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Abstract

An automatic loading simulation and testing system of steering servo was designed in this paper.
Design of hardware and software of the testing system were illustrated, and the Load testing principle and
test strategy were analyzed. Torque servo motor was used to simulate the loading added to the steering
servo. The torque magnitude was controlled proportional to the angular displacement of the steering servo
to simulate elastic load. Fuzzy PID control algorithm was used to make torque servo motor follow the
change of angular displacement quickly and accurately. The effectiveness of the automatic testing system
was proved by the experimental results.
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1. Introduction

In the field of flight control system, load simulator is one of the main devices which can
simulate the loading added to the actuator. The load simulator can imitate the aerodynamic
loads of the actuator suffered by the aircraft during the flight by adding loading to the actuators
system of the missiles or aircrafts.

Recent years, many institutes do researches on the loading simulator [1-3]. The main
loading mode of the load simulators are electro-hydraulic loading and electro loading. Electro-
hydraulic loading method has the advantage of high precision, wide frequency band, big torque,
etc. However, there is still some disadvantages, such as oil leakage, pollution, and inconvenient
maintenance. Electro loading method has the advantage of no heavy oil source, light pollution,
easy to maintain, high response speed, simple structure, high reliability. With the development
of the theory of driver and control, the electro load simulator now can realize bigger torque
loading, high precision, and wide frequency band. Electro loading simulator is the best choice
for the lower loading motor [4, 5]. Torque motor is suitable for torque loading measuring system
with low speed, high torque and accurate torque output. Servo box could be reduced when test
system used torque motor as the load, so the error that was caused by mechanical backlash
could be avoided.

Torque output was linear with the angular displacement of the steering servo output for
simulating the real state. So the torque motor must be able to follow the signal of angular
displacement quickly. In order to improve the controlling performance, torque signal was
controlled with fuzzy PID controller. Fuzzy PID controller consists of fuzzy controller and PID
controller, which contains both the accuracy of PIDcontroller and real-time feature of fuzzy
controller. Its good robustness can cater to need of nonlinear system [6, 7].

2. Structure of the System

The automatic electro loading simulation and measuring system designed in this paper
is to realize torque loading for some kinds of steering sensors, and was used to finish some
static and dynamic performance automatic testing for the steering servos.
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2.1. Mechanical Structure

The mechanical platform was consisted of base, tested steering motor, coupling,
encoder, bearing seat, torque sensor, loading motor and all kinds of fixtures. The mechanical
structure of the experiment platform was shown as Figure 1. The tested steering servo is the
work object of the testing platform, and the testing system tested the static and dynamic
performance of the steering motor automatically. The required torque was added by the loading
motor, the value of loading torque varied with the change of the input voltage of the loading
motor which resulting in continuous and smooth loading.

2.2. Structure of Measurement and Control System

The performance of the measurement and control system decided the accurate of
steering servo measuring system. The efficiency, quality, and cost of hardware should be

considered.
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Figure 1. The Mechanical Structure of the System

Because the system need control the loading motor and the tested actuator besides the
data analyzing and processing. The structure of up and lower computers was adopted in this
system. The up computer which run in windows operating system mainly to finish data
acquisition, data saving, data analyzing, data displaying, etc, and the lower computer was
mainly to take as loading controller. According to the requirements of the loading in the static
and dynamic performance testing, DSP technique was adopted in the lower computer, which
was consisted of DSP minimum system, A/D, D/A, RS485 communication module, sensor
signal transmitter, power module, auxiliary circuits. The composition diagram of the system was
shown in Figure 2.
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Figure 2. Overall Structure Diagram of Measuring System
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Torque motor and steering servo were both fixed on the mechanical platform, and were
connected into a whole through the couplings, torque sensor and angular displacement sensor.
Industrial computer and DSP board output excitation signal of steering servo and torque motor,
and acquisition boards collected output signal of sensors and the feedback signal of steering
servo.

