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Please Read! This manual is intended guid qualified personnel in th
installation and operation of thisoduct.

Because of the variety of uses for this equipment and becattse of
differences between this solid-state equipment and electronmieghan
equipment, the user of and those responsible for appiyisg
equipment must satisfy themselves as to the acceptabiligcbf
application and use of the equipment. In no eventAdidin-Bradley
Company, Inc. be responsible or liable for indirect orseguiential
damages resulting from the use or application of thigeugent.

The illustrations shown in this manual are intended solelyustiate
the text of this manual. Because of the many variables and
requirements associated with any particular installation, tlemAl
Bradley Company, Inc. cannot assume responsibility oflitiafor
actual use based on the illustrative uses and applications.

No patent liability is assumed by Allen-Bradley Company, Indh w
respect to use of information, circuits, or equipment described in this
text.

Reproduction of the content of this manual, in whole grart,
without written permission of the Allen-Bradley Compamg. is
prohibited.

For Smart Motor Controller technical support, contact yalien-
Bradley representative.

In the United States and Canada you may also call 1-800-765-SMCS (765-7627) for assistance during the hours of
8:00 AM to 12:00 noon and 1:00 PM to 4:30 PM (Central Time Zone) from Monday through Friday.

Important User The information in this mnual is organized in numbered chagte

Information Read each chapter in sequence and perform procedureyathare
instructed to do so. Do not proceed to the next chapter until you have
completed all procedures.

Throughout this manual we use notes to make you awardety sa
considerations:

ATTENTION: Identifies information about practices
or circumstances that can lead to persorjatyror
death, property damage, or economic loss.

Attentions helpyou:

* identify a hazard

* avoid the hazard

* recognize the consequences

Important: Identifies information that is especially importéoit
successful application anehderstanding of thiproduct.

STC, SMC-2, SMC PLUS, SMC Dialog Plus, SMB, and Accu-Stop are trademarks of the Allen-Bradley
Company, Inc. DeviceNet is a trademark of the Open DeviceNet Vendor Association, Inc.
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SMC Controllers

The Allen-Bradley SMC Controllér lines offer a broad range of
products for starting or stopping AC induction motaosf 1/3 HP to
6,000HP. The innovative features, compact design, and available
enclosed controllers meet world-wide industry requiremfamts
controlling motors. Whether you need to control a singbor or an
integrated automation system, our range of controftexst your
required needs with the Starting Torque Controller (STC)Sadrt
Motor Controller family (SMC-2, SMC PLUS, and SMQalbg

Plus).

SMC Dialog PlusO

STCO Controller SMC-20 Controller
Controller

Features 100-240V 200-600V
1-phase 3-phase
1-22A 1-22A

200-600V 200-600V
1-97A 1-1000A

Soft Start * * *

Kickstart

Current Limit Start *

Dual Ramp Start

FullVoltage Start *

Energy Saver

Soft Stop *

Pump Control

Preset Slow Speed

SMBO Smart Motor Braking

*
LR e N D e e I

Accu-Stop]

*
O

Slow Speed with Braking

Single-phase Operation *

Normal/Up-to-speed Aux

Fault Contact

Modular Design

Overload Protection

Metering

Communication

Backlit LCD Display

Programming Keypad

Phase Reversal

Phase Rebalance

Jam Detection

I I I e I I e e e e o

Underload Detection

% = Available
0  Included with the Accu-Stop option



Chapter 1

Description

©

STC Starting Torque CGontroller

The ST Starting Torque Controller is designed for low horsepower
single-phase and three-phase squirrel cage induction motors. Itis
intended to relieve the starting torque surge encounterggical
across-the-line starting. This will provide smoother stamts

decrease downtime due to shock and vibration refariglnlems.

The STC is a global product available in three current rated &ikes:
16, and 22 Amp, with voltage ranges fro80+600V, 50/60 Hz., UL
Listed, CSA Approved, and CE labeled. Its compact design makes
new installations as well as retrofittingeasy. Setting thialitorque
and ramp time of the controller is accomplished with digdtdry
switches.

Figure 1.1 STC Controller (11, 16, and 22 Amps)
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STC Starting Torque Controller

Modes of Operation

Across-the-Line Response

Excessive motor starting torque can damage the motor and driv
equipment. Figure 1.2 illustrates the torque developed ipieatly
across-the-line start.

Figure 1.2 Torque Developed in aTypical Across-the-Line Start
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STC Controller Response

The STC controller reduces the magnitude of starting torquesas
illustrated in Figure 1.3. This limits the starting shock to the motor
and drivetrain.

Figure 1.3 STC Controller Respons
10

{

T
ONr:\]/lIJ 25 N[\IW vAvAvAvA |
0

0 01020304 050607
Time (sec.)

Across-the-Line Response Versus STC Controller Response

Figure 1.4 compares a typical across-the-line start responsieeand
STC controller response.

Figure 1.4 Across-the-Line Response Versus STC Controller Response
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Features The STC controller is a compact device with feed throuigimgvfor
ease of installation. To set up the controller, adjust igieatrotary
switches. The initial torque value is set between 108884 of
locked rotor torge. Thevoltage ramp time is adjustable from 0.1 to
4.5 seconds. This flexible combination enables the STC controller to
be installed in a wide variety of appltans.

Adjustments Figure 1.5 STC Controller Adjustments
O O O O
n 96
m -]
H N o
0O 0 O © L 40
Ja U E
o (| B4 %55
5'&%%@2@#32&% TIME Z;%S‘ &P —q
S
— K
I I 0 ®
STC™ ~

| E— I

ﬁj@ﬁ Digital Rotary switches for easy adjustments
Tl T2 T3
2 4 6

Table 1.A Initial Torque Level (Nominal)

Position 0 1 2 3 4 5 6 7 8 9

% of Locked

10 15 20 25 30 | 40 50 60 70 80
Rotor Torque

Table 1.B  Voltage Ramp Time (Nominal) (With Initial Torque Set At 0)

Position 0 1 2 3 4 5 6 7 8 9

Time

(Seconds) 01| 05|10 | 15| 20| 25| 30| 35| 40 | 45
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STC Starting Torque Controller

Wiring Diagrams

Figure 1.6 Typical Wiring Diagrams for STC Controller in Three-phase

Applications
Mo
] e an [T
Power Input ! |
| 1213 | | T2/
3-Phase 0 !
| — 20— 35| | T35
pr0$£2232 0 E;(I;ilr;d Motor Starting Torque
Starter O Controller

777777777777777777777777777777777777777777

i Stop O Start O oL O \ ;
| LO O @—N | Existing Control Circuit

o O Customer supplied

Figure 1.7 Typical Wiring Diagrams for STC Controller in Single-phase
Applications

StartingTorqu
Controller

M
R pu——TV I V!

10
L——L2s]| T4
MO D

L3/5 | | T3/6

Start 0
Stop | 0 oL O

I

O Customer supplied
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Figure 1.8 Typical Wiring Diagrams for STC Controller — Reversing

| F |
- | i X L || i

Power Input | ¥ |
o ; I e 123 | | T2/4
| | | — 0 L3/5 | | T3/6

Branch | RJ . Overload Rela

Protection O ! j{ - - @OL) O S ac(:ﬁﬁoﬁgﬂue

l | |

1 ‘ |

Existing

Control Circuit

O Customer supplied
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Suitable Replacement

Applications

The STC controller is a suitable replacement for:

*  Wye-delta Starters

* Resistor Ballast Starters

* Line Reactors

» Clutches

* Flywheels

*  Fluid Coupings

» Other Mechanical and Electrical Soft Startvides

In this section a few of the many STC twfier applications are
described.

lllustrations are included to help identify the fi@rlar application.
Motor ratings are specified but this may vary in oth@idgl
applications.

Typical applications include:

» Bridge Cranes

* Trolleys

* Monorails

» Shrink Wrap Machines

* Overhead Doors

» Conveyor

» Material Handling Equipment
« Compressors

» Fans and Pumps

e Lifts
 Elevators
* Grinders

« Mixers



STC Starting Torque Controller 1-7

Applications (cont.)

Figure 1.9 Chair Elevator

Problem:

Solution:

A single-phase chain driven chair elevator wtsted
across-the-line. The stang torque caused théair to
lurch during the start and occasionally sadi chain
alignment problems.

An STC controller was installed to provide conled|
acceleration.This minimized the mechanishbck
encountered during across-the-line starting and reduced
alignment problems. It also allowed for regularly
scheduled preventive maintenance inspecti@tber

than emergency maintenance repair.
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Applications (cont.)

Figure 1.10 Paint Shaker

Y,

Problem:

Solution:

The commercial paint shaker was operated with a single
phase motor and used across-the-line srtir his

method of starting causekle faciity’s line voltage to

dip. The building’s fluorescent lighting, with eteonic
ballasts, was extremely sensitive to line voltage dips and
would momentarily shut off when the paint shakes
started.

A single-phase STC controller was used to providefa
start to the paint shaker. The ramp time was set to three
seconds, thereby eliminating the line voltage dip.
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Motor

Figure 1.11 Chain Conveyor with Torque Control

Bundle

Problem:

Solution:

480 Volts
7.5 HP

Bundle

A chain conveyor is used for transporting bundles of
paper. Due to the high starting torque the conveydomo
applies to the chain during startup, ttf&in was

breaking on an average of once per day. Maintenance of
the conveyor caused interruptions in thedaretion
schedule.

The STC controller was installed to reduce the starting
torque on the motor and mechanical systemis T
resulted in less downtime and higher productivithe
STC controller was easy to retrofit due to its compact
size and feed throughimng.



1-10 STC Starting Torque Controller

Applications (cont.)

Figure 1.12 Crane with Torque Control

Traverse Motor (STC Controlled)

480 Volts
2 HP

Track \A

T ) R

Load

Problem:

Solution:

J

An overhead crane required frequentgiog due to
adjustments in the traverse (horizontal) position. An
across-the-line starter was used and this caused overshoot
or undershoot when trying to positioxer a load.

The STC controller was installed in the application. By
reducing the starting torque of the motor, this allowed th
crane to be positioned effectively. This meant fewer
starts were required to position the crane oveidae.

This solution reduced the maintenance requireseds

as improved the productivity of the cran€he STC
controller was a cost effective sabut.
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Figure 1.13 Aircraft Hangar Door

,,,,,,,,,,777797 Motor

480 Vol
2Hp

Problem:

Solution:

A chain driven aircraft hangar door was started across-
the-line. The starting torque caused chaigratient
problems. This required frequent jiextion and
maintenance.

An STC controller was installed to provide conled|
acceleration. This minimized the mechanical shock
encountered during across-the-line starting and reduced
maintenance inspection. The digital adjustmenthef
STC controller were easily set and did not dsifth ag

or vibration.
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SMG-2 Smart Motor Gontroller

Description The SMC-Z] Smart Motor controller is a compact, multi-funciad
solid state controller used in starting standard three-spseel
cage induction motors and controlling resistvads.

The SMC-2 product line includes current ranges from 5-97 Amps,
200 to 600V, 50/60 Hz., UL Listed, CSA Approved, and CEladh.
This covers applications up to 75 bepower.

Figure 2.1 SMC-2 Controller (5-97 Amps)

Y 050
P'H. gl

e 2
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Modes of Operation The following modes of operation are staraiwithin a sgle
controller:

e Soft Start
e Current Limit Start
* FullVoltage Start

The built-in energy saver feature allows the controller to conserv
energy on applications where the motor is lightly loaded wadged
for long periods ofitne.
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Modes of Operation (cont.) Soft Start

This is the most common method of starting. The initial torque value
is set between 0—70% of locked rotor torque. The motor voltage is
steplessly increased during the acceleration ramp pertadhvs
adjustable from 2—30 sends.

Figure 2.2 Soft Start

100%

Percent
Voltage

Initial |
Torque

«——Stat ———»«——Rin ——>»
Time (seconds)

Current Limit Start

This starting mode is used when it is necessary to limindpémum
starting current. This can be adjusted from 25 to 550% of full load
amperes. The current limit starting time is coso set. If the motor
is not up to speed after the selected time, the motor will trams$d

full voltage

Figure 2.3 Current Limit Start

550
Percent
Full Loa
Amp
% 44— """ "

+— Stat —————»
Time (seconds)
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Features

Full Voltage Start

This mode is used in applications requiring across-thestaréing.
The ramp time is less than 1/1€cend.

Figure 2.4 Full Voltage Start

100% —

Percent
Voltage

Time (seconds)

Fault Trips

There is a single red LED on the front of the SMC-2 cutatr for
diagnostic indication. When three-phase power is applied to the
controller, the LED will be on.

The SMC-2 controller monitors the folwing fault conditions:

* Shorted SCR (pre-start only)

» Phase Loss (line side and pre-starty

» Stalled Motor (when stall switch is on)

If a shorted SCR or phase loss exists, the SMC-2 controller will not
start and the LED will flash. If a stalled motor condit@xists, th
controller shuts down and flashes the LED. In the event three-phase
input power is lost, the LED turns off.
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Adjustments

Time Select

Initial Torque Leve } [

5
o B
N@Oo
106

|
|

15
14
13
12
11

W 0

| = 0O

NOTE: The switches shown above are for a 10 second Soft Start with

initial torque and 25 seconds soft stop.

Figure 2.5 SMC-2 Soft Start

Mode Selec
Starting Time (00) j
Starting Time l\
Starting Time © |

Soft Stopping Time (Active (
only with interface option) Lr)

Soft Stopping Time (Active ﬁ- E /

only with interface option)

Soft Stopping Time (Active
only with interface option)

123
e

Full Voltage Start

Current Limit

Energy Saver Select
(ON/OFF)

50/60 H
(ON/QFF)

Auxiliary Contact (Up-to-Speed./Instant.)
(Active only with interface option)

ON Positio

Stall Select
(ON/OFF)

Soft Stop Selec

(Active only with interface option)
Must be OFF when Soft Stop not ue
Soft Stop Select

3 (Active o0ly with interface option)

o " Must be OFF when Soft Stop not us

Table 2.A  Rotary Position Initial Torque Level

—_
N

Position 0 3

4 5 6 7 8 9

% of Locked
Rotor Torque

o
—_
N
()]

10 | 20 | 30 | 40 | 50 | 70

Table 2.B  Soft Start Time

Switch Time (seconds)

Number 5 T 5 [ 10 [ 15 [ 20 | 25 | 20
15 Off | On Off | On | Off | On Off
14 Off | Off | On On | Off | Off | On
13 off | Off | Off | Off | On | On | On

Table 2.C  Soft Stop (Available only with interface option)

Switch Time (seconds)

Number 5 | 10 | 15 | 25

35 | 45 | 55 | 110

12 off | On | Off | On | Off | On | Off On
11 off | Off | On On | Off | Off | On On
10 off | Off | Off | Off On On On On
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Current Limit Level

Time Select

40 6

115
w14
13
12

Figure 2.6 SMC-2 Current Limit Selection
Mode Select

Starting Time
Starting Time

Starting Time

Soft Stopping Time (Active
only with interface option)
Soft Stopping Time (Active
only with interface option)

Soft Stopping Time (Active
only with interface option)

NOTE: The switches shown above are for a 15 second, 300 percent
current limit start witha 25 second soft stop

OFF Position

Current Limit

Energy Saver Select

(ON/OFF)

50/60 H

(ON/OFF)

Auxiliary Contact (Up-to-Speed./Instant.)
(Active only with interface option)

ON Positio

Stall Select

(ON/OFF)

Soft Stop Selec

(Active only with interface option)
Must be OFF when Soft Stop not used
Soft Stop Select

(Active only with interface option)
Must be OFF when Soft Stop not used

| nominmas

Table 2.0 Rotary Position % Current Limit

Position 0 1 2 3 4 5 6 7 8 9
0,

% of Full 25 50 | 100 | 200 | 250 | 300 | 350 | 450 | 500 | 550
Load Amps

Table 2.E Current Limit Start Time

Switch Time (seconds)
Number 5 "
15 Off on
14 Off off
13 Off off

Table 2.F Soft Stop (Available only with interface option)

Switch Time (seconds)

Number 5 | 10 | 15 | 25 | 35 | 45 | 55 | 110
12 off | on | off | on | off | on | off | on
1 off | off | on | on | Off | Off | on | oOn
10 off | Off | Off | Off | On On On On
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(Active only with interface option)
Must be OFF when Soft Stop not 1
Soft Stop Select

(Active only with interface option)
Must be OFF when Soft Stop not 1

Adjustments (cont.) Figure 2.7 SMC-2 Full Voltage Selection
Mode Select
Time Select H—‘ 9 Full Voltage
j T 5 Starting Time j) < 8 Current Limit
B -l . .
Starting Time
Initial Torque Leve y i 4 :E 7 :Egﬁ/rg;'/:fzs)aver Select
4 0 6 > < T 3 Starting Time 50/60 H
3 @ 7 ) < (ON/OFF)
Soft Stopping Time (Acti v
2 8 Ej W 2 only with interface option s Auxiliary Contact (Up-to-Speed./Instant.)
1 9 ) < (Active only with interface option)
0 W 1 Soft Stopping Time (Active
% ( only with interface option z 4 ON Positio
Soft Stopping Time (Active
! < T only with interface option Stall Select
) (ON/OFF)
1 2 Soft Stop Selec
|
1

Table 3.G  Soft Stop (Available only with interface option)

Switch Time (seconds)

Number 5 | 10 | 15 | 25 | 35 | 45 | 55 | 110
12 off | on | off | on | off | on | off | on
11 off | off | on | on | off | off | on | on

10 Off | Off | Off | Off | Off | On | On | On
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Wiring Diagram Series Controller

The SMC-2 controller is dggned to operate with an
electromechanical starter. The series mode has the fiojow
features:

» Simplified initial installation — no need for additional wiring
» Easy retrofits — works with existing electromechanical starter

Figure 2.8 Wiring Diagram for Series Controller

W
o un [ e
Power Input ! !
O 23| | T4
3-Phase i !
— 20— 135 ] | T3/6
Branch T :
; Overload Relay SMC-2
Protection U (0.L) O Controller

| stop ) S0
i opL | O oL O ' Existing Control Circuit

O Customer supplied.
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Options

Description of Interface Options

The SMC-2 controller is didgned to be operated by an extd
device. An optionainterface is available for the SMC-2 controller.
This offers the following features:

* ON/OFF control directly to the controller through external
device. In many applit@ns the nterface may eliminate the
need for an additional contactor. This reduces the panel space
required.

