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ABSTRACT

Control valves are commonly found in modern process plants. The control valve reliability is critical to the
control quality and safety of a plant. Whether a control valve meets the challenge of the control requirement
depends on its response characteristics. To obtain the characteristics of the control valve, an experiment test
system is developed to assess the performances of the control valve, the graphical description for the
performances of the control valve is proposed, and the test method is presented.
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1. INTRODUCTION

The market demands for higher quality products
have increased the need for reduced process
variation [1]-[3]. One factor in the quality of the
final end product is the improvement of the control
loop performance. A critical component in the loop
is the control valve [4]-[5]. Whether the control
valve meets the challenge of the control
requirement depends on its response performances
[6]-[7]. The static performance indexes of the
control valve mainly include intrinsic error,
repeatability error, reproducibility error, rated travel
deviation, dead band, start error, stop error, etc. The
dynamic performance indexes usually contain step-
response rise time, step-response peak time, step-
response regulating time, step-response overshoots,
etc. In order to get the static and dynamic
characteristics of the control valve, we need to build
a test system and establish the test method.

In this paper, section 2 presents the design of the
test system which is wused to obtain the
performances of the control valve. Section 3
proposes the graphical description and the test
method for the performances of the control valve.
Section 4 gives conclusions to the whole paper.

2. DESIGN OF THE TEST SYSTEM

The schematic diagram of the performance test
system of the control valve is shown in Fig. 1. The
controller is a computer controller. The signal of
pressure or flow measured using the pressure or
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flow meter is compared with the signal of the
desired pressure or flow by the controller. The
controller  output accordingly adjusts the
opening/closing actuator of the control valve in
order to maintain the actual pressure or flow close
to the desired pressure or flow.

The communication between the PC and the
peripherals is realized by the PCI-6238 data
acquisition card which is produced by the National
Instruments Company of the United States. The
main technical parameters of PCI-6238 are as
follows:

(1) 60V Isolated (Analog Current: 8 Analog
Inputs, 2 Analog Outputs, Digital 30V: 6 Inputs, 4
Sourcing Outputs).

(2) For the analog input, the sampling rates is
250 KkS/s, the resolution is 16 bits, the maximum
input current is in the range of -20mA ~ + 20mA,

precision scope is 18.8 WA , and the range of
sensitivity is 0.24 uA .

(3) For the analog output, the update rate is 500
kS/s, the resolution is 16 bits, the maximum current
range is in the range of 0-20mA, and the precision

scope is 52.3uA .

(4) For the digital channels, the input voltage is
in the range of 0-30 V, the output voltage is in the
range of 0-30 V.

The operational interface of the software control
system is shown in Fig. 2.
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Fig. 1 Schematic Diagram Of The Performance Test System
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Fig. 2 Operational Interface Of The Software Control System
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Fig. 3 Graphic Description For The Static Performance

3. TEST METHOD

According to the relevant test standard, the
control valve is in no-load condition for the static
performance test. In the test, we should input the
slowly changing signal successively in the positive
direction and the negative direction, so as to make
the actuator of the control valve operate
continuously and smoothly in the whole travel.
When test the travel, we should regard the position
where the core of the control valve is totally close
as the test reference. Fig.3 shows the graphic
description for the static performance of the control
valve [8].

After the test, we can get the static performance
indexes of the control valve according to the
following method.

(1) intrinsic error

In the specified reference conditions, the
calculation formula of the intrinsic error can be
written as

|It_|8|

in
Ie

x100%

(1)

where |, denotes the test travel value of the test
point, | expresses the specified travel value of the
test point, and |, is the rated travel of the control
valve.

(2) repeatability error
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The calculation formula of repeatability error can
be described by

5, =h

re

x100%

@

)

where |, is the maximum travel measurement of the
denotes the minimum travel

e

test point, and I,

measurement of the test point (in the condition of
test input signals in the same direction for many
times).

(3) reproducibility error

The reproducibility error can be expressed as

o =]
I

e

0,

rc

x100% 3)

where | is the maximum travel measurement of
the test point with valve open signals, and I,
expresses the minimum travel measurement of the
test point with valve close signals.

(4) start error. stop error

The start error and the stop error can be written,
respectively, as

|
8,y =1-x100%
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Fig. 4 Step Response

where S, expresses the start error, J,, is the stop
error, 1, is the travel measurement when the input
signal is in the lower limit, and |, is the travel
measurement while the input signal is in the upper
limit.

(5) rated travel error

The rated travel error can be described by

|Ia_le|

1)

ra
|
e

x100%

(6)

where |_ is the travel measurement when the input
signal is in the over upper limit.

(6) hysteresis error

The hysteresis error can be written as

5, = |Ib_|°|><100%

(7)

y Ie

where |, denotes the tralve measurement of the test
point with the valve open signal, and | is the travel

measurement of the test point with valve close
signal.

As shown in Fig. 4, we can obtain the dynamic
characteristics through step response test.

4. CONCLUSIONS

Control valves are generally present whenever
fluid flow regulation is required. The control valve
characteristics are critical to the control quality and
safety of a plant. By means of the test technique,
the characteristics of the control valve can be
obtained. In this paper, an experiment test system is
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developed to assess the performances of the control
valve and the test method is presented.
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