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ABSTRACT -The control accuracy and performance of current servo systems are greatly Received:xoox
challenged. For this reason, how to effectively improve the control effect of the servo system and Revised:xxxx
encoder accuracy, has become the focus of current research. Therefore, the research aims to Accepted:xxxx

improve the control effect and encoder accuracy of electromechanical servo systems. Moreover,
the dual-motor control algorithm is innovatively used to optimize and analyze the electromechanical
servo system. The study achieves more accurate load control by coordinating the synchronized
operation of the two motors, which in turn improves the overall performance of the motor servo
system. The dual-motor control algorithm achieves more precise control of the load by coordinati

the synchronized operation of the two motors, thus enhancing the overall performance of th

ceuracy
ontrol

improve the motor control capability. This is an important guiding significanc
motor servo system.

1.0 INTRODUCTION

In modern industrial and military fields, electromechal
widely used in high-precision and cutting-edge equipgen
performance of the servo system directly affects the
equipment [2]. Therefore, how to effectively imp
their dynamic response and steady-state p
rapid development of control theory 3
gradually gained widespread attentio
and improving control accuracy [3]. D
by coordinating the synchronous operation
electromechanical servo system [4].

3 ome an important research topic. In recent years, with the
p technology, the Dual Motor Control Algorithm (DMCA) has
advantages in improving system redundancy, increasing output power,
an achieve more precise control of the load and higher dynamic performance
two motors, thereby significantly improving the overall performance of the

ad'the advantages of compact structure, easy control, high precision, reliability, linearity,
2 et al. [6] proposed a new simplified monitoring model to solve the problem of the lack of
’@ flight *Command electromechanical servo systems, which accurately reproduced the dynamic
response of typicalg@erospace electromagnetic radiation. The system evaluation results indicated that the new model was
experimentally valigated in MATLAB-Simulink and could predict the impending failure of the flight command
electromechanical brake. He et al. [7] proposed a composite control method based on DMCA for sliding mode and self-
disturbance rejection control to address the difficulty of cutting head control in electromechanical servo systems under
parameter changes and disturbance uncertainties. On the basis of traditional active disturbance rejection control, the
fastest discrete tracking differentiator and extended state observer were designed. The research results indicated that the
new control method improved the tracking accuracy and robustness of the position servo system. Chen et al. [8] proposed
a robust indirect adaptive controller based on a nonlinear x-exchange technique for high-precision motion control of
electromechanical servo systems with time-varying parameter estimation. The adaptive feed-forward cancellation
technique could effectively compensate for the uncertainty of time-varying parameters. The experimental results verified
that the estimation results obtained by the proposed control strategy had good asymptotic tracking performance.

Hu et al. [9] proposed a practical adaptive robust control method based on a dual valve parallel electromechanical
servo system to meet the requirements of modern mobile machinery for trajectory tracking accuracy and high efficiency.
This method eliminated parameter uncertainty and load disturbances, incorporated the DMCA, and solved the problem
of flow redundancy. The research results verified the effectiveness of the new method, which could effectively achieve
tracking accuracy and flow distribution through simple on-site parameter adjustment. In their study, Hossain MS et al.
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used variable timing and fast-operating control valves for the control of electromechanical follower systems, which are
capable of providing precise and adaptive control mechanisms at the inlet of the expander. Through valve optimization
and control, the system performance of a gas expander could be significantly improved. The methodology used in the
current study was theoretically capable of improving the cycle performance parameters through a multistage unstructured
fuzzy decision analysis approach. However, the method lacked practical application results, while the high cost of use
limited the popularity of the research method [10]. In the study by Zhang L et al., research was carried out to establish a
3D simulation model by integrating a fuzzy Proportional-Integral-Derivative (PID) control algorithm. The new model
could help the electromechanical follower system for testing and optimization. The results of the study showed that the
new electromechanical control follower system had a significant improvement in control and management efficiency by
about 30% compared to the conventional system. The current method is able to improve the efficiency of the follower
system and reduce operating costs. However, the increased difficulty of the operation of the method makes it difficult to
popularize and promote it, making the new method more limited [11]. A linear Electromechanical Actuator (EMA) was
used to control the electromechanical follower system in the study of Hashim AA et al. Meanwhile, the new method
introduced meta-heuristics, Spiral Dynamic Algorithms (SDAs), and an artificial swarming algorithm to optimize
the Pl parameters and thus control the position of the EMA. The results showed that the Pl controller optimized by the
SDA and Atrtificial Bee Colony (ABC) algorithms exhibited excellent performance, which is able tg,effectively reduce
the steady state error and overshoot of the system and improve the system's rise time and stable respoRse time. Although
the new method could improve the system control accuracy and enhance the fast response of th the new method
had higher resources for computation, and the computing cost was also increased accordin . n be seen that
although the latest research methods can effectively improve the operational performanc stemytheir usability
and cost need to be further improved.

