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Preface & General Safety

This section provides safety messages pertinent to this product that, if not heeded, may result in fatality,
personal injury, or equipment damage. Yaskawa is not responsible for the consequences of ignoring
these instructions.

1R O o 2 Y 0 12
1.2  GENERAL SAFETY. ...t nssssss s ssssssss s ssssssss s 14
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i.1 Preface

i.1  Preface

Yaskawa manufactures products used as components in a wide variety of industrial systems and equipment. The selection and
application of Yaskawa products remain the responsibility of the equipment manufacturer or end user. Yaskawa accepts no
responsibility for the way its products are incorporated into the final system design. Without exception, all controls should be
designed to detect faults dynamically and fail safely under all circumstances. All systems or equipment designed to incorporate
a product manufactured by Yaskawa must be supplied to the end user with appropriate warnings and instructions as to the safe
use and operation of that part. Any warnings provided by Yaskawa must be promptly provided to the end user. Yaskawa offers
an express warranty only as to the quality of its products in conforming to standards and specifications published in the Yaskawa
manual. NO OTHER WARRANTY, EXPRESS OR IMPLIED, IS OFFERED. Yaskawa assumes no liability for any personal
injury, property damage, losses, or claims arising from misapplication of its products.

€ Applicable Documentation

The following manuals are available for Z1000-series drives (600 V models):

71000-Series AC Drive Quick Start Guide (600 V Models): TOEPYAIZ1U02

This manual is packaged together with the product and contains essential safety information and simplified information for
the Z1000-series 600 V class AC drive. This document also provides basic instructions on mechanical installation, a
connection diagram, main circuit and control circuit connections, switch and jumper configuration, basic troubleshooting,
standards compliance and fusing, drive specifications and an abbreviated parameter list.

71000-Series AC Drive Programming Manual (600 V Models): SIEPYAIZ1U03

This manual provides detailed information on parameter settings, drive functions, maintenance, and MEMOBUS/Modbus
specifications. Use this manual to expand drive functionality. This manual is available for download on our documentation
website, www.yaskawa.com.

71000-Series AC Drive User Manual (600 V Models): TOEPYAIZ1U03

This manual contains basic information required to install and wire the drive. It also gives detailed information on fault
diagnostics, parameter settings, and BACnet specifications. The purpose of this manual is to prepare the drive for a trial
run with an application and for basic operation. This manual is available for download on our documentation website,
www.yaskawa.com.

€ Symbols

Note: Indicates a supplement or precaution that does not cause drive damage.

Indicates a term or definition used in this manual.

=5

&€ Terms and Abbreviations

* Drive: Yaskawa Z1000-Series Drive
~ < Digital Operator: Hand Off Auto (HOA) Keypad JVOP-183
* H: Hexadecimal Number Format
* IGBT: Insulated Gate Bipolar Transistor
* kbps: Kilobits per Second
* MAC: Media Access Control
* r/min: Revolutions per Minute
* V/f: V/f Control
* OLV/PM: Open Loop Vector Control for PM
* PM motor: Permanent Magnet Synchronous motor (an abbreviation for IPM motor or SPM motor)
* IPM motor: Interior Permanent Magnet Motor (e.g., Yaskawa SSR1 Series and SST4 Series motors)
* SPM motor: Surface mounted Permanent Magnet Motor (e.g., Yaskawa SMRA Series motors)
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€ Trademarks

* APOGEE® FLN is a registered trademark of Siemens Building Technologies, Inc.

*+ APOGEE® Anywhere™ is a trademark of Siemens Building Technologies, Inc.

* BACnet is a trademark of the American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE).
* GPD is a trademark of Yaskawa, Inc.

* Metasys® N2 is a trademark of Johnson Controls, Inc.

* MODBUS® is a registered trademark of Schneider Automation, Inc.

* Other companies and product names mentioned in this manual are trademarks of those companies.
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i.2 General Safety

€ Supplemental Safety Information

General Precautions

* The diagrams in this manual may be indicated without covers or safety shields to show details. Replace the covers or shields before
operating the drive and run the drive according to the instructions described in this manual.

* Any illustrations, photographs, or examples used in this manual are provided as examples only and may not apply to all products to
which this manual is applicable.

» The products and specifications described in this manual or the content and presentation of the manual may be changed without notice
to improve the product and/or the manual.

* When ordering a new copy of the manual due to damage or loss, contact your Yaskawa representative or the nearest Yaskawa sales
office and provide the manual number shown on the front cover.

* If nameplate becomes worn or damaged, order a replacement from your Yaskawa representative or the nearest Yaskawa sales office.

Read and understand this manual before installing, operating or servicing this drive. The drive must be installed according
to this manual and local codes.

The following conventions are used to indicate safety messages in this manual. Failure to heed these messages could result
in serious or fatal injury or damage to the products or to related equipment and systems.

A DANGER

Indicates a hazardous situation, which, if not avoided, will result in death or serious injury.

Indicates a hazardous situation, which, if not avoided, could result in death or serious injury.

WARNING! may also be indicated by a bold key word embedded in the text followed by an italicized safety message.

A CAUTION

Indicates a hazardous situation, which, if not avoided, could result in minor or moderate injury.

CAUTION! may also be indicated by a bold key word embedded in the text followed by an italicized safety message.

Indicates a property damage message.

NOTICE: may also be indicated by a bold key word embedded in the text followed by an italicized safety message.
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€ Safety Messages

A DANGER

Heed the safety messages in this manual.

Failure to comply will result in death or serious injury.
The operating company is responsible for any injuries or equipment damage resulting from failure to heed the warnings in
this manual.
Electrical Shock Hazard
Before servicing, disconnect all power to the equipment.

The internal capacitor remains charged even after the power supply is turned off. The charge indicator LED will extinguish
when the DC bus voltage is below 50 Vdc. To prevent electric shock, wait for at least the time specified on the warning label,
once all indicators are OFF, measure for unsafe voltages to confirm the drive is safe prior to servicing.

Failure to comply will result in death or serious injury.

A WARNING

Sudden Movement Hazard
System may start unexpectedly upon application of power, resulting in death or serious injury.

Clear all personnel from the drive, motor and machine area before applying power. Secure covers, couplings, shaft keys and
machine loads before applying power to the drive.

Unpredictable equipment operation may result in death or serious injury.
Take special note of custom I/O programming in the drive before attempting to operate equipment.

Electrical Shock Hazard
Do not attempt to modify or alter the drive in any way not explained in this manual.
Failure to comply could result in death or serious injury.
Yaskawa is not responsible for any modification of the product made by the user. This product must not be modified.
Do not allow unqualified personnel to use equipment.
Failure to comply could result in death or serious injury.

Maintenance, inspection, and replacement of parts must be performed only by authorized personnel familiar with installation,
adjustment and maintenance of AC drives.

Do not remove covers or touch circuit boards while the power is on.
Failure to comply could result in death or serious injury.
Make sure the protective earthing conductor complies with technical standards and local safety regulations.
Because the leakage current exceeds 3.5 mA, IEC/EN 61800-5-1 states that either the power supply must be automatically
disconnected in case of discontinuity of the protective earthing conductor or a protective earthing conductor with a cross-
section of at least 10 mm? (Cu) or 16 mm? (Al) must be used. Failure to comply may result in death or serious injury.
Always use appropriate equipment for Ground Fault Circuit Interrupters (GFCls).
The drive can cause a residual current with a DC component in the protective earthing conductor. Where a residual current
operated protective or monitoring device is used for protection in case of direct or indirect contact, always use a type B GFCI
according to IEC/EN 60755.

Fire Hazard
Do not use an improper voltage source.
Failure to comply could result in death or serious injury by fire.

Verify that the rated voltage of the drive matches the voltage of the incoming power supply before applying power.
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A WARNING
Install adequate branch circuit protection according to applicable local codes and this Installation Manual. Failure
to comply could result in fire and damage to the drive or injury to personnel.

The device is suitable for use on a circuit capable of delivering not more than 100,000 RMS symmetrical amperes, 600 Vac
maximum (600 V class) when protected by branch circuit protection devices specified in this document.

Branch circuit protection shall be provided by any of the following: Non-time delay Class J, T, or CC fuses sized at 300%
of the drive input rating, or Time delay Class J, T, or CC fuses sized at 175% of the drive input rating, or MCCB sized at
200% maximum of the drive input rating.

Crush Hazard

Do not use this drive in lifting applications without installing external safety circuitry to prevent accidental dropping
of the load.

The drive does not possess built-in load drop protection for lifting applications.
Failure to comply could result in death or serious injury from falling loads.
Install electrical and/or mechanical safety circuit mechanisms independent of drive circuitry.

A CAUTION

Crush Hazard

Do not carry the drive by the front cover.
Failure to comply may result in minor or moderate injury from the main body of the drive falling.

NOTICE

Observe proper electrostatic discharge procedures (ESD) when handling the drive and circuit boards. Failure to
comply may result in ESD damage to the drive circuitry.

Do not perform a withstand voltage test or megger test on any part of the drive.

Failure to comply could result in damage to the sensitive devices within the drive.
Do not operate damaged equipment.

Failure to comply could result in further damage to the equipment. Do not connect or operate any equipment with visible
damage or missing parts.

If a fuse is blown or a Ground Fault Circuit Interrupter (GFCI) is tripped, check the wiring and the selection of the
peripheral devices.

Check for short circuits or ground faults on the secondary side of fuses and GFCls and check the wiring and the selection of
peripheral devices. Remove the cause of the problem and then turn the power supply off and on again. If the cause cannot
be identified, do not turn on the power supply or attempt to operate the equipment.

Do not restart the drive immediately operate the peripheral devices if a fuse is blown or a GFClI is tripped.

Check the wiring and the selection of peripheral devices to identify the cause. Contact your supplier before restarting the
drive or the peripheral devices if the cause cannot be identified.

Do not expose the drive to halogen group disinfectants.
Failure to comply may cause damage to the electrical components in the drive.

Do not pack the drive in wooden materials that have been fumigated or sterilized. Do not sterilize the entire package after
the product is packed.
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1.1 A: Initialization

1.1 A: Initialization

The initialization group contains parameters associated with initial drive setup, including parameters involving the display
language, access levels, initialization, and password.

€ A1: Initialization
B A1-00: Language Selection

Selects the display language for the HOA keypad.

Note: This parameter is not reset when the drive is initialized using parameter A1-03.
No. Parameter Name Setting Range Default
A1-00 Language Selection 0,1,3,5,6 0

Setting 0: English

Setting 1: Japanese

Setting 3: French

Setting 5: Spanish

Setting 6: Portuguese

B A1-01: Access Level Selection

Allows or restricts access to drive parameters.

No. Parameter Name Setting Range Default
A1-01 Access Level Selection 0to2 2

Setting 0: Operation Only

A1-01, A1-04, and Drive Mode can be accessed and set. All U monitor parameters can be accessed. Parameters that are set
in A2-01 to A2-32 can be accessed in Setup Mode. Verify Mode, Setup Mode, and Auto-Tuning Mode cannot be accessed.

Setting 1: User Parameters
A1-00, A1-01, A1-04, and Drive Mode can be accessed and set. All U monitor parameters can be accessed. Parameters that
are set in A2-01 through A2-32 can be accessed in Setup Mode. Verify Mode and Auto-Tuning Mode cannot be accessed.

Setting 2: Advanced Access Level (A)
All parameters can be viewed and edited.

Notes on Parameter Access

* If the drive parameters are password protected by A1-04 and A1-05, parameters A1-01 through A1-03, A1-07, and A2-01
through A2-32 cannot be modified.

* If a digital input terminal programmed for ‘“Program lockout” (H1-OIO = 1B) is enabled, parameter values cannot be
modified, even if A1-01 is set to 1 or 2.