» A configurable auxiliary contact which operates aberitan
instantaneous or up-to-speed tzam.

» Soft Stop. This extends stopping time to minimize Islaifting
or spilage diring stgping.

Figure 2.9 Interface Option (5-16 Amps)

[ J

") —

=

ﬁrammsv

RN w Nt

This option is available as a plug-in module for 5hd6 Amp
devices. For 24-97 Amp devices, the interface is included as an
integral part of the logic design. Itis not a plug-in device like th
5-16 Amp interface option.

Soft Stop Option

This function can be used in applications that requirexéanded
coast to rest. The voltage ramp downtime can be set5rdrit0
seconds. The starting and stopping times are indepdgddjusted.
The load will stop when the voltage drops to a point wheréo#e:
torque is greater than the motor torque.

Figure 2.10 Soft Start with Soft Stop

100 —

Percent
Voltage

Inititial ——
Torque

Soft Sto

<+— Stat ——»

Run ———»¢————— SoftS0  ——>

Time (Seconds)
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Wiring Diagram with Interface Option

Control power requirement for the interface option is 5VA24V
and15VA a 240V. Auxiliary contact rating is NEMA C300, 2.5
Amps, 20-250V AC: 1 Amp,2-30V DC.

Figure 2.11 Wiring Diagram with Interface Option

LA || Tir2
Power Input
123 | | T2/4
3-Phase T
L L3/5 || T3/
Branch Overload Relay
Protection O SMC-2 Controlle (oL) O
CCT O
Il
Start O
0 Stop 00| oL O
10 | 20 | 30 | 40 | 5 | 60
| Auxiliar
Interface Option 7 Contact

O Customer supplied

O Maximum fuse size 10A, 250V.

O For two wire control, remove stop/start push buttons and
connect two wire device between terminals 10 and 30
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Options (cont.) Overload Relay Option

To save additional panel space, IEC ovad relays may bmounted
directly to the 5, 9, and 16 Amp SMC-2 cotiecs.

Figure 2.12 SMC-2 Controller with Bulletin 193 Overload Relay (5-16 Amps)

S NN NN N NN DN IS
Q
(B ALLEN-BRADLEY
)4
N J
/ Tsmc2™ ™
Applications In this section a few of many applications are describededisas

why the particular control method was séée For examle,
tumbler drum is described using a soft startuea Wewill then
“build” upon this application to describe how the SMCehtroller
options can be used to improve the tumbler drum padace and
productivity.

lllustrations are included to help identify the fi@rlar application.
Motor ratings are specified but this may vary in oth@idgl
applications.
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Figure 2.13 Conveyor with Soft Start

480 Vol
7.5HP

ON O

N\
N N
\( 97 Motor

Chain

Problem: A conveyor is used to transport logs. The drive chain was
breaking due to uncontrolled start-up. Ttésised
interruptions in the production schedule dost
productivity. Panel space was very limited.

Solution: Due to its compact design, the SMC-2 controller was
easily installed in the space vacated by theiptes
starter. A 10-second soft start was selected. This
reduced the starting torque and the shocdkeo
mechanical system.
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Applications (cont.) Figure 2.14 Tumbler with Soft Start

Loading Door

480 Volts
50 HP

Tumbler Drum Drive Chain

Problem:

Solution:

Motor

A tumbler used in a nail finishing process wasahking

the drive chain due to the uncontrolled acceleration from
the across-the-line start. In addition, a reversiaget

was needed to position the drum to the toptjmrsior
loading the product. Due to lack of controlled
acceleration, numerous jogs weised to posion the

drum. The stopping time was notancern in this
application. In addition, single phasing of thetor was

a frequent problem, causing premature motor failure.

The SMC-2 controller waisistalled after the reversing
contactor to control the starting torque of the moftinis
prevented the snapping of the drive chain on the start up
which increased the life of the chain and reduced th
downtime on the tumet. Inaddition, theSMC-2
controller made it easier to jog the drum intcition for
loading and unlading. (The SMC-2 controllesiowed
the acceleration rate to preventeoshoot.) Thishelped
improve the productivity of the loading and unloading
process. In addition, the SMC-2 controléeuld quickly
detect the phase failure during starting. The rablet
would prevent starting until the line had bexemrected.
This added additional standard protection tontiodor
and system.
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Figure 2.15 Power Walk with Soft Start and Soft Stop Option

240 Volts
15 HP

@

Problem:

Solution:

Motor

A power walk at an airport required a soft start to prevent
damage to the drive chain gearbox on start-up. A soft
stop was also required in case the power walk would b
shut off while people were still on the belt. Thewd

be multiple units at thetsi, and a controller that could be
quickly installed and adjusted was réeed.

The SMC-2 controllewith the Interface ption was
designed into the system. A 10-second soft start with the
Energy Saver enabled was selected. Addbrd soft

stop was also selected. This allowed the power walk to
have a controlled start and stop. During periods where
the walk was unloaded, the SMC-2 controller figye

Saver reduced theltage to the motor, minimizing the
magnetic losses of the motor.
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Applications (cont.) Figure 2.16 Towline Conveyor with Soft Start and Soft Stop Option
480 Volts
15 HP
Pallet
Load Load

Gearbox

Problem: A towline conveyor at the end of a production line had
frequent damage to the gearbox due to the staioge
from across-the-line starting of the motor. There were
frequent spills on both starting and gping of the
conveyor system.

Solution: The SMC-2 controllewith the Interface ption was
installed. Starting and stopping times of 15 seconds were
selected. The reduced torque starting priagkshock to
the gearbox and kept the load from shifting on start-up.
The soft stop prevented the load shifts whilgpiog.

The SMC-2 controller met the application requirements
and was a cost effective sabut.
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Figure 2.17 Bottle Filler with Soft Start and Soft Stop Option

480 Volts
1HP

Filler

O @ O

Problem:

Solution:

A bottle filler line had product spillage upastarting and
stopping. An across-the-line starter was used to start th
motor. In addition, the application required axiary
contact that would energize when the motor was up to
speed.

The SMC-2 controller wastalled and set for a 10-
second soft start with a 20-second soft stdpis
controlled the starting torque and preverttezisudden
start that would cause the bottles to spill. The soft stop
extended the stopping time eliminating load sivtiile
stopping. The auxiliary contact was configured to
change state when the motor was up to speed.
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Applications (cont.)

Motor

Figure 2.18 Grinder with Soft Start

575 Volts
20 HP

Grinding
Wheel

Gearbox

Problem:

Solution:

Due to the high starting torque developed from starting
the motor across-the-line, the gears driving ading
wheel were frequently damaged. This resulted in
unscheduled downtime for repair. Thigplication
required a rugged device because vibration atdnérol
panel was a problem.

The SMC-2 controller waimstalled and set for a
20-second acceleran time. This reduced the starting
torque and the downtime for repairsthe grinder. In
addition, the benefit of the Energy Saver was realized
when the motor was running lightly loaded. The Gl
controller meets the same shock arataiion
requirements as electromechanical devices, therefore it
met the durability requirements.
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Motor

Hydraulic Pump

Figure 2.19 Passenger Elevator

Problem:

Solution:

A passenger elevator in a parking structure requiredta s
start to eliminate the jolt which occurred during an
across-the-line start. Due to the size of the enclosure, the
soft starter must fit in the space vacatedHwy
electromechanical motor starter.

An SMC-2 controller with the Interface option was
installed. The starting time was set for 10 secoridigs
reduced the starting torque and eliminated dfteduring

the start. The Interfaagption allowed all control wing

to be connected directly to the SMC-2 controller, thereby
eliminating the need for the electromechanical motor
starter. The small size of the SMC-2 controller allowed it
to fit easily into the space vacated by th
electromechanical motor starter.
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Chapter 3

Description

SMC Dialog Plus Smart Motor Controller

When the Smart Motor Controller N&2) was first introduced in
1986, its modular design, digital set-up, and microprocessuarato
set the standard for soft starters. Since its launch in 198$MC
PLUSD controller has been in a class by itself, providing unheadc
performance with innovative startiragnd stopping optionsNow, the
SMC Dialog Plu§] controller achieves a higher level of
sophistication with greatly enhanced protectiexpanded
diagnostics, and the ability tog the motor’s operation (amps, kW,
and power factor), as well as the optiorfd@alog” with various
network protocols.

While the SMC Dialog Plus controller incorporates many new
features into its design, it remains easy to set-up and op¥atecan
make use of as few or as many of the features as your amplica
requires.

The SMC Dialog Plus controller is a compact, modular, multi-
functional solid-state controller used in starting three-pbgserel
cage induction motors and controlling resistive loatise SMC
Dialog Plus product line includes current ratiriigsn 24 to 1000
Amps, 200 o 600V, 50/60Hz. This covers applmas up to 1000
horsepower. The SMC Dialog Plus controller meets applicabl
standards and requirements.

Figure 3.1 SMC Dialog Plus Controller (24—-1000 Amps)

[sNe] [sNe] [eRe}
oo o O
© ©
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Starting Methods

The following starting methods are standard within therotiat:

e Soft Start with Selectable Kickstart

e Current Limit Start

» Dual Ramp Start

* FullVoltage Start

Optional features include:

e Soft Stop

e Pump Control

» Preset Slow Speed

e SMBO Smart Motor Brake

e Accu-Stopgl/Slow Speed with Braking

Soft Start with Selectable Kickstart

This method has the most general application. The motor is given an
initial torque setting, which is user adjustable from 0Qéo of

locked rotor torge. From the initial torque level, the output voltag

to the motor is steplessipdreased dimg the acceleratioramp time,
which is user adjustable from 0 to 30 @eds. If, during the voltag

ramp operation, the SMC Dialog Plus controller senses thatdbe

has reached an up-to-speed condition, the outpuagelwill
automatically switch to full voiige.

The kickstart feature provides a boost at start-up to break lmady

that may require a pulse of high torque to get started. Itis intended to
provide a current pulse of 550% of full load current analsisr

adjustable from 0.0 to 2.0 gands.

Figure 3.2 Soft Start with Selectable Kickstart
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Voltage

Kickstart

100% ——
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Torque

|
|
|
|
|
|
|
|
|
|
|
| |
|
|
|
|
|
|
|
|
|
Il

<« Stfat————><————Run———
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Current Limit Start

This starting method provides a fixed reduced voltage start and is
used when it is necessary to limit the maximum startingeoturrTh
starting current is user adjustable from 50 to 600%albfoad
amperes. The current limit startirigne is user adjustable from 0 to
30 seconds.

Figure 3.3 Current Limit Start

600%
Percent
Fullload | [ ___
Current
50% |-
= Start >
Time (seconds)
Dual Ramp Start

This starting method is useful on applications with varyaagls and
varying starting torque requirements. Dual Ramp Start offers the user
the ability to select between two separate Soft Start prafiths
separately adjustable ramp times and initial torgttengs.

Figure 3.4 Dual Ramp Start

Percent
Voltage

100 —

Initial
Torque #2

Initial
Torque #1

»<—Run #2 —

Time (seconds)
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Starting Methods (cont.) Full Voltage Start

This method is used in applications requiring across-the-line starting.
The SMC Dialog Plus controller performs like a solid-state camtact
Full inrush current and locked rotor ¢pre are realized.

Figure 3.5 Full Voltage Start

10 0—
Percent
Voltage
Time (seconds)
Features LCD Display

A two line, sixteen character backlit LCD display providesapeeter
definition with straightforward text so that controller setrugy be
accomplished without a referencenmuoal. Parameters are arranged
in an organized four level menu structure for ease of programming
and fast access to parameters.

Keypad Programming

Programming of parameters is accomplished through dfiiten
keypad on the front of the SMC Dialog Plus controller. The five
buttons include up and down arrows, an Entetooyta Select button,
and an Escape button. The user needs only to enteorieet
sequence of keystrokes for programming the SMC Dialog Plus
controller.

Figure 3.6 LCD Display with Keypa

Ramp Time
30 sec

un
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Electronic Overload

The SMC Dialog Plus controller meets applicable requirements as
motor overload protective dlice. Overload protection is

accomplished electronically through &ndlgorithm.

The overload is programmable, providitng user with flexibility.
The overload trip class is selectable for class 10, 15, 20, or 30
protection. The trip current is set by entering the motor’s full load
current rating and the service factor.

Thermal memory is included to accurately model motor operating
temperature. Ambient iessitivity is inherent in the elaonic
design of the overload.

Note: The current sensing capability of the SMC Dialog Plus
controller is disabled during bypass operation. The Bulletin
825 Converter Module is required to provide euntr
feedback in these applications.

Built-in Communication Port

A serial interface port is furnished as standaitth the SMC Dialog

Plus controller. This communication port allows for castios to a
Bulletin 1201 Human Interface Module. Italso allows for a variety of
other communications, including Allen-Bradley’s Remote 1/O, DH-
485, RS 232/422/485-DF1, and DeviceNeatetwork throughhe
connection to the Bulletin 1203 communicatmodules.
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Features (cont.)

Stall Protection and Jam Detection

Motors can experience locked rotor currents and develognmean
torque in the event of a stétluring start) or a jam (after full speed is
reached). These conditions can result in winding itisula
breakdown or mechanical damage to the conneotat! |

The SMC Dialog Plus controller provides both stall and jarecien
for enhanced motor and system protection. Stall proteatiows the
user to program a maximum stall time of up to 10 seconds. Jam
detection allows the user to determine the jam level as anageeo
the motor’s full load current rating, and a trip delay time of up to 10
seconds.

Note: The stall trip delay time is in addition to the grammed
start time.

Figure 3.7 Stall Protection

60

D
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Full
Load

Current

~<—— Programmed Start Time ———=— Stall ——
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Figure 3.8 Jam Detection
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Phase Rebalance

As little as 4% supply voltage unbalance can result in a 20% current
unbalance and a 25% increase in motor temperature, possibly
triggering a premature failure of the motor. The SMC Dialog Plus
controller @ntinuously monitors the incoming three-phtise

voltage balance and adjts the output voltage automatically to
balance the three-phase currents drawn by the motor.

