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Abstract.Firstly, the control object and the loop of large radar bi-motor servo drive systemis analyzed
in detail and the model is given. Then, using the Matlab/smulink simulation software, the system is
simulated. At last, the Potter curves and transient response curves of the servo drive systemin different
states and parameters are obtained, which can provide powerful basis for the analyzing and researching
on the system status, parameter changes caused by the servo system performance changing.

Introduction

In the servo system of large precision tracking radar, usually the typical control methods are adopted,
from the inside to the outside are the current loop, speed loop, position loop. Servo drive system
generally refers to the part within the speed loop, it drives antenna real-timely and accurately, and
ensures the position loop to track the target accurately. After the design of servo system, in the actual
application, for environmental factors, equipment modification and performance of components, the
system parameters and the load characteristics inevitably will change accordingly[1,2]. In this paper,
the author firstly makes models and analyzes of control object and the loop of bi-motor servo drive
system of large radar, and use Matlab/simulink simulation software to simulate the system, get the
Potter curves and transient response curve of the servo drive system in different states and
parametery 3,4]. It provides the powerful basis for the analysis and research on the system status,
parameter changes caused by the servo system performance change.

Modeling and analysis of bi-motor servo drive system

In the bi-motor servo drive system, the current loop of two motor with an antenna axis shares one
speed loop, and has only a speed regulator. Speed feedback signal is taken out from the sum of output
of the two tachometers, compared with the instruction of the input, through the parallel PID regulator
and the acceleration limits, it forms current command and is sent to the current loop of the motor
controller. Through aloop regulation and a rectification amplify, it is used to drive the corresponding
motor[5-7].

Modeling and analysis of control object

Fig. 1 The model of bi-motor drive
In the figure 1, Ua . la, Ra, Larespectively are motor armature voltage, armature current,

armature circuit resistance, total inductance of armature circuit;
Jm, Ma, Km respectively are motor moment of inertia, electromagnetic torque, torque coefficient;
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E, Ke respectively are motor back EMF and back EMF coefficient; Jais antenna inertia;
N isgear box ratio; Kg is equivalent stiffness of single gear box output shaft; Ml is antenna moment
of gearbox output shaft;

gm. cfm . <§3m respectively are motor shaft angular position, angular velocity, angular acceleration;

ga . cf‘a . <§Ka respectively are antenna shaft angular position, angular velocity, angular
acceleration.

According to the bi-motor drive model, the motion differential equations are listed.
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Fig. 2 Simplified block diagram of bi-motor control object
In the actual system, if the influence of back EMF is negligible, the transfer function of the control
object in current loop is:
a1
u, R +L,S @
The transfer function of the control object in speed loop, in addition to the current loop, and the
transfer function from lato ¢, is:
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Because the two motor working state isthe same, thisformularepresents the transfer function from
the armature current to the speed of each motor, the sum of rotational inertia of every motor itself and
the sharing of the load inertiais:

a m+2|\?2 (4)

; (5)
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In addition, by the expression of W_(S) , due to the elastic load influence, in the numerator and the
denominator each appeared an oscillation.

We suppose that:
J
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w, is called locked rotor resonant frequency, w; is called the free rotor resonant frequency.

To obtain the transfer function of the control object is very difficult, sometimes even impossible. In
the engineering design, mostly in the control object curve measured as the standard, the approximate
equivalent to a low order system, the measured curve can be approximated by the following
expressions are:
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Modeling and analysis of current loop

When the open loop gain of the current loop is high enough and the time constant is sufficiently small,
the effects of DC motor back EMF feedback and back EMF compensation for current loop can be
ignored.
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Fig. 3 The principle block diagram of current loop
KO: amplifier gain, in order to improve the response bandwidth of current loop in small input signal,
K1: compensation coefficient of the back EMF; K2: gain of DC control signal amplitude limiting; Ks:
voltage gain of silicon controlled rectifier; Tk: delay time constant of silicon controlled rectifier; Tf:
filter time constant of current feedback branch; b, : current feedback coefficient;

Regulator is Pl regulator, whose transfer functionis:
ktS+1)

)
tS
The transfer function of current loop:
K{tS+1
W(S) = oSt ©
S(T,S+1)(T, S+1)
In the formula, K = kKo (1- ';:t)KZKSb' , T, =T, +T, ,Te=L,/R,.