* If parameters are changed via serial communication, it will not be possible to edit or change parameter settings with the
HOA keypad until an Enter command is issued to the drive from the serial communication.

B A1-02: Control Method Selection

Selects the Control Method (also referred to as the control mode) that the drive uses to operate the motor. Parameter A1-02
determines the control mode for the motor.

Note: When changing control modes, all parameter settings depending upon the setting of A1-02 will be reset to the default.
No. Parameter Name Setting Range Default
A1-02 Control Method Selection 0,5 0

Setting 0: V/f Control for Induction Motors

Use this mode for simple speed control and for multiple motor applications with low demands to dynamic response or speed
accuracy. The speed control range is 1:40.
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1.1 A: Initialization

Setting 5: Open Loop Vector Control for PM

Use this mode when running a PM motor in variable torque applications that benefit from energy efficiency. The drive can
control an SPM or IPM motor with a speed range of 1:20 in this control mode.

B A1-03: Initialize Parameters

Resets parameters to default values. After initialization, the setting for A1-03 automatically returns to 0.

No. Parameter Name Setting Range Default
N 0, 1110, 2220,
A1-03 Initialize Parameters 3330, 3410, 3420, 5550 0

Setting 0: No Initialize
Setting 1110: User Initialize

Resets parameters to the values selected by the user as User Settings. User Settings are stored when parameter 02-03 is set to
“1: Set defaults”.

Note: User Initialization resets all parameters to a user-defined set of default values previously saved to the drive. Set parameter 02-03 to 2 to
clear the user-defined default values.

Setting 2220: 2-Wire Initialization

Resets parameters to default settings with digital inputs S1 and S2 configured as Forward run and Reverse run, respectively.
Refer to Setting 40, 41: Forward Run, Reverse Run Command for 2-Wire Sequence on page 78 for more information on
digital input functions.

Setting 3330: 3-Wire Initialization

Resets parameters to default settings with digital inputs S1, S2, and S5 configured as Run, Stop, and Forward/Reverse
respectively. Refer to Setting 0: 3-Wire Sequence on page 73 for more information on digital input functions.

Setting 3410: HVAC Initialization
Resets parameters to default settings. The following parameters are not reset:
H1-03: bl (Customer Safeties)
H1-04: b2 (BAS Interlock)
H1-05: AF (Emergency Override Forward Run)
H2-03: b2 (BAS Interlock Relay Contact)
Note: After performing an HVAC Initialization, H1-03 to H1-05 and H2-03 will be displayed in the Modified Parameters list.
Setting 3420: OEM Bypass Initialization
Resets parameters to default settings. The following parameters are not reset:
H1-03: A7 (BP Customer Safeties)
H1-04: A6 (BP BAS Interlock)
H1-05: A4 (BP Emergency Override)
H1-06: AE (BP Bypass Run)
H2-01: A4 (BP Drive Relay)
H2-02: A5 (BP Bypass Relay)
H2-03: A6 (BP BAS Interlock)
0l1-16: 2 (Drive/Bypass)

Note: After performing an OEM Bypass Initialization, H1-03 to H1-05, H2-01 to H2-03, and 01-16 will be displayed in the Modified Parameters
list.

Setting 5500: oPE04 Reset

An oPE04 error appears on the HOA keypad when a terminal block with settings saved to its built-in memory is installed in
a drive that has edited parameters.

Set A1-03 to 5550 to use the parameter settings saved to the terminal block memory.

Notes on Parameter Initialization

The parameters shown in Table 1.1 will not be reset when the drive is initialized by setting A1-03 = 2220 or 3330. Although
the control mode in A1-02 is not reset when A1-03 is set to 2220 or 3330, it may change when an application preset is selected.
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Table 1.1 Parameters Not Changed by Drive Initialization

No. Parameter Name
A1-00 Language Selection
A1-02 Control Method Selection
E1-03 V/f Pattern Selection
F6-08 Communication Parameter Reset
L8-35 Installation Selection
02-04 Drive Model Selection

B A1-04, A1-05: Password and Password Setting

Parameter A1-04 enters the password when the drive is locked; parameter A1-05 is a hidden parameter that sets the password.

No. Parameter Name Setting Range Default
Al1-04 Password
- 0000 to 9999 0000
A1-05 Password Setting

How to Use the Password

The user can set a password in parameter A1-05 to restrict access to the drive. The password must be entered to A1-04 to
unlock parameter access (i.e., parameter setting A1-04 must match the value programmed into A1-05). The following
parameters cannot be viewed or edited until the value entered to A1-04 correctly matches the value set to A1-05: A1-01, A1-02,
A1-03, A1-06, and A2-01 through A2-33.

The instructions below demonstrate how to set password “1234”. An explanation follows on how to enter that password to
unlock the parameters.

Table 1.2 Setting the Password for Parameter Lock

Step Display/Result

-MODE - DRV Rdy

) L U1-01= 0.00Hz

1. | Turn on the power to the drive. The initial display appears. - U1-02= 0.00HLSEQ]
U1-03= 0.00A [LREF

N Fwvo N

-MODE-  PRG
2. | press or until the Parameter Setting Mode screen appears. nd @

F[ENJ FWD IDINYN

-PRMSET- PRG

Initialization
3 -
*  |Press ¥3W=# to enter the parameter menu tree. Select Language
FWD
-PRMSET- PRG
Select Language
. . . - z > A= 0 «os
4. |Select the flashing digits by pressing , , or . g English

K= Fwo IR

-PRMSET- PRG
Enter Password

A= 0o
-> (0~9999)
prt

EK=N rwo RN

5. [Select A1-04 by pressing .

-PRMSET-  PRG

g Select P d
Press while holding down at the same time. A1-05 will appear. Al e’:”ﬁs’\gq’"
6. Note: _ -p (0-0999)
ote: A1-05 is hidden and will not display by pressing only . FV?,D

-PRMSET- PRG
Select Password

y 777777_ 7777777777
< A1-05 = [§000
7. Press . > (0~9999)
bt
FWD
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Step

Display/Result

-PRMSET- PRG
Select Password

- . S - A1-05= 1238
8. Use , , , and to enter the password. (0~%%99)
FWD
d
9 |Press to save what was entered. Entry Accepted
‘PRMSET-  PRG
__Select Password _
10. |The display automatically returns to the display shown in step 6. A1-m(;~9999)
pad
FWD
Table 1.3 Check if A1-02 is Locked (continuing from step 10 above)
Step Display/Result
-PRMSET-  PRG
__Control Method
A1B= 0 <0+
L Ipress to display A1-02. V/f Control
FWD
< . .
2. |Press , making sure that the setting values cannot be changed.
-MODE-  PRG
Esc .
3. |Press . to return to the first display. @
FWD
Table 1.4 Enter the Password to Unlock Parameters (continuing from step 3 above)
Step Display/Result
-PRMSET- PRG
___Initialization
) . [-00= 0
L press to enter the parameter setup display. Select Language
FWD
-PRMSET- PRG
__SelectLanguage
: > . - A= 0 -0r
2. |Press , , to select the flashing digits as shown. English
K= FWD
-PRMSET-  PRG
__Enter Password__
r J A= 0
3. |press to scroll to A1-04 and . (0~90%99)
FWD
-PRMSET-  PRG
__Enter Password
4. |Enter the password “1234”. at04= 128
FWD
<
5. |Press to save the new password. Entry Accepted
-PRMSET-  PRG
__Enter Password
6. |Drive returns to the parameter display. AL e
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Step Display/Result

-PRMSET- PRG
Control Method

A1B= 0 -0-
7. |Press and scroll to A1-02. -> VIf Control
FWD

-PRMSET- PRG
Control Method

P . ‘ . A1-02= [ +ox
8. |Press to display the value set to A1-02. If the first “0” blinks, parameter settings are unlocked. nd VIf Control

| & BRWbR - |

-PRMSET- PRG
Control Method

‘> 4/A 1 A I Sttioiel S iieinieiii
9. |Use and to change the value if desired (though changing the control mode at this point is| = A;h'%‘pl_*g;p Vect
not typically done).

K= rwo =N

y y
< . Esc . . . .
10. | press to save the setting, or press . to return to the previous display without saving changes. g Entry Accepted
‘PRMSET- PRG
___Initialization
11. |The display automatically returns to the parameter display. -> moo= 2. quage
FWD
Note: 1. Parameter settings can be edited after entering the correct password.

2. Performing a 2-Wire or 3-Wire initialization resets the password to “0000”.

B A1-06: Application Preset

Several Application Presets are available to facilitate drive setup for commonly used applications. Selecting one of these
Application Presets automatically assigns functions to the input and output terminals and sets a predefined group of parameters
to values appropriate for the selected application.

In addition, the parameters most likely to be changed are assigned to the group of User Parameters, A2-01 through A2-16.
User Parameters are part of the Setup Group, which provides quicker access by eliminating the need to scroll through multiple
menus.

@ A2: User Parameters
B A2-01 to A2-32: User Parameters 1 to 32

The user can select up to 32 parameters and assign them to parameters A2-01 through A2-32 to provide quicker access by
eliminating the need to scroll through multiple menus. The User Parameter list can also save the most recently edited
parameters.

No. Parameter Name Setting Range Default
A2-01 to A2-32 User Parameters 1 to 32 A1-00 to S6-07 T{f’ggf}fi%‘/

<1> This setting is the default setting of the Setup Mode parameters. Refer to TOEPC71063610 User Manual Section 4 for details.
<2> A1-06 determines how the setting of user parameters A2-01 through A2-32 are changed.

Saving User Parameters

To save specific parameters to A2-01 through A2-32, set parameter A1-01 to 2 to allow access to all parameters, then enter
the parameter number to one of the A2-C00 parameters to assign it to the list of User Parameters. Finally, set A1-01 to 1 to
restrict access so users can only set and refer to the parameters saved as User Parameters.
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B A2-33: User Parameter Automatic Selection

Determines whether recently edited parameters are saved to the second half of the User Parameters (A2-17 to A2-32) for
quicker access.

No. Parameter Name Setting Range Default
A2-33 User Parameter Automatic Selection 0,1 Dete:il_iggd by

Setting 0: Do not save list of recently edited parameters
Set A2-33 to 0 to manually select the parameters listed in the User Parameter group.

Setting 1: Save list of recently edited parameters

Set A2-33 to 1 to automatically save recently edited parameters to A2-17 through A2-32. A total of 16 parameters are saved
with the most recently edited parameter set to A2-17, the second most recently to A2-18, and so on. Access the User Parameters
using the Setup Mode of the HOA keypad.

Note: User parameters are listed from A2-27 to A2-32. Parameters A2-01 to A2-26 are already listed as defined by default when in Setup Mode.
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1.2 b: Application

€ b1: Operation Mode Selection
B b1-01: Frequency Reference Selection for AUTO Mode

Selects the frequency reference source 1.

Note: If a Run command is input to the drive, but the frequency reference entered is 0 or below the minimum frequency, the AUTO or HAND
indicator LED on the HOA keypad will light and the OFF indicator will flash.
No. Parameter Name Setting Range Default
b1-01 Frequency Reference Selection for AUTO Mode O0to3 1

Setting 0: HOA Keypad

Using this setting, the frequency reference can be input by:

* switching between the multi-speed references from d1-01 to d1-04.

* entering the frequency reference on the operator keypad.

Setting 1: Terminals (Analog Input Terminals)

Using this setting, an analog frequency reference can be entered as a voltage or current signal from terminals A1 or A2.
Voltage Input

Voltage input can be used at any of the two analog input terminals. Make the settings as described in Table 1.5 for the input
used.