Figure 3.9 Phase Rebalance

501V I

Supply 480V : 1 M
SMC Dialog Plus otor
Voltage 462V Y |

==,

Notes: (1) Phase Rebalance is not active during bypass operation.
(2) Phase rebalance requires the use of the conveotulm
(Bulletin 825) and fanning strip (Cat. Nab@-NFS).

Metering

The SMC Dialog Plus controller contains several poweritaong
parameters as standard. These paramigietsie:

* Three-phase Current » Three-phase Voltage
* Powerin kW » Power Usage in kWH
» Power Factor » Elapsed Time

* Motor Thermal Capacity Usage

Fault Indication

The SMC Dialog Plus controller monitors both the pre-stad
running modes. If the controller senses a fault, the SMC DRllag
controller shuts down the motor and displays the appropeate f
condition in the LCD display. The controller monitors thiofaing
conditions:

* Open Gate » Line Fault

* Undervoltage e Underload

* Overvoltage » Excessive Starts/Hour
* \oltage Unbalance * Overtemperature

* Phase Reversal o Stall

* Power Loss e Jam

* Overload » System

Any fault condition will cause the auxiliary contacts to change state
and the hold-in circuit to release.
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Features (cont.)

Auxiliary Contacts

Three hard contacts are provided as standard with the SiglGgD
Plus controller. The first two coatts are programmable for Normal/
Up-to-speed. The third contact is programmable for Normal/Fault.

Energy Saver

The built-in Energy Saver feature is integral to the SMC Dialog Plus
controller and may be applied to ajgptions where the motor is
lightly loaded or unloaded for loreriods of time. With thEnergy
Saver feature enabled, the SMC DiaRigs contrder continuously
monitors the loading of the motor with its internal feedback circuitry.
Because the output voltage is SCR controlled, motor power logaees
be reduced by decreasing the motor termidthge.

Note: The Energy Saver feature is not available whenpasy
contactor is used.

Modular Design

The SMC Dialog Plus controller packaging is designed for industrial
environments. The modularity of control and power modules featur
plug-in functionality. There are no gate wires to remove and no
soldering is required. Common control modules reducenitory
requirements.

Figure 3.10 Exploded View of the 24 Amp SMC Dialog Plus Controller
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Control Terminal Description

The SMC Dialog Plus controller contains 20 control terminalthen
front of the controller. These control terminals are describkxib
See Figure 3.11.

Power Supply Board
Terminal Number Description

11 Control Power Input
12 Control Power Common
13 Controller Enable Input
14 Logic Ground
15 Dual Ramp/Option Input
16 Start Input
17 Stop Input
18 Auxiliary Relay Common
19 N.0. Auxiliary Contact 1 (Normal/Up-to-speed) ~—— %
20 N.C. Auxiliary Contact 2 (Normal/Up-to-speed)

Logic Board

Terminal Number Description

21 Not Used
22 Not Used
23 Not Used
24 Not Used
25 Common (Converter Module)
26 Phase A Input (Converter Module)
27 Phase B Input (Converter Module)
28 Phase C Input (Converter Module)
29 N.O./N.C. Auxiliary Contact 3 (Normal/Fault) —
30 N.0./N.C. Auxiliary Contact 3 (Normal/Faulty ~— —T

Figure 3.11 SMC Dialog Plus Controller ControlTerminals

.&'ﬁ&fvﬁ‘&frﬁxx
21 9232425 26 27 28 29
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Adjustments

Soft Start without Options

The following parameters are specificallyed to provide anddgust
the voltage ramp supplied to the motor

Parameter

Range

Starting Mode
This must be programmed for “Soft Start.”

Soft Start, Current Limit

Ramp Time #1
This sets the time period during which the
controller will ramp the output voltage.

0 to 30 seconds

Initial Torque #1
The initial output voltage level for the voltage
ramp is established and adjusted with this
parameter.

0 to 90% of locked rotor torque

Kickstart Time
A boost of 550% of full load current is provided
to the motor for the programmed time period.

0.0 to 2.0 seconds

Stall Delay
Allows the user to program the stall protection
delay time. The delay time begins after the
start time has timed out.

0 to 10 seconds

Energy Saver
The Energy Saver feature monitors the motor
load, phasing back the voltage output to the
motor when the motor is lightly loaded or
unloaded for an extended period of time.

0ff, On

Aux Contacts 1&2
Two form C contacts are provided as standard
with the SMC Dialog Plus controller. These
contacts are located at terminals 18, 19, and
20. Aux Contacts 1&2 allows the user to
configure the operation of the contacts.

Normal, Up-to-speed

Aux Contact 3
A third auxiliary contact is provided between

terminals 29 and 30. Aux Contact 3 allows the Normal, Fault
user to program the operation of the contact.

Contact 3 Config
This parameter provides the user with the N.O. N.C

ability to program the “powered-up” state of
the third auxiliary contact.

Parameter Mgmt
The newly programmed parameters values can
be saved to memory, or the factory default
parameter values can be recalled.

Ready, Default Init., Recll Frm EE,
Store In EE
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Current Limit Start without Options

To apply afixed reduced ualge output to the motor, thellowing
parameters are provided for user adjustment.

Parameter

Range

Starting Mode
This must be programmed for “Current Limit.”

Soft Start, Current Limit

Ramp Time #1
This sets the time period during which the
controller will hold the fixed reduced voltage
output before switching to full voltage.

0 to 30 seconds

Current Limit Level
This provides adjustability for the reduce
voltage output level to the motor.

50 to 600% of full load current

Kickstart Time
A boost of 550% of full load current is provided
to the motor for the programmed time period.

0.0 to 2.0 seconds

Stall Delay
Allows the user to program the stall protection
delay time. The delay time begins after the
start time has timed out.

0 to 10 seconds

Energy Saver
The Energy Saver feature monitors the motor
load, phasing back the voltage output to the
motor when the motor is lightly loaded or
unloaded for an extended period of time.

0ff, On

Aux Contacts 1&2
Two form C contacts are provided as standard
with the SMC Dialog Plus controller. These
contacts are located at terminals 18, 19, and
20. Aux Contacts 1&2 allows the user to
configure the operation of the contacts.

Normal, Up-to-speed

Aux Contact 3
A third auxiliary contact is provided between

terminals 29 and 30. Aux Contact 3 allows the Normal, Fault
user to program the operation of the contact.

Contact 3 Config
This parameter provides the user with the N.O. N.C

ability to program the “powered-up” state of
the third auxiliary contact.

Parameter Mgmt
The newly programmed parameters values can
be saved to memory, or the factory default
parameter values can be recalled.

Ready, Default Init., Recll Frm EE,
Store In EE
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Adjustments (cont.) Dual Ramp Start without Options

The SMC Dialog Plus controller provides the user with the ability to
select between two soft start profiles. To obtain Dual Ramp Start
control, the following parameters are avhikin the “Adwanced

Setup” programming mode.

Note: The Dual Ramp Start feature is only available \hiidn
standard control module.

Parameter Range

Advanced Setup
The user must select the “Advanced Setup”
programming mode in order to obtain access to
the Dual Ramp Start parameters

Starting Mode

This must be programmed for “Soft Start.” Soft Start, Current Limit

Dual Ramp

This allows the user to choose between two
soft start profiles defined by:

Ramp Time #1 and Initial Torque #1

Ramp Time #2 and Initial Torque #2
When the Dual Ramp feature is selected, the
ramp time/initial torque combination is
determined by a hard contact to input terminal
15. A low input signal to terminal 15 signifies
that ramp time/initial torque #1 are selected. A
high input signal to terminal 15 signifies that
ramp time/initial torque #2 are selected.

No, Yes

Ramp Time #1
This determines the time period in which the
controller will ramp the output voltage to the
motor for the first soft start setup.

0 to 30 seconds

Initial Torque #1
The initial reduced voltage output level for the
first soft start setup is established and adjusted
with this parameter.

0 to 90 % of locked rotor torque

Ramp Time #2
This determines the time period in which the
controller will ramp the output voltage to the
motor for the second soft start setup.

0 to 30 seconds

Initial Torque #2
The initial reduced voltage output level for the
second soft start setup is established and
adjusted with this parameter.

0 to 90 % of locked rotor torque

Kickstart Time
A boost of 550% of full load current is provided | 0.0 to 2.0 seconds
to the motor for the programmed time period.
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Dual Ramp Start without Options (cont.)

Parameter

Range

Stall Delay
Allows the user to program the stall protection
delay time. The delay time begins after the
start time has timed out.

0 to 10 seconds

Energy Saver
The Energy Saver feature monitors the motor
load, phasing back the voltage output to the
motor when the motor is lightly loaded or
unloaded for an extended period of time.

0ff, On

Aux Contacts 1&2
Two form C contacts are provided as standard
with the SMC Dialog Plus controller. These
contacts are located at terminals 18, 19, and
20. Aux Contacts 1&2 allows the user to
configure the operation of the contacts.

Normal, Up-to-speed

Aux Contact 3
A third auxiliary contact is provided between

terminals 29 and 30. Aux Contact 3 allows the Normal, Fault
user to program the operation of the contact.

Contact 3 Config
This parameter provides the user with the N.O. N.C

ability to program the “powered-up” state of
the third auxiliary contact.

Parameter Mgmt
The newly programmed parameters values can
be saved to memory, or the factory default
parameter values can be recalled.

Ready, Default Init., Recll Frm EE,
Store In EE
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Adjustments (cont.) Full Voltage Start without Options

The SMC Dialog Plus controller may be programmed to provid
full voltage start in which the output voltage to the motor reaches full
voltage in 1/4 seand.

Parameter Range

Start Mode

This must be programmed for “Soft Start.” Soft Start, Current Limit

Ramp Time #1

This must be programmed for “0” seconds. 0 to 30 seconds

Initial Torque #1
This must be programmed for 90% of locked 0 to 90% of locked rotor torque
rotor torque.

Kickstart Time

This must be programmed for “0” seconds. 0.010.2.0 seconds

Stall Delay
Allows the user to program the stall protection
delay time. The delay time begins after the
start time has timed out.

0 to 10 seconds

Energy Saver
The Energy Saver feature monitors the motor
load, phasing back the voltage output to the 0ff, On
motor when the motor is lightly loaded or
unloaded for an extended period of time.

Aux Contacts 1&2
Two form C contacts are provided as standard
with the SMC Dialog Plus controller. These
contacts are located at terminals 18, 19, and
20. Aux Contacts 1&2 allows the user to
configure the operation of the contacts.

Normal, Up-to-speed

Aux Contact 3
A third auxiliary contact is provided between

terminals 29 and 30. Aux Contact 3 allows the Normal, Fault
user to program the operation of the contact.

Contact 3 Config
This parameter provides the user with the N.O. N.C

ability to program the “powered-up” state of
the third auxiliary contact.

Parameter Mgmt
The newly programmed parameters values can | Ready, Default Init., Recll Frm EE,
be saved to memory, or the factory default Store In EE
parameter values can be recalled.
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Typical Wiring Diagrams
(without options)

Figure 3.12 Typical Wiring Diagram for Standard Controller

T [ LA Hn/z
3-Phase
I — L2/3 ‘ ‘ T2/4
Input Power
T L5 | T3
Fast-acting
Branch U SCR Fuses  gMG Dialog Plus
Protectiond (optional)Cd Controller
g a
R R [ g g WY ‘ |
Stop O
O ‘ O—
StartO
_ C—e
ol |
11 12 13 | 14 15 16 17 18 | 19 20

SMC Dialog Plus I
Control Terminals N

Internal
Auxiliary
Contacts

21 | 22 | 23 24 | 25 | 26 | 27 28 | 29 | 30

by

O  Customer supplied.

O  Refer to the controller nameplate to verify the rating of the control power input voltage.
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Typical Wiring Diagrams
(without options)

Figure 3.13 Typical Wiring Diagram for Dual Ramp Applications

< Control Power O %‘ ‘ |
Stop O
O ‘ O—
Ramp 10 Ramp 2
Start O
© |
© “
11 12 13 | 14 15 16 | 17 18 | 19 20
SMC Dialog Plus
Control Terminals 7\1\7
21 22 | 23 24 | 25 | 26 | 27 28 | 29 | 30

0O  Customer supplied.

O  Refer to the controller nameplate to verify the rating of the control power input voltage.

bt

Note: The Dual Ramp feature is only available with the standard control module.

Internal
Auxiliary
Contacts
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Figure 3.14 Typical Wiring Diagram for Start-Stop Control via the SCANport

»—H\

«— Control Power 0 —»

11 | 12 13 | 14 | 15 16 | 17 | 18 | 19 | 20

SMC Dialog Plus
Control Terminals N

Internal
Auxiliary
Contacts

21 | 22 | 23 | 24 | 25 | 26 | 27 28 | 29 | 30

bt

0O  Customer supplied.
Refer to the controller nameplate to verify the rating of the control power input voltage.

O  IfSoft Stop, Pump Control, or SMB Smart Motor option is installed, place additional jumper to
terminal 15.
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Typical Wiring Diagrams Figure 3.15 Typical Wiring Diagram for Retrofit Applications

(without options) (cont.) T
T [ T2
3-Phase } | i
— O L2/3] | T2/4
Input Power | | |
— 00— T+ 13/5] [ T3/6
— T Fast-actin
Branch Existing Motor gcp Fuseg SMC Dialog Plus
Protectiond | | U StarterD  (Optional)D  Controller
W‘{ ||
oL
SO
StartO

15 16 | 17 | 18 | 19 | 20

_
S

11 112 | 13

Auxiliary contacts d
set for Normal

SMC Dialog Plus N

Control Terminals

Internal
Auxiliary
Contacts

21 | 22 | 23 | 24 | 25 | 26 | 27 28 | 29| 30

m

0O  Customer supplied.
O  Refer to the controller nameplate to verify the rating of the control power input voltage.
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Control Options

The SMC Dialog Plus controller offers a variety of unique control
options that provide enhanced motor starting dogpsng
capabilities. Please note that the options are mutuailysixe and
must be specified at the time of order entry.

* Soft Stop

e Pump Control

» Preset Slow Speed

+ SMBO Smart Motor Braking

e Accu-Stopgl/Slow Speed with Braking

Soft Stop Option

The Soft Stop option can be used in applicatr@gsiring an
extended coast-to-rest. The voltage ramp down time is use
adjustable from 0 to 60 seconds. The Soft Stop timejisted
independently from the start time. The load will stop winen
voltage drops to a pointivere the load torque is greater than th
motor torque.

Figure 3.16 Soft Stop Option

Percent

Voltage
100% —| Kickstart ‘
o |
\ |
1/ ! }

\
P 1
Initial !
Torque |
Start Run Soft Stop———>

Time (seconds)

ATTENTION: Soft Stop is notintended to be used as
an emergency stopeRer to the applicable standards for
emergency stop requirements
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Control Options (cont.)

Soft Stop Option (cont.)

Figure 3.17 Typical Wiring Diagram for Soft Stop Option

<— Control Power O

1T

Soft Stop O

L
]

Stop O

Start O

11 12 13 | 14 15 16 17 18 | 19 20
SMC Dialog Plus 1\ Li
Control Terminals

21 22 23 24 | 25 26 27 28 | 29 | 30

0O  Customer supplied.

T

O  Refer to the controller nameplate to verify the rating of the control power input voltage.

Internal
Auxiliary
Contacts
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Programming - Soft Start with Soft Stop Option

The basic parameter set-up for Soft Start selection with Smft S

option follows:

Parameter Range
SMC Option .
“Soft Start” will be displayed.
Starting Mode

Allows the user to program the SMC Dialog Plus
controller for the type of starting that best fits
the application.

Soft Start, Current Limit

Ramp Time
This sets the time period during which the
controller will ramp the output voltage.

0 to 30 seconds

Initial Torque
The initial reduced voltage output level for the
voltage ramp is established and adjusted with
this parameter.

0 t0 90% of locked rotor torque

Kickstart Time
A boost of 550% of full load current is provided
to the motor for the programmed time period.

0.0 to 2.0 seconds

Stall Delay
Allows the user to program the stall protection
delay time. The delay time begins after the
start time has timed out.