In summary, most of the previous research on electromechanical servo systems al at reducing dynamic
are still problems, such as

poor control accuracy and poor system control effectiveness in electr .
improve the control accuracy and effectiveness of the system, the DMCAUI i optimize and improve the design
of the electromechanical servo system. This study aims to control the ele
torque system and innovatively incorporates a dual electromech
of the electromechanical servo system. Moreover, the PID contr
At the same time, it can improve and optimize the encoder of the

rithm to improve the control accuracy
stem is used to optimize the algorithmic program.

effect optimization of the system. Table 1 shows all abbrevi at appear throughout the entire text.
Table 1 preViations
Abbreviation Full name
DMCA Dual Motor Control Algorithm
PID Proportional-Integral-Derivative Control
SPI / Serial Peripheral Interface

Artificial Bee Colony

D Spiral Dynamic Algorithm
EMA Electromechanical Actuator
PLC Programmable Logic Controller
A/D Analog To Digital
D/A Digital To Analog
CPU Central Processing Unit
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2.0 METHODS AND MATERIALS
2.1 Construction of electromechanical servo system

In robot control, the setting of the electromechanical axis can meet the general structure and joint control of the robot.
However, further research is currently being done on how to improve the accuracy of robots. In general, the number of
slots in the motor in mechatronics is the key to motor control, and its data parameters will affect the control accuracy and
cost of the motor. According to the analysis of the changes in the winding of the electric slot, the size of the number of
slots in the electric slot is shown in equation (1) [13].

z
w=——(1)
2Xp
In equation (1), w represents the proportion of slots in the motor, Z represents the number of slots in the stator of
the motor, x represents the number of phases in the motor, and p represents the logarithm of the number of poles in the

motor slots. Parameters such as the number of motor windings and coil diameter are selected by considering motor control
accuracy and cost. In practice, these parameters are typically subjected to a theoretical analysis, the objective of which is
to ascertain the approximate range of parameters based on the operating principle and control requirements of the motor.
Furthermore, the effect of different parameters on motor performance is predicted through the simula
motor system. Finally, the parameters are optimized and adjusted according to the re
experimentation. When the proportion of battery stages is less than 1, the number of winding
can effectively increase the full slot rate of the battery, reduce the harmonic electromotiye ic shock, and
improve the balance of motor torque. The energy consumption of the entire motor is red to ensure the
safety of the motor, the number of winding wires of the motor is increased, and malysis is carried out for
different turns and heating conditions, as shown in equation (2) [14].

electrode slot

4S
m= 2
raD? )
In equation (2), m represents the number of motor coil windings, epres the stator slot area of the motor
(mm2), D represents the diameter of the motor coil winding g (mm), esents the number of parallel coils of

the motor coil winding, and 7 represents the proportion of the m slot winding group to the slot area. There is a limit

41

J =
rad?