2.3. Structure of the Software System

The function of the software was to realize online integrated management for the
system, performance test, security, protection and monitoring of steering servo measuring
system. Modular structure was adopted in the software system. Each modular was independent
of each other. The software of measuring system mainly included two parts: host computer
program and lower computer program.

1) Host computer program: The functions of this part include parameter settings, status
display, data display and processing, and serial communications. The host computer program
was programmed in Labview environment with higher readability and compatibility. The
function of the program was shown in Figure 3 .
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Figure 3. Software Functions of System Figure 4. The Control Block of System

2) Lower computer program: The program mainly controlled the torque motor and
steering servo by DSP board. The program was programmed with C program language in
CCsStudiov3.3. The control block diagram was shown in Figure 4.

DSP board received order from the host computer through serial communication, and
output the control signal to steering servo. According to the signal steering angular
displacement signal and torque sensor, the DSP board output the control signal to the torque
motor. Thus the measuring system could load elastic load to steering servo.

3. Control Algorithm

In the measuring system, the control signal of torque motor must follow the output
signal of the angular displacement of the steering servo. So the system must response quickly
to the change of input signal. Traditional PID control method was widely used in the industrial
control process currently. The parameter of PID control was defined by engineering experience,
However, It was difficult and time-consuming to get perfect parameter. The speed of response
could not meet the requirements if the measuring system was controlled just by PID control.

Fuzzy controller measured controlled object, and converted the measuring signal to
fuzzy amount that described by human language through the fuzzy interface converter. Then
the fuzzy control output fuzzy amount by the rules based on human language. Accurate output
could be got by defuzzification. Fuzzy control has better robustness and adaptability and was fit

to the measuring system [8].The parameters kp, ki and kd were the kernel of PID control. Self-
tuning fuzzy PID controller was composed by PID control and fuzzy control. The parameters of
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PID control were corrected online by fuzzy control. Fuzzy PID control not only maintained the
features of PID control, but also had flexibility, better control accuracy and quickly response.
As shown in Figure 4, the error €and the error rate €C were the input of the fuzzy

control, AK /, AK; and AK, were the output of fuzzy control. The fuzzy amount E and EC of
e and ec could be obtained from Equation (1).

K, =< 2m -(e—eH+eL)> 1)
e, —€. 2

Wheree,,, € are the maximum and minimum ofe, mis the maximum of fuzzy
amount. K, is the fuzzy amount of e. The accurate outputAkp, Ak; and Ak, could be
obtained from Equation (2).

u, —-u u, +u
y=-H L.U4+-H L )
A 2

Whereu is the accurate output of fuzzy control, U, and U, are the maximum and
minimum of output, | is the maximum of the fuzzy amount, and U is fuzzy output of the fuzzy
control.

The measuring system assumed the fuzzy subsets of E, EC and U were both {NB,
NM,NS,ZO ,PS,PM , PB}, where NB is negative big, NM is negative middle, NS is
negative small, ZO is zero, and PS is positive small, PM is positive middle, PB is positive
big.

(x-a)°

2
The fuzzy control chooses Gaussian functionU , (X) =e ° as distribution function.

Where @, is the central of function and b is the width of function. The central of {NB,NM ,

1
NS,ZO,PS, PM,PB} is {-3, -2, -1,0,1,2,3}. The sharp of the distribution function was
shown in Figure 5.

v

Figure 5. The Membership Distribution Function

The error e and error rate ec were the input signal of fuzzy and PID control. The fuzzy
amount E and EC could be get by fuzzy control. The measuring system set the initial values
Ko Kio andky, of the PID control. The three fuzzy amounts AK, AKjand AK;could be

obtained by fuzzy inference table, which was shown in Table 1.
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Table 1. AK/AK;/AK Fuzzy Inference Table
EC
v NB NM NS zo PS PM PB
E