Table 1.5 Analog Input Settings for Frequency Reference Using Voltage Signals

Parameter Settings
Terminal | Signal Level Signal Level . . . . Notes
Selection Function Selection Gain Bias
OtolIOV _
with Zero Limit H3-01=0 H3.02 = 0
A 0to 10V (Frequency Reference Bias) H3-03 H3-04
w_1th_0ut Zero H3-01 =1
Limit Set Jumper S1 on the terminal
board to “V” for voltage input.
OtolOV H3-09 = 0 voltage inpu
with Zero Limit H3-10=0
£ 0to 10V (Frequency Reference Bias) H3-11 H3-12
without Zero H3-09=1
Limit

Jumper S1
Terminal A1/A2
Voltage/Current

Selection

Drive

A1 A2

+V 10.5V, 20 mA power supply

Oto10V

2 kQ A1 Analog Input 1

O A2 Analog Input 2

AC Analog input common

Figure 1.1 Setting the Frequency Reference as a Voltage Signal at Terminal A1

Use the wiring example shown in Figure 1.1 for any other analog input terminals. When using input terminals Al and A2,
make sure Jumper S1 is set for voltage input.
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Current Input

Input terminals A1 and A2 can accept a current input signal. Refer to Table 1.6 to set terminals A1 and A2 for current input.

Table 1.6 Analog Input Settings for Frequency Reference Using a Current Signal

Signal Parameter Settings
Terminal i i Notes
Level Signal Level Function : :
Selection Selection Gain Bias
4t0 20 mA H3-01=2 H3-02=0
Al 0 to 20 mA H3-01=3 Re(grzggznéi};s) H3-03 H3-04 Make sure to set Jumper S1 on the
terminal board to “I” for current
410 20 mA H3-09=2 _10= input.
A2 H3-10=0 H3-11 H3-12 Py
0 to 20 mA H3-09=3 (Frequency Bias)

Jumper S1
Terminal A1/A2
Voltage/Current
Selection

Figure 1.2 Setting the Frequency Reference as a Current Signal to Terminal A2

Switching between Main/Auxiliary Frequency References
The frequency reference input can be switched between the analog terminals A1 and A2 using multi-speed inputs. Refer to

Multi-Step Speed Selection on page 56 for details on using this function.

Setting 2: Serial Communication (APOGEE FLN, BACnet, MEMOBUS/Modbus, Metasys N2)
This setting requires entering the frequency reference via the RS-422/RS-485 serial communications port (control terminals
R+, R-, S+, and S-). Refer to MEMOBUS/Modbus Configuration on page 302 for instructions.
Setting 3: Option Card

This setting requires entering the frequency reference via an option board plugged into connector CN5 on the drive control
board. Consult the option card manual for instructions on integrating the drive with the communication system.

Note: If the frequency reference source is set for Option PCB (b1-01 = 3), but an option board is not installed, an oPEO5 Programming Error will
be displayed on the HOA keypad and the drive will not run.

B b1-02: Run Command Selection for AUTO Mode
Determines the Run command selection for AUTO mode.
No. Parameter Name Setting Range Default
b1-02 Run Command Selection for AUTO Mode 1to3 1

Setting 1: Control Circuit Terminal
This setting requires entering the Run command via the digital input terminals using one of following sequences:

* 2-Wire sequence 1:

Two inputs (FWD/Stop-REV/Stop). Set A1-03 to 2220 to initialize the drive and preset terminals S1 and S2 to these
functions. This is the default setting of the drive. Refer to Setting 40, 41: Forward Run, Reverse Run Command for 2-
Wire Sequence on page 78.

» 2-Wire sequence 2:

Two inputs (Start/Stop-FWD/REV). Refer to Setting 42, 43: Run and Direction Command for 2-Wire Sequence 2 on

page 78.
* 3-Wire sequence:
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Three inputs (Start-Stop-FWD/REV). Set A1-03 to 3330 to initialize the drive and preset terminals S1, S2, and S5 to these
functions. Refer to Setting 0: 3-Wire Sequence on page 73.

Setting 2: Serial Communication (APOGEE FLN, BACnet, MEMOBUS/Modbus, Metasys N2)

This setting requires entering the Run command via serial communications by connecting the RS-422/RS-485 serial
communication cable to control terminals R+, R-, S+, and S- on the terminal block. Refer to MEMOBUS/Modbus
Configuration on page 302 for instructions.

Setting 3: Option Card

This setting requires entering the Run command via the communication option board by plugging a communication option
board into the CN5 port on the control PCB. Refer to the option card manual for instructions on integrating the drive into the
communication system.

Note: Ifb1-02 is set to 3, but an option card is not installed in CN5, an oPEQS operation error will be displayed on the HOA keypad and the drive
will not run.

B b1-03: Stopping Method Selection

Selects how the drive stops the motor when the Run command is removed or when a Stop command is entered.

No. Parameter Name Setting Range Default

b1-03 Stopping Method Selection 0to3 |

Setting 0: Ramp to Stop
When the Run command is removed, the drive will decelerate the motor to stop. The deceleration rate is determined by the
active deceleration time. The default deceleration time is set to parameter C1-02.

When the output frequency falls below the level set in parameter b2-01, the drive will start DC injection or Zero Speed Control
depending on the selected control mode.

Setting 1: Coast to Stop

When the Run command is removed, the drive will shut off its output and the motor will coast (uncontrolled deceleration) to
stop. The stopping time is determined by the inertia and the friction in the driven system.

Run
command ON | OFF

‘ Output
requenc
q v " Drive output is shut off

Motor speed \

Figure 1.3 Coast to Stop

Note: After a stop is initiated, any subsequent Run command entered will be ignored until the minimum baseblock time (L2-03) has expired. Do
not enter Run command until it has come to a complete stop. Use DC Injection at Start (Refer to b2-03: DC Injection Braking Time at
Start on page 30) or Speed Search (Refer to b3: Speed Search on page 31) to restart the motor before it has completely stopped.

Setting 2: DC Injection Braking to Stop

When the Run command is removed, the drive will enter baseblock (turn off its output) for the minimum baseblock time
(L2-03). When the minimum baseblock time has expired, the drive will inject the amount DC current set in parameter b2-02
into the motor windings to brake the motor. The stopping time in DC Injection Braking to Stop is significantly faster compared
to Coast to Stop.

Note: This function is not available in OLV/PM control mode (A1-02 = 5).
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Run
command ON OFF
E DC Injection Braking
Output with the current set in
frequer?cy / b2-02

]
1 1 :
1 1 1
1
Motor speed / ! :
1

1 1
Motor coasts | | i
o i
1 1 1
1 1 1

| j

-

Minimum Baseblock
Time (L2-03)

Figure 1.4 DC Injection Braking to Stop

DC Injection Braking time is determined by the value set to b2-04 and the output frequency at the time the Run command is
removed. It can be calculated by:
(b2-04) x 10 x Output frequency

DC Injection brake time = -
Maximum output frequency (E1-04)

DC Injection braking time

D2-04 X 10 |-n-mm-memmm e ‘

b2-04

Output frequency when 100%

0,
10% Stop command was entered (Maximum output
frequency)

Figure 1.5 DC Injection Braking Time Depending on Output Frequency

Note: If an overcurrent (0C) fault occurs during DC Injection Braking to Stop, increase the momentary power loss minimum baseblock time
(L2-03) until the fault no longer occurs.

Setting 3: Coast with Timer
When the Run command is removed, the drive will turn off its output and the motor will coast to stop. The drive will not start

if a Run command is input before the time # (C1-02) has expired. Cycle the Run command that was activated during time ¢
after ¢ has expired to start the drive.
Run command ON | oFF ON oFF [oN
freq(l)chJetr?g; _— Drive output shut off

Run wait time t

Figure 1.6 Coast with Timer

The wait time ¢ is determined by the output frequency when the Run command is removed and by the active deceleration time.
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Run wait time t

Active deceleration time

Momentary Power Loss
Minimum Baseblock

Time (L2-03) |
Min output Output frequency 100%
frequency when Stop command (Max output

was entered frequency)

Figure 1.7 Run Wait Time Depending on Output Frequency

B b1-04: Reverse Operation Selection

Enables and disables Reverse operation. For some applications, reverse motor rotation is not appropriate and may cause
problems (e.g., air handling units, pumps, etc.).

No. Parameter Name Setting Range Default
b1-04 Reverse Operation Selection 0,1 1

Setting 0: Reverse Enabled
Possible to operate the motor in both forward and reverse directions.

Setting 1: Reverse Disabled
Drive disregards a Reverse run command or a negative frequency reference.

B b1-08: Run Command Selection in Programming Mode

As a safety precaution, the drive will not normally respond to a Run command input when the HOA keypad is being used to
adjust parameters in Programming Mode (Verify Menu, Setup Mode, Parameter Settings Mode, and Auto-Tuning Mode). If
required by the application, set b1-08 to allow the drive to run while in Programming Mode.

No. Parameter Name Setting Range Default
b1-08 Run Command Selection in Programming Mode 0to2 0

Setting 0: Run Command Is Not Accepted in Programming Mode

A Run command is not accepted while the HOA keypad is in Programming Mode.

Setting 1: Run Command Is Accepted in Programming Mode

A Run command is accepted in any HOA keypad mode.

Setting 2: Prohibit Entering Programming Mode during Run

It is not possible to enter the Programming Mode as long as the drive output is active. The Programming Mode cannot be
displayed during Run.

B b1-11: Drive Delay Time Setting

If a time is set to b1-11, the drive will delay executing a Run command until the set time has expired. During Drive Delay
Time execution, the HOA keypad will display “WrUn”. Both Alarm and Run indicators will blink while the drive waits to
execute the Run command.

No. Parameter Name Setting Range Default
bl-11 Drive Delay Time Setting 0to 600 s 0

B b1-14: Phase Order Selection

Sets the phase order for drive output terminals U/T1, V/T2, and W/T3.
Switching motor phases will reverse the direction of the motor.

No. Parameter Name Setting Range Default
bl-14 Phase Order Selection 0,1 0
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Setting 0: Standard
Setting 1: Switch Phase Order

The direction of the motor is reversed.

B b1-17: Run Command at

Power Up

Determines whether an external Run command that is active during power up will start the drive.

No. Parameter Name Setting Range Default
bl-17 Run Command at Power Up 0,1 1
Setting 0: Disregarded
A new Run command must be issued after power up. Cycle the Run command to start the drive.
Note: For safety reasons, the drive is initially programmed not to accept a Run command at power up (b1-17 = 0). If a Run command is issued at

power up, the AUTO LED will flash quickly.

Setting 1: Allowed

The motor will start immediately after a power up if a Run command is already enabled.

WARNING! Sudden Movement Hazard. If b1-17 is set to 1 and an external Run command is active during power up, the motor will begin
rotating as soon as the power is switched on. Proper precautions must be taken to ensure that the area around the motor is safe prior to
powering up the drive. Failure to comply may cause serious injury.

€ b2: DC Injection Braking and Short Circuit Braking

These parameters determine operation of the DC Injection Braking, Zero Speed Control, and Short Circuit Braking features.

B b2-01: DC Injection Braking Start Frequency

Active when “Ramp to Stop” is selected as the stopping method (b1-03 = 0).

No. Name Setting Range Default
b2-01 DC Injection Braking Start Frequency 0.0to 10.0 Hz Deteznf_iggd by

The function triggered by parameter b2-01 depends on the control mode that has been selected.

V/f (A1-02 = 0)

For these control modes, parameter b2-01 sets the starting frequency for DC Injection Braking at Stop. When the output
frequency falls below the setting of b2-01, DC Injection Braking is enabled for the time set in parameter b2-04.

DC Injection

Note: Ifb2-01 is set to a smaller value than parameter E1-09 (minimum frequency), then DC Injection Braking will begin as soon as the frequency

falls to the value set to E1-09.

