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Abstract. In order to reduce the influence of the backlash in the planetary gears, this paper presents a
control method of the double speed loops. The motor speed loop is used as the inner loop and the load
velocity loop as the outer loop. Combining with the theoretical analysis and simulation .It is
concluded that the double speed loops has a good effect on the non - linear disturbance caused by the
backlash.
1. Introduction
The current tracking control of the transmission mode torque motor direct drive and non-direct drive
in two ways [1], torque motor direct drive transmission accuracy [3]. Compared to the direct drive,
non-direct drive in the planetary gear drive small size, high precision, small return gap, transmission
ratio is stable, low power consumption, especially for small loads. It is widely used in aerospace,
robotics, communications and other aspects [4]. However, although there are many advantages of
planetary gear transmission, but the existence of backlash will inevitably increase the difficulty of
control of the system, affecting the control accuracy of the system. In view of the non-linear problem
of the backlash gap, scholars at home and abroad have done a lot of research [5]. Commonly used
methods are mechanical backlash, multi-motor, inverse model compensation and other control
methods. The mechanical method is by strengthening the gear rigidity, but this method can not ensure
that no backlash problems are generated. In the literature [6], the double-motor drive is used to
eliminate the backlash. The two motors have the effect of offsetting the offset voltage by applying the
same voltage offset voltage to the two drive motors driving the same driven shaft. It is possible to
avoid the uncontrollability of the single motor during the backlash, but the characterization is still a
non-linear characteristic. Inverse model compensation is a scheme of reverse control, but because of
the backlash nonlinear inverse model is not different and discontinuous, so prone to "jitter"
phenomenon. In this paper, a control method based on double speed loops is adopted. The structure is
simple and has excellent effect on the nonlinear disturbance such as the backlash of the planetary gear.
The theoretical conditions are given to show that the double speed loops performance is better than
the single speed loop performance. Finally, the simulation results show that the proposed control
method is easy to implement and extremely effective.
2.

Planetary gear control system structure and performance analysis

2.1 Single speed loop control system structure and performance analysis
Will only single-speed loop planetary gear drive model is simplified as shown in Figure 1:
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Fig.1. Planetary gear drive model for single speed loop
Which wr , wo are the reference input angular velocity and the platform load output angular
velocity, respectively, f ( ), ud are planetary gear backlash and friction and other non-linear
disturbances, kv1 is the scale factor for the speed component, k pwm is the magnification of the PWM
power amplifier, C1 , P1 , P2 are the load side speed loop controller , the mechanical transfer function of
the motor and the transfer function of the load.
According to Fig. 1, we can derive the output angular velocity of the load wo relative to the friction
disturbance torque ud ，the backlash of the nonlinear disturbance f ( ) and the parameter test input
angular velocity wr transfer function is:
wo 

P2 f ( )  ud  k pwm C1 P1 P2 wr
(1)

1  kv1k pwm C1 P1 P2

When designing a stable controller , it is guaranteed in the required frequency band:
kv1k pwm C1 P1 P2  1

(2)

Then (1) can be approximated as: f ( )
ud
w
wo 

 r
kv1k pwm C1 P1 kv1k pwm C1 P1 P2 kv1

(3)

It can be seen from (3) that in the single-speed ring planetary gear drive control system, the friction
interference torque ud , the backlash of the non-linear disturbance f ( ) on the load output angular
velocity wo is done by the controller C1 , between the various disturbances mutual influence, so that
the controller C1 is difficult to coordinate, while the ud suppression is also related to the load P2 , so
the use of this control loop can not be very good to suppress the disturbance and it is difficult to
achieve high performance requirements.
2.2 Two-speed loop control system structure and performance analysis
Based on the advantages of cascade control and the analysis of single - speed loop control method, a
method of double - speed loop control is proposed. In the control system design, the two-speed loop
stability control is to measure the speed of the motor speed component of the inner loop, the use of
another measurement element to measure the load speed loop constitutes the speed of the outer ring
control. The speed inner ring includes the drive motor, which is mainly used to eliminate the
influence of the non-linear characteristics of the backlash. The speed outer ring includes the load,
which is mainly used for friction torque interference and external nonlinear disturbance. Speed outer
ring controller and speed inner loop controller is usually added to the forward channel to form a
two-speed loop control circuit, the control loop structure is shown in Figure 2：
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Fig. 2. Planetary gear drive model for two-speed loops
Which wr , wo are the reference input angular velocity and the platform load output angular
velocity, respectively, f ( ), ud are planetary gear backlash and friction and other non-linear
disturbances, kv1 is the scale factor for the speed component, k pwm is the magnification of the PWM
power amplifier, C1 , C2 , P1 , P2 are the load side speed loop controller , the motor speed loop controller,
the mechanical transfer function of the motor and the transfer function of the load.
According to Fig. 2, we can derive the output angular velocity of the load wo relative to the friction
disturbance torque ud ，the backlash of the nonlinear disturbance f ( ) and the parameter test input
angular velocity wr transfer function is:
wo 