©)

parameters need to be set, and differen es to be optimized and analyzed. The motor shaft is designed with a
hollow structure, and the controller afd der are built into the shaft and connected to external devices through coils.
At the same time, the motor system adopt§@'structure of multi-stage coil magnetic rings connected, and the two magnetic
rings are fixed by stacking. The different camponents of the motor's casing and bottom are connected to form a whole,
and it is isolated from the exter n\&lme t through the casing. Finally, an encoder and decoder for controlling motor

parameters are installed on t r casing, and the motor is sealed with silicone. To determine the parameters of the
motor and the system contko irefents, the main control system of the motor is designed and constructed [16]. The
structure of the motor cdmtrol s Is shown in Figure 1.
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Figure 1. Structure of motor control system

From Figure 1, the control modules in the motor control system includle the motor energy conversion module, main
control module, power conversion module, motor drive module, elect odule, and motor communication
module. The motor energy conversion module is responsible for genvertin
supply for the motor control system. This module includes po
stable and clean power supply. The main control module acts as t
microprocessor for executing algorithms and processing inpuiWsig
coordinating the operation of the entire system, mcludmg art, ‘stop, speed, and direction control. The power
conversion module is capable of converting the digita i
required to drive the motor. It includes drive circuits ers, and protection circuits. The motor drive module
is capable of directly controlling the operation of the ) mcludes an H-bridge circuit or similar power electronics
to regulate the motor's current and voltage. Thegpowerdmedtle is capable of managing the distribution of power to the
motor control system, ensuring that all ent§yreceive the proper voltage and current. The module includes power
distribution units, relays, and fuses. J communication module is responsible for exchanging data with other
systems or modules. Modules includ communication interfaces, network interfaces, or other communication
protocols. In the hardware circuit of the efgire motor, different components have different supply voltages and changes

J0

in voltage can affect the normal opera}yu of‘Circuit components. Therefore, most circuit components must ensure stable
and appropriate voltage level tage supply legend for motor conversion is shown in Figure 2.
12v Main Power Supply
\
5V
3.3V Y i \ 5V
LLLLL
4 L P
A mE 0 24 > G
——— mrrr M
Main Control Chip Encoder Chip Current Sensor Hall Sensor Voltage Control

Figure 2. Legend of voltage supply for motor conversion

From Figure 2, during the voltage configuration, the main power supply can provide a voltage intensity of 12V and
deliver voltage to different parts. The voltage of the main control chip is controlled at 3.3V, the chip size of the encoder
is controlled at 3.3V, the voltage of the current sensor and Hall sensor is controlled at 5V, and the voltage of the entire
circuit is controlled at 5V.

2.2 Optimization of the electromechanical servo system

Considering the actual working environment and the control accuracy of electromechanical systems, this study
investigates the use of DMCA for control analysis of electromechanical servo systems to improve their control accuracy.
The system requires a large torque in general working environments, so the DMCA is used to drive and optimize the
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control process of the electromechanical servo system. The permanent magnet electromechanical system has multiple
system control methods, such as vector control and torque control. Accurate control of electromechanical output current,
output torque, and position can be achieved through vector control of electromechanical systems. In the process of
electromechanical control, current is the foundation of the entire electromechanical control. Controlling the current of the
electromechanical servo system will greatly improve the accuracy of the entire system. The process of the
electromechanical control program is shown in Figure 3.

p— Electric energy signal Digital signal k
- AN
I
Analysis parameter Convert
Controls
Current loop Timing interrupt analysis

Figure 3. Mechanical and electrical control program proce

From Figure 3, in the process of electromechanical control, the program
configuration and then initialize and analyze the parameters of the electro i

the function parameters in the electromechanical system and finally com trol of the current loop. To ensure
the overall control of the motor, a timer is used in the interrupt @rogram to the speed and current commands of
the motor. The interruption control process of the electromechanigakservo system is shown in Figure 4.

No-load
operation

on nterruptlon’>

Complete
charge

/ Electromechani
cal control

Current-voltage
calculation

Does the current exceed
the current limit?

Does the current exceed
the current limit?

Figure 4. Interrupt control process of electromechanical servo system

From Figure 4, in the interrupt control of the electromechanical servo system, it is necessary to determine whether the
control interrupt of the electromechanical system is completed for the first time. If not, the system will operate without
load. If not, the system will perform electromechanical control, calculate current and voltage through three-phase current
devices, and then determine whether the current will exceed the current limit. If there is, it will exit the program. If not,
the charging status of the electromechanical servo system will be judged to determine whether the charging is completed.
If it is completed, the interruption will be completed by controlling parameters such as system speed and current. If not
possible, it will recalculate the electrical angle, speed, and position and then determine if the charging is complete. The
electromechanical servo system obtains the magnitude of the electromechanical angle value through angle compensation,
as shown in equation (4).