OLV/PM (A1-02 = 5)

E1-09 Min. Frequency
b2-01 Zero Speed Level

Braking

Output
frequency

b2-04

Figure 1.8 DC Injection Braking at Stop for V/f

For these control modes, parameter b2-01 sets the starting frequency for Short-Circuit Braking at stop. When the output

frequency falls below the setting of b2-01, Short-Circuit Braking is enabled for the time set in parameter b2-13. If DC Injection

Braking time is enabled at stop, then DC Injection Braking is performed for the time set in b2-04 after Short-Circuit Braking

is complete.
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Short Circuit ~ DC Injection
Braking Braking

Output |
frequency e Time

b2-13  b2-04

E1-09 Min. Frequency
b2-01 Zero Speed Level

Figure 1.9 Short-Circuit Braking at Stop in OLV/PM

Note: Ifb2-01 is set to a smaller value than parameter E1-09 (minimum frequency), then DC Injection Braking will begin as soon as the frequency
falls to the value set to E1-09.

B b2-02: DC Injection Braking Current

Sets the DC Injection Braking current as a percentage of the drive rated current. The carrier frequency is automatically reduced
to 1 kHz when this parameter is set to more than 50%.

No. Name Setting Range Default
b2-02 DC Injection Braking Current 0 to 100% 50%

The level of DC Injection Braking current affects the strength of the magnetic field attempting to lock the motor shatft.
Increasing the current level will increase the amount of heat generated by the motor windings. Do not set this parameter higher
than the level necessary to hold the motor shaft.

B b2-03: DC Injection Braking Time at Start

Sets the time of DC Injection Braking at start. Used to stop a coasting motor before restarting it or to apply braking torque at
start. Disabled when set to 0.00 s.

No. Name Setting Range Default
b2-03 DC Injection Braking Time at Start 0.00 to 10.00 s 0.00 s
Note: Before starting an uncontrolled rotating motor (e.g., a fan motor driven by windmill effect), use DC Injection or Speed Search to stop the

motor or detect motor speed before starting it. Otherwise, motor stalling and other faults can occur.

B b2-04: DC Injection Braking Time at Stop

Sets the time of DC Injection Braking at stop. Used to completely stop a motor with high inertia load after ramp down. Increase
the value if the motor still coasts by inertia after it should have stopped. Disabled when set to 0.00 s.

No. Name Setting Range Default
b2-04 DC Injection Braking Time at Stop 0.00 to 10.00 s 0.00 s

B b2-09: Motor Pre-Heat Current 2

Determines the percentage of motor rated output current that will be used for the motor pre-heat function. This function can
be useful in applications where the motor sits for extended periods of time in humid conditions. Motor pre-heating can only
be initiated by closing a digital input programmed as a Motor Pre-Heat 2 (H1-O0O = 50).

No. Name Setting Range Default
b2-09 Motor Pre-Heat Current 2 0 to 100% 5%

B b2-12: Short Circuit Brake Time at Start

Short Circuit Braking can be used in OLV/PM. Shorting all three motor phases produces a braking torque in the motor and
can stop a coasting motor before starting it again. Disabled when set to 0.00 s.

No. Name Setting Range Default
b2-12 Short Circuit Brake Time at Start 0.00 to 25.50 s 0.00 s
Note: Short Circuit Braking cannot prevent a PM motor from being rotated by an external force. Use DC Injection to prevent the load from rotating
the motor.
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B b2-13: Short Circuit Brake Time at Stop

The Short Circuit Braking described for parameter b2-12 can also be applied at the end of deceleration to completely stop high
inertia loads. Short Circuit Braking is initiated for the time set in b2-13 when the output frequency falls below the higher of
the values b1-02 and E1-09. Disabled when set to 0.00 s.

No. Name Setting Range Default
b2-13 Short Circuit Brake Time at Stop 0.00 to 25.50 s 0.50's

B b2-18: Short Circuit Braking Current

Sets the current level for Short Circuit Braking operation as a percentage of the motor rated current. The Short Circuit Braking
current cannot be higher than 120%, although a higher current level can be set using b2-18.

No. Name Setting Range Default
b2-18 Short Circuit Braking Current 0.0 to 200.0% 100.0%

€ b3: Speed Search

The Speed Search function allows the drive to detect the speed of a rotating motor shaft that is driven by external forces and
start the motor operation directly from the detected speed without first stopping the machine.

Example: When a momentary loss of power occurs, the drive output shuts off and the motor coasts. When power returns, the
drive can find the speed of the coasting motor and restart it directly.

Enabling Speed Search for PM motors only requires setting parameter b3-01 to 1.

The drive offers current detection and speed estimation Speed Search for induction motors. Parameter b3-24 selects the speed
search method for induction motors. Both methods and relevant parameters are explained below.

B Current Detection Speed Search (b3-24 = 0)

Current Detection Speed Search detects the motor speed by looking at motor current in IM motors. When Speed Search is
started it reduces the output frequency starting from either the maximum output frequency or the frequency reference while
increasing the output voltage using the time set in parameter L.2-04. As long as the current is higher than the level set to b3-02,
the output frequency is lowered using the time constant set to b3-03. If the output current falls below b3-02, the drive assumes
that the output frequency and motor speed are the same and accelerates or decelerates to the frequency reference.

Be aware that sudden acceleration may occur when using this method of Speed Search with relatively light loads.
Figure 1.10 illustrates Current Detection Speed Search operation after a momentary power loss (L2-01 must be set to 1 or 2):

Output frequency before Decel time

momentary power loss set to b3-03 Waits for twice

as long as L2-04
AC power
supply ON OFF \

Selected
Output /frequency
frequency reference

Speed Search operation
current set to b3-02

,,,,,,,,,,,,,,,,,,,,,,,,,,,, oo

Output

current /

Min. Baseblock Time (L2-03) ‘«—» b3-05

Figure 1.10 Current Detection Speed Search after Power Loss

Note: After power is restored, the drive waits until the time set to b3-05 has passed before performing Speed Search. Thereby the Speed Search
may start not at the end of L2-03 but even later.

When Speed Search is applied automatically with the Run command, the drive waits for the minimum baseblock time set to
L2-03 before starting Speed Search. If L2-03 is lower than the time set to parameter b3-05, then b3-05 is used as the wait time.
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Decel time set Waits for twice
set to b3-03 as long as L2-04
OFF ON
Run command
Max. output frequency \ Selected
or the specified e frequency
frequency reference reference
Output
frequency

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr - b3-02

(Speed search
operation
current)

Output current

Minimum Baseblock Time  (L2-03)

Figure 1.11 Current Detection Speed Search at Start or Speed Search Command by Digital Input

Notes on Using Current Detection Type Speed Search

* Shorten the Speed Search deceleration time set to b3-03 if an oL.1 fault occurs while performing Current Detection Speed
Search.

* Current Detection Speed Search is not available when using OLV Control for PM motors.

* Increase the minimum baseblock time set to L2-03 if an overcurrent or overvoltage fault occurs when performing Speed
Search after power is restored following a momentary power loss.

B Speed Estimation Type Speed Search (b3-24 = 1)

This method can be used for a single induction motor connected to a drive. Do not use this method if the motor is one or more
frame size smaller than the drive, at motor speeds above 200 Hz, or when using a single drive to operate more than one motor.

Speed Estimation is executed in the two steps described below:

Step 1: Back EMF Voltage Estimation

This method is used by Speed Search after baseblock (e.g., a power loss where the drive CPU continued to run and the Run
command was kept active). Here, the drive estimates the motor speed by analyzing the back EMF voltage and outputs the
estimated frequency and increases the voltage using the time constant set in parameter L2-04. After that, the motor is accelerated
or decelerated to the frequency reference starting from the detected speed. If there is not enough residual voltage in the motor
windings to perform the calculations described above, the drive will automatically proceed to step 2.

AC power
supply ON OFF Selected
Starts at the speed frequency
that was detected reference
Output
frequency
Output
current
- > Several milliseconds

Min. Baseblock Time/;—‘*

‘_‘ <1>
(L2-03) b3-05

Figure 1.12 Speed Search after Baseblock

<1> After AC power is restored, the drive will wait for at least the time set to b3-05. If the power interruption is longer than
the minimum baseblock time set to L2-03, the drive will wait until the time set to b3-05 has passed after power is restored
before starting Speed Search.

Step 2: Current Injection

Current Injection is performed when there is insufficient residual voltage in the motor after extended power losses, when Speed
Search is applied with the Run command (b3-01 = 1), or when an External search command is used.

This feature injects the amount of DC current set to b3-06 to the motor and detects the speed by measuring the current feedback.
The drive then outputs the detected frequency and increases the voltage using the time constant set to parameter L.2-04 while
looking at the motor current.
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The output frequency is reduced if the current is higher than the level in b3-02. When the current falls below b3-02, the motor
speed is assumed to be found and the drive starts to accelerate or decelerate to the frequency reference.

Decelerates at the Speed i i _
Search decel time set to b3-03 Waits twice as long as L2-04

FF ON
Run command

Frequency reference
/ e set to the drive

Starts at the speed—> \\/_

speed that was detected
Output i

frequency

b3-02 (Speed search operation current)

Output
current 10s

t

Min. Baseblock Time (L2-03) <1>

Figure 1.13 Speed Search at Start

<1> The wait time for Speed Search (b3-05) determines the lower limit.

Notes on Using Speed Estimation Speed Search

 Perform Rotational Auto-Tuning for V/f Control (T1-01 = 3) prior to using Speed Estimation in V/f Control and perform
Stationary Auto-Tuning for Line-to-Line Resistance (T1-01 = 2) again if the there is a change in the cable length between
the drive and motor.

» Use Current Detection to search for speeds beyond 200 Hz if the application is running multiple motors from the same drive
or if the motor is considerably smaller than the capacity of the drive.

» Speed Estimation may have trouble finding the actual speed if the motor cable is very long. Use Current Detection in these
instances.

» Use Current Detection instead of Speed Estimation when operating motors smaller than 1.5 kW because Speed Estimation
might not be able to detect the speed or rotation of these smaller motors, in which case Speed Estimation would stop the
motor.

* Use Short Circuit Braking instead of Speed Search when using OLV/PM with a long motor cable.

» Use Short Circuit Braking instead of Speed Search when attempting to find the speed of a motor coasting faster than 200
Hz in OLV/PM.

B Speed Search Activation

Speed Search can be activated using any of the methods 1 through 5 described below. The Speed Search type must be selected
in parameter b3-24 independent of the activation method.

Method 1. Automatically activate Speed Search with every Run command. External Speed Search commands are ignored.
Method 2. Activate Speed Search using the digital input terminals.
Use the input functions for H1-OO in Table 1.7.
Table 1.7 Speed Search Activation by Digital Inputs
Setting Description b3-24 =0 b3-24 =1
61 External Search Closed: Activate Current Detection Speed Search from the
Command 1 maximum output frequency. Activate Speed Estimation
62 External Search Closed: Activate Current Detection Speed Search from the Speed Search
Command 2 frequency reference.

To activate Speed Search by a digital input, the input must be set together with the Run command or the Run command must
be entered after giving the Speed Search command.

Method 3. After automatic fault restart.

When the number of maximum fault restarts in parameter L5-01 is set higher than 0, the drive will automatically perform
Speed Search as specified by b3-24 following a fault.

Method 4. After momentary power loss.
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This mode requires that the Power Loss Ride-Thru function is enabled during CPU operation (L2-01 =1 or 2). Refer to L2-01:
Momentary Power Loss Operation Selection on page 102.

Method 5. After external baseblock is released.

The drive will resume the operation starting with Speed Search if the Run command is present and the output frequency is
above the minimum frequency when the Baseblock command (H1-OOO = 8 or 9) is released.

