Allen-Bradley

Adjustable
Frequency AC Drive

Reference Manual

Rockwell
Automation



http://www.abpowerflex.com

Important User Information

Solid state equipment has operational characteristics differing from those of
electromechanical equipment. “ Safety Guidelines for the Application,
Installation and Maintenance of Solid State Controls” (Publication SGI-1.1
available from your local Allen-Bradley Sales Office or online at http://
www.ab.com/manuals/gi) describes some important differences between
solid state equi pment and hard-wired el ectromechanical devices. Because of
this difference, and also because of the wide variety of uses for solid state
equipment, all persons responsible for applying this equipment must satisfy
themselves that each intended application of this equipment is acceptable.

In no event will the Allen-Bradley Company be responsible or liable for
indirect or consequential damages resulting from the use or application of
this equipment.

The examples and diagramsin this manual are included solely for
illustrative purposes. Because of the many variables and requirements
associated with any particular installation, the Allen-Bradley Company
cannot assume responsibility or liability for actual use based on the
examples and diagrams.

No patent liability is assumed by Allen-Bradley Company with respect to
use of information, circuits, equipment, or software described in this
manual.

Reproduction of the contents of this manual, in whole or in part, without
written permission of the Allen-Bradley Company is prohibited.

Throughout this manual we use notes to make you aware of safety
considerations.

ATTENTION: Identifiesinformation about practices or
A circumstances that can lead to personal injury or death, property
damage, or economic loss.

Attentions help you:

e identify ahazard

» avoid the hazard

* recognize the consequences

Important: Identifiesinformation that is especially important for successful
application and understanding of the product.

Shock Hazard labels may be located on or inside the drive to
6 alert people that dangerous voltage may be present.

DriveExplorer, DriveTools32, and SCANport are trademarks of Rockwell Automation.
PLC isaregistered trademark of Rockwell Automation.

ControlNet is atrademark of ControlNet International, Ltd.

DeviceNet is atrademark of the Open DeviceNet Vendor Association.
COLOR-KEYED isaregistered trademark of Thomas & Betts Corporation.
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Chapter 1

PowerFlex 70/700
Specifications

Specifications & Dimensions

Category

Specification

Protection

200-208V | 240V 380/400 |480V 600V 690V
PowerFlex 70 Drive Drive Drive Drive Drive Drive Drive
AC Input Overvoltage Trip: 247VAC |285VAC |475VAC |570VAC |690VAC
AC Input Undervoltage Trip: 120VAC |138VAC |233VAC |280VAC |345VAC
Bus Overvoltage Trip: 350vDC |405vDC |675VDC |810vDC |1013vDC
Bus Undervoltage Trip: 176VDC |204VDC |339vDC |407vVDC |998VDC
Nominal Bus Voltage: 281VDC |324VvDC |540VDC |648vVDC |810vVDC
PowerFlex 700

AC Input Overvoltage Trip:

AC Input Undervoltage Trip:

Bus Overvoltage Trip:

See PowerFlex 70 above

Bus Undervoltage Trip: Adjustable
Nominal Bus Voltage: See PowerFlex 70 above
All Drives

Heat Sink Thermistor:

Monitored by microprocessor overtemp trip

Drive Overcurrent Trip
Software Current Limit;
Hardware Current Limit:
Instantaneous Current Limit;

20-160% of rated current
200% of rated current (typical)
220-300% of rated current (dependent on drive rating)

Line transients: up to 6000 volts peak per I[EEE C62.41-1991
Control Logic Noise Immunity: Showering arc transients up to 1500V peak
Power Ride-Thru: 15 milliseconds at full load

Logic Control Ride-Thru:

0.5 seconds minimum, 2 seconds typical

Ground Fault Trip:

Phase-to-ground on drive output

Short Circuit Trip:

Phase-to-phase on drive output

Agency
Certification

The drive is designed to meet the following specifications:

NFPA 70 - US National Electrical Code

NEMA ICS 3.1 - Safety standards for Construction and Guide for Selection,
Installation and Operation of Adjustable Speed Drive Systems.

NEMA 250 - Enclosures for Electrical Equipment

|IEC 146 - International Electrical Code.

'@

UL and cUL Listed to UL508C and CAN/CSA-C2.2 No. 14-M91

C€

Marked for all applicable European Directives®
EMC Directive (89/336/EEC)
Emissions
EN 61800-3 Adjustable Speed electrical power drive systems Part 3
Immunity
EN 61800-3 Second Environment, Restricted Distribution
Low Voltage Directive (73/23/EEC)
EN 60204-1 Safety of Machinery —-Electrical Equipment of Machines
EN 50178 Electronic Equipment for use in Power Installations




1-2 Input/Output Ratings

Category

Specification

Environment

Altitude: 1000 m (3300 ft) max. without derating

Ambient Operating Temperature

without derating:
Open Type: 0to 50 degrees C (32 to 122 degrees F)
IP20: 0to 50 degrees C (32 to 122 degrees F)
NEMA Type 1: 0to 40 degrees C (32 to 104 degrees F)

IP56, NEMA Type 4X

0 to 40 degrees C (32 to 104 degrees F)

Storage Temperature (all const.):

—40 to 70 degrees C (40 to 158 degrees F)

Relative Humidity:

5 to 95% non-condensing

Shock: 15G peak for 11ms duration (1.0 ms)
Vibration: 0.152 mm (0.006 in.) displacement, 1G peak
Electrical Voltage Tolerance: —-10% of minimum, +10% of maximum.
Frequency Tolerance: 47-63 Hz.
Input Phases: Three-phase input provides full rating for all drives. Single-phase
operation provides 50% of rated current.
Displacement Power Factor
PF70 - C & D Frame Drives: 0.92 lagging (entire speed range)
PF70 - A & B Frame Drives: 0.64 lagging
PF700 TBD
Efficiency: 97.5% at rated amps, nominal line volts.
Max. Short Circuit Current Rating: | Maximum short circuit current rating to match specified fuse/circuit
Using Recommended Fuse or | breaker capability.
Circuit Breaker Type
Control Method: Sine coded PWM with programmable carrier frequency. Ratings apply

to all drives (refer to the Derating Guidelines on page 1-3). The drive
can be supplied as 6 pulse or 12 pulse in a configured package.

Carrier Frequency
PF70 - A-D Frame Drives:
PF700 - 0-3 Frames:

2-10 kHz. Drive rating based on 4 kHz
2-10 kHz. Drive rating based on 4 kHz

Output Voltage Range: 0 to rated motor voltage

Output Frequency Range: 0 to 400 Hz.

Frequency Accuracy
Digital Input: Within £0.01% of set output frequency.
Analog Input: Within £0.4% of maximum output frequency.

Speed Regulation - Open Loop
with Slip Compensation:

+0.5% of base speed across a 40:1 speed range.

Selectable Motor Control;

Sensorless Vector with full tuning. Standard V/Hz with full custom
capability. PF700 adds flux vector.

Stop Modes: Multiple programmable stop modes including - Ramp, Coast, DC-Brake,
Ramp-to-Hold and S-curve.

Accel/Decel: Two independently programmable accel and decel times. Each time
may be programmed from 0 - 3600 seconds in 0.1 second increments

Intermittent Overload: 110% Overload capability for up to 1 minute

150% Overload capability for up to 3 seconds

Current Limit Capability:

Proactive Current Limit programmable from 20 to 160% of rated output
current. Independently programmable proportional and integral gain.

Electronic Motor Overload
Protection

Class 10 protection with speed sensitive response. Investigated by U.L.
to comply with N.E.C. Article 430. U.L. File E59272, volume 12.

) Applied noise impulses may be counted in addition to the standard pulse train causing erroneously high [Pulse Freq] readings.

Input/Output Ratings  Each PowerFlex Drive has normal and heavy duty torque capabilities. The
listings can be found in Tables 2.0 through 2.S.

Heat Dissipation

See Watts L oss on page 2-172.




Derating Guidelines 1-3

Derating Guidelines  PowerFlex 70 Ambient Temperature/Load

PowerFlex70, A Frame 400V Class. Derating, Ambient Temperature and Load. Open, NEMAL, IP20.
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1-4 Derating Guidelines

Altitude

PowerFlex 70 Altitude Derating Factor - All Frames.
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PowerFlex 70 Dimensions 1-5

PowerFlex 70 Figure 1.1 PowerFlex 70 Frames A-D
Dimensions

- A

‘<_F_,

Allen-Bradley

A E-Ly

—>‘ ‘<—E

Dimensions are in millimeters and (inches)

Frame
(see Table L.A) |A B C D E F Weight
A 121.9 (4.80) [94.2 (3.71) |211.6(8.33) |225.8(8.89) |5.8(0.23) |179.8 (7.08) |3.56 kg (7.85 Ib)
B 171.2 (6.74) |122.7 (4.83) |220.2 (8.67) |234.6 (9.24) |5.8(0.23) [179.8 (7.08) |4.49 kg (9.9 Ib)
C 185.9 (7.32) |137.6 (5.42) |285.6 (11.25)300.0 (11.81) |5.8 (0.23) |179.8 (7.08) |7.60 kg (16.75 Ib)
D 220.4 (8.68) |169.0 (6.65) |335.7 (13.21) |350.0 (13.78) [5.8 (0.23) |180.4(7.10) |9.75 kg (215 Ib)
Table 1.A PowerFlex 70 Frames
240/208V AC Input 400V AC Input 480V AC Input 600V AC Input
Frame |[ND HP HD HP ND kW  |HD kW ND HP HD HP ND HP HD HP
A 0.5 0.33 0.37 0.25 0.5 0.33 0.5 0.33
1 0.75 0.75 0.55 1 0.75 1 0.75
- - 15 1.1 2 15 2 15
B 2 15 2.2 15 3 2 3 2
- 4 3 5 3 5 3
C 3 2 55 4 75 5 75 5
5 3 75 55 10 75 10 75
D 75 5 11 15 15 10 15 10
10 75 15 11 20 15 20 15
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PowerFlex 70 Dimensions

Figure 1.2 PowerFlex 70 Bottom View Dimensions - Frame A
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(3.40)

80.0

(3.15)
419 0 222

—— —
3(51?5) (0.88)

~ (140>

Dimensions are in millimeters and (inches)

Figure 1.3 PowerFlex 70 Bottom View Dimensions - Frame B
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Figure 1.4 PowerFlex 70 Bottom View Dimensions - Frame C
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Number of fans will vary depending on drive size.

Dimensions are in millimeters and (inches)

Figure 1.5 PowerFlex 70 Bottom View Dimensions - Frame D
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Dimensions are in millimeters and (inches)



1-8 PowerFlex 70 Flange Mount Dimensions

PowerFlex 70 Flange
Mount Dimensions

Drive Catalog Number

Figure

Knockout Dimensions

Cutout Dimensions

20AB2P2F
20AB4P2F
20AC1P3F / 20AD1P1F
20AC2P1F / 20AD2P1F
20AC3P5F / 20AD3P4F
20AEQP9F
20AE1P7F
20AE2P7F

Figure 1.7

Figure 1.11

20AB6P8F
20AC5POF / 20AD5POF
20AC8P7F / 20AD8POF
20AE3P9F
20AE6P1F

Figure 1.8

Figure 1.12

20ABI9P6F
20ABO015F
20AC011F / 20ADO11F
20ACO015F / 20AD014F
20AE9POF
20AEO11F

Figure 1.9

Figure 1.13

20AB9PGF
20ABO015F
20AC011F / 20ADO11F
20AC015F / 20AD014F
20AE9POF
20AEO11F

Figure 1.10

Figure 1.14

Figure 1.6 Overall Dimensions

- A - - c
dBie . JLENR I J :\
I,
= @ |
g ©
° 1o ol ° m }H{ WU
©v© | }ﬂ{
B Il
: : I
]
Jglo ' U of@lP ¥ ﬁmﬁﬁ;
Dimensions are in millimeters and (inches)
Frame A B C
A 156.0 (6.14) 225.8(8.89) 178.6 (7.03)
B 205.2 (8.08) 234.6(9.24) 178.6 (7.03)
c 219.0 (8.62) 300.0 (11.81) 178.6 (7.03)
D 248.4(9.78) 350.0 (13.78) 178.6 (7.03)




PowerFlex 70 Flange Mount Dimensions
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Figure 1.7 A Frame Knockout Dimensions

101.9
(4.01)

22.2 dia.
(0.87 dia.)

Dimensions are in millimeters and (inches)

Figure 1.8 B Frame Knockout Dimensions

140.6
(5.54)

- 222 dia.
(3.64) (0.87 dia.)

Dimensions are in millimeters and (inches)
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Figure 1.9 C Frame Knockout Dimensions

1112
(4.38)

92.2

22.2 dia.
(0.87 dia.)

Dimensions are in millimeters and (inches)

Figure 1.10 D Frame Knockout Dimensions

135.5

5.33
107.3( )

,@2)

2x 22.2 dia. 2x 28.5 dia.
(0.87 dia.) (112 dia.)

Dimensions are in millimeters and (inches)



PowerFlex 70 Flange Mount Dimensions
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Figure 1.11 A Frame Cutout Dimensions
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Figure 1.12 B Frame Cutout Dimensions
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Dimensions are in millimeters and (inches)
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Figure 1.13 C Frame Cutout Dimensions
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PowerFlex 70 Flange Mount Dimensions

A

Figure 1.14 D Frame Cutout Dimensions
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PowerFlex 70 Flange Mount Dimensions
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Figure 1.15 Flange Mounting
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Dimensions are in millimeters and (inches)
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1-16 PowerFlex 700 Dimensions

PowerFlex 700
Dimensions

Figure 1.16 PowerFlex 700 Frames 0-3 (0 Frame Shown)

A
15.0 (0.59) > D
i 5.5(0.22) —>| | |=|
5.8(0.23)d|a.7 ??& (0.22) JHL\ ) c
/ : L] °
® —>
cleeloe) °
29589 — >
leleleele) —
OO000 o
e~ ———
: .
$ oD
i
—
O
- L
b ~ll<s502)
8.0
(0.31)
Dimensions are in millimeters and (inches).
weight D kg (Ibs.)
Frame Drive &
(see Table 1.B) |A B C D E Drive Packaging
0 110.0 (4.33) |336.0(13.23) |200.0(7.87) |80.0(3.15) |320.0 (12.60) |5.22 (11.5) |8.16 (18)
1 135.0 (5.31) |336.0(13.23) |200.0(7.87) |105.0 (4.13) [320.0(12.60) |7.03 (15.5) |9.98 (22)
2 222.0 (8.74) |342.5(13.48) |200.0 (7.87) |192.0(7.56) [320.0(12.60) |12.52 (27.6)|15.20 (33.5)
3 222.0(8.74) |517.5(20.37) |200.0(7.87) |192.0(7.56) |500.0 (19.69) |18.55 (40.9)|22.68 (50)
5 300.0 (11.81) |583.0(22.95) |270.3 (10.64) [225.0 (8.86) |625.0 (24.61) @ @
@ weights include HIM and Standard 1/O.
@ Not available at time of publication
Table 1.B PowerFlex 700 Frames
208/240V AC Input {400V AC Input 480V AC Input
Frame (NDHP |[HDHP [NDkW [HDkW [NDHP |HDHP
0 0.5 0.33 0.37 0.25 0.5 0.33
1 0.75 0.75 0.55 1 0.75
2 15 15 0.75 2 15
3 2 2.2 15 3 2
- - 4 2.2 5 3
- - 55 4 75 5
1 5 3 7.5 5.5 10 7.5
75 5 11 75 15 10
2 10 75 15 11 20 15
- - 185 15 25 20
3 15 10 22 18.5 30 25
20 15 30 22 40 30
5 - - - 45 - 60
- - 55 - 75 -
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Figure 1.17 PowerFlex 700 Bottom View Dimensions — Frame 0
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Figure 1.18 PowerFlex 700 Bottom View Dimensions — Frame 1
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Figure 1.19 PowerFlex 700 Bottom View Dimensions — Frame 2
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Figure 1.20 PowerFlex 700 Bottom View Dimensions — Frame 3
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Chapter 2

Accel Time

AC Supply Source
Considerations

Detailed Drive Operation

This chapter explains PowerFlex drive functionsin detail. Explanations are
organized a phabetically by topic. Refer to the Table of Contentsfor a
listing of topics.

[Accd Time 1, 2]

The Accel Time parameters set the rate at which the drive ramps up its
output frequency after a Start command or during an increase in command
frequency (speed change). The rate established isthe result of the
programmed Accel Time and the Minimum and Maximum Frequency, as
follows:

Maximum Frequency — Minimum Frequency
Accel Time

= Accel Rate

Two Accel Timesexist to allow the user to change accel eration rates* on the
fly” viaPLC command or Digital Input. The selection is made using the 1st
/ 2nd Accel inputs shown below or asimilar pattern of Accel Time select
bitsin the Logic Control word used via PLC communications.

Times are adjustable in.1 second increments from 0.0 seconds to 3600.0
seconds.

In its factory default condition, when no Accel select inputs are closed and
no Accel Timebitsare“1”, the default acceleration timeis Accel Time 1
and the rate is determined as above.

PowerFlex 700 drives are suitable for use on acircuit capable of delivering
up to amaximum of 200,000 rms symmetrical amperes, 600V.

damage caused by improper fusing or circuit breaker selection, use
only the recommended line fuses/circuit breakers specified in
Tables 2.0 through 2.S.

2 ATTENTION: To guard against personal injury and/or equipment

If a system ground fault monitor (RCD) is to be used, only Type B
(adjustable) devices should be used to avoid nuisance tripping.
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Alarms

Alarms are indications of situations that are occurring within the drive or
application that should be annunciated to the user. These situations may
affect the drive operation or application performance. Conditions such as
Power Loss or Analog input signal loss can be detected and displayed to the
user for drive or operator action.

There are two types of alarms:

e Typel Alarmsare conditions that occur in the drive or application that
may require alerting the operator. These conditions, by themselves, do
not cause the drive to “trip” or shut down, but they may be an indication
that, if the condition persists, it may lead to a drive fault.

» Type?2 Alarmsare conditionsthat are caused by improper programming
and they prevent the user from Starting the drive until the improper
programming is corrected. An example would be programming one
digital input for a 2-wire type control (Run Forward) and another digital
input for a 3-wire type control (Start). These are mutually exclusive
operations, since the drive could not determine how to properly issue a
“Run” command. Because the programming conflicts, the drive will
issue atype 2 alarm and prevent Starting until the conflict is resolved.

Alarm Status Indication

[Drive Alarm 1]
[Drive Alarm 2]

Two 16 bit Drive Alarm parameters are available to indicate the status of
any alarm conditions. Both Type 1 and Type 2 alarms are indicated.

A “1" inthe bit indicates the presence of the alarm and a“0” indicates no
aarmis present

Configuration

In order for adrive alarm to be annunciated to the “outside” world, it must
first be “configured” or activated. Configuration parameters contain a
configuration bit for each Type 1 alarm. Type 2 alarms are permanently
configured to annunciate. The configuration word is a mirror image of the
Drive Alarm word:; that is, the same bits in both the Drive Alarm Word and
the Alarm Configuration Word represent the same alarm.

Drive Alarm

N I I R I N N 1 [ 1 ] 1
Alarm Config + + +
N I I R I N N 1 [ o[ o
VXX

Active |Inactive | Inactive
Alarm | Alarm | Alarm
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The configuration bits act as a mask to block or pass through the alarm
condition to the active condition. An active alarm will be indicated on the
LCD HIM and will cause the drive alarm status hit to go high (“1”) in the
Drive Status word (Bit 6, parameter 209). This bit can then be linked to a
digital output for external annunciation. As default, all configuration bits
are high (*1"). Note that setting a configuration bit to “0” to “mask” an
alarm does not affect the status bit in the Drive Alarm parameter, only its
ability to annunciate the condition.

Application

A processis being controlled by a PowerFlex drive. The speed reference to
the driveisa4 —20 mA analog signal from a sensor wired to Analog Input
1.

Theinput is configured for mA by setting the corresponding bit in [Anlg In
Config] to“1”

320|[Anlg In Config] 322
(@) | Selects the mode for the analog inputs. 325
323
VA 326
A
DD D e x [ x D x oo | 3=Cument
’?15 141312[1110 9 8[7 6 5 4]3 2 1 0] ,_poave
Bit #
Factory Default Bit Values
Analog In Config
N N N N A I
Speed Ref A Sel +
N A I I D B B B 1

Theinput is scaled for 4-20 mA by setting [Analog In 1 Lo] to “4” mA and
[Analog In 1 Hi] to “20” mA.

The signal is designated as the active speed reference by setting [ Speed Ref
A Sel] to itsfactory default value of “1”

090 | [Speed Ref A Sel] Default: 2 “AnalogIn2” 002
(@ | Selects the source of the speed Options: 1 “Analog In 1" ?hgl
reference to the drive unless [Speed Ref 2 “Analog In 2" ru
B Sel] or [Preset Speed 1-7] is selected. 3-8 “Reserved” 093
9 “MOP Le\éel” tlhort
1 : - 10  “Reserved”
g (1) See Appendix B for DPI port locations. 11 “Preset Spdl’ 1(1);
Z 12 “Preset Spd2” thru
S 13 “Preset Spd3” 120
E‘:_’ 14 “Preset Spd4” 192
= 15  “Preset Spd5” h
5] 16  “Preset Spd6” tlgrg
n 17 “Preset Spd7”
18 “DPI Port 1'(1) 213
19 “DPI Port 2'(1) 212
20 “DPI Port 3'(1) 213
21 “DPI Port 4'(1) 320
22 “DPIPort 58 f’h%
23 “DPI Port 6 366
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By setting Speed Ref A Hi to 60 Hz and Speed ref A Lo to 0 Hz, the speed
reference is scaled to the application needs. Because of the Input scaling
and link to the speed reference, 4 mA represents minimum frequency (0
Hz.) and 20 mA represents Maximum Frequency (60 Hz.)

Scale Block

p322 P091

20mA 60 Hz
P325 P092

4mA 0HzZ

Theinput is configured to recognize aloss of signal and react accordingly to
the programming.

324 |[Analog In 1 Loss] Default: 0  “Disabled” 091
327|[Analog In 2 Loss] 0  “Disabled" 092

Selects drive action when an analog Options: 0  “Disabled”

signal loss is detected. Signal loss is 1 “Fault’

defined as an analog signal less than 1V 2 “Hold Input’

or 2mA. The signal loss event ends and 3 “SetlnputLo”

normal operation resumes when the 4 “SetInput Hi"

input signal level is greater than or equal 5  “Goto Presetl”

to 1.5V or 3mA. 6  “Hold OutFreq”

Theloss action is chosen as Hold Input, meaning that the last received
signa will be maintained as the speed reference.

Finally, a Digital Output relay is configured to annunciate an alarm by
turning on aflashing yellow light mounted on the operator panel of the
process control area.

380| [Digital Outl Sel] Default: 1  “Fault’ 381
384 | [Digital Out2 Sel] 4 “Rur 385
Selects the drive status that will energize |Options: 1 “Fault'() 382
a (CRx) output relay. 2 “Alarm’@® 386
3 “Ready” 383

(UContacts shown on page 1-12 are in 4 “Rur’ ,

drive powered state with condition not 5 “Forward Run”

present. For functions such as “Fault’ 6 “Reverse Runf

and “Alarm” the normal relay state is 7 “Auto Restart”.

energized and N.O. / N.C. contact wiring 8 “Powerup Run
2 may have to be reversed. 9 "AtSpeed 002
= 2 10 “AtFreq’ 001
5 = 11 “AtCurrent’ 003
o I 12 “AtTorque” 004
M 13 “AtTemp’ 218
= 2 14 “AtBus Volts” 012
= e 15 “AtPI Error” 137
- 16  “DC Braking” 157
17 “Curr Limit" 147
18  “Economize” 053
19  “Motor Overld” 048
20  “Power Loss” 184

21 “Input1 Link”
22 ‘“Input 2 Link”
23 “Input 3 Link”
24 ‘“Input4 Link”
25 “Input5 Link”
26 “Input 6 Link”
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While the processis normal and running from the analog input, everything
proceeds normally. However, if the wire for the analog input should be
severed or the sensor malfunction so that the 4-20mA signal islost, the
following sequence occurs:

1. thedrive will sensethe signal loss

2. an active Type 1 Alarm is created and the last signal value is maintained
as the speed reference

3. theaarm activatesthe Digital output relay to light the alarm light for the
operator

4. The operator uses the HIM to switch the drive to Manual Control (see
Auto/Manual)

5. The operator manually brings the processto a controlled stop until the
signal lossisrepaired.
Alarm Queue (PowerFlex 700 Only)

A queue of 8 parameters existsthat capture the drive alarms asthey occur. A
sequential record of the alarm occurrences allows the user to view the
history of the eight most recent events.

262 |[Alarm 1 Code] Default:  Read Only 261
263 |[Alarm 2 Code] : .

264 |[Alarm 3 Code] E/I::éll\g;x 2/256
265 |[Alarm 4 Code] '
266 |[Alarm 5 Code]
267 |[Alarm 6 Code]
268 |[Alarm 7 Code]
269 |[Alarm 8 Code]

A code that represents a drive alarm.
The codes will appear in the order they
occur (first 4 alarms in — first 4 out alarm
queue). A time stamp is not available with
alarms.

Alarms
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Analog Inputs

Possible Uses of Analog Inputs
The analog inputs provide data that can be used for the following purposes:

» Provide avalueto [Speed Ref A] or [Speed Ref B].

* Provideatrim signal to [Speed Ref A] or [Speed Ref B].

» Provide areference when the terminal block has assumed manual control
of the reference

* Provide the reference and feedback for the Pl loop. See Process Pl
L oop on page 2-116.

* Provide an external and adjustable value for the current limit and DC
braking level

» Enter and exit sleep mode.

Analog Input Configuration
[Anlg In Config]

[Current Lmt Sel] allows an analog input to control the set point while [DC
Brk Levl Sel] allows an analog input to define the DC hold level used when
Ramp-to-Stop, Ramp-to-Hold, or Brake-to-Stop is active.

To provide local adjustment of a master command signal or to provide
improved resolution the input to analog channel 1 or 2 can be defined asa
trim input. Setting [Trim In Select] alows the selected channel to modify
the commanded frequency by 10%.The speed command will be reduced by
10% when the input level isat [Anlg In x Lo] with it linearly increasing to
10% above command at [Anlg In xHi].

Feedback can be used to control an operation using the “Process PI”
(proportional-integral) feature of the control. In this case one signal, defined
using [Pl Reference Sel], provides a reference command and a second,
defined using [Pl Feedback Sel], provides a feedback signal for frequency
compensation. Please refer to the Process Pl L oop on page 2-116 for details
on this mode of operation.




AnalogIn1Lo l C) Input/Output
Analog In 1 Hi
oy | _vsarma_ ] Furane
1 Scale al Anaiog
Analog In 2 Lo | I:I Processing
Analogin2Hi || [ T ! i
Analog Input \olts or mA Cal Analog 2 [, ,,,,,,,,, Selection/Control
2 Scale & Analog

‘ Sleep-Wake Ref H

[ [ [

TB Man Ref Sel H ‘ Pl Reference Sel HH Pl Feedback Sel HH Current Lmt Sel H
| |
| |

{ { { [ —
! ‘ Speed Ref A Sel H ! ‘ Speed Ref B Sel H ! ‘ Trim In Select H }‘
| | ‘ | ‘ \ ‘
| [ | [ | I ] I
| | | | | | } |
1 \ 1 | 1 | | \
| | | | | | | |
1 1 [ S ]
Speed Ref A Lo |
Speed Ref A Hi
? Speed Ref B Lo
Ref A
Scale/Limit Speed Ref B Hi ||
o]
Ref B —————
Trim
Scale/Limit
A,
TB Manual
Hz Scale/Limit
Trim Out Sel | i
|
J AR N
Q ‘
4
+\ Mm
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v

Reference A

v
Reference B
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TB Manual CPI Reference>
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Pl

Reference

Scale/

Limit

%
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%

A
(PI Feedback>
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Current Limit
Scale/Limit
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Current

[ [
! ‘ DC Brk Levl Sel H !
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Scale/Limit Wake Level l
A
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[ 7777777777 j‘ Selection/Control
[ Anlg in Cont | [ agmiioss | L Tagn ‘
o | Cemes ] [y |
I I I
I H I imi I
| | 0-10v Unipolar | Loss Limit | |
Analog 1 \ i Call | Detect |1 0-10V | |
Voltage i } i } i }
I I I
I I I
ADC ‘ ‘ ‘ ‘ ‘ ‘ ( CalAnalog1 )
: | : | : |
L e | .
urrent I 0-20mA Current | Loss Limit I
i > > H—> ! Square
} | Call } Detect | 4-20mA } | Root
\ 1 \ 1 \ 1
: | : | : |
S I e I e I
——>| Analog In1 Value l
Note: If either of these
parameters is < 0, input will go
into bipolar mode, otherwise
l unipolar.
\ _Anaogin2lo | R : I :
i i l i Anlg In 2 Loss | i Anlg In Sgr Root |
I I I
| ! 1 0-10v Unipolar i Loss || Limit | !
Analog 2 \ w \ ! cal2 ™ Detect [ | 0410V \ ‘
Unipolar i ! i ! i ! i !
I I I — I
I H I I
| | | | 10v- | | Limit ‘ ‘
An_alog2 ADC (voltage) ; N 10v - +10v Bipolar > 10Vio R o> Cal Analog 2
Bipolar \ ! ! ! Cal2 \ ! \ ! < >
! | ‘ | | | 10v | |
| | [ | | | | |
Analog 2 } | } | } |
Current ! (current) 0-20mA .| Current 1| Loss Limit !
\ ‘ cal2 > Detect [ | 4-20mA \ | Square
| \ | \ | \ Root
\ ! \ ! \ !
| | : | : |
S | S | S |

L » | Analog In2 Value |
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Scaling Blocks

[Analog In Hi]
[Analog InLo]

A scaling operation is performed on the value read from an analog input in
order to convert it to units usable for some particular purpose. The user
controls the scaling by setting parameters that associate alow and high
point inthe input range (i.e. in volts or mA) with alow and high point in the
target range (e.g. reference frequency).

Two sets of numbers may be used to specify the analog input scaling. One
set (called the “input scaling points’) defines low and high pointsin terms
of the units read by the input hardware, i.e. volts or mA.

The second set of numbers (called the “ output scaling points’) used in the
analog input scaling defines the same low and high pointsin units
appropriate for the desired use of the input. For instance, if theinput isto be
used as afrequency reference, this second set of numbers would be entered
in terms of Hz. For many features the second set of numbersisfixed. The
user setsthe second set for speed and reference trim.

An analog input or output signal can represent a number of different
commands. Typically an analog input is used to control output frequency,
but it could control frequency trim or current limit. An analog output
typically isafrequency indication, but it could represent output current,
voltage, or power. For this reason this document defines an analog signal
level as providing a*“command” value rather than a*“frequency.” However
when viewing acommand value it is presented as a frequency based on the
[Minimum Speed] and [Maximum Freq] settings.

The 0-10 volt input scaling can be adjusted using the following parameters.

e [AnalogInx Lo]
* [Analog Inx Hi]
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Configuration #1.:

e [Speed Ref A Sel] =“Andlog In1”
[Minimum Speed] = 0 Hz

* [Maximum Speed] = 60 Hz

* [AnaoginlLo] =0%

[Analog In 1 Hi] = 100%

Thisisthe default setting, where minimum input (O volts) represents
[Minimum Speed] of 0 Hz and maximum input (10 volts) represents
[Maximum Speed] of 60 Hz.

12

10 Config 1
8

Input Volts

0 6 12 18 24 30 36 42 48 54 60
Output Hertz

Scaling Block

[Speed Reference A Sel] = “Analog In 1"
[Analog In 1 Lo] [Minimum Speed]
ov 0 Hz

[Analog In 1 Hi] [Maximum Speed]
10V 60 Hz
Configuration #2:

e [Speed Ref A Sel] =“Andlog In1”
e [Minimum Speed] = 0Hz

* [Maximum Speed] = 30 Hz

e [AndloginlLlLo] =0%

[Analog In 1 Hi] = 100%

Thisis an application that only requires 30 Hz as a maximum output
frequency, but is still configured for full 10 volt input. The result is that the
resolution of the input has been doubled, providing only 3 Hz change per
input volt (Configuration #1 is 6 Hz/Volt).
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12
10 Config 2
o 8
S
= 6
>
=3
= 4
2
0 6 12 18 24 30 36 42 48 54 60
Output Hertz
Scaling Block
[Speed Reference A Sel] = “Analog In 1"
[Analog In 1 Lo] [Minimum Speed]
ov 0Hz
[Analog In 1 Hi] [Maximum Speed]
10V 30 Hz

Configuration #3:

* [Speed Ref A Sel] ="Analn 1’
[Minimum Speed] = 0 Hz.
[Maximum Speed] = 60 Hz.

* [AnaogInlLo]=20%
[Anaog In 1 Hi] = 100%

This configuration is referred to as offset. In this case, a 2-10 volt input
signal provides 0-60 Hz output, providing a 2 volt offset in the speed
command.

12
10 Config 3
o 8
S
= 6
>
=3
= 4
2
0 6 12 18 24 30 36 42 48 54 60
Output Hertz
Scaling Block
[Speed Reference A Sel] = “Analog In 1"
[Analog In 1 Lo] [Minimum Speed]
2V OHz
[Analog In 1 Hi] [Maximum Speed]
10V 60Hz
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Configuration #4:

e [Minimum Speed] = 0 Hz.
e [Maximum Speed] = 60 Hz.
* [AnaogIn1Lo]=100%

* [AnadogIn1Hi] =0%

This configuration is used to invert the operation of the input signal. Here,
maximum input (100% of 10 Volts= 10 Volts) represents [ Minimum Speed]
of 0 Hz and minimum input (0% of 10 Volts = 0 Volts) represents
[Maximum Speed] of 60 Hz.

12

10 ¢ Config 4
« 8
S
= 6
>
o
=4
2
0 6 12 18 24 30 36 42 48 54 60
Output Hertz
Scaling Block
[Speed Reference A Sel] = “Analog In 1"
[Analog In 1 Lo] [Minimum Speed]
10V 0Hz
[Analog In 1 Hi] [Maximum Speed]
oV 60Hz

Configuration #5:

e [Minimum Speed] = 0 Hz.
e [Maximum Speed] = 60 Hz.
e [AnaogInlLo] =0%

e [Anaog In1Hi] =50%

This configuration is used when the input signal is 0-5 volts. Here,
minimum input (0% of 10 Volts = 0 Volts) represents [Minimum Speed] of
0 Hz and maximum input (50% of 10 Volts = 5 Volts) represents [Maximum
Speed] of 60 Hz. Thisallows full scale operation from a 0-5 volt source.
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Input Volts

0

Scaling Block

6

12 18 24 30 36
Output Hertz

42

[Speed Reference A Sel] = “Analog In 1"

[Analog In 1 Lo]
ov

[Minimum Speed]
OHz

[Analog In 1 Hi]
5V

[Maximum Speed)]
60Hz

Square Root

[Anlg In Sgr Root]

48

54

60

Config 5

For both analog inputs, the user can enable a square root function for an
analog input through the use of [Analog In Sg Root]. The function should
be set to enabled if the input signal varies with the square of the quantity
(i.e. drive speed) being monitored.

If the mode of theinput isbipolar voltage (-10v to 10v), then the square root
function will return O for al negative voltages.

The sguare root function is scaled such that the input range is the same as
the output range. For example, if theinput is set up as a unipolar voltage
input, then the input and output ranges of the square root function will be 0
to 10 valts, as shown in figure below.

2

4 6 8 10
Input (Volts)
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Signal Loss
[Analog In1, 2 Loss|

Signal loss detection can be enabled for each analog input. The [Analog In
x Loss] parameters control whether signal loss detection is enabled for each
input and defines what action the drive will take when loss of any analog
input signal occurs.

One of the selections for reaction to signal lossis adrive fault, which will
stop the drive. All other choices make it possible for the input signal to
return to a usable level while the drive is still running.

e Holdinput

e SetinputLo

e Setinput Hi

» Goto Preset 1

¢ Hold Output Frequency

Value Action on Signal Loss

0 Disabled

1 Fault

2 Hold input (continue to use last frequency command.)

3 Set Input Hi - use [Minimum Speed)] as frequency command.
4 Set Input Lo - use [Maximum Speed)] as frequency command.
5 use [Preset 1] as frequency command.

6 Hold Out Freq (maintain last output frequency)

If theinput isin current mode, 4 mA is the normal minimum usable input
value. Any value below 3.2 mA will be interpreted by the drive asa signal
loss, and a value of 3.8 mA will be required on the input in order for the
signal loss condition to end.

If theinput isin unipolar voltage mode, 2V isthe normal minimum usable
input value. Any value below 1.6 volts will be interpreted by the drive asa
signal loss, and avalue of 1.9 voltswill be required on the input in order for
the signal loss condition to end.

No signal loss detection is possible while an input isin bipolar voltage
mode. The signal loss condition will never occur even if signal loss
detection is enabled.

Trim

An analog input can be used to trim the active speed reference (Speed
Reference A/B). If analog is chosen as atrim input, two scale parameters
are provide to scale the trim reference. Thetrimisa+/- valuewhichis
summed with the current speed reference. See also Speed Reference on

page 2-144.

o [TrimIn Select]

e [Trim Out Select]
e [TrimHi]

e [TrimLo]
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Value Display

Parameters are available in the Monitoring Group to view the actual value
of an analog input regardless of its use in the application. Whether itisa
current limit adjustment, speed reference or trim function, the incoming
value can be read via these parameters.

The value displayed includes the input value plus any factory hardware
calibration value, but does not include scaling information programmed by
the user (i.e. [Analog In 1 Hi/Lo]). The units displayed are determined by
the associated configuration bit (Volts or mA)

|016 | [Analog In1 Value] Default:  |Read Only
£ | 017/ [Analog In2 Value] Min/Max: |0.000/20.000 mA
g Value of the signal at the analog inputs. —/+10.000V
Display: {0.001 mA or 0.001 Volt

Cable Selection

Important points to remember:
» Always use copper wire.
* Wirewith an insulation rating of 600V or greater is recommended.

« Control and signal wires should be separated from power wires by at
least 0.3 meters (1 foot).

Important: I/O terminals labeled “—" or “Common” are not referenced to
ground and are designed to greatly reduce common mode
interference. Grounding these terminals can cause signal noise.

ATTENTION: Configuring an analog input for 0-20mA operation
and driving it from a voltage source could cause component dam-
age. Verify proper configuration prior to applying input signals.

exists when using bipolar input sources. Noise and drift in sensitive
input circuits can cause unpredictable changes in motor speed and
direction. Use speed command parameters to help reduce input
source sensitivity.

2 ATTENTION: Hazard of personal injury or equipment damage

Table 2.A° Recommended Signal Wire

Signal Minimum

Type Wire Type(s) Description Insulation Rating

Standard  |Belden 8760/9460 (or equiv.) 0.750 mm2(18AWG), twisted {300V,

Analog 1/0 pair, 100% shield with drain(Y). |60 degrees C
Belden 8770 (or equiv.) 0.750 mm2 (18 AWG), 3 cond., | (140 degrees F)

shielded for remote pot only.
Encoder/ | Less than or equal to 30 m (98 ft.) | 0.196 mm2 (24 AWG),

Pulse I/O |- Belden 9730 (or equiv.) individually shielded.
Greater than 30 m (98 ft.) - 0.750 mm? (18 AWG), twisted
Belden 9773 (or equiv.) pair, shielded.

EMC Refer to EMC Instructions on page 2-37 for details.

Compliance

(1) If the wires are short and contained within a cabinet which has no sensitive circuits, the use of shielded wire
may not be necessary, but is always recommended.
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Refer to Table 2.J on page 2-46 for recommended digital 1/O control wire.

Figure 2.1 PowerFlex 700 Standard I/O Terminal Designations

High State: greater than 20V AC

> = S .
.| Signal & &  |Description e &
AnlgVoltsin1(-) | Isolated @), bipolar, differential, +10V, |320 -
Anlg Vols In 1. (+) ilr%plzégnsélgn, 100k ohm input 329
Anlg Volts In 2 (-) @] Isolated (3), bipolar, differential, +10V,
Anlg Volts In 2 (+) 11 bit & sign, 100k ohm input
impedance.
Pot Common - For (+) and (-) 10V pot references.
Anlg Volts Out 1 (<) | Bipolar, differential, £10V, 11 hit&  |338 -
Anlg Volts Out 1 (+) sign, 2k ohm minimum load. 346
Anlg Current Out 1 (-) |(@) 4-20mA, 11 bit & sign, 500 ohm
Anlg Current Out 1 (+) maximum load.
Reserved for Future Use
Digital Out 1 - N.C.  |Fault Resistive Load 380 -
Digital Out 1 - N.O. Min. Load: 10mA
Digital Out2-N.C.  |Alarm IndL-JCtlve Load
Rating: 2A at 250V AC/30V DC
Digital Out 2 Common Min. Load: 10mA
Digital Out 2 - N.O.
Anlg Currentin1(-) |@) Isolated(?), 4-20mA, 11 bit & sign, 100 320 -
Anlg Current In 1 (+) ohm input impedance. 329
Anlg CurrentIn 2 (<) | Isolated 3), 4-20mA, 11 bit & sign, 100
Anlg Current In 2 (+) ohm input impedance.
-10V Pot Reference |- 2k ohm minimum, 15mA maximum
+10V Pot Reference |- load.
Reserved for Future Use
+24VDC - Drive supplied power for logic inputs.
Digital In Common |- 150mA maximum Load.
24V Common -
Digital In 1 Stop - CF 115V AC, 50/60 Hz 361 -
T T
" ow :
B:g:::: :: 2 ;(;gee dSell High State: greater than 100V AC
24V ACIDC, 50/60 Hz
Digital In 5 Speed Sel 2| opto isolated (250V)
Digital In 6 Speed Sel 3|Low State: less than 5V AC

CRG

high common mode immunity.

