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1. PID Control Function

This PID control function can be used for inverters with CPU version V200 or later.

VFAT/P7 PID control function can be used to control processes such as air blow rate, flow rate
or constant pressure.

1.1. PID Control Block Diagram

The general block diagram of PID control processing is as follows:
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2. PID Control Setting
- The following PID parameters are required to use PID control.
ltem Parameter Adjustment range Default setting
Maximum frequency 47 30 to 400Hz 80Hz
Upper limit frequency m 0.0to FH 80Hz
Signal selection of . N
feedback FIEnR Oto4 0:No input
: . Fhod 1 to 11 2:RR input
Signal selection of o o
Il input

Acceleration/deceleration | AL L 0.1 to 6000s 10s
time dEL 0.1 to 6000s 10s
Lower limit frequency Ll 0.0to 1L OHz

F2il to FSAOFS S F S TH | 0.0Hz

e R Y g gy N
Jump frequency Feis _O_OEO' o
FSl RS 42 15 | 0.0Hz
0.0 to 30Hz

FLERU 0to 11 0
Over-ride processing -

FEE ! Oto5 0

FoH 0.0to FH 0.0Hz
Operation start frequency | o

FoHc 0.0 to 30Hz 0.0Hz

- In this PID control, process value and feedback value are converted into frequency signals for

the purpose of processing.

Therefore, process value and feedback value have to be converted to frequency signals.

2.1.1. Maximum Frequency

- Maximum frequency (~ ) is the maximum value in the frequency range that the inverter

outputs.

To use PID control, it is recommended that you set the frequency about 10% higher than

upper limit frequency (

LiL). (See2.1.4)

2.1.2. Upper Limit Frequency

- For upper limit frequency (.{ 1. ), set the upper limit frequency of the motor used.
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2.1.3. Feedback Signal Setting

- Where you enter feedback input, select Signal selection of PID control (- 7 5 7).
- To enter analog input, see Subsection 3.2.

- Set the zero point of feedback value to 0 Hz and set the maximum output of the feedback

value to maximum frequency.

For example, in the case of 4-20mA output, set 20% to 0 Hz and 100% to maximum frequency.

Example of Il terminal setting:

FooH When maximum frequency is 80 Hz
(80Hz)
Fooe
(OHz) |4 20mA
oL Food
20% 100%

Feedback value input value

Contents Signal selection of PID control (F 75 f)
No PID control o
VI (voltage input)/Il (current input) !
RR (volumeivoltage inputy | P
RX (voltageinputy | 3
RX2 (voltage input (option)) | oy

Reverse characteristics can also be set by changing the setting.

Example of Il terminal setting

Foloc When maximum frequency is 80 Hz
(80Hz)
Faou
z m m
(OHz)  4mA 20mA
Food Folld
20% 100%
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2.1.4. Process Signal Setting
- Process value is used as frequency command value set by speed command selection

(Fild)etc.
To be more specific, the frequency command value is set as process value that becomes the

target value of the feedback value.
- To use analog input, see Subsection 3.2.

- Process value can also be set from preset speed frequency setting.

Selection of process value input

Contents Speed command selection(F /77 o)

Vi (voltage input)/il (currentinput) | . ]
RR (volumelvoltage input) | & ]
RX(voltageinput) 3]
[RX2 (voltage input (option)) | Mo ]
Operating panelinput | A .
Binary/BCD input A ]
_Common serial communication option . | ]
Serial communicationRS485 | 8 ]
Communication add-on cassette option | 8 |
Up-downfrequency | . L
Pulse input (option) i
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Example of process value setting
In an example of a system shown below where feedback value is 4-20mA Il input (1 to 2 atms),

process value is RR input and the maximum frequency is 80 Hz, suppose you want to adjust
the atmospheric pressure to 1.5 atms, the process value that generates the feedback value of
1.5 atms is set here.

In the following diagram, process value of 5V corresponds to 1.5 atms and this becomes 40 Hz
as frequency command value. (Actual output does not necessarily become 40 Hz.)
Example of a system
Parameter setting: £ /77 &=2'(RRinput) F 35 0= { (VI/Il input)
FH =80.0 L/L =70.0

-

-

Power supply S v Pressure

T |[COC[ w F consor
P

0000 | I | (v) =

Pump

External analog setting

DC:0 to 10V RR
_ cC -T— 1to 2 atms
Feedback signal
4t020mADC Q1 [(VI) ]
(Il'input) ce
2to 10V DC
(VI'input)
Feedback value Feedback value Process value Process value
(Equivalent value (Equivalent value
in frequency) in frequency)
2 atms 80Hz 70Hz 70Hz
1.5 atms / 40Hz
1 atm OHz OHz OHz
4mA 20mA 4mA 20mA ov 10V ov 5V 10V
Feedback value Process value Frequency command value
(4 to 20mA) (0 to 10V) (Hz)
4 0 0
8 2.5 20
12 5.0 40
16 7.5 60
20 10 80

* The actual motor frequency is output as a result of PID control and the frequency does not
become as shown above.
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(Notes)
Suppose process value is 10V — 80 Hz, when feedback value is 20mA - 80 Hz, deviation
becomes zero.
Here, even if the actual output goes high, the feedback value is limited and does not become
more than 20mA — 80 Hz and thus the output frequency is fixed to 80 Hz.
Therefore, setting the upper frequency to about 70 Hz prevents the output from becoming fixed
at maximum frequency as described in 2.1.2,”Upper Limit Frequency.”