B b3-01: Speed Search Selection at Start

Determines if Speed Search is automatically performed when a Run command is issued.

No. Parameter Name Setting Range Default
b3-01 Speed Search Selection at Start 0,1 Dete;nlq_igsd by

Setting 0: Disabled

This setting starts operating the drive at the minimum output frequency when the Run command is entered. If external Speed
Search 1 or 2 is already enabled by a digital input, the drive will start operating with Speed Search.

Setting 1: Enabled

This setting performs Speed Search when the Run command is entered. The drive begins running the motor after Speed Search
is complete.

B b3-02: Speed Search Deactivation Current

Sets the operating current for Speed Search as a percentage of the drive rated current. Normally there is no need to change
this setting. Lower this value if the drive has trouble restarting.

No. Name Setting Range Default
b3-02 Speed Search Deactivation Current 0 to 200% Detellglq_iggd by

Note: When parameter A1-02 = 0 (V/f Control) the factory default setting is 120.

B b3-03: Speed Search Deceleration Time

Sets the output frequency reduction ramp used by the Current Injection Method of Speed Estimation (b3-24 = 1). The time
entered into b3-03 will be the time to decelerate from maximum frequency (E1-04) to minimum frequency (E1-09).

No. Name Setting Range Default
b3-03 Speed Search Deceleration Time 0.1t010.0s 2.0s

B b3-04: V/f Gain during Speed Search (Speed Estimation Type)

During Speed Search, the output voltage calculated from the V/f pattern is multiplied with this value. Changing this value can
help reduce the output current during Speed Search.

No. Name Setting Range Default
b3-04 V/f Gain during Speed Search 10 to 100% Detegzn_i(l)l:d by

B b3-05: Speed Search Delay Time

In cases where an output contactor is used between the drive and the motor, the contactor must be closed before Speed Search
can be performed. This parameter can be used to delay the Speed Search operation, giving the contactor enough time to close
completely.

No. Name Setting Range Default
b3-05 Speed Search Delay Time 0.0t0 100.0 s 02s
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B b3-06: Output Current 1 during Speed Search (Speed Estimation Type)

Sets the current injected to the motor at the beginning of Speed Estimation Speed Search as a factor of the motor rated current
setin E2-01. If the motor speed is relatively slow when the drive starts to perform Speed Search after a long period of baseblock,
it may be helpful to increase the setting value. The output current during Speed Search is automatically limited by the drive
rated current.

No. Name Setting Range Default
b3-06 Output Current 1 during Speed Search 0.0t0 2.0 Dete(r)rzn_lgzd by
Note: Use Current Detection Speed Search if Speed Estimation is not working correctly even after adjusting b3-06.

B b3-08: Current Control Gain during Speed Search (Speed Estimation Type)

Sets the proportional gain for the current controller during Speed Search.

No. Name Setting Range Default
b3-08 Current Control Gain during Speed Search (Speed Estimation Type) 0.00 to 6.00 A])l?(t)ezngégeg;_)(})] 4

B b3-10: Speed Search Detection Compensation Gain (Speed Estimation Type)

Sets the gain for the detected motor speed of the Speed Estimation Speed Search. Increase the setting only if an overvoltage
fault occurs when the drive restarts the motor.

No. Name Setting Range Default
b3-10 Speed Search Detection Compensation Gain 1.00 to 1.20 1.05

B b3-14: Bi-Directional Speed Search Selection (Speed Estimation Type)

Sets how the drive determines the motor rotation direction when performing Speed Estimation Speed Search.

No. Parameter Name Setting Range Default
b3-14 Bi-Directional Speed Search Selection 0,1 1

Setting 0: Disabled

The drive uses the frequency reference to determine the direction of motor rotation to restart the motor.
Setting 1: Enabled

The drive detects the motor rotation direction to restart the motor.

B b3-17: Speed Search Restart Current Level

Sets the current level at which Speed Estimation is restarted as a percentage of drive rated current to avoid overcurrent and
overvoltage problems since a large current can flow into the drive if the difference between the estimated frequency and the
actual motor speed is too big when performing Speed Estimation.

No. Name Setting Range Default
b3-17 Speed Search Restart Current Level 0 to 200% 150%

B b3-18: Speed Search Restart Detection Time (Speed Estimation Type)

Sets the time for which the current must be above the level set in b3-17 before restarting Speed Search.

No. Name Setting Range Default
b3-18 Speed Search Restart Detection Time 0.00 to 1.00 s 0.10s

B b3-19: Number of Speed Search Restarts (Speed Estimation Type)

Sets the number of times the drive should attempt to find the speed and restart the motor. If the number of restart attempts
exceeds the value set to b3-19, the SEr fault will occur and the drive will stop.
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No. Name Setting Range Default
b3-19 Number of Speed Search Restarts 0to 10 3
B b3-24: Speed Search Method Selection
Sets the Speed Search method.
No. Parameter Name Setting Range Default
b3-24 Speed Search Method Selection 0,1 0

Setting 0: Current Detection

Setting 1: Speed Estimation

Note: Refer to Current Detection Speed Search (b3-24 = 0) on page 31 and Refer to Speed Estimation Type Speed Search (b3-24 = 1) on page
32 for explanations of the Speed Search methods.

B b3-25: Speed Search Wait Time

Sets the wait time between Speed Search restarts. Increase the wait time if problems occur with overcurrent, overvoltage, or
if the SEr fault occurs.

No. Name
b3-25 Speed Search Wait Time

B b3-27: Start Speed Search Select

Setting Range Default
0.0t030.0s 0.5s

Selects a condition to activate Speed Search Selection at Start (b3-01) or External Speed Search Command 1 or 2 from the
multi-function input.

No. Name Setting Range Default
b3-27 Start Speed Search Select 0,1 0

Setting 0: Triggered when a Run Command Is Issued (Normal)
Setting 1: Triggered when an External Baseblock Is Released
B b3-33: Speed Search Selection when Run Command is Given during Uv

Activates and deactivates Speed Search at start in accordance with whether a Run command was issued during an undervoltage
(Uv) condition. Function is active when a momentary power loss (L2-01 =1 or 2), Speed Search at start (b3-01 = 1), and
coasting to a stop (b1-03 = 1) are enabled.

No. Name
b3-33 Speed Search Selection when Run Command is Given during Uv

Setting 0: Disabled
Setting 1: Enabled

€@ b4: Timer Function

The timer function is independent of drive operation and can delay the switching of a digital output triggered by a digital input
signal and help eliminate chattering switch noise from sensors. An on-delay and off-delay can be set separately.

Setting Range Default
0,1 0

To enable the timer function, set a multi-function input to “Timer Function Input” (H1-OO = 18) and set a multi-function
output to “Timer output” (H2-OO = 12). Only one timer can be used.

B b4-01, b4-02: Timer Function On-Delay, Off-Delay Time

b4-01 sets the on-delay time for switching the timer output. b4-02 sets the off-delay time for switching the timer output.

No. Name Setting Range Default
b4-01 Timer Function On-Delay Time 0.0 to 3000.0 s 0.0s
b4-02 Timer Function Off-Delay Time 0.0 to 3000.0 s 0.0s
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B Timer Function Operation

The timer function switches on when the timer function input closes for longer than the value set to b4-01. The timer function
switches off when the timer function input is open for longer than the value set to b4-02. Figure 1.14 illustrates the timer
function operation:

Multi-function Contact on on On (Closed)
Input: Timer Function (H1-O0O=18) Off (Open)
Multi-function Contact ‘
Output: Timer Function (H2-O00=12) ON ON 8; Eglose)d)
: : | ! en
- - - - P
b4-01 b4-02 b4-01 b4-02

Figure 1.14 Timer Operation

€ b5: Pl Control

The drive has a built-in Proportional + Integral (PI) controller that uses the difference between the target value and the feedback
value to adjust the drive output frequency to minimize deviation and provide accurate closed loop control of system variables
such as pressure or temperature.

B P Control

The output of P control is the product of the deviation and the P gain so that it follows the deviation directly and linearly. With
P control, only an offset between the target and feedback remains.

B | Control

The output of I control is the integral of the deviation. It minimizes the offset between target and feedback value that typically
remains when pure P control is used. The integral time (I time) constant determines how fast the offset is eliminated.

B Pl Operation

To better demonstrate PI functionality, the diagram below illustrates how the PI output changes when the PI input (deviation)
jumps from 0 to a constant level.

Pl input |
Time
Pl output
.- | control
PI Output
- P control
Time
Figure 1.15 PI Operation
B Using Pl Control
Applications for PI control are listed in the following table.
Application Description Sensors Used
Speed Control Machinery speed is fed back and adjusted to meet the target value. Synchronous control is Tachometer
performed using speed data from other machinery as the target value
Pressure Maintains constant pressure using pressure feedback. Pressure sensor
Fluid Control  |Keeps flow at a constant level by feeding back flow data. Flow rate sensor
ey i Maintains a constant temperature by controlling a fan with a thermostat. Thermocoupler,
Control Thermistor

B Pl Setpoint Input Methods
The PI setpoint input depends on the PI function setting in parameter b5-01.
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If parameter b5-01 is set to 1 or 2, the frequency reference in b1-01 or one of the inputs listed in Table 1.8 becomes the PI
setpoint.

If b5-01 is set to 3 or 4, then the PI setpoint can be input from one of the sources listed in Table 1.8.
Table 1.8 Pl Setpoint Sources

Pl Setpoint Source Settings
Analog Input Al Set H3-02=C
Analog Input A2 Set H3-10=C
MEMOBUS/Modbus Register 0006 H | Set bit 1 in register 000F H to 1 and input the setpoint to register 0006 H
Parameter b5-19 Set parameter b5-18 = 1 and input the PI setpoint to b5-19
Note: A duplicate allocation of the PI setpoint input will cause an oPE alarm.

B Pl Feedback Input Methods
Input one feedback signal for normal PI control or input two feedback signals for controlling a differential process value.

Normal Pl Feedback
Input the PI feedback signal from one of the sources listed below:

Table 1.9 Pl Feedback Sources

Pl Feedback Source Settings
Analog Input A1l Set H3-02=B
Analog Input A2 Set H3-10=B
Note: A duplicate allocation of the PI feedback input will cause an oPE alarm.

Differential Feedback

The second PI feedback signal for differential feedback can come from the sources listed below. The differential feedback
function is automatically enabled when a differential feedback input is assigned.

Table 1.10 PI Differential Feedback Sources

Pl Differential Feedback Source Settings
Analog Input A1l Set H3-02 =16
Analog Input A2 Set H3-10=16
Note: A duplicate allocation of the PI differential feedback input will cause an oPE alarm.
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Figure 1.16 Pl Block Diagram
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1.2 b: Application

B b5-01: Pl Function Setting

Enables or disables the PI operation and selects the PI operation mode.

No. Parameter Name Setting Range Default
b5-01 PI Function Setting 0,1,3 0

Setting 0: Pl Disabled
Setting 1: Output Frequency = Pl Output 1
The PI controller is enabled and the PI output builds the frequency reference.

Setting 3: Output Frequency = Frequency Reference + Pl Output 1
The PI controller is enabled and the PI output is added to the frequency reference.

B b5-02: Proportional Gain Setting (P)

Sets the P gain applied to the PI input. Larger values will tend to reduce the error but may cause oscillations if set too high,
while lower values may allow too much offset between the setpoint and feedback.

No. Name Setting Range Default
b5-02 Proportional Gain Setting (P) 0.00 to 25.00 2.00

B b5-03: Integral Time Setting (I)

Sets the time constant used to calculate the integral of the PI input. The shorter the integral time set to b5-03, the faster the
offset will be eliminated. If the integral time is set too short, however, overshoot or oscillation may occur. To turn off the
integral time, set b5-03 to 0.00.