0 to 10 seconds

Energy Saver
The Energy Saver feature monitors the motor
load, phasing back the voltage output to the
motor when the motor is lightly loaded or
unloaded for an extended period of time.

0ff, On

Aux Contacts 1&2
Two form C contacts are provided as standard
with the SMC Dialog Plus controller. These
contacts are located at terminals 18, 19 and
20. Aux Contacts 1&2 allows the user to
configure the operation of the contacts.

Normal, Up-to-speed

Aux Contact 3
A third auxiliary contact is provided between

terminals 29 and 30. Aux Contact 3 allows the Normal, Fault
user to program the operation of the contact.

Contact 3 Config
This parameter provides the user with the N.O. N.C

ability to program the “powered up” state of the
third auxiliary contact.

Soft Stop Time
This parameter allows the user to program the
soft stop (voltage ramp down) time that best fits
the application.

0 to 60 seconds

Parameter Mgmt
The newly programmed parameters values can
be saved to memory, or the factory default
parameter values can be recalled.

Ready, Default Init., Recll Frm EE,
Store In EE
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Control Options (cont.) Soft Stop Option (cont.)
Figure 3.18 Soft Stop Option Sequence of Operation

Soft Stop
10 |
Motor Coast-to-rest
Speed

«—— Start —=——— Run — Soft Stop ——
Time (séconds)
Push Button

Start

Closed !

Open m :

Stop !
Closed !

Open :

Soft Stop |

|
|
|
|
|
|
|
|
|
|
|
_
-
|
|
|

Closed
Open

Auxiliary
Contacts

If Soft Stop Selected 7

,,,,,,,,,,,, -

If Coast-to-rest Selected

Norma ‘

Up-to-speed |

ATTENTION: The user has the ultimat

responsibility to determine which stopping modesdst
suited to the application and will megtpdicable
standards for operator safety on a particular machine.
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Pump Control Option

The SMC Dialog Plus controller’s unique interactive Pumpttbis
designed to reduce fluglrges in pumping systems. It prdes
closed loop acceleration and deceleration control dfiéegal pump
motors without the need for feedbatsvices.

Figure 3.19 Pump Control Option

Motor
Speed

<— Pump Stat —»<——— Run ———>=<—— Pump Stop ——

Time (seconds)

ATTENTION: Pump Stop is not intended to bsed
as an emergency stop. Refer to the applicable standards
for emergency stop requirents.
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Control Options (cont.)

Figure 3.20 Typical Wiring Diagram for Pump Control Option

O
O

~<— Control Power O

Stop O

Pump Stop O

W)‘Of Start [

L

Oi

- FQ O—e
11 12 13 | 14 | 15 16 | 17 | 18 | 19 20
SMC Dialog Plus
Control Terminals 7\1\7
21 22 | 23 24 | 25 | 26 | 27 28| 29 | 30

Customer supplied.

L+

Internal
Auxiliary
Contacts

Refer to the controller nameplate to verify the rating of the control power input voltage.
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Programming - Pump Control Starting and Stopping

The basic parameter set-up for the Pump Control Starting and

Stopping follows:

Parameter Range
SMC Option .
“Pump Control” will be displayed.
Starting Mode

Allows the user to program the SMC Dialog Plus
controller for the type of starting that best fits
the application.

Soft Start, Current Limit, Pump
Start

Ramp Time
This sets the time period during which the
controller will ramp the output voltage.

0 to 30 seconds

Initial Torque
The initial reduced voltage output level for the
voltage ramp is established and adjusted with
this parameter.

0 t0 90% of locked rotor torque

Kickstart Time
A boost of 550% of full load current is provided
to the motor for the programmed time period. O

0.0 to 2.0 seconds

Stall Delay
Allows the user to program the stall protection
delay time. The delay time begins after the
start time has timed out.

0 to 10 seconds

Energy Saver
The Energy Saver feature monitors the motor
load, phasing back the voltage output to the
motor when the motor is lightly loaded or
unloaded for an extended period of time.

0ff, On

Aux Contacts 1&2
Two form C contacts are provided as standard
with the SMC Dialog Plus controller. These
contacts are located at terminals 18, 19 and
20. Aux Contacts 1&2 allows the user to
configure the operation of the contacts.

Normal, Up-to-speed

Aux Contact 3
A third auxiliary contact is provided between
terminal 29 and 30. Aux Contact 3 allows the
user to program the operation of the contact.

Normal, Fault

Contact 3 Config
This parameter provides the user with the
ability to program the “powered up” state of the
third auxiliary contact.

N.0., N.C.

Pump Stop Time
This parameter allows the user to program the
Pump Stop time that best fits the application.

0 to 120 seconds

Parameter Mgmt
The newly programmed parameters values can
be saved to memory, or the factory default
parameter values can be recalled.

Ready, Default Init., Recll Frm EE,
Store In EE

O  Kickstart is not available if “Pump Start” is selected.
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Control Options (cont.)

Pump Control Option (cont.)

Figure 3.21 Pump Control Option Sequence of Operation

10

Motor
Speed

Push Button

Start
Closed
Open
Stop
Closed
Open
Soft Stop
Closed
Open

Auxiliary
Contacts

Normal

Up-to-speed

Coast-to-rest

T
|
|
|
|
|
|
|
|
|
|
|
|
|
T
|

«—— Start ——»<—— Run ——»<———— Soft Stop —

Time (séconds

If Pump Stop Selected -

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
‘ :
Ll :
|
|
Il
|
|
|
|
|
|
|
|
|
|
|
|
I

If Coast-to-rest Selectedwl |

ATTENTION: The user has the ultimat

responsibility to determine which stopping modesdst
suited to the application and will megtpdicable
standards for operator safety on a particular machine.




SMC Dialog Plus Smart Motor Controller 3-27

Preset Slow Speed Option

The Preset Slow Speed option can be used on applicatanetjuire

a slow speed for positioning material. The Preset Slow Speed can be
set for either Low, 7% of base speed, or High, 15% of base speed.
Reversing is also possible through programming. Speedtied

during reverse operation are Low, 10% of base speed, or High, 20%
of base speed.

Figure 3.22 Preset Slow Speed Option

Forward .
e . 15% — Hig

’ 7% - Low

Time (seconds) Start Run »

; 10% — Low
-~ 20% — High
Reverse

ATTENTION: Slow speed running is notintéed fo
continuous operation due to reduced motor cooling.
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Control Options (cont.)

Preset Slow Speed Option (cont.)
Figure 3.23 Typical Wiring Diagram for Preset Slow Speed Option

O
O

<— Control Power O

Slow Speed O

1 T %CH

O

Stop O

Start O

L

14

11 12 13 15 16 17 18 | 19 20
SMC Dialog Plus
Control Terminals 4

21 22 23 24 | 25 26 27 28 | 29 | 30

Customer supplied.

T

Internal
Auxiliary
Contacts

Refer to the controller nameplate to verify the rating of the control power input voltage.
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Programming - Soft Start with Preset Slow Speed Option

The basic parameter set-up for Soft Start selection with Preset Slow
Speed Option follows:

Parameter Range

SMC Option
“Preset Slow Speed” will be displayed.

Starting Mode
Allows the user to program the SMC Dialog
Plus controller for the type of starting that best
fits the application.

Soft Start, Current Limit

Ramp Time
This sets the time period during which the 0 to 30 seconds
controller will ramp the output voltage.

Initial Torque
The initial reduced voltage output level for the
voltage ramp is established and adjusted with
this parameter.

0 to 90% of locked rotor torque

Kickstart Time
A boost of 550% of full load current is provided | 0.0 to 2.0 seconds
to the motor for the programmed time period.

Stall Delay
Allows the user to program the stall protection
delay time. The delay time begins after the
start time has timed out.

0 to 10 seconds

Energy Saver
The Energy Saver feature monitors the motor
load, phasing back the voltage output to the 0ff, On
motor when the motor is lightly loaded or
unloaded for an extended period of time.

Aux Contacts 1&2
Two form C contacts are provided as standard
with the SMC Dialog Plus controller. These
contacts are located at terminals 18, 19 and
20. Aux Contacts 1&2 allows the user to
configure the operation of the contacts.

Normal, Up-to-speed

Aux Contact 3
A third auxiliary contact is provided between
terminal 29 and 30. Aux Contact 3 allows the
user to program the operation of the contact.

Normal, Fault

Contact 3 Config
This parameter provides the user with the
ability to program the “powered up” state of
the third auxiliary contact.

N.0., N.C.

Slow Speed Sel
This parameter allows the user to program the
Preset Slow Speed that best fits the
application.

High, Low

Slow Speed Dir
Allows the user to select the Preset Slow Speed | Forward, Reverse
direction.
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Control Options (cont.) Programming - Soft Start with Preset Slow Speed Option (cont.)

Parameter Range

Slow Accel Cur.
Allows the user to program the Preset Slow 0 to 450% of full load current
Speed acceleration current.

Slow Running Cur.
Allows the user to program the Preset Slow 0 to 450% of full load current
Speed running current.

Parameter Mgmt
The newly programmed parameters values can | Ready, Default Init., Recll Frm EE,
be saved to memory, or the factory default Store In EE
parameter values can be recalled.
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Figure 3.24 Preset Slow Speed Option Sequence of Operation

Preset Slow Speed Option (cont.)
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Control Options (cont.)

SMB[ Smart Motor Braking Option

The SMB Smart Motor Braking option provides motor tmgkfor
applications which require the motor to stop glyic It is a
microprocessor basedaking system which applies braking ant
to a standard squirrel cage induction motor. The strength of the
braking current is adjustable from 150 to 400% of full loacdtent.

Figure 3.25 SMB Smart Motor Braking Option

10

Motor |
Speed 1

i > Coast-to-rest

<— Start —»<—— Run ——>=<—Brake —>

Time (seconds
( ) Automatic Zero Speed
Shut-off

ATTENTION: Braking may cause motor heating and
equipment vibration depending on brakmgrent,
frequency of braking, and duration of kiag cycle.
Select the lowest brake current setting that ke
satisfactorily.

ATTENTION: SMB Smart Motor Braking isot
intended to be used as an emergency stop. Refes to
applicable standards for emergency stop requirements.
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SMBC Smart Motor Braking Option (cont.)

Figure 3.26 Typical Wiring Diagram for SMB Smart Motor Braking Option

r<— Control Power O

Stop O

Brake [

f)‘(F Start O

L

— FO O—e
11 12 13 14 15 16 17 18 19 20
SMC Dialog Plus
Control Terminals \7\‘\7
21 22 23 24 25 26 27 28 29 30

0O  Customer supplied.

L v

Internal
Auxiliary
Contacts

O  Refer to the controller nameplate to verify the rating of the control power input voltage.
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Control Options (cont.)

Programming - Soft Start with SMB 0 Smart Motor Braking

Option

The basic parameter set-up for Soft Start selection with SM&tSm

Motor Braking option follows:

Parameter Range
SMC Option .
“SMB Smart Motor” Braking will be displayed.
Starting Mode

Allows the user to program the SMC Dialog
Plus controller for the type of starting that best
fits the application.

Soft Start, Current Limit

Ramp Time
This sets the time period during which the
controller will ramp the output voltage.

0 to 30 seconds

Initial Torque
The initial reduced voltage output level for the
voltage ramp is established and adjusted with
this parameter.

0 to 90% of locked rotor torque

Kickstart Time
A boost of 550% of full load current is provided
to the motor for the programmed time period.

0.0 to 2.0 seconds

Stall Delay
Allows the user to program the stall protection
delay time. The delay time begins after the
start time has timed out.

0 to 10 seconds

Energy Saver
The Energy Saver feature monitors the motor
load, phasing back the voltage output to the
motor when the motor is lightly loaded or
unloaded for an extended period of time.

0ff, On

Aux Contacts 1&2
Two form C contacts are provided as standard
with the SMC Dialog Plus controller. These
contacts are located at terminals 18, 19, and
20. Aux Contacts 1&2 allows the user to
configure the operation of the contacts.

Normal, Up-to-speed

Aux Contact 3
A third auxiliary contact is provided between

terminal 29 and 30. Aux Contact 3 allows the Normal, Fault
user to program the operation of the contact.

Contact 3 Config
This parameter provides the user with the N.O. N.C

ability to program the “powered up” state of
the third auxiliary contact.

Braking Current
Allows the user to program the percentage of
braking current applied to the motor during the
stop sequence. With the SMB Smart Motor
Braking option, this is the current applied to
bring the motor to zero speed.

0 to 400% full load current

Parameter Mgmt
The newly programmed parameters values can
be saved to memory, or the factory default
parameter values can be recalled.

Ready, Default Init., Recll Frm EE,
Store In EE
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SMBC Smart Motor Braking Option (cont.)
Figure 3.27 SMB Smart Motor Braking Option Sequence of Operation

1@ 1 i N~
! N~ Smart Motor Braking
Motor i i Pl N Coast-to-rest
Speed | | RN
| | -~
l«— Start —»<——— Run ——><— Brake —= .
! Automatic Zero Speed
Time (seconds) Shut-off
Push Button !
Start |
Closed |
Open TAW ;
Sto |
P Closed I
Open L1

Smart Motor

Braking Closed
Open u
Auxiliary |
Contacts |
If Brake Selected
‘ v
Normal ‘ !,,,, ,l ,,,,,,,

If Coast-to-rest SelectegL

Up-to-speed é

ATTENTION: The user has the ultimate respongipil
to determine which stopping mode is best suited to th
application and will meet applicable standards for
operator safety on a particular machine.
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Control Options (cont.) Accu-Stop/Slow Speed with Braking Option

The Accu-Stop portion of this option provides rapid brakingstoe
speed, and then braking t@t facilitating cost-effective general
positioning control.

Figure 3.28 Accu-Stop Option

10 1 i )
Motor i V
Speed | 7% or 15% ! Braking’ Slow Speed
/ | | Braking/Coast
: : : Slow N
| : ! Speed -~ A

<— Slow —><——>»<—— Run ——>=<—— Accu-Stop —>
Time (seconds)

ATTENTION: Slow speed running is not inteed for
continuous operation due to reduced motor cooling.

ATTENTION: Braking may cause motor heating and
equipment vibration depending on brakmgrent,
frequency of braking, and duration of kiag cycle.
Select the lowest brake current setting that ke
satisfactorily.

ATTENTION: Accu-Stopis notintended to beed as
an emergency stop. Referto the applicable standards for
emergency stop requirements.
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Accu-Stop Option
Figure 3.29 Typical Wiring Diagram for Accu-Stop Option

<— Control Power O

Stop O
| o
Accu-Stop O
Start O

O O J;
- |© ot
1 [ | ]

11 | 12 13 | 14 |1 16 | 17 | 18 | 19 | 20

SMC Dialog Plus

Control Terminals 7\1\7

Internal
Auxiliary
Contacts

21 | 22 | 23 | 24 | 25 | 26 | 27 28 | 29 | 30

n

O  Refer to the controller nameplate to verify the rating of the control power input voltage.

0O  Customer supplied.
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Control Options (cont.) Programming - Soft Start with Accu-Stop Option

The basic parameter set-up for Soft Start selection with Atmp-S
option follows:

Parameter Range
SMC Option .
“Accu-Stop” will be displayed.
Starting Mode

Allows the user to program the SMC Dialog Plus
controller for the type of starting that best fits
the application.

Soft Start, Current Limit

Ramp Time
This sets the time period during which the 0 to 30 seconds
controller will ramp the output voltage.

Initial Torque
The initial reduced voltage output level for the
voltage ramp is established and adjusted with
this parameter.

Kickstart Time
A boost of 550% of full load current is provided | 0.0 to 2.0 seconds
to the motor for the programmed time period.

Stall Delay
Allows the user to program the stall protection
delay time. The delay time begins after the
start time has timed out.

0 t0 90% of locked rotor torque

0 to 10 seconds

Energy Saver
The Energy Saver feature monitors the motor
load, phasing back the voltage output to the 0ff, On
motor when the motor is lightly loaded or
unloaded for an extended period of time.

Aux Contacts 1&2
Two form C contacts are provided as standard
with the SMC Dialog Plus controller. These
contacts are located at terminals 18, 19, and
20. Aux Contacts 1&2 allows the user to
configure the operation of the contacts.