These inputs/outputs are dependant on a number of parameters. See “Related Parameters.”
Differential Isolation - External source must be maintained at less than 160V with respect to PE. Input provides

(3 Differential Isolation - External source must be less than 10V with respect to PE.

Refer to the PowerFlex 70 User Manual for terminal designations and

wiring examples.
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I/O Wiring Examples (PowerFlex 700 shown)

Input/Output Connection Example®)
Potentiometer() | Potentiometer Joystick
10k Ohm Pot. [ S [ O]
Recommended - o
(2k Ohm Minimum) ( t [ ] §®%f
Joystick®) L S QL
+10V Input - 100k ‘I |: = @ =
ohm input @ﬁ %é i
impedance. (NN
Analog Input Voltage - Bipolar(%) Current - Unipolar
+10V Input - 100k 5]
ohm input o]
impedance. § Lo BN
-3/90O0 ETI
4-20mAInput-100| el 0 1
ohm input s O0 +
impedance I 8 % g%
INIR 2
Analog/Digital \oltage Current Logic
Output ‘ 5T Power Source
+10V Output - Can 0
drive a 10k ohm g% 0=
load (25 mA short /\\ Sl B—
circuit current limit). g% =B
= 0 =
' leggen
SO [ o]

2 Wire Control @) - | 24vDC Internal Supply )

Non-Reversing

Requires 2-wire OU

functions only ([Dig- g%

ital In1 Sel]). Using | |@©

3-wire selections o0

will cause atype 2 | |©O

alarm. SR

3 Wire Control | 24VDC Internal Supply® |24VDC External Supply
Requwes On,ly TSl Common ~ +24V
3-wire functions QL

(Digital In1 Sel). | [}

Including 2-wire 0

selections will 0

cause a type 2 g%

alarm. o LN 2 Start

1

Refer to the Attention statement on page 2-15 for important bipolar wiring information.

)
2) Important: Programming inputs for 2 wire control deactivates all HIM Start buttons.
)
)

3
7)

Examples show hardware wiring only. Refer to page 2-16 for parameters that must be adjusted.
If desired, a User Supplied 24V DC power source can be used. Refer to the “External” example.
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Analog Outputs

Explanation

Each drive has one or more analog outputs that can be used to annunciate a
wide variety of drive operating conditions and values.

The user selects the source for the analog output by setting [Analog Outx
Sd].

34

N

[Analog Outl Sel] Default: 0  “Output Freq” 001

Selects the source of the value that Options: ~ See Table 002

: 003
drives the analog output. 004

005
007
006
012
135
136
137
138

2
—
>
o
j
=)
o
3
2
—
>
a
=

Analog Outputs

Configuration

The PowerFlex 70 standard I/O analog output is permanently configured as
a0-10 volt output. The output has 10 bits of resolution yielding 1024 steps.
The analog output circuit has a maximum 1.3% gain error and a maximum
7 mV offset error. For a step from minimum to maximum value, the output
will be within 0.2% of itsfinal value after 12ms.

The PowerFlex 700 standard I/O analog output is permanently configured
asa0-10 volt output. The output has 10 bits of resolution yielding 1024
steps. The analog output circuit has a maximum 1.3% gain error and a
maximum 100 mV offset error. For a step from minimum to maximum
value, the output will be within 0.2% of itsfinal value after 12ms.

Absolute

Certain quantities used to drive the analog output are signed, i.e. the
quantity can be both positive and negative. The user has the option of
having the absolute value (value without sign) of these quantities taken
before the scaling occurs. Absolute value is enabled separately for each
analog output viathe bitmapped parameter [Anlg Out Absolut].

Important: If absolute value is enabled but the quantity selected for output
is not a signed quantity, then the absolute value operation will
have no effect.

Scaling Blocks

The user defines the scaling for the analog output by entering anal og output
voltages into two parameters, [Analog Outl Lo] and [Analog Outl Hi].
These two output voltages correspond to the bottom and top of the possible
range covered by the quantity being output, as described in Table 2.B, and
the output voltage will vary linearly with the quantity being output. The
analog output voltage will not go outside the range defined by [Analog Out1
Lo] and [Analog Outl Hi].
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Table 2.B Analog Output Scaling Ranges

[Analog Outx Lo] [Analog Outx Lo]

Corresponds to: Corresponds to: [Analog Outx Hi]
Quantity (Absolute Value Disabled) |(Absolute Value Enabled) | Corresponds to:
Output Frequency -[Maximum Freq] 0 Hz [Maximum Freq]
Commanded -[Maximum Freq] 0 Hz [Maximum Freq]
Frequency
Output Current 0 Amps 0 Amps 200% of drive rated current
Output Torque Current |-200% of drive rated current |0 Amps 200% of drive rated current
Output Flux Current |0 Amps 0 Amps 200% of drive rated current
Output Power 0 kw 0 kw 200% of drive rated power
Output Voltage oV oV 120% of drive rated voltage
Dc Bus Voltage oV ov 200% of drive rated voltage
Pl Reference -100% 0% 100%
PI Feedback -100% 0% 100%
PI Error -100% 0% 100%
Pl Output -100% 0% 100%

Analog Output Configuration Examples

This section gives afew examples of valid analog output configurations and
describes the behavior of the output in each case.

Example 1 -- Unsigned Output Quantity

¢ [Anaog Outl Sel] = “Output Current”
¢ [Analog Outl Lo] =1 volt
* [Anaog Outl Hi] = 9 volts

[Analog Outl Hi] 4-=-----------~

Analog
Output Voltage

[Analog Outl Lo]

A

10V

ov
0%

Output Current

Output Current vs.
Analog Output Voltage

—-——— Marker Lines

Note that analog output value never goes outside the range defined by
[Analog Outl Lo] and [Analog Outl Hi], even if output current is beyond
therange defined in Table 2.B. Thisistruein all cases, including al the
following examples.

Example 2 -- Unsigned Output Quantity, Negative Slope
e [Anaog Outl Sel] = “Output Current”

* [Analog Outl Lo] =9 volts
e [Analog Outl Hi] = 1 volts

This example shows that you can have [Analog Outl Lo] greater than
[Analog Outl Hi]. Theresult isanegative slope on the scaling from original
quantity to analog output voltage. Negative slope could also be applied to
any of the other examplesin this section.
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10V
[Analog Outl Lo]
Output Current vs.
Analog Analog Output Voltage
Output Voltage )
—--—-— Marker Lines
[Analog Outl Hi]

ov

Output Current

Example 3 — Signed Output Quantity, Absolute Value Enabled

¢ [Analog Outl Sel] = “Output Torque Current”

* [Anaog Outl Lo] =1 volt

[Analog Outl Hi] =9 volts

[Anlg Out Absolut] set so that absolute value is enabled for output 1.

[Analog Outl Hi]

Output Torque Current vs.

Outr? unta\l/(())?tage Analog Output Voltage
-——— Marker Lines
[Analog Outl Lo]

200% 0% 200%
Output Torque Current

Example 4 — Signed Output Quantity, Absolute Value Disabled

* [Analog Outl Sel] = “Output Torque Current”

e [Analog Outl Lo] = 1 volt

» [Analog Outl Hi] set to 9 volts

* [Anlg Out Absolut] set so that absolute value is disabled for output 1.

h

10V 4

|
|
|
S ERBGREEEE e R :
! |
Analog 1 / Output Torque Current vs.
Output Voltage | ! Analog Output Voltage
| |
\ ! ~——— Marker Lines
[AnalogOutllo] | _~" | - 3
|
|

oV |

200% 0% 200%
Output Torque Current

Filtering

Software filtering will be performed on the analog outputs for certain signal
sources, as specified in Table 2.C. “Filter A” is one possible such filter, and
it is described later in this section. Any software filtering isin addition to
any hardware filtering and sampling delays.



Table 2.C Software Filters

Quantity Filter

Output Frequency No extra filtering
Commanded Frequency | No extra filtering
Output Current Filter A

Output Torque Current Filter A

Output Flux Current Filter A

Output Power Filter A

Output Voltage No extra filtering

DC Bus Voltage

Filter A

Pl Reference

No extra filtering

Analog Outputs

PI Feedback No extra filtering
PI Error No extra filtering
PI Output No extra filtering

Analog output software filters are specified in terms of the timeit will take
the output of the filter to move from 0% to various higher levels, given an
instantaneous step in the filter input from 0% to 100%. The numbers
describing filtersin this document should be considered approximate; the
actual values will depend on implementation.

Filter A isasingle pole digital filter with a 162ms time constant. Given a
0% to 100% step input from a steady state, the output of Filter A will take
500msto get to 95% of maximum, 810 msto get to 99%, and 910 msto get
to 100%.
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Auto / Manual

The intent of Auto/Manual isto allow the user to override the selected
reference (referred to asthe “auto” reference) by either toggling a button on
the programming termina (HIM), or continuously asserting a digital input
that is configured for Auto/Manual.

“Alt” Function on the HIM

By toggling the “Alt” and “Auto/Man” function onthe HIM, the user can
switch the speed reference back and forth between the active “Auto”
source (per drive programming and inputs) and the HIM requesting the
manual control. “Manual” switches the Reference Source to the HIM,
“Auto” switchesit back to drive programming.

The HIM manual reference can be preloaded from the auto source by
enabling the [Man Ref Preload] parameter. With the preload function
enabled, when the HIM requests Manual control, the current value of the
auto source is loaded into the HIM reference before manual control is
granted. This allows the manual control to begin at the same speed asthe
auto source, creating a smooth transition. If the preload function is
disabled, the speed will ramp to whatever manual reference was present
inthe HIM at the time manual control was granted.

Digital Input

By toggling the digital input programmed as Auto/Manual, the user can
switch the speed reference back and forth between the active “Auto”
source (per drive programming and inputs) and the designated Terminal
Block manual reference. When this digital input is asserted, the TB will
attempt to gain exclusive control (Manual) of the reference. If granted
control of the reference, the specific source for the referenceis
determined by the parameter TB manual reference select.

The TB manual referenceis selected in [TB Man Ref Sel]. The choices
for this parameter are:

— Anaog Input 1

— Anaog Input 2

— MOP Leve

— Analog Input 3 (PF700 Only)

— Pulse Input (PF700 Only)

— Encoder input (PF700 Only)

— Releasing thisinput sends the control back to the Auto source.

General Rules

The following rules apply to the granting and releasing of Manual control:

1. Manual control is requested through a one-time request (Auto/Man

toggle, not continuously asserted). Once granted, the terminal holds
Manual control until the Auto/Man button is pressed again, which
releases Manual control (i.e. back to Auto mode).
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. Manual control can only be granted to the TB or to a programming
terminal (e.g. HIM) if Manual control is not already being exercised by
the TB or another programming terminal at the time.

. Manual control can only be granted to aterminal if no other device has
Local control already asserted (i.e. no other device has ownership of the
Local control function).

. A HIM (or TB) with Manual control active can have it taken away if
another DPI port requests, and is granted Local control. In this case
when Local control isreleased the drive will not go back to Manual
control, Manual control must be again requested (edge based request, see
1. above). Thisistrue for both the HIM and the TB (i.e. if the TB switch
was in the Manual position it must be switched to Auto and back to
Manual to get Manual control again).

. The statusindicator (point LED on LED HIM & Text on LCD HIM) will
indicate when that particular terminal has been granted Manual control,
not the fact any terminal connected has Manual control and not the fact
that the particular terminal has simply asked for Manual control.

. When Manual control is granted, the drive will latch and save the current
reference value prior to entering Manual. When Manual control isthen
released the drive will use that latched reference for the drive until
another DPI device arbitrates ownership and changes the reference to a
different value.

. If atermina has Manual control and clearsits DPI reference mask
(disallows reference ownership), then Manual control will be released.
By extension, if the drive is configured such that the HIM can not select
the reference (via reference mask setting), then the drive will not allow
the terminal to acquire Manual control.

. If aterminal has Manual control and clearsits DPI logic mask (allowing
disconnect of the terminal), then Manual control will be released. By
extension if the drive is configured such that the HIM can be unplugged
(vialogic mask setting), then the drive will not allow the terminal to
acquire Manual control. The disconnect also appliesto aDPI HIM that
executes a soft “Logout.”

. If acom lossfault occurs on a DPI that has Manual control, then Manual
control will be released as a consequence of the fault (on that port which
had Manual control).

10.There will be no way to request and hence no support of the Auto/

Manual feature on old SCANport based HIMs.

11.You can not acquire Manual control if you are already an assigned

source for the DPI port requesting Manual .

12.When arestore factory defaults is performed Manual control is aborted.
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Auto Restart (Reset/
Run)

The Auto Restart feature provides the ability for the drive to automatically
perform afault reset followed by a start attempt without user or application
intervention. This allows remote or “unattended” operation. Only certain
faults are allowed to be reset. Certain faults (Type 2) that indicate possible
drive component malfunction are not resettable.

Caution should be used when enabling this feature, since the drive will
attempt to issue its own start command based on user selected
programming.

Configuration

Thisfeature is configured through two user parameters

Default: 0 175

Min/Max: 0/9
Display: 1

ATTENTION: Equipment damage and/or personal injury may result
if this parameter is used in an inappropriate application. Do Not use
this function without considering applicable local, national and
international codes, standards, regulations or industry guidelines.

174 |[Auto Rstrt Tries]

Sets the maximum number of times the
drive attempts to reset a fault and restart.

175 |[Auto Rstrt Delay] Default: 1.0 Secs 174

Sets the time between restart attempts | Min/Max: 0.5/30.0 Secs
when [Auto Rstrt Tries] is set to a value | Display: 0.1 Secs
other than zero.

Setting [Auto Rstrt Tries] to avalue greater than zero will enable the Auto
Restart feature. Setting the number of tries equal to zero will disable the
feature.

The [Auto Rstrt Delay] parameter sets the time, in seconds, between each
reset/run attempt.

The auto-reset/run feature provides 2 status bitsin [Drive Status 2] —
active status, and a countdown status.

21

o

[Drive Status 2] Read Only 209
Present operating condition of the drive.

Diagnostics
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The typical steps performed in an Auto-Reset/Run cycle are as follows:

1. Thedriveisrunning and an auto-resettable fault occurs, tripping the
drive.

2. After the number of secondsin [Auto Rstrt Delay], the drive will
automatically perform an internal Fault Reset, resetting the faulted
condition.
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3. Thedrivewill then issue an internal Start command to start the drive.

4. If another auto-resettable fault occursthe cyclewill repeat itself up to the
number of attempts set in [Auto Rstrt Trieg].

5. If the drive faults repeatedly for more than the number of attempts set in
[Auto Rstrt Tries] with less than five minutes between each fault, the
auto-reset/run is considered unsuccessful and the drive remainsin the
faulted state.

6. Aborting an Auto-Reset/Run Cycle (see Aborting an Auto-Reset/Run
Cycle for details).

7. If the drive remains running for five minutes or more since the last reset/
run without afault, or is otherwise stopped or reset, the auto-reset/runis
considered successful. The entire processis reset to the beginning and
will repeat on the next fault.

Beginning an Auto-Reset/Run Cycle

The following conditions must be met when afault occurs for the drive to
begin an auto-reset/run cycle.

* The fault must be defined as an auto-resettable fault
* [Auto Rstrt Tries] setting must be greater than zero.

» Thedrive must have been running, not jogging, not autotuning, and not.
stopping, when the fault occurred. (Note that aDC Hold stateis part of a
stop sequence and therefore is considered stopping.)

Aborting an Auto-Reset/Run Cycle

During an auto-reset/run cycle the following actions/conditions will abort
the reset/run attempt process.

 Issuing a stop command from any source. (Note: Removal of a 2-wire
run-fwd or run-rev command is considered a stop assertion).

 Issuing afault reset command from any source.

* Removal of the enable input signal.

e Setting [Auto Rstrt Tries] to zero.

» The occurrence of afault which is not auto-resettable.

* Removing power from the drive.

» Exhausting an Auto-Reset/Run Cycle

After all [Auto Rstrt Tries] have been made and the drive has not
successfully restarted and remained running for five minutes or more, the
auto-reset/run cycle will be considered exhausted and therefore
unsuccessful. In this case the auto-reset/run cycle will terminate and an
additional fault, “Auto Rstrt Tries” (Auto Restart Tries) will beissued if bit
5 of [Fault Config 1] =“1."
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Bus Regulation

[Bus Reg Gain]
[BusReg Mode A, B]

Some applications, such as the hide tanning shown here, create an
intermittent regeneration condition. When the hides are being lifted (on the
left), motoring current exists. However, when the hides reach the top and
fall onto a paddle, the motor regenerates power back to the drive, creating
the potential for a nuisance overvoltage trip.

When an AC motor regenerates energy from the load, the drive DC bus
voltage increases unless there is another means (dynamic braking chopper/
resistor, etc.) of dissipating the energy.

Motoring Regenerating

w) (Y

Without bus regulation, if the bus voltage exceeds the operating limit
established by the power components of the drive, the drive will fault,
shutting off the output devices to protect itself from excess voltage.

Single Seq 500 S/'s OV Fault @ Vbus Max

T
S

A

S AR AR AR AR T~ Drive Output Shut Off

Chl 100nV Ch2 100nV M1.00s Ch3, 1.47V
Ch3 500nVv

With bus regulation enabled, the drive can respond to the increasing voltage
by advancing the output frequency until the regeneration is counteracted.
This keeps the bus voltage at aregulated level below the trip point.

Since the sameintegrator is used for bus regulation asfor normal frequency
ramp operation, a smooth transition between normal frequency ramp
operation and bus regulation is accomplished.

The regulator senses arapid rise in the bus voltage and activates prior to
actually reaching the bus voltage regulation set point Vreg. Thisis
important since it minimizes overshoot in the bus voltage when bus
regulation begins thereby attempting to avoid an over-voltage fault.
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The bus voltage regulation set point (Vreg) in the drive is fixed for each
voltage class of drive. The bus voltage regulation set points are identical to
the internal dynamic brake regulation set points VDB's.

Single Seq 2.50kS/ s

T |
| 1

—— DB Bus

Output

Motor

Chl 100nV Ch2 100nmV M 200nms Ch3 /- 1.49V
Ch3  500mV

To avoid over-voltage faults, a bus voltage regulator isincorporated as part
of the acceleration/decel eration control. As the bus voltage begins to
approach the bus voltage regulation point (Vreg), the bus voltage regulator
increases the magnitude of the output frequency and voltage to reduce the
bus voltage. The bus voltage regulator function takes precedence over the
other two functions. See Figure 2.2.

The bus voltage regulator is shown in the lower one-third of Figure 2.2. The
inputs to the bus voltage regul ator are the bus voltage, the bus voltage
regulation set point VVreg, proportional gain, integral gain, and derivative
gain. The gains are intended to be internal values and not parameters. These
will betest pointsthat are not visible to the user. Bus voltage regulation is
selected by the user in the Bus Reg Mode parameter.

Operation

Bus voltage regulation begins when the bus voltage exceeds the bus voltage
regulation set point Vreg and the switches shown in Figure 2.2 move to the
positions shown in Table 2.D.

Table 2.0 Switch Positions for Bus Regulator Active

SW1 SW2 SW3 SW4 SW5
Bus Regulation | Limit Bus Reg Open Closed Don't Care
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Figure 2.2 Bus Voltage Regulator, Current Limit and Frequency Ramp.

Current Limit
U Phase Motor Current
Derivative Gain Magnitude
Block Calculator W Phase Motor Current
) SW3
Current Limit Level Pl Gain Block O\I\C
I Limit,
No Bus Reg
]
£
° &
= ©
5] 8|
= S
= &
Limit
¢ o
Swi
No Limit
| Limit,
1 No Bus Reg
+ ¥ Frequency
Acc/Dec Rate Jerk | Jerk No Limit \f\c Fr%q:rﬁr;cy > ( N Reference /™ Frequency | Output Frequency
Ramp | Clamp SW2 (Integrator) AN + Limits
Bus Reg
+ Speed
SW5 Control
Frequency Set Point Mode
Maximum Frequency, Minimum Speed, Maximum Speed, Overspeed Limit
_ Frequency Reference (to Ramp Control, Speed Ref, etc.
Speed Control (Slip Comp, Process P, etc)
]
£ ]
i) =4
5 5
g )
SW 4 %
a
Bus Voltage Regulation Point, Vreg » Pl Gain Block \I\O
Bus Reg On
7Y
Derivative Bus Voltage (Vbus)
Gain Block
Bus Voltage Regulator

The derivative term senses arapid rise in the bus voltage and activates the
bus regulator prior to actually reaching the bus voltage regulation set point
Vreg. The derivative term isimportant since it minimizes overshoot in the
bus voltage when bus regulation begins thereby attempting to avoid an
over-voltage fault. The integral channel acts as the acceleration or
deceleration rate and is fed to the frequency ramp integrator. The
proportional term is added directly to the output of the frequency ramp
integrator to form the output frequency. The output frequency is then
limited to a maximum output frequency.
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Bus voltage regulation isthe highest priority of the three components of this
controller because minimal drive current will result when limiting the bus
voltage and therefore, current limit will not occur.

JAN

ATTENTION: The"adjust freq” portion of the bus regulator
function is extremely useful for preventing nuisance overvoltage
faults resulting from aggressive decelerations, overhauling loads,
and eccentric loads. It forces the output frequency to be greater
than commanded frequency while the drive's bus voltage is
increasing towards levels that would otherwise cause a faullt;
however, it can also cause either of the following two conditions to
occur.

1. Fast positive changesin input voltage (more than a 10% increase
within 6 minutes) can cause uncommanded positive speed changes;
however an “ OverSpeed Limit” fault will occur if the speed
reaches [Max Speed] + [Overspeed Limit]. If this condition is
unacceptabl e, action should be taken to 1) limit supply voltages
within the specification of the drive and, 2) limit fast positive input
voltage changes to less than 10%. Without taking such actions, if
this operation is unacceptable, the “adjust freq” portion of the bus
regulator function must be disabled (see parameters 161 and 162).
2. Actual deceleration times can be longer than commanded
deceleration times; however, a“Decel Inhibit” fault is generated if
the drive stops decelerating altogether. If this conditionis
unacceptabl e, the “adjust freq” portion of the bus regulator must be
disabled (see parameters 161 and 162). In addition, installing a
properly sized dynamic brake resistor will provide equal or better
performance in most cases.

Note: These faults are not instantaneous and have shown test
results that take between 2 and 12 seconds to occur.
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PowerFlex 70

In PowerFlex 70, the user selects the bus voltage regulator using the [Bus
Reg Mode A] and [Bus Reg Mode B] parameters. The available modes
include “Disabled,” “Adjust Freq,” and “Dynamic brak.” The bus voltage
regulator is never active with the internal dynamic braking function.

The bus voltage regulation set point Vreg in PowerFlex 70 isfixed for each
voltage class of drive. The bus voltage regulation set points are identical to
the internal dynamic brake regulation set points Vpg's and are shown in
Table 2.E.

Table 2.E PowerFlex 70 Bus Voltage Regulation Set Points (Vreg)

200/240 V Class Drive | 400 V Class Drive  |480 V Class Drive {600 V Class
Vieg [377VDC 750 VDC 750 VDC -

The nature of this contral isto increase the magnitude of the drive's output
frequency to reduce or eliminate regeneration and avoid an over-voltage
fault. The increase in output frequency may increase the operating voltage.
The magnitude increase in frequency when bus regulation is active is
limited to the sum of [Maximum Speed] and [Overspeed Limit]. When this
frequency limit is met, the output frequency will be clamped and an
over-voltage fault occurs if regeneration continues to increase the bus
voltage.

PowerFlex 700

PowerFlex 700 allows the user to simultaneously enable both internal
dynamic braking and the bus voltage regulator. There are two bus voltage
regulation set point parameters, [Bus Reg Mode A] and [Bus Reg Mode B]
in the PowerFlex 700 (See Table 2.F). The user can select which bus
regulation set point is active by configuring one of the digital inputsasa
selector.

Table 2.F PowerFlex 700 Dynamic Braking and Bus Voltage Limit References

200/240 V Class Drive |400 V Class Drive {480 V Class Drive {600 V Class
Vdb 377VDC 750 VDC 750 VDC -
BusReg 1 |358-392VDC 715-785VDC  |715-785VDC |-
Bus Reg 2

The nature of this control, like PowerFlex 70, is to increase the magnitude
of the drive’s output frequency to reduce or eliminate regeneration and
avoid a bus over-voltage fault. The increase in the output frequency may
increase the operating voltage. PowerFlex 700 internally limits the
magnitude of output frequency to the sum of Maximum Speed and
Overspeed Limit.

Cable, Control See Cable Selection on page 2-15 and Cable Selection on page 2-46.

Cable Entry Plate
Removal

If additional wiring access is needed, the Cable Entry Plate on 0-3 Frame
drives can be removed. Simply loosen the screws securing the plate to the
chassis. The slotted mounting holes assure easy removal.
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Cable, Motor Lengths Thelength of cable between the drive and motor may be limited by various
application parameters. The 2 primary areas of concern are Reflected Wave
and Cable charging.

The Reflected Wave phenomenon, also known as transmission line effect,
produces very high peak voltages on the motor due to voltage reflection.
While Allen-Bradley drives have patented software that limits the voltage
peak to 2 times the DC bus voltage and reduce the number of occurrences,
many motors have inadequate insul ation systems to tol erate these peaks.
See Reflected Wave on page 2-127 for more details.

Refer to Figure 2.3 for measuring cable lengths when concerned about
Reflected Wave. Each individual motor must be considered based on the
lead length for that motor only. Diagram A shows 2 motors, each 300 feet
from the drive. Motor protection decisions are based on 300 feet cable
length (not 600 ft). If the motors need protection at this distance, then both
motors must be dealt with individually. Diagram B shows 1 motor at 50 feet
and one at 550 feet. It islikely that the motor that is close to the drive (50
Ft) will not need protection, but the motor farther from the drive (550 Ft)
may. Again, each motor must be considered individually based on its
distance from the drive.

Cable charging occurs because of the capacitance, phase-to-phase or
phase-to-ground, inherent in the length of cable. The current that is used to
charge the cable capacitance detracts from the overall current capability of
the drive and reduces the avail ability of torque producing current for the
motor. This can result in poor motor performance, motor stalls under full
load and nuisance drive overcurrent tripping.

Refer to Figure 2.3 for measuring cable lengths when concerned about
cable charging. In this casg, it is the total amount of cable connected to the
drive that must be considered. Diagram A shows 2 motors, each 300 feet
from the drive. The drive must be capable of supplying enough current to
charge thetotal length (600 ft) plus the needed current to produce necessary
torque in the motors. If the motorswill not receive the desired current dueto
cable charging, then the drive size should be increased to supply needed
current. Diagram B shows 1 motor at 50 feet and one at 550 feet. Again, the
drive must be capabl e of supplying enough current to charge the total length
(600 ft), plus the needed current to produce necessary torque in the motors.
Infact, diagrams A, B, C and D will al require the same cable charging
installation guidelines because they al have total cable lengths of 600 feet.
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Figure 2.3 How to Measure Motor Cable Lengths Limited by Capacitance

A B C D

167.6 (550) 182.9 (600)

All examples represent motor cable length of 182.9 meters (600 feet).
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etc.) and local codes outline provisions for safely installing
electrical equipment. Installation must comply with specifications
regarding wire types, conductor sizes, branch circuit protection
and disconnect devices. Failure to do so may result in personal
injury and/or equipment damage.

2 ATTENTION: National Codes and standards (NEC, VDE, BSI

A variety of cable types are acceptable for drive installations. For many
installations, unshielded cable is adequate, provided it can be separated
from sensitive circuits. As an approximate guide, allow a spacing of 0.3
meters (1 foot) for every 10 meters (32.8 feet) of length. In al cases, long
parallel runs must be avoided. Do not use cable with an insulation thickness
less than or equal to 15 mils (0.4 mm/0.015in.).

Shielded/Armored

Shielded cable is recommended if sensitive circuits or devices are
connected or mounted to the machinery driven by the motor.

Figure 2.4 Recommended Power Wire

Location Rating/Type Description

Standard 600V, 90°C (194°F) |* Four tinned copper conductors with XLP insulation.

(Option 1) XHHW2/RHW-2 * Copper braid/aluminum foil combination shield and
Anixter tinned copper drain wire.

B209500-B209507,
Belden 29501-29507,
or equivalent
Standard Tray rated 600V, 90° C
(Option2)  |(194° F) RHH/RHW-2

PVC jacket.

Three tinned copper conductors with XLPE insulation.
5 mil single helical copper tape (25% overlap min.) with

Anixter OLF-7xxxxx or three bare copper grounds in contact with shield.
equivalent * PVC jacket.
Class 1 &1l; | Tray rated 600V, 90° C |* Three bare copper conductors with XLPE insulation and
Division | & Il |(194° F) RHH/RHW-2 impervious corrugated continuously welded aluminum
Anixter 7V-7xxxx-3G or armor.
equivalent * Black sunlight resistant PVC jacket overall.

* Three copper grounds on #10 AWG and smaller.

Based on field and internal testing, Rockwell Automation/Allen-Bradley
has determined conductors manufactured with Poly Vinyl Chloride (PVC)
wire insulation are subject to a variety of manufacturing inconsistencies
which can lead to premature insulation degradation when used with IGBT
drives that produce the reflected wave phenomena. Flame-retardant
heat-resistant thermoplastic insulation is the type of insulation listed in the
NEC code for the THHN wire designation. Thistype of insulation is
commonly referred to as PV C. In addition to manufacturing
inconsistencies, the physical properties of the cable can change due to
environment, installation and operation, which can also lead to premature
insulation degradation. The following is a summary of our findings:
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Manufacturing Inconsistencies and their Effects on Cable Life

Due to manufacturing inconsistencies, the following conditions can exist:

PV C insulation material may have a dielectric constant ranging between
4 and 8 depending on the manufacturer. The higher the dielectric
constant, the lower the dielectric strength (and voltage withstand to
transients). A single IGBT drive output may have reflected wave
transient voltage stresses of up to twice (2 per unit) the DC bus voltage
between its own output wires. Multiple drive output wiresin asingle
conduit or wire tray further increase output wire voltage stress between
multi-drive output wires that are touching. Drive #1 may have a(+) 2 pu
stress while drive #2 may simultaneously have a (-) 2 pu stress. Wires
with dielectric constants (>4) cause the voltage stress to shift to the air
gap between the wiresthat are barely touching. Thiselectric field may be
high enough to ionize the air surrounding the wireinsulation and cause a
partial discharge mechanism (corona) to occur. The electric field
distribution between wires increases the possibility for coronawhich
further produces ozone. This attacks the PV C insulation and produces
carbon tracking, leading to the susceptibility of insulation breakdown.

Due to inconsistencies in manufacturing processes or wire pulling, air
voids can also occur in the THHN wire between the nylon jacket and
PV C insulation. Because the dielectric constant of air is much lower than
the dielectric constant of the insulating material, the transient reflected
wave voltage may appear across the small air void capacitance. The
Corona Inception Voltage (CIV) for the air void may be reached which
further produces ozone, which attacks the PV C insulation and produces
carbon tracking, leading to the susceptibility of insulation breakdown as
in the above case.

Asymmetrical construction of the insulation has also been observed for
some manufacturers of PV C wire. A wirewith a15 mil specification was
observed to have an insulation thickness of 10 mil at some points. The
smaller the insulation thickness, the less voltage the wire can withstand.
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Installation, Operation and Environmental Considerations

» THHN jacket material has arelatively brittle nylon that lends itself to
damage (i.e. nicks and cuts) when pulled through conduit on long wire
runs. Thisissueis of even greater concern when the wireis being pulled
through multiple 90 degree bends in the conduit. It is these nicks that
may be a starting point for corona that leads to insulation degradation.

» During operation, the conductor heats up and a*“coldflow” condition
may occur with PV C insulation at points where the unsupported weight
of the wire may stretch the insulation. This has been observed at right
angle bends where wire is dropped down to equipment from an above
wireway. This*“coldflow” condition produces thin spots in the insulation
which lowers the cable's voltage withstand capability.

e The NEC 1996 code defines “ dry, damp and wet” locations (7-31) and
permitsthe use of heat-resistant thermoplastic wirein both dry and damp
applications (Table 310-13). However, PV C insulation material is more
susceptible to absorbing moisture than XLPE (Cross Linked
Polyethylene) insulation material (XHHN-2) identified for usein wet
locations. Because the PV C insulating material absorbs moisture, the
Corona Inception Voltage insulation capability of the “damp” or “wet”
THHN was found to be less than 1/2 of the same wire when “dry”. For
this reason, certain industries where water is prevalent in the
environment have refrained from using THHN wire with IGBT drives.

Cable Recommendations for New & Existing Installations of IGBT Drives in Wet

Locations

« Belden YR41709 cableisa PV C jacketed, shielded type TC with XLPE
conductor insulation designed to meet NEC code designation XHHW-2
(wet locations per NEC 1996, Table 310-13). Based on Rockwell
Automation research, tests have determined the Belden YR41709 is
notably superior to loose wiresin dry, damp and wet applications and
can significantly reduce capacitive coupling and common mode noise.
Other cable types for wet locations include those in the table above

Figure 2.5 summarizes the previous considerations and explanations.
Because applications can vary widely, the information in the flowchart is
intended to be used only as a guideline in the decision-making process.
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Figure 2.5 Wire Selection Flowchart
Selecting Wire to Withstand Reflected Wave Voltage for New and Existing Wire Installations
in Conduit or Cable Trays
DRY Conductor WET
(Per NEC 7-31) Environment (Per NEC code Table 7-31)
XLPE (XHHW-2)
Conductor Insulation for
PvC Insulation LPE <600V AC
System
Insulation , No RWR or
Thickness 20 mil or > (1) Terminator
Required
15 mil
v v OK for < 600V AC
[ 23v | [ 4o0m60v System
No RWR or
Terminator required
No RWR or
Reflected Wave Terminator
Reducer?
Multiple Drives
e . No RWR
in Single Conduit :
Drives in Same or Wire Tray or Terminator
Conduit or Wire RWR or
RWR or Terminator
Terminator - -
<50 ft. 15 mil PVC 15 mil PVC
Single Drive, Not Not
Single Conduit Recommended Recommended
or Wire Tray USE XLPE USE XLPE
or > 20 mil or > 20 mil
See NEC Guidelines
(70-196 Adjustment Factors) for

(1) The mimimum wire size for PVC cable with 20 mil or greater insulation is 10 gauge.

Cable, Standard 1/0

Cable Trays and
Conduit

Carrier (PWM)
Frequency

™ Maximum Conductor Derating & [*
Maximum Wires in Conduit or Tray

Refer to Cable Selection on page 2-15 and Cable Selection on page 2-46.

Important: Because of the nature of the drive PWM output and the
reflected wave phenomenon, it is preferable to have each set of
drive motor/power cablesin anindividual conduit. If thisis not
possible, it isimportant that the allowable fill rates specified in
the applicable national or local codes NOT BE Exceeded.

ATTENTION: To avoid a possible shock hazard caused by
induced voltages, unused wiresin the conduit must be grounded at
both ends. For the same reason, if adrive sharing aconduit isbeing
serviced or installed, all drives using this conduit should be
disabled. Thiswill help minimize the possible shock hazard from
“cross coupled” motor leads.

JAN

This section is under construction. If further information is required, please
contact factory.
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CE Conformity

EMC Instructions

CE Conformity

Conformity with the Low Voltage (LV) Directive and Electromagnetic
Compatibility (EMC) Directive has been demonstrated using harmonized
European Norm (EN) standards published in the Official Journal of the
European Communities. PowerFlex Drives comply with the EN standards
listed below when installed according to the User Manual.

CE Declarations of Conformity are available online at:
http://lwww.ab.com/certification/ce/docs.

Low Voltage Directive (73/23/EEC)
» EN50178 Electronic equipment for use in power installations.
» ENG60204-1 Safety of machinery — Electrical equipment of machines.

EMC Directive (89/336/EEC)

« ENG61800-3 Adjustable speed electrical power drive systems Part 3:
EMC product standard including specific test methods.

General Notes

 If the adhesive labdl isremoved from the top of the drive, the drive must
be installed in an enclosure with side openings less than 12.5 mm (0.5
in.) and top openings less than 1.0 mm (0.04 in.) to maintain compliance
with the LV Directive.

* The motor cable should be kept as short as possible in order to avoid
electromagnetic emission as well as capacitive currents.

» Useof linefiltersin ungrounded systems is not recommended.

» PowerFlex drives may cause radio frequency interferenceif usedin a
residential or domestic environment. The user is required to take
measures to prevent interference, in addition to the essential
requirements for CE compliance listed below, if necessary.

» Conformity of the drive with CE EMC requirements does not guarantee
an entire machine or installation complies with CE EMC requirements.
Many factors can influence total machine/installation compliance.

Essential Requirements for CE Compliance

Conditions 1-4 listed below must be satisfied for PowerFlex drives to meet
the requirements of EN61800-3.

1. Standard PowerFlex CE compatible Drive.
2. Grounding as described on page 2-86.

3. Output power, contral (1/0) and signal wiring must be braided, shielded
cable with a coverage of 75% or better, metal conduit or equivalent
attenuation.

4. Conditionsin the appropriate table (2.G, 2.H or 2.1).



2-38

CE Conformity

Table 2.G PowerFlex 70 — EN61800-3 First Environment Restricted Distribution

Restrict Motor |RestrictMotor | Internal Comm |Common
Cable to Cable to Filter External |Cable Mode
Frame |Drive Description  [12m (40ft) [40m(131ft) |Option |Filter  |Ferrite (1)|Core (2)
A Drive Only - d - d - -
Drive with DeviceNet - a - 0 - -
Drive with Remote 1/O - O - 0 O -
B Drive Only 0 - d - - -
Drive with DeviceNet a - a - - -
Drive with Remote 1/O a - a - -
C Drive Only 0 - - - - O
Drive with DeviceNet a - - - - O
Drive with Remote 1/O a - - - 0
D Drive Only 0 - - - - -
Drive with DeviceNet O - - - - -
Drive with Remote 1/O a - - - a -

(1) Two turns of the blue comm option cable through a Ferrite Core (Fair-Rite #2643102002 or equivalent).

(2) Refer to the 1321 Reactor and Isolation Transformer Technical Data publication, 1321-TD001x for 1321-Mxxx selection
information.

Table 2.H PowerFlex 70 — EN61800-3 Second Environment

Restrict Motor |RestrictMotor | Internal Comm |Common
Cable to Cable to Filter External |Cable Mode
Frame |Drive Description 12m(40ft) |40m(131ft) |Option |Filter Ferrite  |Core
A Drive Only - g - g - -
Drive with DeviceNet - a - 0 - -
Drive with Remote 1/O - 0 - 0 - -
B Drive Only - g 0 - - -
Drive with DeviceNet - a O - - -
Drive with Remote 1/O - O O - - -
C Drive Only - ad - - - -
Drive with DeviceNet - a - - - -
Drive with Remote 1/O - 0 - - - -
D Drive Only - g - - - -
Drive with DeviceNet - a - - - -
Drive with Remote 1/O - 0 - - - -

Table 2.1 PowerFlex 700 EN61800-3 EMC Compatibility

Second Environment First Environment Restricted Distribution
Restrict Motor Cable to 30 m (98 ft.) Restrict Motor Cable to 150 m (492 ft.)
Frame Any Drive and Option Any Drive and Option | External Filter Required (1)
0 ad O O
1 ad O O
2 ad O O
3 ad d O

() Select the Roxburgh filter (or equivalent) that meets your specifications from the list below. Refer to: http://
www.deltron-emcon.com for detailed filter information.

Filter Part No.  Current
MIF306 6A
MIF310 10A
MIF316 16A
MIF323 23A
MIF330 30A

Filter Part No.  Current
MIF350 50A
MIF375 75A
MIF3100 100A
MIF3150 150A
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Copy Cat

Some PowerFlex drives have a feature called Copy Cat, which allows the
user to upload a complete set of parametersto the LCD HIM. This
information can then be used as backup or can be transferred to another
drive by downloading the memory.

Generally, the transfer process manages all conflicts. If a parameter from
HIM memory does not exist in the target drive, if the value stored is out of
range for the drive or the parameter cannot be downloaded because the drive
is running, the download will stop and a text message will beissued. The
user than has the option of completely stopping the download or continuing
after noting the discrepancy for the parameter that could not be
downloaded. These parameters can then be adjusted manually.

The LCD HIM will store anumber of parameter sets (memory dependant)
and each individual set can be named for clarity.
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Current Limit

[Current Lmt Sel]
[Current Lmt Val]
[Current Lmt Gain]

There are 6 ways that the drive can protect itself from overcurrent or
overload situations:

I nstantaneous Overcurrent trip
Software Instantaneous Trip
Software Current Limit
Overload Protection IT
Heatsink temperature protection
Thermal Manager

A. Instantaneous Overcurrent - Thisis afeature that instantaneously trips or

faultsthe driveif the output current exceedsthisvalue. Thevalueisfixed
by hardware and is typically 250% of drive rated amps. The Fault code
for thisfeature is F12 “HW Overcurrent.” This feature cannot be
defeated or mitigated.