Modeling and analysis of speed loop

For a bi-motor drive system, assuming the tow current loop are the same, the sum speed signal is
feedback to the input of speed loop, amplified and regulated by PID regulation, the two speed loops
can be integrated.
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Fig. 4 The block diagram of speed loop
Inthefigure 4, Kv isgain of speed loop; t,. t,. t, areparametersof PID regulator; K is gain of
PID regulator; b, is speed feedback coefficient.

Simulation of bi-motor servo drive system

In this paper, by computer aided design and simulation function of Matlal/Simulink, bi-motor servo
drive system of aradar range branch is simulated and tested.

Simulation of current loop

For aradar, we select the appropriate parameters, the smulation structure of current loop as shown in
Figure 5 is established by using Simulink.
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Fig. 5 The smulation structure of current loop
Through Matlab simulation, the step response results are that the rise time is about 15ms, the
overshoot is 15%, and the number of oscillationsis 1, the bandwidth is 25Hz. It will not arouseto large
lag for the speed loop, in line with the actual situation of the system.

Simulation of speed loop

Inthe radar servo systemwith large inertiaantenna, the influence to dynamic performance by structural
resonance frequency must be considered. Figure 7ais potter map of atype of radar antenna.

The structure of resonant frequency, namely fixed rotor resonant frequency is about 4.25Hz
(26.7rad/s), free rotor resonant frequency is about 9.87Hz (62.0rad/s).
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Fig. 6 The simulation structure of speed loop
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Fig. 7 The bode figure of system

Figure 7b is Potter map of speed closed loop. It can be seen from the graph, as long as the speed
loop bandwidth is selected appropriate, and whose bandwidth is not beyond the range of antenna
structure resonance frequency, the system is stable.

The transient response characteristics of the speed loop is shown in Figure 8a, it can be seen from
thefigure, therisetimeisabout 200ms, the overshoot is 10% - 15%, the number of oscillationsis 1, the
bandwidth is about 2.25Hz, they meet the index of the system requirements.

a b
Fig. 8 The step response of speed loop

In the speed loop, if the antenna structure changes, the resonant frequency of the antenna will
reduce, or if the performance of the motor for speed feedback reduces, it will cause Potter diagram
curve of the system to deform in advance. If the deformation falls within the bandwidth range of the
speed loop, it will cause the system instability, thereby cause the antenna oscillation.

If the feedback coefficient of the tachometer of aradar decreases caused by the aging, it will make
the amplitude frequency characteristics and phase frequency characteristics of the speed loop
distortion, lead to transient response performance degradation, and lead to angle tracking of antenna
oscillation, serioudly lead to the system unstable. The potter chart is shown in figure 7c.

Figure 8bisthe step response curve of the speed loop when the tachometer feedback coefficient has
decreased. It can be seen from the chart, when speed feedback coefficient changes, compared with the
normal conditions, rise time and overshoot of the step response curve change alittle, the bandwidth of
the speed loop changes a little, but there is oscillation trend as the antenna rotation. So the change of
speed feedback coefficient must be controlled in acertain range, if it is beyond this range, it will cause
the antenna oscillation.

Conclusion

In this paper, the author makes the model and analyses of the bi-motor servo drive system, and carries
out asimulation study separately to the current loop and speed loop. Simulation results show that if the
load characteristics and feedback components performance decreases, it will directly affect the
transent response characteristics of servo drive system. Thus we can judge and make the
measurements of improving system performance by the analysis of the potter chart and test of transient
response characteristics.
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