Aux Contact 3
A third auxiliary contact is provided between

Normal, Up-to-speed

terminal 29 and 30. Aux Contact 3 allows the Normal, Fault
user to program the operation of the contact.

Contact 3 Config
This parameter provides the user with the N.O. N.C

ability to program the “powered up” state of the
third auxiliary contact.

Slow Speed Sel
This parameter allows the user to program the High, Low
Preset Slow Speed that best fits the application.

Slow at Start
This parameter allows the user to activate or Off, On
deactivate the Preset Slow Speed.

Slow Accel Cur.
This parameter allows the user to program the | 0 to 450% of full load current
Preset Slow Speed acceleration current.
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Programming - Soft Start with Accu-Stop (cont.)

Parameter

Range

Slow Running Cur
This parameter allows the user to program the
Preset Slow Speed running current.

0 to 450% of full load current

Brake to Stop
This parameter allows the user to program
the controller to brake from full speed to zero
speed.

No, Yes

Braking Current
Allows the user to program the percentage of
braking current applied to the motor during the
stop sequence. With the SMC Smart Motor
Braking option, this is the current applied to
bring the motor to zero speed.

0 to 450% full load current

Stopping Current
Allows the user to program the percentage of
braking current applied to bring the motor from
Preset Slow Speed to zero speed.

0 to 400% of full load current

Parameter Mgmt
The newly programmed parameters values can
be saved to memory or the factory default
parameter values can be recalled.

Ready, Default Init., Recll Frm EE,
Store In EE
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Control Options (cont.) Accu-Stop Option (cont.)
Figure 3.30 Accu-Stop Option Sequence of Operation
100% |- Braking
Motor i i

Speed 0 ! ! Slow Speed

| } Braking/Coast
‘ ! Slow Speed
e S|0W~>i<— —»<———— RUN —— >« Accu-Stop—%—A
Speed | Sttt Time (seconds) | | |
Push Button | | | | |
Start | | | | |
Closed : ! 1 ! 1
Open ’i—‘ ; ; i |
Stop | ! ! j |
Closed ‘ : ; ; ‘ ;
Open ! | | ! |
Accu-Stop ! ! ! ! 1
Closed [ | P | i |
Open ! ! | Slow | |
Auxiliary 1 ! ! Speed ! !
Contacts | : : Braking \ l
Norma | | | | /J L

| | If Coast-to-rest Selected: | l
Up-to-speed | | | |

O  Slow Speed Start Select “On.”
0O  When Accu-Stop push button is closed, start/stop function is disabled.

ATTENTION: The user has the ultimate respongipil
to determine which stopping mode is best suited to th
application and will meet applicable standards for
operator safety on a particular machine.
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Accu-Stop/Slow Speed with Braking Option

The Slow Speed with Braking portion of this option combines the
benefits of the SMB Smart Motor Braking and Preset Sloee8p
options for applications that require slow set-up speeds akdhbgrto
a stop.

Figure 3.31 Slow Speed with Braking Option

100% ——

Motor
Speed 7% or 15%

< Glow > =_—>=<—Run —>=<—Stop ————>

Start
Speed Time (seconds)

ATTENTION: Slow speed running is not inteed for
continuous operation due to reduced motor cooling.

ATTENTION: Braking may cause motor heating and
equipment vibration depending on brakmgrent,
frequency of braking, and duration of kiag cycle.
Select the lowest brake current setting that ke
satisfactorily.

ATTENTION: Slow Speed with Braking is not
intended to be used as an emergency stop. Refer to th
applicable standards for emergency stop requirements.
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Control Options (cont.)

Slow Speed with Braking Capability

Figure 3.32 Typical Wiring Diagram for Slow Speed with Braking Capability

O
O

<— Control Power O

— Stop O

O Brake O

| o
Slow Speed [ -

O O Strtd

L
©_ 7

0T [

11 |12 13 15 16 | 17

18

19 | 20

SMC Dialog Plus
Control Terminals

21 | 22 | 23 | 24 | 25 | 26 | 27

28

29 | 30

Customer supplied.

T

Internal
Auxiliary
Contacts

Refer to the controller nameplate to verify the rating of the control power input voltage.
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Programming - Soft Start with Slow Speed with Braking

Capability

The basic parameter set-up for Soft Start Selection with Sjowed

with Braking capability follows:

Parameter Range
SMC Option .
“Accu-Stop” will be displayed.
Starting Mode

Allows the user to program the SMC Dialog Plus
controller for the type of starting that best fits
the application.

Soft Start, Current Limit

Ramp Time
This sets the time period during which the
controller will ramp the output voltage.

0 to 30 seconds

Initial Torque
The initial reduced voltage output level for the
voltage ramp is established and adjusted with
this parameter.

0 t0 90% of locked rotor torque

Kickstart Time
A boost of 550% of full load current is provided
to the motor for the programmed time period.

0.0 to 2.0 seconds

Stall Delay
Allows the user to program the stall protection
delay time. The delay time begins after the
start time has timed out.

0 to 10 seconds

Energy Saver
The Energy Saver feature monitors the motor
load, phasing back the voltage output to the
motor when the motor is lightly loaded or
unloaded for an extended period of time.

0ff, On

Aux Contacts 1&2
Two form C contacts are provided as standard
with the SMC Dialog Plus controller. These
contacts are located at terminals 18, 19, and
20. Aux Contacts 1&2 allows the user to
configure the operation of the contacts.

Normal, Up-to-speed

Aux Contact 3
A third auxiliary contact is provided between
terminal 29 and 30. Aux Contact 3 allows the
user to program the operation of the contact.

Normal, Fault

Contact 3 Config
This parameter provides the user with the
ability to program the “powered up” state of the
third auxiliary contact.

N.0., N.C.

Slow Speed Sel
This parameter allows the user to program the
Preset Slow Speed that best fits the application.

High, Low

Slow at Start
This parameter allows the user to activate to
deactivate the Preset Slow Speed.

0ff, On

Slow Accel Cur.
This parameter allows the user to program the
Preset Slow Speed acceleration current.

0 to 450% of full load current
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Control Options (cont.) Programming - Soft Start with Slow Speed with Braking
Capability (cont.)
Parameter Range

Slow Running Cur
This parameter allows the user to program the | 0 to 450% of full load current
Preset Slow Speed running current.

Brake to Stop
This parameter allows the user to program the
controller to brake from full speed to zero
speed.

No, Yes

Braking Current
Allows the user to program the percentage of
braking current applied to the motor during the
stop sequence. With the SMC Smart Motor
Braking option, this is the current applied to
bring the motor to zero speed.

0 to 400% full load current

Stopping Current
Allows the user to program the percentage of
braking current applied to bring the motor from
Preset Slow Speed to zero speed.

0 to 450% of full load current

Parameter Mgmt
The newly programmed parameters values can | Ready, Default Init., Recll Frm EE,
be saved to memory. or the factory default Store In EE
parameter values can be recalled.
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Slow Speed with Braking Capability (cont.)
Figure 3.33 Slow Speed with Braking Gapability Sequence of Operation

100% —— Braking

Motor
Speed

l«— Slow ——>  ~—Start —>-<———— Run ——>-<— Brake —>
Speed '
Push Button Time (seconds)

Start

Open

Stop

Closed
Open
Slow Speed

Closed i ﬁ
Closed | i

Open

S

Auxiliary i

Contacts
Normal 4'

-

I

Up-to-speed i

ATTENTION: The user has the ultimate respoiiiib

to determine which stopping mode is best suited to th
application and will meet applicable standards for
operator safety on a particular machine.




Chapter 4

Application Profiles for the SMC Dialog
Plus Gontroller

In this chapter, a few of the many possible applications faBMeE
Dialog Plus contrdér are described. The basis for selecting
particular control method is also dé¢ai. Illustrations arancluded to
help identify the particular application. Motor ratings are specified,
but the ratings may vary in other typical appicas.

For example, a tumbler drum is described as requiring the Soft Start
feature. The application is examined further to determine how the
SMC Dialog Plus controller options can be used to awprthe

tumbler drum performance and protiuity.
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Figure 4.1 Compressor with Soft Start

208-480 Volts

Inlet Valve 50-250 HP
(— 50/60 Hz
X
Air Filter ——»
| ‘ ‘ Turn Valve
Ports
NUUUU Motor
Problem: A compressor OEM shipped its equipment iot@rseas

Solution:

markets. There were many different voltage and
frequency requirements to meet because of the
compressor's final destination. Due to power company
requirements and mechanical stress on the compressor,
reduced voltage starter was required. This made ordering
and stocking spare parts difficult. Energy s@a was
desired because this is typically onelaflarger motors

in the plant and it frequently runs titly loaded. Aso,
because of the size of the motor, the incoming line
voltage unbalance was causing excessive heating in th
motor.

The SMC Dialog Plus controller was installed andfeet
an 18-second Soft Start, which reduced the voltagieeto
motor during starting and met the power camp
requirements. By reducing the voltage, the starting
torque was also reduced, minimizing the shock to the
compressor. Panel space was saved because the SMC
Dialog Pluscontroller has a built-in overload feagu

The Phase Rebalance feature automatically adjtsted
voltage output to balance the three-phase currents drawn
by the motor. In addition, the Energy Saver feature
optimized the voltage to the motor while it was ringn
unloaded.
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Figure 4.2 Tumbler with Dual Ramp Start

Loading Door

480 Volts
25 HP

Tumbler Drum Drive Chain

Problem:

Solution:

Motor

L]

A tumbler used in a nail finishing process wasahing
the drive chain because of uncontrolled acceleration from
the across-the-line start. In addition, a reversiaget
was needed to position the drum to the toptjmrsior
loading the product. Because of the lack of controlled
acceleration, numerous jogs weised to posion the
drum. The stopping time was notancern in this
application. When in maintenance mode, the tumble
started unloaded, reaching full speed \anckly. A
second starting ramp, for unloaded cdiodis, was
desired. Additionally, single phasing of timetor was a
frequent problem, causing premature motor failure.

The SMC Dialog Plus controller was installed after the
reversing contactor to control the starting torque of th
motor. This dereased the spging of the drive lsain on
start up, which in turn increased the life of the chain and
reduced the downtime on the tumbler. In additithe
SMC Dialog Plus contrédr made it easier to jog the
drum into position for loading and unloadin@’he SMC
Dialog Pluscontroller slowedhe acceleration rate to
prevent overshoot.) When in maintenance mode, the
Dual Ramp Start feature of the SMC Dialog Plus
controller was utilized to provide a soft start specifica
for no load conditions. This improved the guativity of
the loading and unloading process. Further i
Dialog Pluscontroller quickly detected a phase failure
during either the starting or running modes. The
controller would shut off with a “line fault’andition and
prevent restarting the motor until the line had been
corrected. This provided additional protectionte
motor and system.
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Figure 4.3 Tumbler with Soft Start and SMB Smart Motor Braking Option

Loading Door

480 Volts
150 H

Tumbler Drum Drive Chain

Problem:

Solution:

Motor

A tumbler drum used in the de-burring process was
breaking the drive chain because of the unadiet!
acceleration from the across-the-line starter. To increase
production on the drum, the coasting timestop had to
be reduced. feévious solutions were a separate stdtt
packageplus a motor brake, which required aduafiil
panel space and power wiring. A smeticlosure siz
and simplified power wiring were needed to redinee
cost of the controls. Because a PLC was adiittg
several other processes in the facility, communication
capabilities were desired.

The SMC Dialog Plus controller with the SMBnart
Motor Braking option was insllad on the process. The
Soft Start provided a smooth acceleration of the drive
chain, which reduced dowime. The controlled
acceleration made positioning for loadiagloading
easier. The SMB Smart Motor Braking option allowed
the system to be stopped quickly, improving produgtivi
Further, the SMB Smart Motor Braking option diot
require additional panel space or wiringhe SMC
Dialog Pluscontroller’sbuilt-in overload eliminated the
need to mount an external overlo@iay inthe
enclosure, saving further panebse. The
communication feature of the SMC Dialog Plus
controller allowed for remote starting and stopping of th
process from a PLC.
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Figure 4.4 Tumbler with Accu-Stop Option

Loading Door

480 Volts
150 H

Tumbler Drum Drive Chain

Problem:

Solution:

Motor

A tumbler drum used in a hide processing plant required
a controlled acceleration to prevent the dritaain from
breaking. In addition, it was desirable to minimize the
loading and unloading time. The drum would cdast
long period of time before stopping for unloading.
Prevously, a soft start with electronic brake haskh
applied. This method still required excessivgging for
loading and unloading, which resultedeixtended
production times. It also required additional panel space
and wiring for the brake. Consequentigher

installation costs were incurred.

The SMC Dialog Plus controller with the Ac8tep

option was installed. This allowed the drum to b
positioned for loading using the Preset Slow Speed. For
unloading, the drum was rotated at Preset Slow Speed
and then accurately stopped. This @ased the
productivity of the loading/unloading cycl@he SMC
Dialog Plus controller required no additionahpaspace

or power wiring, facilitating a smooth retroéind

reducing the installation sts.
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Ground Level

A

Figure 4.5 Pump with Soft Start

Check Valve

w o

480 Volts
30 HP

Pump

Problem:

Solution:

A municipal water company was experiencing peots
with pump impellers being damaged. The damage
occurred during an across-the-line start and was caused
by the heavy shock to the impeller. The pumpitadien
motor was over 100 feet below ground, makiegair

costly. For maintenance scheduling purpose&lapsed
time meter measuring motor running time had to b
installed in the enckure. Additional cocernswere

energy consumption and frequent line failures, which
resulted in single phasing the motor.

The SMC Dialog Plus controller was installed, providing
a controlled acceleration of the motor. By dasieg the
torque during start-up, the shock to the impellas
reduced. The SMC Dialog Plus controller's biilt
Energy Saver feature was automatically activated
whenever the pump was lightly loaded for longiqes of
time. Panel space was saved by employing tHeibui
elapsed time meter. The SMC Dialog Plus controller's
line diagnostics detected the pre-start and runsingle
phase condition and shut off the motoergby

protecting against motalamage.
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Figure 4.6 Pump with Pump Control Option

Motor

Intake

480 Volts
150 HP

Check Valve

.\

D
CJ

Outlet @

P

Pump Housing

Problem:

Solution:

A municipal pump was utilizing a soft start controller
with soft stop to control the pump motor. The sbdip

was controlling the motor in an open looghi@on by
reducing the voltage to the motor. Because therenaias
enough torque provided to the motor to drive tteal|dhe
motor’s stall point was quickly reached. During the stop
mode, severe surges were causing pipe viirand
breakage.

The SMC Dialog Plus controller with the Pump @oh
option was installed. The Pump Control optiemoved

the surges by controlling the speed of the mdtoing
starting and stopping. The maprocesor insidethe

SMC Dialog Plus controller analyzed the motor variables
and generated control commands to reduce the surges in
the system.



4-8

Application Profiles for the SMC Dialog Plus Controller

Figure 4.7 Bandsaw with Soft Start

Saw Blade

Problem:

Solution:

480 Volts
300 HP

High Inertia Wheels

Because of the remote location of the facility and powe
distribution limitations, a reduced voltage starter was
needed on a bandsaw application. The saw was turned
off only during shift chages. When the saw blade
became dull, the currentalwn by the motor incesed.
Therefore, an ammeter was required. Metering th
application for jam conditions was a necessity. In
addition, single phasing of the motor wagrablem
because of distribution limitans.

The SMC Dialog Plus controller was installed toyid

a reduced voltage start. This minimized the stgrt
torque shock to the system. The Energy Saver feature
was activated whenever the bandsaw was rurlightly
loaded. The current monitoring and jaetecion

features of the SMC Dialog Plus controller were
implemented, saving valuable panel space and the cost o
purchasing dedicated monitoring devicd$ie

controller's built-in programmable overload pgotion

was utilized. The SMC Dialog Plus controller’s
diagnostic capabilities would detect singleasing and
shut the motor off accordingly.
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Saw Blade

Figure 4.8 Bandsaw with Soft Start and SMB Smart Motor Braking Option

Problem:

Solution:

480 Volts
250 HP

High Inertia Wheels

A bandsaw application reqeid a reduced voltage start
because of power company restrictions. A brake package
was required to reduce the stopping time oEtwe.
Prevously, an autotransformer had been used to ttart
saw. The saw was stopped by sawing down. Sawing
down is accomplished by running logs throughshe
after the motor has been de-energized, which results in
large amount of scrap lumber. Other stoppinghoes
using dedicated braking devices were investigated but
were unacceptable because of overly complex
installation. Additionally, other stging mehods

required panel space for the brake module, brak
contactors and timers, and they offered no zero speed
detection.