B. Software Instantaneous Trip - If it is determined that the hardware

overcurrent levels are too high for certain drives (below certain output
frequencies), an additional software overcurrent trip isinvoked. When
the drive is being operated bel ow the given frequency (fixed and stored
in drive memory) the software overcurrent trip level is set to avalue less
than the hardware overcurrent level. This offers additional protection to
drives running at very low output frequencies, if needed. If the reduced
current limit level is exceeded, an F36 “SW Overcurrent” fault is
generated.

. Software Current Limit - Thisis asoftware feature that selectively faults

the drive or attempts to reduce current by folding back output voltage
and frequency if the output current exceeds this value. The [Current Lmt
Val] parameter is programmable between approximately 25% and 150%
of drive rating. The reaction to exceeding this value is programmable
with [Shear Pin Fault]. Enabling this parameter creates an F63 * Shear
Pin Fault.” Disabling this parameter causes the drive to use VoltsHz fold
back to try and reduce load.

The frequency adjust or fold back operation consists of two modes. In
the primary mode of current limit operation, motor phase current is
sampled and compared to the Current Limit setting in the [Current L mt
Val]. If acurrent “error” exists, error is scaled by anintegral gain and fed
to the integrator. The output of thisintegrator is summed with the
proportional term and the active speed mode component to adjust the
output frequency and the commanded voltage. The second mode of
current limit operation is invoked when afrequency limit has been
reached and current limit continues to be active. At this point, a current
regulator is activated to adjust the output voltage to limit the current.
When the current limit condition ceases or the output voltage of the
current regulator attempts to exceed the open |oop voltage commands,
control is transferred to the primary current limit mode or normal ramp
operation.
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D. Overload Protection I 2T - Thisis a software feature that monitors the
output current over time and integrates per I T. The base protection is
110% for 1 minute or the equivalent |2T value (i.e. 150% for 3 seconds,
etc.). If the IT integrates to maximum, an F64 “Drive Overload” fault
will occur. The approximate integrated value can be monitored via the
[Drive OL Count] parameter.

E. Heatsink Temperature Protection - The drive constantly monitors the
heatsink temperature. If the temperature exceeds the drive maximum, a
“Heatsink OvrTemp” fault will occur. Thevalueisfixed by hardware at a
nominal value of 100 degrees C. Thisfault is generally not used for
overcurrent protection due to the thermal time constant of the heatsink. It
isan overload protection.

F. Therma manager (see Drive Overload on page 2-71).
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Datalinks

A Datalink is one of the mechanisms used by PowerFlex drivesto transfer
datato and from a programmabl e controller. Datalinks alow a parameter
value to be changed without using an Explicit Message or Block Transfer.
Datalinks consist of a pair of parameters that can be used independently for
16 bit transfers or in conjunction for 32 bit transfers. Because each Datalink
consists of a pair of parameters, when enabled, each Datalink occupies two
16 or 32-hit words in both the input and output image tables, depending on
configuration. A user enters a parameter number into the Datalink
parameter. The value that isin the corresponding output data table word in
the controller isthen transferred to the parameter whose number has been
placed in the Datalink parameter. The following example demonstrates this
concept. The object of the example isto change Accel and Decel times“on
the fly” under PLC controal.

The user makes the following PowerFlex drive parameter settings:
Parameter 300 [Dataln Al] = 140 (the parameter number of [Accel Time 1]
Parameter 301 [Dataln A2] = 142 (the parameter number of [Decel Time 1]

Programmable Remote I/0 Adjustable Frequency
Controller Communication AC Drive
1/0 Image Table Module

Output Image

Block Transfer
Logic Command
Analog Reference Datalink A

WORD 3
Datalink A

WORD 4
L

Parameter/Number

Dataln Al 300
Dataln A2 301

WORD 5
WORD 6
WORD 7

Data Out Al 310
Data Out A2 311

Input Image

Block Transfer
Logic Status
Analog Feedback
WORD 3
WORD 4
WORD 5
WORD 6
WORD 7

In the PLC data Table, the user enters Word 3 as a value of 100 (10.0 Secs)
and word 4 as avalue of 133 (13.3 seconds). On each |/O scan, the
parameters in the PowerFlex drive are updated with the value from the data
table:

Accel Time P140 = 10.0 seconds (value from output image table Word 3)
Decel Time P142 = 13.3 seconds (value from output image table Word 4).

Any time these values need to be changed, the new values are entered into
the data table, and the parameters are updated on the next PLC 1/0O scan.
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Rules for Using Datalinks

1. 1. A Datalink consists of 4 words, 2 for Datalink x IN and 2 for Datalink
x Out. They cannot be separated or turned on individually.

2. Only one communications adapter can use each set of Datalink
parameters in a PowerFlex drive. If more than one communications
adapter is connected to a single drive, multiple adapters must not try to
use the same Datalink.

3. Parameter settings in the drive determine the data passed through the
Datalink mechanism

4. When you use a Datalink to change a value, the value is not written to
the Non-Volatile Storage (EEprom memory). The valueis stored in
volatile memory (RAM) and lost when the drive loses power.

32-Bit Parameters using 16-Bit Datalinks

To read (and/or write) a 32-bit parameter using 16-bit Datalinks, typically
both Datalinks (A,B,C,D) are set to the 32-bit parameter. For example, to
read Parameter 09 - [Elapsed MWh], both Datalink A1 and A2 are set to
“9." Datalink A1 will contain the least significant word (LSW) and Datalink
A2 the most significant word (MSW). In this example, the parameter 9
value of 5.8MWh isread asa“58” in Datalink A1

Datalink Most/Least Significant Word | Parameter Data(decimal)
Al LSW 9 58
A2 MSW 9 0

Regardless of the Datalink combination, x1 will always contain the LSW
and x2 will always contain the MSW.

In the following examples Parameter 242 - [Power Up Marker] contains a
value of 88.4541 hours.

Datalink Most/Least Significant Word | Parameter Data(decimal)
Al LSW 242 32573

A2 -Not Used- 0 0

Datalink Most/Least Significant Word | Parameter Data(decimal)
Al -Not Used- 0 0

A2 MSW 242 13

Even if non-consecutive Datalinks are used (in the next example, Datalinks
A1 and B2 would not be used), datais still returned in the same way.

Datalink Most/Least Significant Word | Parameter Data(decimal)
A2 MSW 242 13
Bl LSW 242 32573

32-bit datais stored in binary as follows:

MSW
LSW

231 through 216
215 through 20

Example

Parameter 242 - [Power Up Marker%: 88.4541 hours
MSW = 13gecimal = 1101pinary = 216 + 218 + 219 = 851968
LSW = 32573

851968 + 32573 = 884541
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DC Bus Voltage /
Memory

A measure of the instantaneous value or “nominal” bus voltage determined
by heavily filtering bus voltage. Just after the pre-charge relay is closed
during the initial power-up bus pre-charge, bus memory is set equal to bus
voltage. Thereafter it is updated by ramping at avery slow rate toward
Vhbus. Thefiltered value ramps at approximately 2.4V DC per minute (for a
480V AC drive). Anincrease in DC Bus memory is blocked during
deceleration to prevent afalse high value due to the bus being pumped up by
regeneration. Any change to DC Bus memory is blocked during inertiaride
through.
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Decel Time

[Decel Timel, 2]

Setsthe rate at which the drive ramps down its output frequency after a Stop
command or during a decrease in command frequency (speed change). The
rate established is the result of the programmed Decel Time and the
Minimum and Maximum Frequency, as follows:

Maximum Freguency — Minimum Frequency - pecel Rate
Decel Time

Two Decel times exist to allow the user to change rates “on the fly” viaPLC
command or Digital Input. The selection is made using the 1st/2nd Decel
inputs shown below or asimilar pattern of decel time select bitsinthe Logic
Control word used via PLC communications.

Times are adjustable in 0.1 second increments from 0.0 seconds to 3600.0
seconds.

In its factory default condition, when no Decel select inputs are closed and
no time bitsare“1,” the default deceleration time is [Decel Time 1] and the
rate is determined as above.
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Digital Inputs

Cable Selection
Important points to remember about 1/0 wiring:

» Always use copper wire.
* Wirewith aninsulation rating of 600V or greater is recommended.

» Control and signal wires should be separated from power wires by at
least 0.3 meters (1 foot).

Table 2.J Recommended Control Wire for Digital I/0

Minimum
Type Wire Type(s) Description Insulation Rating
Unshielded | Per US NEC or applicable - 300V, 60 degrees C
national or local code (140 degrees F)

Shielded Multi-conductor shielded cable |0.750 mm2(18AWG), 3
such as Belden 8770 (or equiv.) |conductor, shielded.

Wiring Examples

See page 2-17.

There are 6 digital (discrete) inputs (numbered 1 through 6) available at the
terminal block.

PowerFlex 70

Each digital input has a maximum response/pass through/function
execution time of 25ms. For example, no more than 25ms should elapse
from the time the level changes at the Start input to the time voltageis
applied to the motor.

There is both hardware and software filtering on these inputs. The hardware
provides an average delay of 12ms from the time the level changes at the
input to the earliest time that the software can detect the change. The actual
time can vary between boards from 7 to 17ms, but any particular board
should be consistent to within 1% of its average value. The amount of
software filtering is not aterable by the user.

PowerFlex 700

Each digital input has a maximum response/pass through/function
execution time of 25ms. This means that, for example, no more than 25ms
should elapse from the time the level changes at the Start input to the time
voltage is applied to the motor.

Digital Input Configuration

Inputs are configured for the required function by setting a[Digital Inx Sel]
parameter (one for each input). These parameters cannot be changed while
the driveis running.
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36

Pty

362
363
364
365
366

Digital Inputs

[Digital In1 Sel]

[Digital In2 Sel]
[Digital In3 Sel]
[Digital In4 Sel]
[Digital In5 Sel]
[Digital In6 Sel]

Selects the function for the digital inputs.

()When [Digital Inx Sel] is set to option 2
“Clear Faults” the Stop button cannot
be used to clear a fault condition.

(A)Typical 3-Wire Inputs.
Requires that only 3-wire functions are
chosen. Including 2-wire selections will
cause a type 2 alarm.

(3)Typical 2-Wire Inputs.
Requires that only 2-wire functions are
chosen. Including 3-wire selections will
cause a type 2 alarm.

(4)Speed Select Inputs.

Auto Reference Source

Reference A

Reference B

Preset Speed 2
Preset Speed 3
Preset Speed 4
Preset Speed 5
Preset Speed 6
Preset Speed 7

PRrRPrROOCOO|w
PRrOoOORROO|N
RPORORORO|F

To access Preset Speed 1, set [Speed
Ref A Sel] or [Speed Ref B Sel] to
“Preset Speed 1".

Type 2 Alarms

Some digital input programming may
cause conflicts that will result in a Type
2 alarm. For example, [Digital In1 Sel]
set to 5 “Start” in 3-wire control and
[Digital In2 Sel] set to 7 “Run” in 2-wire
control.

Refer to Alarm Descriptions on
page 4-8 for information on resolving
this type of conflict.

() Auto/Manual - Refer to Figure 1.6 on
page 1-13 for details.

Default:

Default:
Default:
Default:
Default:
Default:

Options:

“Stop - CF”

(CF = Clear Fault)
“Start”

“Jog’

“Speed Sel 1"
“Speed Sel 2"
“Speed Sel 3"

“Not Used”
“Enable”

“Clear Faults'®)
“Aux Fault’

“Stop - CF@)
“Start'(?)

“Fwd/ Reverse’®
“Run"®)

“Run Forward"3)
“Run Reverse”®)
“Jog”(z)

“Jog Forward”
“Jog Reverse”
“Stop Mode B”
“Bus Reg Md B”
“Speed Sel 1"(4)
“Speed Sel 2'(4)
“Speed Sel 3'(4)
“Auto/ Manual"®)
“Local”

“Acc2 & Dec2”
“Accel 2"

“Decel 2"

“MOP Inc”
“MOP Dec”
“Excl Link”

“Pl Enable”

“Pl Hold"

“Pl Reset”

“Pwr Loss LvI"
“Precharge En”

100

156
162

096

140

194

380
124

The available functions are defined in Table 2.K.
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Table 2.K Digital Input Function List

Input Function Name Purpose
Stop - CF Stop drive
Clear Faults (open to closed transition)
Run Forward Run in forward direction (2-wire start mode)
Run Reverse Run in reverse direction (2-wire start mode)
Run Run in current direction (2-wire start mode)
Start Start drive (3-wire start mode)
Forward/Reverse Set drive direction (3-wire mode only)
Jog Jog drive
Jog Forward Jog in forward direction
Jog Reverse Jog in reverse direction
Speed Select 3 Select which Speed reference the drive uses.
Speed Select 2
Speed Select 1
Auto/Manual Allows terminal block to assume complete control of Speed
Reference.
Accel 2 Select acceleration rate 1 or 2.
Decel 2 Select deceleration rate 1 or 2.

Accel 2 & Decel 2

Select acceleration rate 1 and deceleration rate 1 or
acceleration rate 2 and deceleration rate 2.

MOP Increment

Increment MOP  (Motor Operated Pot Function Speed ref)

MOP Decrement

Decrement MOP (Motor Operated Pot Function Speed ref)

Stop Mode B Select Stop Mode A (open) or B (closed)

Bus Regulation Mode B Select which bus regulation mode to use

Pl Enable Enable Process Pl loop.

PI Hold Hold integrator for Process Pl loop at current value.
Pl Reset Clamp integrator for Process Pl loop to 0.

Auxiliary Fault

Open to cause “auxiliary fault” (external string).

Local Control

Allows terminal block to assume complete control of drive
logic.

Clear Faults

Clear faults and return drive to ready status.

Enable

Open input causes drive to coast to stop, disallows start.

Exclusive Link

Exclusive Link — digital input is routed through to digital
output, no other use.

Power Loss Level (PowerFlex 700 only)

Selects between using fixed value for power loss level and
getting the level from a parameter

Precharge Enable (PowerFlex 700 only)

If common bus configuration, denotes whether drive is
disconnected from DC bus or not. Controls precharge
sequence on reconnection to bus.

Input Function Detailed Descriptions

e Stop - Clear Faults

An open input will cause the drive to stop and become “not ready”. A
closed input will alow the drive to run.

If “Start” is configured, then “ Stop - Clear Faults’ must also be
configured. Otherwise, adigital input configuration alarm will occur.
“Stop - Clear Faults’ is optional in al other circumstances.

An open to closed transition isinterpreted as a Clear Faults request. The
drive will clear any existing faults. The terminal block bit must be set in
the [Fault Mask] and [Logic Mask] parameters in order for the terminal
block to clear faults using this input function.
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If the “Clear Faults’ input function is configured at the same time as
“Stop - Clear Faults’, then it will not be possible to reset faults with the
“Stop - Clear Faults’ input.

Run Forward, Run Reverse

An open to closed transition on one input or both inputs while driveis
stopped will cause the drive to run unless the “ Stop - Clear Faults’ input
function is configured and open.

The table below describes the basic action taken by the drive in response
to particular states of these input functions.

Run Forward |Run Reverse |Action

Open Open Drive stops, terminal block relinquishes direction ownership.

Open Closed Drive runs in reverse direction, terminal block takes direction
ownership.

Closed Open Drive runs in forward direction, terminal block takes direction
ownership.

Closed Closed Drive continues to run in current direction, but terminal block
maintains direction ownership.

If one of these input functions is configured and the other oneisn’t, the
above description still applies, but the unconfigured input function
should be considered permanently open.

Theterminal block bit must be set in the [Start Mask], [Direction Mask],
and [Logic Mask] parametersin order for the terminal block to start or
change the direction of the drive using these inputs.

Important: Direction control isan “ Exclusive Ownership” function (see
Owners). This meansthat only one control device (terminal
block, DPI device, HIM, etc.) at atimeis allowed to control
direction at atime. The terminal block must become
direction “owner” before it can be used to control direction.
If another deviceis currently the direction owner (as
indicated by [Direction Owner]), it will not be possibleto
start thedrive or changedirection by using the terminal
block digital inputs programmed for both Run and
Direction control (i.e. Run/Fwd).

If one or both of these input functions is configured, it will not be
possibleto start or jog the drive from any other control device. Thisis
true irrespective of the state of the [Start Mask], [Direction Mask], and
[Logic Mask] parameters.

Run

An open to closed transition on thisinput while drive is stopped will
cause the drive to runin the currently selected direction unless the “ Stop
- Clear Faults’ input function is configured and open.

If thisinput is open, then the drive will stop.
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The purpose of thisinput function isto allow a 2-wire start while the
direction is being controlled by some other means.

Theterminal block bit must be set in the [Start Mask] and [Logic Mask]
parametersin order for the terminal block to start the drive using this
input.

If the “Run” input function is configured, it will not be possible to start
or jog the drive from any other control device. Thisistrueirrespective of
the state of the [Start Mask], [Direction Mask], and [Logic Mask]
parameters.

The Effectsof 2-Wire Start M odes on Other DPI Devices

The “Run/Stop” and “Run Fwd/Rev” start modes are a so called
“2-wire" start modes, because they allow the drive to be started and
stopped with only asingle input and two wires. When a“2-wire”
terminal block start mode is put into effect by the user, the drive can no
longer be started or jogged from any other control device (i.e. HIM,
network card, etc.). Thisrestriction persists aslong as one or more of
“Run”, “Run Forward”, and “Run Reverse” are configured. Thisistrue
even if the configuration is otherwise illegal and causes a configuration
alarm.

Start

An open to closed transition while the drive is stopped will cause the
drive to runin the current direction, unless the “ Stop — Clear Faults’
input function is open.

The terminal block bit must be set in the [Start Mask] and [Logic Mask]
parametersin order for the terminal block to start or change the direction
of the drive using these inputs.

If “Start” is configured, then “ Stop - Clear Faults” must also be
configured.

Forward/Rever se

Thisfunction is one of the ways to provide direction control when the
Start / Stop / Run functions of the drive are configured as 3 —wire
control.

An open input sets direction to forward. A closed input sets direction to
reverse. If state of input changes and drive is running or jogging, drive
will change direction.

Theterminal block bit must be set in the [Direction Mask] and [Logic
Mask] parametersin order for the terminal block to select the direction
of the drive using this input function.

Important: Direction control isan “ Exclusive Ownership” function (see
Owners). This meansthat only one control device (terminal
block, DPI device, HIM, etc.) at atimeis allowed to control
direction at atime. The terminal block must become
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direction “owner” before it can be used to control direction.
If another device is currently the direction owner (as
indicated by [Direction Owner]), it will not be possibleto
start thedrive or change direction by using the terminal
block digital inputs programmed for both Run and
Direction control (i.e. Run/Fwd).

Important:

Because an open condition (or unwired condition) commands Forward,
the terminal block seeks direction ownership as soon as this input
function is configured, which may happen at power-up. In order for the
terminal block to actually gain ownership, the masks must be set up
correctly (see above) and no other device can currently have direction
ownership. Once the terminal block gains direction ownership, it will
retain it until shutdown, until the [Direction Mask] or [Logic Mask] bits
for theterminal block are cleared, or until thisinput functionis no longer
configured

* Jog

Jog is essentially a non-latched “run/start” command. An open to closed
transition while drive is stopped causes drive to start (jog) in the current
direction. When the input opens while drive is running (jogging), the
drive will stop.

The drive will not jog while running or while the “ Stop - Clear Faults’
input is open. Start has precedence.

the drive isjogging, the drive will switch from jog mode to run
mode. The drive will not stop, but may change speed and/or
change direction.

2 ATTENTION: If anormal drive start command isreceived while

Theterminal block bit must be set in the [Jog Mask] and [Logic Mask]
parametersin order for the terminal block to cause the drive to jog using
this input function.

« Jog Forward, Jog Reverse

An open to closed transition on one input or both inputs while driveis
stopped will cause the drive to jog unless the “ Stop - Clear Faults” input
function is configured and open. The table below describes the actions
taken by the drive in response to various states of these input functions.

Jog Forward |Jog Reverse | Action

Open Open Drive will stop if already jogging, but can be started by other
means. Terminal block relinquishes direction ownership.

Open Closed Drive jogs in reverse direction. Terminal block takes direction
ownership.

Closed Open Drive jogs in forward direction. Terminal block takes direction
ownership.

Closed Closed Drive continues to jog in current direction, but terminal block
maintains direction ownership.
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If one of these input functionsis configured and the other oneisn’t, the
above description still applies, but the unconfigured input function
should be considered permanently open.

The drive will not jog while driveis running or while “Stop - Clear
Faults’ input is open. Start has precedence.

the drive isjogging, the drive will switch from jog mode to run
mode. The drive will not stop, but may change speed and/or
change direction.

2 ATTENTION: If anormal drive start command isreceived while

Theterminal block bit must be set in the [Jog Mask], [Direction Mask],
and [Logic Mask] parametersin order for the terminal block to cause the
drive to jog using these input functions.

Important: Direction control isan “ Exclusive Ownership” function (see
Owners). This means that only one control device (terminal
block, DPI device, HIM, etc.) at atimeis allowed to control
direction at atime. The terminal block must become
direction “owner” before it can be used to control direction.
If another deviceis currently the direction owner (as
indicated by [Direction Owner]), it will not be possibleto
jog thedrive or changedirection by using theterminal
block digital inputs programmed for both Run and
Direction control (i.e. Run/Fwd).

If another device is not currently the direction owner (asindicated by
[Direction Owner]) and the terminal block bit is set in the [Direction
Mask] and [Logic Mask] parameters, the terminal block becomes
direction owner as soon as one (or both) of the “Jog Forward” or “Jog
Reverse” input functionsis closed.

Speed select 1, 2, and 3

One, two, or three digital input functions can be used to select the speed
reference used by the drive, and they are called the Speed Select input
functions. The current open/closed state of all Speed Select input
functions combine to select which source is the current speed reference.
There are 8 possible combinations of open/closed states for the three
input functions, and thus 8 possible parameters can be selected. The 8
parameters are: [Speed Ref A Sel], [Speed Ref B Sel], and [Preset Speed
2] through [Preset Speed 7].

If the Speed Select input functions select [ Speed Ref A Sel] or [ Speed
Ref B Sel], then the value of that parameter further selects areference
source. There are alarge number of possible selections, including al 7
presets.

If the input functions directly select one of the preset speed parameters,
then the parameter contains afrequency that is to be used asthe
reference.
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Theterminal block bit must be set in the [Reference Mask] and [Logic
Mask] parametersin order for the reference selection to be controlled
from the terminal block using the Speed Select inputs functions.

Important: Reference Control is an “Exclusive Ownership” function
(see Owners on page 2-104). This means that only one
control device (terminal block, DPI device, HIM, etc.) at a
timeis allowed to select the reference source. The terminal
block must become direction “owner” beforeit can be used
to control direction. If another deviceis currently the
reference owner (asindicated by [Reference Owner]), it will
not be possible to select the reference by using the terminal
block digital inputs, and the Speed Select Inputs will have
no effect on which reference the driveis currently using.

Because any combination of open/closed conditions (or unwired
condition) commands a reference source, terminal block seeks

ownership of reference selection as soon as any of these input functions
are configured, which may happen at power-up. In order for the terminal
block to actually gain ownership, the masks must be set up correctly (see
above) and no other device can currently have reference ownership.
Once the terminal block gains reference ownership, it will retain it until
shutdown, until the [Reference Mask] or [Logic Mask] bits for the
terminal block are cleared, or until none of the digital inputs are
configured as Speed Select input functions.

The Speed Select input function configuration process involves
assigning the functionality of the three possible Speed Select input
functions to physical digital inputs. The three Speed Select inputs
functions are called “ Speed Select 17, “ Speed Select 2", and “ Speed
Select 3", and they are assigned to physical inputs using the [Digital Inx
Sel] parameters.

The table below describes the various reference sources that can be
selected using all three of the Speed Select input functions.

Speed Select 3 |Speed Select 2 |Speed Select 1 |Parameter that determines Reference
Open Open Open [Speed Ref A Sel]

Open Open Closed [Speed Ref B Sel]

Open Closed Open [Preset Speed 2]

Open Closed Closed [Preset Speed 3]

Closed Open Open [Preset Speed 4]

Closed Open Closed [Preset Speed 5]

Closed Closed Open [Preset Speed 6]

Closed Closed Closed [Preset Speed 7]

If any of the three Reference Select input functions are not configured,
then the software will still follow the table, but will treat the
unconfigured inputs as if they are permanently open.

As an example, the table below describes what reference selections can
be made if “Speed Select 1” isthe only configured input function. This
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configuration allows asingle input to choose between [ Speed Ref A Sel]
and [Speed Ref B Sel].

Speed Select 1 Selected Parameter that determines Reference
Open [Speed Ref A Sel]
Closed [Speed Ref B Sel]

As another example, describes what reference selections can be made if
the “ Speed Select 3" and “ Speed Select 2" input functions are
configured, but “ Speed Select 17 is not.

Speed Select3  |Speed Select2 | Selected Parameter that determines reference

Open Open [Speed Ref A Sel]
Open Closed [Preset Speed 2]
Closed Open [Preset Speed 4]
Closed Closed [Preset Speed 6]

Auto/M anual

The Auto/Manual facility isessentially ahigher priority reference select.
It allows a single control device to assume exclusive control of reference
select, irrespective of the reference select digital inputs, reference select
DPI commands, the reference mask, and the reference owner.

If the“Auto/Manual” input function is closed, then the drive will use one
of the analog inputs (defined by [TB Man Ref Sel]) as the reference,
ignoring the normal reference selection mechanisms. This mode of
reference selection is called “ Terminal Block Manual Reference
Selection Mode”.

If thisinput function is open, then the terminal block does not request
manual control of the reference. If no control device (including the
terminal block) is currently requesting manual control of the reference,
then the drive will use the normal reference selection mechanisms. This
is called “Automatic Reference Selection” mode.

The drive arbitrates among manual reference requests from different
control devices, including the terminal block.

Accel 2/ Decd 2

The Acceleration/Deceleration Rate Control input functions (Acc/Dec
input functions for short) allow the rate of acceleration and deceleration
for the drive to be selected from the terminal block. The rates themselves
are contained in [Accel Time 1], [Decel Time 1], [Accel Time 2], and
[Decel Time 2]. The Acc/Dec input functions are used to determine
which of these acceleration and deceleration rates are in effect at a
particular time.

Theterminal block bit must be setinthe [Accel Mask] and [Logic Mask]
parametersin order for the acceleration rate selection to be controlled
from the terminal block. Theterminal block bit must be set in the [Decel
Mask] and [Logic Mask] parameters in order for the deceleration rate
selection to be controlled from the terminal block.
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There are two different schemes for using the Acc/Dec input functions.
Each one will be described in its own section.

Accel 2, Decel 2

In thefirst scheme, one input function (called “Accel 2") selects between
[Accel Time 1] and [Accel Time 2], and another input function (called
“Decel 2") selects between [Decel Time 1] and [Decel Time 2]. The
open state of the function selects [Accel Time 1] or [Decel Time 1], and
the closed state selects[Accel Time 2] or [Decel Time 2].

Important: Acc/Dec Contral isan “Exclusive Ownership” function (see
Owners). This means that only one control device (terminal
block, DPI device, HIM, etc.) at atimeis allowed to select
the Acc/Dec rates. The terminal block must become Acc/
Dec “owner” before it can be used to control ramp rates. If
another deviceis currently the reference owner (asindicated
by [Reference Owner]), it will not be possible to select the
reference by using the terminal block digital inputs, and the
Speed Select Inputs will have no effect on which reference
the driveis currently using.

Because any combination of open / closed conditions (or unwired
condition) commands a reference source, the terminal block seeks accel
ownership as soon asthe “Accel 27 input function is configured, which
may happen at power-up. In order for the terminal block to actually gain
ownership, the masks must be set up correctly (see above) and no other
device can currently have accel ownership. Once the terminal block
gains accel ownership, it will retain it until shutdown, until the [Accel
Mask] or [Logic Mask] bits for the terminal block are cleared, or until
“Accdl 2" isunconfigured.

For the“Decel 2" input function, decel eration rate selection ownershipis
handled in asimilar fashion to accel eration rate selection ownership.

Acc2 & Dec2

In the second scheme, the 1" rates are combined (Acc and Dec) and the
“2" rates are combined. A singleinput function is used to select between
[Accel Time 1]/[Decel Time 1] and [Accel Time 2]/[Decel Time 2]. This
input function is called “Acc 2 & Dec 2".

If function is open, then drive will use [Accel Time 1] asthe acceleration
rate and [Decel Time 1] as the deceleration rate. If function is closed,
then drive will use [Accel Time 2] as the acceleration rate and [Decel
Time 2] asthe deceleration rate.

The same ownership rules as above apply.
MOP Increment, MOP Decrement

These inputs are used to increment and decrement the Motor Operated
Potentiometer (MOP) value inside the drive. The MOP is areference
setpoint (called the “MOP Value”) that can be incremented and
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decremented by external devices. The MOP value will be retained
through a power cycle.

While the “MOP Increment” input is closed, MOP value will increase at
rate contained in [MOP Rate]. Units for rate are Hz per second.

While the “MOP Decrement” input is closed, MOP value will decrease
at rate contained in [MOP Rate]. Units for rate are Hz per second.

If both the “MOP Increment” and “MOP Decrement” inputs are closed,
MOP value will stay the same.

Theterminal block bit must be set inthe[MOP Mask] and [Logic Mask]
parametersin order for the MOP to be controlled from the terminal
block.

In order for the drive to use the MOP value as the current speed
reference, either [Speed Ref A Sel] or [Speed Ref B Sel] must be set to
1] MOP.H

Stop Mode B

This digital input function selects between two different drive stop
modes. See also Stop Modes on page 2-158.

If theinput is open, then [Stop Mode A] selects which stop mode to use.
If the input is closed, then [Stop Mode B] selects which stop mode to
use. If thisinput function is not configured, then [Stop Mode A] always
selects which stop mode to use.

Bus Regulation Mode B

Thisdigital input function selects how the drive will regulate excess
voltage on the DC bus. See also Bus Regulation.

If the input is open, then [Bus Reg Mode A] selects which bus regulation
mode to use. If theinput is closed, then [Bus Reg Mode B] selectswhich
bus regulation mode to use. If thisinput function is not configured, then
[Bus Reg Mode A] always selects which bus regulation mode to use.

Pl Enable

If thisinput function is closed, the operation of the Process Pl loop will
be enabled.

If thisinput function is open, the operation of the Process Pl loop will be
disabled. See Process Pl Loop on page 2-116.

Pl Hold

If thisinput function is closed, the integrator for the Process Pl loop will
be held at the current value, which isto say that it will not increase.
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If thisinput function is open, the integrator for the Process PI loop will
be alowed to increase. See Process Pl L oop on page 2-116.

Pl Reset

If thisinput function is closed, the integrator for the Process Pl loop will
be reset to 0.

If thisinput function is open, the integrator for the Process Pl loop will
integrate normally. See Process Pl L oop on page 2-116.

Auxiliary Fault

The “Auxiliary Fault” input function allows external equipment to fault
the drive. Typically, one or more machine inputs (limit switches,
pushbuttons, etc.) will be connected in series and then connected to this
input. If the input function is open, the software detects the change of
state then the drive will fault with the “Auxiliary Fault” fault code.

If the “Auxiliary Fault” input function is assigned to a physica digital
input, that input will be active irrespective of any drive control masks.
Also, the input will be active even if a device other than the terminal
block gains complete local control of drive logic. See Local Contral.

If thisinput function is not configured, then the fault will not occur.
Local Control

The“Loca Control” input function allows exclusive control of all drive
logic functions from the terminal block. If thisinput function is closed,
the terminal block has exclusive control (disabling all the DPI devices)
of drive logic, including start, reference selection, acceleration rate
selection, etc. The exception is the stop condition, which can always be
asserted from any connected control device.

The drive must be stopped in order for the terminal block to gain
complete local contral.

Important: Local Control isan “Exclusive Ownership” function (see
Owners). This means that only one control device (terminal
block, DPI device, HIM, etc.) at atimeis allowed take local
control. If another deviceis not currently the local owner (as
indicated by [Loca Owner]) and the terminal block bit is set
in the [Local Mask] and [Logic Mask] parameters, the
terminal block becomeslocal owner as soon as the “L ocal
Control” input function is closed.

Clear Faults

The “Clear Faults” digital input function allows an external deviceto
reset drive faults through the terminal block. An open to closed transition
on thisinput will cause the current fault (if any) to be reset.

If thisinput is configured at the same time as “ Stop - Clear Faults’, then
only the “Clear Faults’ input can actually cause faults to be reset.
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Theterminal block bit must be set in the [Fault Mask] and [Logic Mask]
parametersin order for faults to be reset from the terminal block.

Enable

If thisinput is closed, then the drive can run (start permissive). If open,
the drive will not start.

If the drive is already running when this input is opened, the drive will
coast and indicate “not enabled” on the HIM (if present). Thisis not
considered afault condition, and no fault will be generated.

Thisinput is not used for afast output power removal. The drive will not
stop running until the software detects the open state of thisinput
function.

If multiple “Enable”’ inputs are configured, then the drive will not run if
any of the inputs are open.

Exclusive Link

Thisinput function is used to activate the state of the input to control one
of the drive's digital outputs. See Digital Outputs.

If an Input is so configured, no function exists for the input until
complementary Digital Output programming is done. If no outputs are
programmed (linked), the input has no function.

This choice is made when the user wishesto link the input to the output,
but desires that no other functionality be assigned to the inpui.

The state of any digital input can be “passed through” to adigital output
by setting the value of a digital output configuration parameter ([Digital
Outx Sdl]) to “Input n Link”. The output will then be controlled by the
state of the input, even if the input is being used for a second function. If
theinput is configured as“Not used” input function, the link to the input
is considered non-functional .

Power Loss Level (PowerFlex 700 only)

When the DC bus level in the drive falls below a certain level, a*“ power
loss” condition is created in the drive logic. Thisinput allows the user to
select between two different “ power loss’ detection levels dynamically.

If the physical input is closed, then the drive will take its power loss level
from a parameter. If the physical input is open (de-energized), then the
drive will use a power loss level designated by internal drive memory,
typically 82% of nominal.

If the input function is not configured, then the drive always uses the
internal power loss level. Thisinput functionis used in PowerFlex 700
drives only. In PowerFlex 70 drives, the power loss level is aways
internal and not selectable.
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« Precharge Enable (Power Flex 700 only)

Thisinput function is used to manage disconnection from acommon DC
bus.

If the physical input is closed, thisindicates that the driveis connected to
common DC bus and normal precharge handling can occur, and that the
drive can run (start permissive). If the physical input is open, this
indicates that the drive is disconnected from the common DC bus, and
thus the drive should enter the precharge state (precharge relay open) and
initiate a coast stop immediately in order to prepare for reconnection to
the bus.

If thisinput function is not configured, then the drive assumesthat it is
always connected to the DC bus, and no specia precharge handling will
be done. Thisinput function is used in PowerFlex 700 drive only. In
PowerFlex 70 drives, the drive assumesit is always connected to the DC
bus.

Digital Input Conflict Alarms

If the user configures the digital inputs so that one or more selections
conflict with each other, one of the digital input configuration alarmswill be
asserted. Aslong asthe Digital Input Conflict exists, the drive will not
start. These alarmswill be automatically cleared by the drive as soon asthe
user changes the parameters so that thereis an internally consistent digital
input configuration.

Examples of configurations that cause an alarm are:

» User triesto configure both the “ Start” input function and the “Run
Forward” input function at the same time. “ Start” isonly used in
“3-wire" start mode, and “Run Forward” isonly used in “2-wire” run
mode, so they should never be configured at the same time

» User triesto assign atoggle input function (for instance “Forward/
Reverse”) to more than one physical digital input simultaneously.

e Theseadarms, caled Type 2 Alarms, are different from other alarmsin
that it will not be possible to start the drive while the dlarm is active. It
should not be possible for any of these alarmsto occur while driveis
running, because all configuration parameters are only changeable while
driveis stopped. Whenever one or more of these alarmsiis asserted, the
drive ready status will become “not ready” and the HIM will reflect a
message signaling the conflict. In addition, the drive status light will be
flashing yellow.

There are three different digital input configuration alarms. They appear to
theuser (in[Drive Alarm 2]) as“Digln CflctA”, “Digln CflctB”, and “Digln
CflctC".

“Digln CflctA” indicates a conflict between different input functions that
are not specifically associated with particular start modes.
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The table below defines which pairs of input functions are in conflict.
Combinations marked with a“ £” will cause an alarm.

Important: There are combinations of input functionsin Table 2.L that
will produce other digital input configuration alarms. “Digln
CflctA” alarm will also be produced if “ Start” is configured and
“Stop — Clear Faults’ is not.

Table 2.L Input function combinations that produce “Digin CflctA” alarm

Acc2/Dec2 |Accel2 |Decel2 |Jog [JogFwd |JogRev |Fwd/Rev
Acc?2 / Dec2

Accel 2

Decel 2

Jog

Jog Fwd

Jog Rev

Fwd / Rev

“Digln CflctB” indicatesadigital Start input has been configured without a
Stop input or other functions are in conflict. Combinations that conflict are

marked with a*“ &” and will cause an alarm.

Table 2.M Input function combinations that produce “Digin CflctB” alarm

Fwd/
Start |Stop-CF |Run [RunFwd |RunRev |Jog |Jog Fwd |JogRev |Rev

Start

Stop-CF

Run Rev

Jog

Jog Fwd

Jog Rev

Fwd / Rev

“Digin CflctC” indicates that more than one physical input has been
configured to the same input function, and this kind of multiple
configuration isn’t allowed for that function. Multiple configuration is
allowed for some input functions and not allowed for others.

Thereis one additional alarm that is related to digital inputs: the “Bipolar
Cflct” alarm occurs when there is a conflict between determining motor
direction using digital inputs on the terminal block and determining it by the
polarity of an analog speed reference signal.

Note that the drive will assert an alarm when the user setsup aillegal
configuration rather than refusing the first parameter value that resultsin
such aconfiguration. Thisis necessary because the user may have to change
several parameters one at atime in order to get to anew desired
configuration, and some of the intermediate configurations may actualy be
illegal. Using this scheme, the user or a network device can send parameter
updates in any order when setting up the digital input configuration.
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“Digin CflctC” indicates that more than one physical input has been
configured to the same input function, and this kind of multiple
configuration isn’t allowed for that function. Multiple configuration is
allowed for some input functions and not allowed for others. The input
functions for which multiple configuration is not allowed are:

Forward/Reverse Run Forward Stop Mode B
Speed Select 1 Run Reverse Bus Regulation Mode B
Speed Select 2 Jog Forward Accel2 & Decel2
Speed Select 3 Jog Reverse Accel 2

Run Decel 2

The“Bipolar Cflct” alarm occurs when there is a conflict between
determining motor direction using digital inputs on the terminal block and
determining it by some other means.

When [Direction Mode] is “Bipolar”, the drive uses the sign of the
reference to determine drive direction; when [Direction Mode] is“ Reverse
Dis’, then the drive never permits the motor to run in the reverse direction.
In both of these cases, the terminal block inputs cannot be used to set
direction, so thisalarm is asserted if any digital input function that can set
motor direction is configured.

The“Bipolar Cflct” alarm will be asserted if both of the following are true:

» One or more of the following digital input functions are configured:

“Forward/Reverse”, “Run Forward”, “Run Reverse”, “ Jog Forward”,
“Jog Reverse’.
» [Direction Mode] is set to “Bipolar” or “Reverse Dis’.

Digital In Status

This parameter represents the current state of the digital inputs. It contains
one bit for each input. The bitsare “1” when the input is closed and “0”
when the input is open.

Examples
PowerFlex 70

Below isatypical digital input configuration that includes “ 3-wire” start.
Thedigital input configuration parameters should be set up as follows:

» [Digital Inl1 Sel] set to “ Start”

« [Digital In2 Sel] set to “ Stop - Clear Faults’
» [Digita In3 Sel] set to “Forward/Reverse”
« [Digital In4 Sel] set to “ Jog”

» [Digital In5 Sel] set to “Speed Select 1”

« [Digital In6 Sel] set to “Enable”
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Figure 2.6 Typical digital input configuration with “3-wire” start

.
o—— Digital In1|  Start

— Digital In2|  Stop - CF
_I_w— Digital In3|  Forward/Reverse
o—— Digital In4|  Jog
O—— Digital In5|  Speed Select 2
O—— Digital In6|  Enable
— Common

Figure 2.7 represents atypical digital input configuration that includes*Run
Fwd/Rev” start. The digital input configuration parameters should be set up
asfollows:

» [Digita Inl1 Sel] =“Run Forward”.

« [Digita In2 Sel] = “Run Reverse’.

» [Digita In3 Sel] = “Jog Forward”.

« [Digita In4 Sel] = “Jog Reverse’

» [Digital In5 Sel] =“Accel 2 & Decel 2.
» [Digita In6 Sel] =*“Speed Select 1”.

Figure 2.7 Typical digital input configuration with “Run Fwd/Rev” start

O—— Digital In1|  Run Forward
O0—— Digital In2|  Run Reverse
Oo—— Digital In3|  Jog Forward
Oo—— Digital In4|  Jog Reverse
O—— Digital In5|  Accel 2/Decel 2
O—— Digital In6|  Speed Select 1
Common
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Digital Outputs Each drive provides digital (relay) outputs for external annunciation of a
variety of drive conditions. Each relay isaForm C (1 N.O. —1 N.C. with
shared common) device whose contacts and associated terminals are rated
for amaximum of 250 VAC or 220 VDC. The table below shows
specifications and limits for each relay / contact.

