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Abstract: This paper focuses on the design and simulation The control torqueTc) for the two phase AC servo motor

of an Internal Model Control (IMC) Strategy for position

control in AC servo motor. The dynamic second order
transfer function model of the AC servo motor is deved.

Based on the model parameters, the internal modebatroller

parameters are computed and simulated in MATLAB
Simulink. The performance measures of the controlieare

analyzed in terms of tracking error. A robust stablity

analysis of the proposed control strategy is alsested. Lastly,
the simulated results of IMC are compared with PID
controller results and main conclusion; by using IMC the

best results may be achieved and also there is meed to
effort for tuning PID parameters.
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|. INTRODUCTION

AC servo motor is commonly employed in various
control applications [1-3], such as
machining centre, computer numerical control, and
machine and precise industrial robot. Due to thesgnce
of electrical, mechanical properties and a higliciefficy,
AC servo system is demand to have an accurate mespo
for the position tracking and a rapid recovery foe
external disturbances or load variations.

Typically, conventional PD/PID controllers are dsa
the position tracking in the presence of external
disturbances or load variations. However, the esfee

JO(t) + BO) + T, = KLE(t) — K,0(¢t)

is described as [1]

To = KE(t) — K,0() D
Where

T, = Control torque (Nm)

K; & K, = motor constants (Nm/V, Nm/rad/s)

6 = angular velocity of the AC servo motor (rad/s)

E =rated input voltage (v)

The dynamic equation of the mechanical system is

given by

T, =]6(t) + BO) + T}, 2
Where

6 = angular position of the AC servo motor (rad)

6 = angular acceleration of the AC servo motor §3d/
B = Friction coefficient

robot actuator, /] = Moment of inertia (Kg.cm2)

By equating (1) and (2)

3)
Taking Laplace transform the above equations besome
KiE(s) = Js26(s) + BsO(s) + K,s0(s) + T,(s) (4)

The transfer function between)(and E(s) is obtained

trajectory or load disturbance is periodic in nefuthe by puttingT, (s) = 0

conventional controllers are not able to attaintaddée
tracking performance [4—7]. In order to overcomesth
problems, internal model control strategies areyeatgd.

Internal model controller is based on the Inteivabel
Principle (IMP). The main goal of internal modelntl|
is that the tracking error decreases with increasimber
of trials. The major concept presented in thischatiis
precisely in a position control of AC servo motgstem
and analysis of the tracking performance. In Secfidhe
mathematical model of the AC servo motor is devetbp
The principle of internal model controller is preta in
section 3. The proposed IMC controller scheme
explained in section 4. The results and discussemes
drawn in Section 5. Finally, the conclusions astelil in
section 6.

is

Il. MODELING OF AC SERVO MOTOR

K E(s) = Js26(s) + BsO(s) + K,s6(s) (5)
KiE(s) = (Js? + Bs + K,s)0(s) (6)
0(s) _ Ky ___Km
% T JS24Kps+Bs  s(tms+1) ™)
Where
K,, = Motor gain constant = KKiB

2
T,, = Motor time constant = P

2

The specifications of AC servo system, which has

considered for simulation study, are given in betahie.

By using equation (7) and considering the numerical

The model of the system consists of a motor couled values in the table (1), the identified transfendiion
a gear box and an inertia load rigidly fixed toputtshaft. model for the AC servo system is given as:
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0.4 0.4

Gp(s) = 5(2.7763s+1) ® Gp(s) = 5(2.7763s+1) <)
Table (1) values of parameters of AC servo motors G (s) is designed as follows; the factorization is
Type GSM62AE
Voltage 230V Gr(s) = Gp(H)(S)Gr(—)(s) (10)
Power 100 W
Speec 50 rpir where
- — X _ 0.4
Mpment of |nert.|a. @ 0.052 kg.cm” Gr(—)(s) = 76D 11)
Friction of coefficient 0.01875
GB ratio 36 and
Radius of the output shaft 0.0175 m
GH(H)(s) = 1/ (12)

I1l. THE INTERNAL M ODEL CONTROLLER
PRINCIPLE Next, setG,y-(s) to be the inverse ofi;(—)(s) in
series with a low pass filter

The internal model control (IMC) philosophy relies

the Internal Model Principle, which states thattcolncan Ge(s) = ——— (13)
; . . f A+Ts)T

be achieved only if the control system encapsulaitiser . . .
implicitly or explicitly, some representation ofetiprocess wheret, Fhe filter parameter is and r is the order of the
to be controlled. In particular, if the control sche has filter- Thatis,
been developed based on an exact model of the gxoce
then perfect control is theoretically possible. Giuc(s) =

A controllerG.(s) is used to control the process(s).
Supposdi;(s) is a model ofip(s). By settingG.(s) to
be the inverse of the model of the model of theess, isT = 1. A good rule of thumb is to choosgto be twice

Ge(s) =Gp(s)™? .
If Gp(s) = Gp(s), (the model is an exact representatior"fIs fast ‘as the open loop response. Hence, this

of the process), it is clear that the output wiWays be exampler; = 1; and the desireds; ¢ (s) becomes
equal to the set point. Notice that this ideal ount

1

(2.7763s+1)

0.4(1+Tgs)" (14)

