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Abstract :

This study proposes an AC servo motor control program structure and its implementation method to

efficiently integrate 13 types of additional compensation algorithms into the basic FOC (field-oriented control)
algorithm program. Various compensation algorithms are necessary to enhance the stability and performance of

machine tools by compensating for interference from disturbances and vibrations. Each compensation algorithm
is implemented as a separate, independent function and called from a switch-case statement in the ISR
(interrupt service routine) of the PWM (pulse-width modulation) device. The advantages of this approach
include facilitating not only debugging and testing but also reducing the possibility of errors during the program
development phase. Thus, it is easy to add and activate each specific compensation algorithm for the program

update during the program operation phase. The implemented motor control program was experimented with a

single-axis feed shaft testbed driven by a commercial AC servo motor control drive board and a 750 Watts

SPMSM (surface-mounted permanent magnet synchronous motor), and the results verified its normal operation

and performance improvement.

Keywords : CNC machine, AC servo motor control, Compensation algorithm, Control program management
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Fig. 1. Basic structure of FOC technique for PMSM
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Fig. 2. Motor control cycle and operation flow of FOC technique
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Table 1. Purposes and principles of compensation control algorithms
Classification | No. Control Function Usage Purpose and Operation Principle
Velocity Loop High Cycle e It calculates the speed controller’s proportional control output 2 times faster to damp the

1 R
Management stop-state vibrations.

e It reduces the amplitude of vibrations in 50-150 Hz by compensating the motor acceleration

2 | Acceleration Feedback Function . .
to the torque input in the stop-state.

Stop-State

Vibration 3 Variable Proportional Gain e It reduces the proportional gain of the speed controller by a certain percentage to damp
Damping Function high-frequency oscillations in the stop-state.

. . e It sets the speed controller’s proportional gain to zero to suppress vibrations caused by its

4 Pulse Suppression Function . P prop g oD Y

proportional output.
5 Current Loop ¢ PI Control ¢ It reduces overshoot during current control transients by simultaneously applying the IP and
Function PI controllers in the current controller.

. e It eliminates high-fi < 200 H lyi h fil h
6 Resonance Elimination Filter t eliminates high-frequency components above 200 Hz by applying a notch filter to the

torque command during high-speed traverse.

e It estimates and compensates the vibrations in the 50-150 Hz range by adding the motor
acceleration to the torque command.

7 Disturbance Elimination Filter

Machinery . . . . .
. e It suppresses torsional vibration by compensating the torque command for the difference
Resonance Machine Speed Feedback . . . .
. 8 . . . between the speed of the motor and the traverse axis during acceleration/deceleration.
Elimination &Vibration Damping Control . . .
(requires a traverse shaft positioning device)
e It measures the low resonance frequencies with an accelerometer and eliminates them by
9 Machine Point Control compensating the torque command using a filter.
(requires an accelerometer)
¢ It forward-compensates the input signals of the current and speed controllers by processing the
10 Feed-Forward Function position command from the position controller to compensate for the geometry machining errors
due to backlash and viscous friction.
. . o T s th f th Iges in circul S i si he s
11 | Backlash Acceleration Function t reduces the occurrence of the quadra}nt bu ge% in circular cuts by increasing the speed
Preci command at the motor reversal for a period of time.
recise - - - -
\ . . . e It achieves fast speed response at the beginning of control by increasing speed command for a
Geometry Static Friction Compensation R . .
.. 12 . period of time when the motor starts to rotate from a standstill to reduce speed delay due to
Machining Function e
static friction.
e It suppresses torsional vibrations by compensating the torque command by measuring the speed
13 Torsion Preview Control difference caused by the torsion and slippage of the motor and the traverse shaft during
Function acceleration/deceleration.

