1 IO

PRG>5 >

1.Select Q.Setup
2Jpassword

1 I0®

PRG>5>2 v

4)set PW1
6.Set PW2

1 I©

PRG>5>2>4 >

PW1

000(1]

1 O

PRG>5>2>4 >

PW1

Set PW?
OK

loo®

PRG>5>2>4 o

Set PW1-—-1234

Note

. Use the @ / O keys to select [2. Password],

and confirm with the (&) key.

. Use the ™ / O keys to select the number of

the password to be set, [4. Set PW1] or [6. Set
PW?2], and confirm with the (@) key.

. Use the @/ Okeys to select any four

numerical digits, and confirm with the (&) key.

. Use the ™ / O keys to select [OK], and

confirm with the (&) key.

. The set password shown.

Selecting [Cancel] returns to the password
setting screen.

If only the password is set, function code data can be revised. To use the password to prevent

function code data from being revised, enable password protection.
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5.6 Programming Mode

< Enable Password Protection >

Fref

0.00Hz
STOP

Iout 0.00A
PWR 0.03kW

| &

PRG @

0.Quick Setup
1.Start-up
2.Function Code
3.INV Info
4.Alarm Info
5.user Config

loo®

PRG>5>2 <

@PW Protection
6.Set PW2
10.All Clear

1®

PRG>5>2>3 v

PW Protection is
Not work totally.

‘Enable protect?
OK

ICancel

SET
=)

PRG>5>2 o

[LJEnter PW1
6.Set PW2
10.All Clear

Note

@ Return to previous screen @ Return to running mode

1. Press the €r9 key while the running mode
screen is displayed.

2. Use the @/ Okeys to select [5. User Config],
and confirm with the (&) key.

3. "3. PW Protection" indicates that password
protection is off (function codes can be
revised). To turn password protection on
(function codes cannot be revised), select "3.
PW Protection" and confirm with the (&) key.

4. Usethe ™/ Q) keys to select [OK], and
confirm with the (&) key.

By selecting [OK], protection is turned on with the
set password.

If password protection is on, function code data cannot be revised. The function code data

revision screen displays Data Protect
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< Input Password, and Enable Function Code Revision (Turn Off Password Protection) >

PRGS5>2 shows the password setting screen.

@ Return to previous screen @ Return to running mode

Fref

0.00Hz
STOP

Iout 0.00A
PWR 0.03kW

&

PRG v
0.Quick Setup
1.Start-up
2.Function Code
3.INV Info

4.Alarm Info

5User Config

1 IO

PRG>5>2 <

[LEnter PW1
6.Set PW2
10.All Clear

loo®

PRG>5>2>1 -

PW1

0001

1 IO

PRG>5>2>1 >

PW1

Confirm?
OK

1 I0®

PRG>5>2>1 v

=) PW1 Correct

No If the password is entered incorrectly,

. Press the =9 key while the running mode

screen is displayed.

. Use the ® / O keys to select [5. User Config],

and confirm with the (&) key.

. Withthe ™/ &) keys, if PW1 is set, select

[1. Enter PW1], and if PW2 is set, select
[2. Enter PW2], and confirm with the (£) key.

. Use the ® /O keys to input the password that

has been set, and confirm with the (&) key.

. Use the @ / ©keys to select [OK], and

confirm with the (&) key.

. The set password is verified, and function code

revision is enabled (password protection off).

is displayed. If the password is

mistaken five times, operations become impossible (alarm sounds).



5.6 Programming Mode

B Password removal

Complete initialization removes passwords.

However, if passwords are removed through complete initialization, function code setting data and
password settings will be lost.

@‘ Complete initialization requires double-key operation of "6 and @ keys."

5.6.7 Tools
[PRG > 6(Tools)

G "deyn

5.6.7.1 Monitor PID Control Status
IPRG > 6(Tools) > 1(PID Monitor)
The status of PID controls 1 and 2 and external PID controls 1, 2 and 3 can be monitored.
Return to previous screen Return to running mode

Fref 1. Press the €89 key while the running mode

0_00H 7 screen is displayed.
STOP

Iout 0.00A
PWR 0.03kW

1@

NNY LS31 ANV NOILYdVd3dd

PRG ° 2. Use the ™ /& keys to select [6. Tools], and
1.Start-up confirm with the (&) key.

2.Function Code

3.INV Info

4.Alarm Info
5.User Config

l6.Tools
loo®

PRG>6 v 3. Usethe ™/ @keys to select [1. PID
[LJPID Monitor Monitor], and confirm with the (&) key.

2.Multi-Op. Mon

3.CLogic Monitor
4.Resonant Avd.

5.Load Factor.

6.COM Debug

loo®

PRG>6>1[1/7] < 4. Details can be confirmed with the

PID summary « PID (final) information @/@/@/@ keys.

sV 0.00 SV: Command value . . .

oV 0.00 PV: Feedback value - Pressing the (X)/) keys switches the display
' Err: Deviation unit between the physical quantity and

Err 0.00 MV: Manipulated value t o

MV 0.00Hz Mode: PID mode percentage (%).

Mode: Disable - Pressing the (£) key holds the data.

19
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1

PRG>6>1[2/7] <
PID1

Svi 0.00

PV1 0.00

Err 0.00

MV 0.00Hz

T QRIS
PRG>6>1[3/7] N
PID2

SV2 0.00

PV2 0.00

Err 0.00

MV 0.00Hz

T QG
PRG>6>1[4/7] <
Ext.PID1 summary
ESVF 0.00

EPVF 0.00

Err 0.00

EMV1 0.00%
Mode: Disable

T QRIS
PRG>6>1[5/7] <
Ext.PID1

ESV1 0.00

EPV1 0.00

Err 0.00

EMV1 0.00%

T QIR
PRG>6>1[6/7] N
Ext.PID2

ESV2 0.00

ESV2 0.00

Err 0.00

EMV2 0.00%
Mode: Disable

T QIR

“~| PID1 information

<—| PID2 information

The table below shows the indication for the PID mode.

Indication Meaning
Disable PID control disabled
Pause PID control on standby
Cancel PID control being canceled
Boost Under application of pressure due to slow flowrate
Sleep Stopped due to slow flowrate
Alarm PID alarm ON
Operating Running under PID control
Ch.1 PID channel 1 under control
Ch.1/Ch.2 Err | PID channel 2 under control (Deviation on channel 2)
Ch.2 PID channel 2 under control

“| External PID (final) information

“ | External PID 1 information

<« | External PID 2 information
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5.6 Programming Mode

PRG>6>1[7/7] <
Ext.PID3

ESV3 0.00

EPV3 0.00

Err 0.00

EMV3 0.00%
Mode: Disable

!

PRG>6

[LJPID Monitor
2.Multi-Op. Mon
3.CLogic Monitor
4.Resonant Avd.
5.Load Factor.
6.COM Debug

« | External PID 3 information

5-79

5. Use the &9 key to return to the menu screen.
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5.6.7.2 Monitor Multiple Unit Controls
IPRG > 6(Tools) > 2(Multi-Op.Mon)|

The status of cascade operations and mutual operations can be monitored.

@ Return to previous screen @ Return to running mode

< Cascade operation >

Fref 1. Press the €r9 key while the running mode

0.00Hz
STOP

Iout 0.00A

PWR 0.03kW

l&

<>

PRG

1.Start-up
2.Function Code
3.INV Info
4.Alarm Info
5.User Config

l6.Tools

1 IO

PRG>6 .

1.PID Monitor
[2JMulti-Op. Mon
3.CLogic Monitor
4.Resonant Avd.
5.Load Factor.
6.COM Debug

1 O

PRG>6>2 ©

Cascade-Fixed

62.3%
91.2%
15.0%

sV

PRG>6>2 ©

Cascade-Fixed
SV  0.82m3/min

«—| Command value

PV 1.20m3/min « | Feedback value

MV 10.00Hz « | Operation volume (control volume)
P

PRG>6 .

1.PID Monitor
[2JMulti-Op. Mon
3.CLogic Monitor
4.Resonant Avd.
5.Load Factor.

6.COM Debug

T111

screen is displayed.

. Usethe ™/ Q) keys to select [6. Tools], and

confirm with the (&) key.

. Use the @ / Okeys to select [2. Multi-Op.

Mon], and confirm with the (&) key.

The status of cascade operations can be
confirmed.

Command value
Feedback value

Operation volume (control volume)

<Running status>
blinking: Inverter drive;
M2 normal view: Stopped;

ON: Commercial drive; M| blinking: Fire mode
M3 crossed out: Operation halted

5.

Use the ™ / & keys to display physical units
and switch to a percentage unit display.

<Running status>
blinking: Inverter drive;
M2 normal view: Stopped;

ON: Commercial drive;  [M@| blinking: Fire mode
M3 crossed out: Operation halted

6.

5-80
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5.6 Programming Mode

@ Return to previous screen @ Return to running mode

< Mutual operation: Master unit >

Fref 1. Press the €r9 key while the running mode
0 00 screen is displayed.
UUHz

Iout 0.00A

PWR 0.03kW

l&

PRG ° 2. Use the @ /O keys to select [6. Tools], and

1.Start-up confirm with the (&) key.

2.Function Code

3.INV Info Q

4.Alarm Info 2

5.User Config o

l6.Tools

L@ %

PRG>6 - 3. Usethe ™ /&) keys to select [2. Multi-Op. =

1.PID Monitor Mon], and confirm with the @) key. $

[2JMulti-Op. Mon =

3.CLogic Monitor Q

4.Resonant Avd. >

5.Load Factor. %

6.COM Debug 3
m

0@ 4

PRG>6>2 & 4. The status of mutual operations can be &

Mutual-Master confirmed. <

sV 62.3% | Command value

PV 91.2% | Feedback value

MV 15.0% . «— | Operation volume (control volume)

E S22 84 - <Operational status>

[M] blinking: PID operation; Sjlblinking: Maximum frequency operation;
S2 normal view: Stopped; 5 crossed out: Operating outside mutual control;

l @/@ S4 crossed out: Operation halted

PRG>6>2 8 5. Use the () / ) keys to display physical units

Mutual-Master and switch to a percentage unit display.

SV 0.82m’/min Command value
PV  1.20m°/min

Feedback value
‘MV_10.00Hz . Operation volume (control volume)

53
E m S2:= 84 <Operational status>
[M] blinking: PID operation;gblinking: Maximum frequency operation;

T111

S2 normal view: Stopped; ¢ crossed out: Operating outside mutual control;

l @/@ S4 crossed out: Operation halted
PRG>6>2 g
M RUN-PID « | M: Master unit; RUN-PID: PID operation

« | Output frequency
Foutl 60.00Hz | Output current
Iout 8.97A | Power consumption
Power 10.25kW
1 IO
PRG>6>2 g
S1 RUN-Fmax «— | S1: Slave unit 1; RUN-Fmax: Maximum frequency operation

«— | Output frequency

Foutl 0.00Hz « | Output current

Tout 0.00A | Power consumption
Power 0.02kW
1 IO
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1 QIO

PRG>6>2

<>

S2 STOP

Foutl 0.00Hz
Tout 0.00A
Power 0.02kW

1 RO

PRG>6>2

<>

S3 Unlink-RUN

Foutl 0.00Hz
Tout 0.00A
Power 0.02kW

1 QIO

PRG>6>2

S4 Unlink-STOP

Foutl 0.00Hz
Iout 0.00A
Power 0.02kW

Y

PRG>6

1.PID Monitor
[2JMulti-Op. Mon
3.CLogic Monitor
4.Resonant Avd.
5.Load Factor.
6.COM Debug

| S2: Slave unit 2; STOP: Halted

«—
«—

Power consumption
—

Output frequency
Output current

« | S3: Slave unit 3; Unlink-RUN: Operating outside rotary control

«—
«—

Power consumption
—

« | S4: Slave unit 4; Unlink-STOP: Operation halted

«—
«—

Power consumption
—

Output frequency
Output current

Output frequency
Output current

6. Use the &9 key to return to the menu screen.

The table below shows the indication for other slave status.

Indication

Meaning

RUN

Wire break

Communications link broken

<Mutual operation: Slave units>

PRG>6>2

~
~

Mutual-Slave
Fcmd 56.78Hz
oFWD oX3 oX7
oREV  oX4 oXF
oX1 oX5 oXR
oX2 oX6 oRST
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5.6 Programming Mode

5.6.7.3 Monitor Customized Logic (CLogic)

IPRG > 6(Tools) > 3(CLogic Monitor)

Customized logic can be previewed and debugged.

Return to previous screen Return to running mode

Fref 1. Press the ¢r9 key while the running mode

0_00H Z screen is displayed.
STOP

Iout 0.00A
PWR 0.03kW

l&

PRG . Usethe ™/ Q) keys to select [6. Tools], and

1.Start-up confirm with the (&) key.
2.Function Code

3.INV Info
4.Alarm Info
5.User Config

l6.Tools
e

PRG>6 . 3. Use the @ /O keys to select [3. CLOGIC

1.PID Monitor Monitor], and confirm with the (&) key.
2.Multi-Op. Mon

B.CLogic Monitor
4.Resonant Avd.
5.Load Factor.
6.COM Debug

1 I0®

PRG>6>3[1/14] o ~Solection Tomes 4. Show input/output from Step 1.
Step01:2003 - Ste%eoﬂ'?g e The @ / O keys can be used to confirm up to
14 steps.

G "deyn
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(8003 MAX: +5000
+100 9 ~— The figure at left shows as an example Step01: 2003

+23.09 7T Ppra300 (multiplication + upper/lower limits). Inputs: +100, +23;
(B12] MIN: -99.9 Limits: Upper limit of +5000, lower limit 0f-99.9; Output :
2300 (Multiplication = 100 x 23 = 2300, limit within

l« scope)

PRG>6 - 5. Use the &%) key to return to the menu screen.
1.PID Monitor
2.Multi-Op. Mon
B.CLogic Monitor
4.Resonant Avd.
5.Load Factor.
6.COM Debug
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5.6.7.4 Resonance Avoidance

IPRG > 6(Tools) > 4(Resonant Avd.)|

Operations can be conducted in a manner that avoids points of mechanical resonance. The inverter
operates by jumping frequencies. Resonance prevention settings are set to accomplish this. Three
resonance prevention points can be set, and the jump width can be set at one common point.

Fref

0.00Hz
STOP

Iout 0.00A
PWR 0.03kW

l&

<>

PRG

1.Start-up
2.Function Code
3.INV Info
4.Alarm Info
5.User Config

l6.Tools

1 IO

PRG>6 .

1.PID Monitor
2.Multi-Op. Mon
3.CLogic Monitor
.Resonant Avd.
5.Load Factor.
6.COM Debug

1 O

PRG>6>4 <

Foutl1 12.99Hz
Fjmp2 0.0Hz
Fjmp3 0.0Hz
Width 3.0Hz
—

1 I0®

PRG>6>4 ©

Foutl 14.40Hz
Fjmp2 0.0Hz
Fjmp3 0.0Hz
Width 3.0Hz

L o

PRG>6>4 o

Foutl 34.60Hz

Fjmp1 12.9Hz
[Fjmp2 33.1Hz
Fjmp3 0.0Hz
Width 3.0Hz

1 IO
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@ Return to previous screen @ Return to running mode

1. Press the €r9 key while the running mode
screen is displayed.

2. Usethe /&) keys to select [6. Tools], and
confirm with the (&) key.

3. Usethe ™W /&) keys to select [4. Resonant
Avd.], and confirm with the (&) key.

4. Operate with the run command ON.

5. Pressing the (£) key at a point of resonance sets
resonance prevention point 1 (Fjmp1).

Note: Pressing the (z) key for a long period of time
changes the width (jump width). (Consistent for Fjmp1-
Fjmp3).

6. Using the © key to move the cursor to Fjmp2
and pressing the (&) key at the next point of
resonance set resonance prevention point 2
(Fjmp2).

Note: Pressing the (&) key for a long period of time

changes the width (jump width). (Consistent for

Fjmp1-Fjmp3).



5.6 Programming Mode

1 IO

PRG>6>4 . 7. Using the & key to move the cursor to Fjmp3
Foutl 46.40Hz and pressing the () key at the next point of
Fjmpl 12.9Hz resonance sets resonance prevention point 3
Fjmp2 33.1Hz (Fjmp3).

44.9Hz

Width 3.0Hz Note: Pressing the (&) key for a long period of time

— changes the width (jump width). (Consistent for Fjmp1-
Fjmp3).
1 ®
:RG?:?:S —an = 8. Clear Fjmp1-Fjmp3, Width
ou .74Hz . .

“Fimpi 13.0Hz GaR ?17\./1‘[}11 the< c(ljlislgr on Fjmpl, press the O) key to
Fjmp2 33.1Hz 1splay :

Fjmp3 46.4Hz

Width 4.1Hz

!

PRG>6>4 v 9. Clear Fjmp1-Fjmp3 and Width

Foutl 48.74Hz - .

Fjmpi 0.0z Prgss the k;y to clear the Fﬁ%l \(f\%lue.
Fjmp2 33.1Hz With < CLR displayed, use the > / ) keys to
Fjmp3 46.4Hz move the cursor to Fjmp2 and then press the
Width 4.1Hz key.to clear the \{alue. In the same way,

— clear Fjmp 3 and Width values.
l©
PRG>6 - 10. Use the &9 key to return to the menu screen.

1.PID Monitor
2.Multi-Op. Mon
3.CLogic Monitor
lJResonant Avd.
5.Load Factor.
6.COM Debug

5.6.7.5 Load Factor Measurement

IPRG > 6(Tools) > 5(Load Factor)]

Selecting "5. Load Factor Measurement" from the programming mode menu enables measurement of
the maximum output current, average output current and average braking power. Measurement modes
are indicated in the table below.

Measurement Mode Details

Mode for measuring for a fixed period of | Mode for setting a measurement period and taking measurements for
time a set period of time

Mode for measuring from run to stop Mode for taking measurements from the beginning to the end of a run

@ If in the mode to measure the interval from run to stop, entering this mode while running will
take measurements during the period until stopping. If entering this mode while stopped,

measurements will be taken from the next run until the stop.
Tip During load factor measurement, the €r9 key transitions into running mode. The & key

moves to the measurement mode selection screen. In this case, load factor measurement will
be continued.
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< Mode for measuring for a fixed period of time >

Fref

0.00Hz

STOP

Iout
PWR

0.00A
0.03kW

| &

PRG

<>

1.Start-up
2.Function Code
3.INV Info
4.Alarm Info
5.User Config

l6.Tools

loo®

PRG>6

1.PID Monitor
2.Multi-Op. Mon
3.CLogic Monitor
4.Resonant Avd.
[5.JLoad Factor.
6.COM Debug

leo®

PRG>6>5

Timg*xRUN—STOP
01h 00m 00s
Imax 0.00A
Tave 0.00A
BPave 0.0%

Standby

leoo®

PRG>6>5

©RI=“<RUN—STOP
01h 00m 0[0s

Imax 0.00A
Tave 0.00A

Standby

1 IR

T11

Maximum output current
Average output current
Average braking power
consumption

<Initial setting value>
1 hour

L.Factor Measurg]

PRG>6>5

Blinks while
measuring

BRIt RUN—STOP
00h 30m 12s

Imax 0.00A
Tave 0.00A
BPave

Executing...

l

PRG>6>5
Time“*RUN—STOP

01h 00m 00s

Imax 289.4A

TIave 182.2A

BPave 24.0%

Standby

Remaining
measurement
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Return to previous screen Return to running mode

. Press the €79 key while the running mode

screen is displayed.

. Use the @ / O keys to select [6. Tools], and

confirm with the (&) key.

. Usethe ™ /O keys to select [5. Load Factor],

and confirm with the (&) key.

. On the mode selection screen, use the K)/ )

to move the [Cursor], and select "Time".
Confirm with the (&) key.

. Shift with the (<) / %), and set the measurement

time with the ™ /&) keys.
Use the (&) key to start measurement.

Note: Pressing the (£) key while measuring
will cancel the measurement.

. While measuring, the message "L. Factor

Measure" blinks.

. Measurement is concluded after the

measurement time elapses, and measurement
results are displayed.



5.6 Programming Mode

< Mode for measuring from run to stop >

Fref

0.00Hz
STOP

Iout 0.00A
PWR 0.03kW

| &

<>

PRG

1.Start-up
2.Function Code
3.INV Info
4.Alarm Info
5.User Config

l6.Tools

loo®

PRG>6 v

1.PID Monitor
2.Multi-Op. Mon
3.CLogic Monitor
4.Resonant Avd.
[5.JLoad Factor.

Return to previous screen Return to running mode

. Press the €79 key while the running mode

screen is displayed.

. Use the @ / O keys to select [6. Tools], and

confirm with the (&) key.

. Usethe ™ /O keys to select [5. Load Factor],

and confirm with the (&) key.

. On the mode selection screen, use the )/ )

keys to move the [Cursor], and select

"RUN—STOP". Confirm with the (&) key.

Executing...

l

PRG>6>5
@ TimeZ=RUN—STOP|
--h --m --s
Imax 289.4A
TIave 182.2A
BPave 24.0%
Standby

6.COM Debug
Le©
PRG>6>5
@ Time“xRUN—ST! OEI
-=-h --m --s
Imax 0.00A “— | Maximum output current
Tave 0.00A «— | Average output current
BPave (_)00@ ______ «— | Average braking power consumption
Standby
Le©
PRG>6>5
B sruv—storli
--h --m --s
Imax 0.00A
Tave 0.00A
Bpave 0.0%
Standby
L.Factor Measurg] «— | Blinks while
PRG>6>5 measuring
@ Time P
--h --m --s
Imax 0.00A
Tave 0.00A
BPave 0.0%

5-87

5. Entering the run command causes

measurement to start. If the run command has
already been input, this screen is skipped.

Note: Pressing the (&) key while measuring
will cancel the measurement.

. While measuring, the message "L. Factor

Measure" blinks.

. Measurement is concluded after the

measurement time elapses, and measurement
results are displayed.
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5.6.7.6 Communication Debug

IPRG > 6(Tools) > 6(COM Debug)|
Communication-specific function codes (S, M, W, W1, W2, W3, X, X1, Z) can be monitored and set.

@ Return to previous screen @ Return to running mode

Fref 1. Press the €r9 key while the running mode

0_00H 7 screen is displayed.
STOP

Iout 0.00A
PWR 0.03kW

l&

PRG ° 2. Usethe /&) keys to select [6. Tools], and
1.Start-up confirm with the (&) key.

2.Function Code

3.INV Info

4.Alarm Info
5.User Config

l6.Tools

L e©

PRG>6 - 3. Use the @ /O keys to select [6. COM
1.PID Monitor Debug], and confirm with the (&) key.

2.Multi-Op. Mon
3.CLogic Monitor
4.Resonant Avd.
5.Load Factor.
6.cOM Debug

e

PRG>6>6 5. On the mode selection screen, use the () /)

S:COM Command keys to move the [Cursor], and select the
function code that you wish to set.
Confirm with the () key.

| ©

PRG>6>6 7. After changing the setting, confirm with the

Freq.cmd p.u. key.

________________ #Ho

-32768~+32767

Def. 0

Store 0

!

PRG>6>6 8. The function code following the one that has

S:Command been set is displayed.
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5.7 Alarm Mode

57 Alarm Mode

If an abnormal condition arises, the protective function is invoked and issues an alarm, then the
inverter automatically enters Alarm mode. At the same time, an alarm code appears on the LCD
monitor.

5.7.1 Releasing the alarm and switching to Running mode

Remove the cause of the alarm and press the &2 key to release the alarm and return to Running mode.
The alarm can be removed using the & key only when the alarm code is displayed.

5.7.2 Displaying the alarm history

It is possible to display 10 alarm codes (newest + past 9 alarms) in addition to the one currently
displayed. Previous alarm codes can be displayed by pressing the ™ / &) key while the current alarm
code is displayed.

5.7.3 Displaying the status of inverter at the time of alarm
When the alarm code is displayed, you may check various running status information (output
frequency and output current, etc.) by pressing the () key.

Further, you can view various pieces of information on the running status of the inverter using the ® /
© key. The information displayed is the same as for Menu #4 "Alarm Information” in Programming
mode. Refer to Section 5.6.5.1, " Confirm Alarm History."

Pressing the €r9 key while the running status information is displayed returns to the alarm code
display.
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5.7.4 Test run procedure

Make a test run of the motor using the flowchart given below.

Mount the inverter, perform wiring, .

and set up slide switches. (See Section 5.1.)
|

| Check prior to powering on. | (See Section 5.7.5.)

I
| Power ON and check. | (See Section 5.7.6.)

Non-Fuji motor/non-standard motor

Which motor type?

Fuji general-purpose motor

Longer output lines/
Reactor connected

What output
wiring condition?

Shorter output lines

Function code Function code
basic settings <1> basic settings <2>
(See Section 5.7.8.) (See Section 5.7.9.)
Tuning

(See Section 5.7.9.)

Run the inverter for operation check.

(Gradually accelerating from low to
high speed) | (See Section 5.7.10.)
Adjust motor control function code
data.

Set up application-related function

codes.
T (See Section 5.7.11.)

Check interfacing operations with
peripherals.
I

End
(Proceed to practical operation)

Figure 5.16 Test Run Procedure
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5.7 Alarm Mode

5.7.5

Checking prior to powering ON

Check the following before powering on the inverter.

(1)

Check that the wiring is correct.

Especially check the wiring to the inverter input terminals L1/R, L2/S and L3/T and output
terminals U, V, and W. Also check that the grounding wires are connected to the grounding
terminals (&G) correctly. See Figure 5.17.

AWARNING

Never connect power supply wires to the inverter output terminals U, V, and W. Doing so and turning the power
ON breaks the inverter.

Be sure to connect the grounding wires of the inverter and the motor to the ground electrodes.

Otherwise, an electric shock could occur.

2)
)
(4)
)

(6)

Check the control circuit terminals and main circuit terminals for short circuits or ground faults.
Check for loose terminals, connectors and screws.
Check that the motor is separated from mechanical equipment.

Make sure that all switches of devices connected to the inverter are turned OFF. Powering on the
inverter with any of those switches being ON may cause an unexpected motor operation.

Check that safety measures are taken against runaway of the equipment, e.g., a defense to prevent
people from access to the equipment.

Inverter

&G L1/R L2/S L3IT U

Power
supply

Figure 5.17 Connection of Main Circuit Terminals
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5.7.6 Powering ON and checking

AWARNING

is ON.
* Do not operate switches with wet hands.
Otherwise, an electric shock could occur.

* Be sure to mount the front cover before turning the power ON. Do not remove the cover when the inverter power

Turn the power ON and check the following points. The
following is a case when no function code data is
changed from the factory defaults.

(1) Check that the LCD monitor displays 0.00 Hz
(indicating that the reference frequency is 0 Hz) that
is blinking. (See Figure 5.18.)

If the LCD monitor displays any number except

" 000k,

STOP

Iout B.884
PWR B.83kw
PRG:Program Menu

5.7.7

0.00 Hz, press the ~NIQ) key to set 0.00 Hz.

Figure 5.18 Display of the LCD Monitor after
Power-on

Selecting a desired motor drive control

The FRENIC-AQUA supports the following motor drive control.

W V/f control with slip compensation inactive

Under this control, the inverter controls a motor with the voltage and frequency according to the V/f
pattern specified by function codes. This control disables all automatically controlled features such as
the slip compensation, so no unpredictable output fluctuation results, enabling stable operation with
constant output frequency.

| V/f control with slip compensation active

Applying any load to an induction motor causes a rotational slip due to the motor characteristics,
decreasing the motor rotation. The inverter's slip compensation function first presumes the slip value
of the motor based on the motor torque generated and raises the output frequency to compensate for
the decrease in motor rotation. This prevents the motor from decreasing the rotation due to the slip.

That is, this function is effective for improving the motor speed control accuracy.

The compensation value is specified by combination of function code P12 (Rated slip frequency).

H68 enables or disables the slip compensation function according to the motor driving conditions.

Motor driving conditions Motor driving frequency zone
H68 data Accl/Decel Constant speed Base f;ZZ?;lvinCy or Ab;; Zcel:lelgcl;ase
0 Enable Enable Enable Enable
1 Disable Enable Enable Enable
2 Enable Enable Enable Disable
3 Disable Enable Enable Disable
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5.7 Alarm Mode

B Dynamic torque vector control

To get the maximal torque out of a motor, this control calculates the motor torque for the load applied
and uses it to optimize the voltage and current vector output.

Selecting this control automatically enables the auto torque boost and slip compensation function.

This control is effective for improving the system response to external disturbances such as load
fluctuations, and the motor speed control accuracy.

5.7.8 Function code basic settings <1 >

Driving a Fuji general-purpose motor under the V/f control (F42 = 0 or 2) or dynamic torque vector
control (F42 = 1) requires configuring the following basic function codes.

(@)

.. . . . . =

Select any of the Fuji standard 8-series, HP motor typical model and others with the function code ]
P99. o
Configure the function codes listed below according to the motor ratings and your machinery design -
values. For the motor ratings, check the ratings printed on the motor's nameplate. For your machinery Py
design values, ask system designers about them. E
[ For details on how to modify the function code data, see Section 5.6.3.1 "Setting up function §
codes." Cj)

pa

i >
Function Name Function code data Factory default Z
code O

_|

F04 Base frequency 1 50.0 (Hz) (l',”)
Motor ratings Asia: 415 (V) —

FO5 Rated voltage at base (printed on the nameplate of the motor) Europe: 400 (V) g
frequency 1 ’ zZ

China: 380 (V)

0: Motor characteristics 0

. (Fuji standard motors, 8-series) 0: MOFf)r characteristics 0
P99 Motor 1 selection o (Fuji standard motors,
3: Motor characteristics 3

.. . 8-series)
(Fuji standard motors, 6-series)
Motor 1 . Nominal applied motor
P02 . Capacity of motor connected mat apph
(Rated capacity) capacity
F03 Maximum frequency 1 Machinery design values 50.0 (Hz)
Acceleration ti 1 (Note) For a test-driving of the motor, increase
FO7 cceleration time 20,00 (s)
(Note) values so that they are longer than your
) ] machinery design values. If the specified time is
FO8 Deceleration time 1 short, the inverter may not run the motor 20.00 (s)

(Note)

properly.

( Note When accessing the function code P02, take into account that changing the P02* data
automatically updates the data of the function codes P03, P06 to P08, P10, P12, and H46.

The motor rating should be specified properly when performing auto-torque boost, torque
calculation monitoring, auto energy saving, torque limiting, automatic deceleration
(anti-regenerative control), auto search for idling motor speed, or slip compensation.

In any of the following cases, the full control performance may not be obtained from the
inverter because the motor parameters differ from the factory defaults, so perform
auto-tuning.

» The motor to be driven is not a Fuji product or is a non-standard product.

» The wiring distance between the inverter and the motor is too long (generally 20 m or
more).

e A reactor is inserted between the inverter and the motor.

Refer to Section 5.7.9 "Function code basic settings and tuning <2 >."
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5.7.9 Function code basic settings and tuning < 2 >

Under the V/f control (F42 = 0 or 2) or dynamic torque vector control (F42 = 1), any of the following
cases requires configuring the basic function codes given below and auto-tuning.

- Driving a non-Fuji motor or non-standard motor
- Driving a Fuji general-purpose motor, provided that the wiring distance between the inverter and
motor is long or a reactor is connected

Configure the function codes listed below according to the motor ratings and your machinery design
values. For the motor ratings, check the ratings printed on the motor's nameplate. For your machinery
design values, ask system designers about them.

[l For details on how to modify the function code data, see Section 5.6.3.1 "Setting up function

codes."
Function .
Name Function code data Factory default
code
F04 Base frequency 1 50.0 (Hz)
Asia: 415 (V)
R 1
FO05 fr:;elizgytﬁge at base Europe: 400 (V)
Motor ratings China: 380 (V)
Motor 1 (printed on the nameplate of the motor) Nominal applied motor
P02 (Rated capacity) capacity
P03 Motor 1 Rated current of nominal
(Rated current) applied motor
F03 Maximum frequency 1 Machinery design values 50.0 (Hz)
Acceleration time 1 (Note) For a test-driving of the motor, increase
F07 (Note) values so that they are longer than your 20.00 (s)
) ] machinery design values. If the specified time is
FO8 Deceleration time 1 short, the inverter may not run the motor 20.00 (s)
(Note) properly.

Note When accessing the function code P02, take into account that changing the P02* data
automatically updates the data of the function codes P03, P06 to P08, and H46.

W Tuning procedure
(1) Selection of tuning type

Check the situation of the machinery and select "Tuning with the motor stopped (P04 = 1)" or "Tuning
with the motor running (P04 = 2)." For the latter tuning, adjust the acceleration and deceleration times
(FO7 and FO8) and specify the rotation direction that matches the actual rotation direction of the
machinery.

(Il’:l)t‘; Tuning type | Motor parameters subjected to tuning Tuning fol?(fi:ic;gugszzitggns
1 tTllllenrilc‘;:l:rle Primary resistance (%R1) (P07) Tuning with the motor Cannot rotate the
stops Leakage reactance (%X) (P08) stopped. motor.
Tuning the %R1 and %X,
with the motor stopped. Can rotate the motor,
Tune while Tuning the I}Q_load cgrrent provided that it is safe.
the motor is | No-load current (P06) and magnetic saturation | Note that little load
2 | rotating Primary resistance (%R1) (P07) factqr, w shopld be ?PpliEd )
under V/f Leakage reactance (%X) (P08) ;unﬂg 2t 30% of the base dl?“ng tuning. .Tumng
control requency. with load applied
Tuning the rated slip decreases the tuning
frequency, with the motor | accuracy.
stopped.
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5.7 Alarm Mode

The tuning results of motor parameters will be automatically saved into their respective function codes.
If PO4 tuning is performed, for instance, the tuning results will be saved into P codes (Motor
parameters).

(2) Preparation of machinery

Perform appropriate preparations on the motor and its load, such as disengaging the coupling from the
motor and deactivating the safety devices.

(3) Tuning
@ Set function code P04 to "1" or "2" and press the (&) key. (Blinking of 1 or 2 will slow down.)
@ Enter a run command.

@ The moment a run command is entered, the display of 1 or 2 lights up, and tuning starts with the
motor stopped.

(Maximum tuning time: Approx. 40 to 80 s.)

G "deyn

@ If P04 = 2, after the tuning in @ above, the motor is accelerated to approximately 50% of the base
frequency and then tuning starts. Upon completion of measurements, the motor decelerates to a
stop.

(Estimated tuning time: Acceleration time + 20 to 75 s + Deceleration time)

® If P04 = 2, after the motor decelerates to a stop in @ above, tuning continues with the motor
stopped.

(Maximum tuning time: Approx. 40 to 80 s.)

® If the terminal signal FWD or REV is selected as a run command (F02 = 1), turning the run
command OFF after completion of measurement completes the tuning.

If the run command has been given through the keypad or the communications link, it
automatically turns OFF upon completion of the measurements, which completes the tuning.

NNY LS31 ANV NOILYdVd3dd

@ Upon completion of the tuning, the subsequent function code P04 appears on the keypad.

W Tuning errors

Improper tuning would negatively affect the operation performance and, in the worst case, could even
cause hunting or deteriorate precision. Therefore, if the inverter finds any abnormality in the tuning
results or any error in the tuning process, it displays Er7 and discards the tuning data.

Listed below are possible causes that trigger tuning errors.

Possible tuning error causes Details

- An interphase voltage unbalance or output phase loss has been detected.

Error in tuning results - Tuning has resulted in an abnormally high or low value of a parameter due to the
output circuit opened.

Output current error An abnormally high current has flown during tuning.

During tuning, a run command has been turned OFF, or STOP (Force to stop), BX
Sequence error (Coast to a stop), DWP (Protect from dew condensation), or other similar terminal
command has been received.

- During tuning, any of the operation limiters has been activated.

Error due to limitation - The maximum frequency or the frequency limiter (high) has limited tuning
operation.
Other errors An undervoltage or any other alarm has occurred.

If any of these errors occurs, remove the error cause and perform tuning again, or consult your Fuji
Electric representative.
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(Note If a filter other than the Fuji optional output filter (OFL-LILILI-LJA) is connected to the
inverter's output (secondary) circuit, the tuning result cannot be assured. When replacing the
inverter connected with such a filter, make a note of the old inverter's settings for the primary
resistance %R1, leakage reactance %X, no-load current, and rated slip frequency, and specify
those values to the new inverter's function codes.

Vibration that may occur when the motor's coupling is elastic can be regarded as normal
vibration due to the output voltage pattern applied in tuning. The tuning does not always
result in an error; however, run the motor and check its running state.

5.7.10 Running the inverter for motor operation check

AWARNING

If the user configures the function codes wrongly without completely understanding this Instruction Manual and the
FRENIC-AQUA User's Manual, the motor may rotate with a torque or at a speed not permitted for the machine.

Accident or injury may result.

After completion of preparations for a test run as described above, start running the inverter for motor
operation check using the following procedure.

ACAUTION

If any abnormality is found in the inverter or motor, immediately stop operation and investigate the cause referring
to Chapter 9, "TROUBLESHOOTING."

Test Run Procedure

(1) Turn the power ON and check that the reference frequency 0.00 Hz is blinking on the LCD
monitor.

(2) Set a low reference frequency such as 5 Hz, using @™ /() keys. (Check that the frequency is
blinking on the LCD monitor.)

(3) Press the @ key to start running the motor in the forward direction. (Check that the reference
frequency is displayed on the LCD monitor.)

(4) To stop the motor, press the &) key.
Foutl
< Check points during a test run > 5 @8 HZ
* Check that the motor is running in the forward direction. RUN -
* Check for smooth rotation without motor humming or excessive Tout a.18A
vibration. Pq-.ll.-"R B.83kw
* Check for smooth acceleration and deceleration. PRG:Program Menu

When no abnormality is found, press the @ key again to start driving the motor, then increase the
reference frequency using @ / &) keys. Check the above points again.
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5.7 Alarm Mode

< Modification of motor control function code data >

Modifying the current function code data sometimes can solve an insufficient torque or overcurrent
incident. The table below lists the major function codes to be accessed. For details, see Chapter 6
"FUNCTION CODES" and Chapter 9 "TROUBLESHOOTING."

Function code Name Modification key points

If the current limiter is activated due to a short acceleration time and large

F07 Acceleration Time 1 . ..
drive current, prolong the acceleration time.

If an overvoltage trip occurs due to a short deceleration time, prolong the

FO8 Deceleration Time 1 . .
deceleration time.

If the starting motor torque is deficient, increase the torque boost. If the

F09 Torque Boost 1 . . .
d motor with no load is overexcited, decrease the torque boost.

< Remedy to be taken if an alarm ECF (Enable circuit failure) occurs >

G "deyn

Possible Causes What to Check and Suggested Measures

Check that the interface printed circuit board (PCB) is firmly connected to

(1) Poor connection of interface the inverter unit.

PCB . .
Restarting the inverter releases the alarm.

Check that the logic values of the output of safety switches match with
(2) Enable circuit logic error each other (EN1/EN2 = High/High or Low/Low).

Restarting the inverter releases the alarm.

If this error persists after the above procedures have been taken, the

(3) Enable circuit (safety circuit) inverter is defective.

failure detected

Consult your Fuji Electric representative. (The alarm cannot be released.)

NNY LS31 ANV NOILYdVd3dd

5.7.11 Preparation for practical operation

After verifying normal motor running with the inverter in a test run, connect the motor with the
machinery and perform wiring for practical operation.

(1) Configure the application related function codes that operate the machinery.

(2) Check interfacing with the peripheral circuits. Turn the power ON and check that the reference
frequency 0.00 Hz is blinking on the LCD monitor.

1) Mock alarm

Generate a mock alarm by pressing the "é) + (&) keys" on the keypad for 5 seconds or more
and check the alarm sequence. The inverter should stop and issue an alarm output signal (for
any fault).

2) Judgment on the life of the DC link bus capacitor

When the multi-function keypad is used, it is necessary to set up the judgment reference level
to be applied for the judgment on the life of the DC link bus capacitor.

When the remote keypad is used, the same setting-up is also necessary in order to judge the
life of the DC link bus capacitor under the practical operating conditions.

For details, refer to Chapter 10.
3) /O checking

Check interfacing with peripherals by checking I/O on (PRG) > 3 (INV Info) > 3 (I/O Check)
on the keypad in Programming mode. For details, refer to Chapter 5.

4) Analog input adjustment

Adjust the analog inputs on terminals [12], [C1] and [ V2] using the function codes related to
the offset, filter and gain that minimize analog input errors. For details, refer to Chapter 6.
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5) Calibrating the [FM1]/ [FM2] output

Calibrate the full scale of the analog meter connected to the terminals [FM1] and [FM2], using
the reference voltage equivalent to +10 VDC or current equivalent to 20 mA. To output the
reference voltage, it is necessary to select the analog output test with the function code
(F31/F35 =14).

6) Clearing the alarm history
Clear the alarm history saved during the system setup with the function code (H97 = 1).

@ Depending upon the situation of the practical operation, it may become necessary to modify
the settings of the torque boost (F09) and acceleration/deceleration times (FO7/F08). Confirm
the function code data and modify them properly.

Tip The inverter is available in either remote or local mode.

* Remote mode: The inverter is driven by terminal commands, via the communications link
or from the keypad which are selectable with function codes.

* Local mode: The inverter is separated from the system and driven by keypad operation.
This mode is convenient for test-run and maintenance.

L] For details, refer to Section 5.5.4 "Remote and local modes."
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m Enable data change with keypad -- WE-KP (Function code data = 19)

Turning the terminal command WE-KP OFF protects function code data from accidentally
getting changed by pressing the keys on the keypad.

Only when this terminal command is ON, you can change function code data from the
keypad.

Refer to FOO.

m Cancel PID control -- Hz/PID (Function code data = 20)
Turning this terminal command ON disables PID control.

If the PID control is disabled with this command, the inverter runs the motor with the
reference frequency manually set by any of the multistep frequency, keypad, analog input,
etc.

Terminal command Function
Hz/PID
OFF Enable PID control
ON Disable PID control/Enable manual settings

Refer to J101 through J131 and J201 through J231.

m Switch normal/inverse operation -- IVS (Function code data = 21)

This terminal command switches the output frequency control between normal (proportional
to the input value) and inverse in analog frequency setting or under PID process control. To
select the inverse operation, turn the IVS ON.

Output frequency

A

Inverse
100% N / ------------- 1
Normal
0% ‘ -
oV 10V Analog input voltage
4 mA 20 mA Analog input current

The normal/inverse switching operation is useful for air-conditioners that require
switching between cooling and heating. In cooling, the speed of the fan motor
(output frequency of the inverter) is increased to lower the temperature. In heating,
it is reduced to lower the temperature. This switching is realized by the IVS.

Tip

* When the inverter is driven by an external analog frequency command sources
(terminals [12], [C1] and [V2]):

Switching normal/inverse operation can apply only to the analog frequency command
sources (terminals [12], [C1] and [V2]) in frequency command 1 (FO1) and does not affect
frequency command 2 (C30) or UP/DOWN control.

As listed below, the combination of the "Selection of normal/inverse operation for frequency
command 1" (C53) and the terminal command IVS§ determines the final operation.

Combination of C53 and IVS

Data for C53 s Final operation
. FF 1
0: Normal operation O Norma
ON Inverse
. OFF Inverse
1: Inverse operation
ON Normal
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6.3 Details of Function Codes

* When process control is performed by the PID processor integrated in the inverter:

The terminal command Hz/PID ("Cancel PID control") can switch PID control between
enabled (process is to be controlled by the PID processor) and disabled (process is to be
controlled by the manual frequency setting). In either case, the combination of the "PID
control" (J101, J201) or "Selection of normal/inverse operation for frequency command 1"
(C53) and the terminal command IVS determines the final operation as listed below.

When PID control is enabled:

The normal/inverse operation selection for the PID processor output (reference frequency) is
as follows.

PID control (Mode selection) . .
(J101, J201) s Final operation
OFF N 1
1: Enable (normal operation) orma
ON Inverse
. . OFF Inverse
2: Enable (inverse operation)
ON Normal

When PID control is disabled:
The normal/inverse operation selection for the manual reference frequency is as follows.

Selection of normal/inverse operation . .
for frequency command 1 (C53) s Final operation
0: Normal operation - Normal
1: Inverse operation - Inverse

C When process control is performed by the PID control facility integrated in the

Not inverter, the IVS is used to switch the PID processor output (reference frequency)
between normal and inverse, and has no effect on any normal/inverse operation
selection of the manual frequency setting.

Refer to the descriptions of J101 through J138 and J201 through J231.

m Interlock -- IL (Function code data = 22)

In a configuration where a magnetic contactor (MC) is installed in the power output
(secondary) circuit of the inverter, the momentary power failure detection feature provided
inside the inverter may not be able to accurately detect a momentary power failure by itself.
Using a digital signal input with the interlock command IL assures the accurate detection.

Refer to F14.

Terminal command IL Meaning
OFF No momentary power failure has occurred.
ON A momentary power failure has occurred.
(Restart after a momentary power failure enabled)

m Enable communications link via RS-485 or fieldbus (option)
-- LE (Function code data = 24)

Turning this terminal command ON gives priorities to frequency commands or run
commands received via the RS-485 communications link (H30) or the fieldbus option (y98).

No LE assignment is functionally equivalent to the LE being ON.
Refer to H30 (Communications link function) and y98 (Bus link function).

6-95

9 'deyd

S3Ad0D NOILONNA




® Universal DI -- U-DI (Function code data = 25)

Using U-DI enables the inverter to monitor digital signals sent from the peripheral equipment
via an RS-485 communications link or a fieldbus option by feeding those signals to the digital
input terminals. Signals assigned to the universal DI are simply monitored and do not operate
the inverter.

) For an access to universal DI via the RS-485 or fieldbus communications link, refer to
their respective Instruction Manuals.

m Enable auto search for idling motor speed at starting -- STM (Function code data = 26)

This digital terminal command determines, at the start of operation, whether or not to search
for idling motor speed and follow it.

Refer to HO9 (Starting mode).

m Force to stop -- STOP (Function code data = 30)

Turning this terminal command OFF causes the motor to decelerate to a stop in accordance
with the H56 data (Deceleration time for forced stop). After the motor stops, the inverter
enters the alarm state with the alarm Er6 displayed.

Refer to FO7.

m Reset PID integral and differential components -- PID-RST (Function code data = 33)

Turning this terminal command ON resets the integral and differential components of the PID
processor.

Refer to J101 through J131 and J201 through J231.

m Hold PID integral component -- PID-HLD (Function code data = 34)
Turning this terminal command ON holds the integral components of the PID processor.
Refer to J101 through J131 and J201 through J231.

m Select local (keypad) operation -- LOC (Function code data = 35)

This terminal command switches the sources of run and frequency commands between
remote and local.

D) For details of switching between remote and local modes, refer to Chapter 5, Section
5.5.4 "Remote and local modes."

m Enable run commands -- RE (Function code data = 38)

Once this terminal command is assigned to any digital input terminal, the inverter no longer
starts running with a run command only. Upon receipt of a run command, the inverter gets
ready to run and outputs an 4X2 signal ("Run command entered").

Entering an RE signal ("Enable run commands") when the inverter is ready for running starts
the inverter to run.

Input Output
Run command Enable run commands | Run command entered Inverter status
(e.g., FWD) RE AX2
OFF OFF OFF Stopped
OFF ON OFF Stopped
ON OFF ON Stopped
ON ON ON Running

6-96



6.3 Details of Function Codes

Typical operation sequence of RE

(1) A run command FWD is given to the inverter.

(2) When the inverter gets ready for running, it outputs an AX2 signal ("Run command
entered").

(3) Upon receipt of the 4X2, the upper equipment gets ready to operate the peripherals (e.g.,
opening a damper).

(4) Upon completion of preparation of the peripherals, the upper equipment gives an RE
signal ("Enable run command") to the inverter.

(5) Upon receipt of the RE, the inverter starts running.

m Protect motor from dew condensation -- DWP (Function code data = 39)

Turning this terminal command ON supplies a DC current to the motor in a stopped state in
order to generate heat, preventing dew condensation.

Refer to J21.

m Enable integrated sequence to switch to commercial power for 50 Hz and 60 Hz

-- ISW50 and ISW60 (Function code data = 40 and 41)
With the terminal command ISW50 or ISW60 assigned, the inverter controls the magnetic
contactor that switches the motor drive source between the commercial power and the
inverter output according to the integrated sequence.

This control is effective when not only ISW50 or ISW60* has been assigned to the input
terminal but also the SW88 and SW52-2 signals have been assigned to the output terminals.
(It is not essential to assign the SW52-1 signal.)

* The ISW50 or ISW60 should be selected depending upon the frequency of the commercial
power; the former for 50 Hz and the latter for 60 Hz.

Ed  For details about SW88 and SW52-2 ("Switch motor drive source between commercial
power and inverter output"), refer to E20 to E27.

For details of these commands, refer to the circuit diagrams and timing schemes on the
following pages.

Operation

Terminal command assigned (Switching from commercial power to inverter)

ISW50

Enable integrated sequence to switch to Start at 50 Hz.
commercial power (50 Hz)

ISW60

Enable integrated sequence to switch to Start at 60 Hz.

commercial power (60 Hz)

Note DO notassignboth ISW50 and ISW60 at the same time. Doing so cannot guarantee
the result.
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Circuit Diagram and Configuration

Commercial power Thermal relay

88 49
R - [
Main power S o I""I ;@ Motor
T - I
o L1/R u o
S L2/S \Y S/
S L3/T w S
Inverter
RO
TO
Inverter primary Inverter secondary
52-1 52-2
Main Circuit
Motor operation

control by inverter

Run command Inverter __Inverter primary
i [FWD] [Y1] | 52-1
i FWD Sws2-1 Ll * Need not be assigned.
[un
[Y2] ] Inverter secondary
SW52-2 r 52-2
Commercial/Inverter
Commercial/lnverter | switch sequence [Y3] — Commercial power line
—_—— command Swas - 88
[X2] ISw50 —
(ON means the inverter.)
Commercial-side

Summary of Operation

thermal relay

49

* During commercial-power operation,
an overcurrent flow opens this relay.

Configuration of Control Circuit

Input . Output
(Status signal and magnetic contactor) Inverter
SW52-1 SW52-2 SW88 operation
ISW50 or ISW60 Run command 591 553 o8
OFF ON ON
(Commercial power) OFF OFF OFF OFF OFF
ON ON ON
ON ON OFF
(Inverter) OFF OFF
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6.3 Details of Function Codes

Timing Scheme

Switching from inverter operation to commercial-power operation
ISW50/ISW60: ON — OFF

(D
@

)

The inverter output is shut OFF immediately (Power gate IGBT OFF)

The inverter primary circuit SW52-1 and the inverter secondary side SW52-2 are turned
OFF immediately.

If a run command is present after an elapse of t1 (0.2 sec + time specified by H13), the
commercial power circuit SW88 is turned ON.

Switching from commercial-power operation to inverter operation
ISW50/ISW60: OFF — ON

(D
@)
)

4)

tl:
t2:
t3:

The inverter primary circuit SW52-1 is turned ON immediately.
The commercial power circuit SW88 is turned OFF immediately.

After an elapse of t2 (0.2 sec + time required for the main circuit to get ready) from when
SW52-1 is turned ON, the inverter secondary circuit SW52-2 is turned ON.

After an elapse of t3 (0.2 sec + time specified by H13) from when SW52-2 is turned ON,
the inverter harmonizes once the motor that has been freed from the commercial power
to the commercial power frequency. Then the motor returns to the operation driven by
the inverter.

Inverter Commercial-power :
operation i operation ; Inverter operation
ISW50/60 ON ON
Swh2-1 ON ON
| V12
1 e
SW52-2 ON i ON
Vot | :
> 1 :
swss 5 ON 5
E E E t3 '
1 1 >,
Inverter | '
operation ON : ON
| | ' Inverter drive at
Commercial | ' commercial power
power | : | frequency
frequency | '

Frequency set
by inverter

Motor ~ ---=---"=---F--- T :
speed ﬁ/ ........... .