No. Name Setting Range Default
b5-03 Integral Time Setting (I) 0.0 t0 360.0 s 0.5s

B b5-04: Integral Limit Setting

Sets the maximum output possible from the integral block as a percentage of the maximum frequency (E1-04).

No. Name Setting Range Default
b5-04 Integral Limit Setting 0.0 to 100.0% 100.0%
Note: On some applications, especially those with rapidly varying loads, the output of the PI function may show a fair amount of oscillation.

Program b5-04 to apply a limit to the integral output and suppress this oscillation.

B b5-06: Pl Output Limit

Sets the maximum output possible from the entire PI controller as a percentage of the maximum frequency (E1-04).

No. Name Setting Range Default
b5-06 PI Output Limit 0.0 to 100.0% 100.0%

B b5-07: Pl Offset Adjustment

Sets the offset added to the PI controller output as a percentage of the maximum frequency (E1-04).

No. Name Setting Range Default
b5-07 PI Offset Adjustment -100.0 to 100.0% 0.0%

B b5-08: Pl Primary Delay Time Constant

Sets the time constant for the filter applied to the output of the PI controller. Normally, change is not required.

No. Name Setting Range Default
b5-08 PI Primary Delay Time Constant 0.00 to 10.00 s 0.00s
Note: Useful when there is a fair amount of oscillation or when rigidity is low. Set to a value larger than the cycle of the resonant frequency.

Increasing this time constant may reduce the responsiveness of the drive.
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B b5-09: Pl Output Level Selection

Reverses the sign of the PI controller output signal. Normally a positive PI input (feedback smaller than setpoint) leads to
positive PI output.

No. Parameter Name Setting Range Default
b5-09 PI Output Level Selection 0,1 0

Setting 0: Normal Output
A positive PI input causes an increase in the PI output (direct acting).

Setting 1: Reverse Output
A positive PI input causes a decrease in the PI output (reverse acting).

B b5-10: Pl Output Gain Setting

Applies a gain to the PI output and can be helpful when the PI function is used to trim the frequency reference (b5-01 =3 or
4).

No. Name Setting Range Default
b5-10 PI Output Gain Setting 0.00 to 25.00 1.00

B b5-11: Pl Output Reverse Selection

Determines whether a negative PI output reverses the direction of drive operation. This parameter has no effect when the PI
function trims the frequency reference (b5-01 = 3) and the PI output will not be limited (same as b5-11 =1).

No. Parameter Name Setting Range Default
b5-11 PI Output Reverse Selection 0,1 0

Setting 0: Reverse Disabled
Negative PI output will be limited to 0 and the drive output will be stopped.

Setting 1: Reverse Enabled
Negative PI output will cause the drive to run in the opposite direction.

B Pl Feedback Loss Detection

The PI feedback loss detection function detects broken sensors or broken sensor wiring. It should be used when PI control is
enabled to prevent critical machine conditions (e.g., acceleration to max. frequency) caused by a feedback loss.
Feedback loss can be detected in two ways:
* Feedback Low Detection
Detected when the feedback falls below a certain level for longer than the specified time. This function is set up using
parameters b5-12 to b5-14.
* Feedback High Detection
Detected when the feedback rises above a certain level for longer than the specified time. This function is set up using
parameters b5-12, b5-36, and b5-37.

The following figure illustrates the working principle of feedback loss detection when the feedback signal is too low. Feedback
high detection works in the same way. ﬂ

Parameter Details
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Pl feedback value
A

PI — /_
Feedback

Detection

Loss Level
(b5-13)
* Time
 «— NO FbL
detection
H FbL detection
Pl Feedback Pl Feedback
Loss Detection Time Loss Detection Time
(b5-14) (b5-14)

Figure 1.17 Pl Feedback Loss Detection

B b5-12: Pl Feedback Loss Detection Selection

Enables or disables the feedback loss detection and sets the operation when a feedback loss is detected.

No. Parameter Name Setting Range Default
b5-12 PI Feedback Loss Detection Selection 0Oto5 0

Setting 0: Digital Output Only (Remains active when Pl is disabled by digital input)

A digital output set for “PI feedback low” (H2-OO = 3E) will be triggered if the PI feedback value is below the detection
level set to b5-13 for the time set to b5-14 or longer. A digital output set for “PI feedback high” (H2-O0O = 3F) will be triggered
if the PI feedback value is beyond the detection level set to b5-36 for longer than the time set to b5-37. Neither a fault nor an
alarm is displayed on the HOA keypad and the drive will continue operation. The output resets when the feedback value leaves
the loss detection range. Detection remains active when PI is disabled by digital input (H1-OOO = 19).

Setting 1: Feedback Loss Alarm (Remains active when Pl is disabled by digital input)

If the PI feedback value falls below the level set to b5-13 for longer than the time set to b5-14, a “FBL - Feedback Low” alarm
will be displayed and a digital output set for “PI feedback low” (H2-O0O = 3E) will be triggered. If the PI feedback value
exceeds the level set to b5-36 for longer than the time set to b5-37, a “FBH - Feedback High” alarm will be displayed and a
digital output set for “PI feedback high” (H2-OO = 3F) will be triggered. Both events trigger an alarm output (H1-0OO = 10).
The drive will continue operation. The alarm and outputs reset when the feedback value leaves the loss detection range.
Detection remains active when PI is disabled by digital input (H1-OO = 19).

Setting 2: Feedback Loss Fault (Remains active when Pl is disabled by digital input)

If the PI feedback value falls below the level set to b5-13 for longer than the time set to b5-14, a “FbL - Feedback Low” fault
will be displayed. If the PI feedback value exceeds the level set to b5-36 for longer than the time set to b5-37, a “FbH - Feedback
High” fault will be displayed. Both events trigger a fault output (H1-OOO = E) and cause the drive to stop the motor. Detection
remains active when PI is disabled by digital input (H1-OO = 19).

Setting 3: Digital Output Only

A digital output set for “PI feedback low” (H2-O0O = 3E) will be triggered if the PI feedback value is below the detection
level set to b5-13 for the time set to b5-14 or longer. A digital output set for “PI feedback high” (H2-0O0O = 3F) will be triggered
if the PI feedback value is beyond the detection level set to b5-36 for longer than the time set to b5-37. Neither a fault nor an
alarm is displayed on the HOA keypad and the drive will continue operation. The output resets when the feedback value leaves
the loss detection range. Detection is disabled when PI is disabled by digital input (H1-OO = 19).

Setting 4: Feedback Loss Alarm

If the PI feedback value falls below the level set to b5-13 for longer than the time set to b5-14, a “FBL - Feedback Low” alarm
will be displayed and a digital output set for “PI feedback low” (H2-O0O = 3E) will be triggered. If the PI feedback value
exceeds the level set to b5-36 for longer than the time set to b5-37, a “FBH - Feedback High” alarm will be displayed and a
digital output set for “PI feedback high” (H2-O1O = 3F) will be triggered. Both events trigger an alarm output (H1-OO = 10).
The drive will continue operation. The alarm and outputs reset when the feedback value leaves the loss detection range.
Detection is disabled when PI is disabled by digital input (H1-O1O = 19).
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Setting 5: Feedback Loss Fault

If the PI feedback value falls below the level set to b5-13 for longer than the time set to b5-14, a “FbL - Feedback Low” fault
will be displayed. If the PI feedback value exceeds the level set to b5-36 for longer than the time set to b5-37, a “FbH - Feedback
High” fault will be displayed. Both events trigger a fault output (H1-COO = E) and cause the drive to stop the motor. Detection
is disabled when PI is disabled by digital input (H1-OOO = 19).

B b5-13: Pl Feedback Low Detection Level

Sets the feedback level used for PI feedback low detection. The PI feedback must fall below this level for longer than the time
set to b5-14 before feedback loss is detected.

No. Name Setting Range Default
b5-13 PI Feedback Low Detection Level 0 to 100% 0%

B b5-14: Pl Feedback Low Detection Time

Sets the time that the PI feedback has to fall below b5-13 before feedback loss is detected.

No. Name Setting Range Default
b5-14 PI Feedback Low Detection Time 0.0to255s 1.0s

B b5-36: Pl Feedback High Detection Level

Sets the feedback level used for PI feedback high detection. The PI feedback must exceed this level for longer than the time
set to b5-37 before feedback loss is detected.

No. Name Setting Range Default

b5-36 PI Feedback High Detection Level 0 to 100% 100%

B b5-37: Pl Feedback High Detection Time

Sets the time that the PI feedback must exceed the value set to b5-36 before feedback loss is detected.

No. Name Setting Range Default

b5-37 PI Feedback High Detection Time 0.0to25.5s 1.0s

B Pl Sleep/Snooze

The PI Sleep/Snooze function stops the drive when the PI output or the frequency reference falls below the PID Sleep/Snooze
operation level for a certain time. The drive will resume operating when the PI output or frequency reference rise above the
PI Sleep/Snooze operation level for the specified time. An example of PI Sleep/Snooze operation appears in the figure below.

PI Output

Pl Sleep/Snooze
Level (b5-15)

Sleep Delay Time

Internal Run A—’; b5-16 e—o —>§b5-16 «—— Sleep Delay Time
command Run Stop
External Run Run command enabled
command Continues to output “During Run”
During Run

Figure 1.18 PI Sleep/Snooze Operation

Notes on Using the Pl Sleep/Snooze Function
» The PI Sleep/Snooze function is active even when PI control is disabled.
* The PI Sleep/Snooze function stops the motor according to the stopping method set to b1-03.

The PI Snooze Function is a variation on the Sleep Function. Set b5-21 to 2 to select the PI Snooze function. After selecting
the Snooze Function, the drive monitors the output frequency. If the output frequency drops below the PI Snooze Level (b5-22),
and stays below that level for at least the time set to b5-23, PI Snooze Delay Time, the drive output shuts off.
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The Snooze Function differs from the Sleep Function in that the feedback must drop below the level set to b5-24, PI Snooze
Deactivation Level, before normal drive output will begin again. Immediately prior to Snooze Function activation, the PI
Setpoint can be temporarily increased to create an overshoot of the intended PI Setpoint. The temporary boost is determined
by parameter b5-25, PI Boost Setting Level.

After reaching the temporary boost level (or exceeding the time set to b5-26, PI Maximum Boost Time), the drive output shuts
off (snoozes) and the intended PI Setpoint returns. From this point on, the Snooze Function operates normally and the drive
output returns when the feedback level drops below b5-24.

The parameters necessary to control the PI Sleep/Snooze Function are explained below.

B b5-15: Pl Sleep Function Start Level

Sets the level that triggers PI Sleep/Snooze.

The drive goes into Sleep/Snooze mode if the PI output or frequency reference is smaller than b5-15 for longer than the time
set to b5-16. The drive resumes operation when the PI output or frequency reference is above b5-15 for longer than the time
set to b5-16.

No. Name Setting Range Default
b5-15 PI Sleep Function Start Level 0.0 to 240.0 Hz 0.0 Hz

B b5-16: Pl Sleep Delay Time

Sets the delay time to activate or deactivate the PI Sleep/Snooze function.

No. Name Setting Range Default
b5-16 PI Sleep Delay Time 0.0to255s 0.0s

B b5-17: Pl Accel/Decel Time

The PI acceleration/deceleration time is applied on the PI setpoint value.

When the setpoint changes quickly, the normal C1-000 acceleration times reduce the responsiveness of the system as they
are applied after the PI output. The PI accel/decel time helps avoid the hunting and overshoot and undershoot that can result
from the reduced responsiveness.

The PI acceleration/deceleration time can be canceled using a digital input programmed for “PI SFS cancel” (H1-OOO = 34).

No. Name Setting Range Default
b5-17 PI Accel/Decel Time 0.0 to 6000.0 s 0.0s

B b5-18: Pl Setpoint Selection

Enables or disables parameter b5-19 for PI setpoint.

