wo 2012/165980 A4 || I NN VTP OO 0 A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/165980 A4

6 December 2012 (06.12.2012) WIPOIPCT
(51) International Patent Classification: (74) Agent: GARSTKA, Antoni; Tumlin Wegle 87, PL-26-050
GO5B 6/02 (2006.01) GOSB 11/42 (2006.01) Zagnansk (PL).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/PL2012/000036 kind of national protection available). AE, AG, AL, AM,
(22) Imternational Filing Date: AO, AT, AU, AZ, BA, BB, BG, BI, BR, BW, BY, BZ,
g ’ CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
28 May 2012 (28.05.2012) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(25) Filing Language: English HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(30) Priority Data: OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
PL395033 27 May 2011 (27.05.2011) PL SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): POLI- . L
TECHNIKA SWIETOKRZYSKA [PL/PL], Al Tysiqc- (84) De51gnated States (unless otherwise indicated, fO}" every
lecia Panstwa Polskiego 7, PL-25-314 Kielce (PL). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(72) Inventors; and ] UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(75) Inventors/Applicants (for US only): WCISLIK, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

Mirostaw [PL/PL]; ul. Miechowska 6A, PL-25-140 Kielce
(PL). LASKAWSKI, Michal [PL/PL]; O§. Na Stoku
74/29, PL-25-437 Kielce (PL).

EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL, SK, SM,

[Continued on next page]

(54) Title: TUNING METHOD OF PI AND PID CONTROLLERS

o )
po VKGR =,

.

k=107 .10 79421Y8
7=0.99+0.389-9+0.00115-6° (I
§=-0,1467+0.4734/0

08

06

0.4f

0.2]

0 L

k=t
™k (my
Ty=tT,
Tu=6-T
! 8=2
! " \
] 7 ”
/ . v
L
o
4/ v
{
i f
TRy
‘ i—pD |}
o] 5 10 15 20 25

(57) Abstract: The invented controller tuning method relies on the following
procedure. To the controlled system with known proportional gain the integral
type controller is connected in series. The controller gain k; is increased to get
the closed loop system to the stability limit. At this stage the controller ulti-
mate gain k, and the sustained oscillation period Zosc of the controlled value
are assessed. It is assumed that the controlled system dynamics can be approx -
imated by the first order filter with dead time model. The following formulas
allow to estimate the first order filter time constant F (1) and the coefficient =
L/T = (arcctg(wosc T))/(wosc T) where L is the dead time constant of the con-
trolled system model. From the formulas: F (2) the controller model paramet-
ers are calculated. After that on the basis of the calculated controller model
parameters values the real controller parameters are calculated from the formu-
las: F (3) the proportional controller gain, the Tiy is the integral controller time
constant and the Tay is the derivative controller time constant.
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AMENDED CLAIMS
received by the International Bureau on 14 January 2013 (14.01.2013)

1. The tuning methods of the Pl controller parameters in the closed loop control
system of the object, which the transfer function may be approximated as the
first order filter with time constant T and dead time L, and known gain k,

comprising the steps of:

(a) connecting in series the input of the controlled object with the output of the
integral part of the controller which the proportional part is disconnected,

setting the lowest gain value and closing the control loop,

(b) increasing the controller gain up to the stability limit with stable oscillations
of the controlled variable and describing the period of the oscillations 7, and

osc.

fixed value of the controller gain «;,

(c) calculating of the first order lag 7' of the controlled system model using the

,szkz—wz
following formula T=-—Uw—2i where o, =22/T,,
osc

and the coefficient

6 = (arcetg(w,,.T) (@,.T)=L/T where L is the controlled system model dead
time,

(d) calculating the settings of the Pl controller from the following formula
k _10—0A67+o.49/\/§ ) ) )
° = and determine the physical settings of the real Pl
7=0.91+0.31-0 +0.0058 - 9*

k
. k=-2 . . ,
controller from the relations “#  where k,, is the proportional controller
TiN' =z.T ’

gain and the 7,, is integral controller time constant.

2. The tuning methods of the PID controllers parameters in the closed loop
control system of the object, which the transfer function may be approximated
as the first order filter with time constant 7 and with dead time L, and known

gain k, comprising the step of:
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(a) connecting in series the input of the controlled object with the output of the
integral part of the controller which the proportional and the differential parts

are disconnected, setting the lowest gain value and closing the control loop,

(b) increasing the controller gain up to the stability limit with stable oscillations
of the controlled variable and describing the period of the oscillations 7, and

fixed value of the controller gain %,

(c) calculating of the first order lag 7 of the controlled system model using the

. k2K -0 i
following formula 7=Y"——* where o, =22/7,, and the coefficient
a)OSC

0 = (arcetg(o,, ., T (@,,,T)=L/T where L is the controlled system model dead
time,

(d) calculating the settings of the PID controller from the following formula
k, = 10—0.79+0.81/%/§
t=097+04-6  and determine the physical settings of real Pl controller from
5=-0.16+0.48J0

k

o

k = p
the relations 7,, =z-7 where &, is the proportional controller gain and the 7,,
T =0T

is the integral controller time constant and the 7, is derivative controller time

constant.
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