PowerFlex 70 PowerFlex 700

Resistive Load  |Inductive Load
Rated Voltage 250 VAC 250 VAC 250 VAC 250 VAC

220VDC 220VDC 220VDC 220VDC
Maximum Current 3A 15A 8A 4A
Maximum Power AC-50 VA AC-25VA

DC-60W DC-30W

Minimum DC Current 10 pA
Minimum DC Voltage 10 mvV

Switching Time 8ms 8ms
Initial State De-energized De-energized
Number of relays 2 2

(Standard 1/0)

Configuration

The outputs may be independently configured viathe following parameters
to switch for various states of the drive.

380| [Digital Outl Sel] Default: 1  “Fault’ 381
384 |[Digital Out2 Sel] 4  “Run” 385
Selects the drive status that will energize |Options: 1 “Fault'(t) 382
a (CRx) output relay. 2 “Alarm’@) 386
3 “Ready” 383

(U)Contacts shown on page 1-12 are in 4 “Run’ )

drive powered state with condition not 5 ‘Forward Run”

present. For functions such as “Fault’ 6 “Reverse Run

and “Alarm” the normal relay state is 7 "Auto Restart’

energized and N.O. / N.C. contact wiring 8 "Powerup Run
2 may have to be reversed. 9 *AtSpeed 002
= % 10  “AtFreq” 001
5 B 11 “AtCurrent’ 003
o IS 12 “AtTorque” 004
o b= 13 “AtTemp’ 218
= 2 14 “AtBus Volts” 012
-y © 15  “AtPIError’ 137
-~ 16  “DC Braking” 157
17 “Curr Limit’ 147
18  “Economize” 053
19 “Motor Overld” 048
20  “Power Loss” 184

21 “Input1Link”
22 “Input 2 Link"
23 ‘“Input 3 Link”
24 “Input 4 Link”
25 “Input 5 Link”
26 “Input 6 Link”

The selections can be divided into three types of annunciation.

1. Therelay changes state due to a particular status condition in the drive.
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The following drive conditions or status can be selected to cause the
relay activation:

Condition Description

Fault A drive Fault has occurred and stopped the drive

Alarm A Drive Type 1 or Type 2 Alarm condition exists

Ready The drive is powered, Enabled and no Start Inhibits exist. It is “ready” to
run

Run The drive is outputting Voltage and frequency to the motor (indicates 3—
wire control, either direction)

Forward Run The drive is outputting Voltage and frequency to the motor (indicates 2—
wire control in Forward)

Reverse Run The drive is outputting Voltage and frequency to the motor (indicates 2—
wire control in Reverse)

Reset/Run The drive is currently attempting the routine to clear a fault and restart
the drive

Powerup Run The drive is currently executing the Auto Restart or “Run at Power Up”
function

DC Braking The drive is currently executing either a “DC Brake” or a “Ramp to Hold”
Stop command and the DC braking voltage is still being applied to the
motor.

Current Limit The drive is currently limiting output current

Economize The drive is currently reducing the output voltage to the motor to
attempt to reduce energy costs during a lightly loaded situation.

Mtr Overload The drive output current has exceeded the programmed [Motor NP FLA]
and the electronic motor overload function is accumulating towards an
eventual trip.

Power Loss The drive has monitored DC bus voltage and sensed a loss of input AC
power that caused the DC bus voltage to fall below the fixed monitoring
value (82% of [DC bus Memory]

. The relay changes state because a particular value in the drive has

exceeded a preset limit.

The following drive values can be selected to cause the relay activation:

Condition Description

At Speed The drive Output Frequency has equalled the commanded frequency

The balance of these functions require that the user set alimit for the
specified value. The limit is set into one of two parameters: [Dig Outl
Level] and [Dig Out2 Level] depending on the output being used. If the
value for the specified function (frequency, current, etc.) exceedsthe user
programmed limit, the relay will activate. If the value falls back below
the limit, the relay will deactivate.

381 |[Dig Outl Level] Default: 0.0 380
385|[Dig Out2 Level] 0.0

Sets the relay activation level for options | Min/Max: 0.0/819.2
10 - 15 in [Digital Outx Sel]. Units are | Display: 0.1
assumed to match the above selection
(i.e. “At Freq” = Hz, “At Torque” = Amps).

Notice that the [Dig Outx Level] parameters do not have units. The drive
assumes the units from the selection for the annunciated value. For
example, if the chosen “driver” is current, the drive assumes that the
entered value for the limit [Dig Outx Level] is% rated Amps. If the
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chosen “driver” is Temperature, the drive assumes that the entered value
for thelimit [Dig Outx Level] is degrees C. No units will be reported to
LCD HIM users, offline tools, devices communicating over a network,
PLC's, etc.

The online and offline limits for the digital output threshold parameters
will be the minimum and maximum threshold value required for any
output condition.

If the user changes the currently selected output condition for adigital
output, then the implied units of the corresponding threshold parameter
will change with it, athough the value of the parameter itself will not.
For example, if the output is set for “At Current” and the threshold for
100, drive current over 100% will activate the relay. If the user changes
the output to “At Temp”, the relay will deactivate (even if current >
100%) because the drive is cooler than 100 degrees C.

The following values can be annunciated

Value Description

At Freq The drive output frequency equals or exceeds the programmed Limit

At Current The drive total output current exceeds the programmed Limit

At Torque The drive output torque current component exceeds the programmed Limit
At Temp The drive operating temperature exceeds the programmed Limit

At Bus Volts The drive bus voltage exceeds the programmed Limit

At PI Error The drive Process Pl Loop error exceeds the programmed Limit

3. Therelay changes state because a Digital Input link has been established
and the Input is closed.

An Output can be “linked” directly to an Digital Input so that the output
“tracks’ the input. When the input is closed, the Output will be
energized, and when the input is open, the output will be de-energized.
This “tracking will occur if two conditions exist:

— ThelInput is configured for any choice other than “Unused”
— The Output is configured for the appropriate “Input x Link”

Note that the output will continue to track or be controlled by the state of
the input, even if the input has been assigned afunction (i.e. Start, Jog)
Output Time Delay
Each digital output has two user-controlled timers associated with it.

Onetimer (the ON timer) defines the delay time between aFAL SE to TRUE
transition (condition appears) on the output condition and the corresponding
changein state of the digital output.

The second timer (the OFF timer) defines the delay time between a TRUE
to FAL SE transition (condition disappears) on the output condition and the
corresponding change in the state of the digital output.
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The user can disable either timer by setting the corresponding delay time to

0.

Important: Note that whether a particular type of transition (FALSE to
TRUE or TRUE TO FALSE) on an output condition resultsin
an energized or de-energized output depends on the output

condition.

If atransition on an output condition occurs and starts atimer, and the
output condition goes back to its original state before the timer runs out,
then the timer will be aborted and the corresponding digital output will not

change state.

382|[Dig Outl OnTime] Default: 0.0 Secs 380
386 |[Dig Out2 OnTime] 0.0 Secs

Sets the “ON Delay” time for the digital | Min/Max: 0.0/600.0 Secs

outputs. This is the time between the Display: 0.1 Secs

occurrence of a condition and activation

of the relay.
383 [Dig Outl OffTime] Default: 0.0 Secs 380
387/ [Dig Out2 OffTime] 0.0 Secs

Sets the “OFF Delay” time for the digital |Min/Max: 0.0/600.0 Secs

outputs. This is the time between the Display: 0.1 Secs

disappearance of a condition and

de-activation of the relay.

| | Relay Activates

“ " CR1 On Delay = 2 Seconds

Current Limit Occurs

T 1T 1T 1T 1
10

Relay Does Not Activate

<

CR1 On Delay = 2 Seconds

Cyclic Current Limit
(every other second)

(L[] [
\!ﬁ;—\\\\

I
10
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Direction Control

Direction control of the drive is an exclusive ownership function. This
means that only one device can be commanding / controlling direction at a
time and that device can only command one direction or the other, not both.
Direction is defined as the forward or reverse, of the drive output, not he
motor. Motor wiring and phasing determines its CW or CCW rotation The
direction of the drive, is controlled in one of three ways:

1. 2-Wiredigital input selection such as Run Forward or Run Reverse

2. 3-Wiredigital input selection such as Forward/Reverse, Forward or
Reverse

3. Control Word bit manipulation from a DPI device such asa
communications interface.

4, Thesign (+/-) of abipolar analog input

Refer to Digital Inputs on page 2-46 and Analog [nputs on page 2-6 for
more detail on the configuration and operating rules for direction control.
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DPI

DPI is an enhancement to SCANport that provides more functions and
better performance. SCANport was a CAN based, Master-Slave protocol,
created to provide a standard way of connecting motor control products and
optional peripheral devicestogether. It allows multiple (up to 6) devicesto
communicate with a motor control product without requiring configuration
of the peripheral. SCANport and DPI both provide two basic message types
called Client/Server (C/S) and Producer/Consumer (P/C). Client/Server
messages are used to transfer parameter and configuration information in
the background (relative to other message types). Producer/Consumer
messages are used for control and status information. DPI adds a higher
baud rate, brand specific enabling, Peer-to-Peer (P/P) communication, and
Flash Memory programming support. PowerFlex drives support the existing
SCANport and Drive Peripheral Interface (DPl) communication protocols.
Multiple devices of each type (SCANport or DPI) can be attached to and
communicate with the drive at the same time. This communication interface
isthe primary way to interact with, and control the drive.

Client/Server

Client/Server messages operate in the background (relative to other
message types) and are used for non-control purposes. The Client/Server
messages are based on a10ms “ping” event that allows peripheralsto
perform asingle transaction (i.e. one C/S transaction per peripheral per time
period). Message fragmentation (because the message transaction is larger
than the standard CAN message of eight data bytes) is automatically
handled by Client/Server operation. The following types of messaging are
covered:

e Logging in peripheral devices

* Read/Write of parameter values

e Accessto all parameter information (limits, scaling, default, etc.)
e User set access

e Fault/Alarm gqueue access

e Event notification (fault, alarm, etc.)

» Accessto al drive classes/objects (e.g. Device, Peripheral, Parameter,
etc.)

Producer/Consumer operation overview

Producer/Consumer messages operate at a higher priority than Client/
Server messages and are used to control/report the operation of the drive
(e.g. start, stop, etc.). A P/C status message is transmitted every 5ms (by the
drive) and a command message is received from every change of statein
any attached DPI peripheral. Change of state is a button being pressed or
error detected by a DPI peripheral. SCANport devices are slightly different
in that those peripheral s transmit command messages upon reception of a
drive status message rather than on detection of a change of state. Producer/
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Consumer messages are of fixed size, so support of message fragmentation
is not required. The following types of messaging are covered:

« Drive status (running, faulted, etc.)

e Drive commands (start, stop, etc.)

« Control logic parsing operations (e.g., mask and owner parameters)

¢ Entering Flash programming mode

« “Soft” login and logout of peripheral devices (enabling/disabling of
peripheral control)

Peer-to-Peer operation

Peer-to-Peer messaging allows two devices to communicate directly rather
than through the master or host (i.e. drive). They are the same priority as C/
S messages and will occur in the background. In the PowerFlex 70 drive,
the only Peer-to-Peer functionality supports proxy operations for the LED
HIM. Since the PowerFlex 700 drive does not support an LED HIM, it will
not support Peer-to-Peer proxy operations. The Peer-to-Peer proxy
operation is only used so that the LED HIM can access parameters that are
not directly part of the regulator board (e.g. DeviceNet baud rate, etc.). The
LED HIM isnot attached to a drive through a CAN connection (as hormal
DPI or SCANport devices are), so a proxy function is needed to create a
DPI message to access information in an off-board peripheral. If an LCD
HIM is attached to the PowerFlex 70 or 700 drive, it will be ableto directly
request off-board parameters using Peer-to-Peer messages (i.e. no proxy
support needed in the drive). Because the PowerFlex 70 supports the LED
HIM, only 4 communication ports can be used. PowerFlex 700 drives can
use all 6 communication ports because Peer-to-Peer proxy operations are
not needed. All Peer-to-Peer operations occur without any intervention
from the user (regardless whether proxy or normal P/P operation), no setup
isrequired. No Peer-to-Peer proxy operations are required while the driveis
in Flash mode.

All the timing requirements specified in the DPI and SCANport System,
Control, and Messaging specifications are supported. Peripheral devices
will be scanned (“pinged”) at a 10msrate. Drive status messages will be
produced at a 5ms rate, while peripheral command messages will be
accepted (by the drive) asthey occur (i.e. change of state). Based on these
timings, the following worst case conditions can occur (independent of the
baud rate and protocol):

» Change of peripheral state (e.g. Start, Stop, etc.) to changein the drive —
10ms

« Changein reference value to change in drive operation — 10ms
e Changein Datalink data value to change in the drive — 10ms

e Change of parameter value into drive — 20ms times the number of
attached peripherals

The maximum time to detect the loss of communication from a periphera
deviceis 500ms.
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Table 2.N Timing specifications contained in DPl and SCANport

DPI

Host status messages only go out to peripherals once they log in and at least every
125ms (to all attached peripherals). Peripherals time out if >250ms. Actual time
dependent on number of peripherals attached. Minimum time goal of 5ms (may have
to be dependent on Port Baud Rate). DPI allows minimum 5ms status at 125k and
1ms status at 500k.

SCANport

Host status messages only go out to peripherals once they log in. Peripherals time out
if >500ms. If Peripheral receives incorrect status message type, Peripheral generates
an error. Actual time dependent on number of peripherals attached. SCANport allows
minimum rate of 5ms.

DPI

Host determines MUT based on number of attached peripherals. Range of values
from 2 to 125ms. Minimum goal time of 5ms. DPI allows 2ms min at 500k and 5ms min
at 125k.

SCANport

No MUT.

DPI

Peripheral command messages (including Datalinks) generated on change-of-state,
but not faster than Host MUT and at least every 250ms. Host will time out if >500ms.

SCANport

Command messages produced as a result of Host status message. If no command
response to Host status within 3 status scan times, Host will time out on that
peripheral.

DPI

Peer messages requests cannot be sent any faster than 2x of MUT.

SCANport

No Peer message support

DPI

Host must ping every port at least every 2 sec. Peripherals time out if >3 sec. Host will
wait maximum of 10ms (125k) or 5ms (500Kk) for peripheral response to ping.
Peripherals typical response time is 1ms. Peripherals only allow one pending explicit
message (i.e. ping response or peer request) at a time.

SCANport

Host waits at least 10ms for response to ping. Host cannot send more than 2 event
messages (including ping) to a peripheral within 5ms. Peripherals typical response
time is 1ms.

DPI

Response to an explicit request or fragment must occur within 1 sec or device will time
out (applies to Host or Peripheral). Time-out implies retry from beginning. Maximum
number of fragments per transaction is 16. Flash memory is exception with 22
fragments allowed.

SCANport

Assume same 1 sec time-out. Maximum number of fragments is 16

DPI

During Flash mode, host stops ping, but still supports status/command messages at a
1 -5 sec rate. Drive will use 1 sec rate. Data transfer occurs via explicit message as
fast as possible (i.e. peripheral request, host response, peripheral request, etc.) but
only between two devices.

SCANport

No Flash mode support

The Minimum Update Time (MUT), is based on the message type only. A
standard command and Datalink command could be transmitted from the
same peripheral faster than the MUT and still be O.K. Two successive
Datalink commands or standard commandswill still have to be separated by
the MUT, however.
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Drive Overload

Thedrivethermal overload hastwo primary functions. Thefirst requirement
isto make sure the drive is not damaged by abuse. The second isto perform
thefirst in amanor that does not degrade the performance, aslong the drive
temperature and current ratings are not exceeded.

The purpose of isto protect the power structure from abuse. Any protection
for the motor and associated wiring is provided by a Motor Thermal
Overload feature.

The drive will monitor the temperature of the power module based on a
measured temperature and athermal model of the IGBT. Asthe temperature
rises the drive may lower the PWM fregquency to decrease the switching
lossesin the IGBT. If the temperature continues to rise, the drive may
reduce current limit to try to decrease the load on the drive. If the drive
temperature becomes critical the drive will generate a fault.

If the driveis operated in alow ambient condition the drive may exceed
rated levels of current before the monitored temperature becomes critical.
To guard against this situation the drive thermal overload also includes an
inverse time algorithm. When this scheme detects operation beyond rated
levels, current limit may be reduced or afault may be generated.

Operation

The drive thermal overload has two separate protection schemes, an overall
RMS protection based on current over time, and an IGBT junction thermal
manager based on measured power module temperature and operating
conditions. The drive may fold back current limit when either of these
methods detects a problem.

Overall RMS Protection

The overall RM S protection makes sure the current ratings of the drive are
not exceeded. The lower curvein Figure 2.8 shows the boundary of
normal-duty operation. In normal duty, the driveis rated to produce 110%
of rated current for 60 seconds, 150% of rated current for three seconds, and
165% of rated current for 100 milliseconds. The maximum value for current
limit is 150% so the limit of 165% for 100 milliseconds should never be
crossed. If theload on the drive exceeds the level of current as shown on the
upper curve, current limit may fold back to 100% of the drive rating until
the 10/90 or 5/95 duty cycle has been achieved. For example, 60 seconds at
110% will be followed by 9 minutes at 100%, and 3 seconds at 150% will
be followed by 57 seconds at 100%. With the threshold for where to take
action slightly above the rated level the drive will only fold back when drive
ratings are exceeded.

If fold back of current limit is not enabled in [Drive OL Mode], the drive
will generate afault when operation exceeds the rated levels. This fault can
not be disabled. If current limit fold back is enabled then afault is generated
when current limit is reduced.



2-72

Drive Overload

Figure 2.8 Normal Duty Boundary of Operation

1.80
170
160
150
140
130 I~
1.20
1.10 —
1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Current Level (Per Normal)

1.00 10.00 100.00 1,000.00
Time (Seconds)

The lower curvein Figure 2.9 shows the boundary of heavy duty operation.
In heavy duty, the driveis rated to produce 150% of rated current for 60
seconds, 200% of rated current for three seconds, and 220% of rated current
for 100 milliseconds. The maximum value for current limit is 200% so the
limit of 220% for 100 milliseconds should never be crossed. If the load on
the drive exceeds the level of current as shown on the upper curve, current
limit may fold back to 100% of the drive rating until the 10/90 or 5/95 duty
cycle has been achieved. For example, 60 seconds at 150% will be followed
by 9 minutes at 100%, and 3 seconds at 200% will be followed by 57
seconds at 100%. With the threshold for where to take action dightly above
the rated level the drive will only fold back when drive ratings are exceeded.

Again, if fold back of current limit is not enabled in the [Drive OL Modg],
the drive will generate a fault when operation exceeds the rated levels. This
fault can not be disabled. If current limit fold back is enabled then afault is
generated when current limit is reduced.

Figure 2.9 Heavy Duty Boundary of Operation
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Thermal Manager Protection

The thermal manager protection assures that the thermal ratings of the
power module are not exceeded. The operation of the thermal manager can
be thought of as afunction block with the inputs and outputs as shown
below.

Figure 2.10 Thermal Manager Inputs/Outputs

DTO Select DTO Fault
(Off,PWM,ILmt,Both) (On,0ff)
PWM Frequency Active PWM Frequency
(2-12 kHz) (2-12 kHz)
Current Limit Active Current Limit
—>
(0 - 200%) (0 - 200%)
Drive -
TemperatL(J \r/e; ll?sr;alog Input Thermal - DI’IVG( XTZ?pE:r)ature
Overload 9
|_total V_de IGBT Temperature
(Amps) (Volts) (xdeg C)
utput Frequency z Alarm mt Alarm
0 F KHz Al ILmt Al
(0-400 Hz) (On, Off) (On, Off)

EE Power Board Data

The following is a generalization of the calculations done by the thermal
manager. The IGBT junction temperature T is calcul ated based on the
measured drive temperature Tprive, and atemperature rise that is afunction
of operating conditions. When the temperature device isinside the power
module Tprive iSthe same as Tcase. On larger size drives the temperature
device will be mounted on the heat sink rather than inside the power
module, and the thermal model becomes more complex.

P; as defined in the second equation is the power dissipated in one
generalized IGBT.

Rj-caseisthe worst case thermal resistance from the junction to the case.

Boost[freq] is aterm that increases the modeled temperature at low output
frequencies.

kHz* SwitchLosses is aterm that increases losses at higher PWM carrier
frequencies.

Ty=Tcase + PR3 Case Boost{ Freq]
P3= Ipeak? Ro + I peakV 0 + | peak VDC kHz * SwitchL osses

Without a temperature device on each IGBT the calculation of Tjmust take
into account the worst case conditions for heat transfer. A model that adds
the heat dissipated in the rectifier is also under consideration. More detail
will be included in the design specification.
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When the calculated junction temperature reaches a maximum limit the
drive will generate afault. This fault can not be disabled. This maximum
junction temperature is stored in EE on the power board along with other
information to define the operation of the drive thermal overload function.
These values are not user adjustable. In addition to the maximum junction
temperature there are thresholds that select the point at which the PWM
frequency beginsto fold back, and the point at which current limit beginsto
fold back. As Tjincreases the thermal manager may reduce the PWM
frequency. If Tjcontinues to rise current limit may be reduced, and if Tj
continues to rise the drive generates a fault. The calculation of the reduced
PWM freguency and current limit is implemented with an integral control.

PWM Frequency

PWM Frequency as selected by the user can be reduced by the thermal
manager. The resulting Active PWM Frequency may be displayed in atest
point parameter.

The active PWM frequency will change in steps of 2 kHz. It will always be
less than or equal to the value selected by the user, and will not be less than
the drives minimum PWM frequency. When drive temperature reaches the
level where PWM frequency would be limited, the kHz Alarm is turned on.
Thisaarm will be annunciated even if the reduced PWM frequency is not
enabled.

Current Limit

Current Limit as selected by the user can be reduced by the thermal
manager. The resulting active current limit may be displayed as a test point
parameter.

The active current limit will always be less than or equal to the value
selected by the user, and will not be less than flux current. When drive
temperature reaches the level where current limit would be clamped, the
ILmt Alarm isturned on. This alarm will be annunciated even if reduced
current limit is not enabled.

The active current limit is used during normal operation and during DC
injection braking. Any level of current requested for DC injection braking is
limited by the Active Current Limit.

Configuration

The[Drive OL Mode] alows the user to select the action(s) to perform with
increased current or drive temperature. When this parameter is“ Disabled,”
the drive will not modify the PWM frequency or current limit. When set to
“Reduce PWM” the drive will only modify the PWM frequency. “ Reduce
CLim” will only modify the current limit. Setting this parameter to
“Both-PWM 1st” the drive will modify the PWM frequency and the current
limit.



Drive Ratings (kW, Amps, Volts) 2-75

Drive Ratings (kW,
Amps, Volts)

DTO Fault

For all possible settings of [Drive OL Mode], the drive will always monitor
the Tj and Tprive and generate a fault when either temperature becomes
critical. If Tprive islessthan —20° C, afault is generated. With these
provisions, aDTO fault is generated if the NTC ever malfunctions.

Temperature Display

The measured Drive temperature is displayed as a standard parameter. The
calculated IGBT temperature may be displayed as atest point parameter.
Analysis of the possible source or error shows that the drive temperature
should be within +/— 3 °C of the actual temperature, over the full range of
operation.

Low Speed Operation

When operation is below 4 Hz, the rating of the driveis reduced. At low
output frequencies the duty cycleis such that agiven IGBT will carry more
of the load for awhile and more heat will build up in that device. The
thermal manager will increase the calculated IGBT temperature at low
output frequencies and will cause corrective action to take place sooner.

When the drive isin current limit the output frequency is reduced to try to
reduce theload. Thisworks finefor avariable torque load, but for a constant
torque load reducing the output frequency does not lower the current (load).
Lowering current limit on a CT load will push the drive down to aregion
where the thermal issue becomes worse. In this situation the thermal
manager will increase the calculated |osses in the power module to track the
worst case IGBT. For example, if the therma manager normally provides
150% for 3 seconds at high speeds, it may only provide 150% for one
second before generating a fault at low speeds.

If operating at 60Hz 120%, lowering the current limit may cause a fault
sooner than allowing the drive to continue to operate. In this case the user
may want to disable current limit fold back.

Refer to Fuses and Circuit Breakers on page 2-83.
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Economizer Auto-Economizer (also see Torque Performance Modes on page 2-162)

Economize mode consists of the sensorless vector control voltage with an
energy saving function (E-SVC).

The output voltage is automatically adjusted, in steady state frequency
operation only, asthe load isincreased or decreased such that minimum
current is supplied to the motor and its efficiency is optimized. Adjusting
the flux producing current facilitates reduction of the output voltage. The
flux current is reduced as long as the total drive output current does not
exceed 75% of motor rated current. The flux current is not allowed to be
less than 50% of the selected flux current parameter value.

A
Maximum Voltage |-~~~ |
Motor Nameplate Voltage —f - - - - - - - - - - - ——————————————— . |
Increasing |
Rated Flux Current Load !
Viotal i i
=~=—— Reduced Flux Current, |
minimum of 50% of Rated Flux Current |
Ir Voltage — | |
0 l —>
0 Frequency Motor Nameplate Maximum
Frequency Frequency
Efficiency Thefollowing chart istypical of the efficiency calculations for variable
frequency drives. Efficiency generally decreases with increasing load on
decreasing speed.
1 LHP
0.5HP
0.9
0.8
0.7
0.6
0.5

25 50 75 100
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Fan Curve When torque performanceis set to Fan Curve the relation ship between
frequency and voltage is as shown in the following figure. The fan curve
provides the option to generate voltage that is a function of the stator
frequency sguared up to the motor nameplate frequency. Above base
frequency voltage is alinear function of frequency. At low speed the fan
curveis offset by the run boost parameter to provide necessary starting
torque. No extra parameters are needed for fan curve.

A

MaximumVoltage -} - - - - - - - - - - - - )
|
Base Voltage |
(Nameplate) |~ ‘ |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

Run Boost - | | o

] T Ll

Base Frequency Maximum
(Nameplate) Frequency

Fan See Fan Curve above.
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Faults

Faults are events or conditions within the drive which constitute user
notification and may warrant various responses. Some conditions are user
configurable as to whether the drive will consider them afault. Faults are
indicated to the user viaHIM fault codes and/or popup dialogs or status
indications as well as agroup of output parameters. Faults are latched,
requiring the user or application to perform afault reset action to clear the
latched condition. If the fault condition still existsit will be latched again.

When a Fault Occurs

1. Thefaulted status is set causing a coast stop sequence to occur turning
off output power to the motor.

2. If thisisthefirst fault latched:

— Anentry ismadein the fault queue.
— Thefollowing fault context datawill be recorded/updated. Note there

isonly asingle copy of thisinformation which isawaysrelated to the
most recent fault queue entry (#1).

— Status 1 @ Fault and Status 2 @ Fault
State of Drive Status 1 and Drive Status 2.

— Alarm 1 @Fault and Alarm 2 @Fault
State of Alarm Status 1 and Alarm Status 2

— Fault Frequency: drive speed at time of fault (output frequency if inv/
hz or SV C operation).

— Fault Motor Amps. motor amps at time of fault.
— Fault Bus Volts: unfiltered DC Bus volts at time of fault.

A faulted status indicates whether one or more fault conditions have
occurred. The state of the fault queue (empty or full) has no affect on the
faulted status.

Fault Queue

Faults are also logged Into afault queue such that a history of the most
recent fault events Is retained.

A fault queue will record the occurrence of the first fault event - i.e. the 1st
fault which occurs while no other fault islatched. A new fault event will not
be logged to the fault queue if a previous fault is already latched (has
occurred but not yet reset/cleared). Thisresultsin fault queue entry #1
aways indicating the fault which last tripped the drive.

Each fault queue entry will include afault code and atime stamp value. The
fault queue will be afirgt-in first-out (FIFO) queue. This results in the most
recent 'n' faults being retained in the fault queue. Entry 1 will always be the
most-recent entry (newest). Entry 'n' will always be the oldest entry, where
'n' is the maximum number of queue entries supported by the drive. Asa
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new fault islogged into the queue each existing entry will be shifted up by
one (i.e. previous entry #1 will move to entry #2, previous entry #2 will
move to entry #3, etc.). If the queueis full when afault occurs the oldest
entry will be discarded.

The fault queue will be saved in nonvolatile storage at power loss, thus
retaining its contents through a power off - on cycle

The fault code for each entry can be read via a corresponding output
(read-only) parameter. Viewed in this manner (i.e. as a parameter) a
numeric fault code is presented - i.e. no text string. This was decided to
provide consistent fault indication between the LED and LCD HIM
peripherals.

A text string of up to 16 charactersis presented when accessing the fault
queue viaa DPI peripheral, which can present the fault queue to the user
rather than through parameters.

Time
[Fault 1-8 Time]
Time Stamp Value

The time stamp value recorded in the fault queue is the value of an internal
drive-under-power-timer at the time of the fault. At drive power-up, this
internal value is copied to [PowerUp Marker]. The fault queue time stamp
can then be compared to determine when the fault occurred relative to the
last drive power-up. The user has no control over the value of the internal
drive under power timer, which will increment in value over the life of the
power structure (saved in nonvolatile storage on the power structure, not the
Control Board).

The time stamp for each fault queue entry can be read via a corresponding
parameter. The time stamp value will be presented in xxx.yyyy hours (4
decimal places). Each increment of 1 will represent approximately 0.36
seconds. Internally it will be accumulated in a 32-bit unsigned integer with
aresolution of 0.35 seconds, resulting in arollover to zero every 47.66
years. Time comparisons of one fault to the next and/or with [PowerUp
Marker] are only meaningful if they occur less than or equal to the rollover
range.

Resetting or Clearing a Fault

A latched fault condition can be cleared by the following:
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1. Anoff to on transition on adigital input configured for fault reset or
stop/reset.

Setting [Fault Clear] to “1”
A DPI peripheral (several ways).

Performing a reset to factory defaults via parameter write.

o & w D

Cycling power to the drive such that the control board goes through a
power-up segquence.

Resetting faultswill clear the faulted statusindication. If any fault condition
still exists, the fault will be latched and another entry made in the fault
queue.

Note: Performing afault reset does not inherently clear the fault queue.
Clearing the fault queue is a separate action.

Configuration

[Fault Config 1]

Bit-mapped 16 bit word enabling certain fault conditions. Disabling a fault
removes the affect of the fault condition and makes the event unknown to
the user. If the bit is on, the fault is enabled. If the bit is off, the fault is not
enabled.
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Flying Start

The Flying Start feature is used to start into a rotating motor, as quick as
possible, and resume normal operation with aminimal impact on load or
Speed.

When adriveis started in its normal mode it initially applies afrequency of
0 Hz and ramps to the desired frequency. If the drive is started in this mode
with the motor aready spinning, large currents will be generated. An
overcurrent trip may result if the current limiter cannot react quickly
enough. The likelihood of an overcurrent trip is further increased if thereis
aresidual flux (back emf) on the spinning motor when the drive starts. Even
if the current limiter isfast enough to prevent an overcurrent trip, it will take
an unacceptable amount of time for synchronization to occur and for the
motor to reach its desired frequency. In addition, larger mechanical stressis
placed on the application, increasing downtime and repair costs while
decreasing productivity.

In Flying Start mode, the drive's response to a start command will be to
identify the motor’s speed and apply avoltage that is synchronized in
frequency, amplitude and phase to the back emf of the spinning motor. The
motor will then accelerate to the desired frequency. This process will
prevent an overcurrent trip and significantly reduce the time for the motor to
reach its desired frequency. Since the motor is “picked up “smoothly at its
rotating speed and ramped to the proper speed, little or no mechanical stress
IS present.

Configuration

Flying Start is activated by setting the [Flying Start En] parameter to
“Enable”

169 | [Flying Start En] Default: 0  “Disabled” 170

Enables/disables the function which Options: 0 “Disabled”
reconnects to a spinning motor at actual 1 “Enabled”
RPM when a start command is issued.

The gain can be adjusted to increase responsiveness. Increasing the valuein
[Flying StartGain] increases the responsiveness of the Flaying Start Feature

§ 170 | [Flying StartGain] Default: 4000 169
2 Sets the response of the flying start Min/Max: 20/32767

% function. Display: 1

3

o

Application Example

In some applications, such aslarge fans, wind or drafts may rotatethefanin
the reverse direction when the drive is stopped. If the drive were started in
the normal manner, its output would begin at zero Hz, acting as a brake to
bring the reverse rotating fan to a stop and then accelerating it in the correct
direction.

This operation can be very hard on the mechanics of the system including
fans, belts and other coupling devices.
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Cooling Tower Fans

Draft/wind blowsidle fansin reverse direction. Restart at zero damages
fans, breaks belts. Flying start alleviates the problem

—— ==
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Fuses and Circuit
Breakers

Tables 2.0 through 2.S provide drive ratings (including continuous, 1
minute and 3 second) and recommended AC line input fuse and circuit
breaker information. Both types of short circuit protection are acceptable
for UL and |EC requirements. Sizeslisted are the recommended sizes based
on 40 degree C and the U.S. N.E.C. Other country, state or local codes may
require different ratings.

Fusing

If fuses are chosen asthe desired protection method, refer to the
recommended types listed below. If available amp ratings do not match the
tables provided, the closest fuse rating that exceeds the drive rating should
be chosen.

+ |EC —BS88 (British Standard) Parts 1 & 2(1), EN60269-1, Parts 1 & 2,
type gG or equivalent should be used.

e UL-UL ClassCC, T, RK1 or J must be used.

Circuit Breakers

The "non-fuse” listingsin the following tables include both circuit breakers
(inverse time or instantaneous trip) and 140M Self-Protecting Motor
Starters. |f one of theseis chosen asthe desired protection method, the
following requirements apply.

e |EC and UL — Both types of devices are acceptable for IEC and UL
installations.

(1) Typical designations include, but may not be limited to the following; Parts 1 & 2: AC, AD, BC, BD, CD, DD, ED,
EFS, EF, FF, FG, GF, GG, GH.
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Table 2.0 PF70 208/240 Volt AC Input Recommended Protection Devices

Motor
Dual Circuit | Circuit
Drive o/ HP. Input Element Time |Non-Time Breaker | Protector ) )
Catalog | £/Rating |Ratings | Output Amps Delay Fuse Delay Fuse ®) @ 140M Motor Starter with Adjustable Current Range(®)©)

Number |(C|ND |HD |Amps |kVA |Cont. |1 Min. |3 Sec. |Min.() |Max.@ |Min.() [Max.) | Amps | Amps Available Catalog Numbers (?)

208 VoIt AC |

20AB2P2 |A |05 |0.33 2.9 11 |25 2.7 3.7 6 6 6 10 15 7 140M-C2E-B40 | 140M-D8E-B40 | — -
20AB4P2 |A |1 0.75 | 5.6 2 48 55 7.4 10 10 10 175 15 7 140M-C2E-B63 | 140M-D8E-B63 | — -
20AB6P8 |B |2 15 (100 (36 |78 10.3 13.8 15 15 15 30 30 15 140M-C2E-C10 | 140M-D8E-C10 | 140M-F8E-C10 | —
20AB9P6 (B |3 2 140 |51 (110 ([121 16.5 20 25 20 40 40 30 140M-C2E-C16 | 140M-D8E-C16 | 140M-F8E-C16 | —
20AB015 |C |5 3] 16.0 |58 (175 [19.2 26.6 20 35 20 70 70 30 140M-C2E-C20 | 140M-D8E-C20 | 140M-F8E-C20 | —
20AB022 (D |75 |5 233 |83 |253 |27.8 379 25 50 25 100 100 30 140M-C2E-C25 | 140M-D8E-C25 | 140M-F8E-C25 | 140M-CMN-2500
20AB028 |D |10 |7.5 |29.8 |[10.7 322 |37.9 50.6 35 70 35 125 125 50 - - 140M-F8E-C32 | 140M-CMN-4000
20AB2P2 |A |05 |0.33|25 11 |22 2.4 3.3 6 45 6 8 15 3 140M-C2E-B25 | 140M-D8E-B25 | — -
20AB4P2 |A |1 0.75 [ 4.8 2 42 4.8 6.4 10 9 10 15 15 7 140M-C2E-B63 | 140M-D8E-B63 | — -
20AB6P8 |B |2 15 (87 36 [6.8 9 12 15 15 15 25 25 15 140M-C2E-C10 | 140M-D8E-C10 | 140M-F8E-C10 | —
20AB9P6 (C |3 2 122 |51 [9.6 10.6 14.4 20 20 20 35 35 15 140M-C2E-C16 | 140M-D8E-C16 | 140M-F8E-C16 | —
20AB015 |C |5 3 139 |58 [153 (174 23.2 20 30 20 60 60 30 140M-C2E-C16 | 140M-D8E-C16 | 140M-F8E-C16 | —
20AB022 D |75 |5 199 (83 |22 24.2 33 25 45 25 80 80 30 140M-C2E-C20 | 140M-D8E-C20 | 140M-F8E-C20 | —
20AB028 |D |10 |7.5 |25.7 |10.7 |28 33 44 35 60 85 110 110 50 - - 140M-F8E-C32 | 140M-CMN-4000

Table 2.P  PF70 400/480 Volt AC Input Recommended Protection Devices

Motor

Dual Circuit | Circuit
Drive o AP Input Element Time | Non-Time Breaker | Protector ) _
Catalog | £|Rating _|Ratings | Output Amps Delay Fuse Delay Fuse ®) @ 140M Motor Starter with Adjustable Current Range ()(6)
Number |Z|ND |HD |Amps |KVA |Cont. |1 Min. |3 Sec. |Min.() | Max.@) | Min.(1) |Max.(?) | Amps | Amps Available Catalog Numbers (7)
20AC1P3 |A |0.37 [0.25 |1.6 11 (13 14 1.9 3 3 3 5 15 3 140M-C2E-B16 | — - -
20AC2P1 |A |0.75|0.55 2.5 18 |21 24 3.2 6 4 6 8 15 7 140M-C2E-B25 | 140M-D8E-B25 | — -
20AC3P5 |A |15 |11 |43 3 815} 45 6 10 6 10 12 15 7 140M-C2E-B40 | 140M-D8E-B40 | — -
20AC5P0 |B (22 |15 |65 |45 |5 55 |75 |10 10 10 20 20 15 140M-C2E-C10 | 140M-D8E-C10 | 140M-F8E-C10 | —
20AC8P7 |B |4 & 113 |78 |87 9.9 13.2 15 17.5 15 30 30 15 140M-C2E-C16 | 140M-D8E-C16 | 140M-F8E-C16 | —
20AC011 |C |55 |4 |11 |76 |115 |13 [174 |15 25 15 45 40 15 140M-C2E-C16 | 140M-D8E-C16 | 140M-F8E-C16 | —
20AC015 |C |75 |55 [151 |104 |154 |[17.2 |[23.1 20 30 20 60 60 20 140M-C2E-C16 | 140M-D8E-C16 | 140M-F8E-C16 | —
20AC022 |D |11 |75 |[21.9 |15.2 |22 242 |33 25 45 25 80 80 30 140M-C2E-C25 | 140M-D8E-C25 | 140M-F8E-C25 | 140-CMN-2500
20AC030 |D |15 |11 |[30.3 |21 (30 88 45 85 60 35 120 120 50 - - 140M-F8E-C32 | 140M-CMN-4000
20ADIP1 |A |05 [0.33 1.3 11 |11 12 1.6 3 3 3 4 15 3 140M-C2E-B16 | — - -
20AD2P1 |A |1 0.75 | 2.4 2 21 24 3.2 6 6 6 8 15 3 140M-C2E-B25 | 140M-D8E-B25 | — -
20AD3P4 |A |2 15 |38 32 (34 45 6 10 10 10 12 15 7 140M-C2E-B40 | 140M-D8E-B40 | — -
20AC5P0 B (3 |2 |56 |47 |5 55 |75 |10 10 10 20 20 15 140M-C2E-C63 | 140M-D8E-C63 | — -
20AD8P0 |B |5 & 9.8 84 |8 8.8 12 15 15 15 30 30 15 140M-C2E-C10 | 140M-D8E-C10 | 140M-F8E-C10 | —
20AD011 |C[75 |5 |95 |79 |11 [121 [165 |15 20 15 40 40 15 140M-C2E-C10 | 140M-D8E-C10 | 140M-F8E-C10 | —
20AD015 |C |10 |75 (125 |104 (14 165 |22 20 30 20 50 50 20 140M-C2E-C16 | 140M-D8E-C16 | 140M-F8E-C16 | —
20AD022 |D |15 |10 |[19.9 |16.6 |22 242 |33 25 45 25 80 80 30 140M-C2E-C20 | 140M-D8E-C20 | 140M-F8E-C20 | —
20AD027 |D |20 |15 |[24.8 |20.6 |27 88 44 85 60 35 100 100 50 — - 140M-F8E-C25 | 140M-CMN-2500

Table 2.Q PF70 600 Volt AC Input Recommended Protection Devices

Motor

Dual Circuit | Circuit
Drive o/ AP Input Element Time | Non-Time Breaker | Protector ) )
Catalog | £/ Rating |Ratings | Output Amps Delay Fuse Delay Fuse ®) @ 140M Motor Starter with Adjustable Current Range (5)(6)
Number | |ND |HD |Amps |KVA |Cont. |1 Min. |3 Sec. |Min.() |Max.) |Min.(1) | Max.() | Amps | Amps Available Catalog Numbers (7)
20AEOP3 |A |05 |0.33 |13 1.3 (0.9 1.1 14 3 & 8 3.5 15 3
20AE1P7 |A |1 0.75 | 1.9 20 (17 2.0 2.6 3 35 3 6 15 3
20AE2P7 |A |2 15 [3.0 31 (2.7 3.6 48 4 6 4 10 15 7
20AE3P9 |B |3 2 44 45 |39 4.3 5.9 6 8 6 15 15 7
20AE6P1 |B |5 3 7.5 7.8 [6.1 6.7 9.2 10 12 10 20 20 15 Not Applicable
20AE9P0 |C |75 |5 7.7 8.0 (9.0 9.9 135 10 20 10 35 35 15
20AE011 |C |10 |7.5 |9.8 10.1 (11.0 |135 18.0 15 20 15 40 40 15
20AE017 |D |15 |10 |153 |159|17.0 |187 255 20 35 20 60 60 30
20AE022 |D |20 |15 |20.0 |20.8 |22.0 |255 34.0 25 45 25 80 80 30