(requires a traverse shaft positioning device)
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16 kHz t DQ transformation }
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! T [
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Fig. 3. Motor control program structure including compensation control algorithms
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yPier 4R 9 Aste & 29 gon, gAZ V% Ag A FY T3
S AR 2 Pashe A0R Yeks
NA T AA LuFE 4% B Ao dudFe
2 TAH o, FAVAT b FY 9 ol$5T &
AE2RE A A4 $A 2 IEE wae) A
BiSs-C EHoz AMgHT BA 03 BA Fug gi9d w2t
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Fig. 4. Experimental environment vpxato 2 Y il b dugEe 4% 1A Al
SudFoz A, 7t T Welal d HA A= s
o= TIAIA AFdte= CCS (code composer studio)& HA o2 BAslE Ehow Algdr) web AdloAs
ARgkat. 94 22 RMS i &5 93 RMS @& olgao] 2]
AdelM e 7dd B3 Ao duelse A8shy] A = Ag Ay FTo] AL slssi). Ael Ao P
ol olEsel S 54 % R KR FFT (fast g 4o gzw, duez 44 A 92 23 RMS gl 44
Fourier transform) #t< AAbsla &9 Fa4= AE =7]9
Ao o3 delsle] Aetd B Alo] dugE Z2ad 3 JH 2Y HA LTS M2 MY 59| BE JIAE
9 G & A M AR5 HEer. FFTE S8t 3¢ Fuig M2 #st
Table 3. Changes in resonant frequency components through
o Als ZHa} FFT of motor acceleration before and after applying the
B mechanical resonance elimination algorithms
B oE=RdA Aletd 2o gAld duglse F 13
Foln o]5L 1 AL HFo uel AR HH AF 74, Resonan Amplitude in Freq.
- _ - o Control Algorithm ce Freq.
NA &% AA, AR B 7k dngFes v 44 # | Before After
A} ;‘<l£7L)~ ok 5%&177;17 7} Zo ola=
oEH <) u-"] =2 =1 <) -]"] ] ]’ ]’o 5 ]111 ]o‘ﬁ‘ 33 476883 48,3623
of B el w WA= olat F& wA Fat Aol
-Er:T_L.?’] l:l] Eﬂ o —‘;:,—o] ]:1_‘?_ E} 73% ulx 8]—7‘:— ﬁ%—% HC}X] 8]— Resonance Elimination Filter 200 61.5334 59.7426
7l 918 AseR TR Atk ek 44 deelA o 2 | | Hem
59 W 5A4S 4 8]’-7—, BH 7F5Ee FFT #t& 7 Disturbance Elimination 80 44.2836 434697
sbste] FH F3kg AR A7) e JEE gelsit) 47 Filter 290 356157 32,5885
_ o _ Machine Speed Feedback & 20 53.3648 52.6068
H 2 HX| MEf XE 24 g1E|E M2 Mo Fo 2H Vibration Damping Control 120 483201 495086
JIEE FFTE 6 328 Fo d29| Hs) : :
Table 2. Changes in resonant frequency components through 20 53.9478 52.1037
FFT of motor acc.eleration.before and after applying the Machine Point Control 120 42,4909 39.0707
stop-state vibration damping algorithms 200 g 122053
Resonan Amplitude in Freq.
Control Algorithm ce Freq. _ N - _ _
(Hz) Before After 4 Y P4 OIS goEE M2 NI Fof 9R ¥ Bx
A RMS Z42] Bis)
Velocity Loop High Cycle 120 11.1149 103726 Table 4. Changes in RMS position errors and speed errors
Management 290 2.1676 15583 before and after applying the precision geometry machining
algorithms
Acceleration Feedback 120 11.1149 10.0940
Function 290 2.1676 2.8794 Control Algorithm Comparison Before After
Variable Proportional Gain 120 9.9881 82393 Feed-Forward Function 186170 9.9350
Function - Positi
290 29038 22611 osition
Backla;l:J nAC;coieratlon Error RMS 15,6610 141610
120 99831 89974 — (mm)
Pulse Suppression Function Static Friction 0.1148 0.1147
290 2.9038 34916 Compensation Function ’ ’
Torsion Preview Control Speed Error
Current Loop # PI Control 120 96155 95716 Function RMS (rad/s) 0.0434 0.0428
Function 290 29988 1.6200
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