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Method of Evaluating the Performance of C 1801-1986
Controllers with Analogue Signals for
Use in Industrial Process Control

1. Scope

This Japanese Industrial Standard specifies the method of evaluating
the performance of controllers with analogue signals for use in industrial
process control, hereinafter referred to as the "controllers", which have
control actions based on proportion, integration, differentiation or these )
combined and more, and of which input and output are pneumatic pressure
or continuous d.c. electrical signals.

2. Definitions

For the purpose of this standard, in addition to the definitions specified
in JIS Z 8103 and JIS Z 8116, the following definitions apply.

(1) maximum error The maximum deviation of the characteristics expressed
by average measured values from the ideal characteristics.

(2) direct (reverse) acting An expression of the direction of change
in the output corresponding to the change of control deviation.
The situation in which the output signal increases (decreases) with
the increase of control deviation is called direct (reverse) acting.

(3) steady deviation Of the control deviations necessary to maintain the
output signal at an arbitrary value in the operating range, the
deviation caused solely by the control device.

(4) digital control The control whose operational function of controllers
is performed by digital devices.

Applicable Standards and Corresponding International Standard: See page 19.
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3. Test Conditions

Unless otherwise specified, the test condition shall be as follows:

3.1 Ambient Conditions

3.1.1 Reference Value Ambient temperature 23°C, atmospheric pressure
101.3 kPa, and relative humidity 50 $ shall be taken as the references, and
the external magnetic field shall be zero except the earth magnetic field.

3.1.2 Allowable Values The tolerances of ambient temperature during
tests shall be + 2°C of the reference value, and the rate of temperature
variation shall be £5°C or under an hour.

During tests the atmospheric pressure shall be kept 86.0 to 106.0 kPa,
and relative humidity 40 to 60 %.

3.2 Electric Power Supply and Pneumatic Supply

3.2.1 Reference Values Reference values of voltage and frequency of
electric power supply, and pressure of pneumatic supply shall be specified
by manufacturers.

3.2.2 Allowable Values

(1) Allowable Values for Electric Power Supply The allowable
values for electric power supply on each of the items as against
the respective reference values shall be as follows: On voltage
+1 % of its reference value, on frequency +1 %, on waveform
distortion rate of a.c. source 5 % or under and ripple content of
d.c. source 0.1 $ or under.

(2) Allowable Values for Pneumatic Supply The allowable values
on each of the items shall be as follows: On pneumatic supply
pressure *1 % of reference value, on temperature +2 % of ambient
temperature, and dew point 10°C or more lower than ambient
temperature. Oils and dust shall be removed from air.

3.3 Load Impedance Reference values of load impedance shall be specified
by the manufacturer. But where no specification is given by manufacturers,
the following shall be the rules. -

(1) In the case that the output signal is d.c. voltage, the minimum
value in the range of load impedance specified by the manufacturer
shall be taken as the reference value.

(2) In the case that the output signal is d.c. current, the maximum
value in the range of load impedance specified by the manufacturer
shall be taken as the reference wvalue.

(3) In the case that the output signal is pneumatic pressure, it shall be
considered that a capacity of 20 em?3 is connected to the end of
a tube 4 mm in inner diameter and 8 m in length.

3.4 Input Signal The pulsation which may affect the test results shall
not be included in the controlled variable and command signals.
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3.5 Mounting Posture The mounting posture of controllers shall be as
specified by the manufacturer, and the external mechanical force which may
affect test results shall not exist.

3.6 State of Internal Temperature The internal temperature of controllers
shall be in equilibrium state.

3.7 Equilibrium State In the test, the controller shall be brought into
equilibrium state by the operations mentioned below. However, if no doubt
arises in the judgement, after the controller is brought into equilibrium state
in closed loop state by feeding back the output to the input, the loop may be
opened.

(1) The proportional band shall be set at the specified value.
(2) The differential time shall -be set at the minimum or zero.
(3) The integral time shall be set at the minimum.

(4) The controlled variable signal (command signal) shall be set at the
specified value.

(5) The indications of command and controlled variable become nearly
equal in value when the command (controlled variable) signal is
adjusted and the output is equilibrated at a vlaue close to the
specified value through the effect of integral operation.

(6) The integral time shall be set at the maximum.

4, Testing Method

4,1 Characteristic Test

4.1.1 Command Index The command index shall be tested for the command
signal in the controller which can be measured by some way or other.

The controller is set to be closed loop, reverse operation, proportional
band of 100 %, minimum integral time and minimum differential time.

The command index is increased gradually by 0, 25, 50, 756 and 100 %,
and the internal command signal at each index is measured and expressed as
the ratio of error to span in percentage.

Then, the command index is decreased in the order of 100, 75, 50, 25
and 0 %, and the similar measurement is carried out.

4.1.2 Steady Deviations The following tests shall be applied only to
the controller with integral operation, and for the controller without integral
operation, the bias signal generator in Fig. 1 (b) is properly adjsuted and
the difference between the command and controlled variable signals is
tentatively regarded as the steady deviation.

(1) Preparation for Tests The controller with integral operation shall
be tested by the circuit in Fig. 1 (a).

And the controller without integral operation shall be tested
by the circuit in Fig. 1 (b), where by adjusting the bias signal

generator, the difference between the command and cqb)%oyﬁjients
variable signals shall be tentatively regarded sc ‘le steady deviation,

to be applied to the test for measuring the variation BfCst&ddy
deviations.
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Fig. 1 (a). Closed Loop Testing Circuit
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(2) Testing Method

values as the steady deviation, by setting the proportional band
at minimum, the integral time at minimum (in case of a fear of
oscillation, limit it to the extent of no oscillation), the differential
time at minimum and the command value at 50 %.

measure the difference between command and controlled variable '

Then, similarly the steady deviation at the 100 $ point of
proportional band and the maximum point shall be measured.

Further, the steady deviations shall also be measured at
the commands of 10 % and 90 % for the proportional bands of
minimum, 100 $ and maximum.

(b) Integral Leak Test The integral leak test shall be carried out
to measure the steady deviation, after operating continuously
for a necessary duration of time by setting the command value
at 50 %, the proportional band at 100 %, the integral time at
maximum and the differential time at minimum.

This test shall not be applied to controllers with digital .

|

|

(a) Short Term Test The short term test shall be carried out to
|

1

| controlling.

\

|
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Dead Zones

Preparation for Test The controller shall be connected to form

an open loop as shown in Fig. 2, and set in positive operation.
The proportional band is set at 100 %.

The equilibrium state of 3.7 shall be set at the controlled
variable signal 50 $ and the output signal 50 $%.

Fig. 2. Open Loop Testing Circuit
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Testing Method The controlled variable signal is increased slowly

and stopped at the point where the output signal begins to change.
The controlled variable signal is measured at this point.

Next, the controlled variable signal is decreased slowly and
stopped at the point where the output signal starts to vary.
Then the controlled variable signal is likewise measured.

The difference between the two measured values shall be de-
termined as the dead zone.

Proportional Operation

Preparation for Test The preparation shall be carried out similarly

to 4.1.3 (1).

Testing Method A stepwise variation (8 %) of controlled variable

is applied to change the output signal approx. 20 %, and the
actual corresponding output variation (« %) is  measured. Then
the proportional band is obtained from the following formula (refer
to Fig. 3).

Proportional band = —'z—X 100 (%)

Next, the proportional band is set to nearly minimum scale
and maximum scale, and the similar test is carried out at nearly
50 % of output signal.

Tests similar to this should preferably be carried out at nearly
20 % and 80 % of output signal.
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