See page 2-85 for Notes.
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Table 2.R  PF700 208/240 Volt AC Input Recommended Protection Devices

Motor
Dual Circuit | Circuit
Input Element Time | Non-Time Breaker | Protector
Ratings | Output Amps Delay Fuse Delay Fuse ® @ 140M Motor Starter with Adjustable Current Range )(6)
Amps | KVA | Cont. |1 Min. |3 Sec. |Min.®) | Max.@ | Min.() |Max.(®) | Amps | Amps Available Catalog Numbers(?)
1.9 0.7 |25 2.7 3.7 3 6 3 10 15 3 140M-C2E-B25 | 140M-D8E-B25 | — -
37 |13 [48 [55 |74 |6 10 6 175 |15 7 140M-C2E-B63 | 140M-D8E-B63 | — -
6.8 24 |78 10.3 13.8 10 15 10 30 30 15 140M-C2E-C10 | 140M-D8E-C10 | 140M-F8E-C10 | —
95 |34 [11 [121 |165 |12 20 12 40 40 15 140M-C2E-C16 | 140M-D8E-C16 | 140M-F8E-C16 | —
157 |57 |175 [19.2 |[26.2 20 85 20 70 70 30 140M-C2E-C20 | 140M-D8E-C20 | 140M-F8E-C20 | —
230 |83 |253 |278 [379 30 50 30 100 100 30 140M-C2E-C25 | 140M-D8E-C25 | 140M-F8E-C25 | 140M-CMN-2500
296 [10.7 |322 |379 |[50.6 40 70 40 125 125 50 - - 140M-F8E-C32 | 140M-CMN-4000
445 116.0 [48.3 |53 725 60 100 60 175 175 70 - — 140M-F8E-C45 | 140M-CMN-6300
572 |206 621 |725 |97 80 125 80 225 225 100 - - - 140M-CMN-6300
1.7 0.7 (2.2 2.4 3.3 3 6 3 10 15 15 140M-C2E-B25 | 140M-D8E-B25 | — -
33 |14 [42 (48 |64 |5 8 15 15 15 140M-C2E-B63 | 140M-D8E-B63 | — -
5.9 24 (6.8 9 12 10 15 10 25 25 25 140M-C2E-C10 | 140M-D8E-C10 | 140M-F8E-C10 | —
8.3 34 196 10.6 144 12 20 12 35 35 35 140M-C2E-C10 | 140M-D8E-C10 | 140M-F8E-C10 | —
13.7 |57 |153 |[17.4 |23.2 20 30 20 60 60 60 140M-C2E-C16 | 140M-D8E-C16 | 140M-F8E-C16 | —
199 (83 |22 242 |33 25 50 25 80 80 80 140M-C2E-C25 | 140M-D8E-C25 | 140M-F8E-C25 | 140M-CMN-2500
25.7 |10.7 | 28 33 44 85 60 35 100 100 100 - - 140M-F8E-C32 | 140M-CMN-4000
385 [16.0 |42 46.2 |63 50 90 50 150 150 150 - — 140M-F8E-C45 | 140M-CMN-6300
495 |20.6 |54 63 84 70 100 70 200 200 200 - - - 140M-CMN-6300
Table 2.S PF700 400/480 Volt AC Input Recommended Protection Devices
Motor
Dual Circuit | Circuit
® Input Element Time | Non-Time Breaker | Protector ) _
2 Ratings | Output Amps Delay Fuse Delay Fuse ®) @ 140M Motor Starter with Adjustable Current Range (5)(6)
Number | Amps |KVA | Cont. | 1 Min. |3 Sec. |Min.() | Max.@ | Min.(1) |Max.(®) | Amps | Amps Available Catalog Numbers(?)
400 Volt AC |
0 1.08 |0.75|1.3 14 19 3 & 8 5 15 3 140M-C2E-B16 | — — —
0 17 |12 21 |24 |32 |3 3 8 15 3 140M-C2E-B25 | 140M-DBE-B25 | — -
0 il 21 (35 45 6.0 6 8 6 12 15 7 140M-C2E-B40 | 140M-D8E-B40 | — —
0 45 3.2 |50 55 7.5 6 10 6 20 20 7 140M-C2E-B63 | 140M-D8E-B63 | - -
0 8.2 57 (87 9.9 132 15 175 15 30 30 15 140M-C2E-C10 | 140M-D8E-C10 | 140M-F8E-C10 | —
0 110 |76 |115 |13 174 15 25 15 45 45 15 140M-C2E-C16 | 140M-D8E-C16 | 140M-F8E-C16 | —
1 151 |104 |154 |[17.2 231 20 30 20 60 60 20 140M-C2E-C20 | 140M-D8E-C20 | 140M-F8E-C20 | —
1 219 |152 |22 24.2 33 30 45 30 80 80 30 140M-C2E-C25 | 140M-D8E-C25 | 140M-F8E-C25 | —
2 30.3 |21.0 {30 33 45 40 60 40 120 120 50 - - 140M-F8E-C32 | —
2 37.7 261 |37 45 60 50 80 50 125 125 50 - - 140M-F8E-C45 | —
3 441 130.6 (43 56 74 60 90 60 150 150 80 - - - -
3 57.9 |40.1 |56 64 86 75 120 75 200 200 80 - - - -
Cl
0 0.9 07 |11 1.2 1.6 3 3 3 15 3 140M-C2E-B16 | — - -
0 1.6 14 |21 2.4 32 3 6 8 8 15 3 140M-C2E-B25 | - - -
0 2.6 22 (34 45 6.0 4 8 4 12 15 7 140M-C2E-B40 | 140M-D8E-B40 | - —
0 3.9 3.2 |50 5.5 7.5 6 10 6 20 20 7 140M-C2E-C63 | 140M-D8E-C63 | — -
0 6.9 57 (80 8.8 12 10 15 10 30 30 15 140M-C2E-C10 | 140M-D8E-C10 | 140M-F8E-C10 | —
0 9.5 79 (11 12.1 16.5 15 20 15 40 40 15 140M-C2E-C10 | 140M-D8E-C10 | 140M-F8E-C10 | —
1 125 |104 |14 16.5 22 175 30 175 50 50 20 140M-C2E-C16 | 140M-D8E-C16 | 140M-F8E-C16 | —
1 199 |16.6 |22 24.2 33 25 50 25 80 80 30 140M-C2E-C25 | 140M-D8E-C20 | 140M-F8E-C25 | 140M-CMN-2500
2 248 206 |27 33 44 35 60 35 100 100 50 - - 140M-F8E-C32 | 140M-CMN-4000
2 312 |259 (34 405 |54 40 70 40 125 125 50 - - 140M-F8E-C45 | 140M-CMN-4000
3 36.7 |30.5 |40 51 68 50 90 50 150 150 50 - - 140M-F8E-C45 | 140M-CMN-4000
3 47.7 139.7 |52 60 80 60 110 60 200 200 70 — — — 140M-CMN-6300

S8 E

Minimum protection device size is the lowest rated device that supplies maximum protection without nuisance tripping.
Maximum protection device size is the highest rated device that supplies drive protection.
Circuit Breaker - inverse time breaker.

Motor Circuit Protector - instantaneous trip circuit breaker.
Bulletin 140M with adjustable current range should have the current trip set to the minimum range that the device will not trip.

Manual Self-Protected (Type E) Combination Motor Controller, UL listed for 208 Wye or Delta, 240 Wye or Delta, 480Y/277 or 600Y/ 347. Not UL listed for use on
480V or 600V Delta/Delta systems.
The AIC ratings of the Bulletin 140M Motor Protector may vary. See publication 140M-SG001B-EN-P.
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Grounding, General

The drive Safety Ground - PE must be connected to system ground. Ground
impedance must conform to the requirements of national and local
industrial safety regulations and/or electrical codes. The integrity of all
ground connections should be periodically checked.

Figure 2.11 Typical Grounding

S

For installations within a cabinet, asingle safety ground point or ground bus
bar connected directly to building steel should be used. All circuits
including the AC input ground conductor should be grounded
independently and directly to this point/bar.

Figure 2.12 Single-Point Grounding/Panel Layout

Refer to page 2-87 for an
explanation of numbered items.
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Install as
No. |Description Needed |Notes
1 Programmable Controller Refer to publication 1770-4.1 for Programmable
Controller Grounding Recommendations
2 PE + Motor ground
3 PE (Safety) - ground bus PE to bus to building steel
4 Nearest building structure steel
5 Shield
6 Additional shield (if required) O
7 Attach to motor frame Ground per local or national codes
8 Analog signal
9 Motor Terminator O
10  |Common mode core O

Safety Ground - PE

Thisisthe safety ground for the drive that is required by code. This point
must be connected to adjacent building steel (girder, joist), afloor ground
rod or bus bar (see above). Grounding points must comply with national and
local industrial safety regulations and/or electrical codes. A second terminal
is provided for the motor ground connection.

Shield Termination - SHLD

The SHLD terminal (located on the Cable Entry Plate) provides a
grounding point for the motor cable shield. It must be connected to an earth
ground by a separate continuous lead. The motor cable shield should be
grounded to both the drive Cable Entry Plate (drive end) and the motor
frame (motor end).

When shielded cable is used for remote control and signal wiring, the
shield should be grounded at the source end only, not at the drive.

RFI Filter Grounding

Using an optional RFI filter may result in relatively high ground leakage
currents. Therefore, the filter must only be used in installations with
grounded AC supply systems and be permanently installed and solidly
grounded (bonded) to the building power distribution ground.

Ensure that the incoming supply neutral is solidly connected (bonded) to the
same building power distribution ground. Grounding must not rely on
flexible cables and should not include any form of plug or socket that would
permit inadvertent disconnection. Some local codes may require redundant
ground connections. The integrity of al connections should be periodically
checked. Refer to the instructions supplied with the filter
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HIM Memory

HIM Operations

See Copy Cat on page 2-39.

Selecting a Language

See aso Language on page 2-91. PowerFlex 700 drives support multiple
languages. When you first apply drive power, alanguage screen appears on
the HIM. Use the Up or Down Arrow to scroll through the available
languages. Press Enter to select the desired language. To switch to an
aternate language, follow the steps below.

Example Displays

1. Press ALT and then the Up Arrow (Lang). -
The Language screen will appear. @+o Speak English?

Parlez Francais?
Spechen Duetsch?

2. Press the Up Arrow or Down Arrow to scroll
P o Plare Italiano?

through the languages.

3. Press Enter to select a language.

Using Passwords

By default the password is set to 00000 (password protection disabled).

Logging in to the Drive

Example Displays

1. Press the Up or Down Arrow to enter your
password. Press Sel to move from digit to o o
digit.

2. Press Enter to log in. e

Logging Out

Login: Enter
Password  [EREE]

Example Displays

You are automatically logged out when the User
Display appears. If you want to log out before
that, select “log out” from the Main Menu.

To change a password

Step Key(s) Example Displays
1. Use the Up Arrow or Down Arrow to scroll to
Operator Intrfc. Press Enter. o o Operator Intrfc:
Change Password
2. Select “Change Password” and press Enter. e User Display
Parameters

3. Enter the old password. If a password has

not been set, type “0." Press Enter. o o Password:

Old Code: 0

4. Enter a new password (1- 65535). Press New Code: 9999
Enter and verify the new password. Press e Verify: 9999
Enter to save the new password.

The User Display

The User Display is shown when module keys have been inactive for a
predetermined amount of time. The display can be programmed to show
pertinent information.
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Setting the User Display

Step

1. Press the Up Arrow or Down Arrow to scroll
to Operator Intrfc. Press Enter.

2. Press the Up Arrow or Down Arrow to scroll
to User Display. Press Enter.

3. Select the desired user display. Press Enter.

Scroll to the parameter that the user display
will be based on.

4. Press Enter. Set a scale factor.

5. Press Enter to save the scale factor and
move to the last line.

6. Press the Up Arrow or Down Arrow to
change the text.

7. Press Enter to save the new user display.

Key(s)

Example Displays

Operator Intrfc:
Change Password
User Display

Parameters

Setting the Properties of the User Display

Thefollowing HIM parameters can be set as desired:

» User Display - Enables or disables the user display.
e User Display 1 - Selectswhich user display parameter appears on the top

line of the user display.

e User Display 2 - Selects which user display parameter appears on the
bottom line of the user display.

e User Display Time - Sets how many seconds will elapse after the last

programming key is touched before the HIM displays the user display.

Contactors

See Motor Start/Stop Precautions on page 2-100

Circuit Breakers / Fuses

See Fuses and Circuit Breakers on page 2-83

Filters

Internal EMC

Refer to CE Conformity on page 2-37.

External EMC

This section is under construction. If further information is required, please

contact factory.



Input Modes

The PowerFlex family of drives does not use a direct choice of 2-wire or
3-wire input modes, but allows full configuration of the digital 1/0. Asa
means of defining the modes used, consider the following:

2-Wire Control

A maintained contact device, C—
This input mode is so named such as a thermostat, for L
because it only utilizes one example, closes its contact to RuniStop gesee
device and 2 wires to control both Run the drive and opens to —} i
the Start (normally referred to as Stop the drive —
“RUN" in 2-wire) and Stop o
functions in an application.
=
- nJ
In other applications, the ——
maintained device (such as a L
limit switch), can directly N ggees
control both Run/Stop and un Fonwar s8e8
direction control . . . s —
Run Reverse Powe
_M
=
- nJ
Or, a combination of the two a—
may be desirable. L
Run gases
Forward/Reverse Pow
R | I
B
o
3-Wire Control A Start is issued when the S —
This input mode utilizes 2 devices Start button is closed, but St L)
requiring 3 wires to control the unlike 2-wire circuits, the | sssse
Start (proper term for 3-wire) and drive does not Stopwhenthe | —o o ===
Stop functions in an application. Start button is released. I
In this case, momentary contact Instead, 3-wire control Stop o
devices, such as pushbuttons are requires a Stop input to Stop —OJ&—
used. the drive
S —
Direction control is Start |
accompllshed either with s =
momentary inputs . . .
Stop | 23333
Forward | e O
Reverse |
_O O— =
o
Or, with a maintained input. s S
-
Start ocoooo
s
Stop ]
Forward/Reverse
— ]
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Input Power
Conditioning

Jog

Language

In general, the drive is suitable for direct connection to an AC line of the
correct voltage. Certain conditions can exist, however, that prompt
consideration of aline reactor or isolation transformer ahead of the drive.

The basic rulesto aid in determining whether aline reactor or isolation
transformer should be considered are as follows:

1. If the sourceis greater than 6 times the drive kVA then use areactor or
transformer.

2. If the AC source for the drive does not have a ground reference (neutral
or phase ground), an isolation transformer with the neutral of the
secondary grounded is highly recommended. These products contain PE
referenced capacitors for EMC compliance and PE referenced MOV
devicesfor input transient voltage limiting. If the drive must be operated
on an ungrounded voltage source, these devices should be disconnected
from PE by removing the appropriate jumpers (Refer to Disconnecting
MOVs and Common Mode Capacitorsin the User Manual). Transients
occurring on a non-ground referenced voltage source may generate
excessive line to ground voltages which could exceed the limits of the
insulation system of the drive. Under these conditions, it is highly
recommended that asystem level transient voltage suppression device be
employed in order to limit the potentia line to ground voltage.

Figure 2.13 Phase to Ground MOV Removal (PF70)

Three-Phase R
AC Input S
T

l JP2 JP3 1

3. Power factor capacitor switching will cause line voltage transients.
Characteristics of how the capacitors are switched and the impedance of
the distribution system will determine the nature of the voltage
transients. If the transients are severe enough and the source impedance
as seen by the drive is low enough, nuisance fuse blowing, overvoltage
faults or drive power structure damage may occur. Historically if there
have been voltage transient issues at the facility where the drive is being
applied, the use of a 5% 3 phase reactor or appropriately sized isolation
transformer for the drive 3 phase power is recommended.

»ld
L BN
»ld
LIPS
»ld
L] ~

Refer to Jog on page 2-51.

PowerFlex drives are capable of communicating in 7 languages; English,
Spanish, German, Italian, French, Portuguese and Dutch. All drive
functions and information displayed on an LCD HIM are shown in the
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selected language. The desired language can be selected several different
ways.

e Oninitia drive power-up, alanguage choice screen appears.

« Thelanguage choice screen can also be recalled at any time to change to
anew language. Thisisaccomplished by pressing the “Alt” key followed
by the “Lang” key.

» Thelanguage can also be changed by selecting the [Language]
parameter (201). Note that this parameter is not functional when using
an LED HIM.

Masks A mask is a parameter that contains one bit for each of the possible
Adapters. Each bit actslike avalve for issued commands. Closing the valve
(setting abit's value to 0) stops the command from reaching the drive logic.
Opening the valve (setting a bit's value to 1) alows the command to pass
through the mask into the drive logic.

276 | [Logic Mask] 288
(@) | Determines which adapters can control the drive. If the bit for an adapter is set to tzhgr;’
“0,” the adapter will have no control functions except for stop.
VAT
SIS _
Ix D D D x e[ [a[afa[a] p=ControlPermitted
P15141312[1110 9 8[7 6 5 4]3 2 1 0] ,_Recerved
Bit#
Factory Default Bit Values
277 |[Start Mask] See [Logic Mask]. 288
(@ | Controls which adapters can issue start tzhgr;’
commands.
278 |[Jog Mask] See [Logic Mask]. 288
(@ | Controls which adapters can issue jog tzhgr u
commands. 7
279 | [Direction Mask] See [Logic Mask]. 288
(@) | Controls which adapters can issue t2h9r171
Z W forward/reverse direction commands.
> § 280 | [Reference Mask] See [Logic Mask]. 288
S | @ | Controls which adapters can select an tzhgr u
@ alternate reference; [Speed Ref A, B Sel] 7
= K or [Preset Speed 1-7].
= 281 |[Accel Mask] See [Logic Mask]. 288
(@ Controls which adapters can select tzhgr;’

[Accel Time 1, 2].
282 |[Decel Mask] See [Logic Mask]. 288

(@) | Controls which adapters can select thru
[Decel Time 1, 2]. 21

283 | [Fault CIr Mask] See [Logic Mask]. 288

(@ | Controls which adapters can clear a fault. tzhgr;’
284 |[MOP Mask] See [Logic Mask]. 288
(@) | Controls which adapters can issue MOP t2h9r171

commands to the drive.
285 | [Local Mask] See [Logic Mask]. 288

@) | Controls which adapters are allowed to tzhgr;’
take exclusive control of drive logic

commands (except stop). Exclusive
“local” control can only be taken while the
drive is stopped.
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Example: A customer's processis hormally controlled by aremote PLC,
but the drive is mounted on the machine. The customer does not want
anyone to walk up to the drive and reverse the motor because it would
damage the process. The local HIM (drive mounted Adapter 1) is
configured with an operator's panel that includesa“REV” Button. To assure
that only the PLC (connected to Adapter 2) has direction control, the
[Direction Mask] can be set asfollows:

Direction M ask
[ofofofofof1]o]o]

FALAAAAY

Adapter # X 6543210

This“masks out” the reverse function from all adapters except Adapter 2,
making the local HIM (Adapter 1) REV button inoperable. Also see
Owners on page 2-104.
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MOP

MOP

The Motor Operated Pot (MOP) function is one of the sources for the
frequency reference. The MOP function uses digital inputs to increment or
decrement the Speed reference at a programmed rate.

The MOP has three components:

e [MOP Rate] parameter
o [Save MOP Ref] parameter
e [MOP Frequency] parameter

MOP increment input
MOP decrement input

The MOP reference rate is defined in [MOP rate]. The MOP function is
defined graphically below

o Lo

t MOP inc

MOP reference

MOP rate is defined in Hz/sec. The MOP reference will increase/decrease
linearly at that rate aslong asthe MOP inc or dec is asserted via TB or DPI
port (the MOP inputs are treated as level sensitive).

Both the MOP inc and dec will use the same rate (i.e. they can not be
separately configured). The MOP rate is the rate of change of the MOP
reference. The selected active MOP reference still feeds the ramp function
to arrive at the present commanded speed/frequency (eg. isstill based on the
accel/decel rates). Asserting both MOP inc and dec inputs simultaneously
will result in no change to the MOP reference.

[Save MOP Ref] is a packed boolean parameter with two bits used as
follows:

Bit 0
0 =Don’t save MOP reference on power-down (default)
1 = Save MOP reference on power-down

If thevalueis” SAVE MOP Ref” when the drive power returns, the MOP
reference is reloaded with the value from the non-volatile memory.
When the bit is set to 0, the MOP reference defaults to zero when power
isrestored. The MOP save reference parameter and the MOP rate
parameter can be changed while the drive is running.

itl

@

eset MOP reference when STOP edge is asserted
on't reset MOP reference when STOP is asserted (default)

I
(WP



MOP 2-95

Important: The MOP reset only occurs on the stop edge and is not
continuously cleared because the stop is asserted (thisis aways
processed when a stop edge is seen, even if the driveis
stopped). Thereset only appliesto the stop edge and not when a
fault is detected.

In order to change the M OP reference (increment or decrement) agiven DPI
port must have the MOP mask asserted (and the logic mask asserted). In the
case of the terminal block, if the MOP increment or MOP decrement
function is assigned to a digital input, then the act of asserting either of
those inputs will cause the TB to try and gain ownership of the MOP inc/
dec reference change.

Ownership of the MOP function can be obtained even if the MOP reference
isnot being used to control the drive. If ownership is granted, the owner has
the right to inc/dec the MOP reference. Whether this reference is the active
speed reference for the drive is separately selected via TB reference select,
or Ref A/B select through DPI.

The MOP Frequency parameter is an output which showsthe active value of
the MOP reference in Hz x 10.

MOP handling with Direction Mode

If the Direction Mode is configured for “Unipolar,” then the MOP
decrement will clamp at zero not alowing the user to generate a negative
MOP reference that is clamped off by the reference generation. When
Direction Mode = “Bipolar” the MOP reference will permit the decrement
function to produce negative values. If the drive is configured for Direction
Mode = “Bipolar” and then is changed to “Unipolar”, the MOP reference
will also be clamped at zero if it was less than zero.
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Motor Nameplate

[Motor NP Volts]

The motor namepl ate base voltage defines the output voltage, when
operating at rated current, rated speed, and rated temperature.

[Motor NP FLA]

The motor namepl ate defines the output amps, when operating at rated
voltage, rated speed, and rated temperature. It is used in the motor thermal
overload, and in the calculation of dlip.

[Motor NP Hz]

The motor namepl ate base frequency defines the output frequency, when
operating at rated voltage, rated current, rated speed, and rated temperature.

[Motor NP RPM]

The motor nameplate RPM defines the rated speed, when operating at
motor nameplate base frequency, rated current, base voltage, and rated
temperature. Thisis used to calculate dip.

[Motor NP Power]

The motor nameplate power is used together with the other nameplate
values to calculate default values for motor parametersto and facilitate the
commissioning process. This may be entered in horsepower or in kilowatts
as selected in the previous parameter or kW for certain catalog numbers and
HP for others.

[Motor NP Pwr Units]

The rated power of the motor may be entered in horsepower or in kilowatts.
This parameter determines the units on the following parameter.
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Motor Overload

The motor thermal overload uses an IT agorithm to model the temperature
of the motor. The curve is modeled after a Class 10 protection thermal
overload relay that produces atheoretical trip at 600% motor current in ten
(20) seconds and continuously operates at full motor current. Motor
nameplate FLA programming is used to set the overload feature. This
parameter, set in the start up procedure, is adjustable from 0 - 200% of drive
rating and should be set for the actual motor FLA rating.

Setting the correct bit in the Fault Config parameter to zero disables the
motor thermal overload. Since the MTO cannot distinguish individual
currents in a multimotor application, it is suggested that the MTO be
disabled.

The operation of the overload is actually based on three parameters, Motor
Nameplate Full Load Amps, Motor Overload Factor, and Motor Overload
Hz. Motor nameplate full load ampsis multiplied by the motor overload
factor to allow the user to move the motor overload protection into the drive
overload area (simulating a higher motor service factor) by defining the
continuous level of current allowed by the MTO.

Motor Overload Hz is used to alow the user to adjust the response of the
MTO to lower motor speeds (lower output frequencies) where a higher
degree of protection may be required due to decreased motor cooling.

Motor Overload Curve

100000
2 10000
5
o
a
@ == Cold
IS
£ 1000 o
=
= \

100 \\\

\ \\
10 —

100 125 150 175 200 225 250
Full Load Amps (%)

[Motor OL HZz]

[Motor OL Hertz] is used to further protect motors with limited speed
ranges. Since some motors may not have sufficient cooling ability at lower
speeds, the Overload feature can be programmed to increase protectionin
the lower speed areas. This parameter defines the frequency where derating
the motor overload capacity should begin. As shown here, the motor
overload capacity is reduced when operating below the motor overload Hz.
For dl settings of overload Hz other than zero, the overload capacity is
reduced to 70% when output frequency is zero.
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Motor Overload

During DC injection the motor current may exceed 70% of FLA, but this
will cause the Motor Thermal Overload to trip sooner than when operating
at base speed. At low frequencies, the limiting factor may be the Drive
Thermal Overload.

Changing Overload Hz

120
o 100
=
£ 80
@ = OLHz=10
g 60 = OLHz=25
§ 40 = OLHz=50
20

0 10 20 30 40 50 60 70 80 90 100

% of Base Speed

1 Minute 1 Minute

- H ’_L
100%

|<——— 20 Minutes ——— >

\/

{Motor OL Factor]

[Motor OL Factor] is used to adjust for the service factor of the motor.
Within the drive, motor nameplate FLA is multiplied by motor overload
factor to select the rated current for the motor thermal overload. This can be
used to raise or lower the level of current that will cause the motor thermal
overload to trip without the need to adjust the motor FLA. For example, if
motor nameplate FLA is 10 Amps and motor overload factor is 1.2, then
motor thermal overload will use 12 Amps as 100%.

The effective overload factor is a combination of overload Hz and overload
factor.



Motor Overload 2-99

Changing Overload Factor

140
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o
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% of Base Speed
Duty Cycle for the Motor Thermal Overload

When the motor is cold motor thermal overload will alow 3 minutes at
150%. When the motor is hot motor thermal overload will allow 1 minute at
150%. A continuous load of 102% will not trip. The duty cycle of the motor
thermal overload is defined asfollows. If operating continuous at 100%
FLA, and the load increases to 150% FLA for 59 seconds and then returns
to 100%FLA, the load must remain at 100% FLA for 20 minutes to reach
Steady state.

Theratio of 1:20 isthe same for al durations of 150%. When operating
continuous at 100%, if the load increases to 150% for 1 second the |oad
must then return to 100% for 20 seconds before another step to 150%

Cold Trip |Hot Trip Cold Trip |Hot Trip Cold Trip [HotTrip

FLA%  |Time Time FLA%  |Time Time FLA%  |Time Time
105 6320 5995 155 160 50 205 66 14
110 1794 1500 160 142 42 210 62 12
115 934 667 165 128 36 215 58 11
120 619 375 170 115 31 220 54 10
125 456 240 175 105 27 225 51 10
130 357 167 180 96 23 230 48 9
135 291 122 185 88 21 235 46 8
140 244 94 190 82 19 240 44 8
145 209 74 195 76 17 245 41 7
150 180 60 200 70 15 250 39 7
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Motor Start/Stop
Precautions

Mounting

disconnects and reapplies the AC line to the drive to start and stop
the motor can cause drive hardware damage. The drive is designed
to use contral input signals that will start and stop the motor. If an
input device is used occasionally, an auxiliary contact on that
device should also be wired to adigital input programmed as a
“Stop” function.

2 ATTENTION: A contactor or other device that routinely

ATTENTION: The drive start/stop control circuitry includes
solidstate components. If hazards due to accidental contact with
moving machinery or unintentional flow of liquid, gas or solids
exist, an additional hardwired stop circuit may be required to
remove the AC line to the drive. When the AC line is removed,
there will be aloss of any inherent regenerative braking effect that
might be present - the motor will coast to a stop. An auxiliary
braking method may be required.

Refer to the User Manual for Mounting Clearances. Drive mounting
dimensions are presented in Chapter 1.
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Output Current

Output Devices

[Output Current]

This parameter displays the total output current of the drive. The current
value displayed hereis the vector sum of both torque producing and flux
producing current components.

Drive Output Disconnection

output terminals U, V and W must be capable of disabling the
drive if opened during drive operation. If opened during drive
operation, the drive will continue to produce output voltage
between U, V, W. An auxiliary contact must be used to
simultaneously disable the drive.

f ATTENTION: Any disconnecting means wired to the drive

Allen-Bradley Drives can be used with an output contactor between the
drive and motor. This contactor can be opened under load without damage
to the drive. It isrecommended, however, that the drive have a programmed
“Enable” input and that thisinput be opened at the same time as the output
contactor.

Cable Termination

Voltage doubling at motor terminals, known as refl ected wave phenomenon,
standing wave or transmission line effect, can occur when using drives with
long motor cables.

Inverter duty motors with phase-to-phase insulation ratings of 1200 volts or
higher should be used to minimize effects of reflected wave on motor insu-
lation life.

Applications with non-inverter duty motors or any motor with exceptionally
long leads may require an output filter or cable terminator. A filter or termi-
nator will help limit reflection to the motor, to levelswhich are less than the
motor insulation rating.

Cable length restrictions for unterminated cables are discussed on

page 2-31. Remember that the voltage doubling phenomenon occurs at dif-
ferent lengths for different drive ratings. If your installation requires longer
motor cable lengths, areactor or cable terminator is recommended.

Optional Output Reactor

Bulletin 1321 Reactors can be used for drive input and output. These
reactors are specifically constructed to accommodate IGBT inverter appli-
cations with switching frequencies up to 20 kHz. They have a UL approved
dielectric strength of 4000 volts, opposed to anormal rating of 2500 volts.
Thefirst two and last two turns of each coil are triple insulated to guard
against insulation breakdown resulting from high dv/dt. When using motor
line reactors, it is recommended that the drive PWM frequency be set to its
lowest value to minimize losses in the reactors.
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Output Frequency

Output Power

Output Voltage

By using an output reactor the effective motor voltage will be lower because
of the voltage drop across the reactor - this may also mean a reduction of
motor torque.

[Output Frequency]

This parameter displaysthe actual output frequency of the drive. The output
frequency is created by a summation of commanded frequency and any
active speed regulator such as slip compensation, Pl Loop, bus regulator.
The actual output may be different than the commanded frequency.

This parameter displays the output kW of the drive. The ouput power isa
calculated value and tends to be inaccurate at lower speeds. It is not
recommended for use as a process variable to control a process.

[Output Voltage]

This parameter displays the actual output voltage at the drive output
terminals. The actual output voltage may be different than that determined
by the sensorless vector or V/Hz algorithms because it may be modified by
features such as the Auto-Economizer.
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Overspeed Limit

The Overspeed Limit isauser programmable value that allows operation at
maximum speed but also provides an “overspeed band” that will allow a
speed regulator such as encoder feedback or slip compensation to increase
the output frequency above maximum Speed in order to maintain maximum
Motor Speed.

Figure 2.14 illustrates a typical Custom V/Hz profile. Minimum Speed is
entered in Hertz and determines the lower speed reference limit during
normal operation. Maximum Speed is entered in Hertz and determines the
upper speed reference limit. The two “Speed” parameters only limit the
speed reference and not the output frequency.

The actual output frequency at maximum speed reference is the sum of the
speed reference plus “ speed adder” components from functions such as slip
compensation.

The Overspeed Limit is entered in Hertz and added to Maximum Speed and
the sum of the two (Speed Limit) limit the output frequency. This sum
(Speed Limit) must is compared to Maximum Frequency and an alarm is
initiated which prevents operation if the Speed Limit exceeds Maximum

Frequency.
Figure 2.14 Typical V/Hz Curve for Full Custom (with Speed/Frequency Limits

Allowable Output Frequency Range - :

Bus Regulation or Current Limit = :

I

:4— Allowable Output Frequency Range - Normal Operation L s :

I

|

! |

|
i :4— Allowable Speed Reference Range —»: ] :
Maximum : ! l : |
Voltage = | : \
Motor NP 'L: 7777777777777777777777777777 | ! 1
| | l
Voltage > | =< Frequency Trim : : |
© ' | dueto Speed | | |
g | I Control Mode -1 Ov?_rii?i?ed | !

5 |

S Break I } ! | i
3 Voltage |11 == ; : i [ i
5 | | : 1
S Start | | : | :
Boost ' A | I |

|
Rin AT ! ! !

Boost + L . L : L
0 Minimum  Break Motor NP Hz Maximum Output Maximum
Speed  Frequency Speed Frequency ~ Frequency
Frequency Limit

Note 1: The lower limit on this range can be 0 depending on the value of Speed Adder
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Owners An owner is a parameter that contains one bit for each of the possible
adapters. The bits are set high (value of 1) when its adapter is currently
issuing that command, and set low when its adapter is not issuing that
command. Ownership fallsinto two categories,

Exclusive: Only one adapter at atime can issue the command and only one
bit in the parameter will be high.

Non Exclusive: Multiple adapters can simultaneously issue the same
command and multiple bits may be high.

288 |[Stop Owner] Read Only 276
Adapters that are presently issuing a valid stop t2h8rg
command.

NSNS
/SR Q_\,}
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ §8§$§f§f§8¢\ 1=Issuing Command
XIX[X| x| x| x| x[x|x|x][0[0]/0]/0]0]1| ~_
P15141312(1110 9 8[7 6 5 4[5 2 1 0 0=No Command
Bit #

289 | [Start Owner] See [Stop Owner] 276
Adapters that are presently issuing a valid start 12h8rg
command.

290 [Jog Owner] See [Stop Owner] 276
Adapters that are presently issuing a t2h8r u
valid jog command. 5

291 | [Direction Owner] See [Stop Owner] 276
Adapter that currently has exclusive tzhgg
control of direction changes.

292 | [Reference Owner] See [Stop Owner] 276

Z B Adapter that has the exclusive control of tzhgrg
= = the command frequency source
g selection.
© | 293 | [Accel Owner] See [Stop Owner] 140
S é Adlapter that hals exclusive control of chYrﬁ
ting [Accel Time 1, 2].
selecting [Accel Time 1, 2] 285

294 |[Decel Owner] See [Stop Owner] 142
Adapter that has exclusive control of 12h7r?1
selecting [Decel Time 1, 2].

ing [Decel Time 1, 2 285

295 | [Fault CIr Owner] See [Stop Owner] 276
Adapter that is presently clearing a fault. tzhgg

296 | [MOP Owner] See [Stop Owner] 276
Adapters that are currently issuing t2h8rg
increases or decreases in MOP
command frequency.

297 | [Local Owner] See [Stop Owner] 276
Adapter that has requested exclusive tzhgg
control of all drive logic functions. If an
adapter is in local lockout, all other
functions (except stop) on all other
adapters are locked out and
non-functional. Local control can only be
obtained when the drive is not running.

Some ownership must be exclusive; that is, only one Adapter at atime can
issue certain commands and claim ownership of that function. For example,
it is not allowable to have one Adapter command the drive to run in the
forward direction while another Adapter isissuing acommand to make the
driveruninrever se. Direction Control, therefore, is exclusive owner ship.
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Conversely, any number of adapters can simultaneously issue Stop
Commands. Therefore, Stop Ownership is not exclusive.

Example:

The operator presses the Stop button on the Local HIM to stop the drive.
When the operator attempts to restart the drive by pressing the HIM Start
button, the drive does not restart. The operator needs to determine why the
drive will not restart.

The operator first views the Start owner to be certain that the Start button on
the HIM isissuing a command.

Start Owner

o —Pp |
o —p | o
~ —pp | O
w —Pp | o
o —P | o
- —p | o
o P |O

5

When the local Start button is pressed, the display indicates that the
command is coming from the HIM.

Adapter #

Start Owner

o —Ppp | o
o —p | o
~ —Ppp | o
w —Pp | o
N —p o
= —p -
o —Ppp |

5

The [Start Owner] indicates that there is not any maintained Start
commands causing the drive to run.

Adapter #

Stop Owner

o —Ppp | o
o —p | o
~ —Ppp O
w —Ppp | O
N —Pp o
~ —pp o
o —Ppp |

0
X
The operator then checks the Stop Owner. Noticethat bit Oisavalueof “1,

indicating that the Stop device wired to the Digital Input terminal block is
open, issuing a Stop command to the drive.

Adapter #

Until this deviceis reclosed, a permanent Start Inhibit condition exists and
the drive will not restart.

Also refer to Start Inhibits and Start Permissives.
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Parameter Access
Level

PET

The PowerFlex 70 allows the user to restrict the number of parameters that
areviewable on the LCD or LED HIM. By limiting the parameter view to
the most commonly adjusted set, additional features that may make the
drive seem more complicated are hidden.

If you are trying to gain access to a particular parameter and the HIM skips
over it, you must change the parameter view from “Basic” to “Advanced.”
This can be accomplished in two different ways:

* Press“Alt” and then “View” from the HIM and change the view.
or

* Reprogram Parameter 196 [Param Access Lvl] to “Advanced”.

Pulse Elimination Technique — See Reflected Wave on page 2-127.
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Power Loss

Some processes or applications cannot tolerate drive output interruptions
caused by momentary power outages. When AC input line power is
interrupted to the drive, user programming can determine the drive’'s
reaction.

Terms

The following is adefinition of terms. Some of these values are drive
parameters and some are not. The description of how these operateis
explained below

Term Definition
Vbus The instantaneous DC bus voltage.

Vmem The average DC bus voltage. A measure of the “nominal” bus voltage determined by
heavily filtering bus voltage. Just after the pre-charge relay is closed during the initial
power-up bus pre-charge, bus memory is set equal to bus voltage. Thereafter it is
updated by ramping at a very slow rate toward Vbus. The filtered value ramps at 2.4VDC
per minute (for a 480VAC drive). An increase in Vmem is blocked during deceleration to
prevent a false high value due to the bus being pumped up by regeneration. Any change
to Vmem is blocked during inertia ride through.

Vslew The rate of change of Vmem in volts per minute.

Vrecover |The threshold for recovery from power loss.

Vitrigger  |The threshold to detect power loss.

PowerFlex 700

The level is adjustable. The default is the value in the PF700 Bus Level table. If “Pwr Loss
LvI" is selected as an input function AND energized, Vtrigger is set to Vmem minus
[Power Loss Level].

Vopen is normally 60VDC below Vtrigger (in a 480VAC drive). Both Vopen and Vtrigger
are limited to a minimum of Vmin. This is only a factor if [Power Loss Level] is setto a
large value.

PowerFlex 70 This is a fixed value.

WARNING:

When using a value of Parameter #186 [Power Loss Level] larger than default, the
customer must provide a minimum line impedance to limit inrush current when the power
line recovers. The input impedance should be equal or greater than the equivalent of a
5% transformer with a VA rating 5 times the drive’s input VA rating.

Vinertia | The software regulation reference for Vbus during inertia ride through.

Vclose The threshold to close the pre-charge contactor.

Vopen The threshold to open the pre-charge contactor.

Vmin The minimum value of Vopen.

Voff The bus voltage below which the switching power supply falls out of regulation.
Table 2.T PF70 Bus Levels

Class 200/240 VAC 400/480 VAC 600/690 VAC
Vslew 1.2VDC 24VDC 3.0VDC
Vrecover Vmem - 30V Vmem - 60V Vmem - 75V
Vclose Vmem - 60V Vmem - 120V Vmem - 150V
Vitriggerl Vmem - 60V Vmem - 120V Vmem - 150V
Vitrigger2 Vmem - 90V Vmem - 180V Vmem - 225V
\open Vmem - 90V Vmem - 180V Vmem - 225V
Vmin 204 VDC 407 VDC 509 VDC

Voff 3 ? 300 VDC ?
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Line Loss Mode = Decel

Line Loss Mode = Coast

700 T 700 T
— Recover — Recover
| — Close || — Close
| p— Trigger | p— Trigger
—— Open —— Open
,, 600 ,, 600
S S
2 550 2 550
2 3
500 / 500 /
450 450
/ /
400 400
350 400 450 350 400 450
AC Input Volts AC Input Volts
Table 2.U PF700 Bus Levels
Class 200/240 VAC 400/480 VAC 600/690 VAC
Vslew 1.2VDC 2.4VDC 3.0VDC
Vrecover Vmem - 30V Vmem - 60V Vmem - 75V
Vclose Vmem - 60V Vmem - 120V Vmem - 150V
Vitriggerl,2 Vmem - 60V Vmem - 120V Vmem - 150V
Vitriggerl,3 Vmem - 90V Vmem - 180V Vmem - 225V
Vopen Vmem - 90V Vmem - 180V Vmem - 225V
\open4 153VDC 305VDC 382VDC
Vmin 153VDC 305VDC 382VDC
Voff 5 - 200 VDC -
Note 1:Vtrigger is adjustable, these are the standard values.
Line Loss Mode = Coast Line Loss Mode = Decel
700 T 700 T
— Recover — Recover
650 1 —— Close 650 - —— Close
—— Trigger — Trigger
600 H _ Open 600 1| open
2 550 2 550
7 500 . 500
8 150 / 8 50 /
400 400 7
30— 350
300 300
350 400 450 350 400 450
AC Input Volts AC Input Volts
Line Loss Mode = Half Voltage
700 I
— Recover
650 1 —— Close
— Trigger
800 | (pen
2 550
2
@ 500
8 150
400
350
300
350 400 450

AC Input Volts
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Restart after Power Restoration

If apower loss causes the drive to coast and power recovers the drive will
return to powering the motor if itisina“run permit” state. The driveisina
“run permit” stateif:

3wiremode—it isnot faulted and if all Enable and Not Stop inputs are
energized.