Therefore, set the setting range of process value lower than the maximum frequency.

2.1.5. Acceleration/Deceleration Time

- Set the acceleration/deceleration time (A L L /4 £ ) short while observing the inverter does
not trip.
A longer acceleration/deceleration time results in poor response.

A shorter acceleration/deceleration time may cause an inverter trip.

2.1.6. Lower Limit Frequency, Jump Frequency

- Lower limit frequency (.. . ) and upper limit frequency (./.. ) are both valid for process value
and output frequency.
When lower limit frequency is set, process value is also limited at lower limit frequency.

Therefore, set the lower limit frequency so that the command of process value stays above
the lower limit frequency.
- Jump frequency (F & 71 to F & 75) is valid for process value.

A disabling band can be provided for the process value to be set.

2.1.7. Override Processing

- Override processing (F 5 51,7 5 5 ) is valid for process value.
This is used to perform fine adjustment for process value.

2.1.8. Operation Start Frequency

- Operation start frequency (F &'~ {,F &4 ') is valid for process value.
This is the function to start the operation when the setting of the process value becomes
higher than the setting of the operation start frequency (F &% {+F 25 ') and stops when it
becomes lower than the operation start frequency (F &4 {-F 2+ ).
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2.1.9. Switching to Open Loop Control Operation

- To start the open loop control operation (manual operation) from PID operation (automatic
operation), either use PID control OFF selection (input terminal function 36/37) or set “0” in
the PID feedback selection (F 3 5 ).

Here, be careful because the acceleration/deceleration time is faster now.

(Set the second acceleration/deceleration time etc. if necessary.)

3. Adjusting PID Control

- Adjust the PID control gain in accordance with process value, feedback input signal and the

controlled system.
The adjustment parameters for PID control are as follows:

Iltem Parameter Adjustment range Default setting
Delay filter FIE 0 to 255 1
Proportional (P) gain FI3G6/7 0.01 to 100 0.1
Integral (1) gain FIdE3 0.01 to 100 0.1
PID deviation upper limit FIEM 0 to 50(%) 50
PID deviation lower limit FIE5 0 to 50(%) 50
Differential (D) gain FIGh 0to 2.55 0

3.1.1. Adjusting the Proportional (P) Gain

- Proportional (P) gain (F 3 & &) is the proportional gain used for PID control.

This is a coefficient to multiply the deviation (difference between the process value and the
feedback value) to obtain the correction value for control proportional to the deviation. If you
increase this value, control response increases but if you increase the value unnecessarily, it
may cause unstable conditions such as hunting.

Output frequency Process value set-point
F357 Large

Quick response ——\
N__ F357 Small

Slow response

Time
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3.1.2. Adjusting the Integral (I) Gain
- Integral (1) gain (F 7 & &) is the integral gain used for PID control.
This is used to set the deviation that remains after the proportional action (residual deviation
offset) to 0.

If you increase this value, residual deviation becomes small but if you increase the value
unnecessarily, it may cause unstable conditions such as hunting.

I :-l El _:l' Small
Output frequency / l
Q < Process value
\ T set-point
F 453 Large Residual deviation

Time

3.1.3. Adjusting the Differential (D) Gain

- Differential (D) gain (F 7 & &) is the differential gain used for PID control.
This is used to improve the response when a deviation that changes quickly occurs.

However, if you increase this value unnecessarily, unstable condition of output frequency
fluctuation occurs.

Previous deviation

- Deviation this time Time

Output frequency

»

' Differential gain large

Y {‘ Differential gain small
Time

3.1.4. Adjusting the Delay Filter

- =

- Delay filter (F 75 ) works to moderate a deviation that changes quickly (first-order lag
processing).

Normally, you need not change this setting. If you decrease this value, processing becomes
faster and if you increase the value, the processing becomes slower.
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3.1.5. Adjusting the PID Deviation Upper Limit

- PID deviation upper limit (5 5 5 &) is the upper limit for deviation increase (+).

This is used to limit the deviation that occurs momentarily. Normally you need not change this
setting.

3.1.6. Adjusting the PID Deviation Lower Limit

- PID deviation lower limit (- 5 5 5) is the lower limit for deviation decrease (-).

This is used to limit the deviation that occurs momentarily. Normally you need not change this
setting.
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3.2. Adjusting the Analog Input Signal

The reference that can be set as feedback inputs such as voltage input (VI input)/current input

(Il input), volume/voltage input (RR input), voltage input (RX input) and voltage input (RX2

input [option]) should be adjusted with voltage scaling, if necessary.