On(X) = 6, (x=2) (4)
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In equation (4), &; (x) represents the mechanical angle in the electromechanical servo system attime xand 8, (x—2)
represents the actual mechanical motion angle of the servo system at time x—2 . The actual motor angle value is shown
in equation (5) [17].

0; (x) = p*6, (k) = p*6,(k-2) (5)

In equation (5), & (x) represents the actual motor angle value of the electromechanical servo system at time x, and

p represents the number of electrode pairs. The system angle at the next moment is shown in equation (6) [18].
0; (x) = p*6,(x-1) = p*6,(x-3) ()

In equation (6), 6;(x—1) represents the mechanical angle value at time x-1, and 6,(x—3) represents the
mechanical angle value at time 6, (x—3) . The magnitude of the change in motor angular velocity at the next moment is
shown in equation (7).

w, (X) = (6 () - 6 (x=D) /T (7)

In equation (7), w, (x) represents the electromechanical angular velocity at time x,and T represents the current cycle
of the electromechanical system. The actual motor angle size obtained from the final motor is shown in equation (8) [19].

6,(x) =6, (X)+W,(x)*2T = p*8, (x +W,(x)*2T (8)

After controlling the current command of the electromechanical system through the servo s virtual system

voltage AC value voltage is obtained, and then the three-phase voltage is obtained by voltag . At the same

time, to improve the control accuracy of the three-phase motor and servo system, the me is calculated
and transformed as shown in equation (9) [20].

6,(x+1.5) =6; (x) +w,(x)* ? —2)+Ww,(x)*3.5T (9)

In equation (9), 6,(x+1.5) represents the actual electromechanical an nitude e X+1.5. The optimization

control of voltage in the electromechanical servo system requires adjusting the heightgof the pulse voltage and calculating
the duty cycle, as shown in equation (10) [21-22].

PDC ,
= 100% (10
P = 5TPER 0 (10)
In equation (10), D,,,, represents the pulse duty cycle of the stem, PDC represents the voltage height count

D

of the pulse, and PTPER represents the total number of p
transformation to obtain the voltage height count of the p
through a three-phase voltage circuit. In the speed
requires a PID control system, as shown in Figure

r QU
) — =
papgHlar velocity Analytic velocity integral

Control the speed loop ratio

Itage magnitude is calculated through current
e power supply to the busbar is directly completed
2" electromechanical servo system, the speed control
eed control process of the motor.

deviation

K Completion control Computed filter Calculated moment
current
Figure 5. Motor speed control process

From Figure 5, in the control of the servo system, the manipulation of the electromechanical speed requires the use of
speed commands to indicate the analysis of the deviation angular velocity offset value of the electromechanical system.
Then, the integration of speed is used to calculate the velocity integration and angular velocity offset. Next, proportional
control of the speed loop is performed, the system's torque, filtering current, etc., are calculated, and finally, the control
of the speed loop is completed. Therefore, to improve the speed control and precision of the electromechanical system,
the mechanical angle of the servo system is optimized, and 32-bit and 2 * 32 pulses are used for setting and encoding the
electromagnetic encoder. The analysis of joint stiffness control in electromechanical servo systems is an important means
to enhance system control. An algorithmic dual-axis control scheme is used to control and drive the joints of
electromechanical systems, i.e., using dual motors to drive the joints. Two motors are fixed on the joint, and when the
joint is stationary, the motors will output torque in opposite directions together. During joint movement, the bidirectional
motor provides forward torque, making the forward torque of the motor greater than the reverse torque. To ensure the
collaborative control effect of the servo system, a communication design is carried out for the command signals of the
main control motor during algorithm control. Different current loops and current conversion algorithms are used to
transmit and control the communication signals of the electromechanical system. The process of the electromechanical
control system is shown in Figure 6.
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Determine and control
electromechanical position

o’ / \ / \
Servo system Three- phase inverter Update data
converter

Control
current Slave motor

Master motor

Figure 6. Mechanical and electrical control system process

converts the
g of the control
i0'the system to update
3 slave control motor is

current signal through a three-phase inverter to control the main control motor. At the same
motor is also carried out through a three-phase inverter. Finally, the data parameters argsfied ba
the speed, position, and current. The conversion method between the main control @

shown in equation (11) [23-25].
represents the current signal from the niaster cont e slave control motor, i, represents