2 wiremode—it is not faulted and if all Enable, Not Stop, and Run inputs
are energized.

Power Loss Actions

The drive is designed to operate at a nominal bus voltage. When Vbusfalls
below this nominal value by a significant amount, action can be taken to
preserve the bus energy and keep the drive logic alive as long as possible.
The drive will have three methods of dealing with low bus voltages:

* “Coast” — Disable the transistors and allow the motor to coast.
e “Inertia’ —Decelerate the motor at just the correct rate so that the energy
absorbed from the mechanical 1oad balances the losses.

e “Half Voltage” — Allow the drive to power the motor down to half bus
voltage.If Parameter #184 [Power Loss Mode] = “ Coast”

184 | [Power Loss Mode] Default: 0  “Coast’ 013
185

Sets the reaction to a loss of input power. |Options: 0  “Coast”
@ Power loss is recognized when: 1 “Decel’
8 * DC bus voltage is < 73% of [DC Bus 2 “Continue®
5 Memory] and [Power Loss Mode] is 3 “Coast Input’
§ set to “Coast”. 4 “Decel Input

® DC bus voltage is < 82% of [DC Bus
Memory] and [Power Loss Mode] is
set to “Decel”.

Coast
Thisisthe default mode of operation.

The drive determines a power 10ss has occurred if the bus voltage drops
below Vtrigger. If the driveis running the inverter output is disabled and the
motor coasts.

The power loss alarm in [Drive Alarm 1] is set and the power loss timer
starts.

The Alarm bit in [Drive Status 1] is set if the Power Loss bit in [Alarm
Config 1] is set.

The drive faults with a FO03 — Power Loss Fault if the power loss timer
exceeds [Power Loss Time] and the Power Loss bit in [Fault Config 1] is
Set.

The drive faults with a FO04 — UnderVoltage fault if the bus voltage falls
below Vmin and the UnderVoltage bit in [Fault Config 1] is set.

The pre-charge relay opensif the bus voltage drops below Vopen and closes
if the bus voltage rises above Vclose
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Motor Speed \

Power Loss
Output Enable
Pre-Charge

Drive Fault

If the bus voltage rises above Vrecover for 20mS, the drive determines the
power loss is over. The power loss dlarm is cleared.

If thedriveisina“run permit” state, the reconnect algorithm is run to
match the speed of the motor. The drive then accel erates at the programmed
rate to the set speed.

680V

Bus Voltage 620V

560V
500V

407V
305V

Decel

This mode of operation is useful if the mechanical load is high inertia and
low friction. By recapturing the mechanical energy, converting it to
electrical energy and returning it to the drive, the bus voltage is maintained.
Aslong asthereis mechanical energy, the ride through timeis extended and
the motor remains fully fluxed up. If AC input power isrestored, the drive
can ramp the motor to the correct speed without the need for reconnecting.

The drive determines a power loss has occurred if the bus voltage drops
below Vtrigger.

If the drive isrunning, the inertia ride through function is activated.

Theload is decelerated at just the correct rate so that the energy absorbed
from the mechanical load balances the losses and bus voltage is regulated to
the value Vinertia.

The Power Lossalarm in [Drive Alarm 1] is set and the power loss timer
starts.

The Alarm bit in [Drive Status 1] is set if the Power Loss bit in [Alarm
Config 1] is set.

The drive faults with a FO03 — Power Loss fault if the power loss timer
exceeds [Power Loss Time] and the Power Loss bit in [Fault Config 1] is
Set.

The drive faults with a FO04 — UnderVoltage fault if the bus voltage falls
below Vmin and the UnderVoltage bit in [E238 Fault Config 1] is set.
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The inverter output is disabled and the motor coastsif the output frequency
dropsto zero or if the bus voltage drops below Vopen or if any of the “run
permit” inputs are de-energized.

The pre-charge relay opensif the bus voltage drops below Vopen.
The pre-charge relay closes if the bus voltage rises above Vclose

If the bus voltage rises above Vrecover for 20mS, the drive determines the
power lossis over. The power lossaarm is cleared.

If the driveis still ininertiaride through operation, the drive immediately
accelerates at the programmed rate to the set speed. If the driveis coasting
anditisina“run permit” state, the reconnect algorithmis run to match the
speed of the motor. The drive then accelerates at the programmed rate to the
set speed.

680V
Bus Voltage 620V

560V
500V

407V
305V

Motor Speed

Power Loss

Output Enable

Pre-Charge

Drive Fault

Half Voltage

This mode provides the maximum power ride through. In atypical
application 230VAC motors are used with a480VAC drive, the input
voltage can then drop to half and the drive is still able to supply full power
to the motor.

ATTENTION: To guard against drive damage, aminimum line

A impedance must be provided to limit inrush current when the
power line recovers. The input impedance should be equal or
greater than the equivalent of a 5% transformer with a VA rating
6 times the drive’sinput VA rating.

The drive determines a power loss has occurred if the bus voltage drops
below Vtrigger.

If the drive is running the inverter output is disabled and the motor coasts.

If the bus voltage drops below Vopen/Vmin (In this mode of operation
Vopen and Vmin are the same value) or if the Enable input is de-energized,
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Bus Voltage

Motor Speed

Power Loss
Output Enable
Pre-Charge

Drive Fault

the inverter output is disabled and the motor coasts. If the Not Stop or Run
inputs are de-energized, the drive stops in the programmed manner.

The pre-charge relay opensif the bus voltage drops below Vopen/Vmin and
closes if the bus voltage rises above Vclose.

The power loss alarm in [Drive Alarm 1] is set and the power loss timer
starts. The Alarm bit in [Drive Status 1] is set if the Power Loss bit in
[Alarm Config 1] is set.

The drive faults with a FO03 — Power Loss fault if the power loss timer
exceeds [Power Loss Time] and the Power Loss bit in [Fault Config 1] is
Set.

The drive faults with a FO04 — UnderVoltage fault if the bus voltage falls
below Vmin and the UnderVoltage bit in [Fault Config 1] is set.

If the bus voltage rises above Vrecover for 20mS, the drive determines the
power lossis over. The power lossadarm is cleared.

If the driveis coasting and if it isin a“run permit” state, the reconnect
algorithm is run to match the speed of the motor. The drive then accelerates
at the programmed rate to the set speed.

680V
620V

/ 560V

365V
305V

Coast Input (PowerFlex700 Only)

This mode can provide additional ride through time by sensing the power
loss viaan external device that monitors the power line and provides a
hardware power loss signal. This signal isthen connected to the drive
through the “ pulse” input (because of its high-speed capability). Normally
this hardware power loss input will provide a power loss signal before the
bus drops to | ess than Vopen.

The drive determines a power loss has occurred if the “pulse” input is
de-energized OR the bus voltage drops below Vopen. If the driveis running,
the inverter output is disabled.

The Power Loss alarm in [Drive Alarm 1] is set and the power loss timer
starts.
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The Alarm bit in [Drive Status 1] is set if the Power Loss bit in [Alarm
Config 1] is set.

The drive faults with a FO03 — Power Loss fault if the power loss timer
exceeds [Power Loss Time] and the Power Loss bit in [Fault Config 1] is
Set.

The drive faults with a FO04 — UnderVoltage fault if the bus voltage falls
below Vmin and the UnderVoltage bit in [Fault Config 1] is set.

The pre-charge relay opensif the bus voltage drops below Vopen and closes
if the bus voltage rises above Vclose.

If the “pulse” input is re energized and the pre-charge relay is closed, the
drive determines the power lossis over. The power lossaarmis cleared.

If thedriveisin a“run permit” state, the reconnect algorithm isrun to
match the speed of the motor. The drive then accelerates at the programmed
rate to the set speed.

Decel Input  (PF700 only)

This mode can provide additional ride through time by sensing the power
loss viaan external device that monitors the power line and provides a
hardware power loss signal. This signal is then connected to the drive
through the “ pulse” input (because of its high-speed capability). Normally
this hardware power loss input will provide a power loss signal before the
bus drops to less than Vopen.

The drive determine a power loss has occurred if the “pulse” input is
de-energized or the bus voltage drops below Vopen.

If the drive is running, the inertiaride through function is activated. The
load is decelerated at just the correct rate so that the energy absorbed from
the mechanical 1oad balances the losses and bus voltage is regulated to the
vaue Vmem.

If the output frequency dropsto zero or if the bus voltage drops bel ow
Vopen or if any of the “run permit” inputs are de-energized, the inverter
output is disabled and the motor coasts.

The power loss alarm in [Drive Alarm 1] is set and the power loss timer
starts. The Alarm bit in [Drive Status 1] is set if the Power Loss bit in
[Alarm Config 1] is set.

The drive faults with a FO03 — Power Loss fault if the power loss timer
exceeds[Power Loss Time] and the Power Loss bit in [E238 Fault Config 1]
IS set.

The drive faults with a FO04 — UnderVoltage fault if the bus voltage falls
below Vmin and the UnderVoltage bit in [Fault Config 1] is set.

The pre-charge relay opensif the bus voltage drops below Vopen and closes
if the bus voltage rises above Vclose.
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If power recovers while the driveis still in inertia ride through the power
loss alarm is cleared and it then accelerates at the programmed rate to the
set speed. Otherwise, if power recovers before power supply shutdown, the
power lossalarm is cleared.

If thedriveisina“run permit” state, the reconnect algorithmisrunto
match the speed of the motor. The drive then accel erates at the programmed
rate to the set speed.
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Preset Frequency

There are 7 Preset Frequency parameters that are used to store a discrete
frequency value. This value can be used for a speed reference or P
Reference. When used as a speed reference, they are accessed via
manipulation of the digital inputs or the DPI reference command. Preset
frequencies have arange of plus/minus [Maximum Speed].
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Process Pl Loop

[PI Config]

[PI Control]

[Pl Reference Sdl]
[Pl Setpoint]

[Pl Feedback Sel]
[Pl Integra Time]
[Pl Prop Gain]

[Pl Upper/Lower Limit]
[Pl Preload]

[Pl Status]

[Pl Ref Meter]

[Pl Feedback Meter]
[Pl Error Meter]

[Pl Output Meter]

Theinternal Pl function provides closed loop process control with
proportional and integral control action. The function is designed to be used
in applications that require simple control of a process without external
control devices. The PI function allows the microprocessor to follow a
single process control 1oop.

The PI function reads a process variable input to the drive and compares it
to adesired setpoint stored in the drive. The algorithm will then adjust the
output of the PI regulator, changing drive output frequency to try and make
the process variable equal the setpoint.

Proportional control (P) adjusts output based on size of the error (larger
error = proportionally larger correction). If the error is doubled, then the
output of the proportional control is doubled and, conversely, if the error is
cut in half then the output of the proportional output will be cut in half. With
proportional control there is always an error, so the feedback and the
reference are never equal.

Integral control (1) adjusts the output based on the duration of the error.
(Thelonger the error is present, the harder it triesto correct). The integral
control by itself isaramp output correction. This type of control givesa
smoothing effect to the output and will continue to integrate until zero error
isachieved. By itself, integral control is dlower than many applications
reguire and therefore is combined with proportional control (PI).

Derivative Control (D) adjusts the output based on the rate of change of the
error and, by itself, tendsto be unstable. The faster that the error is
changing, the larger change to the output. Derivative control is generally not
required and, when it is used, is almost always combined with proportional
and integral control (PID).

The PI function can perform a combination of proportional and integral
control. It does not perform derivative control, however, the accel / decel
control of the drive can be considered as providing derivative control.
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There are two ways the Pl Controller can be configured to operate.
e Process Trim - The Pl Output can be added to the master speed reference

* Process Control - Pl can have exclusive control of the commanded
Speed.

The selection between these two modes of operation is donein the [P
Configuration] parameter.

Process Trim

Process Trim takes the output of Pl regulator and sums it with a master
speed reference to contral the process. In the following example, the master
speed reference sets the wind/unwind speed and the dancer pot signal is
used as a Pl Feedback to control the tension in the system. An equilibrium
point is programmed as Pl Reference, and as the tension increases or
decreases during winding, the master speed is trimmed to compensate and
maintain tension near the equilibrium point.

— |—0Volts

Equilibrium Point 1‘1___ _[ ] Dancer Pot
[PI Reference Sel] [PI Feedback Sel]

looooo|

— 10 Volts | ewe]

Master Speed Reference —>

When the PI is disabled the commanded speed is the ramped speed

reference.
Slip
¥ Comp
Slip Adder ()i
+ Open
; Loop
Linear Ram
Spd Ref A Ny Spd Cmd
Process
PIRet  |—> T :é f
Process Pl L =4

i
Controller
Pl Fbk |—> Pl Disabled Speed Control
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When the PI is enabled, the output of the PI Controller is added to the
ramped speed reference.

Slip
Comp
|

+
Slip Adder >t
+ T Open
; Loop
Linear RAmp
Spd Ref & S-Curve >—] | Spd Cmd

Process
+ PI
| L

P )
Pl Ref +1 11
|—e,—> Process Pl - =4

Controller
Pl Fbk Pl Enabled Speed Control

Exclusive Control

M

Process Control takes the output of Pl regulator as the speed command. No
master speed reference exists and the Pl Output directly controls the drive
output.

In the pumping application example below, the reference or setpoint is the
required pressure in the system. The input from the transducer isthe PI
feedback and changes as the pressure changes. The drive output frequency
isthen increased or decreased as needed to maintain system pressure
regardless of flow changes. With the drive turning the pump at the required
speed, the pressure is maintained in the system.

Pressure
Transducer
| M|
< Pera Pt
PlFeedback | | Desired Pressure
— [PI Reference Sel]
N~ N NN

However, when additional valvesin the system are opened and the pressure
in the system drops, the PI error will alter its output frequency to bring the
process back into control.

When the PI is disabled the commanded speed is the ramped speed
reference.
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Slip
Comp

Slip Adder :@—>4| |
+X Open

Y
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Spd Ref ¥ Pl I spd Cmd
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P

Pl Ref ¥
L———————————}--’ Process PI Ll -

Controller
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When the PI is enabled, the speed reference is disconnected and Pl Output
has exclusive control of the commanded speed, passing through the linear
ramp and s-curve.

Slip
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Slip Adder :®—>4 |
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Y

- Loop
Spd Ref I Lgesa_rcmgp I Spd Cmd
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| L
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[————————————J--’ Process Pl = .

Controller
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Configuration

To operate the drive in Pl regulator Mode, the speed regulation mode must
be changed by sdlecting “Process PI” through the [ Speed Control]
parameter.

Three parameters are used to configure, control, and indicate the status of
the logic associated with the Process Pl controller; [Pl Configuration], [P
Control], and [Pl Status]. Together these three parameters define the
operation of the PI logic.

1. [PI Configuration] isaset of bitsthat select various modes of operation.
The value of this parameter can only be changed while the driveis
stopped.

» Exclusive Mode - see page 2-118.

e Invert Error - Thisfeature changesthe“sign” of the error, creating a
decrease in output for increasing error and an increase in output for
decreasing error. An example of this might be an HVAC system with
thermostat control. In Summer, arising thermostat reading commands
an increase in drive output because cold air isbeing blown. In Winter,
afalling thermostat commands an increase in drive output because
warm air is being blown.

The Pl has the option to change the sign of Pl Error. Thisis used
when an increase in feedback should cause an increase in output.
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The option to invert the sign of PI Error is selected in the PI
Configuration parameter.

PI_Config
Invert

Pl Ref Sel +® W ( Pl Error )

PI_Config - L
.Sqrt D“' |
Pl Fdbk Sel W i »( PIFbk }J

La -

e Preload Integrator - Thisfeature allowsthe PI Output to be stepped
to apreload value for better dynamic response when the Pl Output is
enabled. Refer to diagram 2 below.

If Pl is not enabled the PI Integrator may beinitialized to the PI
Pre-load Value or the current value of the commanded speed. The
operation of Preload is selected in the PI Configuration parameter.

PI_Config PI_Status
.PreloadCmd .Enabled

Preload Value > W | W | [pI Integrator
Spd Cmd —1

By default, Pre-load Command is off and the Pl Load Valueis zero,
causing a zero to be loaded into the integrator when the Pl is disabled.
As below shown on the left, when the Pl is enabled the Pl output will
start from zero and regulate to the required level. When Pl is enabled
with Pl Load Value is set to a hon-zero value the output beginswith a
step as shown below on the right. This may result in the Pl reaching
steady state sooner, however if the step istoo large the drive may go
into current limit which will extend the accel eration.

Pl Enabled

PI Output

Spd Cmd

Pl Pre-load Value = 0 Pl Pre-load Value > 0
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Pl Enabled

Pre-load command may be used when the Pl has exclusive control of
the commanded speed. With the integrator preset to the commanded
speed there is no disturbance in commanded speed when Pl is
enabled. After Pl is enabled the Pl output is regulated to the required
level.

Plouput | |__

Spd Cmd

Pre-load to Command Speed

When the PI is configured to have exclusive control of the
commanded speed and the drive isin current limit or voltage limit the
integrator is preset to the commanded speed so that it knowswhereto
resume when no longer in limit.

Ramp Ref - The Pl Ramp Reference feature is used to provide a
smooth transition when the Pl is enabled and the Pl output isused asa
speed trim (not exclusive control),.

When Pl Ramp Reference is selected in the Pl Configuration
parameter, and Pl is disabled, the value used for the PI reference will
be the Pl feedback. Thiswill cause Pl error to be zero. Then when the
Pl is enabled the value used for the PI reference will ramp to the
selected value for Pl reference at the selected acceleration or
deceleration rate. After the Pl reference reaches the selected value the
ramp is bypassed until the Pl is disabled and enabled again. S-curveis
not available as part of the Pl linear ramp.

Zero Clamp - Thisfeature limits the possible drive action to one
direction only. Output from the drive will be from zero to maximum
frequency forward or zero to maximum frequency reverse. This
removes the chance of doing a* plugging” type operation as an
attempt to bring the error to zero.

The Pl has the option to limit operation so that the output frequency
will always have the same sign as the master speed reference. The
zero clamp option is selected in the Pl Configuration parameter. Zero
clamp is disabled when PI has exclusive control of speed command.

For example, if master speed reference is +10 Hz and the output of
the Pl results in a speed adder of —15 Hz, zero clamp would limit the
output frequency to not become less than zero. Likewise, if master
speed reference is—10 Hz and the output of the Pl resultsin a speed
adder of +15 Hz, zero clamp would limit the output frequency to not
become greater than zero.
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Feedback Square Root - This feature uses the square root of the
feedback signal as the Pl feedback. Thisis useful in processes that
control pressure, since centrifugal fans and pumps vary pressure with
the square of speed.

The PI has the option to take the square root of the selected feedback
signa. Thisisused to linearize the feedback when the transducer
produces the process variable squared. The result of the squareroot is
normalized back to full scale to provide a consistent range of
operation.

The option to take the square root is selected in the Pl Configuration
parameter.

100.0
75.0
50.0
25.0

0.0

-25.0

-50.0

-75.0

-100.0
-1000  -750  -50.0  -25.0 0.0 25.0 50.0 75.0  100.0

Normalized SQRT(Feedback)

Normalized Feedback

Stop Mode (PF700 Only). When Stop Modeis set to “1” and a Stop
command is issued to the drive, the Pl loop will continue to operate
during the decel ramp. When set to “0” the drive will perform a
normal stop.

Anti-Wind Up (PF700 Only). When Anti-Windup is set to “1” the
PI loop will automatically prevent the integrator from creating an
excessive error that could cause loop instability. The integrator will be
automatically controlled without the need for Pl Reset or Pl Hold
inputs.
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2. [PI Control] isaset of bitsto dynamically enable and disable the

operation of the process Pl controller. When this parameter is
interactively written to from a network it must be done through a data
link so the values are not written to EEprom.

» Pl Enable- The Pl regulator output can be turned on/off. Pl Enabled
determines when Pl Output is part, or al of the commanded speed.
The logic evaluated for PI Enabled is shown in the following ladder
diagram.

The drive must be in run before Pl Enabled can turn on. Pl Enabled
will stay off when the driveisjogged. The PI is disabled when the
drive begins aramp to stop.

If adigital input is configured to provide Pl Enable and that digital
input isturned on then PI Enabled may turn on. Note that when a
digital input is configured to provide Pl Enable that input takes
precedence over the PI Control parameter.

If adigital input is not configured to provide Pl Enable and the P
Enable bit in the Pl Control parameter is turned on then Pl Enabled
may turn on. If PI_Control.PI_Enable isleft on all the time then the
Pl may become enabled as soon as the drive goes into run. If analog
input signal lossis detected Pl Enabled is turned off.

DigInCfg Digin PI_Status
Running Stopping .PI_Enable .PI_Enable Signal Loss .Enabled
I " I 1 7 O
DigInCfg PI_Control
.PI_Enable .PI_Enable
,V ||
I [

* Pl Hold - The Process PI Controller has the option to hold the
integrator at the current value so if some part of the processisin limit
the integrator will maintain the present value to avoid windup in the
integrator.

Thelogic to hold the integrator at the current value is shown in the
following ladder diagram. There are three conditions under which
hold will turn on.

— If adigital input is configured to provide Pl Hold and that digital
input is turned on then the PI integrator will stop changing. Note that
when adigital input is configured to provide Pl Hold that takes
precedence over the PI Control parameter.

— If adigital input is not configured to provide Pl Hold and the PI Hold
bit in the PI Control parameter isturned on then the PI integrator will
stop changing.
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— If the current limit or voltage limit is active then the Pl is put into

hold.
DigInCfg DigIn PI_Status
.PI_Hold .PI_Hold .Hold
|| |1 M\
H H N
DigInCfg PI_Control
.PI_Hold .PI_Hold
J/ |l
I I
Current Lmt
or Volt Lmt

Pl Reset — This feature holds the output of the integral function at
zero. Theterm “anti windup” is often applied to similar features. It
may be used for integrator preloading during transfer and can be used
to hold the integrator at zero during “manual mode”. Take the
example of a process whose feedback signal is below the reference
point, creating error. The drive will increase its output frequency in an
attempt to bring the processinto control. If, however, the increase in
drive output does not zero the error, additional increasesin output will
be commanded. When the drive reaches programmed Maximum
Frequency, it is possible that a significant amount of integral value
has been “built up” (windup). Thismay cause undesirable and sudden
operation if the system were switched to manual operation and back.
Resetting the integrator eliminates this windup.

NOTE: In the PowerFlex 70, once the drive has reached the
programmable positive and negative Pl limits, the integrator stops
integrating and no further “windup” is possible.

3. [PI Status| parameter isa set of bits that indicate the status of the
process Pl controller

Enabled — The loop is active and controlling the drive output.

Hold — A signal has been issued and the integrator is being held at its
current value.

Reset — A signal has been issued and the integrator is being held at
zero.

In Limit — Theloop output is being clamped at the value set in [PI
Upper/Lower Limit].

Pl Reference and Feedback

The selection of the source for the reference signal is entered in the PI
Reference Select parameter. The selection of the source for the feedback
signal is selected in the Pl Feedback Select parameter. The reference and
feedback have the same limit of possible options.
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PF70 optionsinclude DPI adapter ports, MOP, preset speeds, analog inputs
and Pl setpoint parameter. In the PF700, options are expanded to also
include additional analog inputs, pulse input, and encoder input.

The value used for reference is displayed in Pl Reference as aread only
parameter. The value used for feedback is displayed in Pl Feedback as a
read only parameter. These displays are active independent of Pl Enabled.
Full scaleisdisplayed as 100.00.

Refer to Analog Input Configuration on page 2-6.

PI Setpoint

This parameter can be used as an internal value for the setpoint or reference
for the process. If [Pl Reference Sel] points to this Parameter, the value
entered here will become the equilibrium point for the process.

PI Output

The Pl Error is then sent to the Proportional and Integral functions, which
are summed together.

Pl Gains

The Pl Proportional Gain and the Pl Integral Gain parameters determine the
response of the PI.

The Pl Proportional Gain is unitless and defaults to 1.00 for unit gain. With
Pl Proportional Gain set to 1.00 and PI Error at 1.00% the PI output will be
1.00% of maximum freguency.

The Pl Integral Gain is entered in seconds. If the Pl Integral Gainis set to
2.0 seconds and PI Error is 100.00% the PI output will integrate from O to
100.00% in 2.0 seconds.

Positive and Negative Limits

The Pl has parameters to define the positive and negative limits of the
output Pl Positive Limit, and Pl Negative Limit. The limits are used in two
places; on the integrator and on the sum of the Kp + Ki terms.

Providing an external source doesn't turn on Hold, the integrator is allowed
to integrate all the way to Positive or Negative limit. If the integrator
reaches the limit the value is clamped and the InLimit bit is set in the PI
Status parameter to indicate this condition.

The limits are entered in the range of  100.00.

Pl Positive Limit must always be greater than Pl Negative Limit.
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If the application is Process Control, typically these limits would be set to
the maximum allowabl e frequency setting. This alows the Pl regulator to
control over the entire required speed range.
If the application is Process Trim, large trim corrections may not be
desirable and the limits would be programmed for smaller val ues.
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The output value produced by the Pl is displayed as+100.00. Internaly this
is represented by +32767 which correspondsto maximum frequeng.
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Reflected Wave [Compensation]

The pulses from a Pulse Width Modulation (PWM) inverter using IGBTs
are very short in duration (50 nanoseconds to 1 millisecond). These short
pul se times combined with the fast rise times (50 to 400 nanoseconds) of
the IGBT, will result in excessive over-voltage transients at the motor.

Voltagesin excess of twice the DC busvoltage,(650V DC nomina @ 480V
input) result at the motor and can cause motor winding failure.

The patented reflected wave correction software in the PowerFlex 70 will
reduce these over-voltage transients from a VFD to the motor. The
correction software modifies the PWM modul ator to prevent PWM pulses
less than a minimum time from being applied to the motor. The minimum
time between PWM pulsesis 10 microseconds. The modifications to the
PWM modulator limit the over-voltage transient to 2.25 per unit volts
line-to-line peak at 600 feet of cable.

400 V Line + 10% High Line = 540V DC bus X 2.25 = 1200 V
480V Line + 10% High Line= 715V DC bus X 2.25 = 1600 V
600 V Line+ 10% High Line= 891V DC bus X 2.25 = 2000 V
(inverter duty grade motor insulation)

The software is standard and requires no special parameters or settings.

E T i
3 T 1

500 - Inverter
Vidiv <Tol|—> -

1670 Vpi

ﬁ:
500 ] ’ U\/\’ o
Vidiv VJ :

0 5 10 15 20 25 30 35 40 45 50
Time ( sec)

The above figure shows the inverter line-to-line output voltage (top trace)
and the motor line-to-line voltage (bottom trace) for a 10 HP, 460V AC
inverter, and an unloaded 10 HP AC induction motor at 60 Hz operation.
500 ft. of #12 AWG PV C cable connects the drive to the motor.

Initially, the cableisin afully charged condition. A transient disturbance
occurs by discharging the cable for approximately 4ms. The propagation
delay between the inverter terminals and motor terminals is approximately
1ms. The small time between pulses of 4ms does not provide sufficient time
to allow the decay of the cable transient. Thus, the second pulse arrives at a
point in the motor terminal voltage's natural response and excites a motor
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over-voltage transient greater than 2 pu. The amplitude of the double pulsed
motor over-voltage is determined by a number of variables. Theseinclude
the damping characteristics of the cable, bus voltage, and the time between
pulses, the carrier frequency, modulation technique, and duty cycle.

The plot below shows the per unit motor over-voltage as afunction of cable
length. Thisisfor no correction versus the modulation correction code for
varied lengths of #12 AWG PV C cableto 600 feet for a4 kHz and 8 kHz
carrier frequencies. The output line-to-line voltage was measured at the
motor terminalsin 100 feet increments.

No Correction vs Correction Method at 4 kHz and 8 kHz Carrier
Frequencies - Vbus = 650, fe = 60 Hz

2.6
—— No Correction 4 kHz Carrier
2.5 | —— Corrected 4 kHz Carrier
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Z 2.1 s - =
§ 2 — ’: I e s I
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1.8 [==
17
16
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Without the correction, the over-voltage increases to unsafe levels with
increasing cable length for both carrier frequencies.

The patented modulation correction code reduces the over-voltage for both
carrier frequencies and maintains arelatively flat over-voltage level for
increasing cable lengths beyond 300 feet.
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Reset Meters This section is under construction. If further information is required, please
contact factory.
Reset Run Refer to Auto Restart (Reset/Run) on page 2-24.

RFI Filter Grounding  SeeRFI Filter Grounding on page 2-87
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S Curve

The S Curve function of the PowerFlex family of drives alows control of
the “jerk” component of acceleration and deceleration through user
adjustment of the S Curve parameter. Jerk isthe rate of change of
acceleration and controls the transition from steady state speed to

accel eration or decel eration and vice versa. By adjusting the percentage of S
Curve applied to the normal accel / decel ramps, the ramp takes the shape of
an“S’. Thisalows a smoother transition that produces less mechanical
stress and smoother control for light loads.

Linear Accel & Decel

Acceleration is defined as moving away from zero; deceleration is defined
as moving toward zero. The linear acc / dec ramp is active when the S
curve%o is set to zero. The accel time and maximum frequency determine
the ramp rate for speed increases while decel time and maximum frequency
determine the ramp rate for speed decreases. Separate times can be set for
accel and decel. In addition, a second set of accel and decel timesis
available. In thisexample Ta= 1.0 sec, Td = 2.0 sec and Maximum
Fregquency is set to 60.0 Hz.
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-80.0
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0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
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S-Curve Selection

S-curve is enabled by defining the time to extend the acceleration and
deceleration. Thetimeis entered as a percentage of acceleration and
deceleration time. In this case acceleration time is 2.0 seconds. The line on
the left has s-curve set to 0%. The other lines show 25%, 50%, and 100%
S-curve. At 25% S-curve acceleration time is extended by 0.5 seconds (2.0
* 25%). Note that the linear portion of this line has the same slope as when
s-curveis set to zero.
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The acceleration and deceleration times are independent but the same
S-curve percentage is applied to both of them. With S-curve set to 50%,
acceleration time is extended by 0.5 seconds (1.0 * 50%), and deceleration
time is extended by 1.0 seconds (2.0 * 50%).

70.0

60.0
50.0

40.0 //
30.0 // //
20.0 // //
10.0 // //

0.0

Hz

0.0 1.0 2.0 3.0 4.0 5.0 6.0
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Time to Max Speed

Note that S-curve time is defined for accelerating from 0 to maximum
speed. With maximum speed = 60 Hz, Ta= 2.0 sec, and S-curve = 25%,
acceleration time is extended by 0.5 seconds (2.0 * 25%). When
accelerating to only 30 Hz the acceleration time is still extended by the
same amount of time.
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Crossing Zero Speed

When the commanded frequency passes through zero the frequency will
S-curve to zero and then S-curve to the commanded frequency.
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The following graph shows an acceleration time of 1.0 second. After 0.75
seconds, the acceleration time is changed to 6.0 seconds. When the
acceleration rate is changed, the commanded rate is reduced to match the
requested rate based on theinitial S-curve calculation. After reaching the
new acceleration rate, the S-curve is then changed to be a function of the
new acceleration rate.
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Scaling Blocks This section is under construction. If further information is required, please
contact factory.
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Shear Pin Fault

Thisfeature allows the user to select programming that will fault the driveif
the drive output current exceeds the programmed current limit. As adefault,
exceeding the set current limit is not afault condition. However, if the user
wants to stop the process in the event of excess current, the Shear Pin
feature can be activated. By programming the drive current limit value and
enabling the electronic shear pin, current to the motor is limited, and if
excess current is demanded by the motor, the drive will fault.

Configuration
The Shear Pin Fault is activated by setting Bit 4 of [Fault Config 1] to “1.”

238 | [Fault Config 1]
Enables/disables annunciation of the listed faults.
D> 2
/& S )
S S
YIS (TS
S S
x\x\x\x x\x\x\x x\l\O\O l\x\l\o (%:E%%lﬂﬁg%
|->151413 12]1110 9 8|7 6 5 4|3 2 1 O] ,-Recerved
Bit #
Factory Default Bit Values

The programmable current limit [Current Lmt Sel] should also set to
identify the source of the current limit value. If “Cur Lim Val” is selected,
then [Current Lmt Val] should be set to the required limit value.

“Cur Lim Val" 146
149

147 | [Current Lmt Sel] Default:

0
(@) | Selects the source for the adjustment of |Options: 0 “Cur Lim Val”
current limit (i.e. parameter, analog input, 1 “AnalogInl”
etc.). 2 “AnalogIn?2”

DYNAMIC CONTROL

A separate fault (Shear Pin Fault, F63) dedicated to the Shear Pin feature,
will be generated if the function is activated.

Application Example

In some applications, mechanical hardware can be damaged if the motor is
allowed to develop excess torque. If amechanical jam should occur,
shutting down the system may be the only way to prevent damage. For
example, achain conveyor may be able to “hook” itself, causing ajam on
the conveyor. Excess torgue from the motor could cause chain or other
mechanical damage.

By programming the Shear Pin feature, the user can cause the drive to fault,
stopping the excess torque before mechanical damage occurs.
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Skip Bands

Frequency

[Skip Freq 1-3]

The skip band function provides three skip bands that the drive will ramp
through but will not continuously run within. The user will be ableto set the
skip frequency (center frequency) for each band and the skip band centered
on the skip frequency. The skip band appliesto all three skip frequencies.

The skip band function operates as follows.

1. Greater than or equal to the center frequency and less than or equal to the
high value of the band sets the output to the high value of the band. See
grayed area of 'Upper Band' below.

2. Lessthan the center frequency and greater than or equal to the low value
of the band, sets the output to the low value of the band. See grayed area
of 'Lower Band' below.

3. The skip frequency will have hysteresis so the output does not toggle
between high and low values.

—_—

—- Hyst—>_

—
Upper Band Lower Band

Conditions

If none of the skip bands touch or overlap, each band has its own high/low
limit. See example #1 below.

If skip bands overlap or touch, the center frequency is recal culated based on
the highest and lowest band values. See example #2 below.

Set Values Adjusted Values
60 Hz 60 Hz
54 Hz % 54 Hz
Example #1
45 Hz \ 45 Hz
33 Hz //
Example #2 30 Hz
27 Hz
\
135 Hz 4
L [ e e A A O N N A A TN, S 11.25 Hz
9 Hz
O0Hz 0Hz
Time

— — — Command Frequency
Skip Band Output
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If askip band(s) extend beyond the max or min limits, the highest or lowest
band values, respectively, will be clamped at the limit. The center frequency
is recalculated based on the highest and lowest band values. If the band is
outside the limits, the skip band is inactive.

400 Hz

Skip Frequency #3 } Skip Frequency #3 (Inactive)

Max Frequency | ___ o ______
Skip Frequency #2 Skip Frequency #2 (Adjusted)

Skip Frequency #1 Skip Frequency #1 (Adjusted)
Min Frequency — f--------------cmmm oo

0Hz

Disabling
If askip band is not required, its skip frequency valueis set to zero.

Range
The skip bands apply to both forward and reverse directions.
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Sleep Mode

The basic operation of this function isto start (wake) the drive when an
analog signal isgreater than or equal to the user specified [Wake Level], and
stop the drive when an analog signal isless than or equal to the user
specified [Sleep Level].

Enabling the slegp wake function is accomplished by setting the
[Sleep-Wake Mode] parameter to “Direct”.

All previously defined permissives (stop, enable, faults, type 2 dlarms, etc.)
are honored. In addition to the sleep function, at least one of the following

assignments must be made to adigital input, and the input must be closed:

(Enable, Stop-CF, Run, Run Fwd, Run Rev).

Restarting following afault condition will be possible by either arising
edge of the timed wake signal or a separate start signal. A wake signal
condition will not interfere with the resetting of afault or restarting of the
drive with another signal.

Timers will determine the length of time required for Sleep/Wake levelsto
produce true functions. These timers will start counting when the Sleep/
Wake levels are satisfied and will count in the opposite direction whenever
the respective level is dissatisfied. If the timer counts all the way to the user
specified time, it creates an edge to toggle the Sleep/Wake function to the
respective condition (sleep or wake). Upon power up, timers should be
initialized to the state that does not permit a start condition, and then start
counting if the analog signal satisfies the level requirement.

Separate start commands are also honored (including adigital input “start”),
but only when the sleep timer is not satisfied, essentially acting asa
continuous stop. There are two exceptions to this, which will ignore the
Sleep/Wake function:

1. When adeviceis commanding “local” control, and
2. when ajog command is being issued.

When adeviceis commanding “local” control, the port that is commanding
it has exclusive start control (in addition to ref select), essentially overriding
the Sleep/Wake function, and allowing the drive to run in the presence of a
sleep situation. This holds true even for the case of Port O, where adigital
input start or run will be able to override a sleep situation.

Normal operation will require that [Wake Level] be set greater than or equal
to [Sleep Level]. However, there are no limits that prevent the parameter
settings from crossing, but the drive will not start until such settings are
corrected. These levels are programmable while the drive is running. If
[Sleep Level] is made greater than [Wake Level] while the driveis running,
the drive will continue to run aslong as the analog input remains at alevel
that doesn’t trigger the sleep condition. Once the drive goes to sleep in this
situation, it will not be allowed to restart until the level settings are
corrected (increase wake, or decrease seep). If however, the levels are
corrected prior to the drive going to sleep, normal Sleep/Wake operation
will continue. All defined anal og inputs for a product shall be considered as
valid Sleep/Wake sources. The Sleep/Wake function is completely
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independent of any other functions that are also using the assigned analog
input. Thus, using the same analog input for both speed reference and wake
control is permitted. Also, [Analog In x Hi] and [Analog In x Lo]
parameters have no affect on the function. However, the factory calibrated
result will be used. In addition, the absolute value of the calibrated result
will be used, thus making the function useful for bipolar direction
applications. The analog in loss function is unaffected and therefore
operational with the Sleep /Wake function, but not tied to the sleep or wake

levels.
Drive Lo
Rum — |
| Wak
Sleep-Wake ! \):Vanp
Function ___ GotoSleep |
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=
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Sleep Timer
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Sleep Level
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Example Conditions
| Wake Time = 3 Seconds
' Sleep Time = 3 Seconds
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Speed Control
Speed Mode
Speed Regulation

The purpose of speed regulation isto allow the drive to adjust certain
operating conditions, such as output frequency, to compensate for actual
motor speed losses in an attempt to maintain motor shaft speed within the
specified regulation percentage.

The [Speed Mode] parameter selects the speed regulation method for the
drive, and can be set to one of 3 choices on the PowerFlex 70. Additional
choices are available on the PowerFlex 700 (see page 2-142):

* Open Loop - No speed control is offered

« Slip Comp - Slip Compensation is active — approximately 5% regulation

* Process Pl — The Pl Loop sets the actual speed based on process
variables

080 | [Speed Mode] Default: 0  “Open Loop” 121
@) | Sets the method of speed regulation. Options: 0  “Open Loop” thru
1 “Slip Comp” 138
2 “Process PI”
Open Loop

Astheload on an induction motor increases, the rotor speed or shaft speed
of the motor decreases, creating additional slip (and therefore torque) to
drivethelarger load. This decrease in motor speed may have adverse effects
on the process. If the [Speed Mode] parameter is set to “Open Loop,” no
speed control will be exercised. Motor speed will be dependent on load
changes and the drive will make no attempt to correct for increasing or
decreasing output frequency due to load.

Slip Compensation

Asthe load on an induction motor increases, the rotor speed or shaft speed
of the motor decreases, creating additional dlip (and therefore torque) to
drivethe larger load. This decrease in motor speed may have adverse effects
on the process. If speed control isrequired to maintain proper process
control, the slip compensation feature of the PowerFlex drives can be
enabled by the user to more accurately regulate the speed of the motor
without additional speed transducers.

When the dip compensation mode is selected, the drive calculates an
amount to increase the output frequency to maintain a consi stent motor
speed independent of load. The amount of slip compensation to provideis
selected in [Slip RPM @ FLA]. During drive commissioning this parameter
is set to the RPM that the motor will slip when operating with Full Load
Amps. The user may adjust this parameter to provide more or less dlip.

As mentioned above, induction motors exhibit slip which is the difference
between the stator electrical frequency, or output frequency of the drive, and
the induced rotor frequency.

The dlip frequency translates into a slip speed resulting in areduction in
rotor speed as the load increases on the motor. This can be easily seen by

examining Figure 2.16.
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Figure 2.16 Rotor Speed with/without Slip Compensation
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Without slip compensation active, as the load increases from no load to
150% of the motor rating, the rotor speed decreases approximately
proportional to the load.

With slip compensation, the correct amount of slip compensation is added
to the drive output frequency based on motor load. Thus, the rotor speed
returns to the original speed. Conversely, when the load is removed, the
rotor speed increases momentarily until the slip compensation decaysto
zero.