0.2 sec + Time specified by H13 (Restart mode after momentary power failure)
0.2 sec + Time required for the main circuit to get ready
0.2 sec + Time specified by H13 (Restart mode after momentary power failure)

6-99

9 'deyd

S3Ad0D NOILONNA




Selection of Commercial Power Switching Sequence

J22 specifies whether or not to automatically switch to commercial-power operation when an

inverter alarm occurs.

Data for J22 Sequence (upon occurrence of an alarm)
0 Keep inverter-operation (Stop due to alarm.)
1 Automatically switch to commercial-power operation

The sequence operates normally also even when
main power of the inverter is supplied at all times.

(§ Note

SW52-1 is not used and the

Using SW52-1 requires connecting the input terminals [RO] and [TO] for an

auxiliary control power. Without the connection, turning SW52-1 OFF loses also

the control power.

The sequence operates normally even if an alarm
when the inverter itself is broken. Therefore, for

occurs in the inverter except
a critical facility, be sure to

install an emergency switching circuit outside the inverter.

Turning ON both the magnetic contactor MC (88) at the commercial-power side

and the MC (52-2) at the inverter output side at the same time supplies main
power mistakenly from the output (secondary) side of the inverter, which may
damage the inverter. To prevent it, be sure to set up an interlocking logic outside

the inverter.

Examples of Sequence Circuits

1) Standard sequence

Main power
Commercial power I - ]
‘ selection switch Operation selection switch
) | E\3S  E75s I .
88 52-1 (run) (stop) | *ON when the INV_—Commercial
inverter is
selected @ Run
FiD X2 Xt
LIRL2SLYT RO TO CH A /svflso 35 413
Inverter
SW52-1 SW52-2 Swss ALM
UV COME ¥3 Y2 Y1 30A 300 Stop
1117THR 5
\ﬁ 52-2
DC
2
52-1X 52-2X 88X
IM
A
|
! 52-1X lsz—zx 88X
! 88 THR
|
: 52-2
Control
power
source
|
|

| |:[j 52-1 |::| 52-2 |::| 88
A 4

Inverter-operation

Commercial-power operation
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6.3 Details of Function Codes

2) Sequence with an emergency switching function

Main power
| l Commercial power ‘ Operation selection switch ‘
J J O0PX selection switch
43
g8 59-1  oN when th INV Com.
when
inverlereis seelected Run @
LIRL2SL3T RO TO on FIiD Xi 38 3
ISW50
Inverter Normal Emergency
SW52-1 SW52-2 Swss ALM Stop @
] CNE Y3 Y2 Yi 30A 300
5S 44
111 ™R T
\j\ 52-2 DC Note: This switch is provided for manually
oy T switching the run command source to a
e commercial power line when the automatic
52-1X 52-2X 88X switching sequence fails due to a critical
M failure of the inverter.
A I ]
| 44 Emergency switch
. <Note>
i E--/ 58 Emer-
: (stop) Normal Tgency @)
>

| )
f °
|
. A\ 38 ()
: OPX -\ “run) 88X

Control n

power OPX C

supply z
. (@]
: 52-1X 52-2X THR v
! o)
. 88 52-2 =z
! o
i O0PX 52-1 52-2 88 o
) Elj |:1:| O
A4 m

wn

Run command

Inverter-operation

Commercial-power operation

3) Sequence with an emergency switching function --Part 2 (Automatic switching by the
alarm output issued by the inverter)

Main power
C jal
I l pgwer?z:acl;:aaction Operation selection switch
switch
N oPX 43X INV___Com.
88 11152—1 “ON when the
inverter is Run
selected
LIRL2SLYT RO TO o FID Xi 3S 43
ISW50
Inverter Normal Emergency
SW52-1 SW522  swas ALM @ Stop
UV CNE ¥3 Y2 Y1 30A 300
Rk LN 01 T 1 1 » *
\ 52-2 T
gfv T El:] E‘j Note: This switch is provided for manually
switching the run command source to a
52-1X 52-2X 88X 30 commercial power line when the automatic

switching sequence fails due to a critical

IM failure of the inverter.

A T
| Emergency 4
: £ 58 switch
| T (sto 43 <Note> e}
! (stop) . Normal Emer-
| Inverter T Commercial gency
i | 30
Do\ opx B\ 38 88X
| (run) 730

Control

power [ 1 OPX

supply
: 52-1X 52-2X THR
|
. 88 52-2
|
| OPX 43X 52-1 52-2 88
h 4

Run command

Inverter-operation

Commercial-power operation
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m Clear running motor regular switching time -- MCLR (Function code data = 50)
Turning the MCLR ON clears the regular switching time of the running motor.
Refer to J436.

m Reset UP/DOWN frequency -- STZ (Function code data = 58)

Turning the STZ ON clears the frequency increase or decrease from the "Multistep frequency
+ UP/DOWN control." (This command merely clears the increase or decrease so that the
reference frequency may not come to be 0 Hz.)

Refer to FO1 and H61.

m Count the run time of commercial power-driven motor 1
-- CRUN-M1 (Function code data = 72)

The CRUN-M1 enables the inverter to count the cumulative run time of motor 1 even when it
is driven by commercial power (not by the inverter).

When the CRUN-M1 is ON, the inverter judges that motor 1 is driven by commercial power
and counts the run time of the motor.

m Cancel customizable logic -- CLC (E01 to EQ7, data = 80)

The CLC disables the customizable logic temporarily. Use it to run the inverter without using
the customizable logic circuit or timers for maintenance or other purposes.

CLC Function
OFF Enable customizable logic (Depends on the U0O setting)
ON Disable customizable logic

Before changing the setting of CLC, ensure safety. Turning CLC ON disables the

Note . . . .
sequence of the customizable logic, causing a sudden motor start depending upon
the settings.

m Clear all customizable logic timers -- CLTC (E01 to EQ7, data = 81)

Assigning CLTC to any of the general-purpose digital input terminals and turning it ON
resets all of the general-purpose timers and counters in the customizable logic. Use this
command when the timings between the external sequence and the internal customizable
logic do not match due to a momentary power failure or other reasons so that resetting and
restarting the system is required.

CLTC Function
OFF Ordinary operation
ON Reset all of the general-purpose timers and counters in the customizable logic.
(To operate the timers and counters again, revert CLTC to OFF.)

® Run command 2/1 -- FR2/FR1 (Function code data = 87)

The FR2/FR1 switches between the run command source selected by Run command (FWD
and REV) and the one selected by Run command 2 (FWD2 and REV?2).
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6.3 Details of Function Codes

m Run forward 2 -- FWD2 (Function code data = 88)
Turning the FWD2 ON runs the motor in the forward direction; turning it OFF decelerates it
to a stop.

@‘ The FWD2 can be assigned by any of EO1 to E07, E98 and E99.

m Run reverse 2 -- REV2 (Function code data = 89)
Turning the REV2 ON runs the motor in the reverse direction; turning it OFF decelerates it to
a stop.

@‘ The REV2 can be assigned by any of EO1 to EQ7, E98 and E99.

m Run forward -- FWD (Function code data = 98)
Turning the FWD ON runs the motor in the forward direction; turning it OFF decelerates it to
a stop.

@‘ The FWD can be assigned by E98 or E99 only.

® Run reverse -- REV (Function code data = 99)
Turning the REV ON runs the motor in the reverse direction; turning it OFF decelerates it to
a stop.

@‘ The REV can be assigned by E98 or E99 only.

m No function assigned (Function code data = 100)

Use this when no function is to be assigned to general-purpose, digital input terminals or the
customizable logic function disables terminal functions.

® Boost command -- BST (Function code data = 130)
Turning the BST ON enables the boost function.
Refer to J143 through J147.

m Flowrate switch -- FS (Function code data = 131)

Turning the FS ON uses the flow sensor as a flowrate switch for detecting the dry pump or
the end of curve.

Refer to J163 through J166.

m Filter clogging reverse rotation command -- FRC (Function code data = 132)

Turning the FRC ON activates the filter clogging prevention to run the motor in the forward
and reverse directions repeatedly according to the reverse rotation running time (J194).

Refer to J188 through J196.

m Switch PID channel -- PID2/1 (Function code data = 133)

The PID2/1 switches between PID control 1 (3101 through J131) and PID control 2 (J201
through J231).

Refer to J101 through J131 and J201 through J231.
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m Switch to fire mode -- FMS (Function code data = 134)

Turning the FMS this terminal command ON switches to the fire mode to be used in an
emergency, in which the inverter runs the motor at the predetermined speed.

Refer to H116 through H121.

m Switch pump control -- PCHG (Function code data = 149)

Turning the PCHG ON enables the pump control switching signal to switch the motor
regularly. This command is available only when J401 (Pump control mode selection) = any of
1 through 3 and 52.

Refer to J401.

m Enable master motor drive in mutual operation -- MENO (Function code data = 150)

Turning the MENO ON enables the master motor to be driven in mutual operation. Turning it
OFF disables the master motor to stop it. [f no MENO is assigned, the master motor is capable
of being driven.

Refer to J401.

m Enable pump control motor 1 to 8 to be driven
-- MEN1 to MEN8 (Function code data = 151 to 158)

Turning the MENI to MENS ON enables the corresponding motors to be driven under pump
control. Turning them OFF prohibits the motors from being driven. If MENI to MENS are
not assigned, those motors are capable of being driven. In mutual operation, slave inverters 1
and 2 correspond to MENI and MEN?2, respectively.

Refer to J401.

® PID multistep command
-- PID-SS1, PID-SS2 (Function code data = 171, 172)

Turning the PID-SS1 and PID-SS2 ON/OFF selectively switches the PID multistep
commands (preset by J136 through J138) in three steps. This command is available for both
PID control 1 and PID control 2.

Refer to J136 through J138.

m External PID multistep command
-- EPID-SS1, EPID-SS2 (Function code data = 181, 182)

Turning the EPID-SSI and EPID-SS2 ON/OFF selectively switches the external PID
multistep commands (preset by J551 through J553) in three steps.

Refer to J550 through J553.
m Cancel timer -- TMC (Function code data = 190)

Turning the TMC ON cancels timer operation.
Refer to TO1 through T19.
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6.3 Details of Function Codes

m Enable timer 1 to 4 -- TM1 to TM4 (Function code data = 191 to 194)
Turning the TM1 to TM4 ON/OFF selectively enables timers 1 to 4, as listed below..
Refer to TO1 through T19.

External input signal status

Timers selected

™1 ™2 | TM3 ™4
OFF OFF OFF OFF
OFF OFF OFF | Timer 1
OFF | Timer 2

OFF

Timer 3

Timer 4

Timers 1 +2

Timers 1 +3

Timers 1 +4

Timers 2 +3

Timers 2 + 4

Timers 3 +4

Timers 1 +2 +3

Timers 1 +2 +4

Timers 1 +3 +4

Timers2 +3 +4

Timers 1 +2+3+4

m External PID control 1 ON command -- EPID1-ON (Function code data = 201)
Turning the EPIDI-ON ON enables external PID control 1.

Refer to J501.

m Cancel external PID control 1 -- %/EPID1 (Function code data = 202)

Turning the %/EPID1 ON switches from external PID control 1 to manual commands
(running at the frequency selected from the keypad or analog input).

Terminal command Function
%/EPID1
OFF Enable external PID control 1
ON Disable external PID control 1 (Enable manual commands)

Refer to J540.
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m Switch normal/inverse operation under external PID control 1
-- EPID1-IVS (Function code data = 203)

The EPIDI-1VS switches the output signal of external PID control 1 between normal and
inverse operations.

Output signal

A

Inverse
100% O / ””””””” 1
Normal
0% ‘ »-
oV 10V Analog input voltage
4 mA 20 mA Analog input current

m Reset external PID1 integral and differential components
-- EPID1-RST (Function code data = 204)

Turning the EPIDI-RST ON resets the integral and differential terms of the PID processor of
external PID control 1.

Refer to J501 through J540.

m Hold external PID1 integral component -- EPID1-HLD (Function code data = 205)

When the EPIDI-HLD is ON, the inverter holds the integral term of the PID processor of
external PID control 1.

Refer to J501 through J540.

m External PID control 2 ON command -- EPID2-ON (Function code data = 211)
Turning the EPID2-ON ON enables external PID control 2.
Refer to J601.

m Cancel external PID control 2 -- %/EPID2 (Function code data = 212)

Turning the %/EPID2 ON switches from external PID control 2 to manual commands
(running at the frequency selected from the keypad, analog input, or PID control 1).

Terminal command Function
%/EPID2 unetio
OFF Enable External PID control 2
ON Disable External PID control 2 (Enable manual frequency settings)

Refer to J601 to J640.

m Switch normal/inverse operation under external PID control 2
-- EPID2-]VS (Function code data = 213)

The EPID2-IVS switches the output signal of external PID control 2 between normal and
inverse operations.
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6.3 Details of Function Codes

m Reset external PID2 integral and differential components
-- EPID2-RST (Function code data = 214)

Turning the EPID2-RST ON resets the integral and differential terms of the PID processor of
external PID control 2.

Refer to J601 through J640.

m Hold external PID2 integral component -- EPID2-HLD (Function code data = 215)

When the EPID2-HLD is ON, the inverter holds the integral term of the PID processor of
external PID control 1.

Refer to J601 through J640.

m External PID control 3 ON command -- EPID3-ON (Function code data = 221)
Turning the EPID3-ON ON enables external PID control 3.
Refer to J651.

m Cancel external PID control 3 -- %/EPID3 (Function code data = 222)

Turning the %/EPID3 ON switches from external PID control 3 to manual commands
(running at the frequency selected from the keypad, analog input, PID control 1 or 2).

Terminal command Function
%/EPID3 uneto
OFF Enable External PID control 3
ON Disable External PID control 3 (Enable manual frequency settings)

Refer to J651 to J690.

m Switch normal/inverse operation under external PID control 3
-- EPID3-IVS (Function code data = 223)

The EPID3-IVS switches the output signal of external PID control 3 between normal and
inverse operations.

m Reset external PID3 integral and differential components
-- EPID3-RST (Function code data = 224)

Turning the EPID3-RST ON resets the integral and differential terms of the PID processor of
external PID control 3.

Refer to J651 through J690.

m Hold external PID3 integral component -- EPID3-HLD (Function code data = 225)

When the EPID3-HLD is ON, the inverter holds the integral term of the PID processor of
external PID control 3.

Refer to J651 through J690.
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E10 to E15 Acceleration Time 2 to 4, Deceleration Time 2 to 4 (Refer to F07)
Refer to the description of FO7.
E16, E17 Torque Limiter 2 (Refer to F40.)
Refer to the description of F40.
E20 to E23 Terminal [Y1] to [Y4] Functions
E24, E27 Terminal [Y5A/C] and [30A/B/C] Functions (Relay output)

E20 through E24 and E27 assign output signals (listed on the following pages) to
general-purpose, programmable output terminals, [Y1] to [Y4], [YSA/C] and [30A/B/C].

These function codes can also switch the logic system between normal and negative to define
how the inverter interprets the ON or OFF state of each terminal. The factory default setting is
normal logic system "Active ON."

Terminals [Y1] to [ Y4] are transistor outputs and terminals [Y5SA/C] and [30A/B/C] are relay
contact outputs. In normal logic, if an alarm occurs, the relay will be energized so that [30A]
and [30C] will be closed, and [30B] and [30C] opened. In negative logic, the relay will be
deenergized so that [30A] and [30C] will be opened, and [30B] and [30C] closed. This may be
useful for the implementation of failsafe power systems.

* When negative logic is employed, all output signals are active (e.g. an alarm
would be recognized) while the inverter is powered OFF. To avoid causing
system malfunctions by this, interlock these signals to keep them ON using an
external power supply. Furthermore, the validity of these output signals is not
guaranteed for approximately 1.5 seconds (for 22 kW or below) or 3 seconds (for
30 kW or above) after power-ON, so introduce such a mechanism that masks
them during the transient period.

e Terminals [Y5A/C] and [30A/B/C] use mechanical contacts that cannot stand
frequent ON/OFF switching. Where frequent ON/OFF switching is anticipated
(for example, limiting a current by using signals subjected to inverter output limit
control such as switching to commercial power line or direct-on-line starting),
use transistor outputs [Y1], [Y2], [Y3] and [Y4] instead. The service life of a
relay is approximately 200,000 times if it is switched ON and OFF at one-second
intervals.

Note

The tables given on the following pages list functions that can be assigned to terminals [Y1]
to [Y4], [YSA/C], and [30A/B/C].

The descriptions are, in principle, arranged in the numerical order of assigned data. However,
highly relevant signals are collectively described where one of them first appears. Refer to the
function codes or signals in the "Related function codes/signals (data)" column, if any.
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6.3 Details of Function Codes

Explanations of each function are given in normal logic system "Active ON."

Function code data Related
. : : function
Active Active OFF Functions assigned Symbol codes/signals
ON (data)
0 1000 |Inverter running RUN —
1 1001 Frequency (speed) arrival signal FAR E30
2 1002 | Frequency (speed) detected FDT E31,E32
3 1003 Undervoltage detected (Inverter v o
stopped)
5 1005 | Inverter output limiting oL —
6 1006 Agto-restartmg after momentary power IPF Fl4
failure
7 1007 | Motor overload early warning OL E34,F10, F12
10 1010 | Inverter ready to run RDY — o
Switch motor drive source between §
11 — commercial power and inverter output | SW88 .
(For MC on commercial line)
, : EO01 to E07
Switch motor drive source between ISW50 (40) L
12 — commercial power and inverter output | SW52-2 ISW60 (41) zZ
(For secondary side) - g
Switch motor drive source between CZ>
13 — commercial power and inverter output | SW52-1 ')
(For primary side) 8
. ; m
15 1015 Selec.t AX t@rmlnal function (For MC AX . o
on primary side)
16 1016 Shifted to pattern operation stage TU
17 1017 | Pattern operation cycle completed T0
18 1018 | Pattern operation stage number STG1 C21 to C28
19 1019 | Pattern operation stage number STG?2
20 1020 | Pattern operation stage number STG4
22 1022 | Inverter output limiting with delay I0L2 IOL (5)
25 1025 | Cooling fan in operation FAN HO06
26 1026 | Auto-resetting TRY HO04, HO5
27 1027 | Universal DO U-DO —
28 1028 | Heat sink overheat early warning OH —
30 1030 | Lifetime alarm LIFE H42
33 1033 Reference loss detected REF OFF |E65
35 1035 Inverter output on RUN2 RUN (0)
36 1036 | Overload prevention control oLP H70
37 1037 Current detected ID E34, E35
1121 to J124
42 1042 PID alarm PID-ALM 1221 to 1225
43 1043 Under PID control PID-CTL J101, J201
Motor stopped due to slow flowrate J149 to J160
44 10441 under PID control PID-STP 1 1549 10 1260
45 1045 | Low output torque detected U-TL E80, E81
52 1052 Running forward FRUN —
53 1053 | Running reverse RRUN —
54 1054 | In remote operation RMT gs; ZS)ectlon
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Function code data Related
. . . function
Active Active OFF Functions assigned Symbol codes/signals
ON (data)
55 1055 | Run command entered AX2
56 1056 | Motor overheat detected by thermistor | THM H26, H27
59 1059 Terminal [C1] wire break CIOFF —
68 1068 | Motor regular switching early warning | MCHG J401 to J493
69 1069 | Pump control output limit signal MLIM J401 to J493
84 1084 Maintenance timer MNT H44, H78, H79
87 1087 | Frequency arrival signal FARFDT
88 1088 | Auxiliary motor drive signal AUX L J465 to J469
95 1095 Running in fire mode FMRUN H116 to H121
98 1098 | Light alarm L-ALM H181 to H184
99 1099 | Alarm output (for any alarm) ALM —
101 1101 EN terminal detection circuit error DECF
102 1102 | EN terminal OFF ENOFF
111 1111 Customizable logic output signal 1 CLOI
112 1112 Customizable logic output signal 2 CLO2
113 1113 | Customizable logic output signal 3 CLO3
114 1114 | Customizable logi tsignald | CLOM Uil to U7
ustomizable logic output signa US1 to US7
115 1115 | Customizable logic output signal 5 CLOS5
116 1116 Customizable logic output signal 6 CLO6
117 1117 Customizable logic output signal 7 CLO7
160 1160 | Motor 1 being driven by inverter M1_1
161 1161 Motor 1 being driven by commercial |MI L
power
162 1162 | Motor 2 being driven by inverter M2 1
163 1163 Motor 2 being driven by commercial | M2 L
power
164 1164 | Motor 3 being driven by inverter M3 1
165 1165 Motor 3 being driven by commercial |M3 L
power
166 1166 | Motor 4 being driven by inverter M4_1 J401 to J493
167 1167 Motor 4 being driven by commercial |M4 L
power
169 1169 Motor 5 being driven by commercial | M5 L
power
171 1171 Motor 6 being driven by commercial | Mé6_L
power
173 173 Motor 7 being driven by commercial |M7 L
power
175 1175 Motor 8 being driven by commercial | M8 L
power
180 1180 | In mutual operation M-RUN
- J401 to J404
181 1181 Mutual operation alarm M-ALM
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6.3 Details of Function Codes

Function code data Related

Active Active OFF Functions assigned Symbol cogérsl/cstilgrlllals
ON (data)
190 1190 | In timer operation T™MD
191 1191 Timer 1 enabled T™MDI
192 1192 Timer 2 enabled TMD?2 T01to T19
193 1193 | Timer 3 enabled T™D3
194 1194 Timer 4 enabled TMD4
200 1200 | Under PID2 control PID2 J101, J201
201 1201 PID1 alarm PVI-ALM  |J121,J122,J124
202 1202 | PIDI feedback error PVI-OFF |J127 to J131
203 1203 | PID2 alarm PV2-ALM  |]221 to J225
204 1204 | PID2 feedback error PV2-OFF  |J227 to J231
211 1211 Under external PID1 control EPIDI-CTL @)
212 1212 | External PID1 output EPIDI-0OUT |J501 5
213 1213 | Running under external PID1 EPIDI-RUN e
214 1214 External PID1 alarm EPVI-ALM |]J521,J522,J524 E
215 1215 External PID1 feedback error EPVI-OFF |]J529 to J531 CZ)
221 1221 Under external PID2 control EPID2-CTL Cj)
222 1222 | External PID2 output EPID2-0UT |J601 z
223 1223 | Running under external PID2 EPID2-RUN 8
224 1224 | External PID2 alarm EPV2-ALM |J621.J622. J624 o
225 1225 External PID2 feedback error EPV2-OFF |J629 to J631
231 1231 Under external PID3 control EPID3-CTL
232 1232 | External PID3 output EPID3-0OUT |J651
233 1233 | Running under external PID3 EPID3-RUN
234 1234 | External PID3 alarm EPV3-ALM |J671.J672.J674
235 1235 | External PID3 feedback error EPV3-OFF |J679 to J681

@ Any negative logic (Active OFF) command cannot be assigned to the functions
%' marked with "" in the "Active OFF" column.

m Inverter running -- RUN (Function code data = 0)
Inverter output on -- RUN2 (Function code data = 35)

These output signals tell the external equipment that the inverter is running at a starting
frequency or higher.

If assigned in negative logic (Active OFF), these signals can be used to tell the "Inverter being
stopped" state.

Output signal Basic function Remarks
These signals come ON when the inverter is Goes OFF even during DC
RUN running. braking or dew condensation
Under V/f control: prevention.

These signals come ON if the inverter output
frequency exceeds the starting frequency, and braki o
RUN2 go OFF if it drops below the stop frequency. raking, pre-exciting, zero

The RUN signal can also be used as a "Speed speed control, or dewn
valid" signal DNZS. condensation prevention.

Comes ON even during DC

Under vector control, both RUN and RUN2 come ON also when zero speed control or
servo-lock function is enabled.
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m Frequency (speed) arrival signal -- FAR (Function code data = 1)

These output signals come ON when the difference between the output frequency (detected
speed) and reference frequency (reference speed) comes within the frequency arrival
hysteresis width specified by E30.

Refer to E30.

m Frequency (speed) detected -- FDT (Function code data = 2)

This output signal comes ON when the output frequency exceeds the frequency detection
level specified by E31, and it goes OFF when the output frequency (detected speed) drops
below the "Frequency detection level (E31) - Hysteresis width (E32)."

Refer to E31 and E32.

m Undervoltage detected (Inverter stopped) -- LV (Function code data = 3)

This output signal comes ON when the DC link bus voltage of the inverter drops below the
specified undervoltage level, and it goes OFF when the voltage exceeds the level.

When this signal is ON, the inverter cannot run even if a run command is given.

This signal is ON also when the undervoltage protective function is activated so that the
motor is in an abnormal stop state (e.g., tripped).

m Torque polarity detected -- B/D (Function code data = 4)

The inverter issues the driving or braking polarity signal to this digital output judging from
the internally calculated torque or torque command. This signal goes OFF when the detected
torque is a driving one, and it comes ON when it is a braking one.

m Inverter output limiting -- IOL (Function code data = 5)
Inverter output limiting with delay -- JOL2 (Function code data = 22)

The output signal IOL comes ON when the inverter is limiting the output frequency by
activating any of the following actions (minimum width of the output signal: 100 ms). The
output signal JOL2 comes ON when any of the following output limiting operation continues
for 20 ms or more.

* Torque limiting (F40, F41, E16 and E17, Maximum internal value)

¢ Current limiting by software (F43 and F44)

* Instantaneous overcurrent limiting by hardware (H12 = 1)

» Automatic deceleration (Anti-regenerative control) (H69)

When the IOL is ON, it may mean that the output frequency may have deviated

Note £ om the reference frequency because of the limiting functions above.

m Auto-restarting after momentary power failure -- IPF (Function code data = 6)

This output signal is ON either during continuous running after a momentary power failure or
during the period from when the inverter detects an undervoltage condition and shuts down its
output until the completion of a restart sequence (until the output reaches the reference
frequency).

Refer to F14.

m Motor overload early warning -- OL (Function code data = 7)

This output signal is used to issue a motor overload early warning that enables you to take an
corrective action before the inverter detects a motor overload alarm OL1 and shuts down its
output.

Refer to E34.
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6.3 Details of Function Codes

B [nverter ready to run -- RDY (Function code data = 10)

This output signal comes ON when the inverter becomes ready to run by completing
hardware preparation (such as initial charging of DC link bus capacitors and initialization of
the control circuit) and no protective functions are activated.

B Switch motor drive source between commercial power and inverter output
-- SW88, SW52-2 and SW52-1 (Function code data = 11, 12, and 13)

Assigning these output signals to transistor output terminals [Y1], [Y2], [Y3] and [Y4]
enables the terminal command ISW50 or ISW60 that controls the magnetic contactor for
switching the motor drive source between the commercial power and the inverter output
according to the integrated sequence.

Refer to EO1 through E07 (data = 40 and 41).

B Select AX terminal function -- AX (Function code data = 15)

In response to a run command FWD, this output signal controls the magnetic contactor on the
commercial-power supply side. It comes ON when the inverter receives a run command and it
goes OFF after the motor decelerates to stop with a stop command received.

This signal immediately goes OFF upon receipt of a coast-to-stop command or when an alarm

occurs.
© L1/Rto L3T uvw @ m

© Ro,TO Motor
[Y5A] (AX)
Q [FWD]
FRENIC-AQUA
Run command
FWD | ON
AX(52-1) | i ON
Preparation for running E
(E.g. Initial charging of capacitor) |
Inverter status E<—’| Running

Motor speed
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m Shifted to pattern operation stage -- TU (Function code data = 16)

When the stage is shifted in pattern operation, the inverter issues a one-shot ON signal (100
ms), telling the shift of the stage.

Refer to C21 through C28.

m Pattern operation cycle completed -- TO (Function code data = 17)

Upon completion of all stages (1 to 7) in pattern operation, the inverter issues a one-shot ON
signal (100 ms), telling the completion of all stages.

Refer to C21 through C28.

m Pattern operation stage number
-- 8STG1, STG2, and STG4 (Function code data = 18, 19, and 20)

With the combination of STG1, STG2 and STG4, the inverter outputs the current operating
stage.

Refer to C21 through C28.

Pattern operation Output terminal

stage number STG1 STG2 STG3
Stage 1 OFF

Stage 2

Stage 3

Stage 4

Stage 5

Stage 6

Stage 7

The inverter issues no signal from any of these terminals when a pattern operation is not
carried out (no stage is selected).

m Cooling fan in operation -- FAN (Function code data = 25)

With the cooling fan ON/OFF control enabled (HO06 = 1), this output signal is ON when the
cooling fan is in operation, and OFF when it is stopped. This signal can be used to make the
cooling system of peripheral equipment interlocked for an ON/OFF control.

Refer to HO6.

m Auto-resetting -- TRY (Function code data = 26)

This output signal comes ON when auto resetting (resetting alarms automatically) is in
progress.

Refer to HO4 and HOS.

m Universal DO -- U-DO (Function code data = 27)

Assigning this output signal to an inverter's output terminal and connecting the terminal to a
digital input terminal of peripheral equipment via the RS-485 communications link or the
fieldbus, allows the inverter to send commands to the peripheral equipment.

The universal DO can be used as an output signal independent of the inverter operation.

[ For the procedure for access to Universal DO via the RS-485 communications link or
fieldbus, refer to the respective instruction manual.
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m Heat sink overheat early warning -- OH (Function code data = 28)

This output signal is used to issue a heat sink overheat early warning that enables you to take
a corrective action before an overheat trip OH1 actually happens.

This signal comes ON when the temperature of the heat sink exceeds the "overheat trip
temperature minus 5°C," and it goes OFF when it drops down to the "overheat trip
temperature minus 8°C."

m Lifetime alarm -- LIFE (Function code data = 30)

This output signal comes ON when it is judged that the service life of any one of capacitors
(DC link bus capacitors and electrolytic capacitors on the printed circuit boards), cooling fan,
and real-time clock battery (option) has expired.

This signal should be used as a guide for replacement of these parts. If this signal comes ON,
use the specified maintenance procedure to check the service life of these parts and determine
whether the parts should be replaced or not.

Refer to H42.

m Reference loss detected -- REF OFF (Function code data = 33)

This output signal comes ON when an analog input used as a frequency command source is in
a reference loss state (as specified by E65) due to a wire break or a weak connection. This
signal goes OFF when the normal operation under the analog input is resumed.

Refer to E65.

m Overload prevention control -- OLP (Function code data = 36)

This output signal comes ON when overload prevention control is activated. The minimum
ON-duration is 100 ms.

Refer to H70.

m Current detected -- ID (Function code data = 37)

This output signal comes ON when the output current of the inverter exceeds the level
specified by E34 (Current detection (Level)) for the period specified by E35 (Current
detection (Timer)). The minimum ON-duration is 100 ms.

Refer to E34 and E35.

m PID alarm -- PID-ALM (Function code data = 42)

Assigning this output signal enables PID control to output absolute-value alarm or deviation
alarm.

Refer to J121 through J124 and J221 through J225.
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m Under PID control -- PID-CTL (Function code data = 43)
This output signal comes ON when PID control is enabled ("Cancel PID control" (Hz/PID) =
OFF) and a run command is ON.

Refer to J101 and J201.

@ When PID control is enabled, the inverter may stop due to the slow flowrate
stopping function or other reasons, with the PID-CTL signal being ON. As long as
the PID-CTL signal is ON, PID control is effective, so the inverter may abruptly

resume its operation, depending on the feedback value in PID control.

AWARNING

When PID control is enabled, even if the inverter stops its output during operation because of
sensor signals or other reasons, operation will resume automatically.

Design your machinery so that safety is ensured even in such cases.

Otherwise, an accident could occur.

m Motor stopped due to slow flowrate under PID control -- PID-STP

(Function code data = 44)
This output signal is ON when the inverter is in a stopped state due to the slow flowrate
stopping function under PID control.)

Refer to J149 through J160 and J249 through J260.

m Low output torque detected -- U-TL (Function code data = 45)

This output signal comes ON when the torque value calculated by the inverter or torque
command drops below the level specified by E80 (Low torque detection (Level)) for the
period specified by E81 (Low torque detection (Timer)). The minimum ON-duration is 100
ms.

Refer to E80 and E81.

® Running forward -- FRUN (Function code data = 52)
Running reverse -- RRUN (Function code data = 53)

Output signal | Assigned data | Running forward | Running reverse | Inverter stopped

FRUN 52 ON OFF OFF

RRUN 53 OFF ON OFF

® |In remote operation -- RMT (Function code data = 54)
This output signal comes ON when the inverter switches from local to remote mode.

[ For details of switching between remote and local modes, refer to Chapter 5, Section
5.5.4 "Remote and local modes."

® Run command entered -- AX2 (Function code data = 55)

This output signal comes ON the moment the inverter is ready to run after receipt of a run
command.

Refer to EO1 through E07, Function code data = 38.
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m Motor overheat detected by thermistor -- THM (Function code data = 56)

Even when the PTC thermistor on the motor detects an overheat, the inverter turns this signal
ON and continues to run, without entering the alarm OH4 state. This feature applies only
when H26 data is set to "2."

Refer to H26 and H27.

® Terminal [C1] wire break -- CTOFF (Function code data = 59)

This output signal comes ON when the inverter detects that the input current to terminal [C1]
drops below 2 mA interpreting it as the terminal [C1] wire broken.

m Motor regular switching early warning -- MCHG (Function code data = 68)
This outputs a motor regular switching early warning signal.
Refer to J437.

® Pump control output limit signal -- MLIM (Function code data = 69)

When the pump control mode selection is enabled (J401 # 0), all of the enabled motors are to
be driven. With all motors being driven, if the motor increase judgment is established by the
motor increase judgment (Judgment frequency) (J450) and (Duration time) (J451), the
inverter issues an MLIM signal.

This signal detects the discharge rate (pressure) remaining low due to pump pipe rupture. etc.

® Maintenance timer -- MNT (Function code data = 84)

Once the inverter's cumulative run time or the startup times for the motor 1 exceeds the
previously specified count, this output signal comes ON.

Refer to H44, H78 and H79.

m Frequency arrival signal (with frequency detection)
-- FARFDT (Function code data = 87)

This output signal comes ON when both the FAR (Frequency arrival signal) and FDT
(Frequency detected) come ON. (The FARFDT is an AND condition signal of the FAR and
FDT.)

m Auxiliary motor drive signal -- AUX_L (Function code data = 88)

This output signal comes ON when all motors enabled by MENI to MENS8 (Enable pump
control motor 1 to 8 to be driven) are running and the frequency of inverter-driven motors
reaches the frequency operation level of the auxiliary motor (J465).

When the frequency of inverter-driven motors drops below the hysteresis width of the
auxiliary motor (J466), this signal goes OFF.

When PID control is disabled (J101/J201 = 0) or pump control is disabled (J401 = 0), this
output signal is OFF.

Refer to J465 to J469.

® Running in fire mode -- FMRUN (Function code data = 95)
This output signal comes ON in fire mode.
Refer to H116 through H121.

m Light alarm -- L-ALM (Function code data = 98)

This output signal comes ON when a light alarm occurs.
Refer to H181 through H184.
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m Alarm output (for any alarm) -- ALM (Function code data = 99)

This output signal comes ON if any of the protective functions is activated and the inverter
enters Alarm mode.

m EN terminal detection circuit error -- DECF (Function code data = 101)
This output signal comes ON when an error is detected in the Enable circuit.

As necessary, make use of DECF in wiring that feeds back the DECF-assigned transistor
output of the inverter to the reset input of an upper safety relay unit in order to turn the Enable
command OFF and shut down the inverter output.

m EN terminal OFF -- ENOFF (Function code data = 102)
This output signal comes ON when Enable inputs to terminals [EN1] and [EN2] are OFF.

*1 These signals do not guarantee the detection of all signal alarms. (Compliant with EN
ISO13849-1 PL = d Cat. 3)

Logic Table of DECF and ENOFF Signals

. Transistor output or alarm
Power supply Enable input output (for any alarm) *2 Output
LR, L2/8, L3/T EN1-PLC|EN2-PLC| DECF ENOFF
Shutdown
OFF v v OFF OFF (Safe Torque OFF *3)
Shutdown
OFF OFF OFF ON (Safe Torque OFF *3)
ON ON OFF OFF Waiting for a run command
ON Shutdown
%
ON OFF ON *4 OFF (Safe Torque OFF *3)
Shutdown
%
OFF ON ON *4 OFF (Safe Torque OFF *3)

\: The output level is determined independent of the states.

*2 To use this function, it is necessary to set the software parameter to DECF/ENOFF = 101/102
(negative logic).

*3 Safe Torque OFF (STO) defined by IEC61800-5-2.

*4 If either one of Enable inputs to [EN1] and [EN2] is OFF, an alarm (ECF) occurs. (If the status
is kept exceeding 50 ms, it is judged as mismatch.) This alarm can be removed only by
restarting the inverter.

m Motor 1 to Motor 4 being driven by inverter
-- M1-I to M4-I (Function code data = 160, 162, 164, and 166)

These signals are used to find inverter-driven motors in pump operation. Assign these signals
for motors to be driven by the inverter when the "inverter-driven motor floating system" (J401
= 2) or the "inverter-driven motor floating + commercial power-driven motor system" (J401 =
3) is selected.

Refer to J401.
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m Motor 1 to Motor 8 being driven by commercial power
-- M1-L to M8-L (Function code data = 161, 163, 165, 167, 169, 171, 173, and 175)

These signals are used to find motors being driven by commercial power in pump operation.
Assign these signals for motors to be driven by commercial power when the "inverter-driven
motor fixation system" (J401 = 1), the "inverter-driven motor floating system" (J401 = 2), or
the "inverter-driven motor floating + commercial power-driven motor system" (J401 = 3) is
selected.

Refer to J401.

® |n mutual operation -- M-RUN (Function code data = 180)

This output signal comes ON when two or more motors are running in mutual operation (J401
=52 or 54).

Refer to J401 through J404.

m Alarm in mutual operation -- M-ALM (Function code data = 181)

This output signal comes ON when two or more motors are stopped due to alarm in mutual
operation (J401 = 52 or 54).

Refer to J401 through J404.

m Cancel timer -- TMD (Function code data = 190)

m Timer 1 to Timer 4 enabled -- TMD1 to TMD4 (Function code data = 191 to 194)

With the combination of TMDI to TMD4, the inverter outputs the current state of timer
operation.

Refer to TO1 through T19.

i : Output status of external output signals
Timer operation state

™D TMD1 | TMD2 | TMD3 | TMD4

Timer operation disabled (no setting or

. OFF OFF OFF OFF OFF
being canceled)

Timer operation time invalid OFF OFF OFF OFF OFF

Timer 1 OFF OFF

Timer 2

Timer 3

Timer 4

Timers 1 +2

Timers 1 +3

Timers 1 +4

Timers 2 + 3

Timers 2 + 4

Timers 3 +4

Timers 1 +2+3

Timers 1 +2 +4

Timers 1 +3 +4

Timers 2 +3 +4

Timers 1 +2+3+4
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m Under PID2 control -- PID2 (Function code data = 200)
This output signal comes ON when PID control 2 is selected.
Refer to J101 and J201.

m PID1 alarm -- PV1-ALM (Function code data = 201)
This output signal comes ON when a PID1 alarm occurs.
Refer to J121, J122, and J124.

m PID1 feedback error -- PV1-OFF (Function code data = 202)
This output signal comes ON when a feedback (PV) level error occurs.
Refer to J127 through J131.

m PID2 alarm -- PV2-ALM (Function code data = 203)
This output signal comes ON when a PID2 alarm occurs.
Refer to J221 through J225.

m PID2 feedback error -- PV2-OFF (Function code data = 204)
This output signal comes ON when a feedback (PV) level error occurs.
Refer to J227 through J231.

® Under external PID1 to PID3 control-- EPID1-CTL, EPID2-CTL, and EPID3-CTL
(Function code data = 211, 221, and 231)

These signals come ON when external PID control 1 to 3 are selected, respectively.
Refer to J501, J601, and J651.

m External PID1 to PID3 output -- EPID1-OUT, EPID2-OUT, and EPID3-OUT
(Function code data = 212, 222, and 232)

These signals are duty output of external PID control 1 to 3.
Refer to J501, J601, and J651.

® Running under external PID1 to PID3 -- EPID1-RUN, EPID2-RUN, and EPID3-RUN
(Function code data = 213, 223, and 233)

These signals come ON when external PID control 1 to 3 are activated, respectively.
Refer to J501, J601, and J651.

m External PID1 to PID3 alarm -- EPV1-ALM, EPV2-ALM, and EPV3-ALM
(Function code data = 214, 224, and 234)

These signals come ON when external PID1 to PID3 alarms occur with external PID control 1
to 3 selected.

Refer to J521, 1522, J524, J621, 1622, J624, 1671, J672, and J674.

m External PID1 to PID3 feedback error -- EPV1-OFF, EPV2-OFF, EPV3-OFF
(Function code data = 215, 225, and 235)

These signals come ON when a feedback (PV) level error occurs when external PID control 1
to 3 are selected, respectively.

Refer to J529 through J531, J629 through J631, and J679 through J681.
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E30

Frequency Arrival (Hysteresis width)

E30 specifies the detection level (hysteresis width) for the "Frequency (speed) arrival signal"

FAR.

Data assigned
Output signal to output Operating condition 1
terminal

Operating condition 2

Both signals come ON
when the difference
between the output
Frequency (speed) frequency and the

arrival signal 1 reference frequency

FAR comes within the

frequency arrival
hysteresis width specified
by E30.

FAR always goes OFF when the
run command is OFF or the
reference speed is "0."

- Data setting range: 0.0 to 10.0 (Hz)
The operation timings of each signal are as shown below.

Frequency/Speed

Reference —»

frequency Output

frequency

Frequency arrival
hysteresis width

Reference speed = 0

Frequency arrival

hysteresis width

Run command ON

FAR ON
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E31, E32 Frequency Detection (Level and Hysteresis width)

When the output frequency (estimated/detected speed) exceeds the frequency detection level
specified by E31, the "Frequency (speed) detected signal" comes ON; when it drops below
the "Frequency detection level minus Hysteresis width specified by E32," it goes OFF.

Data assigned to Operation level Hysteresis width

Output signal nal
output terminal | Range: 0.0 to 120.0 Hz | Range: 0.0 to 120.0 Hz

Frequency (speed)

detected signal FDT 2 E31 E32

Output frequency
A Reference frequency

/ \ Detection level (E31)

Hysteresis width (E32)
— Release level

» Time
Frequency
detected | oN
FbT »>Time
E34, E35 Overload Early Warning/Current Detection (Level and Timer)

These function codes define the detection level and time for the "Motor overload early
warning" OL and "Current detected" ID.

Data : . Motor Thermal time
Output | assigned Operation level Timer characteristics constant
signal | to output Range: Range: Range: Range:
terminal See below 0.01 to 600.00 s See below 0.5 to 75.0 min
OL 7 E34 - F10 F12
D 37 E34 E35 - -

- Data setting range

Operation level: OFF (Disable), 1 to 150% of inverter rated current
Motor characteristics 1: Enable (For a general-purpose motor with shaft-driven cooling
fan)
2: Enable (For an inverter-driven motor, non-ventilated motor, or
motor with separately powered cooling fan)

m Motor overload early warning signal -- OL

The OL signal is used to detect a symptom of an overload condition (alarm code OL1) of the
motor so that the user can take an appropriate action before the alarm actually happens.

The OL signal turns ON when the inverter output current exceeds the level specified by E34.
In typical cases, set E34 data to 80 to 90% against F11 data (Electronic thermal overload
protection for motor 1, Overload detection level). Specify also the thermal characteristics of
the motor with F10 (Select motor characteristics) and F12 (Thermal time constant).
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m Current detected -- ID

When the inverter output current exceeds the level specified by E34 for the period specified
by E35, the ID signal turns ON, respectively. When the output current drops below 90% of
the rated operation level, the ID turns OFF. (The minimum ON-duration is 100 ms.)

Output Current

ON
ID

9 'deyd
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E61 to E63

Terminal [12] Extended Function
Terminal [C1] Extended Function
Terminal [V2] Extended Function

E61, E62, and E63 define the function of the terminals [12], [C1], and [V2], respectively.

There is no need to set up these terminals if they are to be used for frequency command

sources.
Data for E61, | Input assigned to [12], L
E62, or E63 [C1] and [V2]: Description
0 None —
Auxiliary frequency input to be added to the reference
Auxiliary frequency frequency given by frequency command 1 (FOI). Will
1 not be added to any other reference frequency given
command 1 .
by frequency command 2 and multistep frequency
commands, etc.
Auxiliary frequency input to be added to all reference
5 Auxiliary frequency frequencies given by frequency command 1,
command 2 frequency command 2, multistep frequency
commands, etc.
PID process command Inputs command sources such as temperature and
3 1 p pressure under PID control 1 or 2. Function code
setting also required: J102/202 =1
PID orocess command Inputs the second command sources under PID
4 5 p control 1 or 2. Function code setting also required:
J102/202 =1
5 PID feedback value 1 Inputs feedback amounts such as temperature and
pressure under PID control 1 or 2.
12 Acceleration/decele- To be used for making ratio setting by analog input to
ration time ratio setting| acceleration/deceleration time.
13 Upper limit frequency | To be used for limiting the output frequency by analog
14 Lower limit frequency mnput.
By inputting analog signals from various sensors such
as the temperature sensors in air conditioners to the
. . inverter, you can monitor the state of external devices
Analog signal input . L . . .
20 . via the communications link. By using an appropriate
monitor . . .
display coefficient, you can also have various values
to be converted into physical quantities such as
temperature and pressure before they are displayed.
30 PID feedback value 2 f)l:pzuts the 2nd feedback amounts under PID control 1
3] Auxiliary input 1 to Auxiliary analog input to be added to the process
PID process command | command under PID control 1 or 2.
B Auxiliary input 2 to 2nd auxiliary analog input to be added to the process
PID process command | command under PID control 1 or 2.
33 Flow sensor Input from the flow sensor.
External PID process Inputs command sources such as temperature and
41 command 1 p pressure under external PID control 1, 2 or 3. Function
code setting also required: J502/J602/J652
4 External PID feedback | Inputs feedback amounts such as temperature and
value 1 pressure under external PID control 1, 2 or 3.
3 External PID manual | To be used for setting PID output (MV) manually

command 1

when external PID control 1 is canceled.
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Data for E61, | Input assigned to [12], Description
E62, or E63 [C1] and [V2]: P
External PID process Inputs the 2nd command sources such as temperature
44 command 2 and pressure under external PID control 2 or 3.
Function code setting also required: J602/J652
Inputs the 2nd feedback amounts such as temperature
and pressure under external PID control 2 or 3.
External PID feedback
45 value 2 Under external PID control 1, external PID feedback

value 1 and addition, difference, average, maximum
and minimum can be calculated.

External PID manual

To be used for setting PID output (MV) manually

46 command 2 when external PID control 2 is canceled.
External PID process Inputs the 3rd command sources such as temperature
47 p and pressure under external PID control 3. Function
command 3 . .
code setting also required: J652
External PID feedback | Inputs the 3rd feedback amounts such as temperature
48 @)
value 3 and pressure under external PID control 3. =
49 External PID manual | To be used for setting PID output (MV) manually :)

command 3

when external PID control 3 is canceled.

Note If these terminals have been set up to have the same data, the operation priority is
given in the following order:

E61 > E62 > E63

E64

Saving of Digital Reference Frequency

E64 specifies how to save the reference frequency specified in digital formats by the @ / &)

/) /() keys on the keypad as shown below.

Data for E64

Function

Auto saving when the main power is turned OFF

S3Ad0D NOILONNA

0 The reference frequency will be automatically saved when the main power is
turned OFF. At the next power-on, the reference frequency at the time of the
previous power-off applies.

Saving by pressing (o) key

Pressing the (&) key saves the reference frequency. If the control power is
1 turned OFF without pressing the (&) key, the data will be lost. At the next
power-ON, the inverter uses the reference frequency saved when the (&) key
was pressed last.
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E65

Reference Loss Detection (Continuous running frequency)

When the analog frequency command (setting through terminal [12], [C1], or [V2]) has
dropped below 10% of the reference frequency within 400 ms, the inverter presumes that the
analog frequency command wire has been broken and continues its operation at the frequency
determined by the ratio specified by E65 to the reference frequency. Refer to E20 through
E24 and E27 (data = 33).

When the frequency command level (in voltage or current) returns to a level higher than that
specified by E65, the inverter presumes that the broken wire has been fixed and continues to
run following the frequency command.

400 ms

Frequency Command
by Analog Input

Reference Loss Detected
REF OFF

Internal Frequency
Command

In the diagram above, f1 is the level of the analog frequency command sampled at any given
time. The sampling is repeated at regular intervals to continually monitor the wiring
connection of the analog frequency command.

- Data setting range: Decel (Decelerate to stop)
20to 120 %
OFF (Cancel)

Note Avoid an abrupt voltage or current change for the analog frequency command. An
abrupt change may be interpreted as a wire break.

When E65 = OFF (Cancel), the inverter issues the REF OFF signal ("Reference
loss detected") but does not change the reference frequency so that it runs at the
analog frequency command as specified.

When E65 = "Decel" or OFF, the reference frequency level at which the broken
wire is recognized as fixed is "f1 x 0.2."

When E65 ="100" (%) or higher, the reference frequency level at which the wire is
recognized as fixed is "f1 x 1."

The reference loss detection is not affected by the setting of analog input adjustment
(filter time constants: C33, C38, and C43).
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E80, E81 Low Torque Detection (Level and Timer)

E80 and E81 specify the operation level and the timer for the output signal U-TL,

respectively.
. . Operation level Timer
Output signal Assigned data
Range: 0 to 150% Range: 0.01 to 600.00 s
U-TL 45 E80 E81

m Low output torque detected -- U-TL

This output signal comes ON when the torque value calculated by the inverter or torque
command drops below the level specified by E80 (Low torque detection (Level)) for the
period specified by E81 (Low torque detection (Timer)). The signal turns OFF when the
calculated torque exceeds "the level specified by E80 plus 5% of the motor rated torque." The
minimum ON-duration is 100 ms.

Calculated torque or
torque command

9 'deyd
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U-TL ON

In the inverter’s low frequency operation, as a substantial error in torque calculation occurs,
no low torque can be detected within the operation range at less than 20% of the base
frequency (F04). (In this case, the result of recognition before entering this operation range is
retained.)

The U-TL signal goes off when the inverter is stopped.

Since the motor parameters are used in the calculation of torque, it is recommended that
auto-tuning be applied by function code P04 to achieve higher accuracy.
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E82, Switching Frequency of Accel/Decel Time in Low-Speed Domain,
E83, Acceleration Time in Low-Speed Domain,
E84 Deceleration Time in Low-Speed Domain

In low-speed domain, driving a pump motor whose load current is large (e.g., deep well
pump) for a long time may damage the motor. Large load current and slow flowrate burn the
pump motor. To prevent it, the inverter provides the acceleration/deceleration time exclusive
to the low-speed domain and avoids a long run in that domain.

Output current

-~
Low-frequency

domain N

»

L4
Output frequency

From the start (0 Hz) to the frequency switching point (E82), the acceleration time in
low-speed domain (E83) applies. After the output frequency reaches the switching point
(E82), the currently selected acceleration time (FO7/E10/E12/E14) applies. At the time of
stoppage, from the frequency switching point (E82) to 0 Hz, the deceleration time in
low-speed domain (E84) applies.

This function works also in reverse operation for anti-jam and during PID control being
canceled.

This function does not work in the domain exceeding the low frequency limit specified by
F16. The default of F16 is 0.0 Hz so that this function does not work by default independent
of the E82 setting. To use this function, therefore, increase the F16 setting to a value greater
than E82 setting.