NB PBINB /PS  PB/NB /NS PM/NM/NB  PM/NM/NB  PS/NS /NB  ZO/IZO/NM  ZO/ZO /NS
NM PBINB /PS  PB/NB /NS PM/NM/NB  PSINS /NM  PSINS /NM  ZO/ZO/NS  NS/ZO /zO
NS PMINB /ZO  PM/NM/NS ~ PM/INS/NM  PS/NS /NM  ZO/ZO/NS ~ NS/PS INS  NS/PS /ZO
zo PMINM /ZO  PMINMINS ~ PSINS /NS ZO/ZO/NS ~ NS/PS /NS NM/PMINS  NM/PM/ZO
PS PSINM /ZO  PS/NS /ZO  ZO/ZO/ZO  NS/PS /ZO  NSPS /ZO  NM/PM/ZO  NM/PB /ZO
PM PS/IZO /PB  ZO/ZO/NS NS/PS /PS ~ NM/PMPS  NM/PMPS  NM/PB/PS  NB/PB /PB
PB Z0/zO /PB ZO/ZO/PM  NM/PS/PM  NM/PM/PM  NM/PM/PS  NB/PB /PS  NB/PB /PB

parametersk  , k; and k; were corrected by the Equation (3) as shown.

The accurate outputAk,, Ak; and Ak;be obtained through defuzzification. The

K, =Ko + Ak,
K, = ko + AK,
Ky =kyo + Ak,

®)

The measuring system had accurate output and quickly response and achieved the
desired control effect through fuzzy PID control.

4. Testing Principle
The measuring system was shown in Figure 6. Zero position characteristic, linearity and
transfer coefficient, frequency characteristic and maximum torque of sreering sevro was
measured through the measuring system that was be designed to verity the performance of the
system. The principles and methods that were used to measure the parameters of sreering
sevro were as follows.

Figure 6. The Measuring System
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1) When the input signal of steering servo was zero. The feedback voltage signal and
angular displacement signal of steering servo were both zero, and the feedback voltage signal
was symmetric about the origin with the input signal. However, there was always some
deviations which was caused by electrical, magnetic, mechanical, fabrication, assembly and
other factors between electrical zero position and mechanical zero position. The feedback signal
of steering servo was always not zero when the input signal was zero, and there was a no-linear
region near the origin. The purpose of zero position testing was to measure the deviations
between electrical zero position and mechanical zero position.

The triangular wave control signal was treated as the input signal of steering servo, and
the data acquisition board collected the feedback voltage signal of the steering servo
simultaneously. The voltage value of feedback was calculated and recorded by the host
computer program.

2) Transfer coefficient and linearity are two parameters that reflect the degree of electric
linear of electric steering servo. The input and output of steering sevro were proportional
relationship theoretically. However, there was always varying degrees of nonlinearity due to
systematic error and random error. Therefore, linearity and transfer coefficient characteristics of
steering servo needed to be analyzed in practical engineering. In the real experimental, taking

m voltages X; in the range -10V to +10V was treated as the input signal of steering servo, and

measured the corresponding angular displacement signal Y, . The best fitting straight line was

found by the program, and all of the output signal should be as close as possible to the line. The
essence of fitting straight line was calculated the best slope and intercept estimate. Fitting
method commonly used commonly least square method fitting parameters [9].

Measuring data points (Xi, yi) could be fitted with the line y = kx + b . The relationship
between input signal and feedback signal could be described by the fitting line. The principle of

1=m
least squares method was to make the sum of absolute values of deviations Z|yi —kx; — b| or
i=L

3

(y, —kx, b as small as possible.

1]
LN

The value of K and b could be estimated by the equation (4), where the slope of the
fitting line K is the transfer coefficient of steering servo.

k=y-bx
Yoxy-mxy (k- x)y-y) (4)
b=l SR
3 xZ-mx’ Z(x,—§
i=1 i=1

The maximum distance between measuring points and fitting line is AL, . The linearity
of steering servo could be obtained through the Equation (5).

