐽𝑍/𝑖2 + (𝐽1 + 𝐽2 + 𝐽3)/𝑖1
2

                                               
(6)

Where: 𝐽𝐿  is the load inertia, kg∙m^2; 𝐽𝑍 is the nuclear rotor inertia, kg∙m^2; 𝐽1 is the reducer inertia,

kg∙m^2; 𝐽2 is the coupling inertia, kg∙m ^2; 𝐽3 worm inertia, kg∙m^2;𝑖 is the total transmission ratio;

𝑖1 is the gear ratio of the reducer.

3.3   Inertia Matching Verification 

According to the equations (3) and (6) and the known conditions, the moment of inertia of each 

component is as shown in Table 1. 

Table 1 Moment of inertia of each component 

name Moment of inertia kg∙m^2 

Rotor inertia𝐽𝑍 189225 

Reducer inertia𝐽1 0.0045 

Coupling𝐽2 0.031 

Worm𝐽3 1.979 

Load inertia𝐽𝐿 0.1923 

Check the Siemens motor sample selection motor is 1FT6134-6AB71-1AG0, its moment of inertia 

𝐽𝑀 is 0.0547kg∙m^2. From this, we can get 𝐽𝐿/𝐽𝑀 = 3.515, which meets the inertia matching

requirement within the reasonable range of inertia ratio. 
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4. Conclusion

In this paper, the inertia matching of the drive system of the super-high torque and high-precision 
indexing rotary device is theoretically analyzed and verified. The results show that the drive system 

of the mechanism meets the inertia matching requirements, so the indexing accuracy, machining 

accur- 

acy, servo accuracy and transient response characteristics of the whole system are guaranteed. The 
calculation formula and analysis process in this paper can provide reference for the design of similar 

institutions. 
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