F16 (Frequency limiter (Low)) > E82 F16 (Frequency limiter (Low)) < E82
FO7/E10/E12/E14 FO8/E11/E13/E15
Slow flowrate Slow flowrate
Output frequency stop Output frequency stop
-~ -~
Start Start FO8/E11/E13/E15
F16: Frequency limiter
(Low) \p E82

E82: Switching

frequency of accel/ E83: Acceleration E84: Deceleration F16 E83: Acceleration E84: Deceleration

decel time in low- time in low-speed Time in low-speed time in low-speed time in low-speed

speed domain domain domain N domain domain N

m Switching frequency of accel/decel time in low-speed domain (E82)
ES82 specifies the switching frequency (frequency switching point).

Data for E82 Switching frequency

Inherit Follow the setting of F16 (Frequency limiter (Low))
0.1 to 120.0 Hz Arbitrary value within the range of 0.1 to 120.0 Hz

m Acceleration time in low-speed domain (E83)

E83 specifies the acceleration time from the start (0 Hz) to the frequency switching point
(E82). (When F16 < E82, from 0 Hz to the F16 setting)

- Data setting range: Inherit (Currently selected acceleration time), 0.01 to 3600.00 (s)

m Deceleration time in low-speed domain (E84)

E84 specifies the deceleration time from the frequency switching point (E82) to 0 Hz. (When
F16 < E82, from the F16 setting to 0 Hz)

- Data setting range: Inherit (Currently selected deceleration time), 0.01 to 3600.00 (s)
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6.3 Details of Function Codes

E85, E86 Gradual Deceleration Time Switching Frequency (Check valve protection),
Gradual Deceleration Time

A rapid check valve closure following a pump stop may break check valves (piping, pump
and valves) due to a water hammer event. To protect check valves, the inverter provides the
gradual deceleration time for gradually decreasing the pump motor speed at the time of check
valve closure.

This function works when E85 = OFF. Note that when F16 (Frequency limiter (Low)) < E85
(Gradual deceleration time switching frequency), this function does not work.

This function works also during PID control being canceled.

F16 (Frequency limiter (Low)) > E85 F16 (Frequency limiter (Low)) < E85 (Disable)
Deceleration time not
Output ‘f[equency Slow flowrate stop Output ‘f[equency changed (Disable)

FO8/E11/E13/E15 Slow flowrate stop FO8/E11/E13/E15
E86: Gradual
dece\err:tigna E85 < Analog lower
time limit frequency
F16: Frequency limiter /
ow, E85 E85 ® Analog lower

0
2
(Low) >
E85: Gradual deceleration \ F16 \ it frequency -:3
time switching frequency ) A »
-
=
m Gradual deceleration time switching frequency (E85) ‘_7'
E85 specifies the switching frequency (frequency switching point). g
)
Data for E85 Switching frequency 8
OFF Disable 0

0.1t0 120.0 Hz Arbitrary value within the range from 0.1 to 120.0 Hz

m Gradual deceleration time (E86)

E86 specifies the gradual deceleration time from the F16 setting (Frequency limiter (Low)) to
the frequency switching point (E85).

- Data setting range: Inherit (Currently selected deceleration time), 0.01 to 3600.00 (s)

E98, E99 Terminal [FWD] Function
Terminal [REV] Function (Refer to EO1 to E07.)

For details about the configuration of terminals [FWD] and [REV], refer to the descriptions
of EO1 to EO7.

When [FWD] or [REV] is ON, it is not possible to change the E98 or E99 data, respectively.
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6.3.3 C codes (Control functions)
C01 to C03 Jump Frequency 1, 2 and 3
Cco4 Jump Frequency (Hysteresis width)

These function codes enable the inverter to jump over three different points on the output

frequency in order to skip resonance caused by the motor speed and natural frequency of the

driven machinery (load).

- When the inverter is increasing the reference frequency, the moment the reference
frequency reaches the bottom of the jump frequency band, the inverter keeps the output at
that bottom frequency. When the reference frequency exceeds the upper limit of the jump
frequency band, the internal reference frequency takes on the value of the reference
frequency. When the inverter is decreasing the reference frequency, the situation will be
reversed.

- When more than two jump frequency bands overlap, the inverter actually takes the lowest
frequency within the overlapped bands as the bottom frequency and the highest as the upper
limit. Refer to the figure on the lower right.

Internal reference Internal reference
frequency frequency
Jump frequency (Band)_ y 8
(C04) I v'o" & >
g T M T
Jump ® d_)i_ -k Jump Actual Jump § :
requency (Ban S e ump frequenc P
(Co4) Y Ysen frequency 3 bang }Band) Y P T Jump
- (CO3) y (CO4)y y.-r | frequency 2
Jump —17 e Jump frequency 2 — (CgZ) Y
frequency e
%Band) Y- ;T (C02) Jump frequency 1
C04) Jump frequency 1 (co1
(Co1) y R N
Reference frequency Reference frequency

m Jump frequencies 1, 2 and 3 (C01, C02 and C03)

Specify the center of the jump frequency band.

- Data setting range: 0.0 to 120.0 (Hz) (Setting to 0.0 results in no jump frequency band.)

m Jump frequency hysteresis width (C04)

Specify the jump frequency hysteresis width.

- Data setting range: 0.0 to 30.0 (Hz) (Setting to 0.0 results in no jump frequency band.)

C05 to C19 Multistep frequency 1 to 15

These function codes specify 15 frequencies to apply when switching frequencies by turning
terminal commands SS1, $52, $54 and $§8 ON or OFF selectively, as listed below.

Using this feature requires assigning SS7, $52, $54 and SS8 ("Select multistep frequency")
to digital input terminals (data =0, 1, 2, and 3) with EO1 to E07 beforehand.

m Multistep frequency 1 to 15 (C05 through C19)
- Data setting range: 0.00 to 120.00 (Hz)

6-130



6.3 Details of Function Codes

The combination of $S1, $52, $54 and S8 and the selected frequencies are as follows.

SS8 S84 SS2 SS1 Selected frequency command

OFF OFF OFF OFF Other than multistep frequency *

OFF OFF OFF ON CO05 (Multistep frequency 1)

OFF OFF ON OFF C06 (Multistep frequency 2)

OFF OFF ON ON CO07 (Multistep frequency 3)

OFF ON OFF OFF CO08 (Multistep frequency 4)

OFF ON OFF ON C09 (Multistep frequency 5)

OFF ON ON OFF C10 (Multistep frequency 6)

OFF ON ON ON C11 (Multistep frequency 7)
ON OFF OFF OFF C12 (Multistep frequency 8)
ON OFF OFF ON C13 (Multistep frequency 9)
ON OFF ON OFF C14 (Multistep frequency 10) @)
ON OFF ON ON C15 (Multistep frequency 11) %
ON ON OFF OFF C16 (Multistep frequency 12) >
ON ON OFF ON C17 (Multistep frequency 13)
ON ON ON OFF C18 (Multistep frequency 14)
ON ON ON ON C19 (Multistep frequency 15)

* "Qther than multistep frequency" includes frequency command 1 (FO1), frequency command 2 (C30) and
other command sources except multistep frequency commands.

S3Ad0D NOILONNA

® When PID control is disabled (Hz/PID = ON)

Multistep frequency commands (15 steps) can also be used for a manual speed command.
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Cc21 Pattern Operation (Mode selection)

C21 specifies the mode of a pattern operation in which the inverter automatically runs the
motor according to the preset running period, rotation direction, acceleration/deceleration
time and reference frequency.

To use this function, set both FO1 (Frequency command 1) and C30 (Frequency command 2)
to "10" (Pattern operation).

The following three pattern operation modes are available.

Data for C21 Pattern Operation Modes
0 Carry out a single cycle of the specified pattern operation and stop the inverter
output.
1 Carry out the specified pattern operation repeatedly and stop the inverter output
upon receipt of a stop command.
2 Carry out a single cycle of the specified pattern operation and continue to run at
the last reference frequency.
C21=0 End of a single cycle
Forward _ V Time
direction i !
i ,_\
Output /_\—\ -
frequenc >
Reverse
direction
End of a single cycle
c21=1 gecy
Ti
Forward \ v ime
direction Y e N !
. |
|
oo /_\_\ —\.
frequenc ' -
q Y 1o
Reverse
direction
End of a single cycle
c21=2 geey
Time
Forward A v
direction /_\_\ i
| /
Output ' >

frequency 0 \_/

Reverse
direction
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6.3 Details of Function Codes

C22 to C28

Pattern Operation (Stages 1 to 7)

C22 to C28 configure stages 1 to 7, respectively, by setting the run time, motor rotation
direction and acceleration/deceleration time for each stage.

The inverter runs in the order of stages 1 to 7 (in the order of C22 to C28).

Items to be Configured Data Setting Range

for Each Stage
Run time 0.00 to 6000.00 s (*)
Motor rotation direction FWD: Forward direction (clockwise)

REV: Reverse direction (counterclockwise)

Acceleration/deceleration time | 1: FO7 (Acceleration time 1), FO8 (Deceleration time 1)
2: E10 (Acceleration time 2), E11 (Deceleration time 2)
3: E12 (Acceleration time 3), E13 (Deceleration time 3)
4: E14 (Acceleration time 4), E15 (Deceleration time 4)

(*) The number of significant figures for the run time is 3. Upper three digits can be set.

Example: 100 F 3
|_ Acceleration/deceleration time:
Acceleration time 3, Deceleration time 3
Motor rotation direction:

Forward direction (counterclockwise)
Run time: 100 s

Setting the run time at "0.00 s" skips the corresponding stage to the next one.

Reference frequencies to be applied in a pattern operation are multistep frequencies 1 to 7
(CO5 to C11) assigned to stages 1 to 7, respectively, as listed below. Specify multistep
frequencies with C05 to C11.

Stage No. Reference frequency
Stage 1 CO05 (Multistep frequency 1)
Stage 2 C06 (Multistep frequency 2)
Stage 3 C07 (Multistep frequency 3)
Stage 4 C08 (Multistep frequency 4)
Stage 5 C09 (Multistep frequency 5)
Stage 6 C10 (Multistep frequency 6)
Stage 7 C11 (Multistep frequency 7)
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B Pattern Operation Configuration Example

Function code

Setting data

Reference frequency

C21 (Mode selection)

1

C22 (Stage 1) 60.00 s FWD 2 C05 Multistep frequency 1
C23 (Stage 2) 100.00 s FWD 1 C06 Multistep frequency 2
C24 (Stage 3) 65.50 s REV 4 C07 Multistep frequency 3
C25 (Stage 4) 55.00s REV 3 C08 Multistep frequency 4
C26 (Stage 5) 50.00 s FWD 2 C09 Multistep frequency 5
C27 (Stage 6) 72.00 s FWD 4 C10 Multistep frequency 6
C28 (Stage 7) 35.00s FWD 2 C11 Multistep frequency 7

The above configuration example produces the operation shown in the chart below.

Forward
direction Multistep
A Multistep frequency 6 DEC2
fi 2
reduency ACC4 4 Multistep
: Multistep \frequency 7
: frequency 5
: ACC1 DEC4 q Y
Multistep DEC1
Output frequency 1
frequency : ACC2
(Motor \ >
speed) : Time
Multistep DEC?
frequency 3NACC3 :
Mulistep
;frequenc:y4
v : . . . . . . .
Reverse 60.0s . 100s 655s :550s :50.0s :720s :350s
direction : : : : : : :

Data = 16

Y1 to Y5 terminal output signal

Data =17

To start or stop a pattern operation, use the o) / keys on the keypad or turn the related
input terminals ON/OFF.

When using the keypad, for example, press the @0 key to start a pattern operation. To stop the
current stage temporarily, press the §% key. Press the @0 key again to start the pattern
operation from the stopped point of that stage.

Halfway through a pattern operation, to run the inverter from Stage 1 (C22), enter a stop
command and then press the & key.

If the inverter stops due to an alarm, press the G5 key to cancel the inverter protective
function and then press the 0 key again. The stopped stage starts again.
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6.3 Details of Function Codes

Note: Entry of a reverse rotation command with the ®&Y) key or terminal [REV] cancels the
run command and produces no inverter operation. The rotation direction should be specified
by the data of C21 to C28.

Note: When an pattern operation is commanded via input terminals, the self-hold function of
a run command does not work. Use an alternate switch if necessary.

Note: After completion of a cycle of pattern operation, the inverter decelerates to a stop with
the deceleration time specified by FO8 (Deceleration time 1).

C30 Frequency Command 2 (Refer to F01.)
For details of frequency command 2, refer to the description of FO1.
C31to C35 Analog Input Adjustment for [12]
C36 to C39 (Offset, Gain, Filter time constant, Gain base point, Polarity)
C41 to C45 Analog Input Adjustment for [C1]
C40 (Offset, Gain, Filter time constant, Gain base point)

Analog Input Adjustment for [V2]
(Offset, Gain, Filter time constant, Gain base point, Polarity)
Terminal [C1] Input Range Selection
F01 (Frequency Command 1)

Setting up a reference frequency using analoq input

You can adjust the gain, polarity, filter time constant, and offset which are applied to analog
inputs (voltage inputs to terminals [12] and [V2], and current input to terminal [C1]).

Adjustable items for analog inputs

Gain i i i
Inp}lt Input range Polarity Filter time Offset T.ermmal [C1]
terminal Gain | Base point constant Input range
[12] [ Oto+10YV, C32 C34 C35 C33 C31 —
-10to +10 V
[C1] |4to20mA C37 C39 — C38 C36 C40
[V2] | Oto+10V, C42 C44 C45 C43 C41 —
-10to +10 V

m Offset (C31, C36, C41)

C31, C36 or C41 configures an offset for an analog voltage/current input. The offset also
applies to signals sent from the external equipment.

- Data setting range: -5.0 to +5.0 (%)

m Filter time constant (C33, C38, C43)

C33, C38 or C43 configures a filter time constant for an analog voltage/current input. The
larger the time constant, the slower the response. Specify the proper filter time constant
taking into account the response speed of the machine (load). If the input voltage fluctuates
due to line noises, increase the time constant.

- Data setting range: 0.00 to 5.00 (s)
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m Polarity (C35, C45)
C35 and C45 configure the input range for analog input voltage.

Data for C35 and C45 Specifications for terminal inputs

0 -10to +10 V

0to +10 V (A minus component of the input will be regarded

! as 0 VDC.)

m Gain (C32, C37, C42)

Reference frequency

o 4
Gain
(C32/C37/C42) Point
X
» Analog input
0 Gain base point 100%
(C34/C39/C44)

To input bipolar analog voltage (0 to £10 VDC) to terminals [12] and [V2], set C35
and C45 data to "0." Setting C35 and C45 datato "1" enables the voltage range from
0 to +10 VDC and interprets the negative polarity input from 0 to -10 VDC as 0 V.

Note

m Terminal [C1] input range selection (C40)

C40 specifies the input range of terminal [C1] (analog input current).

Data for C40 Terminal [C1] input range
0 4 to 20 mA (factory default)
1 0to 20 mA

C53 Selection of Normal/lnverse Operation (Frequency command 1)

C53 switches the reference frequency sourced by frequency command 1 (FO1) between

normal and inverse.

L For details, refer to E01 through E07 (data = 21) for the terminal command IVS
("Switch normal/inverse operation").

C55 Analog Input Adjustment for Terminal [12] (Bias value) (Refer to F01.)
C55 specifies a bias value to apply to terminal [12] input of reference frequency 2, analog
input monitor and PID control input. For details, refer to the description of FO1.

C56 Analog Input Adjustment for Terminal [12] (Bias base point) (Refer to F01.)

C56 specifies a bias base point for Reference frequency 2 and analog input monitor terminal
[12]. For details, refer to the description of FO1.
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6.3 Details of Function Codes

C58 Analog Input Adjustment for Terminal [12] (Display unit)

C58 specifies the display unit for analog input monitor, PID control commands and feedback
amounts on terminal [12].

The specified display unit appears when analog input monitor, SV and PV are displayed on
the main or sub monitor.

Dage; 8for Display unit D%g Efor Display unit Dzétg g‘or Display unit
1 No display unit 24 L/min (Flowrate) 46 Psi (Pressure)
2 % 25 L/h (Flowrate) 47 mWG (Pressure)
4 r/min 40 Pa (Pressure) 48 inWG (Pressure)
7 kW 41 kPa (Pressure) 60 K (Temperature)
20 m’/s (Flowrate) 42 MPa (Pressure) 61 °C (Temperature)
21 m’/min (Flowrate) 43 mbar (Pressure) 62 °F (Temperature) %
22 m’/h (Flowrate) 44 bar (Pressure) 80 ppm (Density) :,
23 L/s (Flowrate) 45 mmHg (Pressure)

Setting up an analog input monitor for terminal [12

1) Input monitor
Set E61 (Terminal [12] extended function) to "20."

2) Display section
Set any of K10 (Main monitor display), K16 (Sub monitor 1 display) and K17 (Sub
monitor 2 display) to "27" (Analog input monitor).

S3Ad0D NOILONNA

For details, refer to Chapter 5, Section 5.5.1 "Monitoring the running status."
3) Display unit

Select the desired display unit with C58.
4) Scale

- Maximum scale (C59): Set a physical quantity to be displayed when the analog input
value is 100%.

- Minimum scale (C60): Set a physical quantity to be displayed when the analog input
value is 0%.

C59, C60 Analog Input Adjustment for Terminal [12] (Maximum scale, Minimum scale)

C59 and C60 specify the maximum and minimum scales to display easy-to-understand
physical quantity converted from analog input on terminal [12].

- Data setting range: -999.00 to 0.00 to 9990.00 for maximum and minimum scales

Display value
A

Maximum scale
(C59)

Minimum scale 1
(C60) . Analog input
0% 100% (terminal [12])
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Example: To detect 0 to 30 kPa with 1 to 5 V output of the pressure sensor

1) Input monitor

Set E61 (Terminal [12] extended function) to "20."
2) Gain

To interpret 5V as 100%, set the gain to 200% (C32 = 100%, C34 = 50%).
3) Scale

- Maximum scale (C59): Set 30.0 to be displayed when the analog input value on
terminal [12] is 100%.

- Minimum scale (C60): Set -7.5 to be displayed when the analog input value on terminal
[12] is 0%.

*The display unit should be selected with C58.

Display value
A
Maximum scale
C59=30.0  f-----mmmmmmmmememeeaaa;
» Analog input
Minimum scale 0%,/ 20% 100% (terminal [12])
C60=-7.5 T SV
cé1 Analog Input Adjustment for Terminal [C1] (Bias value) (Refer to F01.)
C61 specifies a bias value to Reference frequency 2 and analog input monitor terminal [C1].
For details, refer to the description of FO1.
C62 Analog Input Adjustment for Terminal [C1] (Bias base point) (Refer to F01.)

C62 specifies a bias base point for Reference frequency 2 and analog input monitor terminal
[C1]. For details, refer to the description of FO1.
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6.3 Details of Function Codes

C64 Analog Input Adjustment for Terminal [C1] (Display unit)
C64 specifies the display unit for analog input monitor, PID control commands and feedback
amounts on terminal [C1].
The specified display unit appears when analog input monitor, SV and PV are displayed on
the main or sub monitor.
Dactzjor Display unit D%ZIM Display unit Dactzior Display unit
1 No display unit 24 L/min (Flowrate) 46 Psi (Pressure)
2 % 25 L/h (Flowrate) 47 mWG (Pressure)
4 r/min 40 Pa (Pressure) 48 inWG (Pressure)
7 kW 41 kPa (Pressure) 60 K (Temperature)
20 m’/s (Flowrate) 42 MPa (Pressure) 61 °C (Temperature)
21 m’/min (Flowrate) 43 mbar (Pressure) 62 °F (Temperature)
22 m’/h (Flowrate) 44 bar (Pressure) 80 ppm (Density)
23 L/s (Flowrate) 45 mmHg (Pressure)
Setting up an analog input monitor for terminal [C1]
1) Input monitor
Set E62 (Terminal [C1] extended function) to "20."
2) Display section
Set any of K10 (Main monitor display), K16 (Sub monitor 1 display) and K17 (Sub
monitor 2 display) to "27" (Analog input monitor).
For details, refer to Chapter 5, Section 5.5.1 "Monitoring the running status."
3) Display unit
Select the desired display unit with C64.
4) Scale
- Maximum scale (C65): Set a physical quantity to be displayed when the analog input
value is 100%.
- Minimum scale (C66): Set a physical quantity to be displayed when the analog input
value is 0%.
C65, C66 Analog Input Adjustment for Terminal [C1] (Maximum scale, Minimum scale)

C65 and C66 specify the maximum and minimum scales to display easy-to-understand
physical quantity converted from analog input on terminal [C1].

- Data setting range: -999.00 to 0.00 to 9990.00 for maximum and minimum scales

Display value
A

Maximum scale
(C65)

Minimum scale
(C66)

_ Analog input
" (terminal [C1])

0% 100%
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Example: To detect 0 to 30 kPa with 4 to 20 mA output of the pressure sensor

1) Input monitor
Set E62 (Terminal [C1] extended function) to "20."

2) Scale

- Maximum scale (C65): Set 30.0 to be displayed when the analog input value on
terminal [C1] is 100%.

- Minimum scale (C66): Set 0 to be displayed when the analog input value on terminal
[C1] is 0%.

*The display unit should be selected with C64.

Display value
A

Maximum scale F-----oooo .
(C65 = 30.0) !

i » Analog input
100% (terminal [C1])
20 mA

M scale 6 —50%

Cc67 Analog Input Adjustment for Terminal [V2] (Bias value) (Refer to F01.)
C67 specifies a bias value to Reference frequency 2 and analog input monitor terminal [V2].
For details, refer to the description of FO1.

C68 Analog Input Adjustment for Terminal [V2] (Bias base point) (Refer to F01.)
C68 specifies a bias base point for Reference frequency 2 and analog input monitor terminal
[V2]. For details, refer to the description of FOI.

C70 Analog Input Adjustment for Terminal [V2] (Display unit)
C70 specifies the display unit for analog input monitor, PID control commands and feedback
amounts on terminal [V2].
The specified display unit appears when analog input monitor, SV and PV are displayed on
the main or sub monitor.

Data for Display unit Data for Display unit Data for Display unit
C70 C70 C70

1 No display unit 24 L/min (Flowrate) 46 Psi (Pressure)

2 % 25 L/h (Flowrate) 47 mWG (Pressure)

4 r/min 40 Pa (Pressure) 48 inWG (Pressure)

7 kW 41 kPa (Pressure) 60 K (Temperature)

20 m’/s (Flowrate) 42 MPa (Pressure) 61 °C (Temperature)

21 m’*/min (Flowrate) 43 mbar (Pressure) 62 °F (Temperature)

22 m’/h (Flowrate) 44 bar (Pressure) 80 ppm (Density)

23 L/s (Flowrate) 45 mmHg (Pressure)
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6.3 Details of Function Codes

Setting up an analog input monitor for terminal [V2]

1) Input monitor
Set E63 (Terminal [V2] extended function) to "20."
2) Display section
Set any of K10 (Main monitor display), K16 (Sub monitor 1 display) and K17 (Sub
monitor 2 display) to "27" (Analog input monitor).
For details, refer to Chapter 5, Section 5.5.1 "Monitoring the running status."
3) Display unit
Select the desired display unit with C70.
4) Scale

- Maximum scale (C71): Set a physical quantity to be displayed when the analog input
value is 100%.

- Minimum scale (C72): Set a physical quantity to be displayed when the analog input
value is 0%.

C71,C72

Analog Input Adjustment for Terminal [V2] (Maximum scale, Minimum scale)

C71 and C72 specify the maximum and minimum scales to display easy-to-understand
physical quantity converted from analog input on terminal [V2].

- Data setting range: -999.00 to 0.00 to 9990.00 for maximum and minimum scales

Display value
A

Maximum scale
(C71)

Minimum scale :
(C72) . Analog input
0% 100% (terminal [V2])

Example: To detect 0 to 30 kPa with 1 to 5 V output of the pressure sensor

1) Input monitor

Set E63 (Terminal [V2] extended function) to "20."
2) Gain

To interpret S5V as 100%, set the gain to 200% (C32 = 100%, C34 = 50%).
3) Scale

- Maximum scale (C71): Set 30.0 to be displayed when the analog input value on
terminal [V2] is 100%.

- Minimum scale (C72): Set 0 to be displayed when the analog input value on terminal
[V2] is 0%.

*The display unit should be selected with C70.

Value displayed
A

Maximum scale
C71=30.0 @ |---smmmmimiiiee
., Analog input
L 0%, 20% 100% (terminal [V2])
Minimum scale 1V 5V
C72=-75
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6.3.4

P codes (Motor 1 parameters)

To use the integrated automatic control functions such as auto torque boost, torque calculation
monitoring, torque limiter, automatic deceleration (anti-regenerative control), auto search for idling
motor speed, slip compensation, and torque vector control, it is necessary to build a motor model in the
inverter by specifying proper motor parameters including the motor capacity and rated current.

PO1

Motor 1 (No. of poles)

P01 specifies the number of poles of the motor. Enter the value given on the nameplate of the
motor. This setting is used to display the motor speed on the LCD monitor and to control the
speed (refer to E43). The following expression is used for the conversion.

120

Motor speed (r/min) = o-¢ oles

x Frequency (Hz)

- Data setting range: 2 to 22 (poles)

P02

Motor 1 (Rated capacity)

P02 specifies the rated capacity of the motor. Enter the rated value given on the nameplate of
the motor.

Data for P02 Unit Dependency on function code P99

0.01 to kw When P99 (Motor 1 Selection) =0 or 4
1000.00

HP When P99 (Motor 1 Selection) = 1

When accessing P02 with the keypad, take into account that the P02 data automatically
updates data of P03, P06 through P12, and H46.

P03

Motor 1 (Rated current)

P03 specifies the rated current of the motor. Enter the rated value given on the nameplate of
the motor.

- Data setting range: 0.00 to 2000.00 (A)
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6.3 Details of Function Codes

P04

Motor 1 (Auto-tuning)

The inverter automatically detects the motor constants and saves them as parameters in its
internal memory. Basically, no tuning is required as long as a Fuji standard motor is used with
standard connection with the inverter.

There are two types of auto-tuning as listed below. Select appropriate one considering the
limitations in your equipment and control mode.

ng?) ‘for Auto-tuning Operation Motor parameters to be tuned
0 Disable N/A N/A
1 Tune the motor Tunes while the Primary resistance (%R1) (P07)
while it is stopped | motor is stopped. Leakage reactance (%X) (P08)
After tuning the
Tune the motor motor in a stopped No-load current (P06)
2 while it is rotating | state, retunes it Primary resistance (%R1) (P07)
under V/f control | running at 50% of Leakage reactance (%X) (P08)
the base frequency.

L For details of auto-tuning, refer to the Chapter 5 "Preparation and Test Run."

@ In any of the following cases, perform auto-tuning since the motor parameters are
ote A .
different from standard ones so that the full performance may not be obtained under

some controls.

» The motor to be driven is a non-Fuji motor or a non-standard motor.
* Cabling between the motor and the inverter is long. (Generally, 20 m or longer)
* A reactor is inserted between the motor and the inverter.

Note When the terminal command RST ("Reset alarm") is ON, it is not possible to
change the P04 setting. Turn the RST OFF beforehand.

Refer to EO1 to EO7, E98 and E99 (data = 8).

m Functions in which the motor parameters affect the running capability

Function Related function codes (representative)

Auto torque boost F37

Output torque monitor F31, F35

Load factor monitor F31, F35

Auto energy saving operation F37

Torque limiter F40, F41, E16, E17
Anti-regenerative control (Automatic deceleration) H69

Auto search HO09

Slip compensation F42

Dynamic torque vector control F42
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P05 Motor 1 (Online tuning)
Long run under "Dynamic torque vector control" or "Slip compensation control" causes
motor temperature change, varying the motor parameters. This changes the motor speed
compensation amount, resulting in motor speed deviation from the initial rpm.
Enabling online tuning (P05 = 1) identifies motor parameters covering the motor temperature
change to decrease the motor speed fluctuation.
To perform online tuning enabled with P05, set P04 (Auto-tuning) to "2."

Note Online tuning can be performed only when F42 = 1 (Dynamic torque vector control)
or when F42 =2 (V/f control with slip compensation active) and F37 =2 or 5 (Auto
torque boost).

P06 to P08 Motor 1 (No-load current, %R1 and %X)

P06 through P08 specify no-load current, %R 1 and %X, respectively. Obtain the appropriate
values from the test report of the motor or by calling the motor manufacturer.

Performing auto-tuning automatically sets these parameters.

® No-load current (P0O6)

Enter the value obtained from the motor manufacturer.

m %R1 (P07)
Enter the value calculated by the following expression.

oRr1 = RL*+Cable RL_ 56 o)
V/(3x1)

where,

R1: Primary resistance of the motor (Q2)

Cable R1: Resistance of the output cable (QQ)

V: Rated voltage of the motor (V)

I:  Rated current of the motor (A)

m %X (P08)
Enter the value calculated by the following expression.
X1+ X2x XM /(X2 + XM) + Cable X

%X =
V/@H3xI)

x 100 (%)

where,

X1: Primary leakage reactance of the motor (Q2)

X2: Secondary leakage reactance of the motor (converted to primary) (Q)
XM: Exciting reactance of the motor (€2)

Cable X: Reactance of the output cable (Q2)

V: Rated voltage of the motor (V)

I:  Rated current of the motor (A)

@ For reactance, use the value at the base frequency (F04).
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P10

Motor 1 (Slip compensation response time)

P10 determines the response time for slip compensation. Basically, there is no need to modify
the default setting. If you need to modify it, consult your Fuji Electric representatives.

[ For details about slip compensation control, refer to the description of F42.

P12

Motor 1 (Rated slip frequency)

P12 specifies rated slip frequency. Obtain the appropriate values from the test report of the
motor or by calling the manufacturer of the motor. Performing auto-tuning automatically sets
these parameters.

 Rated slip frequency:  Convert the value obtained from the motor manufacturer to Hz
using the following expression and enter the converted value.

(Note: The motor rating given on the nameplate sometimes shows a larger value.)

(Synchronous speed - Rated speed)
Synchronous speed

Rated slip frequency (Hz) = x Base frequency

L For details about slip compensation control, refer to the description of F42.

P99

Motor 1 Selection

P99 specifies the type of motor 1 to be used.

Data for P99 Motor type
0 Motor characteristics 0 (Fuji standard motors, 8-series)
1 Motor characteristics 1 (HP rating motors)
4 Other motors

To select the motor drive control or to run the inverter with the integrated automatic control
functions such as auto torque boost and torque calculation monitoring, it is necessary to
specify the motor parameters correctly.

First select the Fuji standard motors 8-series with P99, next specify the motor rated capacity
with P02, and then initialize the motor parameters with HO3. This process automatically
configures the related motor parameters (P01, P03, P06 through P08, P10, P12, and H46).

The data of F09 (Torque boost 1), H13 (Restart Mode after Momentary Power Failure
(Restart time)), and F11 (Electronic thermal overload protection for motor 1 (Overload
detection level)) depends on the motor capacity, but the process stated above does not change
them. Specify and adjust the data during a test run if needed.
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6.3.5

H codes (High performance functions)

HO03

Data Initialization

This code initializes the current function code data to the factory defaults. To change function
code HO3 data, it is necessary to press €0 + (N keys or éo + &) keys (simultaneous keying).

Data for HO3 Function

0 Disable initialization
(Settings manually made by the user will be retained.)

1 Initialize all function code data to factory defaults

2 Initialize motor 1 parameters in accordance with P02 (Rated capacity) and
P99 (Motor 1 selection)

10 Initialize real-time clock information

11 Initialize function code data except communication function codes

12 Initialize U codes (Customizable logic function codes)

m Default (HO3 = 1)

Initialize all function code data to the factory defaults.

m |nitialization of the motor parameters (HO3 = 2)
Set function codes as follows.
(1) Function code P99 (motor 1 selection): Selects the motor type.
(2) Function code P02 (motor 1 (capacity): Sets the motor capacity (kW).
(3) Function code HO3 (data initialization): HO3 =2
= Function codes to be initialized: PO1, P03, P06 to P12, H46

+ Upon completion of the initialization, the HO3 data reverts to "0" (factory default).

+ If function code P02 data is set to a value other than the standard nominal applied motor
rating, data initialization internally converts the specified value forcibly to the standard
nominal applied motor rating. (See Table B given on the last page of 6.1 Function Code
Tables.)

+ The motor parameters to be initialized are those regarding the voltage and frequency
settings below. When the base frequency, rated voltage, and the number of poles are
different from those of the listed motors, or when non-Fuji motors or non-standard motors
are used, change the rated current data to that printed on the motor nameplate.

Motor selection V/f setting
Data=0or 4 Fuji standard motors, 8-series | 4 poles 400 V/50 Hz
Data=1 HP rating motors 4 poles 460 V/60 Hz

When accessing function code P02 with the keypad, take into account that P02 data

Note automatically updates data of function codes P03, P06 through P12, and H46.

m |nitialize real-time clock information (HO3 = 10)
Initializes the real-time clock (RTC) information set by PRG > 1(Start-up) > 2(Date/Time) >|

m Limited initialization (HO3 = 11)

The function codes other than the communication function codes (y codes) are initialized.

m Limited initialization (HO3 = 12)

Initializes the customization logic (U code) data. The other function codes are not initialized.
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HO04, HOS

Auto-reset (Times and Reset interval)

HO04 and HOS specify the auto-reset function that makes the inverter automatically attempt to
reset the tripped state and restart without issuing an alarm output (for any alarm) even if any
protective function subject to reset is activated and the inverter enters the forced-to-stop state
(tripped state).

If the protective function is activated in excess of the times specified by H04, the inverter will
issue an alarm output (for any alarm) and not attempt to auto-reset the tripped state.

Listed below are the protective functions subject to auto-reset.

Protective function Alarm codes Protective function Alarm codes
Overcurrent protection OC1, OC2 or OC3 Undervoltage LV
Overvoltage protection OV1,0V2or OV3 | Motor overheat OH4
Heat sink overheat OH1 External alarm OH2
Inverter internal overheat OH3 Motor overload OL1
Inverter overload OLU

® Number of reset times (H04)

HO04 specifies the number of reset times for the inverter to automatically attempt to escape the
tripped state. When H04 = 0, the auto-reset function will not be activated.

- Data setting range: OFF (Disable), 1 to 20 (times)

AWARNING

If the "auto-reset" function has been specified, the inverter may automatically restart and run
the motor stopped due to a trip fault, depending on the cause of the tripping.

Design the machinery so that human body and peripheral equipment safety is ensured even
when the auto-resetting succeeds.

Otherwise an accident could occur.

m Reset interval (HO5)
- Data setting range: 0.5 to 600.0 (s)

HOS5 specifies the reset interval time from when the inverter enters the tripped state until it
issues the reset command to attempt to auto-reset the state. Refer to the timing scheme
diagrams below.
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<Operation timing scheme>

* In the figure below, normal operation restarts in the 4th retry.

Protective function _|

1

J

Tripped state

Reset command

HO5 |

A

- HO5
<«

H05

A

gl

' HO5 |
<«

1

3rd

1st 2nd Ath
Inverter output
frequency /] / 5 i
Auto-reset - ‘ ‘ : ‘
signal TRY
0 Time

* In the figure below, the inverter fails to restart normal operation within the number of reset
times specified by HO4 (in this case, 3 times (H04 = 3)), and issues the alarm output (for any

alarm) ALM.

Protective function

Tripped state

HO5

Reset command <H057

_HO5

A

Inverter output
frequency

1st

2nd

3rd

Auto-reset

signal TRY

Alarm output
(for any alarm)

ALM 0

Time

The auto-reset operation can be monitored from the external equipment by assigning the
digital output signal TRY to any of the programmable, output terminals [Y1] to [Y4],
[Y5A/C], and [30A/B/C] with any of E20 through E24 and E27 (data = 26).

HO06

Cooling Fan ON/OFF Control

To prolong the service life of the cooling fan and reduce fan noise during running, the cooling
fan stops when the temperature inside the inverter drops below a certain level while the

inverter stops.

HO6 specifies whether to keep running the cooling fan all the time or to control its ON/OFF.

Data for HO6 Cooling fan ON/OFF
0 Disable (Always in operation)
1 Enable (ON/OFF controllable)
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m Cooling fan in operation -- FAN (E20 to E24 and E27, data = 25)

With the cooling fan ON/OFF control enabled (HO6 = 1), this output signal is ON when the
cooling fan is in operation, and OFF when it is stopped. This signal can be used to make the
cooling system of peripheral equipment interlocked for an ON/OFF control

HO7

Acceleration/Deceleration Pattern (Refer to F07.)

For details, refer to the description of FO7.

HO08

Rotational Direction Limitation

HO8 inhibits the motor from running in an unexpected rotational direction due to
miss-operation of run commands, miss-polarization of frequency commands, or other
mistakes.

Data for HO8 Function

0 Disable

Enable (Reverse rotation inhibited, both of setting and output)

Enable (Forward rotation inhibited, both of setting and output)

1
2
3 Enable (Reverse rotation inhibited, setting only)
4

Enable (Forward rotation inhibited, setting only)

H09

Starting Mode (Auto search) H49 (Starting Mode, Auto search delay time 1)
H46 (Starting Mode, Auto search delay time 2)

HO09 specifies the starting mode--whether to enable the auto search for idling motor speed to
run the idling motor without stopping it.

The auto search can apply to the restart of the inverter after a momentary power failure and
the normal startup of the inverter individually.

If the terminal command STM ("Enable auto search for idling motor speed at starting") is
assigned to a digital input terminal with any of EO1 to E07 (data = 26), then the combination
of the HO9 data and the STM status switches the starting modes (whether auto search is
enabled or disabled). If no STM is assigned, the inverter interprets STM as being OFF by
default.

m HO9 (Starting mode, auto search) and terminal command STM
("Enable auto search for idling motor speed at starting")

The combination of HO9 data and the STM status determines whether to perform auto search
as listed below.

Auto search for idling motor speed at starting
STM Data for HO9 | For restart after momentary power For normal startup
failure (F14 =3to 5)
OFF 0: Disable Disable Disable
1: Enable Enable Disable
2: Enable Enable Enable
ON — Enable Enable

When STM is ON, auto search for idling motor speed at starting is enabled regardless of the
H09/d67 setting. Refer to EO1 to E07 (data = 26).
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Auto search for idling motor speed

Starting the inverter (with a run command ON, BX OFF, auto-reset, etc.) with STM being ON
searches for the idling motor speed for a maximum of 1.2 seconds to run the idling motor
without stopping it. After completion of the auto search, the inverter accelerates the motor up
to the reference frequency according to the frequency command and the preset acceleration
time.

Reference frequency ——— == e e e e - 7_
* 1
. [
Motor speed ' ' / \ \
1 1 . o/ |
| Starting mode | / :
| (Auto search | |
: delay time 1) : . |
H49 |
: 49 : / Max. 1.2 sec |
< - Ld »l
Idling motor speed — : > 1
(presumed) : :
T T
| [
STM | |
| |
T T
FWD

Auto search for idling motor speed to follow

m Starting Mode (Auto search delay time 1) (H49)
- Data setting range: 0.0 to 10.0 (s)

Auto search for the idling motor speed will become unsuccessful if it is done while the motor
retains residual voltage. It is, therefore, necessary to leave the motor for an enough time for
residual voltage to disappear. H49 specifies that time (0.0 to 10.0 sec.).

At the startup triggered by a run command ON, auto search starts with the delay specified by
H49. Using H49, therefore, eliminates the need of the run command timing control when two
inverters drive a single motor alternately, allow the motor to coast to a stop, and restart it
under auto search control at each time of inverter switching.

m Starting Mode (Auto search delay time 2) (H46)

- Data setting range: 0.0 to 10.0 (s) (ROM version earlier than 2000)
0.0 to 20.0 (s) (ROM version 2000 or later)

At the restart after a momentary power failure, at the start by turning the terminal command
BX ("Coast to a stop") OFF and ON, or at the restart by auto-reset, the inverter applies the
delay time specified by H46. The inverter will not start unless the time specified by H46 has
elapsed, even if the starting conditions are satisfied.

Power failure Recovery

v v

DC link bus
voltage

Motor speed
Output frequency [l
Output frequency —»

Under auto search control, the inverter searches the motor speed with the voltage applied at
the motor start and the current flowing in the motor, based on the model built with the motor
parameters. Therefore, the search is greatly influenced by the residual voltage in the motor.

H46 is available for motor 1 only.

At factory shipment, H46 data is preset to a correct value according to the motor capacity for
the general-purpose motor, and basically there is no need to modify the data.
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Depending on the motor characteristics, however, it may take time for residual voltage to
disappear (due to the secondary thermal time constant of the motor). In such a case, the
inverter starts the motor with the residual voltage remaining, which will cause an error in the
speed search and may result in occurrence of an inrush current or an overvoltage alarm.

If it happens, increase the value of H46 data and remove the influence of residual voltage. (If
possible, it is recommended to set the value around two times as large as the factory default
value allowing a margin.)

@ * Be sure to auto-tune the inverter preceding the start of auto search for the idling
ote motor speed.

* When the estimated speed exceeds the maximum frequency or the upper limit
frequency, the inverter disables auto search and starts running the motor with the
maximum frequency or the upper limit frequency, whichever is lower.

* During auto search, if an overcurrent or overvoltage trip occurs, the inverter
restarts the suspended auto search.

e Perform auto search at 60 Hz or below.

* Note that auto search may not fully provide the performance depending on load
conditions, motor parameters, wiring length, and other external factors.

H11 Deceleration Mode
H11 specifies the deceleration mode to be applied when a run command is turned OFF.
Data for H11 Function
0 Normal deceleration
1 Coast-to-stop
The inverter immediately shuts down its output, so the motor stops according
to the inertia of the motor and machinery (load) and their kinetic energy losses.
@ When reducing the reference frequency, the inverter decelerates the motor
according to the deceleration commands even if H11 = 1 (Coast-to-stop).
H12 Instantaneous Overcurrent Limiting (Mode selection) (Refer to F43.)
Refer to the descriptions of F43 and F44.
H13, H14 Restart Mode after Momentary Power Failure
H15, H16 (Restart time, Frequency fall rate, Continuous running level, and Allowable

momentary power failure time)
(Refer to F14.)

For how to set these function codes (Restart time, Frequency fall rate, Continuous running
level and Allowable momentary power failure time), refer to the description of F14.
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H26, H27

Thermistor (for motor) (Mode selection and Level)

These function codes specify the PTC (Positive Temperature Coefficient) thermistor
embedded in the motor. The thermistor is used to protect the motor from overheating or
output an alarm signal.

m Thermistor (for motor) (Mode selection) (H26)

H26 selects the function operation mode (protection or alarm) for the PTC thermistor as
shown below.

Data for .
H26 Action

0 Disable

1 Enable
When the voltage sensed by PTC thermistor exceeds the detection level, the motor
protective function (alarm OH4) is triggered, causing the inverter to enter an alarm
stop state.

2 Enable
When the voltage sensed by the PTC thermistor exceeds the detection level, a motor
alarm signal is output but the inverter continues running. You need to assign the
"Motor overheat detected by thermistor" signal (THM) to one of the digital output
terminals beforehand, by which a temperature alarm condition can be detected by the
thermistor (PTC) (E20 to E24 and E27, data = 56).

m Thermistor (for motor) (Level) (H27)

H27 specifies the detection level (expressed in voltage) for the temperature sensed by the
PTC thermistor.

- Data setting range: 0.00 to 5.00 (V)

The alarm temperature at which the overheat protection becomes activated depends on the
characteristics of the PTC thermistor. The internal resistance of the thermistor will
significantly change at the alarm temperature. The detection level (voltage) is specified based
on the change of the internal resistance.

PTC thermistor
internal resistance

Rp2 -

—_
Rp1

Temperature

Alarm temperature

Suppose that the internal resistance of the PTC thermistor at the alarm temperature is Rp, the
detection level (voltage) V., is calculated by the expression below. Set the result V, to
function code H27.

R

Vva = p
7727000 + Rp

10.5 (V)
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Connect the PTC thermistor as shown below. The voltage obtained by dividing the input
voltage on terminal [C1] with a set of internal resistors is compared with the detection level

voltage specified by H27.

[13] <Control circuit>
) e— DC +10V
Resistor

27k .
1] SW5 . (:;eratlon level)

2 - Comparator ——»

thermistor
[11] H26
» 0V

When using the terminal [C1] for PTC thermistor input, also turn SWS5 on the

Note . ontrol printed circuit board to the PTC side. For details, refer to Chapter 2,
"SPECIFICATIONS."
H30 Communications Link Function (Mode selection)

y98 (Bus Link Function, Mode selection)

Using the RS-485 communications link (standard/option) or fieldbus (option) allows you to
issue frequency commands and run commands from a computer or PLC at a remote location,
as well as monitor the inverter running information and the function code data.

H30 and y98 specify the sources of those commands--"inverter itself" or "computers or PLCs
via the RS-485 communications link or fieldbus." H30 is for the RS-485 communications

link; y98 for the fieldbus.

R

Inverter itself

Selected command
(Frequency command/

(Port 1: RJ-45 connector)

RS-485 communications link O
(Port 2: Terminals on control PCB)

Fieldbus T

RS-485 communications link : o

ON Run command)

If no LE is assigned,
the command source selected
by H30/y98 applies.

(Option)

Command sources selectable

Command sources

Description

Inverter itself

Sources except RS-485 communications link and fieldbus

Frequency command source: Specified by FO1/C30, or
multistep frequency command

Run command source: Via the keypad or digital input
terminals selected by F02

RS-485 communications link
(port 1)

Via the standard RJ-45 port used for connecting a keypad

RS-485 communications link
(port 2)

Via the terminals DX+, DX- and SD on the control PCB

Fieldbus (option)

Via fieldbus (option) using FA protocol such as DeviceNet
or PROFIBUS DP
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Command sources specified by H30 (Communications link function, Mode selection)

Data for H30 Frequency command Run command
0 Inverter unit (FO1/C30) Inverter unit (F02)
1 RS-485 communications link (port 1) | Inverter unit (F02)
2 Inverter unit (FO1/C30) RS-485 communications link (port 1)
3 RS-485 communications link (port 1) | RS-485 communications link (port 1)
4 RS-485 communications link (port 2) | Inverter unit (F02)
5 RS-485 communications link (port 2) | RS-485 communications link (port 1)
6 Inverter unit (FO1/C30) RS-485 communications link (port 2)
7 RS-485 communications link (port 1) | RS-485 communications link (port 2)
8 RS-485 communications link (port 2) | RS-485 communications link (port 2)

Run commands contain digital input via terminals [X1] to [X7] in addition to FWD
and REV via terminals [FWD] and [REV]. No concurrent run command input from

the inverter unit (FWD/REV) and the RS-485 communications link (digital input

via [X1] to [X7]) is possible.

Command sources specified by y98 (Bus link function, Mode selection)

Data for y98 Frequency command Run command
0 Follow H30 data Follow H30 data
1 Via fieldbus (option) Follow H30 data
2 Follow H30 data Via fieldbus (option)
3 Via fieldbus (option) Via fieldbus (option)

Combination of command sources

Frequency command
. ViaRS-485 | ViaRS-485 | i fojqpus
Inverter itself |communications | communications (option)
link (port 1) link (port 2) p
. H30=0 H30=1 H30=4 H30=0 (1 or 4)
Inverter itself 98 = 0 98 =0 ¥98=0 y98=1
(]
o . —
E Via RS—4§5 . H30 =2 H30 = 3 H30=5 H30_—2 (3orb5)
@ | communications 98 = 0 98 = 0 98=0 y98=1
2 |link (port 1) y y y
g [«
E|VaRS | H30-6 H30 =7 H30-8 H30=6 (7 or 8)
5 link (port 2) y98 =0 y98 =0 y98=0 y98=1
Via fieldbus H30=0R2or6)| H30=1 @B or7)| H30=4 (50r8)| H30=0 (1 to 8)
(option) y98 =2 y98 =2 y98 =2 y98=3
L For details, refer to the RS-485 Communication User's Manual (MEH448) or the Field

Bus Option Instruction Manual.

* When the terminal command LE ("Enable communications link via RS-485 or fieldbus") is
assigned to a digital input terminal, turning LE ON makes the settings of H30 and y98
enabled. When LE is OFF, those settings are disabled so that both frequency commands
and run commands specified from the inverter itself take control.

(Refer to the descriptions of EO1 through E07, data = 24.)
No LE assignment is functionally equivalent to the LE being ON.
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H42, H43
H48

Capacitance of DC Link Bus Capacitor, Cumulative Run Time of Cooling Fan
Cumulative Run Time of Capacitors on Printed Circuit Boards

H47 (Initial Capacitance of DC Link Bus Capacitor)

H98 (Protection/Maintenance Function)

B Life prediction function

The inverter has the life prediction function for some parts which measures the discharging
time or counts the voltage applied time, etc. The function allows you to monitor the current
lifetime state on the LCD monitor and judge whether those parts are approaching the end of
their service life.

The life prediction function can also issue early warning signals if the lifetime alarm
command LIFE is assigned to any of the digital output terminals by any of E20 through E24
and E27.

The predicted values should be used only as a guide since the actual service life is influenced

by the surrounding temperature and other usage environments.
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Object of life - : : s Prediction On the LCD =
prediction Prediction function End-of-life criteria timing monitor _g
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DC link bus | Measurement of 85% or lower of the | At periodic PRG > 3 > 4[2/7]
capacitor discharging time initial capacitance at | inspection 3. Inverter n
Measures the shipment (H98: Bit3=0) Lnfl?/lrnjailon %
discharging time of the | (See [ 1 ] Measuring . am ‘?”amz’e " o)
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operating conditions
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elapsed when the L" l(\)/lr mation
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capacitor, while 7 page)
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measured above. period)
= Remt
(Remaining time)
Electrolytic | Counts the time Exceeding 43,500 During ordinary | PRG > 3 > 4[3/7]
capacitors on | elapsed when the hours (five years) operation 3. Inverter
printed circuit | voltage is applied to information
boards the capacitors, while 4. Maintenance
correcting it according information (3 of
to the surrounding 7 page)
temperature. — Enet
Cooling fans | Counts the run time of | Exceeding 43,500 During ordinary | (Energization
the cooling fans. hours (five years) operation period)
= Life
(Indication of
life)




B Capacitance measurement of DC link bus capacitor (H42)
Calculating the capacitance of DC link bus capacitor

- The discharging time of the DC link bus capacitor depends largely on the inverter's internal
load conditions, e.g. options attached or ON/OFF of digital I/O signals. If actual load
conditions are so different from the ones at which the initial/reference capacitance is
measured that the measurement result falls out of the accuracy level required, then the
inverter does not perform measuring.

- The capacitance measuring conditions at shipment are extremely restricted, e.g., all input
terminals being OFF in order to stabilize the load and measure the capacitance accurately.
Those conditions are, therefore, different from the actual operating conditions in almost all
cases. If the actual operating conditions are the same as those at shipment, shutting down
the inverter power automatically measures the discharging time; however, if they are
different, no automatic measurement is performed. To perform it, put those conditions back
to the factory default ones and shut down the inverter. For the measuring procedure, see
[ 1] given below.

- To measure the capacitance of the DC link bus capacitor under ordinary operating
conditions when the power is turned OFF, it is necessary to set up the load conditions for
ordinary operation and measure the reference capacitance (initial setting) when the inverter
is introduced. For the reference capacitance setup procedure, see [ 2 ] on the next page.
Performing the setup procedure automatically detects and saves the measuring conditions
of the DC link bus capacitor.

Setting bit 3 of H98 data to 0 restores the inverter to the measurement in comparison with
the initial capacitance measured at shipment.

@ When the inverter uses an auxiliary control power input, the load conditions widely
differ so that the discharging time cannot be accurately measured. In this case,
measuring of the discharging time can be disabled with the function code H98 (Bit 4

= 0) for preventing unintended measuring.

ON-time counting of DC link bus capacitor

- In a machine system where the inverter main power is rarely shut down, the inverter does
not measure the discharging time. For such an inverter, the ON-time counting is provided.
If the capacitance measurement is made, the inverter corrects the ON-time according to the
capacitance measured.