No. Parameter Name Setting Range Default
b5-18 PI Setpoint Selection 0,1 0

Setting 0: Disabled
Parameter b5-19 is not used as the PI setpoint.

Setting 1: Enabled
Parameter b5-19 is used as PI setpoint.

B b5-19: Pl Setpoint Value

Used as the PI setpoint if parameter b5-18 = 1.

No. Name Setting Range Default
b5-19 PI Setpoint Value 0.00 to 600.00% 0.00%
Note: Unit and resolution for b5-19 is determined by b5-20 and b5-39.

Parameter b5-19 is internally limited to b5-38. Changing b5-20, b5-38 and b5-39 will not automatically update the value of
b5-19.
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B b5-20: Pl Setpoint Scaling

Determines the units for the PI Setpoint Value (b5-19) and monitors U5-01 and U5-04.

No. Parameter Name Setting Range Default
b5-20 PI Setpoint Scaling 0to3 1
Setting 0: Hz

The setpoint and PI monitors are displayed in Hz with a resolution of 0.01 Hz.

Setting 1: %

The setpoint and PI monitors are displayed as a percentage with a resolution of 0.01%.

Setting 2: r/min

The setpoint and PI monitors are displayed in r/min with a resolution of 1 r/min.

Setting 3: User Defined

Parameters b5-38 and b5-39 determine the units and resolution used to display the values the setpoint in b5-19, and PI monitors

U5-01 and U5-04.
B b5-21: Pl Sleep Input Source

Selects the Sleep Function characteristic action. When b5-21 is set to 1, the Sleep Function Start Level (b5-15) is compared
to the output of the drive (Speed Command after PI Block). Use this setting for open loop control.

The Sleep Function Start Level (b5-15) can be compared to the drive input or setpoint by setting b5-21 to 0.

When b5-21 is set to 2, a variation of the Sleep Function called “Snooze” is enabled. See parameters b5-22 to b5-27 for details.

No. Parameter Name Setting Range Default
b5-21 PI Sleep Input Source 0to2 1
Setting 0: Pl Setpoint
Setting 1: SFS Input
Setting 2: Snooze
B b5-22: Pl Snooze Level
Sets the PI Snooze function start level as a percentage of maximum frequency.
No. Parameter Name Setting Range Default
b5-22 PI Snooze Level 0 to 100% 0%
B b5-23: Pl Snooze Delay Time
Sets the PI Snooze function delay time in seconds.
No. Parameter Name Setting Range Default
b5-23 PI Snooze Delay Time 0to 2600 s 0s

B b5-24: Pl Snooze Deactivation Level

When the PI feedback drops below this level, normal operation starts again. Sets as a percentage of maximum frequency.

No. Parameter Name Setting Range Default
b5-24 PI Snooze Deactivation Level 0 to 100% 0%
B b5-25: Pl Setpoint Boost Setting
Temporary increase of PI setpoint to create an overshoot of the intended PI setpoint.
No. Parameter Name Setting Range Default
b5-25 PI Setpoint Boost Setting 0 to 100% 0%
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B b5-26: Pl Maximum Boost Time

Associated with the Snooze Function. In cases where the temporary PI Setpoint (intended PI setpoint + PI Setpoint Boost)
cannot be reached within the PI Maximum Boost Time (b5-26), the Setpoint Boost is interrupted and the Drive output is turned
off.

No. Parameter Name Setting Range Default
b5-26 PI Maximum Boost Time 0t02600s 0s

B b5-27: Pl Snooze Feedback Level

The second method of initiating the Snooze Function. The drive output shuts off when the PI feedback level exceeds the PI
Snooze Feedback Level (b5-27).

Normal drive and PI operation return after the PI feedback drops below the PI Snooze Deactivation Level (b5-24). Snooze
activates when both b5-22 and b5-27 conditions are met. There is no time delay for deactivation.

Sets as a percentage of maximum frequency.

No. Parameter Name Setting Range Default
b5-27 PI Snooze Feedback Level 0 to 100% 60%

B b5-28: Pl Feedback Function Selection

When b5-28 is set to 1, the square root of the PI feedback is compared to the PI Setpoint to determine appropriate drive output
to properly regulate the system.

This is helpful in cases where the measured feedback is pressure, but the PI loop needs to regulate flow.

No. Parameter Name Setting Range Default
b5-28 PI Feedback Function Selection 0,1 0
0: Disabled

1: Square Root
B b5-29: Pl Square Root Gain

A multiplier applied to the square root of the feedback.

No. Parameter Name Setting Range Default
b5-29 PI Square Root Gain 0.00 to 2.00 0.00

B b5-30: Pl Feedback Offset

Sets PI feedback Offset as a percentage of maximum frequency.

No. Parameter Name Setting Range Default
b5-30 PI Feedback Offset 0.00 to 100.00% 0.00%

B b5-34: Pl Output Lower Limit

Sets the minimum possible PI controller output as a percentage of the maximum output frequency (E1-04). The lower limit is
disabled when set to 0.00%

No. Name Setting Range Default
b5-34 PI Output Lower Limit -100.0 to 100.0% 0.0%

B b5-35: Pl Input Limit

Sets the maximum allowed PI input as a percentage of the maximum output frequency (E1-04). Parameter b5-35 acts as a
bipolar limit.

No. Name Setting Range Default
b5-35 PI Input Limit 0 to 1000.0% 1000.0%

46 YASKAWA SIEP YAIZ1U 03B YASKAWA AC Drive — 21000 Programming Manual



1.2 b: Application

Bl b5-38, b5-39: Pl Setpoint User Display, Pl Setpoint Display Digits

When parameter b5-20 is set to 3, parameters b5-38 and b5-39 set a user-defined display for the PI setpoint (b5-19) and PI

feedback monitors (U5-01, U5-04).

Parameter b5-38 determines the display value when the maximum frequency is output and parameter b5-39 determines the

number of digits. The setting value is equal to the number of decimal places.

No. Name Setting Range Default
b5-38 PI Setpoint User Display 1 to 60000 Detetr)tgq_ iggd by
b5-39 PI Setpoint Display Digits 0to3 Detelrgl_i;gd by

B b5-40: Frequency Reference Monitor Content During PI
Sets the content of the frequency reference monitor display (U1-01) when PI control is active.
No. Name Setting Range Default
b5-40 Frequency Reference Monitor Content During PI 0,1 0
Setting 0: Frequency Reference after Pl
Monitor U1-01 displays the frequency reference increased or reduced for the PI output.
Setting 1: Frequency Reference
Monitor U1-01 displays the frequency reference value.
B b5-41: Pl Unit Selection
Sets the display units in U5-14 and U5-15.
No. Name Setting Range Default
b5-41 PI Unit Selection 0to 14 0
Setting 0: WC (Inch of Water)
Setting 1: PSI (Pounds per Square Inch)
Setting 2: GPM (Gallons per Minute)
Setting 3: F (Degrees Fahrenheit)
Setting 4: CFM (Cubic Feet per Minute)
Setting 5: CMH (Cubic Meters per Hour)
Setting 6: LPH (Liters per Hour)
Setting 7: LPS (Liters per Second)
Setting 8: Bar (Bar)
Setting 9: Pa (Pascal)
Setting 10: C (Degrees Celsius)
Setting 11: Mtr (Meters)
Setting 12: Ft (Feet)
Setting 13: LPM (Liters per Minute)
Setting 14: CMM (Cubic Meters per Minute)
B b5-42: Pl Output Monitor Calculation Method

No. Name Setting Range Default

b5-42 PI Output Monitor Calculation Method 0to3 0

Setting 0: Linear
The monitor displays PI output.

Setting 1: Square Root
The monitor displays square root PI output.
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Setting 2: Quadratic

The monitor displays 1/(PI output)?
Setting 3: Cubic

The monitor displays 1/(PI output)?

B b5-43/b5-44: Pl Output 2 Monitor Max Upper/Lower 4 Digits

Set the maximum monitor value at maximum frequency. U5-14 and U5-15 show Custom PI output. U5-14 shows the upper
4 digits and U5-15 shows the lower 4 digits. It shows 999999.99 maximum.

No. Name Setting Range Default
b5-43 PI Output 2 Monitor Max Upper 4 Digits 0 to 9999 0
b5-44 PI Output 2 Monitor Max Lower 4 Digits 0.00 to 99.99 0.00

B b5-45: Pl Output 2 Monitor Minimum

U5-14 and U5-15 show Custom PI Output. b5-45 sets the minimum display value at zero speed. This function is effective
when b5-42 is set to 0 (Linear).

Note: Used for U5-14 and U5-15 only.

No. Name Setting Range Default
b5-45 PI Output 2 Monitor Minimum 0.0 to 999.9 0.0

B b5-46: Pl Setpoint Monitor Unit Selection

Sets the HOA keypad display units in U5-01 and U5-04 when b5-20 is set to 3.

No. Name Setting Range Default
b5-46 PI Setpoint Monitor Unit Selection Oto 14 0

Setting 0: “WC (Inch of Water)

Setting 1: PSI (Pounds per Square Inch)
Setting 2: GPM (Gallons per Minute)
Setting 3: F (Degrees Fahrenheit)

Setting 4: CFM (Cubic Feet per Minute)
Setting 5: CMH (Cubic Meters per Hour)
Setting 6: LPH (Liters per Hour)

Setting 7: LPS (Liters per Second)

Setting 8: Bar (Bar)

Setting 9: Pa (Pascal)

Setting 10: C (Degrees Celsius)

Setting 11: Mtr (Meters)

Setting 12: Ft (Feet)

Setting 13: LPM (Liters per Minute)

Setting 14: CMM (Cubic Meters per Minute)
B b5-47: Reverse Operation Selection 2 by Pl Output

Determines whether a negative PI output reverses the direction of drive operation. When the PI function is used to trim the
frequency reference (b5-01 = 3), this parameter has no effect and the PI output will not be limited
(same as b5-11=1).

No. Name Setting Range Default
b5-47 Reverse Operation Selection 2 by PI Output 0,1 1

Setting 0: Reverse Disabled
Negative PI output will be limited to zero and the drive output will be stopped.
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Setting 1: Reverse Enabled

Negative PI output will cause the drive to run in the opposite direction.

B Fine-Tuning PI

Follow the directions below to fine tune PI control parameters:

Table 1.11 PI Fine Tuning

Suppress short cycle oscillations

If oscillations are a problem, reduce the
proportional gain (b5-02) or increase the PI
primary delay time (b5-08)

Goal Tuning Procedure Result
Response v Before adjustment
Suppress overshoot Increase the integral time (b5-03) O After adjustment
Time
Response y/; After adjustment
Achieve stability quickly while . .
allowing some overshoot Decrease the integral time (b5-03) — Before adjustment
Time
Before adjustment
Response ,/
et ot ercsethe e time (550 N
g g g After adjustment
Time
Response y/ Before adjustment

\

After adjustment

Time

€ b8: Energy Saving

The Energy Saving feature improves overall system operating efficiency by operating the motor at its most efficient level.

Note: 1. Energy Saving is not designed for applications that experience instantaneous heavy loads or applications that rarely operate with light

load conditions.

2. Energy Saving is mainly designed for applications with variable torque, however Energy Saving is not appropriate for applications where
the load may suddenly increase.

3. The performance of the Energy Saving function depends on the accuracy of the motor data. Always perform Auto-Tuning and correctly
enter the motor data before using this function.

B b8-01: Energy Saving Control Selection

Enables or disables the Energy Saving function.

Note:

Disable the Energy Saving function in such cases.

YASKAWA SIEP YAIZ1U 03B YASKAWA AC Drive — 21000 Programming Manual

Enabling the Energy Saving function when using a PM motor may adversely affect motor efficiency depending on the type of PM motor.

