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BriBoabl

1. B TyHHenpHOU medu mpu paboTe peryasTopa TeMnepaTypbl B cootBercTBuM ¢ [1M]]-3ak0HOM mpoucxo-
JTIT PE3KOe yBEIMUeHIe 00beMa IoJady ra3a K ropeiikaM, a 3aTeM — ero INTABHOE YMEHBIIICHHUE.

2. Mogens cranuoHapHOTO TerIooOMeHa TpeOyeT B KaXKIbli MOMEHT BPEMEHH MTHOBEHHBIC 3HAYCHHUS
pacxofa ra3a, KOTOpbIe OKa3bIBalOTCS 3aBBIIICHHBIMU.

3. 3HadeHHs TeMIeparyp ra3oBOi 30HBI TYHHEIBHOW IEYH, MONyYEHHBIC MO0 CTaTHUECKOW W JWHAMHYE-
CKOM MoJensM, BHa4alle IPOIecca PETYINPOBAHMS CHIBHO pasnmdaiorcs. [Io Mepe HACTyIUICHHS TEIIOBOTO
PaBHOBECHSI STH 3HAYCHUS IIPUOIIDKAIOTCS OPYT K APYTY.

4. Ilenecoobpa3HO HCIOIH30BATH KOMOMHUPOBAHHYI0 MaTEMATHYECKYIO MOJICNb TEIUIOBOW PabOTHI TYH-
HEJbHON TMeYH, YUYUTHIBAIOIIYI0O COBMECTHOE MOJEIUPOBAHUE JIBYX PEKUMOB M OMPEAEISATh Pe3yNbTUPYIOIIee
3HAYCHUE ITyTEM BBEJICHUSA B MOJICIh MOMPABOYHBIX KOI(DUITUCHTOB.
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OPTIMAL SPEED REGULATOR OF THE METAL-CUTTING
MACHINE TOOL MAIN DRIVE

Introduction. The stability and the transient performance of the closed control system loop is bonded with the
pole and zero location of its transfer function on the s-plane. For the control system tuning with the difficult regulator,
that contains some variable parameters, the root-locus method can be used, that allows to research independently the
effect of the each parameter on the control system transient performance.

Analysis of studies and publications. On the base of the obtained control devices that belong to the area
of the regulators with predetermined difficulty and carried out researches for their transient performance the
conclusion was made, that the control devise structure consisting of the second order polynomial in the numera-
tor and the second order polynomial without free term in the denominator is chosen for the further synthesis of
the optimal control device for the metal-cutting machine tool main drive speed loop.

Purpose of the paper is to study the effect of the speed regulator coefficients on the transient performance
ratings by the step loading condition such as the motor speed decrease and the return time to the reference speed

Study materials. Assume that the control object is a squirrel cage induction motor. From the classic repre-
sentation of the induction motor mathematical model with the control by varying the stator supply voltage it can
be seen that it contains the cross coupling by the stator current vector components. In case of the compensation
or minimization of the cross coupling influence the stator voltage vector component variation can independently
set the value of the rotor flux linkage and the motor speed. Then the flux linkage and speed control channels will
be divided similar to a DC motor with separate excitation. Assume that the cross coupling by the stator current
vector components is compensated and the inner current loop is optimized for the technical criterion, then the
control object of the electromechanical system can be described as follows [8]
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Jok (T s+1)-s
where s — Laplace operator; p,, — induction motor pole pairs; k, = Lm/L2 — dimensionless coefficient; L,, —

magnetizing inductance, H; L, — rotor inductance, H; J — motor inertia moment, kg - m/s?; k. — stator current
sensor coefficient, V/A; T — time constant of the stator loop, s.
The control object transfer function can be written

Wo(s) =

Wy (s) = m,

where
_L5-pyy ks
B J ke T '
1
pP=7
Consider the robust system synthesis with the second order regulator, which transfer function is

kys? + kys+k,

W.(s) =
p(s) s(cs+1)
then the closed loop transfer function can be determined as

K(kss? + kys+ k)
cs*+ (cp + 1)s3 + (p + Kk3)s? + Kkys + Kk,

Wcl (S) = (1)

The closed loop transfer function of the fourth order control system that confirms the integral weighted
modular criterion:

4
wl’I
s* 4+ 2,1w,53 + 3,4w?Zs? + 2,7wds + w}

Wcl (S) = (2)

The damped natural frequency of the system w, can be determined provided that the speed overshoot
o = 2%, the damping coefficient { = 0,8 and the desired settling time T, = 0,004 s:

4
(T, 0,8-0,004

Wy =

1
= 1250-.
s

Providing that the coefficients of the expressions (1) and (2) are equal, the control device parameters can be
obtained and the control system root locus can be built (fig. 1)
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Figure 1 — The root locus of the robust speed control system
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To ensure the desired transient performance ratings the filter at the system input that compensates the un-
wanted influence of the closed control system loop zeroes is used:

4
Wy
Kk, 670870
Wf(s) = =3 .
2 1 2 S“+ 14475+ 670870
s2+2s 472
LSt

By the tuning of the control system to the integral weighted modular criterion the step loading condition
system transient performance ratings can be nonoptimal. To define the optimal speed regulator coefficients
which provide minimal induction motor speed decrease and minimal return time to the reference speed, the each
coefficient influence on the mentioned transient performance ratings by the root-locus method is studied.

The characteristic equation of the dynamic system in general view can be written as follows

aps" +a,_ s+ -+ ay;s+ag=0.