The ON-time counting result can be represented as "elapsed time" and "remaining time
before the end of life."

[ 1] Measuring the capacitance of DC link bus capacitor in comparison with
initial one at shipment

When bit 3 of H98 data is 0, the measuring procedure given below measures the capacitance
of DC link bus capacitor in comparison with initial one at shipment when the power is turned
OFF. The measuring result can be displayed on the keypad as a ratio (%) to the initial
capacitance.

Capacitance measuring procedure

1) To ensure validity in the comparative measurement, put the condition of the inverter back
to the state at factory shipment.

e Remove the option card (if already in use) from the inverter.

¢ In case another inverter is connected via the DC link bus to the P(+) and N(-) terminals
of the main circuit, disconnect the wires. (You do not need to disconnect a DC reactor
(optional), if any.)

e Disconnect power wires for the auxiliary input to the control circuit (RO, TO).

o Turn OFF all the digital input signals fed to terminals [FWD], [REV], and [X1] through
[X7] of the control circuit.

o [f a potentiometer is connected to terminal [13], disconnect it.

o [fan external apparatus is attached to terminal [PLC], disconnect it.
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e Ensure that transistor output signals ([Y1] to [Y4]) and relay output signals ([Y5A] -
['Y5C], and [30A/B/C]) will not be turned ON.

e Disable the RS-485 communications link.

@ If negative logic is specified for the transistor output and relay output signals,
oe they are considered ON when the inverter is not running. Specify positive
logic for them.

o Keep the surrounding temperature within 25 +10°C.

2) Turn ON the main circuit power.
3) Confirm that the inverter is in a stopped state.
4) Turn OFF the main circuit power.

5) The inverter automatically starts the measurement of the capacitance of the DC link bus
capacitor. Check that "Capacitor capacitance measurement” is shown on the LCD
monitor.

@ In a case where "Capacitor capacitance measurement" is not shown on the LCD
9! " monitor, measurement is not yet started.

6) After " ...." has disappeared from the LCD monitor, turn ON the main circuit power
again.

7) Select PRG > 3(INV Info) > 4(Maintenance)| in Programming mode and note the reading
(relative capacitance (%) of the DC link bus capacitor).

[ 2] Measuring the capacitance of DC link bus capacitor under ordinary
operating conditions

When bit 3 of H98 data is 1, the inverter automatically measures the capacitance of the DC
link bus capacitor under ordinary operating conditions when the power is turned OFF. This
measurement requires setting up the load conditions for ordinary operation and measuring the
reference capacitance when the inverter is introduced to the practical operation, using the
setup procedure given below.

Function
code Name Data
H42 Capacitance of | ¢ Capacitance of DC link bus capacitor (measured value)
DC link bus « Start of initial capacitance measuring mode under ordinary
capacitor operating conditions (Meas)
» Measurement failure (Failed)
H47 Initial « Initial capacitance of DC link bus capacitor (measured value)
capacftance of |+ Start of initial capacitance measuring mode under ordinary
DC link bus ; e
. operating conditions (Meas)
capacitor . .
» Measurement failure (Failed)

When replacing parts, clear or modify the H42 and H47 data. For details, refer to the
documents for maintenance.

Reference capacitance setup procedure

1) Set function code H98 (Protection/maintenance function) to enable the user to specify the
judgment criteria for the service life of the DC link bus capacitor (Bit 3 = 1) (refer to
function code H98).

2) Turn OFF all run commands.
3) Make the inverter ready to be turned OFF under ordinary operating conditions.

4) Set both function codes H42 (Capacitance of DC link bus capacitor) and H47 (Initial
capacitance of DC link bus capacitor) to "Meas." (Setting H47 to "Meas" automatically
sets H42 to "Meas.")
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5) Turn OFF the inverter, and the following operations are automatically performed.

The inverter measures the discharging time of the DC link bus capacitor and saves the
result in function code H47 (Initial capacitance of DC link bus capacitor).

The conditions under which the measurement has been conducted will be automatically
collected and saved.

During the measurement, "Capacitor capacitance measurement" is shown on the screen of
the keypad.

6) Turn ON the inverter again.

Confirm that H42 (Capacitance of DC link bus capacitor) and H47 (Initial capacitance of
DC link bus capacitor) hold right values. Select IPRG > 3(INV Info) > 4(Maintenance) in
Programming mode and confirm that the relative capacitance (ratio to full capacitance) is
100%.

@ If the measurement has failed, "Failed" is entered into both H42 and H47.
9l Remove the factor of the failure and conduct the measurement again.

Hereafter, each time the inverter is turned OFF, it automatically measures the discharging
time of the DC link bus capacitor if the above conditions are met. Periodically check the
relative capacitance of the DC link bus capacitor (%) with PRG > 3(INV Info) >

4(Maintenance)| in Programming mode.

@ The condition given above tends to produce a rather large measurement error. If
this mode gives you a lifetime alarm, set H98 (Protection/maintenance function)
back to the default setting (Bit 3 (Select life judgment threshold of DC link bus
capacitor) = 0) and conduct the measurement under the condition at the time of

factory shipment.

B Cumulative Run Time of Capacitors on Printed Circuit Boards (H48)

Function code Name Description
H48 Cumulative run time | Displays the cumulative run time of capacitor on the
of capacitors on printed circuit board in units of ten hours.

printed circuit boards | « Data setting range: 0 to 9999
(0 to 99990 hours in increments of
10 hours)

When replacing capacitors on printed circuit boards, clearing or modifying H48 data is
required. For details, refer to the materials for maintenance.

B Cumulative Run Time of Cooling Fan (H43)

Function code Name Description
H43 Cumulative run time | Displays the cumulative run time of cooling fan in units
of cooling fan of ten hours.

* Data setting range: 0 to 9999
(0 to 99990 hours in increments of

10 hours)

When replacing the cooling fan, clearing or modifying H43 data is required. For details, refer
to the maintenance related documents.

H44

Startup Counter for Motor 1

H44 counts the number of inverter startups and displays it in decimal format. Check the
displayed number on the maintenance screen of the keypad, and use it as a guide for
maintenance timing for parts such as belts. To start the counting over again, e.g. after a belt
replacement, set the H44 data to "0000."
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m Customizable Logic (Mode selection) (U0O0)

U00 specifies whether to enable the sequence configured with the customizable logic
function or disable it to run the inverter only via its input terminals and others.

Data for UOO Function
0 Disable
1 Enable (Customizable logic operation)

m Customizable Logic (Setting) (UO1 to U70)

The components in one step of the customizable logic are classified into the following three
block diagrams.

[Input: Digital] U01, U06, U16, etc. =1 to 1999

Input 1 (digital) O———
Input 2 (digital) O———

?eneral—purpose_o Output (digital)
imer

Time setting

Logic circuit

[Input: Analog] UO01, U06, U16, etc. = 2001 to 3999

Input 1 (@analog) O———
Input 2 (analog) O———

Arithmetic
circuit

O Output (analog/digital)

[Input: Digital, analog] U01, U06, U16, etc. = 4001 to 5999

| 1 log) O——— . .
nput 1 (analog) Arithmetic Logic circuit ——O Output (analog)
circuit
Input 2 (digital) O |
Configuration of function codes for each step
T Input Input . .
Step No. |Logic circuit selection | selection | Function | Function 2 Output (Note)
Step 1 uo1 uo02 uo03 uo4 uos 5001
_ Digital Digital . . . -
=1to0 1999 input 1 input 2 Time setting | Not required | Digital output
=2001 to Analog Analog Analog/digital
3999 input1 | input2 | vAel Value 2 output
=4001 to Analog Digital
5099 input 1 input 2 Value 1 Value 2 | Analog output
Step 2 uo06 uo7 uos u09 U10 5002
Step 3 Ull uU12 U13 Ul4 uUl1s S003
Step 4 ul16 u17 Ul18 u19 U20 S004
Step 5 U21 u22 U23 u24 U25 S005
Step 6 U26 u27 U28 u29 u30 S006
Step 7 U3l u32 U33 u34 u3s S007
Step 8 U36 uU37 U38 U39 U40 S008
Step 9 U41 u42 U43 U44 U45 5009
Step 10 U46 u47 U48 u49 us0 S010
Step 11 Us1 us2 us3 us4 uss S011
Step 12 us6 us7 US58 uUs9 u60 §012
Step 13 uel ue62 ue63 Uo4 ue6s S013
Step 14 uo66 ue7 U68 u69 u70 S014
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6.3 Details of Function Codes

Setting of [Input: Digital]

m |ogic circuit (UO1, etc.)

Any of the following functions is selectable as a logic circuit (with general-purpose timer).

Data Function Description
0 | No function assigned Output is always OFF.
10 | Through output + Only a general-purpose timer. No logic circuit exists.
General-purpose timer
(No timer)

11 (On-delay timer) | Turning an input signal ON starts the on-delay timer.
When the period specified by the timer has elapsed, an
output signal turns ON.

Turning the input signal OFF turns the output signal
OFF.

12 (Oftf-delay timer) | Turning an input signal ON turns an output signal ON.
Turning the input signal OFF starts the off-delay
timer. When the period specified by the timer has
elapsed, the output signal turns OFF.

13 (One-shot pulse output) | Turning an input signal ON issues a one-shot pulse
whose length is specified by the timer.

14 (Retriggerable timer) | Turning an input signal ON issues a one-shot pulse
whose length is specified by the timer.

If an input signal is turned ON again during the
preceding one-shot pulse length, however, the logic
circuit issues another one-shot pulse.

15 (Pulse train output) | If an input signal turns ON, the logic circuit issues ON
and OFF pulses (whose lengths are specified by the
timer) alternately and repeatedly. This function is used
to flash a luminescent device.

20 | ANDing + General-purpose AND circuit with 2 inputs and 1 output, plus

to | timer general-purpose timer.

25

30 | ORing + General-purpose OR circuit with 2 inputs and 1 output, plus

to | timer general-purpose timer.

35

40 | XORing + General-purpose XOR circuit with 2 inputs and 1 output, plus

to | timer general-purpose timer.

45

50 | Set priority flip-flop + Set priority flip-flop with 2 inputs and 1 output, plus

to | General-purpose timer general-purpose timer.

55

60 | Reset priority flip-flop + Reset priority flip-flop with 2 inputs and 1 output, plus

to | General-purpose timer general-purpose timer.

65

70, | Rising edge detector + Rising edge detector with 1 input and 1 output, plus

72, | General-purpose timer general-purpose timer.

73 This detects the rising edge of an input signal and
outputs the ON signal for 5 ms.

80, | Falling edge detector + Falling edge detector with 1 input and 1 output, plus

82, | General-purpose timer general-purpose timer.

83 This detects the falling edge of an input signal and
outputs the ON signal for 5 ms.

90, | Rising & falling edges detector| Rising and falling edges detector with 1 input and 1

92, | + General-purpose timer output, plus general-purpose timer.

93 This detects both the falling and rising edges of an
input signal and outputs the ON signal for 5 ms.
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(data = 10J) Through output

Data

Function

Description

100
to
105

Hold + General-purpose timer

Hold function of previous values of 2 inputs and 1
output, plus general-purpose timer.

If the hold control signal is OFF, the logic circuit
outputs input signals; if it is ON, the logic circuit
retains the previous values of input signals.

110

Increment counter

Increment counter with reset input.

By the rising edge of an input signal, the logic circuit
increments the counter value by one. When the
counter value reaches the target one, the output signal
turns ON.

Turning the reset signal ON resets the counter to zero.

120

Decrement counter

Decrement counter with reset input.

By the rising edge of an input signal, the logic circuit
decrements the counter value by one. When the
counter value reaches zero, the output signal turns
ON.

Turning the reset signal ON resets the counter to the
initial value.

130

Timer with reset input

Timer output with reset input.

If an input signal turns ON, the output signal turns ON
and the timer starts. When the period specified by the
timer has elapsed, the output signal turns OFF,
regardless of the input signal state.

Turning the reset signal ON resets the current timer
value to zero and turns the output OFF.

The block diagrams for individual functions are given below.

(data=2[1) AND

(data=3[J) OR

General-purpose timer
Input 1 L[ Output Input 1 Input 1
General-purpose timer General-purpose timer
L[ Output [ Output
Input 2 Input 2 Input 2
(data = 4[1) XOR (data = 50]) Set priority flip-flop
fi _f(ﬁoeneral—purpose timer toat 1 | toout 2 Previous ‘
Input 1 Input 1 B pQ L E Output P P output | Output || Remarks
General-purpose timer .
Outout R OFF OFF Hold previous
[ p OFF value
OFF oN | on
Input 2 Input 2
ON — OFF
ON — — ON Set priority
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6.3 Details of Function Codes

(data = 6[1) Reset priority flip-flop

General-purpose timer
Flip-flop
S

Input 1

Output
ML

R

Input 2

(data = 7J) Rising edge detector

Previous
Input1l | Input?2 output Output Remarks

Hold previous

OFF OFF
OFF OFF value

ON ON

— ON — OFF Reset priority
ON OFF — ON

(data = 801) Falling edge detector

(data = 9) Rising & falling edges
detector

Rising edge detection General-purpose timer

Falling edge detection General-purpose timer

Both edges detection General-purpose timer

Input 1 T [ Output

Input 2

Input 1 w [ Output

Input 2

Input 1 G [ Output

Input 2

(data = 10[1) Hold

(data = 110) Increment counter

(data = 120) Decrement counter

General-purpose timer

Increment counter

Decrement counter

Inputl -
P 0’_0,23
=1
|

[ Output

Input 2

Input 1 i Output

Clear counter

Input 2

Input 1 Ij Output

Initialize the
counter

Input 2

(data = 130) Timer with reset input

ON timer

Input 1 [ Output

Reset

Input 2

OFF | ON OFF ON OFF ON OFF
Input 1

OFF

ON OFF

Input 2

OFF ON OFF

OFF ON OFF ON
Output 4

Timer

>

Timer period
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m General-purpose timer

The operation schemes for individual timers are shown below.

(end 1) On-delay timer (end 2) Off-delay timer
Input OFF ON OFF ON OFF Input OFF | ON OFF ON | OFF ON
output OFF ON OFF output 2F ON OFF ON

Timer

/I Timer | ‘

> >
Timer period Timer period
(end 3) One-shot pulse output (end 4) Retriggerable timer
input-—2FF [ ON OFF ON ON OFF
- > = = OFF [ ON OFF ON OFF
OFF[ ON OFF ON OFF Output
Output
‘ ‘ Timer ‘ ‘ ‘
Timer —> ——x—>
> Timer period Lessthan  Timer period
Timer period timer period
(end 5) Pulse train output
Input OFF | ON | OFF ON
Output OFF[ ON | OFF ON | OFF ON

Timer ‘ ‘ L ‘

&
Timer period

m Digital inputs 1 and 2 (U02, U03, etc.)

The following signals are available as input signals.

Data

Selectable Signals

0000 (1000)

|
0235 (1235)

General-purpose output signals

Same as the ones specified by E20, e.g., RUN (Inverter running), FAR
(Frequency (speed) arrival signal), FDT (Frequency (speed) detected), LV
(Undervoltage detected (Inverter stopped)), B/D (Torque polarity detected)
Note: 27 (Universal DO) is not available.

Note: 111 (1111) to 117 (1117) are not available.

2001 (3001) | Output of step 1 S001
2002 (3002) | Output of step 2 S002
2003 (3003) | Output of step 3 $003
2004 (3004) | Output of step 4 S004
2005 (3005) | Output of step 5 $005
2006 (3006) | Output of step 6 S006
2007 (3007) | Output of step 7 $007
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Data Selectable Signals
2008 (3008) | Output of step 8 S008
2009 (3009) | Output of step 9 S009
2010 (3010) | Output of step 10 S010
2011 (3011) | Output of step 11 So11
2012 (3012) | Output of step 12 S012
2013 (3013) | Output of step 13 S013
2014 (3014) | Output of step 14 S014
4001 (5001) | Terminal [X1] input signal X1
4002 (5002) | Terminal [X2] input signal X2
4003 (5003) | Terminal [X3] input signal X3
4004 (5004) | Terminal [X4] input signal X4
4005 (5005) | Terminal [X5] input signal X5
4006 (5006) | Terminal [X6] input signal X6
4007 (5007) | Terminal [X7] input signal X7
4010 (5010) | Terminal [FWD] input signal FWD
4011 (5011) | Terminal [REV] input signal REV
6000 (7000) | Final run command FL RUN

(ON when "frequency command # 0" and a run command is given)

6001 (7001)

Final FWD run command FL FWD
(ON when "frequency command # 0" and a run forward command is given)

6002 (7002) | Final REV run command FL REV

(ON when "frequency command # 0" and a run reverse command is given)
6003 (7003) | During acceleration DACC

(ON during acceleration)
6004 (7004) | During deceleration DDEC

(ON during deceleration)

6005 (7005)

Under anti-regenerative control REGA
(ON under anti-regenerative control)

6007 (7007)

Alarm factor presence ALM_ACT
(ON when there is no alarm factor)

m Time setting (U04, etc.)

U04 and other related function codes specify the general-purpose timer period or the
increment/decrement counter value.

Data Function Description
0.00 to Timer period | The period is specified by seconds.
+600_00 Counter value The specified value is multiplied by 100 times. (If 0.01 is
specified, it is converted to 1.)
-9990.00 to _ The timer period or counter value is regarded as 0.00. (No
-0.01 timer)
+601.00 to . . .
+9990.00 -- The timer period or counter value is regarded as 600.
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Setting of [Input: Analog]

m Calculation circuit (U01, U04, U05, etc)
The following functions can be selected as a calculation circuit.

Furthermore, when upper and lower limit values are the same values, they operate as without
upper and lower limits.

Data for UO1 Function Description Such as U04 | Such as U05
0 No function Output is always 0% (or OFF). No object No object
2001 Addition 2 inputs 1 output summing circuit Upper limit Lower limit
2002 Subtraction 2 inputs 1 output subtraction circuit Upper limit Lower limit
2003 Multiplication |2 inputs 1 output multiplication circuit Upper limit Lower limit
2004 Division Division circuit of 2 inputs 1 output Upper limit Lower limit
2005 Limiter Upper and lower limit limiter circuit of 1 Upper limit Lower limit
input 1 output
2006 Absolute value | Absolute value circuit of 1 input 1 output | Upper limit Lower limit
2007 Inversion Inversion circuit of 1 input 1 output Addition value | Addition value
addition (former clause) | (latter clause)
2051 Comparison 1 | Output the comparison of 2 input deviations | Deviation Hysteresis
digitally. width
2052 Comparison 2 | Output the comparison of 2 input deviations | Deviation Hysteresis
digitally. width
2053 Comparison 3 | Output the comparison of 2 input deviations | Deviation Hysteresis
(absolute value) digitally. width
2054 Comparison 4 | Output the comparison of 2 input deviations | Deviation Hysteresis
(absolute value) digitally. width
2055 Comparison 5 | Output the comparison between 1 input and | Reference Hysteresis
1 reference value digitally. value width
2056 Comparison 6 | Output the comparison between 1 input and | Reference Hysteresis
1 reference value digitally. value width
2071 Window Output the comparison between 1 input and | Upper Lower
comparison 1 | upper/lower threshold value. threshold value | threshold value
2072 Window Output the comparison between 1 input and | Upper Lower
comparison 2 | upper/lower threshold value. threshold value | threshold value
2101 Maximum Circuit to output the maximum value of 2 | Upper limit Lower limit
selection inputs.
2102 Minimum Circuit to output the minimum value of 2 | Upper limit Lower limit
selection inputs.
2103 Average Circuit to output the average of 2 inputs. Upper limit Lower limit
2151 Function code | The value of function code S13 (%) shall be | Maximum Minimum
input. scale scale
2201 Scale inverse Circuit to convert 1 analog input to Maximum Minimum
transformation | 0-100.00 with scale set value. scale scale
Use this circuit for connection to analog
output terminals. Up to two steps can be
used.
2202 Scale Circuit to convert 0-100.00 of analog 1 Maximum Minimum
transformation | input with scale set value. scale scale

For input 1, 8000-8085 only are available.
Up to two steps can be used.
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Data for U01 Function Description Such as U04 | Such as U05
3001 Conversion 1 finputt xK , + Input2 xKg +Ke Upper limit Lower limit

Use coefficient group (1)
A single step, 3001 or 3002, can be used.
K x (Input1f + Kg xInput1+ K

Use coefficient group (1)
A single step, 3001 or 3002, can be used.

3002 Conversion 2 Upper limit Lower limit
flnpu&& xKs  Use coefficient group (1) PP
B

A single step, 3001 or 3002, can be used.

The block diagrams of individual functions are shown below.

Q
=0
(2001) Addition (2002) Subtraction (2003) Multiplication _%
o
uo4 uo4 uo4
N N N
Input1 + —~ Output Input1 + —~ Output Input 1 ) Output E
N 7 U055 ™ 7 U055 7 U055 ™ CZ)
-
o
Input 2 Input 2 Input 2 Z
O
o
@)
m
w
(2004) Division (2005) Limiter (2006) Absolute value
uo4 uo4 Input 1
Input 1 N N— Output Input 1 N— Output P
uos uos L Absolute \ﬂ/Output
value
calculation /W\
Input 2 Input 2
Input 2
(2007) Inversion addition (2051) Comparison 1 (2052) Comparison 2
Input1 + + Output Input 1 When input 1 - input 2 > U04 + |U05|, Input 1 When input 1 - input 2 > U04 + [UOS),
output ON i output ON
+ + Output Output
Input2 U0O4 -1 UO05 Input 2 Input 2
When input 1- input 2 £ U04 - JU05], When input 1 - input 2 < U04 - |UO5|,
output OFF output OFF

If both conditions are satisfied, "output ON" has priority.
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(2053) Comparison 3

(2054) Comparison 4

(2055) Comparison 5

When |input 1 - input 2| =2 U04 + |U05|,
Input 1 output ON

[

When [input 1 - input 2| < U04 - |U05|,
output OFF

Input 2

Input 1 _ )
When [input 1 - input 2| > U04 + |U05|,

i output ON

When |input 1 - input 2| < U04 - |UO5|,
output OFF

Output

Input 2

When input 1 < U04 - |U0O5|,
output OFF

Input 1

Output

uo4
Input 2 When input 12 U04,

output ON

If both conditions are satisfied, "output ON" has priority

(2056) Comparison 6 (2071) Window comparison 1 (2072) Window comparison 2
Input 1 When input 1 > U04 + [U0S], Input 1 When U04 = inpu;Jt:uthi‘, Input 1 When input 1 > U04 and inpu;:t;ugg?\l,
output OFF
uo4 uo4
Output Output Output

s —

s —

Input 2

When input 1 < input 2,
input 2 is output.

| 2 vos Input 2 Input 2 vo
nput When i 1£U04 npu npu )
P o mpu;mpm ON PUL2 When input 1> U04 and input 1 < U, P When U04 2 input 1 = UO5,
output OFF output OFF
(2101) Maximum selection (2102) Minimum selection (2103) Average
When input 1 2 input 2 i i
input 1 it 1202 | gt 1 nenioou 102 | it 1 1 22
uo4 uo4 uo4
Maximum \—/OUtpUt Minimum \—/OUtPUt Average \—/OUtpUt
selection selection calculation
7 U055 » 7 U0s - Uo5 ™
Input 2 Input 2

When input 1 > input 2,
input 2 is output.

(2151) Function code input

(2201) Scale inverse transformation

(2202) Scale transformation

Input 1 Input 1 Input 1
13 o4 f---— } Output 20000 |- -~ ( Output o4k -——— } Output
uos } o 4 } wos |

Input 2 0% 100% |I’lput 2 uos uo4 Input 2 0 20000

* To be used for connection to analog * For input 1, 8000-8085 only are
output terminals. available.

* Up to 2 steps can be used. * Up to 2 steps can be used.

(3001) Conversion 1 (3002) Conversion 2

uo4 uo4
Input 1 N— Output Input 1 N— Output
7 U0s ™ 7 U05 ™

K xInput1? +Kg xInput1+Kg
Input 2

Input1+Ka “Ke
Input 2 V Ks

I

* A single step, 3001 or 3002, can be used.
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6.3 Details of Function Codes

® Analog inputs 1 and 2 (U02, U03, etc.)

The following signals are available as input signals.

Data Selectable Signals
0000 Analog general-purpose output signal (same with signals selected with F31,
| F35: output frequency 1, output current, output torque, electric power

0085 consumption, direct-current intermediate circuit voltage, etc)
Example: In the case of the maximum frequency with output frequency 1,
100.00 is input as 100%.
Example: In the case of output current, 100.00 is input when the current is 200%
of the inverter rated value.
Note: 10 (universal AO) cannot be selected.

2001 Output of step 1 S001

2002 Output of step 2 $002

2003 Output of step 3 S003

2004 Output of step 4 S004

2005 Output of step 5 S005

2006 Output of step 6 S006

2007 Output of step 7 S007

2008 Output of step 8 S008

2009 Output of step 9 S009

2010 Output of step 10 §010

2011 Output of step 11 S011

2012 Output of step 12 S012

2013 Output of step 13 S013

2014 Output of step 14 S014

9001 Analog 12 terminal input signal 12

9002 Analog 12 terminal input signal CI

9003 Analog 12 terminal input signal V2

9004 Analog 32 terminal input signal 32

9005 Analog C2 terminal input signal C2

9006 Temperature detection Pt channel 1

9007 Temperature detection Pt channel 2

m Value setting (U04, U05, etc)

The upper and lower limits of calculation circuit are specified.

Data Function Description
-9990.00 Reference value Set value in accordance with the calculation
to Hysteresis width circuit selected in mode setting such as UO1.
0.00 Upper limit
to Lower limit
+9990.00 Upper threshold value
Lower threshold value
Set value
Maximum scale
Minimum scale
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W Setting of conversion coefficient (U92 to U97)

The coefficients of calculation circuit conversion functions (3001 and 3002) are specified.

Function code Name Data setting range Factory default
U92 Mantissa of calculation coefficient K Mantissa: -9.999 to 9.999 0.000
U93 Exponent of calculation coefficient K Exponent: -5 to 5 0
U9%4 Mantissa of calculation coefficient Ky 0.000
U9s Exponent of calculation coefficient Kg 0
U96 Mantissa of calculation coefficient K¢ 0.000
u97 Exponent of calculation coefficient K 0

Setting of [Input: Digital, analog]

W Calculation circuit/logic circuit (U01, U04, UQ5, etc)

The following functions can be selected as a calculation circuit/logic circuit.

Furthermore, when upper and lower limit values are the same values, they operate as without
upper and lower limits.

Data for UO1 Function Description Such as U04 | Such as U0O5
4001 Hold Circuit to hold 1 analog input based on 1 Upper limit Lower limit

input.

4002 Inversion Circuit to invert 1 analog input based on 1 | Addition value | Addition value
addition digital input. (former clause) | (latter clause)
switching

4003 Selection 1 Circuit to select 1 analog input and the set | Set value No object

value based on 1 digital input.

4004 Selection 2 Circuit to select the set value 1/2 based on 1 | Set value 1 Set value 2

digital input.

5001 Selection 3-1 Circuit to select 2 analog inputs based on | No object No object

"SO01".
5014 Selection 3-14 | Circuit to select 2 analog inputs based on | No object No object
"SO14".

5101 Selection 4-1 Circuit to select 1 analog input and "SO01" | No object No object

based on 1 digital input.

5114 Selection 4-14 | Circuit to select 1 analog input and "SO14" | No object No object

based on 1 digital input.
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6.3 Details of Function Codes

(4001) Hold (4002) Inversion addition switching (4003) Selection 1
Input 1 — U4 Outpu Input 1 —o Outpu Input 1 =0 Output
TR * o | U04 —=1o |
+ +
-1 U05 ‘ ‘
Input 2 anutZ

(4004) Selection 2

(5001 to 5014)
Selection 3-1 to Selection 3-14

(5101 to 5114)

Selection 4-1 to Selection 4-14

Input 1

I:1Input 2

uo4
uos

Input 1 -0 Output

Input 2

rlnput 2

Input 1 -0 Output
o | S001 —1@‘

S001

9 'deyd

-
[
Z
O
m Output signals Cj)
The output of each step of the customizable logic is output to SO01 to SO14. CZ)
The outputs SO01 to SO14 differ in configuration depending on the connection mate as 8
shown in the table below. (When establishing connection with any function other than the m
customizable logic, establish connection through the customizable logic output (CLO1 to
CL07).
Ifdthe conn ect.l(.)n Configuration Function codes
estination is:
Customlzable logic Select 1pternal step output 51gnals S001 to SO14 in 002, U03, ete.
input customizable logic input setting.
Input to the inverter's | Select one of the internal step output signals SO01 to
sequence processor 8014 to be connected to customizable logic output | U71 to U77
(e.g., "Select signals 1 to 7 (CLOI1 to CLO?).
multistep frequency" [ gojoct an inverter's sequence Drocessor inout |
. 4 quence processor input
‘;,‘S;II/’D Run forward function to which one of the customizable logic US1 to U87
) output signals 1 to 7 (CLOI to CLO?) s to be
connected. (Same as in EO1)
Analog input Select the internal step outputs SOOI to SO14 to be
(Frequency auxiliary | connected to the customizable logic output signals 1 | U71 to U77
setting, PID process | CLOIto7CLO7.
command, etc) Select the analog input function to be connected to
the customizable logic output signals 1 CLOI to 7 U81 to U7
CL0O7. (Same with E61)
General-purpose Select the internal step outputs SOOI to SO14 to be
digital output connected to the customizable logic output signals 1 | U71 to U77
(Y terminals) CL0OIto7 CLO7.
To specify the general-purpose digital output
(terminal [Y]) to be connected to the customizable E20 to E24
logic output signals 1 CLOI to 7 CL0O7, select CLO1 E27 ’
to CLO7 on the function selection side of the
general-purpose digital output (terminal [Y]).
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If the connection

AT Function codes
destination is:

Configuration

General-purpose Select the internal step outputs SO01 to SO14 to be

analog output connected to the customizable logic output signals 1 | U71 to U77
(terminal [FM]) CL0OIto7 CLO7.

To specify the general-purpose analog output

(terminal [FM]) to be connected to the customizable

logic output signals 1 CLOI to 7 CL0O7, select CLO1 | F31, F35

to CLO7 on the function selection side of the
general-purpose analog output (terminal [FM]).

For the general-purpose digital output (terminal [Y]), the data is renewed over a
5-ms cycle. To securely output a customizable logic signal via Y terminals, include
on- or off-delay timers in the customizable logic. Otherwise, short ON or OFF
signals may not be reflected on those terminals.

Function . Default
code Name Data setting range setting
U71 Customizable logic output signal 1 | 0: Disable 0

(Output selection) 1: Output of step 1, SO01
U72 | Customizable logic output signal 2 2: Output of step 2, S002 0
(Output selection) 3: Output of step 3, SO03
4: Output of step 4, SO04
u73 Customizable logic output signal 3 | 5. Qutput of step 5, SO05 0
(Output selection) 6: Output of step 6, SO06
U74 | Customizable logic output signal 4 | 7: Output of step 7, SO07 0
(Output selection) 8: Output of step 8, SO08
: ; ; 9: Output of step 9, SO09
u7s Customizable }oglc output signal 5 10: Output of step 10, SOI0 0
(Output selection) 11: Output of step 11, SOI1
U76 | Customizable logic output signal 6 | 12: Output of step 12, SO12 0
(output selection) 13: Output of step 13, SO13
U77 | Customizable logic output signal 7 14: Output of step 14, SOI4 0
(output selection)
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Fuclz)céleon Name Data setting range E;{?Eg
U8l Customizable logic output signal 1 | B When step outputs are digital: 100
(Function selection) 0 (1000):  Select multistep
U82 | Customizable logic output signal 2 frequency (0 to 1 step) 100
(Function selection) ) SS1
U83 Customizable logic output signal 3 1(1001): ?rzlc;j::r?;l;lzgtteop3 steps) 100
(Function selection) §$2
U84 Customizable logic output signal 4 | 2 (1002):  Select multistep 100
(Function selection) frequency (0 to 7 steps)
U85 | Customizable logic output signal 5 S84 100
(Function selection) 3 (1003): Select multistep
U86 | Customizable logic output signal 6 frequency (010 13 St;g%) 100
(Function selection) 4(1004):  Select ACC/DEC time
U87 | Customizable logic output signal 7 (2 steps) RTI 100
(Function selection) 5(1005):  Select ACC/DEC time
(4 steps) RT2
6 (1006): Enable 3-wire operation
HLD
7 (1007): Coast to a stop BX
8 (1008): Reset alarm RST
9 (1009): Enable external alarm
trip THR
(9 = Active OFF/
1009 = Active ON)
11 (1011): Select frequency
command 2/1 Hz2/Hzl
13: Enable DC braking
DCBRK
14 (1014): Select torque limiter
level 2/1 TL2/TL1
15: Switch to commercial
power (50 Hz) SW50
16: Switch to commercial
power (60 Hz)  SW60
17 (1017): UP (Increase output
frequency) up

18 (1018): DOWN (Decrease
output frequency)
DOWN
20 (1020): Cancel PID control
Hz/PID
21 (1021): Switch normal/inverse
operation s
22 (1022): Interlock IL
24 (1024): Enable communications
link via RS-485 or
fieldbus LE
25 (1025): Universal DI U-DI
26 (1026): Enable auto search for
idling motor speed at
starting STM
30 (1030): Force to stop STOP
(30 = Active OFF/
1030 = Active ON)

6-297

9 'deyd

S3Ad0D NOILONNA




Function
code

Name

Data setting range

Default
setting

(U81 to U87 continued)

33 (1033): Reset PID integral and
differential components

PID-RST
34 (1034): Hold PID integral
component PID-HLD
35 (1035): Select local (keypad)
operation LOC
38 (1038): Enable run commands
RE
39: Protect motor from dew
condensation DWP
40: Enable integrated

sequence to switch to
commercial power (50
Hz) ISW50
41: Enable integrated
sequence to switch to
commercial power (60
Hz) ISW60

50 (1050): Clear running motor
regular switching time
MCLR
58 (1058): Reset UP/DOWN
frequency STZ
72 (1072): Count the run time of
commercial
power-driven motor 1
CRUN-M1
81 (1081): Clear all customizable
logic timers CLTC
87 (1087): Run command 2/1
FR2/FR1
88: Run forward 2 FWD?2
89: Run reverse 2 REV2
98: Run forward FWD
99: Run reverse REV
100: No function assigned
NONE

130 (1130): Boost command  BST
131 (1131): Flowrate switch FS
132 (1132): Filter clogging reverse
rotation command FRC
133 (1133): Switch PID channel
PID2/1
149 (1149): Switch pump control
PCHG
150 (1150): Enable master motor
drive in mutual

operation MENO
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6.3 Details of Function Codes

Default
setting

Function

code Name Data setting range

(U81 to U87 continued) 151 (1151): Pump control motor 1
MEN1
152 (1152): Pump control motor 2
MEN?2
153 (1153): Pump control motor 3
MENS3
154 (1154): Pump control motor 4
MEN4
155 (1155): Pump control motor 5
MEN5
156 (1156): Pump control motor 6
MENG6
157 (1157): Pump control motor 7
MEN7
158 (1158): Pump control motor 8
MENS
171 (1171): PID multistep command
PID-SS1
172 (1172): PID multistep command
PID-SS2
181 (1181): External PID multistep
command EPID-SS1
182 (1182): External PID multistep
command EPID-SS2
190 (1190): Cancel timer T™MC
191 (1191): Enable timer 1 ™1
192 (1192): Enable timer 2 T™M2
193 (1193): Enable timer 3 T™M3
194 (1194): Enable timer 4 TM4
201 (1201): External PID control 1
ON command
EPID1-ON
202 (1202): Cancel external PID
control 1 %/EPID1
203 (1203): Switch normal/inverse
operation under external
PID control 1
EPID 1-1VS
204 (1204): Reset external PID1
integral and differential
components
EPID1-RST
205 (1205): Hold external PID1
integral component
EPID 1-HLD
211 (1211): External PID control 2
ON command
EPID2-ON
212 (1212): Cancel external PID
control 2 %/EPID2
213 (1213): Switch normal/inverse
operation under external
PID control 2
EPID2-1VS
214 (1214): Reset external PID2
integral and differential
components
EPID2-RST

9 'deyod
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Function
code

Name

Data setting range

Default
setting

(U81 to U87 continued)

215 (1215): Hold external PID2
integral component
EPID2-HLD
221 (1221): External PID control 3
ON command
EPID3-ON
222 (1222): Cancel external PID
control 3 %/EPID3
223 (1223): Switch normal/inverse
operation under external
PID control 3
EPID3-1VS
224 (1224): Reset external PID3
integral and differential
components
EPID3-RST
225 (1225): Hold external PID3
integral component
EPID3-HLD

® When step outputs are analog

8001: Auxiliary frequency
command 1

8002: Auxiliary frequency
command 2

8003: PID process command 1

8004: PID process command 2

8005: PID feedback value 1

8012: Acceleration/
deceleration time ratio
setting

8013: Upper limit frequency

8014: Lower limit frequency

8030: PID feedback value 2

8031: Auxiliary input 1 to PID
process command

8032: Auxiliary input 2 to PID
process command

8033: Flow sensor

8041: External PID process
command 1

8042: External PID feedback
value 1

8043: External PID manual
command 1

8044: External PID process
command 2

8045: External PID feedback
value 2

8046: External PID manual
command 2

8047: External PID process
command 3

8048: External PID feedback
value 3

8049: External PID manual
command 3
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m Notes for using a customizable logic
The customizable logic is calculated for every 5 ms and processed in the following procedure.

(1) At the start of processing, latch the external input signals to all customizable logics in
steps 1 to 14 to ensure concurrency.

(2) Execute the logic calculations from steps 1 to 14.

(3) If an output of a particular step applies to an input at the next step, the output of the step
having processing priority can be used in the same processing.

(4) The customizable logic updates 7 output signals at a time.

5 ms cycle
Latch Logical operations g&zﬁt‘esi gnals Latch
input signals Step1—2—3 - - 10 simultaneously| input signals

When configuring a logic circuit, take into account the processing order of the customizable
logic. Otherwise, a delay in processing of logical operation leads to a signal delay problem,
resulting in no expected output, slow processing, or a hazard signal issued.

ACAUTION

Ensure safety before modifying customizable logic related function code settings (U codes and
related function codes) or turning ON the "Cancel customizable logic" terminal command
CLC. Depending upon the settings, such modification or cancellation of the customizable logic
may change the operation sequence to cause a sudden motor start or an unexpected motor
operation.

An accident or injuries could occur.

m Customizable logic timer monitor (step selection) (U91, X89 to X93)

The monitor function code can be used to monitor the input/output state in the customizable
logics and timer operation status.

Selecting a timer to be monitored

Function code Function Remarks
U9l 0: Disable monitoring (Monitor data is set to 0.) Turning the power off
1 to 14: Specify the step number to be monitored. zero-clears the setting
value.
Monitoring

Related function code and

Monitored by: LCD monitor display Monitor item
Communications| X89 customizable logic (Digital Digital 1/0 data of the step
link input/output) specified with U91

(monitor-specific)

X90 Customizable logic (Timer monitor) | Timer/counter value specified
with U91 (monitor-specific)
X91 customizable logic (Analog input 1) | Analog input 1 data of the step
specified with U91
(monitor-specific)

X92 customizable logic (Analog input 2) | Analog input 2 data of the step
specified with U91
(monitor-specific)

X93 customizable logic (Analog output) | Analog output data of the step
specified with U91
(monitor-specific)
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m Cancel customizable logic -- CLC (E01 to EQ7, data = 80)

This terminal command disables the customizable logic temporarily. Use it to run the inverter
without using the customizable logic circuit or timers for maintenance or other purposes.

CLC Function
OFF Enable customizable logic (Depends on the U0O setting)
ON Disable customizable logic

C Before changing the setting of CLC, ensure safety. Turning CLC ON disables the
Not . ] . .
sequence of the customizable logic, causing a sudden motor start depending upon
the settings.

m Clear all customizable logic timers -- CLTC (EO1 to EQ7, data = 81)

Assigning CLTC to any of the general-purpose digital input terminals and turning it ON
resets all of the general-purpose timers and counters in the customizable logic. Use this
command when the timings between the external sequence and the internal customizable
logic do not match due to a momentary power failure or other reasons so that resetting and
restarting the system is required.

CLTC Function
OFF Ordinary operation

Reset all of the general-purpose timers and counters in the customizable logic.

ON (To operate the timers and counters again, revert CLTC to OFF.)
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6.3.15 U1 codes (Customizable logic functions)

U101 to
U106

Customizable Logic (Conversion point 1 (X1, Y1), Conversion point 2 (X2, Y2),
Conversion point 3 (X3, Y3))

U101 to U106 specify the three operating points for automatically calculating coefficients
(KA, KB and K¢) in conversion 1 (KA x Input 17 + KB x Input 1 + Kc). Input signals (e.g.,
flowrate signal) and coefficients (KA, KB and Kc) produce target signals (e.g., target
pressure). (Linearize function)

- Data setting range: -999.00 to 0.00 to 9990.00

Linearize characteristics example

350

[Pump characteristics
300 /

250 —
Upper limit
Operating point @ 7‘/

200

150

Pressure (kPa)

Operating point @ /
100 \/
Operating point ~
: [ oe 9P ®|/ | Linearize characteristics
50 ¢

N\ [Toverio |

0 10 20 30 40 50 60 70 80

Flowrate (m®/h)

U107

Customizable Logic (Automatic calculation of conversion coefficients)

U107 automatically calculates conversion coefficients (Ka, KB and Kc) according to the
three operating points defined by U101 to U106.

The calculation results will be saved in U92 to U97. U107 automatically reverts to "0."

Data for U107 Function
0 Disable
1 Execute calculation (Arithmetic circuit: Conversion 1 (3001)
KA x Input 17 + KB x Input 1 + Kc
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—CO O X1 Hz2/Hz1 >

m Customizable logic configuration samples

Configuration sample 1: Switch two or more signals using a single switch

When switching between Hz2/Hzl (Select frequency command 2/1) and TL2/TL1 (Select
torque limiter level 2/1) with a single switch, using a customizable logic instead of a
conventional external circuit reduces the number of the required general-purpose input
terminals to one as shown below.

Inverter

SW

—————————— 1
| Customizable logic |

S001 CLO1

@ TL2/TLA1

.|
i
'
'
'
'
\
)
'
)
'
'
'
1
'
1
'
'
'
'
'

_J

- (Ormmmem (O -
(92}
[}
©

CM

To configure the above customizable logic, set function codes as listed below. The "Type of
timer" and "Time setting" require no modification unless otherwise specified.

Setting

Data Function Remarks

Function Code

EO1 | Terminal [X1] Function 12 Select frequency Concurrently
command, Hz2/HzI  |usable also as a
general-purpose
input terminal.

U00 | Customizable Logic (Mode selection) 1 Enable

UO01 | Customizable Logic: |(Input 1) 4001 | Terminal [X1] input

Step 1 signal, X1
uo3 (Logic circuit) 1 Through output + Operation

General-purpose timer | selection

U71 | Customizable Logic: |(Output 1 Output of step 1,

Output Signal 1 selection) S001
U8l (Function 14 Select torque limiter

selection) level 2/1, TL2/TL1
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Configuration sample 2: Put two or more output signals into one

When putting two or more output signals into one, using a customizable logic instead of a
conventional external circuit reduces the number of the required general-purpose output
terminals and eliminates external relays as shown below.

Inverter
Y1

CMY

9 'deyd

To configure the above customizable logic, set function codes as listed below. The "Type of
timer" and "Time setting" require no modification unless otherwise specified.

-

[

Setti 3

Function Code ]e) 1ng Function Remarks 2

ata 3

E20 | Terminal [Y1] Function 111 Customizable logic <

output signal 1, CLO1 8

. . . O

U00 | Customizable Logic (Mode selection) 1 Enable (I'}'I)
UO01 | Customizable Logic: |(Input 1) 0 Inverter running, RUN

uo02 Step 1 (Input 2) 6 Auto-restarting after

momentary power
failure, IPF

uo03 (Logic circuit) 3 ORing + Operation
General-purpose timer | selection
U71 | Customizable Logic: |(Output 1 Output of step 1, SO01
Output Signal 1 selection)
U8l (Function 100 | No function assigned,
selection) NONE
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Configuration sample 3: One-shot operation

When starting the inverter by short-circuiting the SW-FWD or SW-REV switch and stopping
it by short-circuiting the SW-STOP switch (which are functionally equivalent to depression
of the @&e) key or 6 key on the keypad, respectively), using a customizable logic instead of
a conventional external circuit simplifies the external circuit as shown below.

Inverter

SW-FWD
O O— FWD
SW-REV
S5 O—revl REV
SW-STOP

X1
O O Q

CM

O

To configure the above customizable logic, set function codes as listed below. The "Type of
timer" and "Time setting" require no modification unless otherwise specified.

Function Code SIe)tting Function Remarks
ata

EO1 | Terminal [X1] Function 100 | No function assigned,
NONE

E98 | Terminal [FWD] Function 100 | No function assigned,
NONE

E99 | Terminal [REV] Function 100 | No function assigned,
NONE

U00 | Customizable Logic (Mode selection) 1 Enable

UO01 | Customizable Logic: | (Input 1) 4011 | Terminal [REV] input

Step 1 signal, REV

uo2 (Input 2) 4001 | Terminal [X1] input
signal, X7

uo3 (Logic circuit) 3 ORing + Operation
General-purpose timer | selection

U06 | Customizable Logic: | (Input 1) 4010 | Terminal [FWD] input

Step 2 signal, FWD

uo7 (Input 2) 2001 | Output of step 1, SO01

uos8 (Logic circuit) 6 Reset priority flip-flop | Operation
+ General-purpose selection
timer
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Function Code SIe)tting Function Remarks
ata
Ul1 | Customizable Logic: |(Input 1) 4010 | Terminal [FWD] input
Step 3 signal, FWD
Ul2 (Input 2) 4001 | Terminal [X1] input
signal, X7
Ul3 (Logic circuit) 3 ORing + Operation
General-purpose timer | selection
Ul6 | Customizable Logic: |(Input 1) 4011 | Terminal [REV] input
Step 4 signal, REV
ul1l7 (Input 2) 2003 | Output of step 3, SO03
Ul18 (Logic circuit) 6 Reset priority flip-flop | Operation
+ General-purpose selection
timer
U71 | Customizable Logic: |(Output 2 Output of step 2, SO02 | FWD
Output Signal 1 selection) command
U72 | Customizable Logic: 4 Output of step 4, SO04 | REV
Output Signal 2 command
U81 | Customizable Logic: |(Function 98 Run forward, FWD
Output Signal 1 selection)
US82 | Customizable Logic: 99 Run reverse, REV

Output Signal 2
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6.3.16 y codes (Link functions)

y01 to y20

RS-485 Communication 1 and 2

Up to two RS-485 communications ports are available as listed below.

Port Route Function code Applicable equipment
Port 1 | RS-485 communications link yO1 through y10 | Standard keypad
(via the RJ-45 connector prepared for FRENIC Loader
keypad connection) Host equipment
Port2 | RS-485 communications link y11 through y20 | Inverter support loader
(via terminals DX+, DX- and SD on the (FRENIC loader)
control PCB)

To connect any of the applicable devices, follow the procedures shown below.

(1) Standard keypad

The standard keypad allows you to run and monitor the inverter.
It can be used independent of the y code setting.

(2) FRENIC Loader

Connecting your computer running FRENIC Loader to the inverter via the RS-485
communications link (port 1 and 2), you can monitor the inverter’s running status information,
edit function codes, and test-run the inverters.

[LL] For the setting of y codes, refer to the descriptions of y01 to y20.

@ FRENIC-AQUA series of inverters has a USB port.

To use the FRENIC Loader via the USB port, simply set the station address (y01 or
y20) to "1" (factory default).

(3) Host equipment

The inverter can be managed and monitored by connecting host equipment such as a PC and
PLC to the inverter. Modbus RTU, Metasys N2, BACnet and Fuji general-purpose inverter
protocol are available for communications protocols.

For details, refer to the RS-485 Communication User's Manual (MEH448).

m Station address (y01 for port 1 and y11 for port 2)

y01 or y11 specifies the station address for the RS-485 communications link. The table below
lists the protocols and the station address setting ranges.

Protocol Station address Broadcast address
Modbus RTU protocol 1 to 247 0
SX protocol (FRENIC Loader 1 to 255 -
command protocol)
FRENIC Loader protocol 1 to 255 None
FUIJI general-purpose inverter protocol 1to31 99
Metasys N2 0to 255 -
BAChet 0to 127 255

- If any wrong address beyond the above range is specified, no response is returned since the
inverter will be unable to receive any enquiries except the broadcast message.

- To use FRENIC Loader via the RS-485 communications link (port 1 and 2), set the station
address that matches the connected computer.
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® Communications error processing (y02 for port 1 and y12 for port 2)

y02 or y12 specifies the error processing to be performed if an RS-485 communications error
occurs.

RS-485 communications errors include logical errors (e.g., address error, parity error,
framing error), transmission protocol error, and physical errors (e.g., no-response error
specified by y08 and yl8). The inverter can recognize such an error only when it is
configured with a run or frequency command sourced through the RS-485 communications
link and it is running.

Data Function
for y02, y12
0 Immediately trip, displaying an RS-485 communications error (Er8 for y02

and ErP for y12). (The inverter stops with alarm issue.)

Run during the period specified by the error processing timer (y03, y13),
1 display an RS-485 communications error (Er8 for y02 and ErP for y12), and
then stop operation. (The inverter stops with alarm issue.)

Retry communication during the period specified by the error processing timer
5 (y03, y13). If a communications link is recovered, continue operation.
Otherwise, display an RS-485 communications error (Er8 for y02 and ErP for
y12) and stop operation. (The inverter stops with alarm issue.)

9 'deyd

3 Continue to run even when a communications error occurs.

For details, refer to the RS-485 Communication User's Manual (MEH448).
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m Timer (y03 for port 1 and y13 for port 2)
y03 or y13 specifies an error processing timer.

If the specified timer count has elapsed due to no response from the other end when a query
has been issued, the inverter interprets it as an error occurrence. See the "No-response error
detection time (y08, y18)" given on the next page.

- Data setting range: 0.0 to 60.0 (s)

m Baud rate (y04 for port 1 and y14 for port 2)

y04 or y14 specifies the transmission speed Data for T o (b
for RS-485 communication. y04 and y14 ransmission speed (bps)
For FRENIC Loader (via the RS-485 0 2400
communications link), specify the
transmission speed that matches the 1 4800
connected computer.

2 9600

3 19200

4 38400
m Data length (y05 for port 1 and y15 for port 2)
y05 or y15 specifies the character length for Data for
RS-485 communication. y05 and y15 Data length
For FRENIC Loader (via the RS-485 0 2 bit
communications link), no setting is required s
since Loader automatically sets 8 bits. (The 1 7 bits

same applies to the Modbus RTU protocol.)
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m Parity check (y06 for port 1 and y16 for port 2)

y06 or y16 specifies the property of the Data for _
parity bit. 06 and v16 Parity
Yy y
For FRENIC Loader, no setting is required None
since Loader automatically sets the even 0 (2 stop bits for Modbus RTU)
parity. p
1 Even parity
(1 stop bit for Modbus RTU)
> 0Odd parity
(1 stop bit for Modbus RTU)
3 None
(1 stop bit for Modbus RTU)

m Stop bits (y07 for port 1 and y17 for port 2)

y07 or y17 specifies the number of stop bits. Data for Ston bi
For FRENIC Loader, no setting is required y07 and y17 top bit(s)
since Loader automatically sets 1 bit. 0 > bits

For the Modbus RTU protocol, no setting is -

required since the stop bits are automatically 1 1 bit
determined associated with the property of

parity bits.

m No-response error detection time (y08 for port 1 and y18 for port 2)

y08 or y18 specifies the timeout period for Data for _
receiving a response from the host y08 and y18 No-response error detection
equipment (such as a computer or PLC) in -

RS-485 communication, in order to detect OFF No detection

network breaks. This applies to the

machinery that accesses the host equipment 1 1060 110605

at the predetermined intervals.