{iQref.l = iq_ref|+ I, (11)

Iqref 17 ¢

In equation (11), i,
the outgoing signal current of the master control motor, and 1,

irer 1S greater than or equal to 0, the current signal output o

nts the stable specified current. When the value of

trol motor is i, =iy + 1. . When the value

of i, is less than O, the current signal output of the main c@R toris i

shown in equation (12) [26-27]. O
&r

In equation (2), i

wer1 = | - The motor current is controlled as

Iqrefz = Ie (12)
Iqrefz = Ic - Iqref

represents tl om the master control to the slave control motor. When the value

qref 2
of i, Is greater than or equal to 0, the ent signal output of the main control motor is iy, = I, . When the value of

=1 When the DMCA is used for

qref 2 c qref
I motor needs to send motor command signals to the slave motor. However, due
Ission outside the motor, STM32H750 is used as the communication motherboard for
external communication, @pti ion’ of the electromechanical servo system, and the Serial Peripheral Interface (SPI)
communication g sed. The motherboard driver uses AM26C31QDR position motherboard driver main
components, dif tial signal board uses STM32 for power transmission signals. The final optimized
electromecha o system includes main components such as master control, slave control, controller,
communication b@ard, etc [28-29].

iqrer 1S less than O, the current ggnal)pu the main control motor is i
0

collaborative control, the quali
to interference during signal

3.0 RESULTS AND DISCUSSION

To verify the practical application effect of the optimized electromechanical servo system, the parameter settings of
the electromechanical servo system have been studied. The control cycle of the electromechanical system has been set to
45.0 us, the back electromotive force coefficient has been set to 0.170V/(rad/s), the torque coefficient has been set to
0.162 N*M/A, the power supply was switch power supply, the current loop d-axis proportional coefficient was 1050.0,
and the d-axis integral coefficient was 1550.0. The current loop had a g-axis proportional coefficient of 980.0 and a g-
axis integral coefficient of 1520.0. The d-axis inductance size was 0.002 H, and the g-axis inductance size was 0.0015 H.
The system had a moment of inertia of 0.00085 kg*m? and a power supply voltage of 15V. It has set a cyclic operation
command for the system, set the maximum rotational speed of the electromechanical system to 31.42 rad/s, and set the
acceleration and deceleration time of the electromechanical system to 0.03 seconds. The theoretical rotation angle of the
motor has been 68°.
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(b), after the system issued a rotation command, the ungp : em exhibited fluctuations in angular velocity, with
a total variation time of 0-60ms and a maximum vari gufarvelocity of 160 r/min. The optimized system showed
a more obvious triangular command change in a y, with a change time of 0-50ms and a maximum change
in angular velocity of 145 r/min. It can be seen ized system has significant improvements in both position
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Figure 8. Changes in mechanical and electrical servo system parameters under different instructions

From the comparison between Figure 8 (a) and (b), the actual position and angle changes of the electromechanical
system were not significantly different after issuing different commands and were basically at the same angle. However,
there have been differences in the electromechanical change time at the same angle. The system angle change time under
instruction 1 and instruction 2 has been between 17 ms and 29 ms. From the angle change curves of the two instructions,
there have been good change curves in the system's instructions after the instruction was issued, with a faster change
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speed and higher change efficiency. From Figure 8 (c) and Figure 8 (d), the actual change curve of the system showed
significant fluctuations after the instruction was issued, while the optimized curve showed regular upward and downward
changes. The system optimized through algorithms had significant advantages in processing electromechanical control
instructions. The processing effect of the system on instruction signals also showed good changes. The comparison and
analysis of the angle changes of the system motor before and after optimization under different instructions are shown in
Table 2.