49

Parameter Details



1.2 b: Application

No. Parameter Name Setting Range Default
b8-01 Energy Saving Control Selection 0,1 Dete;nll}g;d by

Setting 0: Disabled
Setting 1: Enabled
B b8-04: Energy Saving Coefficient Value (V/f)

Fine tunes Energy Saving control. Adjust this setting while viewing the output power monitor (U1-08) and running the drive
with a light load.

A low setting results in less output voltage and less energy consumption. If the value is set too low the motor may stall. The
default setting depends on the capacity of the drive.

No. Name Setting Range Default
b8-04 Energy Saving Coefficient Value 0.00 to 655.00 pojermined by

Note: The default value changes if the motor rated capacity set to E2-11 is changed. The Energy Saving coefficient is set automatically when
Auto-Tuning for Energy Saving is performed.

B b8-05: Power Detection Filter Time (V/f)

Determines how often in milliseconds the output power is measured. The Energy Saving function continuously searches out
the lowest output voltage to achieve minimum output power.

Reducing this setting increases the response time. If the filter time is too short, the motor may become unstable with a lighter
load.

No. Name Setting Range Default
b8-05 Power Detection Filter Time 0 to 2000 ms 20 ms

B b8-06: Search Operation Voltage Limit (V/f)

Sets the voltage limit for the Speed Search optimal output voltage detection as a percentage of the maximum output voltage.
The drive will keep the output voltage above this level during the search operation to prevent motor stalling.

Note: If set too low, the motor may stall when the load is suddenly increased. Disabled when set to 0. Setting this value to 0 does not disable
Energy Saving.
No. Name Setting Range Default
b8-06 Search Operation Voltage Limit 0 to 100% 0%
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1.3 C: Tuning

C parameters set the characteristics for acceleration, deceleration, and S-curves. Other parameters in the C group cover settings
for slip compensation, torque compensation, and carrier frequency.

& C1: Acceleration and Deceleration Times
B C1-01 to C1-04: Accel, Decel Times 1 and 2

Four different sets of acceleration and deceleration times can be set in the drive by digital inputs, motor selection, or switched
automatically.

Acceleration time parameters always set the time to accelerate from 0 Hz to the maximum output frequency (E1-04).
Deceleration time parameters always set the time to decelerate from maximum output frequency to 0 Hz. C1-01 and C1-02
are the default active accel/decel settings.

No. Parameter Name Setting Range Default
C1-01 Acceleration Time 1
C1-02 Deceleration Time 1
- - 0.1 to 6000.0 s 30.0s
C1-03 Acceleration Time 2
C1-04 Deceleration Time 2

Switching Acceleration Times by Digital Input
Accel/decel time 1 is active by default if no input is set.

Table 1.12 Accel/Decel Time Selection by Digital Input

Accel/Decel Time Sel. 1 Active Times
H1-O00 =7 Acceleration Deceleration
0 Cl1-01 C1-02
1 Cl1-03 C1-04

Figure 1.19 shows an operation example for changing accel/decel. times. The example below requires that the stopping method
be set for “Ramp to stop” (b1-03 = 0).

Decel Time 1 .
Decel Time 2
ccel Time 1 (€102 . (C1-04
Accel Time 2

Output (C1-01) (C1-03)

frequency —_—

Decel Time 1
) (C}-02)
FWD (REV) ON OFF ON

Run command

ON

Accel/Decel Time Selection 1
(Terminals S1 to S7, H1-0O0O = “7”)

Figure 1.19 Timing Diagram of Accel/Decel Time Change

Switching Accel/Decel Times by a Frequency Level

The drive can switch between different acceleration and deceleration times automatically. The drive will switch from accel/
decel time 2 in C1-03 and C1-04 to the default accel/decel time in C1-01 and C1-02 when the output frequency exceeds the
frequency level set in parameter C1-11. When the frequency falls below this level, the accel/decel times are switched back.
Figure 1.20 shows an operation example.

Note: Acceleration and deceleration times selected by digital inputs have priority over the automatic switching by the frequency level set to C1-11.

For example, if accel/decel time 2 is selected, the drive will use only accel/decel time 2; it will not switch from accel/decel time 2 to the
selected time.
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Output Frequency

i - X -
C1-03 = (accel time from 0 Hz to C1-11) x (E1-04)
C1-11
C1-01 = (accel time between C1-11 and E1-04) X (E1-04) c1-11
(E1-04 - C1-11) Accel/Decel Time
Switch Frequency
C1-02= (decel time between E1-04 and C1-11) x (E1-04)
e (E1-04 - C1-11) ' '
f 0 ] h 0 1
_ (decel time from C1-11 to 0 Hz) X (E1-04) C1-03 C1-01 C1-02 C1-04
C1-04 = C1-11 setting  setting setting setting

When the output frequency > C1-11, drive uses Accel/Decel Time 1 (C1-01, -02)
When the output frequency < C1-11, drive uses Accel/Decel Time 2 (C1-03, -04)

Figure 1.20 Accel/Decel Time Switching Frequency
B C1-11: Accel/Decel Time Switching Frequency

Sets the frequency at which the drive switches between accel/decel time settings. Refer to Switching Accel/Decel Times by
a Frequency Level on page 51 for details.

No. Parameter Name Setting Range Default
Cl-11 Accel/Decel Time Switching Frequency 0.0 to 240.0 Hz 0.0 Hz

Note: Setting C1-11 to 0.0 disables this function.
B C1-09: Fast Stop Time

Sets a special deceleration used when a select group of faults occur or when closing a digital input configured as H1-OOO =
15 (N.O. input) or 17 (N.C. input). A momentary closure of the digital input will trigger the Fast Stop operation; it does not
have to be closed continuously.

The drive cannot be restarted after initiating a Fast Stop operation until after completing deceleration, clearing the Fast Stop
input, and cycling the Run command.

A digital output programmed for “During Fast Stop” (H2-0OO = 4C) will be closed as long as Fast Stop is active.

No. Parameter Name Setting Range Default
C1-09 Fast Stop Time 0.1 to 6000.0 s 10.0s

NOTICE: Rapid deceleration can trigger an overvoltage fault. The drive output shuts off when faulted and the motor coasts. Set an
appropriate Fast Stop time to C1-09 to avoid this uncontrolled motor state and to ensure that the motor stops quickly and safely.

€ C2: S-Curve Characteristics

Use S-curve characteristics to smooth acceleration and deceleration and minimize abrupt shock to the load. Set S-curve
characteristic time during acceleration/deceleration at start and acceleration/deceleration at stop. Increase the value set to
C2-01 if the STo fault (Step Out Detection) occurs when starting a PM motor.

B C2-01 and C2-02: S-Curve Characteristics

C2-01 and C2-02 set separate S-curves for each section of the acceleration or deceleration.

No. Parameter Name Setting Range Default
C2-01 S-Curve Characteristic at Accel Start Determined by
0.00 to 10.00 s Al1-02
C2-02 S-Curve Characteristic at Accel End 0.20s

Figure 1.21 illustrates S-curve application.
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FWD run —

1
'

REV run . . ‘

Output .
frequency C2-01

)

c2:02 O

N
N\

0s<1>

<1> S-Curve characteristic at Decel Start/End is fixed to 0.20 s.

Figure 1.21 S-Curve Timing Diagram - FWD/REV Operation

Setting the S-curve will increase the acceleration and deceleration times.
Actual accel time = accel time setting + (C2-01 + C2-02) / 2

€ C4: Torque Compensation

The torque compensation function compensates for insufficient torque production at start-up or when a load is applied.

Note: Set the motor parameters and V/f pattern properly before setting torque compensation parameters.

B C4-01: Torque Compensation Gain

Sets the gain for the torque compensation function.

No. Parameter Name Setting Range Default
C4-01 Torque Compensation Gain 0.00 to 2.50 Detegnllfggd by

Torque Compensation in V/f and OLV/PM:

The drive calculates the motor primary voltage loss using the output current and the termination resistor value (E2-05 for IM
motors, E5-05 for PM motors) and adjusts the output voltage to compensate insufficient torque at start or when load is applied.
The effects of this voltage compensation can be increased or decreased using parameter C4-01.

Adjustment

Although this parameter rarely needs to be changed, it may be necessary to adjust the torque compensation gain in small steps
of 0.05 in the following situations:

* Increase this setting when using a long motor cable.
* Decrease this setting when motor oscillation occurs.
Adjust C4-01 so the output current does not exceed the drive rated current.

Note: Refrain from adjusting this parameter in OLV/PM. Setting this value too high can cause overcompensation and motor oscillation.

B C4-02: Torque Compensation Primary Delay Time

Sets the delay time used for applying torque compensation.

No. Parameter Name Setting Range Default
C4-02 Torque Compensation Primary Delay Time 0 to 60000 ms ADI%%HQIIII&?;(}; 4

Adjustment

Although C4-02 rarely needs to be changed, adjustments may be necessary in the following situations:
* Increase this setting if the motor vibrates.

* Decrease this setting if the motor responds too slowly to changes in the load.
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€ C6: Carrier Frequency
B C6-02: Carrier Frequency Selection

Sets the switching frequency of the drive output transistors. Changes to the switching frequency lower audible noise and reduce
leakage current.

Note: Increasing the carrier frequency above the default value automatically lowers the drive current rating. Refer to Rated Current Depending
on Carrier Frequency on page 55.
No. Parameter Name Setting Range Default
C6-02 Carrier Frequency Selection 1to5;7t09; AtoF Determined by A1-02 and 02-04
Settings:
C6-02 Carrier Frequency C6-02 Carrier Frequency
1 2.0kHz 8 Swing PWM 2
2 5.0 kHz 9 Swing PWM 3
3 8.0 kHz A Swing PWM 4
4 10.0 kHz BtoE No setting possible
5 12.5 kHz F User defined
7 Swing PWM 1
Note: Swing PWM uses a carrier frequency of 2.0 kHz as a base, then applies a special PWM pattern to reduce the audible noise.

Guidelines for Carrier Frequency Parameter Setup

Symptom Remedy

Speed and torque are unstable at low speeds

Noise from the drive affects peripheral devices

= - Lower the carrier frequency.
Excessive leakage current from the drive q Y

Wiring between the drive and motor is too long <>

Audible motor noise is too loud Increase the carrier frequency or use Swing PWM.

<1> The carrier frequency may need to be lowered if the motor cable is too long. Refer to the following table.

Wiring Distance Up to 50 m Up to 100 m Greater than 100 m
Recommended setting value for C6-02 1 to F (up to 12.5 kHz) 1 go(zsv(figgop%\}ﬁ)z)’ 1 (up to 2 kHz), 7 (Swing PWM)

Note: The maximum cable length is 100 m when using OLV/PM (A1-02 =5).
B C6-03, C6-04, C6-05: Carrier Frequency Upper Limit, Lower Limit, Proportional Gain

Note: C6-04 and C6-05 are available in V/f Control mode only.

These parameters set a user-defined or a variable carrier frequency. Set C6-02 to F to set the upper and lower limits and the
carrier frequency proportional gain.

No. Parameter Name Setting Range Default
C6-03 Carrier Frequency Upper Limit 1.0to 12.5 kHz .
C6-04 Carrier Frequency Lower Limit (V/f Control only) 1.0 to 12.5 kHz Detegg_lggd by
C6-05 Carrier Frequency Proportional Gain (V/f Control only) 0to 99

Setting a Fixed User-Defined Carrier Frequency

A carrier frequency between the fixed selectable values can be entered in parameter C6-03 when C6-02 is set to F.
In V/f Control, adjust parameter C6-04 to the same value as C6-03.

Setting a Variable Carrier Frequency (V/f Control)

In V/f Control