If a response timeout occurs, the inverter
starts communications error processing.

For communications error processing,
refer to y02 and y12.

m Response interval (y09 for port 1 and y19 for port 2)

y09 or y19 specifies the latency time after the end of receiving a query sent from the host
equipment (such as a computer or PLC) until the start of sending the response. This enables
the inverter to control the response timing to match the host equipment that is slow in
processing.
- Data setting range: 0.00 to 1.00 (s)

Host

equipment ’W‘
Inverter 5, | Response]

T1 = Response interval + o

where o is the processing time inside the inverter. a may vary depending on the
processing status and the command processed in the inverter.

[LL] For details, refer to the RS-485 Communication User's Manual (MEH443).

When configuring the inverter with FRENIC Loader via the RS-485

<Note communications link, pay sufficient attention to the performance and
configuration of the PC and protocol converter such as USB—RS-485 converter.
Some protocol converters monitor the communications status and switch
between sending and receiving of transmission data with a timer.
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m Protocol selection (y10, y20)

Clear the data of function codes S01/S05/S19 when a
communications error occurs.

y10 specifies the communications protocol | pata for Protocol
for port 1. y10, y20
For FRENIC Loader (via the RS-485
communications link), only y10 can be used 0 Modbus RTU protocol
for protocol selection. Set the y10 data at 1 SX protocol (loader protocol)
n 1 . n
> Fuji general-purpose inverter
protocol
3 Metasys N2 protocol
5 BAChnet protocol
50 Communications link pump
control protocol (y20-specific)
y95 Data Clear Processing for Communications Error %
©
(o))
Data for y95 Function c
Z
Do not clear the data of function codes Sxx when a 2
0 communications error occurs. (compatible with the conventional ®)
inverters) <
Q
]
O
m
wn

> Clear the run command assigned bit of function code S06 when a
communications error occurs.

Clear both data of S01/S05/S19 and run command assigned bit of
S06 when a communications error occurs.

* Related alarms: Er8, ErP, Er4, Er5

y98 Bus Link Function (Mode selection) (Refer to H30.)

Refer to the description of H30.
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y99

Loader Link Function (Mode selection)

This is a link switching function for FRENIC Loader. Rewriting the data of y99 to enable
RS-485 communications from Loader helps Loader send the inverter the frequency and/or
run commands. Since the data to be set in the function code of the inverter is automatically set
by Loader, no keypad operation is required.

With Loader being selected as a run command source, if the computer runs out of control and
cannot be stopped by a stop command sent from Loader, disconnect the RS-485
communications cable from the port 1 or the USB cable, connect a keypad instead, and reset
the y99 data to "0." The setting of "0" in y99 means that the run and frequency command
source specified by H30 takes place instead of FRENIC Loader.

Note that the inverter cannot save the setting of y99. When the power is turned off, the data in
v99 is lost (y99 is reset to "0").

Function
Data for y99
Frequency command Run command
0 Follow H30 and y98 data Follow H30 and y98 data
1 Via RS-485 link (FRENIC Loader) Follow H30 and y98 data
2 Follow H30 and y98 data Via RS-485 link (FRENIC Loader)
3 Via RS-485 link (FRENIC Loader) Via RS-485 link (FRENIC Loader)
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6.3 Details of Function Codes

6.3.17 T codes (Timer functions)

T codes configure timer operation.

The timer operation can be configured easily in Programming mode as follows.

IPRG > 2(Function Code) > 5(Timer Setup) > 1 to 6(Sub menu #)|

For detailed setting procedure, refer to Chapter 5, Section 5.6.3.5 "Configuring Timer Operation."

TO1

Timer 1 Operation (Operating mode) T06: Timer 2 Operation (Operating mode)
T11: Timer 3 Operation (Operating mode)

T16: Timer 4 Operation (Operating mode)

The inverter supports timer operation to run/stop the motor and output digital signals
according to the preset schedule when the real-time clock is enabled, making use of the date
& time information.

It is possible to:

* set the day of the week and start/end times for a maximum of four timers,

* set a maximum of 20 pause dates per year,

» select whether to run the inverter or output external signals for each timer, and

* enable/disable timer operation or cancel timer operation by digital input signals 7M1 to
TM4 or TMC, respectively.

Note: To use digital input signals 7M1 to TM4 and TMC, it is necessary to assign them to
digital input terminals with EO1 to EO7 (data = 190 to 194) beforehand.

- Data setting range: 0 to 3

Data for TO1 Function
0 Disable
Enable (Inverter run)
1 At the set time, the inverter runs.

(Input of a run command and frequency command is separately required.)

Enable (Digital output signals)

5 At the set time, the related one of digital output signals TMD, TMDI to
TMD4 comes ON.

(No input of a run command or frequency command is required.)

Enable (Inverter run + Digital output signals)

3 At the set time, the inverter runs and the related one of digital output
signals TMD, TMD1 to TMD4 comes ON.

(Input of a run command and frequency command is separately required.)

Note: To use digital output signals TMD, TMD1 to TMD4, it is necessary to assign them to
digital output terminals with E20 to E24 and E27 beforehand.

- "In timer operation" signal: TMD (E20 to E24 and E27, data = 190)

- "Timer 1 enabled" signal: TMDI1 (E20 to E24 and E27, data = 191)
- "Timer 2 enabled" signal: TMD2 (E20 to E24 and E27, data = 192)
- "Timer 3 enabled" signal: TMD3 (E20 to E24 and E27, data = 193)
- "Timer 4 enabled" signal: TMD4 (E20 to E24 and E27, data = 194)

For details of the setting procedure, refer to Chapter 5, Section 5.6.3.5 "Configuring the
timer operation."
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T02
T03
T04

Timer 1 Operation (Start time)

(End time)

(Start day of the week)
TO7: Timer 2 (Start time)
T08: Timer 2 (End time)
T09: Timer 2 (Start day of the week)
T12: Timer 3 (Start time)
T13: Timer 3 (End time)
T14: Timer 3 (Start day of the week)
T17: Timer 4 (Start time)
T18: Timer 4 (End time)
T19: Timer 4 (Start day of the week)

These function codes specify the start time, end time, and start day of the week for timer
operation; T02 to T4 for Timer 1, TO7 to TO9 for Timer 2, T12 to T14 for Timer 3, and T17 to
T19 for Timer 4.

B Timer Operation (Start time/End time) (T02/T03, TO7/T08, T12/T13, T17/T18)

These function codes specify the start time and end time of timer operation. (Possible to
specify in the special menu)

The magnitude relation between the start and end times and the timer operation are as
follows.

Magnitude relation Timer operation

Timer operation starts at the start time of the
effective day of the week and continues to the end
time of that day.

Start time < End time
(Ex. Start time: 8:00, End time: 18:00)

Timer operation starts at the start time of the
effective day of the week and continues to the end
time of the next day (even if the next day is not an
effective day of the week).

Start time > End time
(Ex. Start time: 16:00, End time: 3:00)

m Timer Operation (Start day of the week) (T04, T09, T14, T19)

These function codes specify the start day of the week for timer operation. More than one day
of the week can be specified. (Possible only on the dedicated menu)

6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 bit

Sunday Saturday Friday Thursday | Wednesday | Tuesday Monday

For details of the setting procedure, refer to Chapter 5, Section 5.6.3.5 "Configuring the
timer operation."
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6.3 Details of Function Codes

T06 Timer 2 Operation (Operating mode) (Refer to T01.)

For details of the setting procedure, refer to the description of TO1.

TO7 Timer 2 Operation (Start time) (Refer to T02.)
TO08 (End time) (Refer to T03.)
T09 (Start day of the week) (Refer to T04.)

For details of the setting procedure, refer to the descriptions of T02 to T04.

T11 Timer 3 Operation (Operating mode) (Refer to T01.)
For details of the setting procedure, refer to the description of TO1. :):3
©
(o))
T12 Timer 3 Operation (Start time) (Refer to T02.)
T13 (End time) (Refer to T03.)
T14 (Start day of the week) (Refer to T04.)

For details of the setting procedure, refer to the descriptions of T02 to T04.

S3Ad0D NOILONNA

T16 Timer 4 Operation (Operating mode) (Refer to T01.)

For details of the setting procedure, refer to the description of TO1.

T17 Timer 4 Operation (Start time) (Refer to T02.)
T18 (End time) (Refer to T03.)
T19 (Start day of the week) (Refer to T04.)

For details of the setting procedure, refer to the descriptions of T02 to T04.
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T51 to T70

Timer Operation (Pause date 1) to (Pause date 20)

These function codes specify a maximum of 20 pause dates per year for preventing the
inverter exceptionally from running, e.g., on holidays even if timer operation is enabled. On
pause dates specified, no timer operation is performed even during timer operation period.

It is also possible to enable or disable each pause date setting.

The following two choices of pause date settings are available.
- Setting the month and day (e.g., January 1)
- Setting the day of the week (e.g., January, 2nd Sunday)

Function Item to be set Function (Setting range)
code
T51to T70 | Pause day (Month and day) 0 to 65535
bit 15 | Mode selection 1 Ensble pause ds stting
bit 14 | -- -
bit 13 | Configuration format 0: Date, 1: Day of the week
bit 12
bit 11
Month * January to December
bit 10
bit 9
bit 8
bit 7 « Ist to 31st (when bit 13 = 0 (Date))
bit6 | Day or week *1 « Ist to 4th week, final week
bit 5 (when bit 13 =1 (Day of the week))
bit 4
bit 3
bit 2 .
bit 1 Day of the week xv%zia‘t}),i‘:ol? lin(lie?]/)ay of the week))
bit 0

*1 The content differs depending upon the setting on bit 3.
For details, refer to Chapter 5, Section 5.6.3.5 "Configuring timer operation."
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6.3.18 K codes (Keypad functions)

K01 LCD Monitor (Language selection)

KO1 selects the language to be display on the LCD.

- Data setting range: 0 to 19, 100

Data for K01 Language | Data for KO1 Language |Data for KO1 Language
0 Japanese - - 14 Portuguese
1 English 8 Russian 15 Dutch
2 German 9 Greek 16 Malay
3 French 10 Turkish 17 Vietnamese
4 Spanish 11 Polish 18 Thai
5 Italian 12 Czech 19 Indonesian @
6 |Chinese 13 [Swedish 100 || peretsiomized s

[[] Language selection can be made easily in Programming mode as follows. §
IPRG > 1(Start-up) > 1(Language)| S

For detailed setting procedure, refer to Chapter 5, Section 5.6.2.1 "Setting the display Ie)

language." Z

Q

]

)

m

»

K02 Backlight OFF Time

K02 specifies the backlight OFF time of the LCD on the keypad.

When no keypad operation is performed during the time specified by K02, the backlight goes
OFF.

- Data setting range: 1 to 30 (min.), OFF

Data for K02 Function
OFF Always turn the backlight OFF

Turn the backlight OFF automatically after no keypad operation is

I't0 30 (min.) performed during the backlight OFF time.

The backlight OFF time can be configured easily in Programming mode as follows.
IPRG > I(Start-up) > 4(Disp Setting) > 1 to 18(Sub menu number)|

For detailed setting procedure, refer to Chapter 5, Section 5.6.2.4 "Specifying the
running status item to be monitored."
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K03 LCD monitor (Backlight brightness control)
K04 (Contrast control)

These function codes control the backlight brightness and contrast.

- Data setting range: 0 to 10

m Backlight brightness control (K03)
DataforK03 0’1’2’000--00000-000-0.8’9’10

0 Dark <« » Light

m Contrast control (K04)
Data for K04 0’ 1’ 2, © e 0 0 0 0 0 0 0 000000 0 0 8’ 9’ 10
0 Light < > Dark

L] The backlight brightness and contrast can be controlled easily in Programming mode as
follows.
IPRG > I(Start-up) > 4(Disp Setting) > 15(Brightness)
IPRG > 1(Start-up) > 4(Disp Setting) > 16(Contrast)
For detailed setting procedure, refer to Chapter 5, Section 5.6.2.4 "Specifying the
running status item to be monitored."

K08 LCD Monitor Status Display/Hide Selection

KO8 selects whether to display or hide the status messages to be monitored on the LCD
monitor on the keypad.

- Data setting range: 0, 1

Data for KOS Function
0 Hide status messages
1 Display status messages (factory default)
<LCD on the keypad>
(EH)HND &Ly A G
Forced RUH Status messages
Capacitor lifetime being measured
HZ Undervoltage
- No input to EN
RU fll'"{g 1{;“"‘ No input to RE
S¥1 -812.34MPa Input to BX
PY1i -812.34MPa Fire mode stopped
PRG:Program Men@ In restart mode after momentary power failure
During retry

Rotation direction limited

Running in fire mode

Being driven by commercial power

Dew condensation prevention in operation
Under output limiting

Under overload prevention control
Anti-jam function being activated

Filter clogging prevention

Boost function

In recovery operation from PV level error
Under wet-bulb temperature presumption control
Motor stopped due to slow flowrate

Load factor being measured

6-318



6.3 Details of Function Codes

K10 Main Monitor (Display item selection)

K16: Sub monitor 1 (Display item selection)
K17: Sub monitor 2 (Display item selection)

K10, K16 and K17 specify the running status item to be monitored and displayed on the main
monitor, sub monitor 1 and sub monitor 2, respectively.

- Data setting range: Main monitor (K10) 1 to 83
Sub monitor 1 (K16) 1 to 83 ("Speed monitor" not selectable)
Sub monitor 2 (K17) 1 to 83 ("Speed monitor" not selectable)

LCD screen on the keypad Status icon

< R[5S
Main monitor name —— 3IFoutl

6@_@@ HZ <«—— Main monitor

Running status — RU Ju1/81, Thu
11:45 PH

Submonitor | ————1 g1 -@12.34MPa

9 'deyd

Sub monitor2 — 1 P¥1 -B12.34MPa u
Operation guide PRG:Frﬂgram HE“ CZ)
d
Table 6.7 Monitor Items (Selectable anytime) CZ>
Q
LCD Function 8
Monitor item Monitor name |. .. . Unit Meaning of displayed value code data m
indication »
for K10
Speed monitor Function code K11 specifies what to be displayed on the main monitor. 0
Output
frequency 1 Output frequency _
(before slip (Synchronous) Output f1| Hz |Output frequency (Hz) (K11=1)
compensation)
Output
frequency 2 Output frequency _
(after slip (Primary) Output f2| Hz | Output frequency (Hz) (K11=2)
compensation)
Reference Reference . _
frequency frequency Setting f| Hz |Reference frequency (Hz) (K11 =13)
. 120
Motor speed Motor speed Motor | r/min | Output frequency (Hz) x POl (K11 =4)
;j);%smft Load shaft speed | Machine | r/min | Output frequency (Hz) x K30 (K11 =5)
Display speed |11 coeed (%) | Speed % | % | —eputlrequeney o0 | ki1 = s)
(%) play sp °)| >P ’ ’ Maximum frequency x
Output current Output current Output | A Current output from the inverter 13
in RMS
Voltage output from the inverter
Output voltage Output voltage OutputV| V |. 14
in RMS
Motor output torque in %
0,
Calculated torque | Calculated torque | Torque % (Calculated value) 18
Input power Input power Ci)ir(l)iu{)nvp | kW |Input power to the inverter 19
Load o Load factor of the motor in % as
Load factor Load factor factor % the rated output being at 100% 25
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Function

Monitor item Monitor name |. LCD Unit Meaning of displayed value code data
indication
for K10
Motor output Motor output M output| kW | Motor output in kW 26
An analog input to the inverter in
a format suitable for a desired
) scale.
3\112)2:01% mnput Analog input AMon - Refer to function codes below. 27
Terminal [12]: C59, C60
Terminal [C1]: C65, C66
Terminal [V2]: C71, C72
Input watt - hour (kWh)
Cumula- 100
Input watt-hour | Input watt-hour tive W - 35

Refer to function code K31 for
details.

The following monitor items appear only when the related PID control or external PID
control is enabled. Items for the PID control and external PID control being disabled cannot

be displayed.
Table 6.8 Monitor Items (Selectable when PID control or external PID control is enabled)
LED Function
Monitor item Monitor name | . . Unit Meaning of displayed value code data
indicator
for K10

PID command J105 | PID command and its feedback

(Note 2) PID final SV SV J205 | converted into physical quantities >0
of the object to be controlled.

PID feedback The display unit can be selected

amount (Note 2) PID final PV PV " | with Function code J105 and >
J205.
PID output in %, assuming the

PID output (Note 2) | PID MV MV % | maximum frequency (FO01) as 52
100%

PID control 1 PID control 1 command and its

command (Note 3) PID1 SV SVl " | feedback converted into physical >3
quantities of the object to be

PID control 1 controlled.

f;le(zbe;ck amount | PID1 PV g " | The display unit can be selected >4

(Note 3) with Function code J105.

PID control 2 PID control 2 command and its

command (Note 3) PID2 SV SV2 " |feedback converted into physical 33
quantities of the object to be

PID control 2 controlled.

f;eczb;lck amount | PID2 PV PV2 " | The display unit can be selected 26

(Note 3) with Function code J205.

External PID

control 1 External PID1,

command value final SV E. SVIF 60

(Note 4)

External PID

control 1 feedback External PIDI, E. PVIF 61

final PV
amount (Note 4)
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6.3 Details of Function Codes

LED Function
Monitor item Monitor name indicator Unit Meaning of displayed value code data
cato for K10

PID output in %, assuming the
External PID External PID1 maxoimum frequency (FO1) as
control 1 I\/E(V ’ E.MV1 -- 100% 62
output (Note 4) The display unit can be selected

with Function code J505.
External PID
control 1 External PID1, E MUI o 63
manual command | manual
(Note 5)
External PID
control 1 ooremal PIDT 1 g sv1 | % 64
command (Note 6)
External PID . .
control 1 feedback External PID1 E PVI _ The dlsplay unit can be selected 65
amount (Note 6) PV with Function code J505.
External PID
control 2 oremal P21 g sva | % 70
command (Note 7)
External PID . .
control 2 feedback External PID2 E PV2 _ The dlsplay unit can be selected 7
amount (Note 7) PV with Function code J605.
External PID . .
control 2 External PID2 E MV2 _ The d1splay unit can be selected 7
output (Note 7) MV with Function code J605.
External PID
control 2 External PID2, E. MU2 o, 73
manual command | manual
(Note 8)
External PID
control 3 oemal PID3 1 g sv3 | % 80
command (Note 9)
External PID
control 3 External PID3 E PV3 | The display unit can be selected 3]
feedback amount | PV ) with Function code J655.
(Note 9)
External PID . .
control 3 External PID1 E MV3 _ The d1splay unit can be selected 82
output (Note 9) MV with Function code J655.
External PID
control 3 External PID3, E MU3 o, %3
manual command | manual

(Note 10)

(Note 1) The analog input monitor appears only when it is assigned to terminal [12], [C1] or [V2] with any
of E61 to E63 (data = 20).

(Note 2) These items appear when J101 (PID control 1) or J201 (PID control 2) #0. The i or 3 appears
on the status icon field, indicating that the internal PID is selected.

(Note 3) These items appear when:
-J101 (PID control 1) or J201 (PID control 2) # 0
-J101 (PID control 1) or J104 (PID control 1) # 0

(Note 4) These items appear when J501 (External PID control 1) # 0.

(Note 5) These items appear when J501 (External PID control 1) # 0 and %/EPID1 ("Cancel external PID
control 1") is assigned to any digital input terminal.

6-321

9 'deyd

S3Ad0D NOILONNA




(Note 6)
(Note 7)
(Note 8)

These items appear when J601 (External PID control 2) # 0.
This item appears when J601 (External PID control 1) # 0 and %/EPID2 ("Cancel external PID

control 2") is assigned to any digital input terminal.

(Note 9)

These items appear when J651 (External PID control 3) # 0.

These items appear when J501 or J504 (External PID control 1) # 0.

(Note 10) This item appears when J651 (External PID control 3) # 0 and %/EPID3 ("Cancel external PID
control 3") is assigned to any digital input terminal.

The monitor items can be selected easily in Programming mode as follows.

IPRG > I(Start-up) > 4(Disp Setting) > 2(Main Monitor)]

For detailed setting procedure, refer to Chapter 5, Section 5.6.2.4 "Specifying the
running status item to be monitored."

K11 Main Monitor (Speed monitor item) (Refer to K10.)
For details about the speed monitor items, refer to the description of K10.
The monitor items can be selected easily in Programming mode as follows.
IPRG > 1(Start-up) > 4(Disp Setting) > 3(Speed Monitor)|
For detailed setting procedure, refer to Chapter 5, Section 5.6.2.4 "Specifying the
running status item to be monitored."
K12 Main Monitor (Display when stopped)

K12 specifies whether the specified value (data = 0) or the output value (data = 1) to be
displayed on the main monitor when the inverter is stopped. The monitored item depends on
the K11 (Main monitor, Speed monitor item) setting as shown below.

Data for K11

Monitored item

What to be displayed when the inverter stopped

K12 = 0: Specified value

K12 = 1: Output value

Output frequency 1

Reference frequency

Output frequency 1

(before slip (before slip compensation)
compensation)

2 Output frequency 2 | Reference frequency Output frequency 2
(after slip (after slip compensation)
compensation)

3 Reference frequency | Reference frequency Reference frequency

4 Motor speed Reference motor speed Motor speed

5 Load shaft speed Reference load shaft speed | Load shaft speed

8 Display speed (%) | Reference display speed Display speed

L] The monitor items can be selected easily in Programming mode as follows.

IPRG > I(Start-up) > 4(Disp Setting) > 3(Speed Monitor)|

For detailed setting procedure, refer to Chapter 5, Section 5.6.2.4 "Specifying the
running status item to be monitored."
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K15 Sub Monitor (Display type)

K15 selects the display type of the LCD sub monitor on the keypad--Numeric values (= 0) or
Bar charts (= 1).

- Data setting range: 0, 1

Data for K15 Function
0 Numeric values (factory default)
1 Bar charts
Sub monitor: Numeric values (K15 = 0) Sub monitor: Bar charts (K15 =1)
T 0 o S 0 1
Main monitor name ——>I Faut1l Foutl
<— Main monitor ——>
00.00Hz 60001z
Running status — ] RUN JUL/81, Thu RUH 11:45 PM
Sub monitor 1 11:45 PM Barchart1 —>{ 5% .
—5¥1 -812.34dMPa Barchart2 —PY%1 [N
Sub monitor 2 ——>{ P¥1 -812.34MPa Barchart3 —flout [EEE———
Operation guide —>PRG:Program Menk PRG:Program Men@

The display type can be selected easily in Programming mode as follows.
IPRG > 1(Start-up) > 4(Disp Setting) > 1(Disp Mode)|

For detailed setting procedure, refer to Chapter 5, Section 5.6.2.4 "Specifying the
running status item to be monitored."

K16 Sub Monitor 1 (Display item selection) (Refer to K10.)
K17 Sub Monitor 2 (Display item selection) (Refer to K10.)

For details about sub monitor, refer to the description of Function code K10.

The monitor items of sub monitors 1 and 2 can be selected easily in Programming mode
as follows.
IPRG > 1(Start-up) > 4(Disp Setting) > 5(Sub Monitor 1)]
IPRG > 1(Start-up) > 4(Disp Setting) > 6(Sub Monitor 2)|
For detailed setting procedure, refer to Chapter 5, Section 5.6.2.4 "Specifying the
running status item to be monitored."
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K20 Bar Chart 1 (Display item selection)
K21 Bar Chart 2 (Display item selection)
K22 Bar Chart 3 (Display item selection)

These function codes specify the items to be displayed in bar graphs 1 to 3 on the LCD
monitor.

- Data setting range: 1 to 26

Data for _ . LCD . . .
K20 to K22 Monitor item Monitor name indicator Unit | Meaning of displayed value
1 Output frequency 1
(before slip Output frequency Output f1| Hz | Reference frequency (Hz)
. (synchronous)
compensation)
13 Output current Output current Output I A Current output from the inverter

in RMS

Voltage output from the inverter

14 Output voltage Output voltage Output V| V in RMS

Motor output torque in %

V)
18 Calculated torque | Calculated torque | Torque % (Calculated value)
19 Input power Input power ngiu\r;p “| kW |Input power to the inverter
Load o Load factor of the motor in % as
25 Load factor Load factor factor /0 the rated output being at 100%
26 Motor output Motor output M output | kW | Motor output in kW

[LL]] The monitor items for bar charts 1 to 3 can be selected easily in Programming mode as

follows.
IPRG > 1(Start-up) > 4(Disp Setting) > 7(Bar Gage 1)|

IPRG > 1(Start-up) > 4(Disp Setting) > 8(Bar Gage 2)|

IPRG > 1(Start-up) > 4(Disp Setting) > 9(Bar Gage 3)|

For detailed setting procedure, refer to Chapter 5, Section 5.6.2.4 "Specifying the
running status item to be monitored."
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K29 Display Filter
K29 specifies a filter time constant to be applied for displaying the output frequency, output
current and other running status on the LCD monitor of the keypad. If the display varies
unstably so as to be hard to read due to load fluctuation or other causes, increase this filter
time constant.
- Data setting range: 0.0 to 5.0 (s)
[LL] The display filter can be defined easily in Programming mode as follows.
[PRG > 1(Start-up) > 4(Disp Setting) > 10(Disp Filter)]
For detailed setting procedure, refer to Chapter 5, Section 5.6.2.4 "Specifying the
running status item to be monitored."
K30 Coefficient for Speed Indication
K30 specifies the coefficient that is used when the load shaft speed is displayed on the LCD
monitor (see K10).
Load shaft speed (r/min) = (K30 Coefficient for speed indication) x (Frequency in Hz)
- Data setting range: 0.01 to 200.00
The coefficient can be specified easily in Programming mode as follows.
[PRG > 1(Start-up) > 4(Disp Setting) > 11(Speed Coef)]
For detailed setting procedure, refer to Chapter 5, Section 5.6.2.4 "Specifying the
running status item to be monitored."
K31 Display Unit for Input Watt-hour Data

K31 specifies the display unit for input watt-hour (K10 = 35) calculated by the inverter.

The data can be checked by accessing PRG > 3(INV Info) > 4(Maintenance)| in Programming
mode.

- Data setting range: 0, 1

Data for K31 Unit
0 kWh
1 MWh

L] The display unit can be specified easily in Programming mode as follows.
IPRG > I(Start-up) > 4(Disp Setting) > 12(WattHour Unit)

For detailed setting procedure, refer to Chapter 5, Section 5.6.2.4 "Specifying the
running status item to be monitored."
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K32

Display Coefficient for Input Watt-hour Data

K32 specifies a display coefficient for displaying the input watt-hour data.

The data can be checked by accessing PRG > 3(INV Info) > 4(Maintenance)| in Programming
mode.

Input watt-hour data = Display coefficient (K32 data) x Input watt-hour (kWh)
- Data setting range: OFF (Cancel or reset), 0.001 to 9999.00

@e‘ Setting K32 data to OFF clears the input watt-hour and its data to "0." After
clearing, be sure to restore the K32 data to the previous value; otherwise, input
watt-hour data will not be accumulated.

The display coefficient can be specified easily in Programming mode as follows.
IPRG > 1(Start-up) > 4(Disp Setting) > 13(WattHour Coef)|

For detailed setting procedure, refer to Chapter 5, Section 5.6.2.4 "Specifying the
running status item to be monitored."

K33

Long-term, Input Watt-hour Data Monitor

K33 selects the cumulative period for input watt-hour data calculated by the inverter from
Hourly, Daily, Weekly and Monthly.

The inverter can save up to 48 sets of the cumulative data. If Monthly is selected, for example,
it is possible to check a maximum of 48-month (4-year) input watt-hour data.

The data can be checked by accessing PRG > 3(INV Info) > 4(Maintenance)| in Programming
mode.

- Data setting range: OFF, 0to 4

Data for K32 Cumulative period
OFF Cancel and reset
1 Hourly
2 Daily
3 Weekly
4 Monthly
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K81 Date Format

K81 selects the date format to be displayed on the LCD monitor.

- Data setting range: 0 to 3

Data for K81 Date format
0 Y/M/D (year/month/day)
1 D/M/Y (day/month/year)
2 M/D/Y (month/day/year)
3 MD, Y (Month day, year)

The date format can be specified easily in Programming mode as follows.
IPRG > I(Start-up) > 3(Date/Time) > 3(Disp Format)

For detailed setting procedure, refer to Chapter 5, Section 5.6.2.3 "Setting the

Q
date/time." 2
©
(o))
c
K82 Time Format z
3
K82 selects the time format to be displayed on the LCD monitor. CZ>
Q
- Data setting range: 0 to 2 8
m
Data for K82 Time Format »
0 24-hour format (Time : Minute : Second)
1 12-hour format (Time : Minute : Second AM/PM)
2 12-hour format (AM/PM Time : Minute : Second)

The time format can be specified easily in Programming mode as follows.
[PRG > 1(Start-up) > 3(Date/Time) > 3(Disp Format)]

For detailed setting procedure, refer to Chapter 5, Section 5.6.2.3 "Setting the
date/time."

K83 Daylight Saving Time (Summer time)

K83 selects the correction time for daylight saving time (DST) to be displayed on the LCD
monitor.

- Data setting range: 0 to 2

Data for K83 Correction time for daylight saving time
0 Disable
1 Enable (+ 1 hour)
2 Enable (+ 30 minutes)

The correction time can be specified easily in Programming mode as follows.
IPRG > 1(Start-up) > 3(Date/Time) > 2(DST Setting)|

For detailed setting procedure, refer to Chapter 5, Section 5.6.2.3 "Setting the
date/time."
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K84
K85

Daylight Saving Time (Start date)
Daylight Saving Time (End date)

K84 and K85 specify the start and end dates of daylight saving time (DST).

- Data setting range: 0000 to FFFF

Data for K84, K85

Start/end date

bit 0-1 Minute (in increments of 15 minutes, 0 to 45 minutes)
bit 2-4 Hour (in increments of 1 hour, 0 to 7 hours)

bit 5-7 Day/Day of the week

bit 8-10 Day/Week; Final week

bit 11-14 Month

bit 15 0: Month and day, 1: Day of the week

The start and end dates can be specified easily in Programming mode as follows.

IPRG > 1(Start-up) > 3(Date/Time) > 2(DST Setting)

For detailed setting procedure, refer to Chapter 5, Section 5.6.2.3 "Setting the

date/time."
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6.3 Details of Function Codes

K91 Shortcut Key Function for <) in Running Mode
K92 Shortcut Key Function for ) in Running Mode
These function codes define "jump-to" menus on the ) and ) keys as a shortcut key.
Pressing the shortcut keys ) or ) in Running mode jumps the screen to the previously
defined menu.
Assigning frequently-used menus to the shortcut keys allows a single touch of the shortcut
key to open the target menu screen.
- Data setting range: 0 (Disable), 11 to 99
Example: Data 1 1
Sub menu #
Menu #
Data for Jump to: Data for Jump to:
K91, K92 Menu Sub menu K91, K92 Menu Sub menu
0 -- (Disable) | -- 41 Alarm Info | Alarm History
11 Start-up Language 42 Warn. History
12 App Select 43 Retry History
13 Date/Time 51  |User Config | Select Q. Setup
14 Disp Setting 52 Password
21 |Function | pata Set 61 | Tools PID Monitor
Codes
22 Data Check 62 Multi-Op Mon
23 Changed Data 63 CLogic Monitor
24 Data Copy 64 Resonant Avd.
25 Timer Setup 65 Load Factor
26 Initialize 66 COM Debug
31 INV Info Energy Monitor
32 Op Monitor
33 I/O Check
34 Maintenance
35 Unit Info

The shortcut functions for (<) and () can be defined easily in Programming mode as

follows.

IPRG >1(Start-up) > 4(Disp Setting) > 17(Shortcut "<")

IPRG >1(Start-up) > 4(Disp Setting) > 18(Shortcut ">")

For detailed setting procedure, refer to Chapter 5, Section 5.6.2.4 "Specifying the
running status item to be monitored."
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Chapter 7

BLOCK DIAGRAMS FOR CONTROL LOGIC

This chapter provides the main block diagrams for the control logic of the FRENIC-AQUA series of

inverters.
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7.1 Symbols Used in the Block Diagrams and their Meanings

FRENIC-AQUA series of inverters is equipped with a number of function codes to match a variety of motor
operations required in your system. Refer to Chapter 6 "FUNCTION CODES" for details of the function
codes.

The function codes have functional relationship each other. Several special function codes also work with
execution priority each other depending on their functions or data settings.

This chapter explains the main block diagrams for control logic in the inverter. You are requested to fully
understand the inverter's control logic together with the function codes in order to set the function code data
correctly.

The block diagrams contained in this chapter show only function codes having mutual relationship. For the
function codes that work independently and for detailed explanation of each function code, refer to Chapter 6
"FUNCTION CODES."

7.1 Symbols Used in Block Diagrams and their Meanings

Table 7.1 lists symbols commonly used in block diagrams and their meanings with some examples.

Table 7.1 Symbols and Meanings

Symbol Meaning Symbol Meaning

Programmable, digital Function code. Q

[FWD], [Y1] inputs/outputs to/from the o1 5

etc. inverter's control circuit ~
terminal block.

Control signals (input) or w

FWD, REV status signals (output), 8

etc. assigned to control circuit Eo1 Switch controlled by a X

terminals. 405 function code. Numbers :%

Low-pass filter: Features : o— assigned to the terminals ®

appropriate characteristics | ole express the function code g

by changing the time ——-1 data. =4

constant through the (7,1)

function code data. %

Internal control signal for Enable Switch controlled by a ®)

command inverter logic. COmmlI,liﬂikcations terminal command. In the CZ)

High limiter: Limits the LE example shown on Fhe l.eft, ;_U|

upper value by a constant or the enable communications (,2

data set to a function code. _|_6 -1 link command.L.E asggned —

| to one of the digital input 8

[ terminals from [X1] to [X7] 3

T controls the switch.

F16

Low limiter: Limits the
lower value by a constant or
data set to a function code.

OR logic: In normal logic, if
any input is ON, then C =
ON. Only if all inputs are
OFF, then C = OFF.

~

Zero limiter: Prevents data
from dropping to a negative
value.

NOR (Not-OR) logic: In
normal logic, if any input is
OFF, then C = ON. If all

nor
inputs are ON, C = OFF.
Gain multiplier for reference AND logic: In normal logic,
A c frequencies given by current only if A=ON and B = ON,
? and/or voltage input or for A c then C = ON. Otherwise, C =
. B
B analog output signals. OFF.
C=AxB
Adder for 2 signals or NOT logic: In normal logic,
A— c values. C=A+B A I: 5 1fA =ON, then B = OFF, and
B " If B is negative then C = A — vice versa.

B (acting as a subtracter).
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7.2 Frequency Command Block

Switch normal/

Selection of Inverse operation
Reference normal/inverse «— IVS
(E65) 10— operation 4— Disable PID control
Eeroso— loss J101=0 and J201=0
detection
Normal/inverse decision
1 ——0 L oRs ey -0
Continue- Ho operation / N
€33 |
[12].':“ il Gain Bias ‘? Pg':;g
liter “.032 (C3D)(F18)(C50) -
[12] Offset Reference loss [112] "o
detection 0 limiter
Hard Thermistor d J_
s;ir‘c\;]vare (Mode selection) 2 A Con;\pa- | —» C10FF |
rator
SW5  _cq 2650 4-20mA] =1 655 than 1.
[c1] +»O0—-0—oO 0-20mA : lo Lo+ x Normal/ ;e
! election| + - | | + inverse
[e) | Continue- + operation
=PTC | C36 to-run O - -
| . E65 frequenc Gain Bias nge
[C1] Offset [C1] Filter EED—>| at Yy (C37X(C39)(FT8XC50) "
! Reference loss |14 0 limiter
T detection [c
Normal/
Thermist‘u: - ‘{ Thermistor > inverse /1_\ (3]
. i
(Mode selection) (Mode selection) operafion I8 Polarity
H26=1,2 Cag=1
‘ OH4 "o"
Ol% Motor overheat 0 limiter
Thermistor - detected by Normal/
(Level) PTC thermistor inverse (4]
THM operation §
Gain Bias ‘? Polarity
(C3D(CIDTEXCED) b
Normal/ 0 limiter
inverse
R . operation 7
v2] > 104—'04_‘ Gain Bias ngr
+ Continue- ! (C37X(C39)(C6TXCE2) imi
D) toun O _ | 0 limiter
. frequency Normal/
[V2] Offset [V2] Filter at inverse (6]
Reference loss |[v2] operation /T N\
detection I8 Polarity
? c45=1
g
0 limiter
USB connector ONify99=1,3
Host
(Win PC)
RS-485 COM port 1 OFF if y98=1,3
(RJ-45 connector to or Frequency
H30=4,5,8 command via

connect with keypad)
Host l
equipment

RS-4

85 COM port 2

(Control circuit terminals
DX+ and DX-)

-Host I S~O
L ©

communication

Host
equipment

Fieldbus card
(option)

oFFityes=13 | Ly 1 ®

A |
H30=1,37 (s —Z=0

N |
IGO0

OFF if Last L=y
H30=131t0 5, |command
7.8 to take effect

(Er8, ErP, Er4 or

Data clear processing [ When an alarm
for communications | Er5) occurs, the frequency command
error and run command (FWD, REV,

FWD2 or REV2) can be cleared.

Figure 7.1 (1) Frequency Command Block



7.2 Frequency Command Block

Select frequenc Enable . Select local )
® Fre commandq2/1 Y communications fSeIect multistep Kevpad (keypad) Fire mode
quency Hz2/Hz1 link via RS-485 or Trequency eypal operation FmMs
command 1 N S8S1,SS2,SS4,SS8 LoC
— fieldbus Fire mode
o_'—'_‘o | LE @118 (Mode selection)
: [ Remote/local decision | [Fire mode decision |
| Upper limit
| Communi- | < frequency >
| | . canns 5 : Frequency
Patt | " function fBustllnk hr??der | limiter (High)
attern unction i
operation : o function : ]I- Jump A
(Mode | 05,1 02r5~ | | frequency| Ve
selection) | —tO_ 14 | | CoD
0- | 411‘9 to_ | | C02) Frequendy Low limiter
—L|0 | - | (A (C03) |limiter (MIOdtl%_
Pattern 10,6 I @ Multistep frequency 1 C0®—0/ | UP/DOWN control COD | (Low) selection)
operation Frequency Multistep frequency 2 @—LO ! Mode selection Fire mode ( Lower limit
corgrgand 2 I@ Multistep frequency 3 @_0 : (Reference frequency) frequency
o 1,3 | Multistep frequency 4 @—ro | Auxiliary
R | | Multistep frequency 5 COD—0 | ffefgtlﬁen%y
K | T Multistep frequency 6 @—ro | setting
e ZIfI Multistep frequency 7 CID—0 |
| Multistep frequency 8 (C12—0 |
3'0 | Multistep frequency 9 |
5: : Multistep frequency 10@)—0 :
(6 |° | Multistep frequency 11 | @
7|o 1 Multistep frequency 12 |
10 | Multistep frequency 13@CID—0 9
= UP/DOWN control - Multistep frequency 14C1—0 | o
UPIDOWN control Initial ffequency _ wutistep frequency 15CID—o | o
Initial frequency setting uP 9 #1 L—= ~
command compEnd UPIDOWN
uP DOWN control
N 7

DOWN ~xixiliary frequency DOWN ET® Reset UP/DOWN frequency
sefting 1 STZ

p2) 1 (ES Auxiliary frequency
769 setting 1

Auxiliary frequency
setting 2

| Accel/Decel time ratio setting

Polarity
C35=1

|
|
w1 Gh2
01 O —
0 limiter =13 Upper limit
| 0'14 frequency
: ! Tower imit Main monitor details
| : frequency (Speed monitor item)
| | LCD indication Key operation on the keypad
| Ci293 > 0.00 Reference frequency >L2310 ] ®
s ‘ Balanceless-bumpless 40 |
Scale conversion| (F01,C30 =8) < Load shaft speed >—05: |
Display filter < Display speed (%) 86 JI

JI19071104HLNOD d04 SNVHOVIA X009

*1 Priority when the same function is selected by E61 to E63

U87 > - -> U81 > Terminal [12] > Terminal [C1] > Terminal [V2] > Terminal [32] > Terminal [C2]
*2 For details of the options, refer to the instruction manual for each option.
*3 For values not provided here, refer to the block diagrams of PID control block and other materials.

Scale conversion|

Notes
- When PID control is enabled, the control logic differs from this block diagram.
- S codes are communication-related function codes. Refer to the RS-485 Communication User's

Polarity
C45=1

|
I 12
g I Ogt— Manual for details.
0 limiter : 0:13—
o |
[}

Scale conversion|

Figure 7.1 (2) Frequency Command Block
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7.3 Drive Command Block
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Figure 7.2 Drive Command Block
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7.4 V/f Control Block

7.4 VI/f Control Block

3) Maximum frequency 1
Base frequency 1

' Starting frequency 1

(Holding time)
' Stop frequency

Rotational
direction limitation

Forward

rotation
inhibited
>

7 \ Reverse

rotation
inhibited
Acceleration/deceleration pattern

ACC/DEC processor

Monitor output
< Output torque >

Calculated
torque
Deceleration

mode (One-way deflection)

Deceleration time
for forced stop

Select ACC/DEC

? Low limiter
time (4 steps) "
2/RT1 (Mode selection)
ACC time  ACC time 1

(508) — 4 — Monitor output
- < Output frequency 1

|
DECtime DEC time 1 \O: (before slip compensation) >
|
ACC time 2 _LO | H70=0.00 Overload prevention Tq ~ T He9=0
DEC time 2 | Yo iy H70=0,999 | ===
ACC time 3 I o | -| . Frequency ~o1|_"i_ TF14%23
N | rocessor processor H70+0.00 = | . (One-way
DEC time 3 (E13 ] | —__ £ 07000 |1 : \O1—Q;- i Fa3=0 deflection)
ACC time 4 (E14 o | Overload | H70+000 | [~Gperation —Ol_1 | TOor 1
DEC time 4 [y |  prevention analyzer —lo |
— ~  control - lo 'Y
L — [t et B (@)
Torque limiter for braking F43+0) >
(Frequency increment limit) Automatic QL
deceleration ©
Automatic - Mode selection) .
Calculated deceleration + Automatic ~
e >——
control block
5
"Automatic _'_LO_ - os]
i deceleration
Edc (DC link bus voltage) osnatoii) 6
Limit level o)
Automatic deceleration
(Mode selection) (H69> )
)
Select torque limiter level 2/1 >
TL2/TL1 G)
Torque limit control T limiter for braki >
. - . r~" orque limiter for braking
Torque limiter 1 (Driving) | Q | + (Frequency increment limit) z
Torque limiter 2 (Driving) Ve O A (2]
< Calculated 4! Torque limit m
torque [ —— adjuster O
Torque limiter 1 (Braking) —rQ | + )
| O
Torque limiter 2 (Braking) _|_O_ _ (@]
— Run decision O
=z
z
Continuity of O
running (P) (H92 Decelerate-t torun -
(1) (H93 Vi at y power failure —
Restart mode after + O
momentary power failure B— Edc controller
(Continuous running level) _ G)
Edc (DC link bus voltage) —J Run decisior O
Restart mode after F12
momentary power failure
(Mode selection)
Restart mode aft Dri trol selection 1 Enablell |sable
estart mode after rive control selection operation
momentary power failure Current limit control a%a\yzer
(Frequency fall rate)
imi imi Rated slip @12y I i
Current limiter (Level) Current limiter frequency | = | 00

Output current

Current limiter
(Mode selection)

Slip compensation
response time

Figure 7.3 (1) V/f Control Block



Power
supply

Rectifier I

Main power
down detection
(Mode selection)

down detection

—LDC link bus 1

capacitor YA'AY
4& }) Q Cooling fan

1 r3j )

¢ |

[ M

Motor

Cooling fan

ON/OFF
Edc Gate drive circuit Oultpult Cul"em control
(DC link bus (Iu, Iv, Iw)
el A N
" Cooling fan
PWM signals ON/OFF
control
Instantaneous overcurrent

limiting (Mode selection)

Output current
(Tu, Iv, Iw)  ——p

Alarm 0C1 to 0C3
Comparator

Current limit level =

Current limit processing

Maximum frequency 1

Base frequency 1

Rated voltage at base frequency 1

Maximum output voltage 1

Torque boost 1

Load selection/Auto torque boost/Auto energy saving operation 1
Drive control selection 1

Monitor output
< Output frequency 2
(after slip compensation) >

D

Non-linear V/f pattern 1

Low limiter Frequency Carrier
(Lower limiting  limiter frequency
frequency)  (Low) DC braking DC braking (Tone)
(Braking response
mode)(HOS)—P Voltage [T
(Braking level)(F21)—| calculator H— Hardwatre
current
(Braking starting R limiter
frequenc un
B k.q i Y) decision Carrier frequency
(Braking time) reduction
DCBRK—| r—F- processor
T [
| O
[Iagi—|
STM—P]
Starting mode (Auto search) (HO9 A?(;ﬁnseranrg?ofrm
(Auto search delay time 1) (H49 sgeed
(Auto search delay time 2) (H46 T
Restart mode after momentary power failure (Mode selection) (F14)—p
(Restart time) (FT3 aggsﬁgm”;ﬂf:r
(Frequency fall rate) (H14 power failure y
(Allowable momentary power failure time) (H16

processor

E\F/Zigté?)c)’) Monitor output Monitor output
4 < DC link bus voltage >
(One-way i < Output voltage > g
Frequency deflection) Non-linear Vléf pattern 2
limiter (Frequency) Edc
(High) (Voltage) (DC link bus
+ voltage)
" 2-phase/3-phase
Deceleration
v Vv characteristics Coverter
I ' 77 Edc
- ‘O: » —»| Compen — pwM
Output current fluctuation -sation
damping gain —1
for motor 1

Current
fluctuation
suppressor

@ Motor 1 selection

Phase angle

calculation

Motor sound
(Carrier frequency)

Monitor output
< Output current >

RMS N m
current g

Output current —p]
(Tu, Iv, Iw)

Figure 7.3 (2) V/f Control Block
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7.5 PID Process Control Block

7.5 PID Process Control Block

Switch normal/

Selection of inverse operation
Reference normaliinverse -« IVS
operation [4— Disable PID control
#999—» 'é’:tsecﬁon (J101=0 and J201=0)
Normal/inverse decision Frequency
command 1
P i Normal/ 1!
[12] ———» lo | jolll .4 inverse
Continue- —lO ! + operation
to-run O : : 8 Polarity
[12] Filter Reference loss |freduency C[) C35=1
[12] Offset detection oy o
> J_ 0 limiter  +%
Hardware 1hermistor i
switch (Mode selection) 2 mA—p| Compa- C10FF
SW5 N H26=0 420 A rator
1 =C1—T— 20 m . : | (Less than) |5: -0 Normal/ 2
: selection A ot | | ++ |nvert§e /—|—\
ontinue- % % operation
=PTC | torun | O|_ 1 : ! I
I [C1] Offset [C1]Filter E65)—» requency 0 limiter
' Reference loss [c1]
g detection h 3
__ Normal/ 5]
Thermist -I Thermistor inverse |O
ermistor (Mode selection) +: operation .
(Mode selection 1 | Polarity
H26=1,2 ?3; ? C45=1
* c: 0 Ii"r?1li'ter
H27 ompal OL% Motor overheat (@)
[
Thermistor deteCt_ed by Pattern QD)-
(Level) t_’f_lﬁ;;,mstor (PTC) operation 8
V2] »() / o | ~
N | A— é Continue- !
to-run Ho
ca frequency == W
[v2] Offset  [V2]filter Reference loss atz -
detection V2l O
O
A
up Keypad Multistep PID o
command » uPIDOWN PID process command 1 command selection -
uP vl PID control 1 PID-551, $52 >
DOWN contro (Command selection) o
command E— X
DOWN * UPIDOWN 2] :‘é
control
(2]
o
Display unit ]
aximum scale “ (@)
Minimum scale  [12] Q
5c z
pst k] —
53 A
£ (@)
£3 | +
SE o ol e, r
of ooy ol ) —
a° 4 ! | | | (@]
o U136 +O |
| : | | G_)
31 o 1 (= | o 'e)
| |
PID process command 11 ! 1 U138 —:'_O _!
— % | . -
PID process command 2 2 :O : &urg:itaer?d
|
|
[} o |
f—
PID control 2
(Command selection) Q
J202
PID process command 2
/\ PID feedback amount 1
l ] PID feedback amount 2 ﬁ

Figure 7.4 (1) PID Process Control Block
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Select multistep

oot ey
ﬁManuaI speed command cations link ss;ggg Under PID control Selectlocal  Fire mode

Communications via RS-485 ! PID-CTL (keypad) FMS
link functi Bus link : Cancel PID control Keypad y

ink function us link | er or fieldbus y operation v

function  :02 LE Hz/PID LoC Fire mode
function (Mode selection) pper Timi
i ¢ €116 < fre;uenc; >

— Frequency
|Remote/loca| decnsnonl |Fire mode decision | limiter
(High)

‘Jump %\‘/ Frequency
frequenc T~\ command

Multistep frequency 1
Multistep frequency 2

|
Multistep frequency 3 :
Multistep frequency 4 (CO8 I O | Frequency
Multistep frequency 5 (C09—-O | '('I['z)'\'f)’
Multistep frequency 6 | Fire mode Swer T
Multistep frequency 7 O [ (Reference frequency) frequenc
Multistep frequency 8 !
Multistep frequency 9 O : FoL rLo
Mun!Stef) frequency 10 | O | | Filter clogging prevention/Anti-jam |
Multistep frequency 11 7O |
8 PID Control A
Multistep frequency 12 O | (Anti-reset wind-up) Dry pump protection| | Pdr
Multistep frequency 13 O | Hold PID integral 19 End of curve Pol
Multistep frequency 14 O | component protection o
! | PID channel PID-HLD ———
Multistep frequency 15 O _ ' switching PID Control Control of maximum|
PID2/1 Reset PID integral and (Upper limit of PID starts per hour roC
d differential components process output) L |
e o~ | - PID-RST Slow flowrate stop
@ '\“/ tQ—O T | _——— v function
P! Sefecton 1I o —!_O oo

maxmum| |

t
| PID Control 0 HZ—{-O

19 (Lower limit of

P Sefecion |2 process
PID pre
< mirw:mm ——— | controrl ! output) Note: In practice, mal
e . ractice, y

PID2 @10 PID Control P (Gain) functions other than the

(*1D PID Control | (Integral time) flow flowrate stop

Switch normal/ function are available.

inverse operation

{10 Display unit s PID Control (*12 PID Control D (Differential time)
Maximum scale (Mode selection)
Q tf-\ Minimum scale =12
Asterisk (*) replaces “1” or “2”
i identifying individual codes.
A
f PID 1 PV failure|  PID1 feedback error  py/q

judgment PV1-OFF

PV2-OFi

| PID1 alarm PID1 alarm
_;Addi(icn processor PID1-ALM  PA1 (Light alarm only)
» : PID Control 1

—»| ) . (Alarm output selection)
Q—»‘E N 121 [ Display unit

- O | aximum scale (Upper level alarm (AH)) PID alarm

PID 1:3| 4 pof Selecton [13] o : {209 Minimum scale (Lower level alarm (AL)) PID-ALM
control b R

(Feedback filter) » m:iz:;: [ | PID (Light alarm only)

+—{ inkum | \ PID 2 PV failure[  PID1 feelgback error  pP\V/2

P P

judgment
rF

PID2 alarm
processor

PID2 alarm PA2 (Light alarm only)
PID2-ALM

PID Control 2

(Alarm output selection)

Upper level alarm (AH))

Upper limit warning detection hysteresis width)

PID control 2 maximum| '~ _|
(Feedback filter)

(
(
(
(

_ Lower level alarm (AL)) Main monitor
oS USB,c_lonneCtor ONify99=13 Lower limit warning detection hysteresis width) details
9qUiiz"|;(ént L o~o Key operation on the keypad " &D
;, 2
i =10
RS-485 COMport1  OFF if y98=1,3 Reference frequency >—~~1a—Or—»(A) . ®
(RJ-45 connector to or Frequency Balanceless-bumpless Motor speed o |
Tlost ] connect with keypad) ~ H30=45.8 command via (F01,C30 =8)  Toad shaft speed >—2lo |
i ! S~0— communication = gl |
equipment LI O il G <Display frequency (% )
RS-485 COMport2  OFF if y98=1,3 ol
(Control circuit or @
terminals DX+ and H30=1,3,7
DX-
Host ) 0 3~0
lequipment
OFF if
H30=1,3 to 5, | command
Host Fieldbus card 7.8 takes effect.
eauipment ] (option) Data clear processing | aturs ihe Hequency cormand ang.

for communications
error

run command (FWD, REV, FWD2 or
REV2) can be cleared.