The SMC Dialog Plus controller with the SMBnart

Motor Braking option was insta&t. It povided the

reduced voltage start needed to meet the power company
restrictions. The SMB Smart Motor Braking impt did

not require additional panel space or DC braking
contactors. The starting and stopping canivas

furnished in a single modular design, providing ease of
installation.
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Figure 4.9 Bandsaw with Soft Start and Slow Speed with Braking Option

Saw Blade

Problem:

Solution:

480 Volts
300 HP

High Inertia Wheels

A bandsaw required 25inutes to coast to a stop to
routinely change the saw blade. raking packge was
required to reduce the stopping time. Other methods
using dedicated braking devices were investigated but
were unacceptable because of overly complex
installation. These ethods required additionphnel

space for the brake module, brake contactors, and timers.
Because of potential alignment problems, it was
dangerous to bring the saw up to fulesp afte

installing a new blade.

The SMC Dialog Plus controller with the Slow Speed
with Braking option was installed. It provided a Preset
Slow Speed, allowing the saw blade tracking to b
inspected before the motor was brought to $pked.

The braking option of the SMC Dialog Plus controlle
did not require additional panel space or DC braking
contactors. Starting and stopping control was furnished
in a single modular unit, providing ease of instiabn.



Application Profiles for the SMC Dialog Plus Controller 4-11

Figure 4.10 Trolley with Dual Ramp Start

Problem:

Solution:

240 Volts
10 HP

Tow Chain

A trolley carrying ceramic tiles entered a kiln for heating.
When heated, the trolley exited the kiln and entered th
production area. Any abrupt movemeatised theiles

to fall over, resulting in damaged product. An across-the-
line starter, gearbox, and fluid coupling wesed to
perform this work, with some lost production exjgec

The SMC Dialog Plus controller was installed to utiliz
acceleration control, which resulted in iroped

productivity and a reduction in damaged prod Th
maintenance time for the fluid coupling waso

minimized. Further, the Dual Ramp Start featureveadio

for two separate acceleration ramps to be programmed;
one ramp for a start with a heavy load, and one for a start
with the lighter tiles loaded.
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Figure 4.11 Trolley with Soft Start and Preset Slow Speed Option

240 Volts
10 HP

Problem:

Solution:

A trolley application required a slow speed, as well as
soft start, to eliminate product tipping while acceie
from rest. A variable frequency drive wesnsidered.
However, variable speed was not required duttiregrun
cycle. A cost-effective solution was desired.

The SMC Dialog Plus controller witihe Preset Slow
Speed option was installed. The Preset Slow Speed of
15% of rated speed was selectédter running at 15

of full speed for a few seconds, a 25-secoampstart

was selected to accelerate the motor to full speed. The
SMC Dialog Plus controller withreset Slow eed

helped protect against product tipping during stgt-In
addition, the desired acceleration control was provided at
a reasonable cost.
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Intake ——=

Figure 4.12 Exhaust Fan with Soft Start

Problem:

Solution:

[
[
[
[
[
[
u Belts
|1
|1
[
[
[
[

480 Volts
60 HP

——>» Exhaust

Motor

The belts on an exhaust fan weredguently braking,
causing maintenance pieims. In addition to the high
cost of the belts, the fan belt guard was cuntdressto
remove. The high starting torque from thetonevas
major contributor to the belt wear. Also, remote starting
and stopping of the fan from a PLC was desired. Panel
space was limited, requiring a compact device.

The SMC Dialog Plus controller was installed as a

retrofit to the existing starter. The ramp time wadaet

28 seconds, facilitating a smooth decation while

reducing the starting torque of the motor andimining

the mechanical shock to the belts. The SMC Dialog Plus
controller has communication capabilities built-in,
allowing for remote control via a PLC. It also Hmaslt-

in overload protection, which saved valuable panel space.
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Figure 4.13 Palletizer with Dual Ramp Start

Problem:

Solution:

480 Volts
1-1/2 HP

A palletizer moved cereal boxes through a packaging
process to a shrink wrap etd@ne. Across-the-line

starting caused unwanted product spillage, as well as an
interruption of production due to the uncontroltecjue
from the motor on start-up. Since seveygles of

cereals, in different size boxes, were produced on the
same line, the ability to match thecaleration ramp to

the cereal was desired. The facility was standardized on
Allen-Bradley’s Motor Control Centers. Therefore, the
installation of the soft start in an MCC plug-in bucket
was required.

The SMC Dialog Plus controller was installed, furimgh

a controlled acceleration, reducing the shock tdahe,

and eliminating product spillage. The Dual Ramp Start
feature allowed the controller to be programmstti two
separate acceleration ramps, more closely matching
motor acceleration with the cereal producdthe SMC
Dialog Pluscontroller was istalled in a Motor Control
Center plug-in bucket, making the packaging attractive to
the customer and eliminating the need for adstone
enclosure.
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Figure 4.14 Palletizer with Soft Start and Preset Slow Speed Option

Paper
Stacks

240 Volts
7.5HP

Bander

S

Problem:

Solution:

Stacks of paper on a conveyor were moved to a bander
and then moved through therater pocess onto akid.
When the papers were loose, a controlled Ipeesl
acceleration into theamder was required. Afténe

papers were bound, a soft start was needed to keep the
bundles from falling off the palletizer. The expense of a
variable frequency drive to control the motor speed was
not feasible.

The SMC Dialog Plus controller witthhe Preset Slow
Speed option was installed, eliminating the need for
frequent jogging of the conveyor to align the ledth

the bander. The loose papers were moved intoahddy

at 15% of full speed. A Soft Start was used to accelerat
the motor to full speed, and load the bound stacks on th
skid. The SMC Dialog Plus controller was a cost
effective method of achieving the results requiredhay
application.
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Figure 4.15 Rock Crusher with Soft Start

-
) ()

Gearbox

Motor: 250
480 Volts
Starts: Unloaded

\\$

Motor

Problem:

Solution:

Discharge

Because of the remote location of a rock quarry, the
power company required a reduced voltage start on all
motors over 150 HP. The starting current loesie larg
motors strained the capacity of the power systemsiog
severe voltage dips. When the rock crusher became
overloaded, the coent drawn by the motor ineased.
Therefore, current monitoring capabilities witkfire soft
starter were required. Because the conveyor fedtang
rock crusher was controlled by a PLC, communications
between the soft starter and a PLC was necessary. The
rock crusher ran unloaded at times, and oocesiy

stall or jam would occur.

The SMC Dialog Plus controller was installed, nregt
the power company requirements. The metering
capabilities of the SMC Dialog Plus contsslallowed

the current drawn by the motor to be monitored. With
built-in communications capabilities, the motorreumnt
could then be communicated to the PLC. Wtien

motor current reached a specified limit, the eyor
feeding the rock crushepuld be slowed. Bylewing

the conveyor, a jam condition in the rocksimar was
avoided. The Energy Savkrature of the controlle
reduced the voltage to the motor when the system was
running lightly loaded. The stall and jam detection
capabilities of the SMC Dialog Plus controller wic

shut off the motor when a stall or jam condition occurred.
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Input

Figure 4.16 Shredder with Soft Start

Scrap

480 Volts
200 HP

Shredder Teeth

~\

Motor

Output

Problem:

Solution:

Gearbox

Because of power company restrictions, a metadster
required a reduced voltage start. Occasionaljgma
would occur during the shredding process. Addélly,
the equipment ran uoéded for long péods. An
autotransformer-type starter had been used indke p

The SMC Dialog Plus controller was installed,
facilitating a reduced voltage start. Thantroller also
provided jam @tection,which helped protect agast
excessive motor heating when a jam conditi@s
encountered. The Energy Saver feature of the SMC
Dialog Pluscontroller reduced theoltage to the motor
when the motor was running lightly loaded. Thadthbn
overload feature of the controller saved valuable panel
space.
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Figure 4.17 Hammermill with Current Limit Start

480 Volts
250 HP
N Belts
I I .
Hammer H H H/
\ [ I [
[
[
I I .
[
I I .
I I .
I I .
I I .
I I .
Feed
Motor

Problem: A hammermill with a high inertia load required a reduced
voltage start because of power company restrictions.
High torque orstart-up was causing belt wear.neh
space was very limited. Traditional reduced voltage
starters would not fit in the availabdpace.

Solution: The SMC Dialog Plus controller was installed andfeet
a 23-second, 425% current limit start, which thet
power company’s requirement for the reduced voltage
start. The belt life was extended since the stattingue
was reduced. A current limit start was selectegliokly
break away the high inertia load and still provide a
reduced voltage start. The Energy Saver feature was used
when the mill was running lightly loadedhe compact
size of the SMC Dialog Plus controller, along with th
built-in overload feature, enabled the controller torfioi
the available panel space.
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Figure 4.18 Hammermill with Current Limit Start and
SMB Smart Motor Braking Option

Hammer

Feed

480 Volts
200 HP
ol Belts
[ H/
[
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Motor

Problem:

Solution:

A hammermill required a reduced voltage start because
of power company restricths. A stopping timeeks than

the present five minute coast-to-rest was desired. To save
panel space, the customer wanted to incorporate both
starting and stopping control in the same device.

The SMC Dialog Plus controller with the SMBnart
Motor Braking option was installed. A 23-sed, 450%
current limit acceleration was programmed, timegthe
power company requirements and reducing the
mechanical stress on the belts during start-up. Th
braking function was accomplished with@aiditional
power wiring, panel space, or contactors. Zero speed
detected without additional sensors or timers. The
current limit start, braking, and overload protectiogrev
accomplished within the same modulackege.
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Motor

Figure 4.19 Centrifuge with Current Limit Start

480 Volts
250 HP

Because of the high starting torque, thergjeato a
centrifuge was being damaged. A reduced voltage starter
was desired because this motor was near the etie of
distribution line. In addition, the incoming power was
unbalanced. A controller with a circuit breaker
combination enclosure was needed. When the enclosur
door was open, the controller’s circuit boards could not

[ ]
Centrifuge
Gearbox
Problem:
be exposed.
Solution:

The SMC Dialog Plus controller was installed whs
programmed for a 27-second, 300%reant limit start,

which limited the starting torque of the motord the

shock to the gghox on start-up. The Energy Saver
feature reduced the voltage to thetor when itwas

running lightly loaded. The SMC Dialog Plus catier

was ordered as a combination controller withraudt
breaker. The SMC Dialog Plus controller has no exposed
circuit boards, fulfilling the packaging regaments.
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Figure 4.20 Centrifuge with Current Limit Start and
SMB Smart Motor Braking Option

480 Volts
75 HP

Centrifuge

Motor Gearbox

Problem: A centrifuge required a reducedltage start because of
power company restrictions. The high torque during
starting was causing damage to the gearboshdtte
stopping time than the present fifteen minutestae-
rest was desired. The long stop time caused delahe in
production process. A Wye-Delta starter with a
mechanical brake was currently in use. A zegreesl
switch was used to release the brake. The mechanical
brake required frequent maintenance and replacement,
which was costly and time consing. Boththe
mechanical brake and zero speed switches were worn out
and required replacement.

Solution: The SMC Dialog Plus controller with the SMBnart
Motor Braking option was installed. The controleas
set for a 28-second, 340% current limit start, meetieg
power company requirements and reducing theistgart
torque stress to the gearbox. The SMB Smart Moto
Braking option allowed the centrifuge $top in
approximately one minute. The SMC Dialog Plus
controller with SMB Smart Motor Braking option diabt
require additional mounting space or paneiwgr Th
controller was mounted in a panel that was comalulg
smaller than the previous controller. Additionally, the
controller did not require frequent maintenance and could
sense zero speed without a feedbdekice.
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Figure 4.21 Mixer with Dual Ramp Start

575 Volts
25 HP

]

Motor

Problem:

Solution:

A mixer used an across-the-line starter to control motor
starting. The shock from the full voltage start frequently
broke the shear pin, causing the&tch to be ruined as th
material solidified. Further, when the shear pioke,

the vat required cleaning. Occasionally, the material
would begin to congeal before the mixer waststh

Full starting torque would then be required. Hina
connection to the PLC controllirgany of the
applications irthe facility was required.

The SMC Dialog Plus controller was installed andfeet

a 13-second soft start, which smoothed tieck tothe
impeller on start-up and kept the shear pin from breaking.
The Energy Saver feature reduced the voltage to the
motor when it was running lightly loade@he SMC
Dialog Plus controller’s Dual Ramp Start featureatd

for two starting ramps: the first for normal sitag
conditions and the second with a highertsigrtorque

for the occasions when the product had begwongeal.
The Dual Ramp Start feature saved valuable production
time, since the vat no longer required unloading once th
product started to congeal. The comigations

capability of the SMC Dialog Plus controller allowed fo
connection to th&LC.
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Figure 4.22 Mixer with Preset Slow Speed Option

480 Volts
250 HP

Motor

Gearbox

Ribbon
Blades

e e

Problem: A mixing process required a soft start to prevent damage
to the mixer, as well as meet the local power requirement
for reduced voltage stantj. Running the mehine at
slow speed on start-up to ensure it was not binding was
desirable. The mixer would then be run at full speed.

Solution: The SMC Dialog Plus controller witthe Preset Slow

Speed option was installed, allowing th&en to be

jogged at slow speed to ensure there was no bindihg.
SMC Dialog Plus controller was then set forzasecond
soft start to meet the local reduced voltage requinéeme
The Energy Saver was activated for slack production
periods. This allowed for greater control of the moto

without the expense of a vable frequency drive.
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Fan

Motor

Figure 4.23 Chiller with Soft Start

240 Volts
75 HP

Condenser

G

Problem:

Solution:

A belt-driven fan on a chiller was frequently breaking th
belt because of high starting torque. Esgaiee downtime
was incurred because the housing had to bevethto
replace the belt. A combination across-the-lirzetst

was being used to control the motor. Control papek
was limited. A device utilizing the same control agjé
and line voltage was required because there wagaro r
in the panel for a control circuit transformer.

The SMC Dialog Plus controller was installed as a
retrofit to the chiller. It was set for an 18-second soft start
to reduce the snap to the belts as a result of the high
starting torque. It also reduced belt “squealing”
previously experienced during start-up. Besmathe
SMC Dialog Plus contrégr can operate with 240 volt
control voltage and line voltage, a control circuit
transformer was not required. The built-in overload
protection on the SMC Dialog Plus controller further
reduced the panel space required. The customeallas
to retrofit the controller into the existingpel space.
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Unwind
Spool

Figure 4.24 Wire Draw Machine with Soft Start

Die

Wire

575 Volts
5HP

Take-Up Spool

Chain

Problem:

Solution:

Motor

An across-the-line starter was used on a wire draw
machine to pullvire. This rapid cycling application
caused mechanical wear on both the chain and th
electromechanical starter. Other soft starts had been
experimented with, but not enough torque was lbgesl
to pull the wire through the die.

The SMC Dialog Plus controller was installed to
accelerate the motor smbdy. The kickstart feature was
adjusted to provide enough torque to pull e

through the die. After the initial kickstart, the cotigo
went back to the soft start acceleration mode, reducing
the amount of starting torque on the chain and helping to
lower maintenance inspection and repair time. The
controller was set for a 9-second ramp time.
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Figure 4.25 Cooling Tower Fan with Dual Ramp Start

480 Volts
50 HP

Air Flow

Motor

Problem:

Solution:

A chain-driven fan that moderates the temperature of
water in a chemical process was started across-the-line.
The system required frequent inspeciom

maintenance because of problems with the cthdie.

In the winters, ice would form on the blades. Also, the
air density varied between winter and sumnagdrich
affected the starting time. A controlled start was
required.