7L :MxloO% (5)

FS

Where y, is the linearity of steering servo, and Yes is full-scale angular displacement

output value of the steering servo.

3) Frequency characteristic was used to describe the mathematical model of steering
servo system. Frequency characteristic reflected the inherent characteristics of steering servo
and was mainly used to measure the amplitude-frequency characteristic, phase-frequency
characteristic and pass band.

In the frequency characteristic testing, the steering servo was controlled by 0.1Hz to
10Hz sinusoidal signal. The data acquisition board collected the feedback voltage signal and
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angular displacement signal of steering servo. The curves of amplitude-frequency characteristic
and phase-frequency characteristic were drawn according to the collected data. The pass band
and phase lag was most important parameters of frequency characteristic. Low pass band
would limit the steering servo response speed, and high pass band would affected by the noise.
The phase lag is the phase difference between the phase of input and phase of corresponding
output signal [10, 11].

4) In the maximum torque characteristic testing, the output of torque motor increased
with the increasing of angular displacement. The data acquisition board collected the maximum
torque until the angular displacement of steering servo no longer increased.

4. The results
The steering servo was controlled by four period’'s 2V triangular signal; the data

acquisition board collected the voltage feedback signal. The result of the zero position
characteristic tests was shown in Figure 7. The black curve was the control signal of steering
servo, and the red was the voltage feedback signal. The average value of voltage feedback was
0.0239V when the control signal was zero.

3-

e LW R /A\ /’“‘\
N/ 7 \/ 7 il
V \V; VA

0 Time(ms) 15000

Figure 7. The Result of Zero Position Characteristic Tests
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Taking some voltages in the range -10V to +10V was treated as the input signal of
steering servo, and measured the corresponding angular displacement signal. The fitting line
was found through least square method. The original curve and fitting line were shown in Figure
8 as follows:

8 8 B 4 D ] 2 H 8 10
voltage(v)

Figure 8. The Result of Linearity and Transfer Coefficient Tests

Where the red curve was the origin curve and the black was the fitting straight line. The
angular displacement output was linear with the input of steering servo. The linearity was 2.58%

and the transfer coefficient 2.01°/V .
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Figure 9. The Result of Frequency Response Tests

The steering servo was controlled by from 0.1Hz to 10Hz sinusoidal consecutive signal.
The data acquisition board collected the voltage feedback signal and angular displacement
signal of steering servo. Frequency response of the steering servo was shown in figure 9. The
width of pass band was greater than 10Hz. The steering servo could quickly follow the control
signal when the frequency of control signal was less than 10Hz. The phase angle difference
between input and output signal was about 52 ° at 10Hz.
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Figure 10. The Result of Maximum Torque Tests

The maximum torqueTmax should be estimated through the engineering experience.
The ratio between the angular displacement of the steering servo and the input of torque motor

k' was set firstly, so that the output of torque motor was greater than maximum torque of
steering servo when the angular displacement of steering servo was greater than 90% of full
scale. The amplitude of steering servo control signal increased slowly. The data acquisition
board collected the signal of torque sensor and angular displacement signal of steering servo.
The curves of torque and angular displacement were shown in Figure 10.

Where the black curve was the angular displacement of steering servo and the red is
the signal of torque sensor. The forward maximum torque was 48.41Nm and reverse maximum
torque was 41.01Nm.

4. Conclusion

This paper mainly designed and researched the principle, hardware system, and
software system and control strategy of the steering servo measuring system. The torque motor
was treated as the load for simulating the real state of steering servo. The accuracy of torque

TELKOMNIKA Vol. 12, No. 4, April 2014: 2753 — 2761



TELKOMNIKA ISSN: 2302-4046 H 2761

and the speed of the measuring system were improved through fuzzy PID control method. The
virtual instrument technology and automated testing techniques were combined for completing
the design and development of the steering servo measuring system.
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