*1 Priority when the same function is selected by E61 to E63
U87 >- - -> U81 > Terminal [12] > Terminal [C1] > Terminal [V2] > Terminal [32] > Terminal [C2] > Terminal [PT1] > Terminal [PT2]
*2 For details of the options, refer to the instruction manual for each option.

Figure 7.4 (2) PID Process Control Block
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7.6 External PID Process Control Block

7.6 External PID Process Control Block

External PID control 1
(Remote command)

Ext PID multistep
d
Keypad comman
External PID1 SV EPID-SS1, SS2
External PID command 157

[12] Offset

—
G2 I e 3
| DOWN

| control | |

Ext PID command 1
for communication

51 ;
60 |
ddit o)
611
Hardware Thermistor > iC)
switch (Mode selection) — 62 !
SW5 _q _H26<0 : |o
[C1] $00—0T o }—»{Secion] 63
<
€3 =064
143 [ Selecion
[C1] i i

Offset

|
|
|
|
|
© '

. I Ot 0
Thermistor | 146 Keypad
(Mode selection) | Of External PID2 SV

|
|
|
|
|
|

(@)
1471 External PID command 1 51!0 >
Alarm 0H4 Ot T Q
Motor overheat | External PID command 2 52 ©
detected by thermistor o 49 +O -
Thermistor
(Level) (PTC) THM lag 5
o
| — 4|
"1 S32

Ext PID command 2
for communication

11

|
Ext PID process command 2 52|o

|
Ext PID process command 3 53, 0

os]
—
Tl 8
A
V2] ' | _ g
2] Filt I 143 =1 l >
[V2] Offset [V2] Filter | — %
[ TR
| ol 3
: 145 2
Lo »
|46
| m
b g o
o4 9
|
| C!“B - o
I 1
| :49 <Ex|erﬁ:}/pP?ga SV, K %
L -7 Ext PID process command 1 51 o 5
v z
o
=
-
(@]
@
(@]

S33

Ext PID command 3
for communication

*1 Priority when the same function is selected by E61 to E63
U87 >- - ->U81 > Terminal [12] > Terminal [C1] > Terminal [V2] > Terminal [32] >
Terminal [C2] > Terminal [PT1] > Terminal [PT2]

Figure 7.5 (1) External PID Process Control Block
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Figure 7.5 (2) External PID Process Control Block
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7.7 FM1/FM2 Output Selector

7.7 FM1/FM2 Output Selector

Analog output [FM1] Mode Voltage
(Function) selection adjustment

F31

Hardware switch
SW4 = VO1 position

Output frequency 1 0 QJ,O } Analog output
Output frequency 2 1 O : . [FM1)
o 2 SW4 =01 position
utput current O |
Output voltage 3 FO |_ _
Output torque 4 O
Load factor 5 FO
Input power 6 O
PID feedback amount (PV) 1o
DC link bus voltage 9 FO
Universal AO 10 FO
Motor output 13 —FO
Calibration (+) 4o
PID command (SV) 15 O
PID output (MV) 16 O
18
Heat sink temperature (200°C/10 V) FO
20
Reference frequency O
50
PID feedback amount 1 (PV1) O
51
PID command 1 (SV1) O
54
PID feedback amount 2 (PV2) O
55
PID command 2 (SV2) FO
60
External PID feedback amount 1 (EPID1-PV) O
External PID command 1 (EPID1-SV) &1 O
65
External PID final output 1 (EPID1-OUT) O
70
External PID feedback amount 2 (EPID2-PV) 7 O
External PID command 2 (EPID2-SV) O
External PID final output 2 (EPID2-OUT) 75 O
80
External PID feedback amount 3 (EPID3-PV) FO
81
External PID command 3 (EPID3-SV) O
External PID final output 3 (EPID3-OUT) 85 O
: ) . 111
Customizable logic output signal 1 FO
. ) X 112
Customizable logic output signal 2 FO
113
Customizable logic output signal 3 O
. . . 114
Customizable logic output signal 4 O
) ) . 115
Customizable logic output signal 5 O
116
Customizable logic output signal 6 O
117
Customizable logic output signal 7 O
Note: Deviation output is supported by terminal [Ao] only.

Figure 7.6 Terminal [FM1] Output Selector
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Note: Deviation output is supported by terminal [Ao] only.

Figure 7.7 Terminal [FM2] Output Selector
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Chapter 8

RUNNING THROUGH RS-485
COMMUNICATION

This chapter describes an overview of inverter operation through the RS-485 communications facility. Refer
to the RS-485 Communication User's Manual (MEH448) for details.
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8.1 Overview on RS-485 Communication

8.1 Overview on RS-485 Communication

The FRENIC-AQUA has two RS-485 communications ports at the locations shown below.

(1) Communications port 1: RJ-45 connector for the keypad (modular jack)
(2) Communications port 2: RS-485 terminals (Control circuit terminals SD, DX-, and DX+)

RS-485 terminals (SD, DX-, and DX+)
(which facilitate multi-drop connection.)

RJ-45 connector

COM port 1 COM port 2

g "deyn

Using the RS-485 communications ports shown above enables the extended functions listed below.

B Remote operation from a keypad at the remote location (COM port 1)

Using an extension cable to connect the standard keypad to the RJ-45 port allows you to mount the
keypad on a panel located far from the inverter, enabling remote operation. The maximum length of
the extension cable is 20 m.

B Operation by FRENIC Loader (COM ports 1 and 2)

A Windows-based PC can be connected to the RJ-45 connector (RS-485 communication, COM port
1) or the USB port on the inverter. Through the interface, you can run FRENIC Loader (see Section
8.2) on the PC to edit the function code data and monitor the running status of the inverter. Connecting
the PC to the RS-485 connector (COM port 2) on the terminal block also allows you to run FRENIC
Loader.

B Control via host equipment (COM ports 1 and 2)

Connecting the inverter to a PC, programmable logic controller (PLC), or other host equipment
enables you to control the inverter as a subordinate device from the host.

Besides the communications port (RJ-45 connector) shared with the keypad, the FRENIC-AQUA has
RS-485 terminals as standard. The connection via terminals facilitates multi-drop connection.

NOILYOINNIWINOD SG87-SH HONOYHL ONINNNY

Protocols for managing a network including inverters include the Modbus RTU, Metasys N2, BACnet
and communications link pump control protocols that are widely used in FA markets, as well as the
Fuji general-purpose inverter protocol that supports the FRENIC-AQUA and conventional series of
inverters.

( Note °* Connecting the keypad to the COM port 1 automatically switches to the keypad protocol;
there is no need to modify the function code setting.

* When using FRENIC Loader, which requires a special protocol for handling Loader
commands, you need to set up some communications conditions accordingly.
For details, refer to the FRENIC Loader Instruction Manual.

» The COM port 2 supports only controls from host equipment, and not from the keypad.

L[] For details of RS-485 communication, refer to the RS-485 Communication User's Manual.
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8.1.1

RS-485 common specifications

Items Specifications
Protocol FGI-BUS Modbus RTU Loader commands | Metasys N2 BAChnet
Compliance Fuji Modicon Modbus | Dedicated Johnson Controls | ASHRAE/ANSI/
general-purpose | RTU-compliant | protocol for Metasys N2 ISO-compliant
inverter protocol | (only in RTU FRENIC Loader | protocol
mode) (Not disclosed)
No. of supporting | Host device: 1
stations Inverters:  Up to 31
Electrical EIA RS-485
specifications
Connection to RJ-45 connector or terminal block
RS-485
Synchronization | Asynchronous start-stop system
Transmission Half-duplex
mode
Transmission 2400, 4800, 9600, 19200 or 38400 bps 9600 bps 9600, 19200,
speed 38400 bps
Max. transmission | 500 m
cable length
No. of logical 1 to 31 1 to 247 0to 255 0to 255 0to 127
station addresses
available
Message frame FGI-BUS Modbus RTU FRENIC Loader | Metasys N2 MS/TP frame
format format
Frame SOH Detection of Header character | Header character | Detection of two
synchronization | (Start Of Header) |no-data detection detection header characters
charaqter transmission time (Start code 96H) | (Start code 3EH) (preamble)
detection for 3-byte period (0x55, OXFF)
Frame length Normal Variable length Variable length Variable length Variable length
transmission:
16 bytes (fixed)
High-speed
transmission:
8 or 12 bytes
Max. transfer data | Write: 1 word Write: 50 words | Write: 41 words | Write: 1 word Write: 50 words
Read: 1 word Read: 50 words |Read: 41 words |[Read: 1 word Read: 50 words
Messaging system | Polling/Selecting/Broadcast Command Polling/Selecting | Polling/Selecting/
message Broadcast
Transmission ASCII Binary Binary ASCII Binary
character format *Data of character
string read: ASCII
Character length | 8 or 7 bits 8 bits (fixed) 8 bits (fixed) 8 bits (fixed) 8 bits (fixed)
(selectable by the
function code)
Parity Even, Odd, or None Even (fixed) None None
(selectable by the function code)
Stop bit length 1 or 2 bits No parity: 1 bit (fixed) 1 bit (fixed) 1 bit (fixed)
(selectable by the |2 bits/1 bit
function code) Even or Odd

parity: 1 bit

Select by parity
setting.
Error checking Sum-check CRC-16 Sum-check Sum-check Header CRC
Data CRC
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8.1 Overview on RS-485 Communication

8.1.2
[ 1] RS-485 communications port 1 (for connecting the keypad)

Terminal specifications for RS-485 communication

The port designed for a standard keypad uses an RJ-45 connector having the following pin

assignment:
Pin Signal name Function Remarks
1 and 8 Vee Power source for the keypad 5V power lines
2 and 7 GND Reference potential Grounding pins
3 N/A Not available. No connection
6 NC Not used. No connection
4 DX- RS-485 data (-) Built-in terminating resistor: 112Q
5 DX+ RS-485 data (+) Open/close by SW3*

* For details about SW3, refer to Chapter 2, Section 2.3.2 "Setting up the slide switches."

T +5V
[O] 1 vee 1 8
TXD _i[\"rz ©|2 GND
O3 N/A
RXD - <Ol 4 DX-
{\F B ol5 Dx+
DE/RE O|6 NC Y ]
- O|7 GND
GND Terminating |8 Vee RJ-45 connector
resistor — face

SW3 RJ-45 connector
pin assignment

Note Pins 1, 2,7, and 8 on the RJ-45 connector are exclusively assigned to power supply and
grounding for keypads. When connecting other devices to the RJ-45 connector, take care not
to use those pins. Failure to do so may cause a short-circuit hazard. Use pins 4 and 5 only.

[ 2] RS-485 communications port 2 (control circuit terminals)

The FRENIC-AQUA has terminals for RS-485 communications on the control circuit terminal block.
The details of each terminal are shown below.

Signal name

Function

Remarks

SD Shield terminal
DX~ RS-485 data (-) Built-in terminating resistor: 112Q
DX+ RS-485 data (+) Open/close by SW2*

* For details about SW2, refer to Chapter 2, Section 2.3.2 "Setting up the slide switches."

8-3
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8.1.3 Connection method

» Up to 31 inverters can be connected to one host equipment.

» The protocol is commonly used in the FRENIC series of general-purpose inverters, so programs for
similar host equipment can run/stop the inverter.
(The parameters specifications may differ depending on the equipment.)

* Fixed-length transmission frames facilitate developing communication control programs for hosts.

For details of RS-485 communication, refer to the RS-485 Communication User's Manual
(MEH448).

Multi-drop connection using the RS-485 communications port 1 (for connecting the keypad)

For connecting inverters in multi-drop connection, use the branch adapters for multi-drop connection
as shown below.

(§ Note

Branch adapter for

multi-drop connection FRENIC-AQUA
RS-232C-RS-485 e
converter g}: = I
Terminating resistor
(100 - 120 ohm) ON RJ-45 connector
Terminating
resistor SW3 OFF
FRENIC-AQUA
PC running - =i
FRENIC Loader _|
RJ-45 connector ﬁ
- Terminating
- resistor SW3 OFF
FRENIC-AQUA
—a e
" 1 “I -
Bl
RJ-45 connector ﬂ
K Terminating
f resistor SW3 ON

Figure 8.1 Multi-drop Connection (Using the RJ-45 connector)

Pins 1, 2, 7, and 8 on the RJ-45 connector are exclusively assigned to power supply and
grounding for keypads. When connecting other devices to the RJ-45 connector, take care
not to use those pins. Failure to do so may cause a short-circuit hazard. Use pins 4 and 5
only. (For details, refer to Section 8.1.2 "Terminal specifications for RS-485
communication.")

When selecting additional devices to prevent the damage or malfunction of the control
PCB caused by external noises or eliminate the influence of common mode noises, be sure
to refer to Section 8.1.4 "Communications support devices."

The maximum wiring length must be 500 m.

Use cables and converters meeting the specifications for proper connection. (Refer to [2]
"Requirements for the cable (COM port 1: for RJ-45 connector)" in Section 8.1.4
"Communications support devices."
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8.1 Overview on RS-485 Communication

Multi-drop connection using the RS-485 communications port 2 (on the terminal block)

USB or RS-232C RS-485
(4-wire)
| ’ Terminating resistor ~
(1120) é Shield
USB—RS-485 converter
=2 Ay e . FRENIC-AQUA seri
or -
, Inverter 1
Off-the-shelf one px+ Station No. 01
DX- (2-wire)
SD
Using the built-in
terminating resistor FRENIC- AQUA series
Inverter 2
DX+ .
— ox. Station No. 02
] SD (2-wire) o
>
)
T ©
{ Upto 31 °
! inverters
ERENIC-AQUA series
Inverter n
DX+  Station No. n
DX- (2-wire)
SD
Switching terminating
resistors
SwW2
1120

Figure 8.2 Multi-drop Connection Diagram (Connecting to the Terminal Block)

@ Use cables and converters meeting the specifications for proper connection. (Refer to [3]
"Requirements for the cable (COM port 2: for RS-485 connector)" in Section 8.1.4
"Communications support devices."
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8.1.4 Communications support devices

This section describes the devices required for connecting the inverter to a PC having no RS-485
interface or for connecting two or more inverters in multi-drop network.

[ 1] Communications level converters

Usually PCs are not equipped with an RS-485 communications port but with an RS-232C port. To
connect inverters to a PC, therefore, you need an RS-232C—RS-485 converter or a USB—RS-485
converter. To run the FRENIC-AQUA correctly, use a converter satisfying the requirements given
below.

Requirements for recommended communications level converters

Send/receive switching:  Auto-switching by monitoring of send/receive data status at the PC

(RS-232C)
Electric isolation: Electrically isolated from the RS-485 port
Fail-safe: Fail-safe facility*
Other requirements: Superior noise immunity

* The fail-safe facility refers to a feature that ensures the RS-485 receiver's output at "High" (logical
value = 0) even if the RS-485 receiver's input is opened or short-circuited or all the RS-485 drivers
are inactive. Refer to Figure 8.3.

Recommended converters

System Sacom Sales Corporation (Japan) : KS-485PTI (RS-232C—-RS-485 converter)
: USB-4851 RJ45-T4P (USB—RS-485 converter)

Send/receive switching system

The RS-485 communications system of the inverter acts in half-duplex mode (2-wire) so the converter
must feature a send/receive switching circuitry. Generally, the switching system may be either one of
the following.

(1) Auto-switching by monitoring of send/receive data

(2) Switching by RS-232C control signal of RTS or DTR (hardware flow control system)

Computer Driver DX+ Driver
........ O O
: Driver input
b Driver input
c
o O Q
2 el Driver —
Gé : Trargts:g?:lsiszgon/ enable DX Driver enable
RS-232C 8 switching
°
3
— Receiver output

Receiver output

Receiver enable .
Receiver enable

Receiver .
RS-485 Receiver

RS-232C— RS-485 converter FRENIC-AQUA (two-wire system)

Figure 8.3 Communications Level Conversion

8-6



8.1 Overview on RS-485 Communication

[2] Cable for RJ-45 connector (COM port 1)
Use a standard 10BASE-T/100BASE-TX LAN cable (US ANSI/TIA/EIA-568A category 5 compliant,
straight type).

Note The RJ-45 connector (COM port 1) has power source pins (pins 1, 2, 7 and 8) exclusively
assigned to keypads. When connecting other devices to the RJ-45 connector, take care not to
use those pins. Using them will cause a short-circuit hazard. Use pins 4 and 5 only.

[ 3] Cable for RS-485 connector (COM port 2)

To ensure the reliability of connection, use twisted pair shield cables for long distance transmission
AWG 16 to 26.

Recommended LAN cable

Manufacturer: FURUKAWA Electric Co., Ltd.

AWM?2789 Cable for long distance connection

Type (Product code): DC23225-2PB

[ 4] Branch adapter for multi-drop

An RS-485 communications network for inverters utilizes 2-wire 10BASE-T LAN cables fitted with
an RJ-45 connector at both ends. To connect those inverters to the network in multi-drop mode, use
branch adapters for multi-drop.

g "deyn

Recommended branch adapter
SK Koki (Japan): MS8-BA-JJJ

8.1.5 Noise suppression

Depending on the operating environment, instruments may malfunction due to the noise generated by
the inverter. Possible measures to prevent such malfunction are: separating the wiring, use of shielded
cable, isolating the power supply, and adding an inductance component. Shown below is an example
of adding an inductance component.

Refer to the RS-485 Communication User's Manual, Chapter 2, Section 2.2.4 "Noise
suppression" for details.

Adding inductance components

To suppress or eliminate noise for keeping the network in high noise immunity level, insert inductance
components such as choke coils in series in the signal circuit, or pass the RS-485 communications
cable through a ferrite core ring or wind it around by 2 or 3 turns as shown below to keep the
impedance of the signal lines high.

NOILYOINNIWINOD SG87-SH HONOYHL ONINNNY

Ferrite core
RS-485 communications cable

RS-485 TRD+
converter trp.-

L . DX+
[ ' I Inverter
£ ; DX-

FG

Pass the wiring through the ferrite core or
wind the ferrite core with the wiring a few times

Figure 8.4 Adding an Inductance Component
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8.2 Overview of FRENIC Loader

FRENIC Loader is a software tool that supports the operation of the inverter via an RS-485
communications link. It allows you to remotely run or stop the inverter, edit, set, or manage the
function codes, monitor key parameters and values during operation, as well as monitor the running
status (including alarm information) of the inverters on the RS-485 communications network.

8.2.1

Note

Specifications

With special order-made inverters, FRENIC Loader may not be able to display some function
codes normally.

For details, refer to the FRENIC Loader Instruction Manual.

Item

Specifications
(White on black indicates factory default)

Remarks

Name of software

FRENIC Loader

Supported inverter

FRENIC-HVAC/AQUA

(Note 1)

No. of supported inverters

When connected to USB port: 1

When connected to RS-485
communications ports: Up to 31

Recommended cable

10BASE-T cable with RJ-45 connectors

For the RS-485 interface

compliant with EIA568
CPU Intel Pentium IIT 600 MHz or later (Note 2)
< | OS Microsoft Windows XP
5 Microsoft Vista (32-bit)
g Microsoft 7 (32-bit)
- | Memory 512 MB or more RAM 1 GB or more recommended
§0 Hard disk 20 MB or more free space
£ | COM port RS-232C (conversion to RS-485
g communication required to connect
OQ* inverters) or USB
Monitor XGA (1024 x 768), 32-bit color or higher
is recommended
COM port COM1 to COM255 PC COM ports assigned to
Loader
Transmission rate | When connected to USB port: 19200 bps or more is
Between loader and USB recommended.
" = fixed at 12 (Mbps) (Note 3)
g When connected to RS-485
g communications ports:
.§~ 38400, 19200, 9600, 4800, 2400 (bps)
£ | Character length 8 bits Prefixed
& | Stop bit length 1 bit Prefixed
é Parity Even Prefixed
é No. of retries None, 1 to 10 No. of retry times before
=

detecting communications
error

Timeout setting

(100 ms, 300 ms, 500 ms), (1.0to 1.5 to
1.95), (2.0 t0 9.0 s) or (10.0 to 60.0 s)

This setting should be longer
than the response interval time
specified by function code y09
of the inverter.

(Note 1) FRENIC Loader cannot be used with inverters that do not support SX protocol (protocol for handling

Loader commands).

(Note 2) Use a PC with as high a performance as possible, since some slow PCs may not properly refresh the

operation status monitor or test-run windows.
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8.2 Overview of FRENIC Loader

8.2.2 USB port on the inverter unit

The USB port on the inverter unit allows you to connect a computer supporting USB connection and
use FRENIC Loader. As described below, various information of the inverter can be monitored and
controlled on the computer.

Features

1. The inverter can be directly connected to the computer through a commercial USB cable (mini B)
without using a converter. The computer can be connected online with the inverter.

2. With FRENIC Loader, the inverter can support the following functions (1) to (5).
(1) Editing, comparing, and copying the function code data
(2) Real-time operation monitor
(3) Alarm history (latest and last 9 alarms)
(4) Maintenance information

(5) Historical trace

® Data can be transferred from the USB port on the inverter unit directly to the computer (FRENIC
Loader) in the manufacturing site.

® Periodical collection of life information can be carried out efficiently.

® The real-time tracing function permits the operator to check the equipment for abnormality.

g "deyn

FRENIC Loader
Allows operation of the inverter
connected online with the PC

The USB port (CN10%*) is located on the upper right of the control printed circuit board (control PCB)
as shown below. To connect the USB cable to CN10, remove the front cover so that you can see the
control PCB.

*miniB connector, Version 2.0 compliant

NOILVOINNNINOD S8Y-SH HONOHHL ONINNNY

]

| [o] |

Figure 8.5 Location of USB Connector on Control PCB

8-9



Chapter 9
TROUBLESHOOTING

This chapter describes troubleshooting procedures to be followed when the inverter malfunctions or detects
an alarm or a light alarm condition. First check whether an alarm code or "light alarm" indication is displayed,
and then proceed to the respective troubleshooting item.

Contents
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9.1 Protective Functions

9.1 Protective Functions

The FRENIC-AQUA series of inverters has various protective functions as listed below to prevent the
system from going down and reduce system downtime. The protective functions marked with e in the
table are disabled by factory default. Enable them according to your needs.

The protective functions include, for example, the "heavy alarm” detection function which, upon
detection of an abnormal state, displays the alarm code on the LCD monitor and causes the inverter to
trip, the "light alarm" detection function which displays the alarm code but lets the inverter continue
the current operation, and other warning signal output functions.

If any problem arises, understand the content of the protective functions listed below and follow the

procedures given in Sections 9.2 and onwards for troubleshooting.

Related
Protective function Description function
code
This function detects an abnormal state, displays the corresponding alarm
code, and causes the inverter to trip. The "heavy alarm" codes are
"Heavy alarm" check-marked in the "Heavy alarm" object column in Table 9.1. For details
detec ti}(]) 0 of each alarm code, see the corresponding item in the troubleshooting. H98
The inverter can store and display the last ten alarm codes and the date on
which they occurred (when realtime clock function enabled), and detailed
information on each relevant part for the past four alarms.
This function detects abnormal states, and allows operation to continue
. o . L . : . H181
. without tripping the inverter while displaying and outputting warnings.
®"Light alarm" . . . . H182
. It is possible to define which abnormal states should be categorized as a
detection s " " " - HI1383
light alarm". See the "light alarm" codes in Table 9.1. H184
See Section 9.3.2 for details on how to check and release light alarms.
When the output current exceeds the current limiter level (F44) during
. acceleration/ deceleration or constant speed running, this function decreases
Stall prevention . . . F44
the output frequency and controls increases in output current to avoid an
overcurrent trip.
e Overload prevention Before the inverter trips due to a heat sink overheat (OH1) or inverter
control p overload (OLU ), this function decreases the output frequency to reduce the | H70
load.
® Automatic If regenerative energy returned exceeds the inverter's braking capability, this
: . . ; L H69
deceleration function automatically increases the deceleration time or controls the output H76
(Anti-regenerative control) | frequency to avoid an overvoltage trip.
® Deceleration During deceleration, this function increases the motor energy loss and
characteristics decreases the regenerative energy returned to avoid an overvoltage trip
(Excessive regenerative (OV). H71
energy proof braking
capability)
This function detects a reference frequency loss (due to a broken wire, etc.),
® Reference loss . he i : h ousl fied f d 6
detection g:ontlnues the mverter operation at t ¢ previously specified frequency, an E65
issues the "Command loss detected" signal REF OFF.
. . Before the inverter trips due to an abnormal surrounding temperature or
Automatic lowering of : . . .
- output current, this function automatically lowers the carrier frequency to| H98
carrier frequency L . - .
mitigate inverter loss and avoid a trip.
. Even when the inverter is in stopped state, this function feeds DC current
® Dew condensation L .
. across the motor at certain intervals to raise the motor temperature and| J21
prevention -
prevent dew condensation.
When the inverter output current reaches the specified level, this function
® Motor overload early | . he "M load earl o sional OL bef he th 1 E34
warning 1ssues the otqr overload early warning” signal ( efore the t erma E35
overload protection function causes the inverter to trip for motor protection.
When the inverter has stopped because of a trip, this function allows the HO4
® Auto-reset inverter to automatically reset alarms and restart itself. (The number of HO5
retries and the latency between stop and reset can be specified.)
Upon receipt of the forced stop command STOP, this function interrupts the
® Forced stop run and other commands currently applied in order to forcedly decelerate the | HS56
inverter to a stop.
S . This function protects the inverter from a surge voltage invaded between
urge protection A . -
main circuit power lines and the ground.
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9.2 Before Proceeding with Troubleshooting

AWARNING A

Injury may occur.

(+25 VDC or below).

Electric shock may occur.

If any of the protective functions has been activated, first remove the cause. Then, after checking that the
all run commands are set to OFF, release the alarm. If the alarm is released while any run commands are
set to ON, the inverter may supply the power to the motor, running the motor.

» Even though the inverter has interrupted power to the motor, if the voltage is applied to the main circuit
input terminals L1/R, L2/S and L3/T, voltage may be output to inverter output terminals U, V, and W.

» Turn OFF the power, and after at least ten minutes have elapsed, use a multimeter or similar instrument
to ensure that the DC link bus voltage between the terminals P (+) and N (-) has dropped to a safe level

Follow the procedure below to solve problems.

(1) Is the inverter correctly wired?

Refer to Chapter 2, Section 2.10 "Connection Diagram".

(2) Isan alarm code displayed on the LCD monitor?
e [falarm code displayed
e Abnormal motor operation
e Problems with inverter settings

o [f Other than an Alarm Code is Displayed

If any problems persist after the above recovery procedure,

9-2

Go to Section 9.3.
Go to Section 9.4.1.
Go to Section 9.4.2.

Go to Section 9.5.

contact your Fuji Electric representative.




9.3 If an Alarm Code Appears on the Monitor

9.3 If an Alarm Code Appears on the Monitor

9.3.1 Alarm Codes
Table 9.1 Abnormal States Detectable ("Heavy Alarm™ and "Light Alarm" Objects)
"Heavy Retry_ "Light Ref
Code Name alarm” | registration | alarm" Remarks :
objects objects objects page
0C1, 0C2, OC3 Instantaneous overcurrent N N -- 9-4
EF Earth fault N -- 45 kW or above 9-4
0OV1, 0V2,0V3 | Overvoltage N N - 9-5
LV Undervoltage v N - 9-5
LiN Input phase loss v - 9-6
OPL Output phase loss N -- 9-7
OH1 Heat sink overheat N N - 9-7
OH 2 External alarm N N N 9-8
OH 3 Inverter internal overheat N v N 9-8
OH 4 Motor protection (PTC thermistor) N v -- 9-8
FUS Fuse blown N - 110 kW or above 9-9
PbF Charger circuit fault v -- 45 KW or above 9-9
OL1 Overload of motors 1 N v N 9-10
OoLU Inverter overload N N -- 9-10
Erl Memory error N - 9-11
Er2 Keypad communications error v -- 9-11
Er3 CPU error N - 9-12
Er4 Option communications error N N 9-12
Er5 Option error N v 9-12
Er6 Operation protection v -- 9-12
Er7 Tuning error N -- 9-13
Er8 RS-485 communications error (COM port 1) N N 9-14
ErP RS-485 communications error (COM port 2)
ErF Data saving error during undervoltage v -- 9-15
ErH Hardware error N -- 9-15
CoF Power input disconnect detection v v 9-15
ECL Customizable logic error v -- 9-16
ECF Enable circuit error v - 9-16
PID control 1, 2
PV, PV2 feedback error detection v v 9-16
PVA. PVb, PVC External PID control .1, 2,3 N N 917
feedback error detection
Pdr Drought protection v v 9-17
roC Control of maximum starts per hour v v 9-18
PoL End of curve protection v v 9-18
rLo Anti jam v - 9-19
FoL Filter clogging error v \ 9-19
LoK Password protection v -- 9-20
Err Mock alarm v - 9-20
1P00: 110 kW or above
FAL DC fan locked - v IP21: 45 kW or above -
1P55: 11 kKW or above
oL Motor overload early warning -- v --
OH Heat sink overheat early warning -- v --
LiF Lifetime alarm -- N --
rEF Reference command loss detected -- v --
uTL Low torque output - v -
PTC PTC thermistor activated -- N --
ITE Inverter life (Cumulative motor run time) -- N --
CnT Inverter life (Number of startups) -- v --
PA1, PA2 PID control 1, 2 warning output -- \ --
PAA, PADb, PAC External PID control 1, 2, 3 warning output -- \ --
SLA Mutual operation slave inverter alarm -- \ --
Lob Low battery -- v 9-20
dtL Data information loss -- v 9-20
Fod Forced operation -- -- --

9-3
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[1] OCn Instantaneous overcurrent
Problem The inverter momentary output current exceeded the overcurrent level.

OC1 Overcurrent occurred during acceleration.
OC2 Overcurrent occurred during deceleration.
OC3 Overcurrent occurred during running at a constant speed.

Possible Causes

What to Check and Suggested Measures

(1) The inverter output lines
were short-circuited.

Disconnect the wiring from the inverter output terminals ([U], [V] and
[W]) and measure the interphase resistance of the motor wiring. Check if
the resistance is too low.

= Remove the short-circuited part (including replacement of the wires,
relay terminals and motor).

(2) Ground faults have occurred
at the inverter output lines.

Disconnect the wiring from the output terminals ([U], [V] and [W]) and
perform a Megger test.

= Remove the grounded parts (including replacement of the wires,
relay terminals and motor).

(3) Overload.

Measure the motor current with a measuring device to trace the current
trend. Then, use this data to judge if the trend is over the calculated load
value for your system design.

=>If the load is too heavy, reduce it or increase the inverter capacity.

Trace the current trend and check if there are any sudden changes in the
current.

=>» If there are any sudden changes, make the load fluctuation smaller or
increase the inverter capacity.

> Enable instantaneous overcurrent limiting (H12 = 1).

(4) Excessive torque boost
specified.
(when F37 =0, 1, 3, or 4)

Check whether decreasing the torque boost (FO9) decreases the output
current but does not stall the motor.

=> If no stall occurs, decrease the torque boost (F09).

(5) The acceleration/
deceleration time was too
short.

Check that the motor generates enough torque required during

acceleration/deceleration. That torque is calculated from the moment of

inertia for the load and the acceleration/deceleration time.

= Increase the acceleration/deceleration time (FO7, FO8, E10 through
E15, and H56).

=> Enable the current limiter (F43) and torque limiter (F40, FA1, E16,
and E17).

=> Increase the inverter capacity.

(6) Malfunction caused by noise.

Check if noise control measures are appropriate (e.g., correct grounding
and routing of control and main circuit wires).

= Implement noise control measures. For details, refer to Appendix A.
=> Enable the Auto-reset (H04).

= Connect a surge absorber to magnetic contactor's coils or other
solenoids (if any) causing noise.

[ 2] EF Earth fault

Problem  An earth fault current flowed from the output terminal of the inverter.

Possible Causes

What to Check and Suggested Measures

(1) An earth fault occurred at the
inverter output terminal(s).

Disconnect the wiring from the output terminals ([U], [V], and [W])
and perform a Megger test.

= Remove the earthed parts (including replacement of the wires,
relay terminals and motor).
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9.3 If an Alarm Code Appears on the Monitor

[3] OVn Overvoltage

Problem The DC link bus voltage was over the detection level of overvoltage.

OV1 Overvoltage occurred during acceleration.

OV2 Overvoltage occurred during deceleration.

OV3 Overvoltage occurred during running at constant speed.

Possible Causes

What to Check and Suggested Measures

(1

The power supply voltage
exceeded the inverter's
specification range.

Measure the input voltage.

= Decrease the voltage to within the specified range.

2)

A surge current entered the
input power supply.

In the same power line, if a phase-advancing capacitor is turned
ON/OFF or a thyristor converter is activated, a surge (momentary large
increase in the voltage or current) may be caused in the input power.

=>» Install an AC reactor.

3)

The deceleration time was too
short for the moment of inertia
for load.

Recalculate the deceleration torque based on the moment of inertia for
the load and the deceleration time.

= Increase the deceleration time (FO8, E11, E13, E15, and H56).

Enable the automatic deceleration (anti-regenerative control) (H69),
or deceleration characteristics (H71).

>
=> Enable torque limiter (F40, F41, E16, E17, and H73).
>

Set the rated voltage (at base frequency) (FO05) to "0" to improve the
braking capability.

(4)

The acceleration time was too
short.

Check if the overvoltage alarm occurs after rapid acceleration.
=>» Increase the acceleration time (F07, E10, E12, and E14).
= Select the S-curve pattern (H07).

©)

Braking load was too heavy.

Compare the braking torque of the load with that of the inverter.

= Set the rated voltage (at base frequency) (F05) to "0" to improve the
braking capability.

(6)

Malfunction caused by noise.

Check if the DC link bus voltage was below the protective level when
the overvoltage alarm occurred.

= Implement noise control measures. For details, refer to Appendix A.
= Enable the auto-reset (H04).

= Connect a surge absorber to magnetic contactor's coils or other
solenoids (if any) causing noise.

()

Excessive high-frequency
current from outside
(Occurred during stoppage
after turning ON main power.)

Prevent the inflow of high-frequency current.
=> Apply control measures at the high-frequency current side.

=> In some instances, this can be improved by removing the E1 and E2
screws. In this case, the EMC filter will no longer function, and the
inverter will no longer conform to EMC standards. Please contact
Fuji Electric if these screws are removed.

[4] LV Undervoltage
Problem DC link bus voltage has dropped below the undervoltage detection level.

Possible Causes

What to Check and Suggested Measures

(M

A momentary power failure
occurred.

=> Release the alarm.

=> If you want to restart running the motor without treating this
condition as an alarm, set F14 to "3," "4," or "5," depending on the
load type.

2

The power to the inverter was
switched back to ON too soon
(when F14 =1).

Check if the power to the inverter was switched back to ON while the
control power was still alive. (Check whether the LEDs on the keypad
light.)

=> Turn the power ON again after all LEDs on the keypad go off.

9-5
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Possible Causes

What to Check and Suggested Measures

3)

The power supply voltage did
not reach the inverter's
specification range.

Measure the input voltage.

=> Increase the voltage to within the specified range.

4)

Peripheral equipment for the
power circuit malfunctioned, or
the connection was incorrect.

Measure the input voltage to find which peripheral equipment
malfunctioned or which connection is incorrect.

=> Replace any faulty peripheral equipment, or correct any incorrect
connections.

©)

Any other loads connected to
the same power supply have
required a large starting
current, causing a temporary
voltage drop.

Measure the input voltage and check the voltage fluctuation.

=> Reconsider the power supply system configuration.

(6)

Inverter's inrush current caused
the power voltage drop because
the power supply transformer
capacity was insufficient.

Check if the alarm occurs when a molded case circuit breaker (MCCB),
residual-current-operated protective device (RCD)/earth leakage circuit
breaker (ELCB) (with overcurrent protection) or magnetic contactor
(MCQ) is turned ON.

=>»Reconsider the capacity of the power supply transformer.

[5]

Lin Input phase loss

Problem Input phase loss occurred, or interphase voltage unbalance rate was large.

Possible Causes

What to Check and Suggested Measures

(M

Breaks in wiring to the main
power input terminals.

Measure the input voltage.

=> Repair or replace the main circuit power input wires or input
devices (MCCB, MC, etc.).

2

The screws on the main power
input terminals are loosely
tightened.

Check if the screws on the main power input terminals have become
loose.

=> Tighten the terminal screws to the recommended torque.

(€)

Interphase voltage unbalance
between three phases was too
large.

Measure the input voltage.

= Connect an AC reactor (ACR) to lower the voltage unbalance
between input phases.

=> Increase the inverter capacity.

“4)

Overload cyclically occurred.

Measure the ripple wave of the DC link bus voltage.

=>» Ifthe ripple is large, increase the inverter capacity.

)

Single-phase voltage was input
to the three-phase input
inverter.

Check the inverter type.

= Apply three-phase power. The FRENIC-AQUA of three-phase
input cannot be driven by single-phase power.

Tip

The input phase loss protection can be disabled with the function code H98
(Protection/Maintenance Function).
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9.3 If an Alarm Code Appears on the Monitor

[ 6] OPL Output phase loss

Problem Output phase loss occurred.

Possible Causes

What to Check and Suggested Measures

()

Inverter output wires are
broken.

Measure the output current.
=> Replace the output wires.

2)

The motor winding is broken.

Measure the output current.
=> Replace the motor.

©)

The terminal screws for inverter
output were not tight enough.

Check if any screws on the inverter output terminals have become
loose.

=> Tighten the terminal screws to the recommended torque.

(4)

A single-phase motor has been
connected.

=> Single-phase motors cannot be used. Note that the FRENIC-AQUA
only drives three-phase induction motors.

[7] OH1 Heat sink overheat

Problem Temperature around heat sink has risen abnormally.

Possible Causes

What to Check and Suggested Measures

)

Temperature around the inverter
exceeded the inverter's
specification range.

Measure the temperature around the inverter.

=> Lower the temperature around the inverter (e.g., ventilate the panel
where the inverter is mounted).

2

Ventilation path is blocked.

Check if there is sufficient clearance around the inverter.

=>» Change the mounting place to ensure the clearance.

Check if the heat sink is not clogged.
=>» C(lean the heat sink.

3)

Cooling fan's airflow volume

Check the cumulative run time of the cooling fan. (See Chapter 5,

6 'deyd

decr'eased du.e to the service life | Section “5.6.4.4 Viewing Maintenance Information™.) ;C_';
expired or failure. = Replace the cooling fan. S
Visually check whether the cooling fan rotates normally. (r"_,}

=> Replace the cooling fan. g

(4) Overload. Measure the output current. Cg)
®

= Reduce the load (e.g. Use the heat sink overheat early warning (E20
through E27) or the overload early warning (E34) and reduce the
load before the overload protection is activated.).

= Decease the motor sound (carrier frequency) (F26).
=>» Enable the overload prevention control (H70).
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[ 8] OH2 External alarm

Problem External alarm was inputted (THR).
(when the "Enable external alarm trip" THR has been assigned to any of digital input terminals)

Possible Causes

What to Check and Suggested Measures

(1) An alarm function of external
equipment was activated.

Check the operation of external equipment.
= Remove the cause of the alarm that occurred.

(2) Wrong connection or poor

contact in external alarm signal

wiring.

Check if the external alarm signal wiring is correctly connected to the
terminal to which the "Enable external alarm trip" terminal command
THR has been assigned (Any of EO1 through E07, E98, and E99 should
be set to "9.").

= Connect the external alarm signal wire correctly.

(3) Incorrect setting of function
code data.

Check whether the "Enable external alarm trip" terminal command
THR has been assigned to an unavailable terminal (with EO1 through
E07, E98, or E99).

= Correct the assignment.

Check whether the normal/negative logic of the external signal matches
that of the THR command specified by any of EO1 through E07, E9S,
and E99.

= Ensure the matching of the normal/negative logic.

[9] OH3 Inverter internal overheat

Problem Temperature inside the inverter has exceeded the allowable limit.

Possible Causes

What to Check and Suggested Measures

(1) The surrounding temperature
exceeded the inverter's
specification limit.

Measure the surrounding temperature.

= Lower the temperature around the inverter (e.g., ventilate the panel
where the inverter is mounted).

(2) The airflow generated by the

internal fan has dropped because
the fan lifetime has been reached
or because a fault has occurred.

Visually check whether the internal fan is functioning normally.
= Replace the internal fan.

(3) The power is turned ON too
often

Reduce the number of times the power is turned ON/OFF (guide:
1/hour or less)

[10 ] OH4 Motor protection (PTC thermistor)

Problem Temperature of the motor has risen abnormally.

Possible Causes

What to Check and Suggested Measures

(1) The temperature around the
motor exceeded the motor's
specification range.

Measure the temperature around the motor.
= Lower the temperature.

(2) Cooling system for the motor
defective.

Check if the cooling system of the motor is operating normally.

=> Repair or replace the cooling system of the motor.

(3) Overload.

Measure the output current.

= Reduce the load (e.g. Use the heat sink overheat early warning
(EO01 through E09) or the overload early warning (E34) and reduce
the load before the overload protection is activated.). (In winter,
the load tends to increase.)

= Lower the temperature around the motor.
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9.3 If an Alarm Code Appears on the Monitor

Possible Causes

What to Check and Suggested Measures

(4) The activation level (H27) of the

PTC thermistor for motor
overheat protection was set
inadequately.

Check the PTC thermistor specifications and recalculate the detection
voltage.

=> Modify the data of function code H27.

(5) Settings for the PTC thermistor

are improper.

Check the setting of the thermistor mode selection (H26) and the slider
position of the terminal [C1] property switch SW5.

=> Change the H26 data in accordance with the thermistor used and
set the SW5 to the PTC position.

(6) Excessive torque boost
specified. (F09)

Check whether decreasing the torque boost (F09) does not stall the
motor.

=> Ifno stall occurs, decrease the F09 data.

(7) The V/f pattern did not match

the motor.

Check if the base frequency (F04) and the rated voltage at base
frequency (F05) match the values on the motor's nameplate.

=>» Match the function code data with the values on the motor's
nameplate.

(8) Incorrect setting of function
code data.

Although no PTC thermistor is used, the thermistor mode is enabled
(H26).

= Set the H26 data to "0" (Disable).

[11] FUS Fuse blown

Problem The fuse inside the inverter blew.

Possible Causes

What to Check and Suggested Measures

(1) The fuse blew due to
short-circuiting inside the
inverter.

Check whether there has been any excess surge or noise coming from
outside.

=>» Take measures against surges and noise.
=> Have the inverter repaired.

[12] PbF Charger circuit fault

Problem The magnetic contactor for short-circuiting the charging resistor failed to work.

Possible Causes

What to Check and Suggested Measures

(1) The control power was not
supplied to the magnetic
contactor intended for
short-circuiting the charging
resistor.

Check that, in normal connection of the main circuit (not a connection
via the DC link bus), the connector (CN R) on the power printed circuit
board (power PCB) is not inserted to [NC .

=> Insert the connector (CN R) to .

Check whether you quickly turned the circuit breaker ON and OFF to
confirm safety after cabling/wiring.

=> Wait until the DC link bus voltage has dropped to a sufficiently
low level and then release the current alarm. After that, turn ON
the power again. (Do not turn the circuit breaker ON and OFF
quickly.)
(Turning ON the circuit breaker supplies power to the control
circuit to the operation level (lighting the LEDs on the keypad) in
a short period. Immediately turning it OFF even retains the control
circuit power for a time, while it shuts down the power to the
magnetic contactor intended for short-circuiting the charging
resistor since the contactor is directly powered from the main
power.
Under such conditions, the control circuit can issue a turn-on
command to the magnetic contactor, but the contactor not powered
can produce nothing. This state is regarded as abnormal, causing
an alarm.)
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[13] OL1 Overload of motor 1

Problem Electronic thermal protection for motor activated.

Possible Causes

What to Check and Suggested Measures

(1) The electronic thermal
characteristics do not match the
motor overload characteristics.

Check the motor characteristics.
=> Reconsider the data of function codes (P99, F10 and F12).
= Use an external thermal relay.

(2) Activation level for the
electronic thermal protection
was inadequate.

Check the continuous allowable current of the motor.
= Reconsider and change the data of function code F11.

(3) The specified acceleration/
deceleration time was too short.

Recalculate the acceleration/deceleration torque and time needed for
the load, based on the moment of inertia for the load and the
acceleration/deceleration time.

= Increase the acceleration/ deceleration time (F07, F08, E10
through E15, and H56).

(4) Overload.

Measure the output current.

=> Reduce the load (e.g. Use the overload early warning (E34) and
reduce the load before the overload protection is activated.). (In
winter, the load tends to increase.)

(5) Excessive torque boost specified
(F09)

Check whether decreasing the torque boost (F09) does not stall the
motor.

=>» If no stall occurs, decrease the F09 data.

[14 ] OLU Inverter overload

Problem Temperature inside inverter has risen abnormally.

Possible Causes

What to Check and Suggested Measures

(1) Temperature around the inverter
exceeded the inverter's
specification range.

Measure the temperature around the inverter.

=> Lower the temperature (e.g., ventilate the panel where the inverter
is mounted).

(2) Excessive torque boost specified
(F09)

Check whether decreasing the torque boost (F09) does not stall the
motor.

=>» If no stall occurs, decrease the F09 data.

(3) The specified acceleration/
deceleration time was too short.

Recalculate the acceleration/deceleration torque and time needed for
the load, based on the moment of inertia for the load and the
acceleration/deceleration time.

= Increase the acceleration/deceleration time (F07, F08, E10
through E15, and H56).

(4) Overload.

Measure the output current.

= Reduce the load (e.g., Use the overload early warning (E34) and
reduce the load before the overload protection is activated.). (In
winter, the load tends to increase.).

= Decrease the motor sound (Carrier frequency) (F26).
If the carrier frequency is high, output must be reduced. For
details, refer to “2.6 Derating of Rated Output Current.”

= Enable overload prevention control (H70).

(5) Ventilation paths are blocked.

Check if there is sufficient clearance around the inverter.

=> Change the mounting place to ensure the clearance.

Check if the heat sink is not clogged.
=> Clean the heat sink.
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9.3 If an Alarm Code Appears on the Monitor

Possible Causes

What to Check and Suggested Measures

(6) Cooling fan's airflow volume

decreased due to the service life
expired or failure.

Check the cumulative run time of the cooling fan. (See Chapter 5,
Section “5.6.4.4 Viewing Maintenance Information™.)

=>» Replace the cooling fan.

Visually check that the cooling fan rotates normally.

=>» Replace the cooling fan.

(7

The wires to the motor are too
long, causing a large leakage
current from them.

Measure the leakage current.
=> Insert an output circuit filter (OFL).

[15] Er1 Memory error

Problem Error occurred in writing the data to the memory in the inverter.

Possible Causes

What to Check and Suggested Measures

(1

When writing data (especially
initializing or copying data), the
inverter was shut down so that the
voltage to the control PCB has
dropped.

Initialize the function code data with HO3 (= 1). After initialization,
check if pressing the @ key releases the alarm.

= Revert the initialized function code data to their previous
settings, then restart the operation.

2

Inverter affected by strong
electrical noise when writing data
(especially initializing or copying
data).

Check if appropriate noise control measures have been implemented
(e.g., correct grounding and routing of control and main circuit
wires). Also, perform the same check as described in (1) above.

=> Implement noise control measures. Revert the initialized function
code data to their previous settings, then restart the operation.

3)

The control PCB failed.

Initialize the function code data by setting HO3 to "1," then reset the
alarm by pressing the &) key and check that the alarm goes on.

= The control PCB (on which the CPU is mounted) is defective.
Contact your Fuji Electric representative.

[16] Er2 Keypad communications error

Problem A communications error occurred between the standard keypad or the multi-function keypad and

the inverter.

Possible Causes

What to Check and Suggested Measures

(1

Broken communications cable or
poor contact.

Check continuity of the cable, contacts and connections.
=> Re-insert the connector firmly.
=> Replace the cable.

@)

Connecting many control wires
hinders the front cover from
being mounted, lifting the
keypad.

Check the mounting condition of the front cover.
= Use wires of the recommended size (0.75 mm?) for wiring.

=> Change the wiring layout inside the unit so that the front cover
can be mounted firmly.

A3)

Inverter affected by strong
electrical noise.

Check if appropriate noise control measures have been implemented
(e.g., correct grounding and routing of communication cables and
main circuit wires).

=> Implement noise control measures. For details, refer to Appendix
A.

“4)

A keypad failure occurred.

Replace the keypad with another one and check whether a keypad
communications error (Er2) occurs.

= Replace the keypad.
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[17] Er3 CPU error

Problem A CPU error (e.g. erratic CPU operation) occurred.

Possible Causes

What to Check and Suggested Measures

(1) Inverter affected by strong
electrical noise.

Check if appropriate noise control measures have been implemented
(e.g. correct grounding and routing of signal wires, communications
cables, and main circuit wires).

= Implement noise control measures.

[ 18 ] Erd Option communications error

Problem A communications error occurred between the option card and the inverter.

Possible Causes

What to Check and Suggested Measures

(1) There was a problem with the
connection between the option
card and the inverter.

Check whether the connector on the option card is properly engaged
with that of the inverter.

= Reload the option card into the inverter.

(2) Strong electrical noise.

Check whether appropriate noise control measures have been
implemented (e.g. correct grounding and routing of signal wires,
communications cables, and main circuit wires).

= Implement noise control measures.

[19] Er5 Option error

An error detected by the option card. Refer to the instruction manual of the option card for details.

[20] Er6 Operation protection

Problem An incorrect operation was attempted.

Possible Causes

What to Check and Suggested Measures

(1) The &) key was pressed when
H96 =1 or 3.

Check that the &) key was pressed when a run command had been
entered from the input terminal or through the communications port.

=>» Ifthis was not intended, check the setting of H96.

(2) The start check function was
activated when H96 =2 or 3.

Check that any of the following operations has been performed with a
run command being entered.
- Turning the power ON
- Releasing the alarm
- Switching the enable communications link LE operation
=> Review the running sequence to avoid input of a Run command
when this error occurs.
If this was not intended, check the setting of H96.
(Turn the run command OFF before releasing the alarm.)

(3) The forced stop digital input
STOP was turned OFF.

Check that turning the STOP OFF decelerated the inverter to stop.

=> Ifthis was not intended, check the settings of EO1 through E07 for
terminals [X1] through [X7].
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[21] Er7 Tuning error
Problem Auto-tuning failed.

Possible Causes

What to Check and Suggested Measures

(1) A phase was missing (There was a
phase loss) in the connection
between the inverter and the
motor.

=> Properly connect the motor to the inverter.

(2) V/for the rated current of the
motor was not properly set.

Check whether the data of function codes (F04, FO5, H50 through
H53, P02, and P03) matches the motor specifications.

(3) The wiring length between the
inverter and the motor was too
long.

Check whether the wiring length between the inverter and the motor
exceeds 50 m.