To study the coefficient a, influence and to build the root locus the equation must be rewritten as

a;s

ApS™ + ap_1S* 1+ -+ ays? +ag

If the system has two or more variable parameters, then it is necessary after the extraction of one of them,
e.g. a, to write by analogy the characteristic equation taking into account that a, = 0 relative to another parame-
ter, e.g. a,:

1+ il 0
AnS" 4 A SV 4 assd+ap

The study of the each parameter influence is carried out inversely by the substitution of the computed value
of the observable parameter to the characteristic equation with the higher order. According to the eq. (1) the
characteristic equation of the closed speed control system loop

2JT,cs* + (2]T, +Jc)s® + (J + KJksoks)s? + KJksuokys + KJksy,ky =0,

and the equation for the study of the each parameter influence on the step loading condition transient perfor-
mance ratings can be written for it

(2T, s* +Js%)c

1 =0;
+ Z]TMS3 + (J + KJkgk3)s? + KJkg, kis + Kl kg, k-
KJkg, k
1+ Tkswks —0;
2JT,s® + (J + KJksyk3)s? + KJ kg, kys
1 + K]ksa)kls — 0;
2JT,s3 + (J + KJ kg, k3)s?
Kk, kss?

T,s3 +]s2
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By the study of the influence of the speed regulator coefficients on the speed decrease value and the return
time to the reference speed by the step loading condition the extremal character of the curves is obtained (fig. 2)
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Figure 2a — The curves of the speed decrease and return time via coefficient k3
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Figure 2b — The curves of the speed decrease and return time via coefficient k4
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Figure 2c — The curves of the speed decrease and return time via coefficient k,
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Figure 2d — The curves of the speed decrease and return time via coefficient ¢

Assume the coefficients k, and k; corresponding to extremal values by the return time to the reference
speed and the coefficients k5 and ¢ to provide the minimal return time, then the speed regulator transfer function
takes a form

0,25s2 + 500s + 100000
s(0,0001s + 1)

Wi(s) =

The simulation of the transient by the start and the step loading condition results that obtained optimal se-
cond order regulator as compared with Pl-regulator provides decrease of the speed overshoot to 0.2 % by the
start and reduce of the speed decrease by the step loading condition to 0.08 % (fig. 3)

o, T T T T T
1/s : : :
316} , — — | § § .
/ Pl-regulator : :

developed f : f
315+ regulator |
3 14 e O N2 O S PP SN —
L \ | | | | | I i 4

313 1,39 1.4 1,41 1,42 t,s

Figure 3a — The transient graph of the motor speed by the start
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Figure 3b — The transient graph of the motor speed by the step loading condition

Conclusions. Using the root-locus method the curves of the speed decrease and return time via coefficients
by the step loading conditions were obtained. The optimal parameters of the second order speed regulator of the
metal-cutting machine tool main drive are defined.
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®OPCYBAHHSI 35Y/[)KEHHS 11 IMTHAMIKA IEPEXIJTHOT'O ITPOLECY
I'TJPOT'EHEPATOPA

BaxnmBoro ckmamoBoro pobounx pexumiB TigporeHeparopa 'EC e came muramiuna. Lle Bitikae 3
cucremHoi poni 'EC B BITUM3HSHIN eHepreTHi, a caMe — MOOUTFHOTO Pe3epBY MOTYKHOCTSH CHEePreTHYHOI
cucreMu. ['izporeHeparop nepeBaXkHO MPALIOE B PEXKUMI JOCUTh YaCTHX POOOYHMX LUKIIB: ITYCKiB 1 3yITUHOK.
3aBasgKn CBOTH MOOITBHOCTI JaHWH THUI CHHXPOHHHMX I€HEPaTOpPiB BUKOPHUCTOBYIOTH JUIS MOKPHUTTS IIKOBHX
HABaHTAXXCHb W IHIIUX IUHAMIYHUX BIUTUBIB y CHUCTeMi. TOMy CTaTHCTHKa POOOYMX IUKIIB OONaTHAHHS
HEBIIMHHO 3pPOCTag, a IIe B CBOIO Yepry BUCYBAE MUTAHHS EKCILTyaTalliiHOT HaIIHHOCTI i €)EeKTHBHOCTI.

[Tpr 1pOMy ICTOTHY pOJIb BiAIrpalOTh caMe NPUHIMIIM peaizalii Ta aJropuUTMiuHI 0COOIMBOCTI
opraHizauii HaiOLIBII BiNOBIANBHUAX OINEpaliil mpouecy 30y KeHHs, OfHa 3 TAKUX BaXKJIMBHUX, 0€3YMOBHO,
— dopcysanas. KpatHicTs (opcyBaHHA 30ymKeHS INOTYKHHUX CHHXPOHHHMX T€HEpaTopiB TpaaAHLiHHO
oOMexeHa W 3MyIIy€e BHKOPHCTOBYBATH IOJATKOBI 3aCOOM MiJBHINEHHS MIBUIKOII CY4aCHUX IHEPI[IHHUX
cucteM 30yxkeHHs, [1]. OcHOBHI (yHKI[IOHAJIbHI €IEMEHTH ¥ 3B'S3KM CTATHYHOI CHUCTeMH 30yIKEeHHS
riporeHeparopa, 1o BIUIMBAIOTh HA POPCYBaHHs, TTOKa3aHi Ha puc. 1.
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a) 6)

Puc. 1. OcHoBHi koH(irypauii cucTem 30y1:KeHHsI: a) 0e3 00MeskeHHs; §) 3 00MeKeHHIM
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