Table 2. Changes in mechanical and electrical system angles under different instructions

/ Initial Static Static Optimized stationary Optimized End
Angle(®) angle 1 (°) angle2(°) anglel(°) stationary angle 2 (°) angle (°)
Command 1 0 46 72 52 76 0
Command 2 0 45 70 51 75 0
Command 3 0 46 68 55 80 0
Command 4 0 46 71 53 76 0
Command 5 0 45 69 52 78 0

From Table 2, under different instructions, the initial and final angles of the angle change of the@lectromechanical
servo system have been both 0°. In actual electromechanical angle changes, the rang e changes for
electromechanical static angle 1 after issuing different commands has been between 45° an ange of angle
changes for static angle 2 has been between 68° and 72°. The angle changes of the sys significantly
improved under different optimized instructions, with the angle change being the mostsig his indicated
that there was a good change and optimization effect in the system angle after algo pization. The larger the
angle change, the greater the amplitude of motion of the electromechanica enma egeiving instructions, and the
more obvious the effect of receiving instructions. The comparison of the giotor rotati@mgeffects under multiple different
instructions is shown in Figure 9.

------ Actual operating angle ------ Actual operating angle

180 ——  Optimized operating angle —— Optimized operating angle
&2/ 0 AN . = 0N
A S Y i o
<

-90

0 25 50 75 100 A25 o 25 s 55 O 20
Time(ms) . Time(ms) 0 5 0

(a) Command 1 motor pQ (a) Command 1 motor position change

= — Actual operating speed
£ 200 2 200 —— Optimized running speed
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2 ZE
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5 <

=-200
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125 150 0 25 50 75 100 125 150
Time(ms) Time(ms)

otor angular velocity change (c) Command 1 motor angular velocity change

Ang

Figure 9. Comparison of motor rotation changes

From Figures 9 (a) and (b), in the comparison of different motor commands, the motor variation angle under the two
commands has significantly improved after optimization, and the rotation angle also has significantly improved compared
to before optimization. Among them, the angle with the largest change was 10 ° in Figure 9 (a). From Figure 9 (c) and
Figure 9 (d), after receiving multiple commands, the optimized motor system has had a smoother change in angular
velocity rotation, while the unoptimized motor showed fluctuating changes in angular velocity. In Figure 9 (c), the
fluctuation amplitude of the motor has been larger between 120r/min and 130r/min. In Figure 9 (d), the angular velocity
of the motor has varied significantly between 30r/min and 50r/min. This may be due to the poor conversion of current
signals by unoptimized systems after receiving instructions. The comparative analysis of the optimized position changes
of the motor is shown in Figure 10.

9 journal.ump.edu.my/ijame <«



Author et al. | International Journal of Automotive and Mechanical Engineering | Vol.XX, IssueX (2025)

— Actual position change — Actual position change
— Position change after optimization — Position change after optimization
45 T Position deviation 6 45 . Position deviation .6
> >
> ° é 5 > é
= 5 5]
£ 4 s 2 4 <
o 2 S T
2 g 3 8
5 32 8 3 2
< o =
= 2 2 3 ) 2
< 2 g 2
15 " a0f 11 8
-45 1 1 1 1 0 -45 1 1 1 L 0
0 100 200 300 400 500 0 100 200 300 400 500
Time(ms) Time(ms)
(a) Command 1 position change (b) Command 2 position ch

2°. This indicated that there have been a significant improvement in the system posi
optimization, with a larger range of mechanical and electrical changes and a more ok
10 (b), the maximum variation in the position deviation of the electromech
indicating that algorithm control optimization could effectively impro echanical control effect of the
system. To analyze the system deviation before and after optimization, the
and shown in Table 3.

after algorithm control
process. From Figure

/ Command 1 Command4  Command 5
Positioning accuracy 1 (°) 1.0 1.4 1.1
Positioning accuracy? (°) 2.1 1.9 1.8
Positioning accuracy3 (°) 3.4 3.0 2.8
Positioning accuracy 4 (°) 2.4 . 2.2 2.3

Setting time 1(ms) 51.54 49.58 48.68 50.25
Setting time 2(ms) 53.84 54.85 56.67 58.95
Setting time 3(ms) 62.38 64.58 63.25 63.18
Setting time 4(ms) 68.96 70.24 69.84 71.25