(Inverters with a small capacity are greatly affected by the wiring
length.)

= Review, and if necessary, change the layout of the inverter and the
motor to shorten the connection wire. Alternatively, minimize the
wiring length without changing the layout.

=> Disable both auto-tuning and auto-torque boost (set data of F37 to
" 1 H).

(4) The rated capacity of the motor
was significantly different from
that of the inverter.

Check whether the rated capacity of the motor is three or more ranks
lower, or two or more ranks higher than that of the inverter.

= Replace the inverter with one with an appropriate capacity.

Manually specify the values for the motor parameters P06, P07,
and PO8.

" 1 N).

(5) The motor was a special type such
as a high-speed motor.

>
=> Disable both auto-tuning and auto-torque boost (set data of F37 to
>

Disable both auto-tuning and auto-torque boost (set data of F37-to
" 1 l’)‘

(6) A tuning operation involving
motor rotation (P04 =2 or 3) was
attempted while the brake was
applied to the motor.

= Specify the tuning that does not involve the motor rotation (P04 =
1).

= Release the brake before tuning that involves the motor rotation
(P04 =2 or 3).

[LL] For details of tuning errors, refer to the FRENIC-AQUA Instruction Manual, Chapter 5, Section 5.7.9
"Function code basic settings and tuning < 2 >, B Tuning errors."

Preparation before running the motor for a test — Setting function code data."
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[22 ] Er8 RS-485 communications error (COM port 1)
ErP RS-485 communications error (COM port 2)

Problem A communications error occurred during RS-485 communications.

Possible Causes

What to Check and Suggested Measures

(1)

Communications conditions of
the inverter do not match that of
the host equipment.

Compare the settings of the y codes (y01 to y10, y11 to y20) with
those of the host equipment.

=> Correct any settings that differ.

2

Even though no-response error
detection time (y08, y18) has
been set, communications is not
performed within the specified
cycle.

Check the host equipment.

=> Change the settings of host equipment software or disable the
no-response error detection (y08, y18 = 0).

)

The host equipment did not
operate due to defective software,
settings, or defective hardware.

Check the host equipment (e.g., PLCs and personal computers).

= Remove the cause of the equipment error.

“4)

The RS-485 converter did not
operate due to incorrect
connections and settings, or
defective hardware.

Check the RS-485 converter (e.g., check for poor contact).

=> Change the various RS-485 converter settings, reconnect the
wires, or replace hardware with recommended devices as
appropriate.

)

Broken communications cable or
poor contact.

Check the continuity of the cables, contacts and connections.
=> Replace the cable.

(6)

Inverter affected by strong
electrical noise.

Check if appropriate noise control measures have been implemented
(e.g., correct grounding and routing of communications cables and
main circuit wires).

=> Implement noise control measures.
=> Implement noise reduction measures on the host side.

= Replace the RS-485 converter with a recommended insulated
one.

(7

Terminating resistor not properly
configured.

Check that the inverter serves as a terminating device in the network.

= Configure the terminating resistor switch(es) (SW2/SW3) for
RS-485 communication correctly. (That is, turn the switch(es) to
ON.)
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9.3 If an Alarm Code Appears on the Monitor

[ 23] ErF Data saving error during undervoltage

Problem The inverter failed to save data such as the frequency commands and PID commands (which are
specified through the keypad), or the output frequencies modified by the UP/DOWN terminal
commands when the power was turned OFF.

Possible Causes What to Check and Suggested Measures

(1) During data saving performed Check how long it takes for the DC link bus voltage to drop to the
when the power was turned OFF, | preset voltage when the power is turned OFF.

the voltage fed to the control PCB | 5, Remove whatever is causing the rapid discharge of the DC link
dropped in an abnormally short bus voltage. After pressing the @) key and releasing the alarm,
period due to the rapid discharge return the data of the relevant function codes (such as the
of the DC link bus. frequency commands and PID commands (specified through the
keypad) or the output frequencies modified by the UP/DOWN
terminal commands) back to the original values and then restart
the operation.

(2) Inverter operation affected by Check if appropriate noise control measures have been implemented
strong electrical noise when the (e.g., correct grounding and routing of control and main circuit
power was turned OFF. wires).

= Implement noise control measures. After pressing the =) key
and releasing the alarm, return the data of the relevant function
codes (such as the frequency commands and PID commands
(specified through the keypad) or the output frequencies
modified by the UP/DOWN terminal commands) back to the
original values and then restart the operation.

(3) The control circuit failed. Check if ErF occurs each time the power is turned ON.

= The control PCB (on which the CPU is mounted) is defective.
Contact your Fuji Electric representative.

6 ‘deyo

[ 24] ErH Hardware error

Problem The LSI on the power printed circuit board malfunctions. =
Py

Possible Causes What to Check and Suggested Measures 8

o8}

(1) The inverter capacity setting on It is necessary to set the inverter capacity correctly. ﬁ
the control printed circuit board is | = Contact your Fuji Electric representative. T
wrong. 8

(2) Data stored in the power printed It is necessary to replace the power printed circuit board. %‘
circuit board memory is corrupted. | & Contact your Fuji Electric representative. o

(3) The control printed circuit board is | It is necessary to replace the power or control printed circuit board.

misconnected to the power printed | 9 Contact your Fuji Electric representative.
circuit board.

[ 25] CoF Power input disconnect detection
Problem Power input disconnect is detected.

Possible Causes What to Check and Suggested Measures

(1) The current signal input to [C1] | Check the main inverter unit connection and wiring and transmission-side
has fallen to 2mA or less. equipment.

Review function code (H91) data.
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[ 26 ] ECL Customizable logic error
Problem An ECL occurred due to a customizable logic setting error.

Possible Causes

What to Check and Suggested Measures

(1) The customizable logic
operation selection setting was
changed during operation.

Check whether the customizable logic operation selection (function
code U0O) was changed during operation.

= Do avoid potential hazards, do not change the customizable logic
operation selection during operation.

[ 27 ] ECF Enable circuit error
Problem A circuit error was detected when diagnosing the enable circuit status.

Possible Causes

What to Check and Suggested Measures

(1) Interface board contact defect

Check whether the interface board is securely attached to the unit.
=>» The alarm will be cleared by turning ON the power again.

(2) Enable circuit logic error

Check whether outputs from safety switches and so on are input to both
terminals EN1 and EN2 with the same logic (High/High or Low/Low).

=> The alarm will be cleared by turning ON the power again.

(3) An enable circuit (safety stop
circuit) fault (single fault) was
detected.

If unable to clear the error with the above procedures, the inverter
condition is abnormal.

=>» Contact Fuji Electric.

[ 28] PVn PID feedback wire break

Problem: The PID feedback wire is broken.
PV1 PID control 1 feedback error
PV2 PID control 2 feedback error

Possible Causes

What to Check and Suggested Measures

(1) The PID feedback signal wire is
broken.

Check whether the PID feedback signal wires are connected
correctly.

= Check whether the PID feedback signal wires are connected
correctly. Or, tighten up the related terminal screws.

=» Check whether any contact part bites the wire sheath.

(2) PID feedback related circuit

affected by strong electrical noise.

Check if appropriate noise control measures have been implemented
(e.g., correct grounding and routing of signal wires, communication
cables, and main circuit wires).

=>» Implement noise control measures.

= Separate the signal wires from the main power wires as far as
possible.

(3) The function code setting is not
appropriate.

The PID control feedback error upper limit (3129, J229) settings are
too high.

=>» Review the set feedback value.

The PID control feedback error lower limit (3130, J230) settings are
too low.

=>» Review the set feedback value.
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[ 29 ] PVn External PID feedback wire break
Problem: The PID feedback wire is broken.

PVA External PID control 1 feedback error

PVB External PID control 2 feedback error

PVC External PID control 3 feedback error

Possible Causes

What to Check and Suggested Measures

()

The PID feedback signal wire is
broken.

Check whether the PID feedback signal wires are connected
correctly.

= Check whether the PID feedback signal wires are connected
correctly. Or, tighten up the related terminal screws.

=> Check whether any contact part bites the wire sheath.

2

PID feedback related circuit

affected by strong electrical noise.

Check if appropriate noise control measures have been implemented
(e.g., correct grounding and routing of signal wires, communication
cables, and main circuit wires).

=> Implement noise control measures.

=> Separate the signal wires from the main power wires as far as
possible.

(€)

The function code setting is not
appropriate.

The external PID control feedback error upper limit (J529, J629,
J679) settings are too high.

=>» Review the set feedback value.

The external PID control feedback error lower limit (J530, J630,
J680) settings are too low.

=>» Review the set feedback value.

[ 30 ] Pdr Dry pump protection

Problem Drought conditions were detected during PID control.

Possible Causes

What to Check and Suggested Measures

(M

The water level in the water tank
has dropped to the drought
position.

Check whether the water level in the water tank is sufficient.

= Check whether the correct amount of water is being supplied to the
water tank.

= Check whether the motor-operated value is closed.

2

Water is leaking from the pipes
or pump system.

Check whether water is leaking from the pump system or from around
the pipes.

= Check whether water is leaking from the pump itself.

=>» Check for cracks in the pipes and so on, and check whether water is
leaking from the connections between pipes. Increase the
tightening at the pipe connections.

€)

The function code setting is not
appropriate.

Check whether the drought protection (detection current) (J177, J277)
setting is too high.

=>» Review the set current value.

Check whether the drought protection (deviation) (J178, J278) setting is
too small.

=>» Review the set amount of deviation.
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Possible Causes

What to Check and Suggested Measures

(4) The function code setting for the

flow sensor is not appropriate.

(This applies only when drought
protection (flow sensor) (J179,
J279) is set to “1: Operate™.)

A flow sensor has not been assigned to digital input or analog input.

=> If inputting a flow sensor signal by digital input, assign a “flow
sensor” to EO1 through E07, E98, and E99.

= If inputting a flow sensor signal by analog input, assign a “flow
sensor” to E61 through E63.

If inputting a flow sensor signal by digital input, check whether the FS
logic and external signal logic (positive and negative) set at EOI
through E07, E98, and E99 matches.

= Set the logic correctly.

If inputting a flow sensor signal by analog input, the flow sensor OFF
level (J165) is too high.

= Review the set OFF level setting.

(5) The flow sensor signal wiring is

damaged.

Check whether the flow sensor signal wire is connected properly.

= Check whether the flow sensor signal wire is connected properly.
Or alternatively, tighten the screws.

= Check whether the connection coating is caught.

[ 31] roC Control of maximum starts per hour

Problem A PID control insufficient water stoppage occurred frequently.

Possible Causes

What to Check and Suggested Measures

(1) PID feedback signal wire contact

defect

Check whether the PID feedback signal wire is connected properly.

= Check whether the PID feedback signal wire is connected properly.
Or alternatively, tighten the screws.

= Check whether the connection coating is caught.

2

An accumulator (hydraulic
regeneration) fault occurred due
to such reasons as the lifetime
being reached.

Check the accumulator parts.

= Replace the accumulator.

[ 32] PoL End of curve protection

Problem A large water quantity condition was detected during PID control.

Possible Causes

What to Check and Suggested Measures

(1) The PID feedback signal wiring | Check whether the PID feedback signal wire is connected properly.
is damaged. = Check whether the PID feedback signal wire is connected properly.
Or alternatively, tighten the screws.
= Check whether the connection coating is caught.
(2) There is insufficient pump Check whether the required amount of supply water is being supplied
capacity or there are not enough | properly.
pumps. = Increase the number of pumps.
=> Increase the pump capacity.
(3) The function code setting is not | Check whether the large water quantity protection (detection current)

appropriate.

(J183) setting is too low.
=>» Review the set current value.

Check whether the large water quantity protection (deviation) (J184)
setting is too small.

=>» Review the set amount of deviation.
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9.3 If an Alarm Code Appears on the Monitor

Possible Causes

What to Check and Suggested Measures

(4) The function code setting for
the flow sensor is not
appropriate.

(This applies only when drought
protection (flow sensor) (J179,
J279) is set to “1: Operate™.)

If inputting a flow sensor signal by digital input, check whether the FS
logic and external signal logic (positive and negative) set at EOI
through E07, E98, and E99 matches.

= Set the logic correctly.

If inputting a flow sensor signal by analog input, the flow sensor ON
level (J165) is too low.

= Review the set ON level setting.

[33] rLo Anti jam

Problem Impurities became trapped in the pump impeller, and an overcurrent was detected.

Possible Causes

What to Check and Suggested Measures

(1) Impurities are trapped in the
pump impeller.

Check for any impurities in the suction side water tank or well.
= Check for any impurities inside the pump.

=> Eliminate any impurities from the water tank or well as best as
possible.

(2) A pump fault occurred due to
such reasons as the lifetime
being reached.

Check the pump parts.
= Check whether an abnormal noise is being emitted by the pump.
= Check whether the pump bearings are overheating.

[ 34] FoL Filter clogging error

Problem An overload condition was detected during PID control.

Possible Causes

What to Check and Suggested Measures

(1) The filter of the fan that drives

the inverter is clogged with dust.

Check whether the fan filter is clogged with dust.
= Check whether the filter is clogged with dust.

=>» Clean or replace the filter.

(2) A fault occurred in the fan that
drives the inverter due to such
reasons as the lifetime being
reached.

Check the fan parts.
= Check whether an abnormal noise is being emitted by the fan.

= Check whether the fan bearings are overheating.

(3) The function code setting is not
appropriate.

Check whether the filter clogging (load resistance current) (J190)
setting is too low.

=> Check the set current value.

Check whether the filter clogging (load resistance PV signal) (J191)
setting is too low.

=>» Check the set feedback value.
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[ 35] LoK Password protection (inverter lock)
Problem An incorrect user password was entered more than the specified number of times.

Possible Causes

What to Check and Suggested Measures

(1) User password 1 or 2 was
entered incorrectly more than the
specified number of times.

Delete the password setting.

= Delete the password with the all clear command (PRG >5 > 2 >10).
When doing so, all inverter settings will also be initialized
simultaneously.

Reset the password.

=>» To clear the Lok alarm while retaining the inverter settings, notify
Fuji Electric and append the clear application number (PRG > 5 >
8). We will ensure that no illegal operations have been performed,
and then issue an alarm clear code.

[ 36 ] Err Mock alarm

Problem The LCD displays the alarm err.

Possible Causes

What to Check and Suggested Measures

(1) The &) + @ keys were held

down for more than 5 seconds.

= To escape from this alarm state, press the =2 key.

(2) H45 was set to “1”.

=> Press the &9) key to reset

[ 37] Lob Low battery

Problem The voltage in the battery used to protect date information is low.

Possible Causes

What to Check and Suggested Measures

(1) Battery connector contact defect

Check whether the battery is securely attached to the connector on the
unit board.

=> If normal battery voltage is detected, the cause of the problem will
be cleared, and resetting will be possible.

(2) Battery degradation, battery
defect

Check whether the battery is degraded.
= Replace the battery with a new one.

[ 38 ] dtL Date information loss
Problem Date information set in the inverter was lost.

Possible Causes

What to Check and Suggested Measures

(1) Itwas not possible to protect the
date information when the

inverter power was turned OFF.

Check whether the date information protection battery is properly
connected.

= Check the battery connection, and then reset the date.

(2) The date information is
abnormal.

The clock function in this product is programmed to run until 23:59:59
on December 31, 2099. The date count will be stopped if this date is
exceeded.

=>» Set the correct date again.

@

(H03=10)".

To stop using the clock function (realtime clock), perform “Realtime clock initialization

9-20



9.3 If an Alarm Code Appears on the Monitor

9.3.2 If the "Light Alarm" Indication Appears

When an error is detected and the error is determined to be a light

alarm, operation can be continued without tripping the inverter o
while outputting a warning (display and general purpose output slAinljs WAIERN. AL%‘!M
terminal).

EWn TG
If a light alarm occurs, the WARN. LED starts flashing, and the Foutl 68.88Hz

light alarm factor is displayed on the screen. FAL

RUN o™
SV1  15.881Pa

P¥1 12.5801Pa
PRG:Program Medfd

Fig. 9.1 Light alarm display example

If a light alarm occurs, a light alarm “L-ALM?” is output to the multi-purpose output terminal (It is
necessary to assign a light alarm “L-ALM?” (data = 98) to function codes E20 through E24, and E27.)

Light alarm operations can be selected with function codes H181 through H182. The available "light
alarm" codes are check-marked in the "Light alarm" object column in Table 9.1.

To display the "light alarm™ factor and escape from the light alarm state, follow the instructions below.

B Checking the light alarm content.
1) Press the &9 key to enter Programming mode.

6 ‘deyo

2) Select program mode (PRG) > 4(Alarm Info) > 2(Warning History) to check the light alarm
content. Light alarm codes are displayed in order of new alarms first. Refer to Table 9.1 for details
on the codes.

B Releasing the light alarm

1) Eliminate the cause of the light alarm in accordance with the troubleshooting procedure
applicable to the light alarm content (code) checked in the maintenance information. Refer to the
“Ref. page” in Table 9.1 for information on troubleshooting and explanations.

ONILOOHSITdNOYL

2)  After confirming the light alarm, clear the alarm display. To return to the normal state, either
press the &2 key in the operating mode status similar to the same procedure used to release the
alarm, enter multi-purpose input terminal alarm reset command RST, or enter the alarm reset
command by communication.

If the light alarm factor is successfully eliminated, the WARN. LED turns OFF, the light alarm
code displayed at the screen changes to the normal display, and multi-purpose output L-ALM
also turns off.

If unable to successfully eliminate the light alarm factor (e.g., when a DC fan lock is detected),
the WARN. LED turns ON, and the light alarm code displayed on the screen and multi-purpose
output L-ALM remain ON (factor elimination reserved). When the light alarm factor is later
eliminated, the WARN. LED turns OFF automatically, the light alarm code displayed on the
screen changes to the normal display, and multi-purpose output L-ALM also turns OFF.
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W Light alarm release operation and LCD display

1)

2)

If releasing the light alarm after the factor has been eliminated

w O
STATUS WARN. ALARM

FuD b0
Foutl 68.88H=

FAL

RUN ™
SY1  15.88MPa

P¥1 12.98MF=
PRG:Program Mefl

o 0O
STATUS WARN. ALARM

FiiD e b 0
Foutl

6@% Hz
RUN e
SY1 15.88HPa

PY¥1 12.58HPa
PRG:Program Medl

Light alarm (no factor)

Released (normal display)

If the factor is eliminated after first releasing the light alarm

0 =t O
STATUS WARN. ALARM

FuD 3ol
Foutl 6H.88H=z

FAL

RUN 6™
SY1  15.88MPa

PY1 12.58HP=
PRG:Program Medl

m [
J%%S WARN. ALARM
Fun Ty by ]
Foutl 6H.88H=z

FAL

RUN e
SY1  15.88MPa

PY1 12.58MPa
PRG:Program Medd

] O O

STATUS WARN. ALARM

FuD Sl
Foutl

6@% Hz
RU

Jul/ai, Thu

11:45 PH
a1 15.881Pa
P¥1 12.58HPa
PRG:Program Megl

Light alarm (factor exists)Light alarm release reservation (factor exists) Released

display)
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9.4 Nothing appears on the monitor

9.4 Nothing appears on the monitor

9.4.1

Abnormal motor operation

[1] The motor does not rotate.

Possible Causes

What to Check and Suggested Measures

(M

No power supplied to the
inverter.

Check the input voltage and interphase voltage unbalance.

=> Turn ON a molded case circuit breaker (MCCB), a residual-current-
operated protective device (RCD)/earth leakage circuit breaker
(ELCB) (with overcurrent protection) or a magnetic contactor (MC).

= Check for voltage drop, phase loss, poor connections, or poor
contacts, and fix them if necessary.

=> If only the auxiliary control power input is supplied, also supply the
main power to the inverter.

2

No forward/reverse operation
command was inputted, or
both the commands were
inputted simultaneously
(external signal operation).

Check the input status of the forward/reverse command with Menu "I/O
Checking" using the keypad.

Input a run command.

Set either the forward or reverse operation command to off if both
commands are being inputted.

Correct the run command source. (Set FO2 data to "1.")

Correct the assignment of commands FWD and REV with function
codes E98 and E99.

Connect the external circuit wires to control circuit terminals [FWD]
and [REV] correctly.

Make sure that the sink/source slide switch (SW1) on the control
printed circuit board (control PCB) is properly configured.

v v VY vV

(€)

No indication of rotation
direction (keypad operation).

Check the input status of the forward/reverse rotation direction command
with Menu "I/O Checking" using the keypad.

= Input the rotation direction (F02 = 0), or select the keypad operation
with which the rotation direction is fixed (F02 =2 or 3).

“4)

The inverter could not accept
any run commands from the
keypad since it was in
Programming mode.

Check which operation mode the inverter is in, using the keypad.

=> Shift the operation mode to Running mode and enter a run command.

)

A run command with higher
priority than the one attempted
was active, and the run
command was stopped.

Referring to the block diagram of the frequency command block (refer to
Chapter 7), check the higher priority run command with Menu "Data
Checking" and Menu "I/O Checking" using the keypad.

=>» Correct any incorrect function code data settings (in H30, y98, etc.)
or cancel the higher priority run command.

(6)

No analog frequency
command input.

Check whether the analog frequency command (reference frequency) is
correctly inputted, using Menu #4 "I/O Checking" on the keypad.

= Connect the external circuit wires to terminals [13], [12], [11], [C1],
and [V2] correctly.

= When the terminal [C1] is used, check the slider position of the
terminal [C1] property switch (SW5) and the setting of the thermistor
mode selection (H26).
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Possible Causes

What to Check and Suggested Measures

(7) The reference frequency was
below the starting or stop
frequency.

Check that a reference frequency has been entered correctly, using Menu
"I/O Checking" on the keypad.

=> Set the reference frequency at the same or higher than that of the
starting and stop frequencies (F23 and F25).

= Reconsider the starting and stop frequencies (F23 and F25), and if
necessary, change them to the lower values.

=>Inspect the external frequency command potentiometers, signal
converters, switches, and relay contacts. Replace any ones that are
faulty.

=> Connect the external circuit wires to terminals [13], [12], [11], [C1],
and [V2] correctly.

(8) A frequency command with
higher priority than the one
attempted was active.

Check the higher priority run command with Menu "Data Checking" and
Menu "I/O Checking" using the keypad, referring to the block diagram of
the frequency command block (refer to Chapter 7).

=> Correct any incorrect function code data (e.g. cancel the higher
priority run command).

(9) The upper and lower
frequencies for the frequency
limiters were set incorrectly.

Check the data of function codes F15 (Frequency limiter (High)) and F16
(Frequency limiter (Low)).

=> Change the settings of F15 and F16 to the correct ones.

(10) The coast-to-stop command
was effective.

Check the data of function codes EO1 through E07, E98, and E99 and the
input signal status, using Menu "I/O Checking" on the keypad.

=> Release the coast-to-stop command setting.

(11) Broken wires, incorrect
connection or poor contact
with the motor.

Check the wiring (Measure the output current).

=> Repair the wires to the motor, or replace them.

(12) Overload

Measure the output current.

= Reduce the load (In winter, the load tends to increase.)

Check whether any mechanical brake is activated.

= Release the mechanical brake, if any.

(13) Torque generated by the motor
was insufficient.

Check that the motor starts running if the value of torque boost (F09) is
increased.

= Increase the value of torque boost (F09) and try to run the motor.

Check the data of function codes F04, FO5, H50, H51, H52 and H53.
=> Change the V/f pattern to match the motor's characteristics.

Check that the motor switching signal (motor selection) is correct and the
data of function codes matches each motor.

=> Correct the motor switching signal.
= Modify the function code data to match the connected motor.

Check whether the reference frequency is below the slip-compensated
frequency of the motor.

= Change the reference frequency so that it becomes higher than the
slip-compensated frequency of the motor.
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9.4 Nothing appears on the monitor

[ 2] The motor rotates, but the speed does not increase.

Possible Causes

What to Check and Suggested Measures

M

The maximum frequency
currently specified was too
low.

Check the data of function code FO3 (Maximum frequency).
= Correct the FO3 data.

2

The data of frequency limiter
(High) currently specified was
too low.

Check the data of function code F15 (Frequency limiter (High)).
= Correct the F15 data.

(€)

The reference frequency
currently specified was too
low.

Check that the reference frequency has been entered correctly, using

Menu #4 "I/O Checking" on the keypad.

=> Increase the reference frequency.

=> Inspect the external frequency command potentiometers, signal
converters, switches, and relay contacts. Replace any ones that are
faulty.

= Connect the external circuit wires to terminals [13], [12], [11], [C1],
and [V2] correctly.

“)

A frequency command (e.g.,
multi-frequency or via
communications) with higher
priority than the one
attempted was active and its
reference frequency was too
low.

Check the data of the relevant function codes and what frequency

commands are being received, through Menu "Data Setting," Menu

"Data Checking" and Menu "I/O Checking," on the keypad by referring

to the block diagram of the frequency command (refer to Chapter 7).

=> Correct any incorrect data of function codes (e.g. cancel the higher
priority frequency command).

©)

The acceleration time was too
long or too short.

Check the data of function codes FO7, E10, E12, and E14 (Acceleration
time).

=> Change the acceleration time to match the load.

(6) Overload. Measure the output current.
=> Reduce the load.
Check whether any mechanical brake is activated.
=> Release the mechanical brake.
(7) Function code settings do not | If auto-torque boost or auto-energy saving operation is specified, check

agree with the motor
characteristics.

whether the data of P02, P03, P06, P07, and P08 agree with the
parameters of the motor.

=> Perform auto-tuning of the inverter for the motor to be used.

(®)

The output frequency does not
increase due to the current
limiter operation.

Make sure that F43 (Current limiter (Mode selection)) is set to "2" and
check the data of F44 (Current limiter (Level)).

= Correct the F44 data. Or, if the current limiter operation is not
needed, set F43 to "0" (disabled).

Decrease the value of torque boost (F09), then run the motor again and
check if the speed increases.

=> Adjust the value of the torque boost (F09).

Check the data of function codes F04, FO5, H50, H51, H52 and H53 to
ensure that the V/f pattern setting is right.

= Match the V/f pattern setting with the motor ratings.

©

The output frequency does not
increase due to the torque
limiter operation.

Check whether data of torque limiter related function codes (F40, F41,
E16 and E17) is correctly configured and the "Select torque limiter level"
terminal command 7TL2/TL1 is correct.

=> Correct data of F40, F41, E16 and E17 or reset them to the factory
defaults (disable).

= Set the TL2/TL1 correctly.

(10) Bias and gain incorrectly

specified.

Check the data of function codes F18, C50, C32, C34, C37, C39, C42,
and C44.

= Readjust the bias and gain to appropriate values.
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[ 31 The motor runs in the opposite direction to the command.

Possible Causes

What to Check and Suggested Measures

(1)

Wiring to the motor is
incorrect.

Check the wiring to the motor.

=> Connect terminals U, V, and W of the inverter to the U, V, and W
terminals of the motor, respectively.

2

Incorrect connection and
settings for run commands and
rotation direction commands
FWD and REV..

Check the data of function codes E98 and E99 and the connection to
terminals [FWD] and [REV].

=>» Correct the data of the function codes and the connection.

)

A run command (with fixed
rotational direction) from the
keypad is active, but the
rotational direction setting is
incorrect.

Check the data of function code FO2 (Run command).
=> Change the data of function code F02 to "2: & / §°9) keys on keypad
(forward)" or "3: 6w / &9 keys on keypad (reverse)."

“4)

The rotation direction
specification of the motor is
opposite to that of the inverter.

The rotation direction of IEC-compliant motors is opposite to that of
incompliant motors.

=> Switch the FWD/REYV signal setting.

[4] Speed fluctuation or current oscillation (e.g., hunting) occurs during
running at constant speed.

Possible Causes

What to Check and Suggested Measures

(1

The frequency command
fluctuates.

Check the signals for the frequency command with Menu #4 "I/O

Checking" using the keypad.

= Increase the filter constants (C33, C38, and C43) for the frequency
command.

(@)

An external frequency
command potentiometer is
used for frequency setting.

Check that there is no noise in the control signal wires from external

sources.

=> Isolate the control signal wires from the main circuit wires as far as
possible.

=> Use shielded or twisted wires for control signals.

Check whether the external frequency command potentiometer is

malfunctioning due to noise from the inverter.

= Connect a capacitor to the output terminal of the potentiometer or
set a ferrite core on the signal wire. (Refer to Chapter 2.)

(€)

Frequency switching or
multi-frequency command was
enabled.

Check whether the relay signal for switching the frequency command is
chattering.

=> Ifthe relay contact is defective, replace the relay.

“4)

The wiring length between the
inverter and the motor is too
long.

Check whether auto-torque boost, auto-energy saving operation, or

dynamic torque vector control is enabled.

=>» Perform auto-tuning of the inverter for every motor to be used.

= Disable the automatic control systems by setting F37 to "1"
(Constant torque load) and F42 to "0" (V/f control with slip
compensation active), then check that the motor vibration stops.

= Make the output wires as short as possible.

(&)

The machinery is hunting due
to vibration caused by low
rigidity of the load. Or the
current is irregularly
oscillating due to special motor
parameters.

Once disable all the automatic control systems such as auto torque boost,
auto energy saving operation, overload prevention control, current
limiter, torque limiter, automatic deceleration (anti-regenerative
control), auto search for idling motor speed, slip compensation, dynamic
torque vector control, online tuning, and then check that the motor
vibration comes to a stop.

= Disable the functions causing the vibration.
= Readjust the output current fluctuation damping gain (H80).

Check that the motor vibration is suppressed if you decrease the level of
F26 (Motor sound (Carrier frequency)) or set F27 (Motor sound (Tone))
tO "O-U

=> Decrease the carrier frequency (F26) or set the tone to "0" (F27 =0).
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9.4 Nothing appears on the monitor

[ 5] Grating sound is heard from the motor or the motor sound fluctuates.

Possible Causes

What to Check and Suggested Measures

(M

The specified carrier
frequency is too low.

Check the data of function codes F26 (Motor sound (Carrier frequency))
and F27 (Motor sound (Tone)).
=> Increase the carrier frequency (F26).

If the carrier frequency is set too high, output must be reduced. For
details, refer to “2.6 Derating of Rated Output Current.”

= Change the setting of F27 to appropriate value.

2

The surrounding temperature
of the inverter was too high
(when automatic lowering of
the carrier frequency was
enabled by H98).

Measure the temperature inside the panel where the inverter is mounted.

= Ifitis over 40°C, lower it by improving the ventilation.
= Lower the temperature of the inverter by reducing the load. (For fans
or pumps, decrease the frequency limiter value (F15).)

Note: If you disable H98, an OH1, OH3, or OLU alarm may occur.

A3)

Resonance with the load.

Check the machinery mounting accuracy or check whether there is
resonance with the mounting base.

=> Disconnect the motor from the machinery and run it alone, then find
where the resonance comes from. Upon locating the cause, improve
the characteristics of the source of the resonance.

= Adjust the settings of CO1 (Jump frequency 1) to C04 (Jump
frequency (Hysteresis width)) so as to avoid continuous running in
the frequency range causing resonance.

[6]

The motor does not accelerate or decelerate within the specified time.

Possible Causes

What to Check and Suggested Measures

(1

The inverter runs the motor
with S-curve or curvilinear
pattern.

Check the data of function code HO7 (Acceleration/deceleration
pattern).

=> Select the linear pattern (HO7 = 0).

=>» Shorten the acceleration/deceleration time (FO7, E10 through E15).

2

The current limiting operation
prevented the output frequency
from increasing (during
acceleration).

Make sure that F43 (Current limiter (Mode selection)) is set to "2:
Enable during acceleration and at constant speed," then check that the
setting of F44 (Current limiter (Level)) is reasonable.

= Readjust the setting of F44 to appropriate value, or disable the
function of current limiter with F43.

= Increase the acceleration/deceleration time (FO7, FO8, E10 through
E15).

(€)

The automatic deceleration
(Anti-regenerative control) is
enabled during deceleration.

Check the data of function code H69 (Automatic deceleration (Mode
selection)).

=>» Increase the deceleration time (FO8, E11, E13, and E15).

(4) Overload. Measure the output current.
= Reduce the load (For fans or pumps, decrease the frequency limiter
value (F15).) (In winter, the load tends to increase.)
(5) Torque generated by the motor | Check that the motor starts running if the value of the torque boost (F09)

was insufficient.

is increased.
= Increase the value of the torque boost (F09).

(6)

An external frequency
command potentiometer is
used for frequency setting.

Check that there is no noise in the control signal wires from external
sources.

=> Isolate the control signal wires from the main circuit wires as far as
possible.
=> Use shielded or twisted wires for control signals.

= Connect a capacitor to the output terminal of the potentiometer or
set a ferrite core on the signal wire. (Refer to Chapter 2.)
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Possible Causes What to Check and Suggested Measures

(7) The output frequency is limited | Check whether data of torque limiter related function codes (F40, F41,
by the torque limiter. E16 and E17) is correctly configured and the 7TL2/TLI terminal

command ("Select torque limiter level 2/1") is correct.

=>» Correct the data of F40, F41, E16 and E17 or reset them to the
factory defaults.

= Set the TL2/TL1 correctly.

= Increase the acceleration/deceleration time (F07, FO8, E10 through

E15).
(8) The specified acceleration or Check the terminal commands RTI and RT2 for acceleration/
deceleration time was deceleration times.
incorrect. => Correct the RTI and RT?2 settings.

[7] The motor does not restart even after the power recovers from a
momentary power failure.

Possible Causes What to Check and Suggested Measures
(1) The data of function code F14 | Check if an undervoltage trip (LV) occurs.
is either "0," "1," or "2." = Change the data of function code F14 (Restart mode after
momentary power failure (Mode selection)) to "3," "4," or "5."
(2) The run command remains Check the input signal with Menu "I/O Checking" using the keypad.
OFF even after the power has =>» Check the power recovery sequence with an external circuit. If
been restored. necessary, consider the use of a relay that can keep the run

command ON.

In 3-wire operation, the power to the control printed circuit board

(control PCB) has been shut down once because of a long momentary

power failure time, or the "Enable 3-wire operation" signal HOLD has

been turned OFF once.

= Change the design or the setting so that a run command can be
issued again within 2 seconds after the power has been restored.

[ 8] The motor abnormally heats up.

Possible Causes What to Check and Suggested Measures
(1) Excessive torque boost Check whether decreasing the torque boost (F09) decreases the output
specified. current but does not stall the motor.
=> If no stall occurs, decrease the torque boost (F09).
(2) Continuous running in Check the running speed of the inverter.
extremely slow speed. = Change the speed setting or replace the motor with a motor

exclusively designed for inverters.

(3) Overload. Measure the inverter output current.

= Reduce the load (For fans or pumps, decrease the frequency limiter
value (F15).) (In winter, the load tends to increase.)
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9.4 Nothing appears on the monitor

[9] The motor does not run as expected.

Possible Causes

What to Check and Suggested Measures

(M

Incorrect setting of function
code data.

Check that function codes are correctly configured and no unnecessary
configuration has been done.

=> Configure all the function codes correctly.

Make a note of function code data currently configured and then
initialize all function code data using HO3.

= After the above process, reconfigure function codes one by one,
checking the running status of the motor.

2

The forced operation function
is in use.

Check whether the set function code is correct, or whether an
unnecessary setting has been specified.

=> Check the forced operation selection (H116) setting.
=>» Check the digital input terminal forced operation command FMS.
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9.4.2

Problems with inverter settings

[ 1] Nothing appears on the LCD monitor.

Possible Causes

What to Check and Suggested Measures

(1) No power (neither main power
nor auxiliary control power)
supplied to the inverter.

Check the input voltage and interphase voltage unbalance.

=> Turn ON a molded case circuit breaker (MCCB), a residual-current-
operated protective device (RCD)/earth leakage circuit breaker
(ELCB) (with overcurrent protection) or a magnetic contactor
(MC).

= Check for voltage drop, phase loss, poor connections, or poor
contacts and fix them if necessary.

(2) The keypad was not properly
connected to the inverter.

Check whether the keypad is properly connected to the inverter.
= Remove the keypad, put it back, and see whether the problem
recurs.

= Replace the keypad with another one and check whether the
problem recurs.

When running the inverter remotely, ensure that the extension cable is

securely connected both to the keypad and to the inverter.

= Disconnect the cable, reconnect it, and see whether the problem
recurs.

= Replace the keypad with another one and check whether the
problem per recurs.

[ 2] Connecting... display

Problem The “Connecting...” display does not change.

Possible Causes

What to Check and Suggested Measures

(1) The keypad is poorly connected.

Check the remote operation extension cable conductance.

= Replace the remote operation extension cable conductance.

[ 3] “This inverter is not supported.” display
Problem “This inverter is not supported.” is displayed and the keypad turns ON and OFF repeatedly.

Possible Causes

What to Check and Suggested Measures

(1) The keypad and inverter are not
compatible.

Check the keypad and inverter compatibility.
= Connect a keypad that is compatible with the inverter.

[4] “USB Connected.” display
Problem “USB Connected.” is displayed and operation is not possible.

Possible Causes

What to Check and Suggested Measures

(1) A USB cable is connected to the
inverter.

The inverter has been set to USB communication mode by connecting it
to the computer via a USB cable.

=> If not necessary to connect to the computer, disconnect the USB
cable.
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9.4 Nothing appears on the monitor

[ 5] Menu cannot be selected./Menu does not display.
Problem A & mark appears at some menu items, and they cannot be selected. Menu items do not display.

Possible Causes

What to Check and Suggested Measures

(1) A user password has been set Check whether a password has been set.
thus enabling protection. =>» Delete the password at PRG > 5(User Config) > 2(Password). Refer
to Chapter 5, Section 5.6.6.2 for details on how to delete the
password.
(2) These menu items are With Lok alarm “password protection (inverter lock)”, many menu items
password protected (inverter are restricted to prevent tampering with the inverter.
lock). =>» Cancel the LoK alarm. Refer to [34] in section 9.3.1 for details on
how to cancel the alarm.
[ 6] Data of function codes cannot be changed.
Possible Causes What to Check and Suggested Measures
(1) An attempt was made to Check if the inverter is running with Menu "Drive Monitoring" using
change function code data that | the keypad and then confirm whether the data of the function codes can
cannot be changed when the be changed when the motor is running by referring to the function code
inverter is running. tables.
=>» Stop the motor then change the data of the function codes.
(2) The data of the function codes | Check the data of function code FOO (Data Protection).
is protected. = Change the FOO data from "Enable data protection” (1 or 3) to
"Disable data protection” (0 or 2).
(3) The WE-KP terminal Check the data of function codes E01 through EQ9, E98 and E99 and the
command (“Enable data input signal status with Menu "1/0 Checking" using the keypad.
change with keypad”) is not = Input a WE-KP command through a digital input terminal.
entered, though it has been
assigned to a digital input
terminal.
(4) The @ key was not pressed. Check whether you have pressed the @ key after changing the function
code data.
= Press the @ key after changing the function code data.
Ensure that “Writing...” appears on the screen.
(5) Terminal commands “FWD” Either one of the FWD and REV terminal commands is turned ON.

and “REV” are on.

(Data for function codes F02,
EO1 through EO7, E98, and
E99 cannot be changed.)

=>» Turn OFF both FWD and REV.
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Possible Causes

What to Check and Suggested Measures

(6)

The function code is not
applicable to quick setup.

(The function code to be
changed does not display.)

Check whether Quick Setup (PRG > 0) is open. This menu displays
only specific function codes that have been selected beforehand.

= Change the relevant function code at PRG > 2(Function code) >
1(Data Set). All function codes appear in this menu.

=> Add the function code for which quick setup is to be performed at
PRG >5 (User Config) >1 (Select Q.Setup). (Display the function
code and then change the data.)

U]

Function code settings are
protected with a password.

(It is not possible to display the
Function Code Settings screen.)

Check whether a password has been set.

=>» Delete the password at PRG > 5(User Config) > 2(Password). Refer
to Chapter 5, Section 5.6.6.2 for details on how to delete the
password.

®)

The code cannot be changed at
the Function Code Settings
screen.

(“Change this in dedicated
menus.” appears.)

Settings cannot be changed from function codes for which dedicated
menus exist (T codes, certain K codes).

=> Display function codes and change data at the dedicated menus for
PRG > 1(Start-up) > 3(Date/Time) Clock Setting or function code
PRG > 2(Function Code) > 5(Timer Setup) Timer Operation.

©)

Terminal command RST is ON.

(Function code P04 data cannot
be changed.)

Check the data for function codes EO1 through E07, E98, and E99, and
use the keypad to check the input status by performing an 1/0 check
from the menu.

=>» Turn OFF the digital input terminal alarm reset command RST.

9.5 If Other than an Alarm Code is Displayed

[1] ————(center bar) appears
Problem A center bar (— ——-) appeared on the LCD monitor.

Possible Causes

What to Check and Suggested Measures

(1) With the PID being enabled (J01 =

1, 2, or 3), you disabled PID
control (JO1 = 0) when the LCD
monitor had been set to display the
PID command or PID feedback
amount by pressing the §eJ key.

Make sure that when you wish to view a PID command or a PID
feedback amount, JO1 (PID control) is not set to "0: Disable."

= Set JO1 to "1: Enable (Process control normal operation),” "2:
Enable (Process control inverse operation),” or "3: Enable
(Dancer control)."

(2) The keypad was poorly connected.

Prior to proceed, check that pressing the @ key does not change the
display on the LCD monitor.

Check continuity of the extension cable for the keypad used in
remote operation.

= Replace the cable.

[ 2] OVER+/ OVER- Display
Problem The display data exceeds the maximum number of display digits. (OVER+: positive value,

OVER-: negative value)

Possible Causes

What to Check and Suggested Measures

)

The display data has
overflowed.

Please verify the settings of the corresponding function.
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Chapter 10
MAINTENANCE AND INSPECTION

This chapter provides the instructions on how to perform daily and periodic inspections in order to avoid
trouble and keep reliable operation of the inverter for a long time.
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10.1 Daily Inspection

ACAUTION

» Before proceeding to the maintenance/inspection jobs, turn OFF the power and wait at least ten minutes.
Make sure that the LCD monitor is turned OFF. Further, make sure, using a multimeter or a similar
instrument, that the DC link bus voltage between the terminals P(+) and N(-) has dropped to the safe level

(+25 VDC or below).
Electric shock may occur.

* Maintenance, inspection, and parts replacement should be made only by authorized persons.

» Take off the watch, rings and other metallic objects before starting work.
* Use insulated tools.
* Never modify the inverter.

Electric shock or injuries could occur.

10.1 Daily Inspection

Visually inspect the inverter for operation errors from the outside without removing the covers when
the inverter is ON or operating.

- Check that the expected performance (satisfying the standard specifications) is obtained.

- Check that the surrounding environment satisfies the requirements given in Chapter 2, Section 2.7
"Operating Environment and Storage Environment."

- Check that the LCD monitor and LED indicators on the keypad work normally.

- Check for abnormal noise, odor, or excessive vibration.

- Check for traces of overheat, discoloration and other defects.

10.2 Periodic Inspection

Perform periodic inspections according to the items listed in Table 10.1. Before performing periodic
inspections, be sure to stop the motor and remove the front cover with the inverter power OFF.

Table 10.1 List of Periodic Inspections

Check part Check item How to inspect Evaluation criteria
Environment 1) Check the surrounding 1) Check visually or 1) The standard
temperature, humidity, vibration measure using specifications must
and atmosphere (dust, gas, oil apparatus. be satisfied.
mist, or water drops).

2) Check that tools or other foreign | 2) Visual inspection 2) No foreign or
materials or dangerous objects dangerous objects
are not left around the are left.
equipment.

Input voltage Check that the input voltages of the | Measure the input The standard
main and control circuits are correct. | voltages using a specifications must be
multimeter or the like. satisfied.
Keypad 1) Check that the display is clear. 1),2) 1),2)
2) Check that there is no missing Visual inspection The display can be

part in the displayed characters.

read and there is no
fault.

10-1
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Table 10.1 List of Periodic Inspections (Continued)

Check part

Check item

How to inspect

Evaluation criteria

Structure such
as frame and
covers

Check for:

1) Abnormal noise or excessive
vibration

2) Loose bolts (at clamp sections).
3) Deformation and breakage
4) Discoloration caused by overheat

5) Contamination and accumulation
of dust or dirt

1) Visual or auditory
inspection
2) Retighten.
3),4),5)
Visual inspection

1),2),3),4),5)
No abnormalities

Common 1) Check that bolts and screws are 1) Retighten. 1),2),3)
tight and not missing. No abnormalities
2) Check the devices and insulators | 2), 3)
for deformation, cracks, Visual inspection
breakage and discoloration
caused by overheat or
deterioration.
3) Check for contamination or
accumulation of dust or dirt.
Conductors | 1) Check conductors for 1),2) 1),2)
and Wires diSCOlOratiOn and diStOrtiOn Visual inspection No abnorrnalities
caused by overheat.
= 2) Check the sheath of the wires for
5 cracks and discoloration.
o
.£| Terminal Check that the terminal blocks are Visual inspection No abnormalities
‘2“ blocks not damaged.
DC link bus | 1) Check for electrolyte leakage, 1),2) 1),2)
capacitor discoloration, cracks and Visual inspection No abnormalities
swelling of the casing.
2) Check that the safety valve does
not protrude remarkably.
3) Measure the capacitance if 3) Measure the 3) The discharge time
necessary. discharge time with should not be shorter
a capacitance probe. than the one
specified by the
replacement manual.
Transformer | Check for abnormal roaring noise Auditory, visual, and No abnormalities
and reactor | and odor. olfactory inspection
Printed 1) Check for loose screws and 1) Retighten. 1),2),3),4)
- circuit board connectors. ' No abnormalities
B 2) Check for odor and discoloration. | 2) Olfactory and visual
R inspection
% 3) Check for cracks, breakage, 3), 4)
}é‘ deformation and remarkable rust. Visual i .
3 4) Check the capacitors for isual inspection
electrolyte leaks and
deformation.
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10.3 List of Periodic Replacement Parts

Table 10.1 List of Periodic Inspections (Continued)

Check part Check item How to inspect Evaluation criteria
Cooling fan | 1) Check for abnormal noise and 1) Auditory and visual 1) Smooth rotation
excessive vibration. inspection, or turn

manually (be sure to

E) shut down the power

% 2) Check for loose bolts. beforehand). 2), 3)

= 3) Check for discoloration caused | 2) Retighten. No abnormalities

'§ by overheat. 3) Visual inspection

“ Ventilation Check the heat sink, intake and Visual inspection No abnormalities
path exhaust ports for clogging and

foreign materials.

Remove dust accumulating on the inverter with a vacuum cleaner. If the inverter is stained, wipe it off
with a chemically neutral cloth.

10.3 List of Periodic Replacement Parts

The inverter consists of many electronic parts including semiconductor devices. Table 10.2 lists
replacement parts that should be periodically replaced for preventive maintenance (Use the lifetime
judgment function as a guide). These parts are likely to deteriorate with age due to their constitution
and properties, leading to the decreased performance or failure of the inverter.

When the replacement is necessary, consult your Fuji Electric representative.

Table 10.2 Replacement Parts

Part name Standard replacement intervals (See Note below.)
DC link bus capacitor 5 years
Electrolytic capacitors on printed circuit boards 5 years
Cooling fan 5 years

(Note) These replacement intervals are based on the inverter's service life estimated at a surrounding
temperature of 30°C (IP55) or 40°C (IP21) at full load (100% of the inverter rated current). In
an environment with a surrounding temperature above 30°C (IP55) or 40°C (IP21) or with a
large amount of dust or dirt, or in an environment where inverters are mounted closely side by
side, the replacement intervals may be shorter.

Standard replacement intervals mentioned above are only a guide for replacement, not a
guaranteed service life.

NOILO3dSNI ANV JONVNILNIVIN - [o]elte)
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10.3.1

Judgment on service life

The inverter has the life prediction function for some parts which measures the discharging time or
counts the voltage applied time, etc. The function allows you to monitor the current lifetime state on
the LCD monitor and judge whether those parts are approaching the end of their service life.

The life prediction function can also issue early warning signals if the life time alarm command LIFE
is assigned to any of the digital output terminals. (Refer to "[ 3 ] Early warning of lifetime alarm" later

in this

section.)

Table 10.3 lists the parts whose service life can be predicted and details the life prediction function.
The predicted values should be used only as a guide since the actual service life is influenced by the
surrounding temperature and other usage environments.

Table 10.3 Life Prediction

Object of Prediction
life Prediction function End-of-life criteria L. On the LCD monitor
.. timing
prediction
DC link bus | Measurement of 85% or lower of the initial | At periodic 3. INV Info
capacitor discharging time capacitance at shipment | inspection >4. Maintenance
Measures the (See '[ 1] Measuring the | (1198 Bit 3 = 0) >Main Capacitor
discharging time of the | capacitance of the DC link Cap (Capacitance)
DC link bus capacitor | bus capacitor in comparison
when the main power | with initial one at shipment"
is shut down and on the next page.)
calculates the
capacitance. 85% or lower of the During ordinary
reference capacitance operation
under ordinary operating i
conditions at the user site | (H98: Bit 3 =1)
(See "[ 2 ] Measuring the
capacitance of the DC link
bus capacitor under ordinary
operating conditions" on
page 10-6.)
ON-time counting Exceeding 43,500 hours | During ordinary | 3. INV Info
Counts the time elapsed (5 years) operation >4, Maintenapce
when the voltage is >Main Capacitor
applied to'the DC' link EneT (Elapsed time)
bus capacitor, while
correcting it according RemT o
to the capacitance (Time remaining before
measured above. the end of life)
Electrolytic | Counts the time elapsed | Exceeding 43,500 hours | During ordinary | 3. INV Info
capacitors on| when the voltage is (5 years) operation >4. Maintenance
printed applied to the >PCB Capacitor
circuit capacitors, while
boards correcting it according EneT )
to the surrounding (Cumulative run time)
temperature. Life
(Lifetime estimated)
Cooling fan | Counts the run time of | Exceeding 43,500 hours | During ordinary | 3. INV Info
the cooling fan. (5 years) operation >4. Maintenance

>Cooling Fan

EneT

(Cumulative run time)
Life

(Lifetime estimated)
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10.3 List of Periodic Replacement Parts

The service life of the DC link bus capacitor can be judged by the "measurement of discharging time"
or "ON-time counting."

Measurement of discharging time of the DC link bus capacitor

- The discharging time of the DC link bus capacitor depends largely on the inverter's internal load
conditions, e.g. options attached or ON/OFF of digital I/O signals. If actual load conditions are so
different from the ones at which the initial/reference capacitance is measured that the measurement
result falls out of the accuracy level required, then the inverter does not perform measuring.

- The capacitance measuring conditions at shipment are drastically restricted, e.g., all input terminals
being OFF in order to stabilize the load and measure the capacitance accurately. Those conditions
are, therefore, different from the actual operating conditions in almost all cases. If the actual
operating conditions are the same as those at shipment, shutting down the inverter power
automatically measures the discharging time; however, if they are different, no automatic
measurement is performed. To perform it, revert those conditions to the factory default ones and
shut down the inverter. For the measuring procedure, see [ 1 ] given below.

- To measure the capacitance of the DC link bus capacitor under ordinary operating conditions when
the power is turned OFF, it is necessary to set up the load conditions for ordinary operation and
measure the reference capacitance (initial setting) when the inverter is introduced. For the reference
capacitance setup procedure, see [ 2 | on the next page. Performing the setup procedure
automatically detects and saves the measuring conditions of the DC link bus capacitor.

Setting bit 3 of H98 data to 0 restores the inverter to the measurement in comparison with the initial
capacitance measured at shipment.

@ When the inverter uses an auxiliary control power input, the load conditions widely differ so
that the discharging time cannot be accurately measured. In this case, measuring of the
discharging time can be disabled with the function code H98 (Bit 4 = 0) for preventing
unintended measuring.