If feedback input is small, for example, this can be used as gain adjustment.

Example of VI terminal setting

(default setting)
FooH
(80Hz)
(OHz) 2V 10V
Fob Folld
20% 100%

(80Hz)

Faud

(OHz) OV 10V
0% 100%

Example of RX terminal setting

(default setting)
Fc 5
(80Hz)
(OHz) ov 10V
Folh Fc B
0% 100%

10

Example of Il terminal setting

(default setting)

4mA 20mA
Faol FoOo3
20% 100%

Example of RX2 terminal setting

(default setting)[Option]

ov 10V
Faae Fae
0% 100%
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4. PID Application Example

In this example, process value and feedback value are set in a compressor system with the

configuration shown below where the lower limit frequency setting is required.

(Frequency settings for pressure setting and feedback value are the settings required to
perform PID control and not for the actual output frequency.)

Blower Air tank Throttle cock
TN OO
%K | Hoad
N M
[\
Pressure setting volume
2 atms ‘ ‘
1 atm 5 atms | RR INV
l !
oV 5 VI 1 to 6 atms
(30Hz) _Hz) » l l
Pressure
4mA 20mA gauge
Process value (30Hz) (80Hz) N\

<
Feedback value U

—— Compressor operating condition

- Process value should be set in the range from 1 to 5 atms.

- Mechanical specification
The compressor runs in the range from 30 Hz to 70 HzO A mechanical damage occurs
if operated below 30 Hz.[

- Feedback (sensor) is 4mA to 20mA corresponding to 1 to 6 atms.

11
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- Setting procedure
1) Set the lower limit frequency (.. . ) to 30 Hz (mechanical specification). . . =30Hz
2) Set the upper limit frequency (i/ 1. ) to 70 Hz (mechanical specification). /. =70Hz
3) Set the maximum frequency (~ +) a little higher than the upper limit frequency (. L ).
F H=80Hz
** With the settings above, the motor will be controlled within 30 Hz to 70 Hz.
4) Process signal (F 7 [ o) settings
Setting 1: Set 1 atm to 30 Hz.
1 atm -0V —30Hz (F2 {I=0, FZ ! {=30Hz)
Setting 2: Set 5 atms to 70Hz.
5atms -10V —70Hz (FZ /2=100, FZ {3=70Hz)
Air tank setting pressure Command frequency
5 atms by 70Hz
—>
1 atm Voltage 30Hz Voltage
ov 10V ov 10V
0% 100% 0% 100%

** With the settings above, process value 0 - 10V corresponds to 1 - 5 atms.
5) Feedback signal (F 7 5 1) settings
Setting 1: Set 1 atm —4mA to 1 atm — 30 Hz in the same way as process value.

1 atm —4mA - 30 Hz (F20 =20, F 20 7=30Hz)
Setting 2: Set 5 atms — 16.8mA to 5 atms — 70 Hz in the same way as process value.
5atms —16.8mA-70Hz (FZ20 =84, FZ2L4=70Hz)
Or, you can set 6 atms — 20mA — 80 Hz (F 2 I/ =100, F 2 [I <= 80 Hz).
Pressure inside the air Feedback frequency
6 atms 80Hz
5 atms 70Hz
20mA
—> 100%
1 at Current 30H Aurrent
atm | z I
4mA  16.8mA 0° 4mA  16.8mA  O°
20% 84% 20% 84%

** With the settings above, feedback value 4 — 20mA corresponds to 1 - 6 atms.

12
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(Notes)

Make sure to set the feedback value higher than the upper limit value of the process value.

If the feedback value and the process value are both set to the same 20mA - 70 Hz, even if the
actual pressure goes high, the feedback value does not go higher than 20mA — 70 Hz and thus
the output frequency becomes fixed to 70 Hz.
Therefore, in an example above, settings are made so that the feedback value is 6 atms (20mA)
against 5 atms of the process value.

Setting parameters

Parameter Function Setting Remarks
Fnnd Speed setting mode selection = Default value (RR terminal)
FH Maximum frequency =y

-

Upper limit frequency 10

[ng

Lower limit frequency S0

[ tad
-~

F20! VI/1l reference point #1 20 |Feedback value
F202 | VI reference point #1 frequency | 35 |With 4mAinput, 30 Hz (1 atm)
FZ203 VI/1l reference point #2 ‘o |Feedback value

-
<

VI/II reference point #2 frequency | g5 |With 20mA input, 80 Hz (6 atms)

"
[} I
c
<

[ RR reference point #1 o Process value

FZ2 ¢! | RRreference point #1 frequency 35 |With OV input, 30 Hz (1 atm)
FZ2 L2 RR reference point #2 ‘o |Process value

FZ2 {3 | RR reference point #2 frequency 75 |With 10V input, 70 Hz (5 atms)
FIED Signal selection of PID control ! Input from VI/Il terminal

13E





