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Hysteresis Compensation Installed in Digital Positioner

for Pneumatic Control Valve with Tightened Grand Packing

Tetsuya WAKUTI* * Takumi HASHIZUME* - Takashi NISHIJIMA**

Abstract:

This paper analyzes the behavior of a pneumatic control valve-digital positioner system that has a large

hysteresis due to a tightened grand packing and examines its control scheme to improve the system performance. The
authors have confirmed that introducing a PI-D control action with a gap in the integrator of the position control and a
minor feedback control of the diaphragm pressure is an effective way to ensure the stability and dynamic response of
the system. In order to further improve the behavior of this cascading control to small changes of the position set point,
this paper proposes the hysteresis compensation algorithm installed in the digital positioner for the control valve with a
tightened grand packing considering flow conditions. In this compensation, the diaphragm pressure is controlled with
feedforward so that the stem immediately starts to move against the large valve hysteresis including the fluid resistance.
Through the experimental investigations, the effectiveness of this compensation algorithm is confirmed.
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Fig. 1 Flow experimental installation
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Table 1 Specifications of test control valve

Item Specification
Actuator (MOTOYAMA)
Form Multiple spring
/ Single acting diaphragm
Direction Air to close
Maximum range 38 [mm]
Supply pressure 0.24[MPa]
Spring range 0.04~0.20[MPa]
Diaphragm diameter 330[mm]
Diaphragm effective area 515[cm?]
Diaphragm maximum capacity 4510[cm’]
Body (MOTOYAMA)
Form Groove
Valve size 4B(100[mm])
Pressure rating JIS 10K
Action Direct action
Rated CV 140

Diaphragm pressure
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J
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Fig. 2 Schematic of pneumatic control valve-
digital positioner system
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Fig. 3 Hysteresis characteristics of test control valve
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Fig. 4 Hysteresis characteristics of test control valve
under flow conditions
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Fig. 6 Block diagram of cascading controller



KREMOBEICRE LT, EAREREGH CIE—&s7 1 v
EroRkEL L, EIRESOIERIBIE ORI A B L=
BLELTWD, Fio, MrEGEFASFHI OV T, F—3—
Va— FEAUBRVIHBENROBEENO R TAERRZ L&
MEFR L TV 5728, Chien-Hrones-Reswick D A —/N—3/ =2 —
R22 Lol Y2mA L TnD. ST ORE D)%

N RIFTEEIZ OV TIEIE 3) 2oz &, PLEigik
Rz A r— VRO T v v 7 #IX % Fig. 612, FHEME%

Table 2 (ZZNEIRT.

Table 2 Parameters of cascading controller

Item Parameter
Position controller
Proportional gain 3.57
Integral time 3.30 [s]
Derivative time 0.232 [s]
Derivative action gain 10
Pressure controller
Loop gain 120
Derivative time 0.125[s]
Derivative action gain 10
Discrete operating period 15[ms]
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