Motor nameplate data must be entered by the user in order for the drive to
correctly calculate the proper amount of slip compensation. The motor
nameplate reflects dlip in the rated speed value at rated load. The user can
enter the Motor Nameplate RPM, Motor Namepl ate Frequency, the Motor
Nameplate Current, Motor Nameplate Voltage, and Motor Nameplate HP/
kW and during commissioning the drive cal culates the motor rated dlip
frequency and displaysitin [Slip RPM @ FLA]. The user can adjust the
slip compensation for more accurate speed regulation, by increasing or
decreasing [Slip RPM @ FLA] value.

Internally, the drive converts the rated slip in RPM to rated slip in
frequency. To more accurately determine the rated dlip frequency in hertz,
an estimate of flux current is necessary. This parameter is either a default
value based on motor nameplate data or the auto tune value. The drive
scales the amount of slip compensation to the motor rated current. The
amount of dlip frequency added to the frequency command isthen scaled by
the sensed torque current (indirect measurement of the load) and displayed.

Slip compensation also affects the dynamic speed accuracy (ability to
maintain speed during “shock” loading). The effect of dlip compensation
during transient operation isillustrated in Figure 2.17. Initially, the motor is
operating at some speed and no load. At some time later, an impact load is
applied to the motor and the rotor speed decreases as afunction of load and
inertia. And finally, the impact load is removed and the rotor speed
increases momentarily until the slip compensation is reduced based on the
applied load.
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When dlip compensation is enabled the dynamic speed accuracy is
dependent on the filtering applied to the torque current. Thefiltering delays
the speed response of the motor/drive to the impact load and reduces the
dynamic speed accuracy. Reducing the amount of filtering applied to the
torque current can increase the dynamic speed accuracy of the system.
However, minimizing the amount of filtering can result in an unstable
motor/drive. The user can adjust the Slip Comp Gain parameter to decrease
or increase the filtering applied to the torque current and improve the
system performance.

Figure 2.17 Rotor Speed Response Due to Impact Load and Slip Com Gain
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Application Example - Baking Line

The diagram below shows a typical application for the Slip Compensation
feature. The PLC controls the frequency reference for al four of the drives.
Drive #1 and Drive #3 control the speed of the belt conveyor. Slip
compensation will be used to maintain the RPM independent of 1oad
changes caused by the cutter or dough feed. By maintaining the required
RPM, the baking time remains constant and therefore the end product is
consistent.

With the Slip Compensation feature, the process will only require a new
speed reference when the product is changed. The user will not have to tune
the drive due to a different load characteristic.
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Process Pl — See Process Pl Loop on page 2-116

Encoder Feedback (PowerFlex 700 Only)

This section is under construction. If further information is required, please
contact factory.

Droop (PowerFlex 700 Only)

Astheload on an induction motor increases, the rotor speed or shaft speed
of the motor decreases, creating additional slip (and therefore torque) to
drive the larger load. Thisincrease in motor torque could cause undesirable
operation in some process. Typicaly, if two or more motors are
mechanically linked to the same load, this increased torque will cause one
motor to assume more of the load and it may set up an unstable “struggle”
between motors. In this case, the droop function will decrease the output
frequency to maintain a consistent torque level, allowing multiple motorsto
“share” the work.

Without droop active, as the load increases, the rotor speed decreases
creating uneven loading on the motors.

With droop, the correct amount of compensation is deducted from the drive
output frequency based on motor load. Thus, the torque level decreases and
other motors can share the load. Conversely, when the load is reduced, the
rotor speed decreases momentarily until the droop decays to zero.

Application Considerations

The Droop function is enabled by selecting “Droop” as the speed control
method in [Speed Control]. The amount of Droop that will be subtracted
from the output frequency at full load is determined by the setting of the
[Slip @ F.L.A.]. Theresponse of the droop circuit can be adjusted by setting
[Slip Comp Gain], 1 being the slowest and 40 the fastest.

The droop feature is used in applications that have two or more motors that
are mechanically connected viathe load. Each drive must control only one
motor for the function to work properly. The control source should supply
al of the drives with an identical speed reference. This setup will alow the
system load to be shared by each motor.

Application Example - Automotive Chain Conveyor

The above diagram shows a typical example for the Speed Droop feature.
The chain conveyor is used to transfer car bodies through the final assembly
area. Thisapplication isusually a5-15 HP motor with a250:1 (typical) gear
reduction. Since the motors are mechanically interlocked, they will need to
load share. The “take-up” adjusts the tension of the chain but does not
directly affect the load of an individual motor. Therefore, the drive must
adjust the output frequency based on load changes.
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To accomplish this, the PLC or other controller, will control the speed
command being sent to the drives. Both drives can be programmed for
droop operation. Or the lead drive may be used as the “ speed regulator”
with the second drive used as a “torque helper” to share the load. The speed
regulator will be used to shed the load of an individual motor as the system
cycles through the process.When a car is finished and removed from the
line, the load on drive #1 will decrease. At thistime, another vehicleis
added to the conveyor causing drive #2 to see an increase in load. Drive/
motor #2 will decrease its output frequency causing more of the load to be
taken by drive/motor #1.
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Speed Reference

Speed Reference Scaling

[Speed Ref A, B Sel]
[TB Man Ref Sel]

The reference generation function is to provide areference to the drive. Its
purpose is to determine which reference source should be used based on
parameters and logic command. Seven references can be selected by logic
command. Thefirst two references (A & B) have selectable sources.
References A & B can be trimmed by atrim that has selectable sources. The
other five arefixed at preset frequencies threeto seven. The user will be able
to select if the reference is unipolar, which islimited to a positive value and
enables the direction bit or bipolar which disables the direction bit allowing
the reference sign to command direction. The min and max speed limit the
final reference going to the skip band module.

Seven references can be selected through logic command.

Logic command (drive control command) is a bit enumerated parameter,
which contains the final command after it has been funneled through a
command eval uation module of masks, owners, and transitions. Logic
commands come from the terminal block, DPI peripherals, and HIM all at
the same time. L ogic command could consists of stop, start, jog, accel
decel ,MOP inc/dec, direction, etc. The command evaluation moduleis not
within the scope of this document and will be covered in another document.

The first two references are programmable. The user can select which
source they would like for each reference. If an analog input reference or
pulseinput reference (PowerFlex 700 Only) is chosen, two scale parameters
are provide to scale the reference. The scale min/max are based on other
parameter (uni/bipolar, analog in config, etc.). See also Analog Inputs for
more information.

The last five are fixed references, preset frequencies 3-7.

Reference A & B can be trimmed with a selectable source trim. If an analog
input reference or pulse input reference (PowerFlex 700 Only) is chosen,
two scale parameters are provide to scale the reference. Thetrimisa+/—
reference which can be set to trim none, A, B, or Both.

Auto / Manual

Many applications require a“manua mode” where adjustments can be
made and setup can be done by offering local control of the drive speed.
Typically, these adjustments could be made viaa“local” HIM mounted on
the drive. When all setup is complete, control of the drive frequency
command is turned over to automatic control from a remote source such as
aPLC. Also see Auto / Manual on page 2-22.
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Trim
[Trim In Sel]

Reference A and Reference B can be trimmed with a selectable source. The
trimisan input signal value (+/-) which ia added to the reference. If an
analog input is chosen as the trim source, two scale parameters are provide
to scalethetrim signal.

The choices for Trim source select are:

* LEDHIM

* DPI Peripheral 1 (LCD HIM)
e DPI Peripheral 2-5

« MOP

* Preset Speed1-7

* AnalogInputl-2

Trim Enable Select

A
O
Trim /OT B

Both

O——— None

, Reference A NG + , Trimmed
Reference A

Reference B e s Trimmed
Reference B

Min / Max Speed
[Max Speed]

Max and min speed limits are applied to the reference. These limits apply to
the positive and negative references. The min speed limitswill create aband
that the drive will not run continuously within, but will ramp through. This
is due to the positive and negative min speeds. If the reference is positive
and less than the positive min, it is set to the positive min. If the referenceis
negative and greater than negative min, it is set to the negative min. If minis
not O, hysteresisis applied at 0 to prevent bouncing between positive and
negative mins. See below.

Max Spd Max Spd
Min Spd
MinSpd —— === == tBand
- Min Spd
- Max Spd - Max Spd
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Speed Reference

Follower/Leader

This section is under construction. If further information is required, please
contact factory.

HIM Speed Reference

This section is under construction. If further information is required, please
contact factory.

Maximum frequency

The maximum frequency defines the maximum reference frequency. The
actual output frequency may be greater as aresult of slip compensation and
other types of regulation. This parameter also defines scaling for frequency
reference. Thisis the frequency that corresponds to 32767 counts when the
frequency reference is provided by a network.
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Start Inhibits

The [Start Inhibits] parameter indicates the inverted state of all start
permissive conditions. If the bit ison (HI or 1), the corresponding
permissive reguirement has not been met and the drive isinhibited from
starting. It will be updated continually, not only when a start attempt is
made. See also Start Permissives on page 2-148.




2-148 Start Permissives

Start Permissives Start permissives are conditions required to permit the drive to start in any
mode — run, jog, auto-tune, etc. When all permissive conditions are met the
driveis considered ready to start. The ready condition is available as the
drive ready status.

Permissive Conditions

1. No faults can be active.

2. No type2 alarms can be active.

3. The TB Enableinput (if configured) must be closed.

4. The DC bus precharge logic must indicate it is a start permissive.
5

. All Stop inputs must be negated (See special Digital Inputs Stops
Configuration issues below).

6. No configuration changes (parameters being modified) can be
in-progress.

If all permissive conditions are met, avalid start, run or jog command will
start the drive. The status of all inhibit conditions, except for item 6 above,
are reflected in the output parameter Start Inhibits. The configuration
change condition is atransient (short-term) condition and not directly user
controlled. It istherefore not reflected in the Start Inhibits parameter.

Note that the Start Inhibits conditions do not include any of the
functionality imposed by the DPI logic such as owners, masks, local
control, etc.
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Start-Up

Start-Up Routines

PowerFlex drives offer avariety of Start Up routines to help the user
commission the drive in the easiest manner and the quickest possible time.
PowerFlex 70 Drives have the SM.A.R.T Start routine and a Basic assisted
routine for more complex setups. PowerFlex 700 drives have both of the
above plus an advanced startup routine.

S.M.AR.T. Start

During a Start Up, the majority of applications require changes to only a
few parameters. The LCD HIM on a PowerFlex 70 drive offers SM.A.R.T.
start, which displays the most commonly changed parameters. With these
parameters, you can set the following functions:

S- Start Mode and Stop Mode

M - Minimum and Maximum Speed
A - Accel Time1 and Decel Time 1
R - Reference Source

T - Thermal Motor Overload

Torun aS.M.A.R.T. start routine;

Step Key(s) Example LCD Displays
1. Press ALT and then Esc (S.M.A.R.T). ,

The S.M.AR.T. start screen appears. @ @ gltM'tAMR'dT - List
2. View and change parameter values as Stg; Mgd:

desired. For HIM information, see
Appendix B.

3. Press ALT and then Sel (Exit) to exit @ @

the S.M.A.R.T. start.

Minimum Speed

Basic Start Up

The Basic Start Up routine leads the user through the necessary information
in asimple question and answer format. The user can make the choice to
execute or skip any section of the routine. Below isacomplete flow chart of
the routine.
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Basic Start Up (Top Level)

HIM
Main Menu:
<Diagnostics>
Parameter ‘
Device Select ¢ Esc Abort
Memory Storage
StartUp
Preferences
Startup 0-2
PowerFlex 70
Starty, .
The drive must
Drive active? Yes — | De stopped to
proceed. Press
Esc to cancel. Any state
'Esc' key
No
Stop
0-3 .
Go to previous
PowerFlex 70 state
StartUp . Resume
Startup Make a selection L—
i —_—P
7.00me < Prevousy Yes Aoort
[Exit ‘ <Backup> | Backup Go to Backup
Resume > screen for previous
StartUp Menu state

No

00 vy

PowerFlex 70
StartUp .
This routine is

to help setup a

drive for basic
applications.
Parameter access
through other

menus may be Startup Menu
necessary to
setup advanced
features.

Backup

Goto 1-0
‘ 1. Input

Goto 2-0
Voltage
Enter
0-1 * 2. Motor Goto3-0
Dat/Ramps

PowerFlex 70

StartUp .
——1 Complete these 3. Motor

steps in order: Tests

1. Input Voltage
2. Motr Dat/Ramp 4. Speed

3. Motor Tests Limits

4. Speed Limits //

5. Speed Control -

6. Strt,Stop IO 55%2:’

7. Done / Exit \ Goto5-0
6. Strt,Stop,

I/0



Start-Up 2-151

Basic Start Up (Input Voltage)

1-0

StartUp

1. Input Voltage

This step should

be done only

when "alternate
o| voltage"is
needed (see user
manual). It will
reset all drive
parameters with
specific choice
of Volts and Hz.

T
Enter
v

Backup Rated Volts

>300?

Backup

Backup Yes

No
1-1 / 1-2 \

StartUp StartUp

1. Input Voltage 1. Input Voltage
Enter choice for Enter choice for
— Input Supply Input Supply —
400V, 50 Hz 208V, 60 Hz
<480V, 60 Hz> <240V, 60 Hz>

StartUp

1. Input Voltage
Reset all
parameters to No
their defaults?
<Yes>

No

Yes

14 4

StartUp

1. Input Voltage
Clear fault to
continue.

Fault Clear Goto 0-1(2)
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Start-Up

2-0

StartUp

2. Motr Dat/Ramp
Use motor name-
plate data and
required ramp
times for the
following steps.

Enter

21§

StartUp

2. Motr Dat/Ramp
Enter choice for

Mtr NP Pwr Units

Enter

22 ¥

StartUp

2. Motr Dat/Ramp
Enter value for
Motor NP Power
123.4 kW

XXXX <> YYy.y

Enter

23y

StartUp

2. Motr Dat/Ramp
Enter value for
Motor NP FLA
+456.78 Amps
XXXXX <> YYY.yY

Enter

2-4 v

StartUp

2. Motr Dat/Ramp
Enter value for
Motor NP Volts
123.4 Volt

XXX.X <> YyY.y

Enter

25y

StartUp

2. Motr Dat/Ramp
Enter value for
Motor NP Hertz
60.0 Hz

XX<>yy

Enter

26 ¥

StartUp

2. Motr Dat/Ramp
Enter value for
Motor NP RPM
+456 RPM

XXX <> yyy

Basic Start Up (Motor Data/Ramp)

2-7

StartUp
2. Motr Dat/Ramp

Enter

Enter choice for
Stop Mode A

A

Enter

Backup

Stop Mode A

| ——  Backup

2-10

StartUp

2. Motr Dat/Ramp
Enter choice for

="DC Brake" or g No —P> DB Resistor Type
"Ramp to None
Hold"?, " Internal
External
Yes Ent‘er
28 ¥
StartUp 211 ‘
2. Motr Dat/Ramp StartUp
Enter value for 2. Motr Dat/Ramp
DC Brake Level No Enter value for
1.0 Amps Accel Time 1
0.0 <30.0 Amps 6.0 Secs
4 [ 0.0 < 60.0 secs
Enter |
Enter
Enter  2.12 *
Stop Mode A StartUp
Backup ="DC 2. Motr Dat/Ramp
Brake"? Enter value for
Decel Time 1
6.0 Secs
0.0 < 60.0 secs
Yes I
29 y 213 Enter
StartUp v
2. Motr Dat/Ramp StartUp
Enter value for 2. Motr Dat/Ramp
DC BrakeTime Enter value for
1.0 Secs S Curve %
0.0 <90.0 Secs 0%

0<100 %

None - Bus Reg Mode A = Adj Freq.
Intenal - Bus Reg Mode A = Both, DB 1st.
External - Bus Reg Mode A = Both, DB 1st.

Goto 0-1(3)
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3-0
Starup Basic Start Up (Motor Tests)
3. Motor Tests
This section ——Enter
optimizes torque
performance and 31
tests for proper Start
direction. 3 Vot Tests ———Done Goto 0-1 (4)
Complete these
steps in order:
<A. Auto Tune>
B. Directn Test A A
C.Done
N
Auto Tune
T~ 32
Startup
A. AutoTune
Rotate Tune only Fault Clear
with no load and
low friction.
Static Tune when
load or friction
D|r$;2?n are present. Enter/
\ Backup
Enter
3-3 v
Startup
A. AutoTune
Make a selectioon
<Rotate Tune>
Static Tune
34 Static Rotate
Tune Tune
Startup X X
B. Directn Test 38 / \‘ 39 3-12
Press Jog or Start Startup Startup
Enter/ to begin. A. Auto Tune. A. Auto Tune Startup
Backup < Static Tune will Rotate Tune will 3. Motor Tests
energize motor energize motor, Test aborted due
with no shaft then cause shaft to user stop.
rotation. Press rotation. Press Clear fault to
Start to begin. Start to begin. continue.
Start Start Start Stopor Esc/
3.5 i Enter/ 310 \/ (stops drive) 3-13
Backup Startup
Startup Startup 3. Motor Tests
B. Directn Test A. Auto Tune Test aborted!
Is direction of Executing test. Fault > Clear the fault.
motor forward? Please wait.... Check motor data
<Yes> settings. Verify
No load is removed.
Yes No Rotate/Static
(stops drive) (stops drive) Tune complete
(stops drive)
3-6 l 3-7 \4 3-11
Startup Startup Startup
B. Directn Test B. Directn Test A. Auto Tune
Test complete. Press Enter. Test complete.
Then power down

and swap 2 output
wires to motor.
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40

p— Basic Start Up (Speed Limits)

This section
defines min/max
speeds, and
direction method

Enter
41y 4-2
StartUp StartUp
4. Speed Limits 4. Speed Limits
Disable reverse Enter choice for
operation? ——No —— Direction Method
Yes <Fwd/Rev Command>
<No> +/- Speed Ref

Bacl|<up StartUp

4. Speed Limits
Enter value for
Maximum Speed [¢—Backup
+60.00 Hz
XXXXX <> YYY.YY

I
Enter 4-4

StartUp

Enter value for

Y Minimum Speed
+5.78 Hz

XKX.XX <> YYY.yY

MaxSpd + OSL

No
> MaxFreq?

Backup

Enter Go to 0-1 (5)

Yes

4-5 v

StartUp

4. Speed Limits
Maximum Freq and
Overspeed Limit
will be changed

to support your
Maximum Speed.

Enter
4-6 * 0S Limit =

StartUp MaxFreq - MaxSpd
Rejecting this v
change will )

prevent starting ——Reject —»
Accept
Reject

MaxFreq = MaxSpd

I +0S Limit MaxFreq = 400Hz
Accept

MaxSpd + 0OS
Lmt > 400Hz?

3
NOJA

Yes
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5-0 .
p— Basic Start Up (Speed Control)
5. Speed Control
This section Enter
defines a source
from which to control 5-13
speed.
5-1 StartUp
5. Speed Control
StartUp [— Enter choice for
5. Speed Control | Andoglnput Input Signal
Enter choice for Analog Input 1
Speed Control Analog Input 2
1 <Analog Input>
Adapter Coman? ?—\da?)ltjetzr MoP Analog Analog
Local HIM-Port 1 Local Hi 5-14 518 ,Mnoutl Input2 525
Esen;gtl%:x ds Port 1 StartUp StartUp StartUp
MOP 5. Speed Control 5. Speed Control 5. Speed Control
5-2 Digital Inputs Enter choice for Enter choice for
5 & 6 will be Signal Type Signal Type
StartUp set to MOP Inc & Voltage Voltage
5. Speed Control MOP Dec. Current Current
Enter choice for T I I
Comm Adapter Go to 0-1 (6) Enter Enter Enter
Port 5-internal 515 ¢y 5-19 v 5-26 v
Port 2-external Preset
Port 3-external Speeds StartUp StartUp StartUp
‘ ?I%?O—mfﬂ 5. Speed Control 5. Speed Control
ave speel The next two The next two
Enter Rimte at power down ? parameters link parameters link
<Yes> a high speed a high speed
Got00-1(6) No with a high with a high
511 ‘ analog value. analog value.
_ Enter _ Enter
A - 516 Enf 520 Ent 527 Ent
5-3 | 5. Speed Control StartUp StartUp
Note: Factory default StartUp 5. Speed Control 5. Speed Control
StartUp settings 5. Speed Control Enter value for Enter value for
5. Speed Control provide preset Save MOP speed Analog In 1 Hi Analog In 2 Hi
Enter choice for speed operation at stop ? 10.0V 100V
Remote HIM from the digital <Yes> XXXX < YYY.Y XXXX < YYYy.y
Port 2 (common) inputs, unless No \ \
Port 3 you change Enter Enter
e ~ their function. \ 521 gy 528 ¢
| i Enter
i 5.4 | 5-17 v StartUp StartUp
| | 5. Speed Control 5. Speed Control
' | StartUp }\ \ PF70 StartUp Enter value for Enter value for
i | 5.Speed Control ' Enter 5. Speed Control Speed Ref A Hi Speed Ref A Hi
1| Enter value for ! Enter/ Enter value for 60.0 Hz 60.0 Hz
1| Preset Speed 1 . Backup 5-12 L MOP Rate XXX < YYY.Y XXX.X < YYY.y
i | 5.0Hz i 5.0 Hz \ \
| <yyyy | Startp XXX <yyy Enter Enter
: | Preset 5. Speed Control _ 522 'y 529 'y
' 55 ! Speed 1 Make a selection
w [ <Preset Speed 1> StartUp StartUp
i StartUp i Preset Speed 2 5. Speed Control 5. Speed Control
! E.mseprezcli (e:c;(r;rtrol ! Preset Speed 3 Enter The nextt tw? ) The ne>it tw? )
i valu ] Preset Speed 4 parameters lin| parameters lin|
i Preset Speed 2 ‘E\Spge:;tz Preset Sgeed 5 a low speed a low speed
I | 100Hz ; P " Preset Speed 6 with a low with a low
! XXXX < YYY.y ! Preset Speed 7 analog value‘. analog value‘.
i 5.6 i Done ——Done Go to 0-1(6) 5-23  Enter 530 FEnter
I I
i | startup i SZ?:(? 13 StartUp StartUp
i 5. Speed Control i 5. Speed Control 5. Speed Control
1| Enter value for Enter value for Enter value for
i | Preset Speed 3 | Preset Preset Preset Preset Enter | Analogin1Llo Analog In 2 Lo
| 15.0Hz i Speed 4 Speed 5 Speed 6 Speed 7 0.0V 0.0V
i XXX.X < YYY.y i XXX.X < YYY.y XXXX < YYY.y
0 N N h \ \
! 5-7 5-9 5-10 i 524 Enter 531 Enter
i StartUp StartUp StartUp StartUp | v v
! 5. Speed Control 5. Speed Control 5. Speed Control 5. Speed Control 1 StartUp StartUp
! Enter value for Enter value for Enter value for Enter value for || 5. Speed Control 5. Speed Control
! Preset Speed 4 Preset Speed 5 Preset Speed 6 Preset Speed 7 || Enter value for Enter value for
! 20.0 Hz 25.0 Hz 30.0 Hz 35.0 Hz || Speed Ref A Lo Speed Ref ALo
i XXX.X < YYY.y XXX.X < Yyy.y XXX.X < YYY.y XXX.X < YYY.y | 0.0Hz 0.0 Hz
! Lo oo <yyyy XXXX < YYY.y
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——Enter —»,

steps in order:

2-156 Start-Up
6-0 6-1 .
p— p— Basic Start Up (Start,Stop,l/0)
6. Strt,Stop,I/0 6. Strt,Stop,I/0
This section Complete these ————D.Done —— |

ctions including <A. Dig Inputs> [—- Dig
start and stop B. Dig Outputs Outputs
from digital ins C. Anlg Outputs T cowe T 767371787 ”””””””
D. D -
one g tAnltg Enter/ i
utputs
A. Dig Inputs P . Backup ‘ f\“g?“f t
6-2 G0106-29 Goto6-1 (B) | g St
' M| Enter choice for
StartUp ' | Digital In1 Sel
A.Dig Inputs T !
Make a selection . 1 6-19
<Easy Configure> Done Digital In 1 i
Custom Configure 1| StartUp
6-17 < | | A.Dig Inputs
Custom Configure » 7| Enter choice for
I StartUp DigitalIn2 || pigital In2 Sel
) A. Dig Inputs 1
Easy Conf A.Dig Inputs__ |
asy Longure Make a selection 1 6-20
<Digital Input 1> S~ 1
Backup Digital Input 2 Digital In3 ! | StartUp
Bigin 5,6 = MOP Digital Input 3 | A.DigInputs
Inc, Dec? Digital Input 4 ! Entgr choice for
Back Digital Input 5 ' | Digital In3 Sel
ackup Digital Input 6 Digital In4 |
6-3 Yes No 6-4 Done ! 6-21
- - |
A A || startup
StartUp StartUp - 14 A.Dig Inputs
A. Dig Inputs A.Dig Inputs igital N5 1 Enter choice for
Digital Inputs Digital Inputs || Digital In4 Sel
¢ 1-4 will be set 1-6 will be set :
to defaults. to defaults. | 6-22
|
! StartUp
Ent Ent 6-5 1« A.Dig Ing_uts
Backup nter ner i Enter choice for
StartUp ! | Digital In5 Sel
A.Dig Inputs w
Dir Mode = ! Is reverse |
Dir Mode = | 6-23
Reverse No Bipolar? No 4 required from \
Disable? : digital inputs? 1\ | StartUp
<Yes> i 4 A.Dig Inputs
No || Enter choice for
|| Digital In6 Sel
Yes Yes Yes !
66 “aa W 611 s
6-14
StartUp No StartUp
A.Dig Inputs A.Dig Inputs StartUp
Enter choice for Enter choice for ] A.Dig Inputs
Control Method Control Method —3-wire — Digital Input 3
<3-wire> <3-wire> will be set to Fwa/
2-wire 2-wire Reverse.
1 |
; Enter
) ) 2-wire
2-wire 3-wire 6-12 v 6-15
67 X Y v
StartUp StartUp
StartUp StartUp A.Dig Inputs A. Dig Inputs
A.Dig Inputs A.Dig Inputs Digital Input 1 Digital Input 1
Digital Input 1 Digital Input 1 will be set to will be set to
will be set to will be set to Run Forward. Stop.
Not Used. Stop. T T
‘ I Enter Enter
Enter Enter 6-13 ¢ 6-16 ¢
6-8 v 6-10 v
StartUp StartUp
StartUp StartUp A.Dig Inputs A. Dig Inputs
A.Dig Inputs A.Dig Inputs Digital Input 2 Digital Input 2
Digital Input 2 Digital Input 2 will be set to will be set to
will be set to will be set to Run Reverse. Start.
Run/Stop. Start.
Enter Enter

Enter

Go to 6-1 (B)

Enter
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Goto6-1(C)

Done

Basic Start Up (Start,Stop,l/O [2])

<«——Enter

6-25 /

StartUp

B. Dig Outputs
Enter choice for
Digital Out 1 Sel

6-24
StartUp
B. Dig Outputs
Make a selection
<Digital Out 1>
Digital Out 2
ADone
Digital Digital
Out 1 Out 2
6-27
StartUp
B. Dig Outputs
Enter choice for
N ™| Digital Out 2 Sel

= ENUM choice
that uses
‘Level"?

Yes

626 'y

Backup

StartUp

B. Dig Outputs
Enter value for
Dig Out 1 Level

Backup

that uses
‘Level"?

Yes

h 4

StartUp

B. Dig Outputs
Enter value for

—1 Dig Out 2 Level

6-29

StartUp

C. Anlg Outpts
Enter choice for
Analog Out 1 Sel

Enter

6-30 +

StartUp

C. Anlg Outpts
Enter value for
Analog Out 1 Hi

Enter

631 ¢

StartUp

C. Anlg Outpts
Enter value for
Analog Out1Lo

Enter ——»

Enter

Go to 6-1 (D)
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Stop Modes

[Stop Mode A, B]
[DC Brake Lvl Sel]
[DC Brake Level]
[DC Brake Time]

1. Coast to Stop - When in Coast to Stop, the drive acknowledges the Stop

command by shutting off the output transistors and releasing control of
the motor. The load / motor will coats or free spin until the mechanical
energy is dissipated.

A
Output Voltage

Output Current

Motor Speed

~

Stop / |<<———— Coast Time is load dependent ———>|

» Time

Command

. Dynamic Braking is explained in detail in the PowerFlex Dynamic

Braking Selection Guide, presented in Appendix A.

. Braketo Stop is selected by setting [Stop Mode A] to avalue of “3.”

The User can also select the amount of time the braking will be applied
and the magnitude of the current used for braking with [DC Brake Time]
and [DC Brake Level]. This mode of braking will generate up to 40% of
rated motor torque for braking and istypically used for low inertialoads.

When in Brake to Stop, the drive acknowledges the Stop command by
immediately stopping the output and then applying a programmable DC
voltage [DC Brake Level] to 1 phase of the motor. This voltageis only
removed by one of two events;

— Opening an Enable digital input

— Reissuing the Start command

Caution must be used when setting [DC Brake Level]. Excess motor
current could damage the motor.

Caution must also be observed, since motor voltage will exist even
though a Stop command was issued.

4 Output Voltage
Output Current
_ _ MotorSpeed | T
DC
Hold Level
Stop /‘4— DC Hold Time _; » Time

Command
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4. Ramp To Stop is selected by setting [ Stop Mode X]. The drive will ramp
the frequency to zero based on the deceleration time programmed into
[Decel Time 1/2]. The “normal” mode of machine operation can utilize
[Decd Time 1]. If the “Machine Stop” mode requires a faster
deceleration than desired for normal mode, the “Machine Stop” can
activate [Decel Time 2] with afaster rate selected. When in Ramp to
Stop, the drive acknowledges the Stop command by decreasing or
“ramping” the output voltage and frequency to zero in a programmed
period (Decel Time), maintaining control of the motor until the drive
output reaches zero. The output transistors are then shut off.

The load/motor should follow the decel ramp. Other factors such as bus
regulation and current limit can alter the decel time and modify the ramp
function.

Ramp mode can aso include a“timed” hold brake. Once the drive has
reached zero output hertz on a Ramp-to-Stop and both parameters [DC
Hold Time] and [DC Hold Level] are not zero, the drive applies DC to
the motor producing current at the DC Hold Level for the DC Hold
Time.

A Output Voltage
__________ \
\
\
Output Current \
\
A
Motor Speed
\ Output Current
A A
\

N E)uEPut_V(zl_tage DC

\ | Hold

N Level

\
» Time
. .
Stop 7610 /\4 DC Hold Time >
Command Command
Speed

The drive output voltage will be zero when the hold time is finished
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5. Ramp To Hold is selected by setting [Stop Select x]. The drive will
ramp the frequency to zero based on the deceleration time programmed
into [Decel Time 1/2]. Once the drive reaches zero hertz, a DC Injection
holding current is applied to the motor. The level of currentissetin [DC
Brake Level]. The DC hold is removed only by removing the “Enable”
input or by avalid start input.

Motor speed during and after the application of DC depends upon the
combination of the these two parameter settings, and the mechanical
system. The drive output voltage will be zero when the hold time is

finished.
A Output Voltage Output Voltage
____________ jm—————— =
\ /
\ /
Output Current \\ / Output Current
/
\ /
Motor Speed Motor Speed
\ Output Current 7
\ /
\ Output Voltage / +
\ - /
\ - - -4/, DC
\ / Hold Level
\ 4 *
» Time
Stop 7 Zero 7 Re-issuing a
Command Command Start Command

Speed
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Test Points

Thermal Regulator

Table 2.V Testpoint Codes and Functions

Diagnostics

234 | [Testpoint 1 Sel] Default: 499
236 |[Testpoint 2 Sel] Min/Max:  0/999

Selects the function whose value is Display: 1

displayed value in [Testpoint x Data].

These are internal values that are not

accessible through parameters.

See Testpoint Codes and Functions on

page 4-10 for a listing of available codes

and functions.
235| [Testpoint 1 Data] Default:  Read Only
237 |[Testpoint 2 Datal Min/Max: 0165535
@ The present value of the function Display: 1

selected in [Testpoint x Sel].

Code Selected in | Function Whose Value is
[Testpoint x Sel] |Displayed in [Testpoint x Data]
0 DPI Error Status

1 Heatsink Temperature

2 Active Current Limit

3 Active PWM Frequency

4 Lifetime MegaWatt Hours
5 Lifetime Run Time

6 Lifetime Powered Up Time
7 Lifetime Power Cycles
8-99 Reserved for Factory Use

See Drive Overload on page 2-71.
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Torque Performance  [Torque Perf Mode]
Modes

Current
Resolver

V/Hz Control

+ C VIHz \oltage Inverter
> Cll_Jirr:ﬁtn : Control @

Flux
Vector
m— Control
Voltage Feedback Slip
Estimator

VIHz

When torque performance is set to Custom V/Hz the following parameters
are used to define the relationship between frequency and voltage. The
following examples are for a 480v class drive.

A

Maximum Voltage 4-------—--————————"—"—"————— - ————2

Base Voltage ------------------——----—--—2
(Nameplate) Voltage

Break Voltage —-----——————2
Start/Accel Boost
Run Boost

\

Break Base Frequency Maximum
Frequency (Nameplate) Frequency

The performance of the V/Hz modes and SV C mode are outlined bel ow.
These specifications do not apply to Economize mode due to weakened
field conditions. Slip compensation incorporates the effects of field
weakening so as to minimize the speed regulation error due to either
economize mode or operation above base frequency. The specifications
below are applicable over the constant torque speed range.

Normal Duty Heavy Duty
Specification Fan/Pump and |SVC Fan/Pumpand |SVC

Custom V/Hz Custom V/Hz
Speed Regulation/accuracy (w/ |0.5% (40:1 0.1% (60:1 0.5% (40:1 0.1% (60:1
slip compensation) speed range) |speed range) |speed range) speed range)
Operating Speed Range (w/slip [40:1 120:1 40:1 120:1
compensation)
Dynamic Speed Accuracy 0.5% base 0.1% base 0.5% base speed|0.1% base
(speed response to a 95% step |speed speed speed
load change)
Velocity Bandwidth (w/slip 10 rad/s 20rad/s (50 |10 rad/s 20 rad/s (50
compensation and no encoder) rad/s desired) rad/s desired)
Minimum settability of velocity ~ |0.1 rad/s 0.1 rad/s 0.1 rad/s 01 rad/s
bandwidth/slip compensation
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This curve isintended for applications such as fans and pumps where the
load increases as the speed increases. Thismode isintended to have aV/Hz
profile that more closely matches the devel oped torque to the load torque.

A
Maximum Voltage {--------------------m oo d
|
|
Base Voltage -------------------—---——————- 1
(Nameplate) | |
| |
| |
| |
| |
| |
I I
| |
| |
| |
| |
Run Boost | |
1 l -
T T =
Base Frequency Maximum
(Nameplate) Frequency
A

Allowable Output Frequency Range -

Bus Regulation or Current Limit

:4— Allowable Output Frequency Range - Normal Operation 1 s

-~«——— Allowable Speed Reference Range ———=

Maximum
\oltage

Motor NP

|
|
I
I
1 1
: l l
I | ;
i | |
i i
age 1 (R : |
olage : :4— Frequency Trim : :
@ '} dueto Speed H \
8 i I Control Mode i Overspeed I
= | I 1 Limit 1
= Break I i i
3 Voltage T~ F 17 > | I
= | ! !
o Start | | : :
Boost ' A | |
Run L1 | i i
Boost : . ‘ . L -
0 Minimum Break Motor NP Hz Maximum Output Maximum
Speed  Frequency Speed Frequency ~Frequency
Frequency Limit
Note 1: The lower limit on this range can be 0 depending on the value of Speed Adder
Sensorless Vector

In sensorless vector control the drive maintains a consistent magnetizing
current up to base speed, the output voltage increases as a function of load.
A

Maximum Voltage

Base Voltage |
(Nameplate)

Ir Voltage |

\/

Base Frequency Maximum
(Nameplate) Frequency
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Autotune
[Autotune]

The purpose of Autotune isto identify the motor flux current and stator
resistance for use in Sensorless Vector Control and Economizer modes. The
result of the flux current test procedure is stored in the parameter [Flux
Current]. The product of [Flux Current] and the result of the stator
resistance test procedure will be stored in the parameter [IR Voltage Drop].
There are two options for autotuning:

e Static - the motor shaft will not rotate during this test.
» Dynamic - the motor shaft will rotate during this test.

The static test determines only stator resistance, while the dynamic
Autotune procedure determines both the stator resistance and motor flux
current.

[IR Voltage Drop] is used by the IR Compensation procedure to provide
additional voltage at all frequencies to offset the voltage drop developed
across the stator resistance. An accurate calculation of the [IR Voltage
Drop] will ensure higher starting torque and better performance at |ow
speed operation.

If it isnot possible or desirable to run the Autotune tests, there are two other
methods for the drive to determine the [IR Voltage Drop] and [Flux Current]
parameters. One method retrieves the default parameters stored in the power
EEprom, and the other method cal cul ates them from the user-entered motor
namepl ate data parameters.

If the stator resistance and flux current of the motor are known, the user can
calculate the voltage drop across the stator resistance and directly enter
these values into the [Flux Current] and [IR Voltage Drop] parameters.

The user must enter motor namepl ate datainto the following parameters for
the Autotune procedure to obtain accurate results:

[Motor NP Volts]
[Motor NP Hertz]
[Motor NP Power]

In addition to the motor nameplate parameters, the user must also enter a
value in the [Autotune] parameter to determine which Autotune teststo
perform.

The following options for the [Autotune] parameter are as follows:

0 = Ready

1 = Static Tune
2 = Rotate Tune
3 =Cdculate

The procedure to identify the motor flux current, stator resistance, and IR
voltage drop is started with the [Autotune] parameter. Thetests areinitiated
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after avalueisentered (1 for static or 2 for dynamic) into this parameter and
the start button is pressed. When the tests are finished, the [Autotune]
parameter is set to O (ready), the drive is stopped, and the Autotune
procedure is complete.

If any errors are encountered during the Autotune process drive parameters
are not changed, the appropriate fault code will be displayed in the fault
queue, and the [Autotune] parameter isreset to 0. If the Autotune procedure
is aborted by the user, the drive parameters are not changed and the
[Autotune] parameter isreset to 0.

The following conditions will generate a fault during an Autotune
procedure:

* Incorrect stator resistance measurement

* Incorrect motor flux current measurement
e Loadtoo large

¢ Autotune aborted by user

When the drive isinitially powered up, the [Autotune] parameter is
defaulted to avalue of 3(calculate). With this setting, any changes made by
the user to motor nameplate HP, Voltage, Frequency, or Power activates a
new cal culation, which will update the [IR Voltage Drop] and [Flux
Current] parameters. This calculation is based on atypical motor with those
nameplate values. The Autotune parameter will not be reset to zero after
this calculation is performed; calculations will continue to be performed
every time motor nameplate values are changed.

Flux Current

This parameter displays only the flux producing component of output
current. It displaysthe amount of current that is out of phase with the output
voltage. This current is reactive current and is used to produce flux in the
motor.

Flux Up
[Flux Up Mode]

AC induction motors require flux to be established before controlled torque
can be developed. To build flux in these motors, voltage is applied to them.
PowerFlex drives have two methods to flux the motor.

Thefirst method isanormal start. During a normal start, flux is established
asthe output voltage and frequency are applied to the motor. While the flux
is being built, the unpredictable nature of the devel oped torque may cause
the rotor to oscillate even though acceleration of the load may occur. In the
motor, the acceleration profile may not follow the commanded acceleration
profile due to the lack of developed torque.
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Figure 2.18 Accel Profile during Normal Start - No Flux Up
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&
o
[}
% Stator -----
T Rotor ——
o Oscillation due
-~<—— toflux being
. established
o
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The second method is Flux Up Mode. In thismode, DC current isapplied to
themotor at alevel equal to the lesser of the current limit setting, drive rated
current, and drive DC current rating. The flux up time period is based on the
level of flux up current and the rotor time constant of the motor.

The flux up current is not user adjustable.

Figure 2.19 Flux Up Current versus Flux Up Time

~<— Flux Up Current = Maximum DC Current
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Flux Up Time

[Flux Up Time]

Once rated flux is reached in the motor, normal operation begins and the
desired acceleration profile is achieved.

Figure 2.20 Rated Flux Reached
Ir Voltage - SVC

Greater of IR Voltage or
\oltage Boost - V/Hz

JRe
’, 7

s 7
s 7
s Stator Voltage
'\:/I:)J|)t(agg ‘L7 Rotor Speed — — -
Motor Flux Motor Flux - - ---
B e Stator Freq - - — -

| <=— FluxUp —>|=<— Normal —>|
Operation Time
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Torque Current

This parameter displays only the torque producing component of output
current. It displays the amount of current that isin phase with the output
voltage. This current isreal current and is used to produce torque in the

motor.

IR Drop Volts
[IR Voltage Drop]

Thetest to identify the IR drop of the drive and motor does not require the
load to be uncoupled from the motor and should be run even if the flux
current identification procedure is skipped.

Flux Current
[Flux Current Ref]

The test to identify the motor flux current requires the load to be uncoupled
from the motor to find an accurate value. If thisis not possible and the no
load current is know then the value can be entered into the flux current
parameter and this step in the drive commissioning can be skipped. If itis
not possible to uncouple the load and the no load current is not known, then
avalue of zero is entered into flux and this step in the drive commissioning
can be skipped.
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Troubleshooting Power Up Marker

Copy of factory “drive under power” timer at the last power-up of the drive.
Used to provide relevance of Fault 'n' Time values with respect to the last
power-up of the drive.