ON-time counting of DC link bus capacitor

- In a machine system where the inverter main power is rarely shut down, the inverter does not
measure the discharging time. For such an inverter, the ON-time counting is provided. The
ON-time counting result can be represented as "Elapsed time" (EneT) and "Time remaining before
the end of life" (RemT) as shown in Table 10.3, "On the LCD monitor" column.

[ 1] Measuring the capacitance of the DC link bus capacitor in comparison
with initial one at shipment
When bit 3 of H98 data is 0, the measuring procedure given below measures the capacitance of DC

link bus capacitor in comparison with initial one at shipment when the power is turned OFF. The
measuring result can be displayed on the keypad as a ratio (%) to the initial capacitance.

Capacitance measuring procedure

1) To ensure validity in the comparative measurement, revert the inverter condition back to the
default at factory shipment.

e Remove the option card (if already in use) from the inverter.

o In case another inverter is connected via the DC link bus to the P(+) and N(-) terminals of the
main circuit, disconnect the wires.

¢ Disconnect power wires for the auxiliary input to the control circuit (RO, TO).

e Turn OFF all the digital input signals on control circuit terminals [FWD], [REV], and [X1]
through [X7]. (Signals on terminals [EN1] and [EN2] can be either ON or OFF.)

e If an external frequency command potentiometer is connected to terminal [13] or [V2],
disconnect it.

¢ [f an external apparatus is attached to terminal [PLC], disconnect it.

10-5

NOILO3dSNI ANV JONVNILNIVIN - [o]elte)




e Ensure that transistor output signals ([Y1] to [Y4]) and relay output signals ([Y5A/C] and
[30A/B/C]) will not be turned ON.

e Disable the RS-485 communications link.

<Note If negative logic is specified for the transistor output and relay output signals, they are
considered ON when the inverter is not running. Specify positive logic for them.

o Keep the surrounding temperature within 25 +10°C.
2) Turn ON the main circuit power.
3) Confirm that the cooling fan is rotating and the inverter is in stopped state.
4) Turn OFF the main circuit power.

5) The inverter automatically starts the measurement of the capacitance of the DC link bus capacitor.
Make sure that the LCD monitor shows the measuring status ("Before measurement” —
"Measurement in progress” — "Measurement completed").

(Note If no measuring status indication appears on the LCD monitor, measurement has not
started. Check the conditions listed in 1).

6) After the measuring status indication has disappeared from the LCD monitor, turn ON the main
circuit power again.

7) Switch to Programming mode, [ PRG > 3(INV Info) > 4(Maintenance) [and note the reading (relative
capacitance (%) of the DC link bus capacitor). Refer to Chapter 5, Section 5.6.4.4 "Maintenance
Information."

[ 2] Measuring the capacitance of the DC link bus capacitor under
ordinary operating conditions

When bit 3 of H98 data is 1, the inverter automatically measures the capacitance of the DC link bus
capacitor under ordinary operating conditions when the power is turned OFF. This measurement
requires setting up the load conditions for ordinary operation and measuring the reference capacitance
when the inverter is introduced to the practical operation, using the setup procedure given below

Reference capacitance setup procedure

1) Set function code H98 (Protection/maintenance function) to allow the user to specify the judgment
criteria for the service life of the DC link bus capacitor (Bit 3 = 1).

2) Turn OFF all run commands.

3) Make the inverter ready to be turned OFF under ordinary operating conditions.

4) Set both function codes H42 (Capacitance of DC link bus capacitor) and H47 (Initial capacitance
of DC link bus capacitor) to "0000."
5) Turn OFF the inverter, and the following operations are automatically performed.

The inverter measures the discharging time of the DC link bus capacitor and saves the result in
function code H47 (Initial capacitance of DC link bus capacitor).

The conditions under which the measurement has been conducted will be automatically collected
and saved.
6) Turn ON the inverter again.

Confirm that H42 (Capacitance of DC link bus capacitor) and H47 (Initial capacitance of DC link
bus capacitor) hold right values. Switch to Programming mode, [PRG > 3(INV_Info) >
4(Maintenance) | and confirm that the relative capacitance (ratio to full capacitance) is 100%.

Note |If the measurement has failed, "0001" is entered into both H42 and H47. Remove the
factor of the failure and conduct the measurement again.
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10.3 List of Periodic Replacement Parts

Hereafter, each time the inverter is turned OFF, it automatically measures the discharging time of the
DC link bus capacitor if the above conditions are met. Periodically check the relative capacitance of
the DC link bus capacitor (%) with [ PRG > 3(INV Info) > 4(Maintenance) | in Programming mode.

(Note The condition given above produces a rather large measurement error. If this mode gives you
a lifetime alarm, set H98 (Maintenance operation) back to the default setting (Bit 3 (Select
life judgment threshold of DC link bus capacitor) = 0) and conduct the measurement under
the condition at the time of factory shipment.

[ 3] Early warning of lifetime alarm

For the components listed in Table 10.3, the inverter can issue an early warning of lifetime alarm
LIFE at one of the transistor output terminals ([Y1] to [Y4]) and the relay contact terminals
(['Y5A/5C], and [30A/B/C]) as soon as any of the levels specified in Table 10.3 has been exceeded.

The early warning signal is also turned ON when a lock condition on the internal air circulation DC fan
is detected. (For IP55 rated inverters of 11 kW or above)

10-7
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10.4 Measurement of Electrical Amounts in Main Circuit

Because the voltage and current of the power supply (input, primary circuit) of the inverter main
circuit and those of the motor (output, secondary circuit) contain harmonic components, the readings
may vary with the type of the meter. Use meters listed in Table 10.4 when measuring with meters

designed for commercial frequencies.

The power factor cannot be measured by a commercially available power-factor meter that measures
the phase difference between the voltage and current. To obtain the power factor, measure the power,
voltage and current on each of the input and output sides and use the following formula.

B Three-phase input

Electric power (W)

x 100 %
V3 x Voltage (V)* Current (A)

Power factor =

Table 10.4 Meters for Measurement of Main Circuit

. DC link bus
k5] Input (primary) side Output (secondary) side voltage
(P(+)-N(-))
£ Voltage Current Voltage Current
% /\‘\ J/\\
= \
B
o 8| Ammeter Voltmeter Wattmeter Ammeter Voltmeter | Wattmeter | DC voltmeter
CZ% E AR, AS,AT | VR, VS, VT WR, WT AU, AV, Aw | VU, Vv, Vw | WU, Ww \'%
D = Rectifier or
o 2| Moving iron movine iron Digital AC | Digital AC | Digital AC | Digital AC Moving coil
Eg type type & power meter |power meter | power meter | power meter | type
35
o]
R A

@ It is not recommended that meters other than a digital AC power meter be used for measuring
the output voltage or output current since they may cause larger measurement errors or, in the
worst case, they may be damaged.

Power
supply

Figure 10.1 Connection of Meters
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10.5 Insulation Test

10.5 Insulation Test

Since the inverter has undergone an insulation test before shipment, avoid making a Megger test at the
customer's site.

If a Megger test is unavoidable for the main circuit, observe the following instructions; otherwise, the
inverter may be damaged. Even after the test, be careful with an electrical shock since an electrical
charge may remain.

A withstand voltage test may also damage the inverter if the test procedure is wrong. When the
withstand voltage test is necessary, consult your Fuji Electric representative.

(1) Megger test of main circuit
1) Use a 500 VDC Megger and shut off the main power supply without fail before measurement.

2) If the test voltage leaks to the control circuit due to the wiring, disconnect all the wiring from the
control circuit.

3) Connect the main circuit terminals with a common line as shown in Figure 10.2.
4) The Megger test must be limited to across the common line of the main circuit and the ground (D).

5) Value of 5 MQ or more displayed on the Megger indicates a correct state. (The value is measured
on an inverter alone.)

Inverter

Megger

Figure 10.2 Main Circuit Terminal Connection for Megger Test

(2) Insulation test of control circuit

Do not make a Megger test or withstand voltage test for the control circuit. Use a high resistance range
tester for the control circuit.

1) Disconnect all the external wiring from the control circuit terminals.

2) Perform a continuity test to the ground. One MQ or a larger measurement indicates a correct state.

(3) Insulation test of external main circuit and sequence control circuit

Disconnect all the wiring connected to the inverter so that the test voltage is not applied to the inverter.

NOILO3dSNI ANV JONVNILNIVIN - [o]elte)
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10.6 Cooling Fan Replacement Procedure

ACAUTION

Shut down the main power and auxiliary control power input of the inverter.
An accident or electric shock could occur.

(1) Wait for the cooling fan to stop. a) Press the hook inwards

Press inwards either one of the hooks provided
on both sides of the fan casing at the upper
section of the inverter and gently lift the fan
cover up and off.

See a) and b) shown at the right.

(2) Disconnect the cooling fan cable from the
connector.

See ¢).

b) Gently lift up the fan
casing.

c) Disconnect the
connector.

(3) Remove the cooling fan from its casing.
See d).

d) Lightly pull two
latches outwards to
remove the cooling
fan.

(4) Set anew cooling fan on the fan casing.

(5) Connect the cooling fan cable to the connector.

(6) Mount the fan casing on the inverter.

(7) Check that the cooling fan connector and cable do not interfere with the cooling fan unit or fan casing.
(8) Turn ON the main power. If HO6 = 1, change the data to "0" and check that the cooling fan works.
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Chapter 11
CONFORMITY WITH STANDARDS

This chapter sets forth the conformity with overseas standards.
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11.1 Compliance with European Standards

11.1 Compliance with European Standards

The CE marking on Fuji products indicates that they comply with the essential requirements of the
Electromagnetic Compatibility (EMC) Directive 2004/108/EC and Low Voltage Directive
2006/95/EC which are issued by the Council of the European Communities.

The products comply with the following standards

Low Voltage Directive IEC/EN 61800-5-1: 2007

IEC/EN 61800-3: 2004
EMC Directives Immunity: Second environment (Industrial)
Emission: Category C2

11.1.1 Conformity to the Low Voltage Directive in the EU

If installed according to the guidelines given below, inverters marked with CE are considered as
compliant with the Low Voltage Directive 2006/95/EC.

Compliance with European Standards

Adjustable speed electrical power drive systems (PDS).
Part 5-1: Safety requirements. Electrical, thermal and energy. IEC/EN 61800-5-1: 2007

1. The ground terminal G should always be connected to the ground. Do not use only a
residual-current-operated protective device (RCD)/earth leakage circuit breaker (ELCB)* as the
sole method of electric shock protection. Be sure to use ground wires of recommended size listed
Table 11.1.

*With overcurrent protection.

2. To prevent the risk of hazardous accidents that could be caused by damage of the inverter, install
the specified fuses in the supply side (primary side) according to the following tables.
- Breaking capacity: Min. 10 kA
- Rated voltage: Min. 500 V

H O
Power Ijgg}?elgl Fuse rating 5
supply| o Inverter type (A) 'i
voltage (kW) =

0.75 |FRN0.75AQ1m-400 |4 (IEC/EN 60269-2) (
Disconnect MC

15 |FRN1SAQIM-4O |6 (IEC/EN 60269-2) oo, o, //Z_';W
O

22 |FRN22AQIM-400 |10 (IEC/EN 60269-2) |y ———=—~ s
/: /'_4:_< L3/T

37 |FRN3.7AQIM-400 D o

(4.0)* | FRN4.0AQIm-4F | 6 IEC/EN 60269-2)

0
Three.| 55 |FRNS.SAQIM-40 |20 (IEC/EN 60269-2) FRENIC-AQUA
phase | 7.5 |FRN7.5AQIM-400 |25 (IEC/EN 60269-2)
400V 11 FRN11AQ1m-40 |35 (IEC/EN 60269-2)
15 FRN15AQ1m-40 |50 (IEC/EN 60269-2)
18.5 |FRN18.5AQ1mM-400 |63 (IEC/EN 60269-2)
22 |FRN22AQ!m-400 |80 (IEC/EN 60269-2)
30  |FRN30AQIm-400 | 100 (IEC/EN 60269-2)
37  |FRN37AQ1m-40 | 125 (IEC/EN 60269-2)
* 4.0 kW for the EU. The inverter type is FRN4.0AQ1M-4E.

MCCB )

SAYVANVYLS HLIM ALINHO4NOD

Note: A box (M) replaces an alphabetic letter depending on the enclosure.
M (IP21) or L (IP55)

A box (O) replaces an alphabetic letter depending on the shipping destination.
E (EU), A (Asia), or C (China)



3. When used with the inverter, a molded case circuit breaker (MCCB), residual-current-operated
protective device (RCD)/earth leakage circuit breaker (ELCB) or magnetic contactor (MC) should
conform to the EN or IEC standards.

4. When you use a residual-current-operated protective device (RCD)/earth leakage circuit breaker
(ELCB) for protection from electric shock in direct or indirect contact power lines or nodes, be sure
to install type B of RCD/ELCB on the input (primary) of the inverter.

5. The inverter should be used in an environment that does not exceed Pollution Degree 2
requirements.

6. Install the inverter, AC reactor (ACR), input or output filter in an enclosure with minimum degree
of protection of IP2X (Top surface of enclosure shall be minimum IP4X when it can be easily
accessed), to prevent human body from touching directly to live parts of these equipment.

7. Do not connect any copper wire directly to grounding terminals. Use crimp terminals with tin or
equivalent plating to connect them.

8. When you use an inverter at an altitude of more than 2000 m, you should apply basic insulation for
the control circuits of the inverter. The inverter cannot be used at altitudes of more than 3000 m.

9. Use wires listed in IEC 60364-5-52.

Table 11.1 Recommended Wire Sizes
o Recommended wire size (mm?)
% E MCCB or Main terminal
z § 5 RCD/];LCB Main power input Aux.
5 E g Inverter type * Inverter | Congrol | SORtrol
5 g Rated [L1/R, L2/S,| Inverter's [SUt\I;u\t:/] circuit 51?1:;?;
o © current L3/T roundin > Vs
z| 2 S g[@G] e + [RO, TO]
(=W

0.75 |FRNO.75AQ1m-4 5

1.5 |FRNI1.5AQ1m-401

2.2 |FRN2.2AQ1m-40

3.7 |FRN3.7AQ1m-40 10 55 2.5

z (4.0)*' | FRN4.0AQ1M-4E '

f| 5.5 |FRN5.5AQIm-40 15 10

(]

&| 75 |FRN7.5AQIN-4C] 20 0.75 25

ol FRN11AQIm-400 30

(]

S| 15 |FRNISAQIm-4C] 40 4
18.5 |FRNI18.5AQ1m-40 50 6 10
22 FRN22AQ1m-4[ 10
30 FRN30AQ1m-4 75 16 16
37 FRN37AQ1m-41 100 25 25

*1 4.0 kW for the EU. The inverter type is FRN4.0AQ1M-4E.

*2 The frame size and model of the MCCB or RCD/ELCB (with overcurrent protection) will vary,

depending on the power transformer capacity. For details on how to select them, refer to the related
technical documents.

*3 The recommended wire size for main circuits is for the 70°C 600 V PVC wires used at a surrounding

temperature of 40°C.

Note: A box (M) replaces an alphabetic letter depending on the enclosure.

M (IP21) or L (IP55)
A box (O) replaces an alphabetic letter depending on the shipping destination.
E (EU), A (Asia), or C (China)

10. The inverter has been tested with the IEC/EN 61800-5-1 2007 Short-circuit Test under the

following conditions.

Short-circuit current in the supply: 10,000 A
Maximum 480 V



11.1 Compliance with European Standards

11.1.2 Compliance with EMC Standards
11.1.21 General

The CE marking on inverters does not ensure that the entire equipment including our CE-marked
products is compliant with the EMC Directive. Therefore, CE marking for the equipment shall be the
responsibility of the equipment manufacturer. For this reason, Fuji's CE mark is indicated under the
condition that the product shall be used within equipment meeting all requirements for the relevant
Directives. Instrumentation of such equipment shall be the responsibility of the equipment
manufacturer.

Generally, machinery or equipment includes not only our products but other devices as well.
Manufacturers, therefore, shall design the whole system to be compliant with the relevant Directives.
@ Our EMC compliance test is performed under the following conditions.

Wiring length (of the shielded cable) between the inverter and motor: 75 m

For detailed restrictions by the wiring length and carrier frequency setting, refer to Chapter 2,
Section 2.6 "Derating of Rated Output Current."

11.1.2.2 Recommended installation procedure

To make the machinery or equipment fully compliant with the EMC Directive, have certified
technicians wire the motor and inverter in strict accordance with the procedure given below.

1) Use shielded wires for the motor cable and route the cable as short as possible. Firmly clamp the
shield to the specified point or the grounded metal plate inside the inverter. Further, connect the
shielding layer electrically to the grounding terminal of the motor.

2) For inverters of 11 to 37 kW, be sure to pass the main circuit power input lines of the inverter
through a ferrite core in wiring.

Q] For wiring of the inverter main circuit power input lines, refer to Chapter 5, Section 5.1.2.1
"(3) Wiring of main circuit power lines."

3) Connect the grounding wires to the grounding terminals without passing them through a ferrite

‘ ‘ ‘ ‘ Ferrite core at the input side
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Figure 11.1 Wiring to Main Circuit Terminals for Inverters of 30/37 kW



4) For connection to inverter's control terminals and for connection of the RS-485 communication
signal cable, use shielded wires. As with the motor, clamp the shields firmly to the specified point
or the grounded metal plate inside the inverter.

Clamp for control
signal lines

Figure 11.2 Wiring to Control Circuit Terminals for Inverters of 30/37 kW



11.1 Compliance with European Standards

11.1.2.3 Leakage current of the EMC filter

This product uses grounding capacitors for noise suppression which increase the leakage current.

Check whether there is no problem with electrical systems.

Table 11.2 Leakage Current of EMC Filter

Leakage current (mA) Leakazgne;;l rrent
Input Inverter type Input Inverter type
power Under Under power Under Under
normal worst-case normal |worst-case
conditions | conditions conditions | conditions
FRNO0.75AQ1m-40 FRN11AQ1m-4[]
FRN1.5AQ1m-40 FRN15AQ1m-4]
135 417
FRN2.2AQ1m-40 FRN18.5AQ1m-40
Three- Three-
phase |FRN3.7AQ1m-40 55 164 phase |FRN22AQ1m-40
400V 400 V
FRN4.0AQ1m-40 FRN30AQ1m-4[]
FRN5.5AQ1m-4 111 381
FRN37AQ1m-4
FRN7.5AQ1m-40]
Note 1) Calculated based on these measuring conditions: 400 V, 50 Hz, neutral grounding in
Y-connection, interphase voltage unbalance ratio 2%.
Note 2) The worst-case conditions include input phase loss.

Usually there is no need to do anything for the EMC filter.

When the leakage current from the connected EMC filter causes problems with the power
supply system, removing screws from terminals [E1] and [E2] could improve the problem.
Note that doing so loses the effect of the EMC filter so that the inverter is no longer compliant
with the EMC standards. To remove those screws, consult your Fuji Electric representative.

E1

E2

Ll "deyd
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11.1.3 Harmonic Component Regulation in the EU

11.1.3.1 General

When general-purpose industrial inverters are used in the EU, the harmonics emitted from inverters to
the power lines are strictly regulated as stated below.

If an inverter whose rated input is 1 kW or less is connected to the public low-voltage power supply, it
is regulated by the harmonics emission regulation IEC/EN 61000-3-2. If an inverter whose input
current is 16 A or above and 75 A or below is connected to the public low-voltage power supply, it is
regulated by the harmonics emission regulation IEC/EN 61000-3-12.

Note that connection to the industrial low-voltage power lines is an exception. (See Figure 11.3.)

Medium voltage

Medium-to- T User C
low voltage

transformer Public low-voltage
- — power supply

Medium-to-low
voltage transformer

T User A T User B ) Industrial
low-voltage
power supply
Inverter Inverter
L3 L3
L The inverter connected here is \— The inverter connected
subject to the harmonics here is not subject to the
regulation. If the harmonics harmonics regulation.

flowing into the power source
exceeds the regulated level,
permission by the local power
supplier will be needed.

Figure 11.3 Power Source and Regulation

11.1.3.2 Compliance with IEC/EN 61000-3-2

The FRNO.75AQ1M-4[0 satisfies the IEC/EN 61000-3-2, so it can be connected to the public
low-voltage power supply.

11.1.3.3 Compliance with IEC/EN 61000-3-12

To bring the FRN0.75AQ1M-40 to FRN37AQ1M-40 into compliance with the IEC/EN 61000-3-12,
connect them to the power supply whose short-circuit ratio Rsce is 120 or above.



11.2 Conformity with UL Standards and CSA Standards (cUL-listed for Canada)

11.2 Conformity with UL Standards and CSA Standards
(cUL-listed for Canada) (Under application)

11.2.1 General

Originally, the UL standards were established by Underwriters Laboratories, Inc. as private criteria for
inspections/investigations pertaining to fire/accident insurance in the USA. The UL marking on Fuji
products is related to the UL Standard UL508C.

cUL certification means that UL has given certification for products to clear CSA Standards. cUL
certified products are equivalent to those compliant with CSA Standards. The cUL marking on Fuji
products is related to the CSA Standard C22.2 No. 14.

11.2.2 Conformity with UL standards and CSA standards
(cUL-listed for Canada)

UL/cUL-listed inverters are subject to the regulations set forth by the UL standards and CSA standards
(cUL-listed for Canada) by installation within precautions listed below.

1. Solid state motor overload protection (motor protection by electronic thermal overload relay) is
provided in each model.
Use function codes F10 to F12 to set the protection level.

2. Use Cu wire only.
3. Use Class 1 wire only for control circuits.
4. Short circuit rating

"Suitable For Use On A Circuit Of Delivering Not More Than 100,000 rms Symmetrical Amperes,
480 Volts Maximum when protected by Class J Fuses or a Circuit Breaker having an interrupting
rating not less than 100,000 rms Symmetrical Amperes, 480 Volts Maximum.

"Integral solid state short circuit protection does not provide branch circuit protection. Branch
circuit protection must be provided in accordance with the National Electrical Code and any
additional local codes."

5. Field wiring connections must be made by a UL Listed and CSA Certified closed-loop terminal
connector sized for the wire gauge involved. Connector must be fixed using the crimp tool
specified by the connector manufacturer.

6. All circuits with terminals L1/R, L2/S, L3/T, RO, TO must have a common disconnect and be
connected to the same pole of the disconnect if the terminals are connected to the power supply.

Ll "deyd

MCCB
Disconnect or
RCD/ELCB, etc.
Power /
supply /,/
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7. Install UL certified fuses or circuit breaker between the power supply and the inverter, referring to
the table below.
Table 11.3 Fuses and Circuit Breakers

Required torque
Power | Nominal Circuit Ib-in (N+m)

. Class J fuse . Aux
supply | applied Inverter type . breaker trip ) :
voltage | motor S1ze size Main Control control

terminal circuit power
supply
0.75 |FRNO0.75 AQ1m-4[ 5
1.5 FRN1.5AQ1m-41 6
2.2 FRN2.2AQ1m-4 10 15.9
3.7 |FRN3.7AQ1m-400 (s 10 (1.8)
(4.0)"" | FRN4.0AQ1M-4E
B-
Three- 5.5 FRNS5.5AQ1m-4 20 15 o1 0
phase 7.5 |FRN7.5AQ1m-400 25 20 : .
(0.7) (1.2)
400V 11 |FRN11AQ!m-4[0 35 30
15 |FRNI5AQIm-40] 50 40 513
18.5 |FRNI18.5AQ1m-400 60 s (5.8)
22 FRN22AQ1m-4[ 70
30 |FRN30AQIm-40] 100 75 51.3
37 |FRN37AQ1m-40 125 100 (5.8)
Table 11.4 Recommended Wire Sizes
Wire size AWG (mm?)
Power | Nominal Main terminal A trol
supply | applied Inverter type Cu Wire *? o ux. contro
voltage | motor Control circuit| power supply
LIRLYS, | (v w 2
L3/T >
0.75 |FRNO0.75AQ1m-4[]
1.5 FRN1.5AQ1m-4
2.2 FRN2.2AQ1m-4[1 14
37 |FRN3.7AQIm-400 14 2.1
(4.0)" |FRN4.0AQI1m-4E (2.1
5.5 FRNS5.5AQ1m-41
75  |FRN7.5AQ1m-400 (3123)
Three- -
phase 11 |FRN11AQIm-4[ 12 10 I8 -
400V (3.3) (5.3) (0.8) (2.1
10
15 FRNI5AQIm-4[]
Q (5.3) )
18.5 |FRN18.5AQ1m-400 8 (8.4)
22 |FRN22AQIm-40 (8.4)
6 6
30 FRN30AQ1m-4[] (13.3) (13.3)
37 |FRN37AQ1m-40] 4 2
(21.2) (33.6)

*1 4.0 kW for the EU. The inverter type is FRN4.0AQ1M-4E.

*2 Use wires rated at the maximum allowable temperature of 75°C.

Note: A box (M) replaces an alphabetic letter depending on the enclosure.
M (IP21) or L (IP55)

A box (O) replaces an alphabetic letter depending on the shipping destination.
E (EU), A (Asia), or C (China)
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App. A Advantageous Use of Inverters (Notes on electrical noise)

App. A Advantageous Use of Inverters (Notes on electrical

noise)

- Disclaimer: This document provides you with a summary of the Technical Document of the Japan
Electrical Manufacturers' Association (JEMA) (April 1994). It is intended to apply to the domestic market
only. It is only for reference for the foreign market. -

AA1

Effect of inverters on other devices

Inverters have been and are rapidly expanding its application fields. This paper describes the effect
that inverters have on electronic devices already installed or on devices installed in the same system
as inverters, as well as introducing noise prevention measures. (Refer to Section A.3 [3], "Noise
prevention examples" for details.)

[1] Effect on AM radios

Phenomenon If an inverter operates, AM radios may pick up noise radiated from the inverter.
(An inverter has almost no effect on FM radios or television sets.)

Probable cause Radios may receive noise radiated from the inverter.

Measures Inserting a noise filter on the power supply side of the inverter is effective.

[2] Effecton telephones
Phenomenon If an inverter operates, nearby telephones may pick up noise radiated from the
inverter in conversation so that it may be difficult to hear.

Probable cause A high-frequency leakage current radiated from the inverter and motors enters
shielded telephone cables, causing noise.

Measures It is effective to commonly connect the grounding terminals of the motors and
return the common grounding line to the grounding terminal of the inverter.

[3] Effect on proximity switches

Phenomenon If an inverter operates, proximity switches (capacitance-type) may malfunction.
Probable cause The capacitance-type proximity switches may provide inferior noise immunity.
Measures It is effective to connect a filter to the input terminals of the inverter or change

the power supply treatment of the proximity switches. The proximity switches
can be replaced with superior noise immunity types such as magnetic types.

[4] Effecton pressure sensors

Phenomenon If an inverter operates, pressure sensors may malfunction.
Probable cause Noise may penetrate through a grounding wire into the signal line.
Measures It is effective to install a noise filter on the power supply side of the inverter or

to change the wiring.

[5] Effect on position detectors (pulse encoders)

Phenomenon If an inverter operates, pulse encoders may produce erroneous pulses that shift
the stop position of a machine.

Probable cause Erroneous pulses are liable to occur when the signal lines of the PG and power
lines are bundled together.

Measure The influence of induction noise and radiation noise can be reduced by
separating the PG signal lines and power lines. Providing noise filters at the
input and output terminals is also an effective measure.




A.2 Noise

This section gives a summary of noises generated in inverters and their effects on devices subject to
noise.

[1] Inverter noise

Figure A.1 shows an outline of the inverter configuration. The inverter converts AC to DC
(rectification) in a converter unit, and converts DC to AC (inversion) with 3-phase variable voltage
and variable frequency. The conversion (inversion) is performed by PWM implemented by
switching six transistors (IGBT: Insulated Gate Bipolar Transistor, etc), and is used for variable
speed motor control.

Switching noise is generated by high-speed on/off switching of the six transistors. Noise current (i)
is emitted and at each high-speed on/off switching, the noise current flows through stray capacitance
(C) of the inverter, cable and motor to the ground. The amount of the noise current is expressed as
follows:

i=C-dv/dt

It is related to the stray capacitance (C) and dv/dt (switching speed of the transistors). Further, this
noise current is related to the carrier frequency since the noise current flows each time the transistors
are switched on or off.

In addition to the main circuit of the inverter, the DC-to-DC switching power regulator (DC/DC
converter), which is the power source for the control circuit of the inverter, may be a noise source in
the same principles as stated above.

The frequency band of this noise is less than approximately 30 to 40 MHz. Therefore, the noise will
affect devices such as AM radios using low frequency band, but will not virtually affect FM radios
and television sets using higher frequency than this frequency band.

— R - - R _
' Converter part Inverter part
] .
| T
Power supply |, & & V|

A v " ' 1 7
| AKX - RRL

o A I | P
L === C ' KK | =FFC
b R
: i L] H N i : !
E E DC/DC] — . i .
: I Con- Control circuit | : .
| il verter | '
| T ' ]
< -

Figure A.1  Outline of Inverter Configuration
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[2] Types of noise

Noise generated in an inverter is propagated through the main circuit wiring to the power supply and
the motor so as to affect a wide range of applications from the power supply transformer to the
motor. The various propagation routes are shown in Figure A.2. According to those routes, noises
are roughly classified into three types--conduction noise, induction noise, and radiation noise.

Power supply < | Radio
transformer @ ®

i ﬁ Machine
| L
v - 1
-, |Sensor
Amplifier - '
P .0
~ ™ Electronic
device

Figure A.2 Noise Propagation Routes

(1) Conduction noise

Noise generated in an inverter may propagate through the conductor and power supply so as to affect
peripheral devices of the inverter (Figure A.3). This noise is called "conduction noise." Some
conduction noises will propagate through the main circuit @. If the ground wires are connected to a
common ground, conduction noise will propagate through route @. As shown in route @, some
conduction noises will propagate through signal lines or shielded wires.

Power ————————————————— Inverter M
supply R b .

------- Electronic
device

Signal line Sensor

Figure A.3 Conduction Noise

(2) Induction noise

When wires or signal lines of peripheral devices are brought close to the wires on the input and
output sides of the inverter through which noise current is flowing, noise will be induced into those
wires and signal lines of the devices by electromagnetic induction (Figure A.4) or electrostatic
induction (Figure A.5). This is called "induction noise" @.

Power ————<~<—— |nverter

suppl
PPy i ¥ ¥ ¥
@ @
Electronic
device
Signal line  Sensor

Figure A.4 Electromagnetic Induced Noise




Power ———+«——— Inverter —1&—(\ : )
supply O @
| l | !
| |
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Electronic - —
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= =C = =C
1 | ! !

Figure A.5 Electrostatic Induced Noise
(3) Radiation noise

Noise generated in an inverter may be radiated through the air from wires (that act as antennas) at
the input and output sides of the inverter so as to affect peripheral devices. This noise is called
"radiation noise" ® as shown below. Not only wires but motor frames or control system panels
containing inverters may also act as antennas.

Power ——— 1 Inverter . M)
supply i \ \‘\
i) Al 1) A
v N N ' PR
) AN W e '
\ \ \ \ =\
\ L \ \ L
\® ® \® \® \®\ ®
\ \ \ \ N
Electronic | A| X A| | YO
device
Sensor
Figure A.6 Radiation Noise

A.3 Noise prevention

The more noise prevention is strengthened, the more effective. However, with the use of appropriate

measures, noise problems may be resolved easily. It is necessary to implement economical noise
prevention according to the noise level and the equipment conditions.

[1]

Noise prevention prior to installation

solving them.

Before installing an inverter in your control panel or installing an inverter panel, you need to
consider noise prevention. Once noise problems occur, it will cost additional materials and time for

Noise prevention prior to installation includes:

1) Separating the wiring of main circuits and control circuits

2) Putting main circuit wiring into a metal conduit pipe

3) Using shielded wires or twisted shielded wires for control circuits.
4) Implementing appropriate grounding work and grounding wiring.

These noise prevention measures can avoid most noise problems.
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[2] Implementation of noise prevention measures

There are two types of noise prevention measures--one for noise propagation routes and the other for
noise receiving sides (that are affected by noise).

The basic measures for lessening the effect of noise at the receiving side include:

Separating the main circuit wiring from the control circuit wiring, avoiding noise effect.

The basic measures for lessening the effect of noise at the generating side include:

1) Inserting a noise filter that reduces the noise level.

2) Applying a metal conduit pipe or metal control panel that will confine noise, and
3) Applying an insulated transformer for the power supply that cuts off the noise propagation route.

Table A.1 lists the noise prevention measures, their goals, and propagation routes.

Table A.1 Noise Prevention Measures

r(r}lgzlSrfeI;Olse prevention Conduction route
Make it
Noise prevention method more | Cutoff Reduce |Conduc-ltnduc-  |Radia-
difficult|noise  |Confine| . . . .
to conduc- Inoise _|noise  [tion tion tion
receive |tion level noise  |noise [noise
noise
Separate main circuit
S Y Y
from control circuit
Minimize wiring distance Y Y Y Y
Avoid para.11.61 and v %
bundled wiring
Wiring and | Use appropriate
installation | grounding Y Y Y Y
Use shielded wire and
twisted shielded wire Y Y Y
Usg sh%eldt.ad cable in % v v
main circuit
Use metal conduit pipe Y Y Y
Appropriate arrangement % % v
Control of devices in panel
panel
Metal control panel Y Y Y
Anti-noise | Line filter Y Y Y Y
device Insulation transformer Y Y Y
Use a passive capacitor % % v
Measures at | for control circuit
noise Use ferrite core for
recerving control circuit Y Y Y Y
sides -
Line filter Y Y Y
sSegfz;’;tse power supply v v
Others Y -
Lower the carrier v v v v
frequency

Y: Effective, Y*: Effective conditionally, Blank: Not effective



What follows is noise prevention measures for the inverter drive configuration.

(1) Wiring and grounding

As shown in Figure A.7, separate the main circuit wiring from control circuit wiring as far as
possible regardless of being located inside or outside the system control panel containing an inverter.
Use shielded wires and twisted shielded wires that will block out extraneous noises, and minimize
the wiring distance. Also avoid bundled wiring of the main circuit and control circuit or parallel
wiring.

Shielding plate (steel plate) Shielding plate (steel plate)
Signal line Power line
d
Signal line
R
In a case of duct In a case of rack

Figure A.7 Separate Wiring

For the main circuit wiring, use a metal conduit pipe and connect its wires to the ground to prevent
noise propagation (refer to Figure A.8).

The shield (braided wire) of a shielded wire should be securely connected to the base (common) side
of the signal line at only one point to avoid the loop formation resulting from a multi-point
connection (refer to Figure A.9).

The grounding is effective not only to reduce the risk of electrical shocks due to leakage current, but
also to block noise penetration and radiation. Corresponding to the main circuit voltage, the
grounding work should be Class D (300 VAC or less, grounding resistance: 1002 or less) and Class
C (300 to 600 VAC, grounding resistance: 10Q or less). Each ground wire is to be provided with its
own ground or separately wired to a grounding point.

Connection
terminals

Metal conduit pipe Metal conduit pipe

Inverter Inverter

Inverter ——----------

Figure A.8 Grounding of Metal Conduit Pipe Figure A.9 Treatment of Braided Wire of
Shielded Wire

(2) Control panel
The system control panel containing an inverter is generally made of metal, which can shield noise
radiated from the inverter itself.

When installing other electronic devices such as a programmable logic controller in the same control
panel, be careful with the layout of each device. If necessary, arrange shield plates between the
inverter and peripheral devices.
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(3) Anti-noise devices

To reduce the noise propagated through the electrical circuits and the noise radiated from the main

circuit wiring to the air, a line filter and power supply transformer should be used (refer to Figure
A.10).

Line filters are available in these types--the simplified type such as a capacitive filter to be connected
in parallel to the power supply line and an inductive filter to be connected in series to the power
supply line and the orthodox type such as an LC filter to meet radio noise regulations. Use them
according to the targeted effect for reducing noise.

Power supply transformers include common insulated transformers, shielded transformers, and
noise-cutting transformers. These transformers have different effectiveness in blocking noise
propagation.

Inverter
Inverter /// ‘ Inverter

4/ Lo

Power — Power e

supply supply m
1 LTI
‘ TTT

(a) Capacitive filter (b) Inductive filter (c) LC filter

(zero-phase reactor)

Figure A.10 Various Filters and their Connection

(4) Noise prevention measures at the receiving side

It is important to strengthen the noise immunity of those electronic devices installed in the same
control panel as the inverter or located near an inverter. Line filters and shielded or twisted shielded
wires are used to block the penetration of noise in the signal lines of these devices. The following
treatments are also implemented.

1) Lower the circuit impedance by connecting capacitors or resistors to the input and output
terminals of the signal circuit in parallel.

2) Increase the circuit impedance for noise by inserting choke coils in series in the signal circuit or
passing signal lines through ferrite core beads. It is also effective to widen the signal base lines (0
V line) or grounding lines.

(5) Other

The level of generating/propagating noise will change with the carrier frequency of the inverter. The
higher the carrier frequency, the higher the noise level.

In an inverter whose carrier frequency can be changed, lowering the carrier frequency can reduce the
generation of electrical noise and result in a good balance with the audible noise of the motor under
driving conditions.




[3]

Noise prevention examples

Table A.2 lists examples of the measures to prevent noise generated by a running inverter.

Table A.2 Examples of Noise Prevention Measures

Phenomena

Noise prevention measures

Notes

When operating an inverter,
noise enters into an AM
radio broadcast (500 to 1500
kHz).

Power
supply

O,
<Possible cause>

The AM radio may receive
noise radiated from wires at
the power supply and output
sides of the inverter.

Inverter

1) Install an LC filter at the
power supply side of the
inverter. (In some cases, a
capacitive filter may be
used as a simple method.)

2) Install a metal conduit
wiring between the motor
and inverter.

Power
supply

LC filter )/
/
/

Capacitive
filter =

Note: Minimize the distance between
the LC filter and inverter as short as
possible (within 1 m).

1) The radiation
noise of the wiring
can be reduced.

2) The conduction
noise to the power
supply side can be
reduced.

Note: Sufficient
improvement may
not be expected in
narrow regions such
as between
mountains.

No. Target
device
1 AM
radio
2 AM
radio

When operating an inverter,
noise enters into an AM radio
broadcast (500 to 1500 kHz).

Pole
transformer

<Possible cause>

The AM radio may receive
noise radiated from the power
line at the power supply side
of the inverter.

yAR

1) Install inductive filters at
the input and output sides
of the inverter.

Be Be
Power
Supply
Inductive filter Inductive filter
(Ferrite ring) (Ferrite ring)

The number of turns of
the zero-phase reactor (or
ferrite ring) should be as
large as possible. In
addition, wiring between
the inverter and the
zero-phase reactor (or
ferrite ring) should be as
short as possible. (within
1 m)

2) When further
improvement is necessary,
install LC filters.

LC 21 e
Power — fiter [ 8 [ fitter @
supply £
Input side Output side

1) The radiation
noise of the wiring
can be reduced.
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Table A.2 Continued

No. Target Phenomena Noise prevention measures
device Notes
3 | Tele- When driving a ventilation 1) Connect the ground 1) The effect of the
phone fan with an inverter, noise terminals of the motors in inductive filter
(ina enters a telephone in a private a common connection. and LC filter may
common | residence at a distance of Return to the inverter not be expected
private 40m. panel, and insert a 1 pF because of sound
residence capacitor between the frequency
ata Pole transformer . input terminal of the component.
distance el a2 inverter and ground. 2) In the case of a
of 40 m) I_I . V-connection
., i | power supply
3 transformer in a
b 200V system, it is
T prvate - —1 necessary to
40m connect
- capacitors as
<Possible cause> shown in the
A high-frequency leakage following figure,
current from the inverter and because of
motor flowed to grounded different
part of the telephone cable potentials to
shield. During the current's ground.
return trip, it flowed through
a grounded pole transformer,
and noise entered the fower supply transformer
telephone by electrostatic : A
induction. ‘ | % )
N T
- © Tl—_" T
4 | Photo- A photoelectric relay 1) As a temporary measure, 1) The wiring is
electric malfunctioned when the Insert a 0.1 pF capacitor separated by more
relay inverter runs the motor. between the 0 V terminal than 30 cm.

[The inverter and motor are
installed in the same place
(for overhead traveling)]

Power ‘/ Photoelectric
supply line relay

Panel in ceiling part

Panel on the ground

Power supply part of
photoelectric relay (24 V)

<Possible cause>

It is considered that induction
noise entered the
photoelectric relay since the
inverter's input power supply
line and the photoelectric
relay's wiring are in parallel
separated by approximately
25 mm over a distance of 30
to 40 m. Due to conditions of
the installation, these lines
cannot be separated.

of the power supply
circuit in the detection
unit of the overhead
photoelectric relay and a
frame of the overhead
panel.

24V
Photoelectric
ov E relay Frame of
1 / ceiling part
0.1pF A panel

2) As a permanent measure,
move the 24 V power
supply from the ground to
the overhead unit so that
signals are sent to the
ground side with relay
contacts in the ceiling part.

2) When separation
is impossible,
signals can be
received and sent
with dry contacts
etc.

3) Do not wire
low-current signal
lines and power
lines in parallel.




Table A.2 Continued

No. Target Phenomena Noise prevention measures
device Notes

5 | Photo- A photoelectric relay 1) Inserta 0.1 pF capacitor | 1) If a low-current
electric malfunctioned when the between the output circuit at the
relay inverter was operated. common terminal of the malfunctioning

amplifier of the side is observed,
photoelectric relay and the measures
I the frame. may be simple
Sy i eDl‘S‘a”Ce of40m and economical.
Amplifier of ;@
——| Amplifier | photoelectric
= relay >
Light- Light- \I?_L%n.- Light-
Photoelectric ~ emitting receiving emitting receiving
relay part  part 0.1uF Ipa” part

<Possible cause>
Although the inverter and
photoelectric relay are
separated by a sufficient
distance but the power
supplies share a common
connection, it is considered
that conduction noise entered
through the power supply line
into the photoelectric relay.

6 | Prox- A proximity switch 1) Install an LC filter at the | 1) Noise generated
imity malfunctioned. output side of the inverter. in the inverter
switch cower | 2) Install a capacitive filter can be r.edu?ed.
(capaci- supply at the input side of the 2) The switch is
tance inverter. superseded by a
type) Fower  proximiy 3) Ground the 0 V proximity switch

supply  switch of superior noise

<Possible cause>

It is considered that the
capacitance type proximity
switch is susceptible to
conduction and radiation
noise because of its low
noise immunity.

(common) line of the DC
power supply of the
proximity switch through
a capacitor to the box

body of the machine.
rovee—+—[ o HH@)

supply LC filter

Proximity limit
switch

Box body

immunity (such
as a magnetic

type).
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App. A Advantageous Use of Inverters (Notes on electrical noise)

Table A.2 Continued

No. Target Phenomena Noise prevention measures
device Notes
7 |Pressure | A pressure sensor 1) Install an LC filter on 1) The shielded parts
sensor malfunctioned. the input side of the of shield wires for
inverter. sensor signals are
sorpy | O 2) Connect the shield of connected to a
oc_24VH Y Hpressure the shielded wire of the common point in
Supply OV g pressure sensor to the 0 the system.
Shielded wire V line (common) of the | 2) Conduction noise
Box body pressure sensor, from the inverter
changing the original can be reduced.
<Possible cause> connection.
The pressure sensor may
malfunction due to noise that
came from the box body ]
through the shielded wire. LC fiter
DC 24V -
power Pressure
supply 0V ——{sensor
Shielded wire
Box body
8 |Position | Erroneous-pulse outputs from | 1) Install an LC filteranda | 1) This is an
detector | a pulse converter caused a capacitive filter at the example of a
(pulse shift in the stop position of a input side of the inverter. measure where
encoder) | crane. 2) Install an LC filter at the the power line and
output side of the inverter. signal line cannot
Power be separated.
SupPly Curlain cable LC fiter LC filter 2) Induction noise
L—Q Power and radiation
Pulse generator Pey Curtain cable noise at the
output side of the
<Possible cause> inverter can be
Erroneous pulses may be [convenr] puce reduced.
outputted by induction noise encoder
since the power line of the
motor and the signal line of
the PG are bundled together.
9 |Program | The PLC program sometimes | 1) Install a capacitive filter | 1) Total conduction
mable malfunctions. and an LC filter on the noise and
logic input side of the inverter. induction noise in
controller Power (M) 2) Install an LC filter on the the electric line
(PLC) supply output side of the inverter. | ~ can be reduced.
SPS%?; PLC 3) Lower the carrier

<Possible cause>

Since the power supply
system is the same for the
PLC and inverter, it is
considered that noise enters
the PLC through the power

supply.

frequency of the inverter.

LC filter

LC filter

Power
supply

Inverter

Capacitive
filter

Power PLC

supply

Signal
source
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App. B Effect on Insulation of General-purpose Motors

Driven with 400 V Class Inverters

- Disclaimer: This document provides you with a summary of the Technical Document of the Japan
Electrical Manufacturers' Association (JEMA) (March, 1995). It is intended to apply to the domestic
market only. It is only for reference for the foreign market. -

B.1

Preface

When an inverter drives a motor, surge voltages generated by switching the inverter elements are
superimposed on the inverter output voltage and applied to the motor terminals. If the surge voltages
are too high they may have an effect on the motor insulation and some cases have resulted in
damage.

For preventing such cases this document describes the generating mechanism of the surge voltages
and countermeasures against them.
Refer to A.2 [1] "Inverter noise" for details of the principle of inverter operation.

Generating mechanism of surge voltages

As the inverter rectifies a commercial power source voltage and smoothes into a DC voltage, the
magnitude E of the DC voltage becomes about +2 times that of the source voltage (about 620 V in
case of an input voltage of 440 VAC). The peak value of the output voltage is usually close to this
DC voltage value.

But, as there exists inductance (L) and stray capacitance (C) in wiring between the inverter and the
motor, the voltage variation due to switching the inverter elements causes a surge voltage originating

in LC resonance and results in the addition of high voltage to the motor terminals. (Refer to Figure
B.1)

This voltage sometimes reaches up to about twice that of the inverter DC voltage (620 V x 2 =
approximately 1,200 V) depending on a switching speed of the inverter elements and wiring
conditions.

Surge voltage

|:||] |:||:| 620 VDC
\ /

Commercial  ___ | |nverter
power supply ___ |

440 VAC

f

v E

Figure B.1 Voltage Waveform of Individual Portions

A measured example in Figure B.2 illustrates the relation of a peak value of the motor terminal
voltage with a wiring length between the inverter and the motor.

From this it can be confirmed that the peak value of the motor terminal voltage ascends as the wiring
length increases and becomes saturated at about twice the inverter DC voltage.

The shorter a pulse rise time becomes, the higher the motor terminal voltage rises even in the case of
a short wiring length.
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App. B Effect on Insulation of General-purpose Motors Driven with 400 V Class Inverters

B.2

B.3

IGBT corresponds to
tr=0.1100.3 ps.

Bipolar transistor corresponds to
tr=0.3to 1ys.

S
S The case when an output reactor and/or a filter
o p are inserted corresponds to
8 .% tr>1ys.
g £ Surge voltage magnification factor :
GE,’ S Magpnification factor against DC voltage E
5 ®©
n E

Inverter

3-wire 5.5mm? cable

1 Il 1

1 1 1 1
0 20 40 60 80 100 120 140
Cable length [m]

Excerpt from [J. IEE Japan, Vol. 107, No. 7, 1987]

Figure B.2 Measured Example of Wiring Length and Peak Value of Motor Terminal Voltage

Effect of surge voltages

The surge voltages originating in LC resonance of wiring may be applied to the motor terminals and
depending on their magnitude sometimes cause damage to the motor insulation.

When the motor is driven with a 200 V class inverter, the dielectric strength of the insulation is no
problem since the peak value at the motor terminal voltage increases twice due to the surge voltages
(the DC voltage is only about 300 V).

But in case of a 400 V class inverter, the DC voltage is approximately 600 V and depending on the
wiring length, the surge voltages may greatly increase and sometimes result in damage to the
insulation.

Countermeasures against surge voltages

When driving a motor with a 400 V class inverter, the following are countermeasures against
damage to the motor insulation by the surge voltages.

[1] Using a surge suppressor unit, SSU

The surge suppressor unit (SSU) is a newly structured unit using circuits based on the
impedance-matching theory of a transmission line. Just connecting the SSU to the surge suppressor
cable of the existing equipment can greatly reduce the surge voltage that results in a motor dielectric
breakdown.

For 50 m of wiring length: SSU 50TA-NS For 100 m of wiring length: SSU 100TA-NS
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[2]
There are two ways for suppressing the surge voltages, one is to reduce the voltage rise time and
another is to reduce the voltage peak value.

Suppressing surge voltages

(1) Output reactor

If wiring length is relatively short, the surge voltages can be suppressed by reducing the voltage rise
time (dv/dt) with the installation of an AC reactor on the output side of the inverter. (Refer to Figure
B.3 (1))

However, if the wiring length becomes long, suppressing the peak voltage due to surge voltage may

be difficult.

(2) Output filter
Installing a filter on the output side of the inverter allows a peak value of the motor terminal voltage
to be reduced. (Refer to Figure B.3 (2).)

Commercial
power source

Reactor

Inverter

Commercial
power source

Inverter

B.4

Surge suppressing filter circuit

(1) Output reactor (2) Output filter

Figure B.3 Method to Suppress Surge Voltage

@ If the wiring length between the inverter and the motor is comparatively long, the crest
value of the surge voltage can be suppressed by connecting a surge suppressor unit (SSU)
to the motor terminal. For details, refer to Chapter 4, Section 4.4.1.3 "Surge suppression
unit (SSU)."

[3]

Enhanced insulation of a motor winding allows its surge withstanding to be improved.

Using motors with enhanced insulation

Regarding existing equipment
[1]

A survey over the last five years on motor insulation damage due to the surge voltages originating
from switching of inverter elements shows that the damage incidence is 0.013% under the surge
voltage condition of over 1,100 V and most of the damage occurs several months after
commissioning the inverter. Therefore there seems to be little probability of occurrence of motor
insulation damage after a lapse of several months of commissioning.

[2]

We recommend suppressing the surge voltages with the ways shown in Section B.3.

In case of a motor being driven with 400 V class inverter

In case of an existing motor driven using a newly installed 400 V class inverter
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App. C Inverter Generating Loss

App. C Inverter Generating Loss

The table below lists the inverter generating loss to apply when the carrier frequency and output
current are selected within the power derating curve. (Refer to Chapter 2, Table 2.6.)

Power supply voltage Inverter type Generating loss (W)

FRNO0.75AQ1m-40 50
FRN1.5AQ1m-4[0 e
FRN2.2AQ1m-40 25
FRN3.7AQ1m-40 35
FRN4.0AQ1m-4E *
FRN5.5AQ1m-40 185

Three-phase 400 v | FRN7.5AQ1 m-40 260
FRN11AQ1m-4 345
FRN15AQ1m-40 440
FRN18.5AQ1m-40] 455
FRN22AQ1m-4[0 600
FRN30AQ1m-40 200
FRN37AQ1m-40 910

* 4.0 kW for the EU. The inverter type is FRN4.0AQ1M-4E.

Note: A box (M) replaces an alphabetic letter depending on the enclosure.
M (IP21) or L (IP55)

A box (O) replaces an alphabetic letter depending on the shipping destination.
E (EU), A (Asia), or C (China)
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The purpose of this manual is to provide accurate information in the handling, setting up and operating of
the FRENIC-AQUA series of inverters. Please feel free to send your comments regarding any errors or
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application of the information in this manual.



FZ Fuji Electric Co., Ltd.

Gate City Ohsaki, East Tower, 11-2, Osaki 1-chome
Shinagawa-ku, Tokyo 141-0032, Japan
Phone: +81-3-5435-7058 Fax: +81-3-5435-7420

Information in this manual is subject to change without notice. Printed in Japan 2012-03 (c12a/b12) CMOOFOLS