The integration time in T.
to the steady-state value and
the comparison of the i
change point 1 h

presents the time required for the output of the motor to change from the initial state
ithin a tolerance range of the steady-state value after receiving a step input. From
s of different commands, the position change deviation of the motor at position
.57, indicating that the control amplitude change of the motor at this point was small and
otor was not significant. The position change of the motor at point 3 was most significant

more obvious after @ptimization. From the comparison of the integration time of the motors, the longest integration time
at point 4 could reach 71.25ms, indicating that the motor at this point took a longer time to enter the steady state. This
also suggested that the stability of the motor at this point was poor. However, from the perspective of the change position,
the change control at this point was relatively stable, which also indicated that the motor control effect was significantly
improved after algorithm optimization. To test the changes in the control parameters of the system using the algorithm
optimization and not using the algorithm optimization under multiple tests, the speed feedback coefficient, position
feedback coefficient, sampling time and control period of the system were compared and analyzed to obtain the results
as shown in Table 4.

Table 4 Comparison of system control parameters before and after optimization

/ Algorithm optimization No algorithm optimization

Control  Velocity Position Sampli  Control  Velocity Position Sampli  Control
parame feedback feedback ng cycle feedback feedback ng cycle
ter gain( V/(m/s)) gain(\VV/m) time(s)  time(s) gain( V/(m/s)) gain(\V/m) time(s) time(s)
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1 2.35 54.52 3.52 2.65 1.25 36.42 5.38 4.85
2 2.34 56.35 3.52 2.87 1.35 36.84 5.26 4.75
3 2.35 55.15 3.44 2.48 1.22 36.48 5.14 4.36
4 2.68 54.84 3.02 2.68 1.68 35.15 5.36 4.65
5 2.22 54.89 3.15 2.55 1.24 36.20 5.13 4.55

From Table 4, the control parameters of the system using algorithmic optimization and without algorithmic
optimization have been in a more stable range for different numbers of tests. However, the values of the system parameters
were better for all the systems controlled using algorithmic optimization. Among them, the larger the speed limitation
and position limitation coefficients indicated that the system was better, in which the position limitation of the system
optimized with the algorithm could reach a maximum of 56.35V/m, and the speed limitation could reach a maximum of
2.68V/(mis). It can be seen that the control system of the system optimized with the algorithm has been in a better value,
and the system accuracy has been higher and more stable. At the same time, the smaller the sampling time and control
period of the system, the more stable the system was, and the sampling time and control period of the current system
optimized with the algorithm had lower control parameters compared to the system not optimized
This shows that the algorithm can effectively improve the control parameters of the system.

e

rcuit*board control of the
ystem. The research

4.0 CONCLUSION

in current research, as well as optimize and improve the encoder structure 48
electromechanical servo system. The DMCA was used to optimize and imp
results indicated that the optimized electromechanical position deflection
optimized system took less time to complete rotation, resulting in a more signifigant control effect. The maximum
rotational angular velocity of the system was 160 r/min. The maximum i ular velocity was 145 r/min when
the change time was between 0-50 ms. In the changes of diff
change curve after issuing the command was smoother and mo
static electromechanical angle change of instruction 1, the angle
point 2 was between 68°-72°. The maximum angle change g
the optimized electromechanical servo system under multi ands was 10°, and the maximum angular velocity
change was between 120 r/min and 130 r/min. The positien 5
position deviation after system optimization was wi n the maximum position change at point 3 being 3.4°
and the longest integration time at point 4 being #i. an be seen that optimizing the system through algorithm
control can effectively improve the control accdtacy andieffectiveness of the electromechanical servo system. Although
some achievements have been made in t chithere are still some shortcomings in the current research. For example,
the study only optimized the encoder af of the®servo system and analyzed it only through a single position change
parameter. Therefore, in future researct
optimized motor control system in curren
limitations in scalability. Therefore, iwure

ble, and the change efficiency was higher. In the
e was between 45°-46°, and the angle change at

earch has improved control accuracy and dynamic response, but there are
esearch, DMCA will be compared with other emerging control algorithms,

especially in specific appli such as robotics and aerospace systems. Although DMCA improves system
performance, its cost-effecti ratio is not yet clear. Therefore, in future research, the possibility of combining DMCA
with intelligent control stfate ifl be explored to enhance the system's adaptability and robustness in complex and

uncertain enviro
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