The SMC Dialog Plus controller was installed toyid

a controlled acceleration, thereby minimizihe
mechanical shock encountered during an acrosfirtbe-
start. Maintenance inspection was also reduced. In th
winter, when a longer start was required, the controlle
could quickly be switched to the second ramghefDual
Ramp Start feature.
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Figure 4.26 Power Walk with Soft Start and Soft Stop Option

240 Volts
15 HP

O

Problem:

Solution:

Motor

A power walk in an airport required a soft start to prevent
damage to the drive chain gearbox on start-up. A soft
stop was also required in case the power walk would b
shut off while people were on the belt. Several power
walks were installed in the airport, and each required its
own soft starter. A controller that could be quickly
replaced and adjusted wajuired. Also, panel space
was limited.

The SMC Dialog Plus controller with the Sotbf

option was installed. An 8-second soft start and a 12
second soft stop were programmed into therodiat,
facilitating a controlled start and stop. During periods
when the walk was unloaded, the SMC DialdagsP
controller's built-in Energy Saver faak redeedthe
voltage to the motor. The built-in overload protesct
eliminated the need for a separate overload relay, thereby
saving panel space. In the event that a control module
needed replacement, one could be quickiyggéd in.

The same control module was used for all applications,
minimizing spare parts requirements.
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Figure 4.27 Escalator with Preset Slow Speed Option

240 Vol
7.5HP

Problem:

Solution:

An escalator in a shopping mall required a soft start to
prevent damage to the drive chain gearbox on start-up. A
slow speed capability was also required for insipa

and maintenace. Because the stairs were at either end of
the mall and the escalator was located in the centaeof
mall, a controller that could be quickly repked was
required. The control panel, located under the escalator,
was by necessity very small.

The SMC Dialog Plus controller witihe Preset Slow
Speed option was installed. The controller jsied both

a soft start, reducing the damage to the drive chain
gearbox, and a slow speed, for ingectand

maintenance. The built-in overload protection eliminated
the need for a separate overload relayjrgy valudle

panel space.
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Motor

Box

Figure 4.28 Towline Conveyor with Soft Start

240 Vol
15 HP

Chain
Conveyor

Box L /

Motor

Motor

Problem:

Solution:

A towline conveyor in a freight house had three on®to
drive the conveying system. Across-the-line staatssed
damage to the conveyor and spilled freighttuan
conveyor. Occasionally, the conveyor would stop fully
loaded. An across-the-line start would then belade¢o
provideenough torque to accelerate the load.

The conveyor OEM installed a single SMC DialdgsP
controller to provide a smooth acceleratioratiothree
motors, reducing the starting torque of the motors and the
mechanical shock to the conveyor and load. In aadit

the controller could be configured to simulateila

voltage start, allowing the conveyor to accelevaten

fully loaded. The OEM liked the SMC Dialog Plus
controller because of its ability to control threetars as

if they were a single motor, eliminating the need fo
multiple soft starters.
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Figure 4.29 Towline Conveyor with Soft Start and Soft Stop Option

480 Volts
15 HP
Pallet
Load Load
o \\ * \\ ,,,,,,,,,,, J \\ o
Gearbox
Motor

Problem: A towline conveyor at the end of a production line had
frequent damage to the gearbox caused by the starting
torque from across-the-line starting of the motdhere
were also frequent spills during starting arpping.
Occasionally, the conveyor needed to tagted under
heavy load. This towline application had a variety o
starting requirements that other soft starters coatd
satisfy. Investing in a variable speed drive wascost
effective.

Solution: The SMC Dialog Plus controller with the Soto§
option was installed as a retrofit to the existicgoas
the-line starter. The starting and stopping times wer
programmed for 13 seconds. The reducedistarorqu
decreased the shock to the gearbox and tkepibad
from shifting on start-up. The Soft Stop optjmotected
against loads shifting while giping. The kickstart
feature was used to provide a pulse of current to break
load away when higher starting torque was required. The
SMC Dialog Plus contrégr met the starting
requirements and was a cost-effective solution.
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Figure 4.30 Chain Conveyor with Soft Start

Bundle

Motor

Problem:

Solution:

480 Volts
7.5 HP

Bundle

A chain conveyor was used to transport bundlesapép
Because of high starting torque, the chain waslking
once per day. Maintenance of the conveyor caused
interruptions in the production schedule dost
productivity. Line surges were also a frequent problem.

The SMC Dialog Plus controller was installed. A 12-
second soft start was programmed, reducingtiuing
torque and the mechanicgtiock to the chain. It was
estimated that the SMC Dialog Plus controller paid for
itself in three months due to the reduced dawet A

line side protective module (MOV) was installed to
suppress the voltage transients.
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Figure 4.31 Chain Conveyor with Soft Start and Soft Stop Option

Windshields

Problem:

Solution:

240 Volts
3HP

A chain conveyor was used to transport automobile
windshields to a packaging area. The hightistgr
torque would cause the load to shift, damaging th
windshields. The stopping of the conveyor ataased
shifting problems when the load deceleratedldyicAn
across-the-line starter was used in this application.
Because the cost of downtime was high,cduiar
controller was required for ease of maintenance.

The SMC Dialog Plus controller with the Sotb§

option was installed, reducing the starttogque and
decreasing the pduct shift on start-up. The Soft Stop
option extended the stopping time, bringthg conveyor

to a smooth stop. The SMC Dialog Plus controller has a
plug-in control module and power poles. Th
programming could be bench-adjusted fordbsired

ramp parameters and quickly replaced.
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Figure 4.32 Shuttle Car with Soft Start and Accu-Stop Option

480 Volts
7.5 HP

A shuttle car was used to transfer product inageriel
handling application. The shuttle car OEM wisthg a
two-speed motor with a mechanical brake. To prevent
load shifts, the low speed was used when the shuttle was
started; high speed was used for running.thescar
approached the second station, the brake wagedppl
There was considerable brake wear. Because the brak
was built into the motor, it was difficult and costly to
replace. Other control devices were not costcéffe.

Load Load
@ Motor « 4@
Gearbox
Problem:
Solution:

The SMC Dialog Plus controller with the Ac8tep

option was installed with a single speed motbhe
controller was set for a 15% slow speed to gtartar,
followed by a ramp to full voltage. As the car neared th
second station, the speed would be brought dowimeto
15% slow speed. A braking action would then stmp

car completely. The contiel required approximately

the same panel space as the multi-speed starter. The
power wiring was simplified significantlyThe new

motor was a standard NEMA Design B stockedano
greatly decreasing the motor cost. The SMC Dialog Plus
controller was a cost effective solution for the application
requirements.
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Die

(o wowr ()

Figure 4.33 Die Changer with Soft Start and Accu-Stop Option

Press

230 Volts
50 HP

Die

Problem:

Solution:

G wor [

A die changer on a press required freqyegging to

move the die into position. An across-the-line starter was
being used. When new operators controlled thespptae
set-up time increased, because more trial and error
occurred in positioning. The applicatiorqeéred

reduced speed as the die neared the press. The company
was also looking into automating the dreanging

process with the use of a PLC. A controller with
communications capabilities was a plus.

The SMC Dialog Plus controller with the Ac8tep

option was installed on both carts. The mates soft
started. As the cart neared the press, it decelerated to th
preset slow speed (15%). A braking actieould then

stop the cart in the proper position. This reducedithe
previously required to position the die. Théltoin
communications capabilities of the SMC Dialog Plus
controller made it possible to communicate witany
different protocols, leaving several networkiops

available to the company.
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Motor

Figure 4.34 Grinder with Soft Start

575 Volts
20 HP

Grinding
Wheel

Gearbox

Problem:

Solution:

Because of the high starting torque develdjpech
starting the motor across-the-line, the gears driving a
grinding wheel were frequently damaged, ftsg in
unscheduled downtime for repair. Thigplication
required a rugged device because vibration atdnérol
panel was a problem.

The SMC Dialog Plus controller was installaed
programmed for a 23-second acceleratreducing the
starting torque and the downtime required for repairs.
The built-in Energy Saver feature reduced the voltage to
the motor when the motor was running lightly ledd

The SMC Dialog Plus controller meets the same shock
and vibration requaments as electromechanicaViges,
and therefore met the applicationsirdbility

requirements.
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Motor

Figure 4.35 Grinder with Soft Start and SMB Smart Motor Braking Option

480 Volts
10 HP

Grinding
Wheel

Gearbox

Problem:

Solution:

A grinder application used a soft start and a separat
braking package to start and stop the motor. frtathod
was functionally acceptable, but required extra power
wiring and contactors. Additional panel space and
adjustments were required to interlock the soft start and
brake, which meant a Iger corrol panel and addecbst

to the package.

The SMC Dialog Plus controller with the SMBnart
Motor Braking option was installed. The sofarst
reduced the starting torque, protecting againstadgao
the gearbox. The SMB Smart Motor Brakimgtion
stopped the grinder quickly. This option required no
additional panel space or power wiring. Trever
wiring, installation and programming of the SMC D@
Plus controller were easier to use than previouhoas,
and the cost of the control package was Sigpnitly
reduced.
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Figure 4.36 Crane with Dual Ramp Start

Traverse Motor
(Controlled by SMC Dialog Plus Controller)

Track

\
Lo

480 Volts
10H

QFH

Load

Problem:

Solution:

J

An overhead crane required frequentgog due to
adjustments in the traverse (horizontal) position. An
across-the-line starter was used, causing ovetsir
undershoot when trying to position the hook ovieraal.
When starting loaded, the crane required mmohe

starting torque. Contactors were frequently wearing out,
requiring replacement or repair. The application required
a device that could be programmed quickly, but whose
programming would not be readily acsise to the
operators.

The SMC Dialog Plus controller was installed. Beidg
the starting torque of the motor allowed ther@ to be
positioned effectively, which resulted in fewer staifbe
SMC Dialog Plus controller helped reduce th
maintenance required and improve the productivity of the
crane. The ramp time was programmed through th
built-in programming keys on the front of tbentroller.
The built-in Dual Ramp Start feature allowed two ramp
times to be programmed, one for standard starting and
one for starting with an attached load. $¥esrd
protection prevented the operators from changing th
set up.
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Figure 4.37 Rotary Table with Soft Start and Accu-Stop Option

Fixture

Gearbox

Motor

Side View

Problem:

Solution:

480 Vol
1 HP

Top View

A machining process required a station changgtézh a
different tool. The part had to be jogged iptusition
before the tool could be changed. The tool was cepla
approximately three times per hour. Since the majority
of the operation was controlled througRIaC,
communications capability was required. The customer
did not need the functionality of more costly motor-
positioning méhods.

The SMC Dialog Plus controller with the Ac8tep

option was installed, allowing the part to be posiéd

into the station at a slow speed. The controllerseaso
brake the rotary table to a preset slow speed and then to
stop the table in the proper location. The Accu-Stop
option provided the position control requin@ithout
jogging the motor, thereby increasing the productivity of
the rotary table station. The built-in communications
feature of the SMC Dialog Plus controller proed
communication to the PLC contliolg the rest of th
operation.
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Figure 4.38 Bottle Filler with Soft Start and Soft Stop Option

480 Volts
1 HP

Filler

@) @ O

Problem:

Solution:

A bottle filler line had product spillagaudng starting

and stopping. An across-the-line starter was usethtd
the motor. In addition, the application required an
auxiliary contact that would energize when the motor was
up to speed.

The SMC Dialog Plus controller was installad
programmed for a 13-second soft start withiLl8rsecond
soft stop. The controlled start reduced the statbngu
and, consequently, the product spillage. The Soft Stop
option extended the stopping time, smoothing klait
while stopping. The auxiliary contacts were configured
to change state when the motor was up to speed.
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Loading Port

Figure 4.39 Ball Mill with Current Limit Start

480 Volts
150 HP

R R R e e e e e e e e

R R R e e e e e e e e

—— Gearbox I Motor

Ball Shot

Problem:

Solution:

An across-the-line starter was used to start the motor in a
ball mill application. The uncontrolled start was causing
damage to the gearbox, resulting in mamance

downtime, as well as the potential for the losthef

product (paint) being mixed. Line failures were a
frequent problem. The application required prestart and
running protection, as well as an elapsed time meter to
monitor the process time. Communication calitglwvas
desired, and panel space wamsifed.

The SMC Dialog Plus controller was installed whs
programmed for a 26-second current limit stidutreby
reducing the starting torque and the damage to th
gearbox. The metering feature of the SMC Dialog Plus
controller ontained an elapsed time meter, which could
monitor the process time of the balllmiTh
communications capabilities of the controller allowed the
process time to be communicated to the Plfich

could remotely stop the ball mill. The line diagtios
required in the application are standardhie SMC

Dialog Pluscontroller, and the built-in overad

protection saved panel space.
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Figure 4.40 Ball Mill with Soft Start and SMB Smart Motor Braking Option

480 Volts
250 HP
Loading Port
Drum
Substance
‘.o. .0..0...° ° ° o
° ¢ o ° e © LI L4
. .f 'y . .
Ball Shot S
Problem: The gearbox on a ball mill was being damaged by across-
the-line starts. The result was extra maintenance time to
keep the mill operating. Due to the high inertigheaf
load, the coast-to-stop time was approximately five
minutes. The application required a soft steud
braking package in a single controller since papakte
was at a premium.
Solution: The SMC Dialog Plus controller with the SMBnart

Motor Braking option was installed on the balllmiThe
soft start reduced the shock to the gearbox on start-up.
The SMB Smart Motor Braking option reckd the
stopping time and increased the productivityhaf mill.
The SMC Dialog Plus controller with the SMBnart
Motor Braking option was installed in the same space in
which the previous contactor had been mounted. No
additional power wiring was required.
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Figure 4.41 Ball Mill Soft Start and with Accu-Stop Option