Parameterr is a positive integer, the usual choice

(2.7763s+1)

performance is achieved without feedback. What ttils Gme () = o (15)
us is that if we have complete knowledge about the S
process (as encapsulated in the process modelg bein IV. SIMULATION STUDY

controlled, we can achieve perfect control. It aksiés us
that feedback control is necessary only when kndgée

i ) The structure of feedback control using IMC and D
about the process is inaccurate or incomplete.

depicted in Fig. 1. The performance of the corgrsllis
evaluated on the simulation model of the above AQ®
IV. DESIGN OF IMC oF AC SERVO MOTOR motor. The values of model parameters were takem fr
M. Vijayakarthickl and P.K. Bhaba (2012). Figur@s5j
Designing an internal model controller is relativel compares the four different set point tracking fID

easy. Given a model of the proc&sss). performance and IMC performance. In this compasison
First the factorGs(s) divided into “invertible” and the responses with the IMC controller “the settliime,
“non-invertible” components. the rise time and the maximum overshoot” are bekten
Gp(s) = Gp(H) ()G (—)(s) the responses with PID controller. For exampleletdB)

WhereGp(+)(s), contains terms which if inverted, will shows the results of time of the two controllers.
lead to instability and reliability problems, e.terms
containing right-half plane zeros and time delays] also  Table (2) values of time response of the two cdieire
these lead to marginally stability (have real gaqtal to IMC PID
zero) andGy(—)(s) is the remaining part such that its controller controller
inverse is stable

In addition,G;(+)(s) is required to have a steady-state

gain equal to one in order to ensure that the @atofs Rise time (Tr) Fast slow
Gp(+)(s) andGp(—)(s) are unique. _
Next, set G.(s) = G5(=)(s) and then Gyc(s) = Settling time (Ts) 10s 20s

Ge(s) Ge(s) , where Ge(s) is a low-pass filter of
appropriate order. The transfer function modeltfar AC
servo system is given as:

Overshoot (Mg Less High
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V. STABILITY ANALYSIS “B ODE STABILITY
——yer CRITERION ”

The Bode diagram represents the systems (AC servo
motor) response in magnitude and phase to a suhisoi
input of any frequency through a log-log plot ofeth
magnitude. It provides a sufficient condition fanet
| closed-loop stability based on the properties ef dpen-
| loop transfer function. On a Bode diagram, a cldseg
! system is marginally stable if the bode curves sgeghe

Position (degree)

! \: critical point i.e. a phase (angle) of -2&hd an amplitude

! ; of 1 = 0 dB. The phase margin is the differencevben

! ! the -180° and the actual phase angle of the frequency
response function measured at the frequency where t
gain is 0 dB (unity gain). The gain margin, on tither
hand is the margin between the gain plot and th® 0d
measured at the point where the phase angle reatB@s
crossing. The conclusions from the Bode plots weséed
Fig.3. Set point tracking performance of two coérs by simulating the system with MATLAB. Stability dfie

Time (Sec)
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closed-loop transfer function of AC servo motor was
analyzed by the application of Bode plot techniques Bode Diagram

general, we would like to have large gain and phase N SRR R A A R R
. . . e = LI [ EENA I I with controller [l
margins in order to improve the stability of thestgyn. [y o without control |
In the below plots, the graph is plotted for ACveer E ™ ST tHME -t 11
motor without controller, and with IMC controlleThe = o SN
stability of the system is determined by the phake; RN R SR R
system is stable until the phase crosses the°:18be s P P ;
frequency response curve shows a graph pattern of L e A
. . . . . . I e I [ EENA I RN I \\7%4\\\
decreasing gain values with increasing frequenuigk gL LI L L EEE.
visible variations in the gain values around 1®€odB. Ty T 1
These decreasing gain values represent decreasing Do IR
amplitudes of the power oscillations. At frequescie z Lo Lo
between 1 Hz and 10 Hz these oscillations becosaigest e e N T R
however beyond 10 Hz the amplitudes continue to = Lo 1\?‘1»‘11 ! Lo
decrease. It can be observed that, the closedttaogfer I HHHT D Co
function is stable since its phase does not choss 180 1] SO O T S N O R TR A i a1 )
line. 10° 10? 10 10* 10°
Frequency (rad/sec)
Bode Di H H 5
Gm = InfdB (atlnfrad/seac)? Plr:g:raflmw deg (at 0.305 rad/sec) F|98 BOde dlagram Of AC S.erVO motor mOdel Wlth
40~ T T T TTTTIT I T TTTTTT T T TTTTIT Controller and WIthOUt COntl‘O|
e R R I T SR IR
s R S T R R VI. CONCLUSION
= 0———\—444+\+\+——€‘4¢J—HHH——+—\—PH+\+
: | o I I\‘KL\HH I [
S 0f e In this paper, based on the mathematical modetmfos
2 Lo ann S AC motor PID and IMC controllers, are designed and
T A T e N compared to figure out a more convenient contrahog,
S LY PID controller. The simulation results show thalt afl
S N R RN R these controllers are efficient and adequate f@raving
_ DS the time domain characteristics of system resposiseh
g L A N A as settling time and overshoot. The results shaw ItiC
PR I R A I VR SRR method give the better performance compared to PID
g SRR B N R ! mpare
= Cornn et controller by reducing overshoot, settling time and
Do [ e minimize the rising time. Also; the system with aer
'181“0’;”"”4“*1‘0*"#""“P‘fﬂr***‘*”m’; gain margins can withstand greater changes in syste
Frequency (radisec) parameterdefore becoming unstable in closed loop
Fig.6. Bode diagram of AC servo motor model without
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