k pwm C1C2 P1 P2 wr  P2 f ( )  (1  kv 2 k pwm C2 P1 )ud
1  k pwm C2 P1 (kv 2  kv1C1 P2 )

(4)

When designing a stable controller , it is guaranteed in the required frequency band:
k pwm C2 P1 (kv 2  kv1C1 P2 )  1

(5)

kv 2 k pwm C2 P1  1

(6)

Then (4) can be approximated as:
k v 2u d
C1 P2 wr
P2 f ( )


wo 
kv 2  kv1C1 P2 k pwm C2 P1 (kv 2  kv1C1 P2 ) kv 2  kv1C1 P2

(7)

It can be seen from (7) that in the two-speed loop stability control loop, the backlash suppression is
mainly achieved by the speed of the inner loop controller, the speed of the outer loop controller from
the auxiliary regulation; friction and other non-linear disturbance by the speed outer loop controller is
determined, but has nothing to do with the change of system characteristic parameter, which is
obviously improved compared with single speed loop control circuit.
For a control system with output y under the given value r and interference d , the system's
y/r
anti-jamming capability can be measured by the signal-to-noise ratio Ai 
to measure, if the
y/d
molecules closer to the normal value, the denominator tends to 0, then the anti-interference
performance stronger [7] [8].
In the case of single-speed loop, the signal to noise ratio of the backlash and friction disturbance is:
A - k- C P
1f

pwm

1 1

(8)

A1d  k pwm C1 P1 P2
(9)

44

Advances in Engineering Research (AER), volume 132

Similarly, the signal-to-noise ratio of the double-speed loop to the backlash and friction
disturbance is:
A k CC P
2f

A2 d 

pwm

1

(10)

2 1

k pwm C1C2 P1 P2
1  kv 2 k pwm C2 P1

(11)

In the design cascade control system, the order of the inner loop is generally low, so the C2 gain
coefficient can be made larger. Contrast (8) and (10) , without loss of generality, when the controller
uses proportional control, usually have A2 f  A1 f ,So the double-speed loop has a stronger ability to
overcome the backlash with respect to the single-speed loop control. For the friction and external
nonlinear disturbance, the existence of the inner loop improves the dynamic characteristics of the
controlled object and improves the stability The phase margin of the loop increases the open-loop
gain and the anti-jamming capability is also improved with the single-speed loop control.
In addition, it can be seen from the system control structure diagram, in the single-speed loop
system, the impact of the backlash need to go through the mechanical inertia of the lag in the load
speed can be detected; and in the double speed loop system, the impact of the backlash can be
detected by the speed sensor feedback on the motor speed detection and timely adjustment, improve
the system response to interference speed effectively.
3. Analysis of Single and Double Speed Loop Simulation Results
In order to better analyze the influence of planetary gear transmission to the system, a system
simulation model is established in Simulink module of Matlab. In the simulation of the planetary gear
reduction ratio of 100, for a given sinusoidal signal, single speed loop system tracking results shown
in Figure 3, double speed loops system tracking results shown in Figure 4.

Fig. 3. Single-speed loop simulation results for planetary gear drives
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Fig. 4. Double speed loops simulation results for planetary gear drives
The results show that when the single-speed loop is adopted, there is a relatively large nonlinear
dead band in the system, and the control structure of the two-speed loop can effectively suppress the
non-linear characteristic in the system.
4. Conclusions
In this paper, a position control method based on two-speed loop is proposed, and the control
performance of the system is analyzed. The control performance of the system is analyzed
theoretically. The condition that the motor speed loop controller needs to be satisfied when the
double speed loops performance is better than the single speed loop performance is obtained.
Secondly, through the modeling and simulation of the planetary gear transmission model, the results
show that for the planetary gear drive, the traditional single speed loop control structure is adopted,
the system will have a larger dead zone, and the two speed loops can largely suppress the dead-zone
characteristics present in the system.
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