Thisvalue will rollover to O after the drive has been powered on for more
than the hours shown in the Range field (approximately 47.667 years).
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Unbalanced or
Ungrounded
Distribution Systems

Unbalanced Distribution Systems

Thisdriveis designed to operate on three-phase supply systems whose line
voltages are symmetrical. Surge suppression devices are included to protect
the drive from lightning induced overvoltages between line and ground.
Wherethe potential exists for abnormally high phase-to-ground voltages (in
excess of 125% of nominal), or where the supply ground istied to another
system or equipment that could cause the ground potential to vary with
operation, suitable isolation is required for the drive. Where this potential
exists, an isolation transformer is strongly recommended.

Ungrounded Distribution Systems

All drives are equipped with an MOV (Metal Oxide Varistor) that provides
voltage surge protection and phase-to-phase plus phase-to-ground
protection which is designed to meet IEEE 587. The MOV circuit is
designed for surge suppression only (transient line protection), not
continuous operation.

With ungrounded distribution systems, the phase-to-ground MOV
connection could become a continuous current path to ground. Energy
ratings are listed below. Exceeding the published phase-to-phase or
phase-to-ground energy ratings may cause physical damage to the MOV.

R Joules (J) Phase-to-Phase MOV Rating
Three-Phase g Joules (J) Includes 2 Phase-Phase MOVs
AC Input
P Joules (J) Phase-to-Ground MOV Rating

Includes Phase-Phase & Phase-Ground MOVs
Ground @ Joules (J)

1 2 3 4

1111

Device Rating (VAC) 240  480/600 240/480 600 240/480 600
Phase-Phase Total 160J 320J 280J 320 280J 300J
Phase-Ground Total  220J 380J 360J 410J 360  370J
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User Sets

After adrive has been configured for a given application the user can storea
copy of all of the parameter settingsin a specific EEPROM area known as a
“User Set.” Up to 3 User Sets can be stored in the drives memory to be used
for backup, batch “switching” or other needs. All parameter information is
stored. The user can then recall this data to the active drive operating
memory as needed. Each User Set can also be identified with a
programmable name, selected by the user for clarity.

There are two operations to manage the operation of User Sets, “ Save To
User Set” and “Restore From User Set.” The user selects 1, 2, or 3 as the
areain which to store data. After datais successfully transferred, “ Save
User Set” returnsto avalue of 0. To copy a given area back into the active
EEprom memory, the user selects Set 1, 2, or 3for “Restore User Set.” After
datais successfully transferred, “ Restore User Set” returnsto avaue of 0.
When shipped from the factory all user sets have the same factory default
values. Reset Defaults does not effect the contents of User Sets.

Figure 2.21 User Sets

T Reset Defaults
| PowerBoard !
1 EEprom i Drive Rating & Motor Non Drive Rating & Motor

Factory ‘ Parameters Reset Parameters
Default Data Active EE J‘ Flash Memory
| SaveUserSet |
400V
Default Data User Set 1
480V
Default Data | Active EE User Set 2
User Set 3
RestoreUserSet
Load l
Application Flash Memory
Set

Application Set
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Voltage class

PowerFlex drives are sometimes referred to by voltage “ class.” This class
identifies the general input voltage to the drive. This general voltage
includes arange of actual voltages. For example, a400 Volt Class drive will
have an input voltage range of 380-480VAC. While the hardware remains
the same for each class, other variables, such as factory defaults, catalog
number and power unit ratings will change. In most cases, al drives within
avoltage class can be reprogrammed to another drive in the class by
resetting the defaults to something other than “factory” settings. The
[Voltage Class] parameter can be used to reset a drive to a different setup
within the voltage class.

As an example, consider a480 volt drive. This drive comes with factory
default values for 480V, 60 Hz with motor data defaulted for U.S. motors
(HPrated, 1750 RPM, etc.) By setting the [Voltage Class] parameter to
“low Voltage” (thisrepresents 400V in this case) the defaults are changed to
400V, 50 Hz settings with motor data for European motors (kW rated, 1500
RPM, etc). Refer to Figure 2.21.
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Watts Loss Thefollowing table lists watts |oss data for PowerFlex drives running at full

load, full speed and a factory default PWM Frequency of 4 kHz. Data for
other |oad/speed/PWM combinations can be determined using the
calculator on the PowerFlex e-Library.

PowerFlex 70

For PowerFlex 70 drives, Internal Watts are those dissipated by the control
structure of the drive and will be dissipated into the cabinet regardless of
mounting style. External Watts are those dissipated directly through the
heatsink and will be outside the cabinet for flange mount and inside the
cabinet for panel mount.

Table 2.W 480V Watts Loss at Full Load/Speed, 4kHz (1)

Normal Duty HP Internal External Total
0.5 17.9 115 294
1 195 27.8 47.3
2 21.6 43.6 65.2
3 24.0 64.6 88.6
5 28.2 99.5 127.7
75 27.8 140.0 167.8
10 32.0 193.3 225.3
15 34.2 305.4 339.6
20 42.9 432.9 475.8

Table 2.X 240V Watts Loss at Full Load/Speed, 4kHz (1)

Normal Duty HP Internal External Total
0.5 19.2 12.2 31.4
1 20.5 30.7 51.2
2 22.6 44.6 67.2
3 25.4 67.3 92.7
5 33.2 1413 1745
75 34.2 205.7 239.9
10 48.1 270.4 318.5
PowerFlex 700

For PowerFlex 700 drives, aflange mount version is not offered - only total

watts are shown (see Table 2.Y).

(1) Includes HIM.
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Table 2.Y 480V Watts Loss at Full Load/Speed, 4kHz (1)

Normal Duty HP | Total
0.5 43.9
1 54.2
2 66.4
3 84.8
5 157.2
75 187.6
10 2131
15 326.3
20 397.9
25 445.8
30 464.3
40 619.7

(1) Includes HIM and Standard I/0 Board.
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Appendix A

Dynamic Brake Selection Guide

The Dynamic Braking Selection Guide provided on the following pages
contains detailed information on selecting and using dynamic brakes.

Allen-Bradley

Power:

Dynamic Braking

Selection Guide

Rockwell
Automation

wavw.abpowerflex.cont

A= e
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Important User Information

Solid state equipment has operational characteristics differing from those of
electromechanical equipment. “ Safety Guidelines for the Application, Installation
and Maintenance of Solid State Controls’ (Publication SGI-1.1 available from
your local Allen-Bradley Sales Office or online at http://www.ab.com/manuals/gi)
describes some important differences between solid state equipment and
hard-wired el ectromechanical devices. Because of this difference, and also
because of the wide variety of uses for solid state equipment, al persons
responsible for applying this equipment must satisfy themselves that each intended
application of this equipment is acceptable.

In no event will the Allen-Bradley Company be responsible or liable for indirect or
conseguential damages resulting from the use or application of this equipment.

The examples and diagrams in this manual are included solely for illustrative
purposes. Because of the many variables and requirements associated with any
particular installation, the Allen-Bradley Company cannot assume responsibility
or liability for actual use based on the examples and diagrams.

No patent liability is assumed by Allen-Bradley Company with respect to use of
information, circuits, equipment, or software described in this manual.

Reproduction of the contents of this manual, in whole or in part, without written
permission of the Allen-Bradley Company is prohibited.

Throughout this manual we use notes to make you aware of safety considerations.

that can lead to personal injury or death, property damage, or economic

ATTENTION: Identifiesinformation about practices or circumstances
A loss.

Attentions help you:

e identify a hazard
¢ avoid the hazard
e recognize the consequences

Important: Identifiesinformation that is especially important for successful
application and understanding of the product.

Shock Hazard labels may be located on or inside the drive to alert
6 people that dangerous voltage may be present.

Burn Hazard labels may be located on or inside the drive to alert
k people that surfaces may be at dangerous temperatures.

i,
—
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Section 1

What This Guide Contains

This Selection Guide contains the information necessary to determine
whether or not dynamic braking is required for your drive application
and select the correct resistor rating.

e Section 1 provides an overview of dynamic braking principles.

e Section 2 steps you through the cal culations used to determine if
dynamic braking is required for your drive application.

e Section 3 steps you through the cal culations used to determine if the
internal dynamic brake option is adequate for your drive application.

¢ Section 4 steps you through the cal culations needed to select an
externally mounted dynamic brake resistor for your drive
application.

How Dynamic Braking Works

When an induction motor’s rotor is turning slower than the synchronous
speed set by the drive’s output power, the motor is transforming
electrical energy obtained from the drive into mechanical energy
available at the drive shaft of the motor. This processisreferred to as
motoring. When the rotor is turning faster than the synchronous speed
set by the drive's output power, the motor is transforming mechanical
energy available at the drive shaft of the motor into electrical energy that
can be transferred back to the drive. This processisreferred to as
regeneration.

Most AC PWM drives convert AC power from the fixed frequency utility
grid into DC power by means of a diode rectifier bridge or controlled
SCR bridge before it is inverted into variable frequency AC power.
Diode and SCR bridges are cost effective, but can only handle power in
the motoring direction. Therefore, if the motor is regenerating, the
bridge cannot conduct the necessary negative DC current, the DC bus
voltage will increase and cause an overvoltage fault at the drive. More
complex bridge configurations use SCRs or transistors that can
transform DC regenerative electrical power into fixed frequency utility
electrical energy. This processis known as line regeneration.

A more cost effective solution can be provided by allowing the drive to
feed the regenerated electrical power to aresistor which transformsiit
into thermal energy. This processisreferred to as dynamic braking.



1-2

Dynamic Brake Components

A Dynamic Brake consists of a Chopper (the chopper transistor and
related control components are built into PowerFlex drives) and a
Dynamic Brake Resistor.

Figure 1.1 shows a simplified Dynamic Braking schematic.

Figure 1.1 Simplified Dynamic Brake Schematic

+DC Bus
FWD Voltage
0
Dynamic > Voltage
Brake Control
Resistor
Signal
Common
To Chopper
Voltage Dividers ~ Transistor
m m FWD, To
lr lr 3 Voltage
ZX Control :
Voltage 2\
Chopper Transistor M Divider
Voltage Control
-DC Bus
Chopper

The Chopper isthe Dynamic Braking circuitry that sensesrising DC bus
voltage and shunts the excess energy to the Dynamic Brake Resistor. A
Chopper contains three significant power components:

The Chopper Transistor is an |solated Gate Bipolar Transistor (IGBT).
The Chopper Transistor is either ON or OFF, connecting the Dynamic
Brake Resistor to the DC bus and dissipating power, or isolating the
resistor from the DC bus. The most important rating is the collector
current rating of the Chopper Transistor that helps to determine the
minimum resistance value used for the Dynamic Brake Resistor.
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Chopper Transistor Voltage Control regulates the voltage of the DC bus
during regeneration. The average values of DC bus voltages are:

e 375V DC (for 240V AC input)
e 750V DC (for 480V AC input)

Voltage dividers reduce the DC bus voltage to avalue that is usablein
signal circuit isolation and control. The DC bus feedback voltage from
the voltage dividersis compared to areference voltage to actuate the
Chopper Transistor.

The Freewheel Diode (FWD), in parallel with the Dynamic Brake
Resistor, allows any magnetic energy stored in the parasitic inductance
of that circuit to be safely dissipated during turn off of the Chopper
Transistor.

Resistor

The Resistor dissipates the regenerated energy in the form of heat. The
PowerFlex Family of Drives can use either the internal dynamic brake
resistor option or an externally mounted dynamic brake resistor wired to
thedrive.

The internal resistor kit for the drive may be used for the application if
the required energy, deceleration time, and duty, all are small enough to
be within the capabilities of the resistor.

Theinternal resistor is protected by drive software so that its duty cycle
capability isnot exceeded. The duty cycleis attenuated by the magnitude
of the ‘DB Suppress signal coming from the Thermal Model algorithm.
The Thermal Model algorithm uses resistor thermal property constants
to compute DB resistor temperature from applied resistor power that is
computed from knowing the DB transistor duty cycle (DutyDB ). When
the Thermal Model computes that the DB resistor temperature is nearing
the maximum rise alowed, the ‘ DB Suppress’ signal beginsto rise
reaching full value when maximum temperature riseis reached..

When the internal resistor cannot provide the required braking capability
an external resistor may be supplied by the user that has more capability
A DB Resistance Auto-Detect algorithm is used. Thisalgorithmis
executed as part of the ‘ power-up’ diagnostics and is only re-enabled
until the drive is fully powered down again. This algorithm checks that
the resistance measured across the DB terminals of the power board is
within limits that are stored in the power board EEPROM.
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The agorithm runs as follows:

¢ Opensthe precharge relay if not already open.

e Pulsesthe DB transistor on in a series of increasing width pulses.

* Measuresthe resulting capacitor bank voltage drop during each
pulse.

* Verifiesthe drop is within alowed limits (stored in the power board
EEPROM).

If the resistance measured is out of limits and the DB regulator is
enabled then the ‘DB Resistance Out of Range’ fault is set. If the DB
Regulator is not enabled with this out of limits condition, no fault is set.
But, if some time after power-up the [Bus Reg Mode] parameter is set to
enable the DB Regulator, the fault is set at that time.
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How to Determine Dynamic Brake Requirements

When adrive is consistently operating in the regenerative mode of
operation, serious consideration should be given to equipment that will
transform the electrical energy back to the fixed frequency utility grid.

Asageneral rule, Dynamic Braking can be used when the need to
dissipate regenerative energy ison an occasional or periodic basis. In
general, the motor power rating, speed, torque, and details regarding the
regenerative mode of operation will be needed in order to estimate what
Dynamic Brake Resistor value is needed.

The Peak Regener ative Power of the drive must be calculated in order
to determine the maximum resistance value of the Dynamic Brake
Resistor. Once the maximum resistance value of the Dynamic Brake
Resistor current rating is known, the required rating and number of
Dynamic Brake Resistors can be determined. If a Dynamic Brake
Resistance value greater than the minimum imposed by the choice of the
peak regenerative power is made and applied, the drive can trip off due
to transient DC bus overvoltage problems. Once the approximate
resistance value of the Dynamic Brake Resistor is determined, the
necessary power rating of the Dynamic Brake Resistor can be calculated.

The power rating of the Dynamic Brake Resistor is estimated by
applying what is known about the drive’s motoring and regenerating
modes of operation. The Aver age Power Dissipation must be estimated
and the power rating of the Dynamic Brake Resistor chosen to be greater
than that average. If the Dynamic Brake Resistor has alarge
thermodynamic heat capacity, then the resistor element will be able to
absorb alarge amount of energy without the temperature of the resistor
element exceeding the operational temperature rating. Thermal time
constants in the order of 50 seconds and higher satisfy the criteria of
large heat capacities for these applications. If aresistor has asmall heat
capacity (defined as thermal time constants less than 5 seconds) the
temperature of the resistor element could exceed its maximum.

Peak Regenerative Power can be calculated as:

« Horsepower (English units)

e Watts (The International System of Units, SI)

e Per Unit System (pu) which isrelativeto avaue

The final number must be in watts of power to estimate the resistance
value of the Dynamic Brake Resistor. The following calculations are
demonstrated in S| units.



Gather the Following Information

* Power rating from motor nameplate in watts, kilowetts, or
horsepower

¢ Speed rating from motor nameplate in rpm or rps (radians per
second)

+  Motor inertiaand load inertiain kg-m? or Ib.-ft.2
e Gear ratio (GR) if agear is present between the motor and load
* Motor shaft speed, torque, and power profile of the drive application

Figure 2.1 shows the speed, torque, and power profiles of the drive asa
function of time for aparticular cyclic application that is periodic over t,
seconds. The desired time to decelerateis known or calculable and is
within the drive performance limits. In Figure 2.1, the following
variables are defined:

w(t) = Motor shaft speed in radians per second (rps) w = Z(SLON
Nty = Motor shaft speed in Revolutions Per Minute (RPM)
T(t) = Motor shaft torquein Newton-meters
1.0 Ib.-ft. = 1.355818 N-m
P() = Motor shaft power in watts
1.0 HP =746 watts
w, = Ratedangular rotational speed RTad
W, = Angular rotational speed less than wy, (can equal 0) R%j

-P, = Motor shaft peak regenerative power in watts



Figure 2.1 Application Speed, Torque and Power Profiles
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Determine Values of Equation Variables

Step2 Total Inertia

3 =3, +(GR*xJ))

Jr = Total inertiareflected to the motor shaft (kg-m? or Ib.-ft.2)
Jn = Motorinertia (kg-m? or Ib.-ft.?)
GR = Gear ratio for any gear between motor and load

(dimensionless)

J_ = Loadinertia(kg-m?or Ib.-ft.?)
1.0 Ib-ft.2 = 0.04214011 kg-m?

Cadlculate Total Inertia:

=l 1+ ( x )

Record Total Inertia:

b=
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Step 3 Peak Braking Power

_ Jr[wp (0w, —w,)]
b (t3—t,)

P, = Peak braking power (watts)
1.0 HP = 746 wetts
Jr = Totd inertiareflected to the motor shaft (kg-m?)
_ . Rad _ 2N,
w, = Ratedangular rotational speed ~ - &
W, = Angular rotational speed, Rad

less than rated speed down to zero e
Np = Rated motor speed (RPM)

t3—t, = Deceleration time from w, to w, (seconds)

Calculate Peak Braking Power:

p, = | L Lx( =

Record Peak Braking Power:

Pb =

Compare the peak braking power to that of the rated motor power. If the
peak braking power is greater that 1.5 times that of the motor, then the
deceleration time (t3 - t,) needs to be increased so that the drive does not

go into current limit.



Step4  Minimum Power Requirements for the Dynamic Brake
Resistors

It is assumed that the application exhibits a periodic function of
acceleration and deceleration. If (t3 - ty) equals the time in seconds
necessary for deceleration from rated speed to wy, speed, and t, isthe
time in seconds before the process repeats itself, then the average duty
cycleis (t3 - ty)/ty. The power asafunction of timeisalinearly
decreasing function from avalue equal to the peak regenerative power to
some lesser value after (t; — ) seconds have elapsed. The average power
regenerated over the interval of (t3 - tp) secondsis: P, y (0 + 0,)

Wy
Pay = Averagedynamic brake resister dissipation (watts)
ts—t, = Deceleration time from w, to w, (seconds)
ty = Total cycletime or period of process (seconds)
P, = Peak braking power (watts)
w, = Ratedangular rotational speed RTad
W, = Angular rotational speed,

less than rated speed down to zero R—Sad

The Average Power in watts regenerated over the period t, is:
_ (3 =) Pyr(wy + @)
Chiir e

ty, 12 wy

Calculate Average Power in wetts regenerated over the period ty:

Py = — NP S — )

Record Average Power in watts regenerated over the period t,:

Pav -
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Step5 Percent Average Load of the Internal Dynamic Brake
Resistor

Skip this calculation if an external dynamic brake resistor will be used.

PaV
AL = P_ x 100

db
AL = Averageload in percent of dynamic brake resistor
Pa = Average dynamic brake resistor dissipation calculated in
Step 4 (watts)
Pgp = Steady state power dissipation capacity of dynamic brake

resistors obtained from Table 2.A (watts)

Calculate Percent Average Load of the dynamic brake resistor:

= [—___]x
AL [ ] 100

Record Percent Average Load of the dynamic brake resistor:

AL =

The calculation of AL isthe Dynamic Brake Resistor |oad expressed asa
percent. Py, is the sum of the Dynamic Brake dissipation capacity and is
obtained from Table 2.A. Thiswill give adatapoint for alineto be
drawn on one the curves provided in Section 3.

Table 2.A Rated Continuous Power for Internal DB Kits

P
Drive Voltage Frame Indttérnal Resistor Continuous Power (watts)
230 A 48
230 B 28
230 C 40
230 D 36
460 A 48
460 B 28
460 C 40
460 (15HP) D 36
460 (20HP) D 36
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Step 6 Percent Peak Load of the Internal Dynamic Brake Resistor
Skip this calculation if an external dynamic brake resistor will be used.

Py
PL = — x 100
Pab

PL = Peakloadin percent of dynamic brake resistor
Pa = Peak braking power calculated in Step 2 (watts)

Pgp = Steady state power dissipation capacity of dynamic brake
resistors obtained from Table 2.A (watts)

Calculate Percent Peak Load of the dynamic brake resistor:

=L ]
PL= ¢ ] % 100

Record Percent Average Load of the dynamic brake resistor:

PL =

The calculation of PL in percent gives the percentage of the
instantaneous power dissipated by the Dynamic Brake Resistors relative
to the steady state power dissipation capacity of the resistors. Thiswill
give adata point to be drawn on one of the curves provided in Section 3.
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Example Calculation

A 10 HP, 4 Pole, 480 Volt motor and driveis accelerating and
decelerating as depicted in Figure 2.1.

* Cycleperiodt, is40 seconds

« Rated speedis 1785 RPM and is to be decelerated to 0 speed in 15.0
seconds

* Motor load can be considered purely asinertia, and al power
expended or absorbed by the motor is absorbed by the motor and
load inertia

 Load inertiais 4.0 Ib-ft.2 and is directly coupled to the motor
«  Motor rotor inertiais 2.2 Ib.-ft.2

Calculate the necessary values to choose an acceptable Dynamic Brake.

Rated Power = 10 HP x 746 watts = 7.46 kW

This information was given and must be known before the calculation
process begins. This can be given in HP, but must be converted to watts
before it can be used in the equations.

Rated Speed = w, = 1785 RPM = 21T %35 - %58%9

Lower Speed = w, = 0 RPM = ZHX% = ORTad

Thisinformation was given and must be known before the calculation

process begins. This can be given in RPM, but must be converted to
radians per second before it can be used in the equations.

Total Inertia = J; = 6.2 Ib-ft.2 = 0.261 kg-m?

This value can bein Ib.-ft.2 or Wk, but must be converted into kg-m?
before it can be used in the equations.

Deceleration Time = (t;—t,) = 15 seconds

Period of Cycle = t, = 40 seconds
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V4 = 750 Volts

This was known because the driveis rated at 480 Volts rms. If the drive
were rated 230 Volts rms, then V4 = 375 Volts.

All of the preceding data and cal cul ations were made from knowledge of
the application under consideration. The total inertiawas given and did
not need further calculations as outlined in Step 2.

Jr[ 0y, (wy —w,)]

Peak Braking Power = P, = 0
37

_ 0.261[186.92(186.92 - 0)] _ oo 6 vuatts
15 '

Py

Note that thisis 8.1% of rated power and is |ess than the maximum drive
limit of 150% current limit. This calculation is the result of Step 3 and
determines the peak power that must be dissipated by the Dynamic
Brake Resistor.

(t3 —tz)}ﬂ)[(wb + 000)}

Average Braking Power = P, = [ t 5 o

p = CA50rB08.60(186.92+ 00 _ 14/ piatts

av — o0 2 0O 186.92 O

Thisistheresult of calculating the average power dissipation as outlined
in Step 5. Verify that the sum of the power ratings of the Dynamic Brake
Resistors chosen in Step 4 is greater than the value calculated in Step 5.

Refer to Table 2.A to determine the continuous power rating of the
resistor in the given drive frame you are using. You will need this
number to determine the Percent Average Load and the Percent Peak
Load.

Percent Average Load = AL = 100 x P—E’“’
db

114.1

= 2850
0 285%

AL = 100 x

Thisisthe result of the calculation outlined in Step 6. This point is
plotted at the decel time of the application moving up vertically to this
percentage.
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P
Percent Peak Load = PL = 100 x P—b—
db

_ 6086 _ 1rons
PL = 100 x 5= = 1521%

Thisistheresult of the calculation outlined in Step 6. This point is
plotted at zero seconds moving up verticaly to this percentage.

Figure 2.2 Resistor Power Curve

T 18001

" |PL (Peak Percent Load) = 1521%|
.{b\ \
N ~
~
S~
K __-—___\\
T~ - \\\\
~L L\AL (Average Percent Load) = 285% |
PN A

[Decel Time = 15.0 Seconds |
LTI

012 3 456 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Decel Time (Seconds)

AL and PL are plotted and connected with adotted line. Thisisthe Motor
Power Curve. If any portion of this curve liesto the right of the constant
temperature power curve of the Dynamic Brake Resistor, the resistor
element temperature will exceed the operating temperature limit. The
drive will protect the resistor and shut down the Chopper transistor. The
drive will then likely trip on an overvoltage fault.
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Notes:



Section 3

Evaluating the Capability of the Internal Dynamic Brake Resistor
Record the values calculated in Section 2.

AL =

PL =

-1

PowerFlex 70 Drives
Find the correct Figure for your PowerFlex 70 drive rating.

Drive Voltage Frame(s) Figure Number
240 Aand B 31
240 C 3.2
240 D 33
480 Aand B 34
480 C 35
480 D 3.6

1. Plot the point where the value of AL (Average Load), calculated in
Step 5, and the desired deceleration time (t3 — ty) intersect.

2. Plot thevalue of PL (Peak Load), calculated in Step 6, on the vertical
axis (0 seconds).

3. Connect PL at 0 seconds and AL &t (i3 - ty) with astraight line. This
line is the power curve described by the motor asit decelerates to
minimum speed.

If the power curve lies to the left of the constant temperature power
curve of the Dynamic Brake Resistor, then there is no problem with the
intended application. If any portion of the power curveliesto theright of
the constant temperature power curve of the Dynamic Brake Resistor,
then there is an application problem. The Internal Dynamic Brake
Resistor will exceed its rated temperature during the interval that the
transient power curveisto the right of the resistor power curve capacity.
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% Peak Power
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Figure 3.1 PowerFlex 70 - 240 Volt, A and B Frames
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Figure 3.2 PowerFlex 70 - 240 Volt, C Frame

012 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

1240C

012 3 456 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Decel Time (Seconds)




33

% Peak Power

% Peak Power

Figure 3.3 PowerFlex 70 - 240 Volt, D Frame
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Figure 3.4 PowerFlex 70 - 480 Volt, A and B Frames
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Figure 3.5 PowerFlex 70 - 480 Volt, C Frame
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Figure 3.6 PowerFlex 70 - 480 Volt, D Frame
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How to Select an External Dynamic Brake Resistor

In order to select the appropriate External Dynamic Brake Resistor for
your application, the following data must be calcul ated.

Peak Regenerative Power

(Expressed in watts of power.)

Thisvalueis used to determine the maximum resistance value of the
Dynamic Brake Resistor. If this valueis greater than the maximum

imposed by the peak regenerative power of the drive, the drive can trip
off due to transient DC bus overvoltage problems.

Table 4.A Minimum Dynamic Brake Resistance for PowerFlex 70 Drives

Drive Voltage Frame Minimum External Resistance (Ohms 10%)
230 A 32.9
230 B 32.9
230 C 28.7
230 D 21.7
460 A 63.4
460 B 63.4
460 [ 71.1
460 (15HP) D 42.3
460 (20HP) D 29.1

Power Rating of the Dynamic Brake Resistor

The average power dissipation of the regenerative mode must be
estimated and the power rating of the Dynamic Brake Resistor chosen to
be greater than the average regenerative power dissipation of the drive.
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Record the Values Calculated in Section 2

Pb =

Pa =

Calculate Maximum Dynamic Brake Resistance Value

0.9 x (V)2
Rapy = P
Rgpr = Maximum allowable value for the dynamic brake resistor
(ohms)
Vq¢ = DC bus voltage the chopper module regulates to
(375V DC or 750V DC)
P, = Peak bresking power calculated in Section 2: Step 3
(watts)

Calculate Maximum Dynamic Brake Resistance:

x 2
Rdbl = 0.9[ ( ] )

Record Maximum Dynamic Brake Resistance:

Rgpr =

The choice of the Dynamic Brake resistance value should be less than
the value calculated in this step. If the valueis greater, the drive can trip
on DC bus overvoltage. Do not reduce Py, by any ratio because of
estimated losses in the motor and inverter. This has been accounted for
by an offsetting increase in the manufacturing tolerance of the resistance
value and the increase in resistance value due to the temperature
coefficient of resistor element.
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Select Resistor

Select aresistor bank from Table 4.B or 4.C or your resistor supplier that
has:

* aresistance valuethat isless than the value calculated (Ryp; in ohms)

« aresistance value that is greater than the minimum resistance listed
inTable4.A

« apower valuethat is greater than the value calculated in Step 4
(P, in watts)

the resistance value of the resistor bank is less than the minimum
resistance value of the drive. Use Table 4.A to verify that the resistance
value of the selected resistor bank is greater than the minimum
resistance of the drive.

f ATTENTION: Theinternal dynamic brake IGBT will be damaged if
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Table 4.B Resistor Selection for 240V AC Drives

Catalog Catalog
Ohms Watts Number Ohms Watts Number

154 182 222-1A 45 617 222-5A
154 242 222-1 45 827 222-5
154 408 225-1A 45 1378 225-5A
154 604 225-1 45 2056 220-5A
154 610 220-1A 45 2066 225-5
154 913 220-1 45 3125 220-5
110 255 222-2A 32 875 222-6A
110 338 222-2 32 1162 222-6
110 570 225-2A 32 1955 225-6A
110 845 225-2 32 2906 225-6
110 850 220-2A 32 2918 220-6A
110 1278 220-2 32 4395 220-6
85 326 222-3A 20 1372 222-7TA
85 438 222-3 20 1860 222-7
85 730 225-3A 20 3063 225-7A
85 1089 220-3A 20 4572 220-7A
85 1094 225-3 20 4650 225-7
85 1954 220-3 20 7031 220-7
59 473 222-4A

59 631 222-4

59 1056 225-4A

59 1576 225-4

59 1577 220-4A

59 2384 220-4
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Table 4.C Resistor Selection for 480V AC Drives

Catalog Catalog
Ohms Watts Number Ohms Watts Number
615 242 442-1 128 874 442-6A
615 404 445-1A 128 1162 442-6
615 602 440-1A 128 1951 445-6A
615 605 445-1 128 2906 445-6
615 915 440-1 128 2912 440-6A
615 180 442-1A 128 4395 440-6
439 254 442-2A 81 4629 440-7A
439 339 442-2 81 6944 440-7
439 568 445-2A 81 4592 445-7
439 847 445-2 81 1837 442-7
439 848 440-2A 81 1389 442-TA
439 1281 440-2 81 3102 445-TA
342 329 442-3A 56 6702 440-8A
342 1645 440-3 56 2010 442-8A
342 1096 440-3A 56 10045 440-8
342 1088 445-3 56 6642 445-8
342 435 442-3 56 4490 445-8A
342 734 445-3A 56 2657 442-8
237 473 442-4A 44 3381 442-9
237 628 442-4 44 5720 445-9A
237 1057 445-4A 44 8454 445-9
237 1570 445-4 44 8537 440-9A
237 1577 440-4A 44 12784 440-9
237 2373 440-4 44 2561 442-9A
181 2068 440-5A 29 5130 442-10
181 2055 445-5 29 8487 445-10A
181 620 442-5A 29 12667 440-10A
181 822 442-5 29 12826 445-10
181 3108 440-5 29 19396 440-10
181 1385 445-5A 29 3800 442-10A
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Notes:
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A Carrier (PWM) Frequency, 2-36
AC Supply Source Considerations, 2-1 CE
Accel Mask, 2-92 Conformity, 2-37
Accel Owner, 2-104 Requirements, 2-37
Accel Time. 2-1 Circuit Breakers, 2-83

Accel Time 1, 2, 2-1. 2-45 Clear Fault Owner, 2-104

Agency Certification, 1-1 Coast, 2-158
Alarm x Code, 2-5 Common Mode Interference, 2-15
Alarms, 2-2 Compensation, 2-127
Alarms Group, 2-5 Conduit, 2-36
Altitude Derates, 1-3 Contactors
Input, 2-100

Ambient Temperature Derates, 1-3
Analog In Config, 2-6

Analog In Hi, 2-9

Analog In Lo, 2-9

Analog In1 Value, 2-15

Analog In2 Value, 2-15

Analog Inputs, 2-6

Analog Outl Sel, 2-18 D

Analog Outputs, 2-18 Datalinks, 2-42
Analog Outputs Group, 2-18 DC Brake Level, 2-158

Anlgin1,2 Loss, 2-14 DC Brake Lvl Sel, 2-158
Anlg In Config, 2-3 DC Brake Time, 2-158
Anlg In Loss, 2-4 DC Braking, 2-158

Anig In Sor Root, 2-13 DC Bus Voltage, 2-44
Armored Cable, 2-33 Decel Mask, 2-92

Auto / Manual, 2-22, 2-144 Decel Owner, 2-104
Auto Restart, 2-24 Decel Time, 2-45

Auto Rstrt Delay, 2-24 Derating Guidelines, 1-3
Auto Rstrt Tries, 2-24 Diagnostics Group, 2-24
B Dig Outl Level, 2-64
Dig Outl OffTime, 2-66
Dig Outl OnTime, 2-66

Dig Out2 Level, 2-64
Dig Out2 OffTime, 2-66

Control Wire, 2-46

Copy Cat, 2-39

Current Limit, 2-40

Current Lmt Gain, 2-40

Current Lmt Sel, 2-6, 2-40, 2-134
Current Lmt Val, 2-40

Bipolar Inputs, 2-15
Bus Reg Gain, 2-26
Bus Reg Mode A, B, 2-26

C Dig Out2 OnTime, 2-66
Cable Digital In1 Sel, 2-47
/0, Analog, 2-15 Digital In2 Sel, 2-47
/0, Digital, 2-46 Digital In3 Sel, 2-47
Power, Armored, 2-33 Digital In4 Sel, 2-47
Power, Shielded, 2-33 Digital In5 Sel, 2-47
Cable Entry Plate Digital In6 Sel, 2-47
SHLD Terminal, 2-87 Digital Inputs, 2-46

Cable Termination, 2-101 Digital Inputs Group, 2-47
Cable Trays, 2-36 Digital Outl Sel, 2-4, 2-63
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Digital Out2 Sel, 2-4, 2-63
Digital Outputs, 2-63
Digital Outputs Group, 2-47
Dimensions
Flange Mount, 1-8
Mounting

PowerFlex 70, 1-5
PowerFlex 700, 1-16

Direction Control, 2-67
Direction Mask, 2-92
Direction Owner, 2-104

Distribution Systems
Unbalanced, 2-169
Ungrounded, 2-169

DPI, 2-68

Drive Output Disconnection, 2-101
Drive Overload, 2-71

Drive Ratings, 2-75

Dynamic Braking, 2-158, A-1

E
Economizer, 2-76
Efficiency Derates, 1-3
EMC
Directive, 2-37
EMC Instructions, 2-37
EMI/RFI Filter Grounding, RFI Filter, 2-87
exclusive ownership, 2-104

F
Fan Curve, 2-77

Fault 1-8 Time, 2-79

Fault Clr Mask, 2-92

Fault Config 1, 2-80

Fault Config x, 2-134

Faults, 2-78

Filter, RFI, 2-87

Flange Mount, PowerFlex 70, 1-8
Flux Current, 2-165, 2-167

Flux Current Ref, 2-167

Flux Up, 2-165

Flux Up Mode, 2-165

Flying Start En, 2-81

Flying Start Gain, 2-81

Flying StartGain, 2-81

Fuses, 2-83

G

Grounding
Filter, 2-87
Safety, PE, 2-87
Shields, 2-87

Group
Alarms, 2-5
Analog Outputs, 2-18
Diagnostics, 2-24
Digital Inputs, 2-47
Digital Outputs, 2-47
Masks & Owners, 2-92
Power Loss, 2-109
Speed References, 2-3

H
HIM Memory, 2-88
HIM Operations, 2-88
Human Interface Module
Language, 2-88
Password, 2-88
User Display, 2-88

I
/O Wiring
Analog, 2-15
Digital, 2-46
Input Contactor
Start/Stop, 2-100

Input Devices, 2-89
Contactors, 2-100

Input Modes, 2-90

Input Potentiometer, 2-17
Input Power Conditioning, 2-91
Input/Output Ratings, 1-2

IR Drop Volts, 2-167

IR Voltage Drop, 2-167
Isolation Transformer, 2-91

J
Jog Mask, 2-92
Jog Owner, 2-104

L
Language Select, HIM, 2-88
Local Mask, 2-92
Local Owner, 2-104
Logic Mask, 2-92
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Low Voltage Directive, 2-37

M
Masks & Owners Group, 2-92
Max Speed, 2-145
Maximum frequency, 2-146
MOP Mask, 2-92
MOP Owner, 2-104
Motor Cable Lengths, 2-31
Motor Nameplate, 2-96
Motor NP FLA, 2-96
Motor NP Hz, 2-96
Motor NP Power, 2-96
Motor NP Pwr Units, 2-96
Motor NP RPM, 2-96
Motor NP Volts, 2-96
Motor OL Factor, 2-98
Motor OL Hz, 2-97
Motor Overload, 2-97
Motor Start/Stop, 2-100
Mounting Dimensions, 1-5

O
Output Current, 2-101
Output Devices

Output Reactor, 2-101
Output Frequency, 2-102
Output Reactor, 2-101
Output Voltage, 2-102
Overspeed, 2-103
Owners, 2-104

P

Parameter access level, 2-106

Parameters
Accel Mask, 2-92
Accel Owner, 2-104
Alarm x Code, 2-5
Analog In1 Value, 2-15
Analog In2 Value, 2-15
Analog Outl Sel, 2-18
Anlg In Config, 2-3
Anlg In Loss, 2-4
Auto Rstrt Delay, 2-24
Auto Rstrt Tries, 2-24
Clear Fault Owner, 2-104
Current Lmt Sel, 2-134
Decel Mask, 2-92

Decel Owner, 2-104
Dig Outl Level, 2-64
Dig Outl OffTime, 2-66
Dig Outl OnTime, 2-66
Dig Out2 Level, 2-64
Dig Out2 OffTime, 2-66
Dig Out2 OnTime, 2-66
Digital In1 Sel, 2-47
Digital In2 Sel, 2-47
Digital In3 Sel, 2-47
Digital In4 Sel, 2-47
Digital In5 Sel, 2-47
Digital In6 Sel, 2-47
Digital Outl Sel, 2-4, 2-63
Digital Out2 Sel, 2-4, 2-63
Direction Mask, 2-92
Direction Owner, 2-104
Fault Clr Mask, 2-92
Fault Config x, 2-134
Flying Start En, 2-81
Flying Start Gain, 2-81
Flying StartGain, 2-81
Jog Mask, 2-92
Jog Owner, 2-104
Local Mask, 2-92
Local Owner, 2-104
Logic Mask, 2-92
MOP Mask, 2-92
MOP Owner, 2-104
Power Loss Mode, 2-109
Reference Mask, 2-92
Reference Owner, 2-104
Speed Mode, 2-139
Speed Ref A Sel, 2-3
Start Mask, 2-92
Start Owner, 2-104
Stop Owner, 2-104
Testpoint 1 Sel, 2-161
Testpoint x Data, 2-161

Password, HIM, 2-88

PE, 2-87

PE Ground, 2-87

PET Ref Wave, 2-106

PI Config, 2-116

PI Control, 2-116

PI Error Meter, 2-116

PI Feedback Meter, 2-116

Pl Feedback Sel, 2-116

Pl Integral Time, 2-116

PI Output Meter, 2-116
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Pl Preload, 2-116

PI Prop Gain, 2-116

Pl Ref Meter, 2-116

Pl Reference Sel, 2-116

Pl Setpoint, 2-116

Pl Status, 2-116

Pl Upper/Lower Limit, 2-116
Potentiometer, Wiring, 2-17
Power Loss, 2-107

Power Loss Group, 2-109
Power Loss Mode, 2-109
Power Up Marker, 2-168
Power Wire, 2-33

Process PI Loop, 2-116

R
Reactors, 2-91
Reference Mask, 2-92
Reference Owner, 2-104
Reference, Speed, 2-48, 2-52, 2-144
Repeated Start/Stop, 2-100
Reset meters, 2-129
RFI Filter Grounding, 2-87

S
S Curve, 2-130
Safety Ground, 2-87
Sensorless Vector, 2-163
Shear Pin, 2-134
Shielded Cables
Power, 2-33
SHLD Terminal, 2-87
Signal Loss, 2-14
Signal Wire, 2-15
Skip Freq 1-3, 2-135
Sleep Mode, 2-137
Specifications
Agency Certification, 1-1
Control, 1-2
Derating Guidelines, 1-3
Electrical, 1-2
Environment, 1-2
Heat Dissipation, 1-2
Input/Output Ratings, 1-2
Protection, 1-1
Speed Control, 2-139
Speed Mode, 2-139

Speed Pot, 2-17

Speed Ref A Sel, 2-3

Speed Ref A, B Sel, 2-144
Speed Reference, 2-48, 2-52, 2-144
Speed References Group, 2-3
Start Inhibits, 2-147

Start Mask, 2-92

Start Owner, 2-104
Start/Stop, Repeated, 2-100
Start-Up, 2-149

Stop Mode A, B, 2-158

Stop Modes, 2-158

Stop Owner, 2-104

T
TB Man Ref Sel, 2-144

Test Points, 2-161

Testpoint 1 Sel, 2-161

Testpoint x Data, 2-161
Thermal Regulator, 2-161
THHN wire, 2-33

Torq Performance Modes, 2-162
Torque Current, 2-167

Torque Perf Mode, 2-162

U

Unbalanced Distribution Systems, 2-169
Ungrounded Distribution Systems, 2-169

User Display, HIM, 2-88
User Sets, 2-170

\
Voltage class, 2-171
W
Watts Loss, 2-172
Wire
Control, 2-46
Signal, 2-15
Wiring
Potentiometer, 2-17
www, 1-1
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