480 Volts
150 HP
Loading Port
Drum
~~~~~~~~~~~~~~~~~ Gearbox — Motor
Substance
[ . e ® e e ° .
. ° L] . o o . ) L] ° o ® . .:
. .f . . L .
Ball Shot -

Problem:

Solution:

An across-the-line starter was used in a ball mill
application. An electronic braking package was used to
stop the mill. The mill had to be jogged excessively to
position the port for loading. Gearbox problems wer
caused by the starting torque surges. The atjiit
required a cost-effective method to position the mill and
control the stopping.

The SMC Dialog Plus controller with the Ac8tep

option was installed on the mill. The Acctef option
allowed the drum to brake down to 15% slow speed and
rotate the loading port into position beforeping. Th
SMC Dialog Plus contrddr required less space and
power wiring than the across-the-line starand braking
package.



Chapter 5

SMC Dialog Plus Controllers in
Drive Applications

Use of Protective Modules

SMC Dialog Plus Gontroller Special
Application Considerations

The SMC Dialog Plus controller can be installed in Btgrand
stopping control applications. A variable frequendyemust b
installed when speed variation is required during run.

A protective module (see Figure 5.1) containing metal oxide varistors
(MQVs) and capacitors can be installed to protect the powe
components from electrical traients and/or electrical red. The
protective modules clip transients generated on the lineprandnt

such surges from damaging the SCRs. The capacitors in th
protective modules are used to shunt noise energy foaythe

SMC Dialog Plus contrddr electronics.

Note: On SMC Dialog Plus controllers rated 500 Amps and above,
the MQV protection is incorporated as standard.

Figure 5.1 Protective Modules




5-2 SMC Dialog Plus Controller Special Application Considerations

Use of Protective Modules There are two general situations that may occur which wiadldate
(cont.) the need for utilizing the protective modules.

1. Transient spikes may occur on the lines feeding the SMO®
Plus controller (or feeding the load from the SMC DidRbgs
controller). Lightning can cause spikes. Spikes are also created
on the line when devices are attached with current-carrying
inductances that are open-circuited. The energy storia in
magnetic field is released when the contacts openiritigtc
Examples of these are lightly loaded motors, transfeme
solenoids, and electromechanical brakes.

2. The second situation arises when the SMC Dialog Plusaitan
is installed on a system which has fesing wavefronts esent,
although not necessarily high peak voltages. Iniglgf strikes
can cause this type of response. Additionally, if the SDilog
Plus controller is on the same bus as other SCR deviceE)AC
drives, induction heating equipment, or welding equipth th
firing of the SCRs in those devices can causise. Thigigh
frequency noise can penetrate the SMC Dialog Plus controlle
through stray capacitance.

ATTENTION: When installing or inspectinipe
protective module, disconnect the controller from th
power source. The protective module should be
checked periodically. Inspect for damage or
discoloration. Replace if necessary.




Current Limit Fuses
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(Overcurrent Protection of SCRs)

The heat energy of high-level fault currents can kjyidamage an
SCR. As illustrated in Figure 5.2, a current limit fuse limits geak

through current (Ip) to a level which is a fraction of theeptal
available short circuit peak current.

The fast response to the buildup of short circuit curaedtthe
quickly decaying short circuit current as the fuse supprestsgaal
arcing together can limit thétllet through values substantiallywer
than the 4t withstand of the semiconductondee. The fuse clearing
time decreases with the higher available short circuieatsr

The SCR fuses are coordinated with the SCRs used in the SMC

Dialog Plus controller. They are sized tea a short circuit fault in
approximately three milliseconds or less.

These SCR fuses are sized to operate the controller at 60-70% of the
fuse rating to avoid deterioration of the fuse. The suggested fuse fo

the particular current rated device should be used to allopep
protection of the SCRs. Fuses which are undersizecatle
nuisance trips and incur fuse replacement costs.

Fast acting SCR fuses may not provide branch circuit protection.
Branch circuit protection in accordance with applicable electrical

codes may require additional branch fusing (or a circuit breaken
though fast acting current limiting fuses are used.

Figure 5.2 Clearing Time of Fuse

Current
A

Available Short Circuit Current
28,000A

2,800A

>
\ / .
\ / Time
<« tc \ /
\ /
,\ \ /

Total Clearing Time of Fuse
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Motor Overload Protection

Phase Rebalance

When coordinated with the proper short circuit protectioerload
protection is intended to protect the motor, motor controller, and
power wiring against overheating caused byessive overcuent.

The SMC Dialog Plus controller meets applicable requirements as
motor overload protective giee.

The SMC Dialog Plus controller incorporates, as standard, electronic
motor overload protection. This overload protection i®agdished
electronically with an?t algorithm.

The controller’s overload protection is programmable, piogidh

user with flexibility. The overload trip class can be selected for class
10, 15, 20, or 30 protection. The trip current can be programmed to
the motor full load current timg.

Thermal memory is included to accurately model motor operating
temperature. Ambient iessitivity is inherent in the elaonic
design of the overload.

Note: The current sensing capability of the SMC Dialog Plus
controller is disabled during bypass operation. The Bulletin
825 Converter Module is required for providing current
feedback in these applications

As little as 4% supply voltage unbalance can result in a 20% current
unbalance and a 25% increase in motor temperature, possibly
triggering a premature failure of the motor. The SMC Dialog Plus
controller incorporates, as standard, a dynamic phase rebalance
feature. The controller continuously monitors the incomimge-

phase line voltage balance. It compensates for voltage unbalance by
automatically adjusting the output voltage to balance the three-phas
currents drawn by the motor. When phesigalance is adbved,

motor life may be extended, and production can ocoetiwithout
interruption.

Note: The performance of the Phase Rebaéafeature is demdent
upon motor characteristics and loading. Severe unbasa
cannot be coried.
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Stall Protection and
Jam Detection

Built-in SCANport
Communications

Motors can experience locked rotor currents and developtbighe
levels in the event of a stall or a jam. These conditions catt nes
winding insulation breakdown or mechanidaimage tahe
connected load.

The SMC Dialog Plus controller provides both stall and jarecien

for enhanced motor and system protection. Stall proteatiows the
user to program a maximum stall protection delay time from 0 to 10
seconds. The stall protection delay time is in addition to th
programmed start time and begins only after the start timérhed

out.

Jam detection allows the user to determine the motor jam detection
level as a percentage of the motor’s full load current rating. To
prevent nuisance tripping, a jam detection delay tinoen 0.0 to

10.0 seconds, can be programmed. This allows the useleti ghe
time delay required before the SMC Dialog Plus controller will trip
on a motor jam condition. The motor current must rerahiove th

jam detection level during the deléiyne. Jam detection is active

only after the motor has reached full speed.

A serial interface port, the SCANport, is furnished as standatieon
SMC Dialog Plus controller. The SCANport allows for connection to
a Bulletin 1201 Human Interface Module or a variety of Bull@#03
communication modules. Utilizing the built-in communication
capabilities, the user can remotely access parametegsefiault
diagnostics, and metering. Remote start-stop controalsanb
performed.

When used with the Bulletin 1203 communication meduthe SMC
Dialog Plus controller déérs true networing capabilities with seval

network protocols, including Allen-Bradley’s Remote 1/0, Deiee
network, DH-485, and RS 232/4285-DF1.
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Power Factor Capacitors The controller may be installed on a system with power facto
correction capacitors. These capacitors must be installdtedim
side to prevent damage to the SCRs in the SMC Dialog Plus
controller (Se Figure 5.3).

Figure 5.3 Power Factor Capacitors

L L1A T1/2 BN
Power Input
L2/3 T2/4
3-Phase
N — L L3/5 T3/6
Branch Protection [
%g SMC Dialog Plus Controller O
O Customer supplied
f O Overload protection is included as
‘ standard feature of the SMC Dialog Plus controller.

Power Factor
Correction Capacitors (I

High values of inrush current and oscillating voltages anergon

when capacitors are switched. Therefagitional impedance

should be connected in series with the capacitor bankibth

inrush current and dampen oscillations. The preferred practice is to
insert air-core inductors as shown in Figure 5.4.

The inductors can be simply constred:

» for volts greater than or equalto 460V: use a six diameter
coil with eight loops

« for volts less than 460V: use a six inch diameterwith six
loops

The wire should be sized to carry the steady-state cuhaintvill
flow through the capacitor bank during normpkcdions.

The coils should be mounted on insulated sup@ovesy from metal
parts. This will minimize the possibility of producing heatéitgcts.

Do not mount the coils to be stacked directly on togeah other.

This will increase the chances of canceling the effectiveness of the
inductors.
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If an isolation contactor is used, it is preferable that the ptaceor
capacitors be installed ahead of the isolationtactor if agll

possible (see Figure 5.4). In some installations, this may not be
physically possible and the capacitor bank Wélle to be connected
to the downstream terminals of the contactor. Indhise, th
installermust exercise caution and ensure that the air-core iacest
is sufficient to prevent oscillating voltages from interfering with th
proper performance of the SMC Dialog Plus controller. It may be
necessary to add more loops to the coil.

Figure 5.4 Power Factor Capacitors with Isolation Contactor

| L1/1 T2
Power Input
N L2/3 T2/4
3-Phase
| | L3/5 T3/6
Branch

Protection O

L4 |
Isolation
eg Contactor [J SMC Dialog Plus Controller
O Customer supplied
‘ O Overload protection is included as a standard

O@ A‘ feature of the SMC Dialog Plus controller.

Power Factor
Correction Capacitors (I
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Multi-motor Applications

The SMC Dialog Plus controller will operate with ménan one

motor connected. To size the controller, add the taaiglat

amperes of all of the connected loads. The stall, jam, Phas
Rebalance, and Energy Saver features should bedwff. (If th
separate motor loads are not mechanically coupled, it is possible fo
one motor to be lightly loaded, and if the Energy Saver is activated,
this may cause the heavily loaded motor to stall.) Separateassrl
would still be required to meet the National Electric COJEC).

Note: The SMC Dialog Plus controller’s built-in overload
protection cannot be used in multi-motor applmad.

Figure 5.5 Multi-motor Application
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The SMC Dialog Plus controller may be applied or retrofitted to
special motors (wye-delta, part winding, synchronous yvemuhd
rotor) as described below.

Wye-Delta

Wye-Delta is a traditional electro-mechanical method of reduced
voltage starting. It requires a delta-woundtonavith all its kads
brought out to facilitate a wygonnection. At the starbcnmand,
approximately 58% of full line voltage is applied, generating about
33% of the motor's full voltage starting torque capabiliyfter an
adjustable time interval, the motor is automatically cotetemn

delta.

To apply an SMC Dialog Plus controller to a wye-delta motor, th
power wiring from the SMC Dialog Plus controller is simply wired in
a delta configuration to the motor. Because the SM@BiRIus
controller plies a reduced voltage start electronically, the wye
connection is no longernecessary. Additionally, theistatorqu

can be adjusted with parameter pragnaing.
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Part Winding

Part Winding motors incorporate two separate, parallel windings in
their design. With the traditional part winding starter, seeof
windings is given full line voltage, and the motor draakeut 400%

of the motor’s full load current rating. Additionally, aba@8% of
locked rotor torque is gereted. Afer a preset interval, the second
winding is brought online in parallel with the first and theto
develops normal torque.

The part winding motor may be wired to an SMC DialdgsP
controller by connecting both windings in parall&gain, the
starting torque can be adjusted to match the load with paramete
programming.

Wound Rotor

Wound Rotor motors require careful considierawwhen
implementing SMC Dialog Plus controllers. A wound rotor motor
depends on external resistors to develop high statdimgie. It may
be possible to develop enough starting torque usin§M@ Dialog
Plus contrder and asingle step of resistors. The resistors@aeed
in the rotor circuit until the motor reaches approxima#lyo of
synchronous speed. At this point, the resistoesremoved from the
secondary by a shorting contactor. Resistor sizing will depettigeon
characteristics of the motor used.

Please note that it is not recommended to short the tiggoirgs
during start-up, as starting torque will be greatly redueeen with
full voltage applied to the motor. The starting torque wilelen
further reduced with the SMC Dialog Plus controller sinceotitput
voltage to the motor is reduced on start-up.

Synchronous

Synchronous, brush-type motors differ from standauirse} cag
motors in the construction of the rotor. The rotor of achyonous
motor is comprised of two septewindings, a starting windingnd a
DC magnetic field winihg.

The starting winding is used to accelerate the motor ¢oite@b% of
synchronous speed. Once there, the DC magnetic field winding is
energized to pull the motor up to synchoas speed.

The SMC Dialog Plus controller can be retrofitted to echymnous
controller by replacing the stator contactor with the SMC Dialog P
controller and maintaing the DC field application package.

For technical support in applying the Bulletin 150 SMC Dialog Plus controller to
these special motors, contact your local Allen-Bradley representative. In the
United States and Canada, you can also call 1-800-765-SMCS (765-7627) for
assistance during the hours of 8:00 am to 12:00 noon and 1:00 pm to 4:30 pm
(Central Time Zone), Monday through Friday.
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Altitude De-rating

Isolation Contactor

Because of the decreased efficiency of fans and heatsinks, it is
necessary to de-rate the SMC Dialog Plus controller ab@®a® feet
(approximately 2,000 meters). When using the cdietrabove
6,500 feet, use the next size device to guard against jpbtener
temperature trips.

When installed with branch circuit protection and anrowgent
device, SMC Dialog Plus controllers are compatible with thisoNal
Electric Code (NEC). When an isolation contactor isused,
hazardous voltages are present at the load terminals of the power
module even when the controller is turned off. Warning |aielst

be attached to the motor terminal box, the controller encosund

the control station to indicate this hazard.

The isolation contactor is used to provide automatic edatt
isolation of the controller and motor circuit when the colgras

shut down. Shut down can occur in either of two ways: either
manually, by pressing the stop button, or automatically, by the
presence of abnormal conditions (such as a motor overload niplay t

Under normal conditions the isolation contactor carridy the load
current. During start, the isolation contactor is energized before th
SCRs are gated “on.” Whiktopping, the SCRs are gated”

before the isolation contactor is de-energized. The isolatictacton

is not making or breaking the load current.

Figure 5.6 Typical Connection Diagram with Isolation Contactor

X T T I —

Power Input
| 1 s T2/4

3-Phase
| T [ wns T3/6
i Fast-Acting

Branch Isolation Contactor
Protection O (.c)O0 SCR Fuses

O Customer supplied
O Overload protection is included as a standard
feature of the SMC Dialog Plus controller.

(optional) O SMC Dialog Plus Controller O
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SMC Dialog Plus Controller Controlled start and stop are provided by wiringdbatroller as

with Bypass Contactor (BC) shown in Figure 5.7. When the motor is up to speed, thadsy
contactor is “pulled in” for run. The bypass mode redticesamount

of heat produced by the SCRs.

Figure 5.7 Typical Application Diagram of a Bypass Contactor

° T [ ‘ ‘T1/2 e
Power Input
Mot
’ [ [ s T2/4 ® ot
3-Phase
S @ [ [ s T3/6 PY
Cont gt
Protection O (optiorlljal) [] SMC Dialog Pl‘u‘s Controller O
[
||

i BCO
O Customer supplied
O Overload protection is included as a standard feature of the SMC Dialog Plus controller.

SMC Dialog Plus Controller By using the controller ashown in Fgure 5.8, the motor accelerates
with Reversing Contactor under a controlled start mode in either forward or reverse.

Notes: (1) Minimum transition time for reversing is 1/2 sed.
(2) Phase Reversal must be OFF.

Figure 5.8 Typical Application with a Single-speed Reversing Starter
Reversing Motor Starter O

F
o || ° L1/ T1/2
Power Input
° e L2/3 T2/4
3-Phase
® | L3/5 T3/6
Branch
Protection O 4‘R SMC Dialog Plus Controller [
|

| O Customer supplied
O Overload protection is included as a standard
Il feature of the SMC Dialog Plus controller.
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SMC Dialog Plus Controller By using the controller ashown in Figure 5.9, a soft star
as a Bypass to an AC Drive characteristic can be provided in the event that an AC drivenis
operational.

Note: A controlled acceleration can be achieved with siciseme,
but speed control is not availabletire bypass mode.

ATTENTION: Proper carmustbe takento isolate th
AC drive from line and load potential whére
controller is energized.

Figure 5.9 Typical Application Diagram of a Bypass Gontactor for an AC

Drive
AF, ® AF, @ 0.LO
| |
® | 4{ H %
Power Input N ‘ Motor
L d ] VFD — | L d Y 0
3-Phase
| | \
il il
VFD Branch U =
Protectiond X X
| |
L ‘ ‘n/z i
| L2/3 ‘ ‘ T2/ |
| L3/5 ‘ ‘ 36
IC, @ IC,®
SMC Dialog Plus Controller O
O Mechanical interlock required.
O Customer supplied.
O Many VF drives are rated 150% FLA. Because the SMC Dialog Plus controller can be

used for 600% FLA starting, separate branch circuit protection may be required.
O Overload protection is included as a standard feature of the SMC Dialog Plus controller.
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SMC Dialog Plus Controller Figure 5.10 Typical Application Diagram of SMC Dialog Plus Controller with a
with a Bulletin 1410 Motor Bulletin 1410 Motor Winding Heater

Winding Heater

SCR Fuses @
° I T—un | |12
Power Input
° I Ies | |12
3-Phase

SMC Dialag Plus Controller @

T T——uws | |36

Slalle

| 1

@ Customer supplied.

@ Overload protection is included as a standard
feature of the SMC Dialog Plus controller.

Bulletin 1410 MWH

Motor
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Motor Torque Capabilities
with SMC Dialog Plus
Controller Options

SMB[J Smart Motor Braking

The stopping torque output of the SMC Dialog Plus icahetr will
vary depending on the braking curreritisg and motor
characteristics. Typically the maximum stopping torgléb
between 80-100% of the full load torque of the motbemwset at
400% braking current.

Preset Slow Speed

Two torque characteristics of the Preset Slow Speed optitsh be
considered. The first is the startitigque. The second is th

available running torque at low speed (see Figure 5.11). These torqu
characteristics will also vary, depending on the speedteele Refe

to Table 5.J for the approximatearimum available starting and
running full load torque at maximum current sggsg. On

adjustment (Slow Speed Current) will control the startingranding
torque values.

Figure 5.11 Starting and Running Torque

10 — 0
Motor
Speed
a
7or15% | O
0 Starting torque Time (seconds)

O Running torque

Table 5.J Maximum Torque at Maximum Current Settings

Maximum Starting Torque | Maximum RunningTorque
Preset Slow Speed as a Percentage of as a Percentage of
Full Load Torque Full Load Torque
% 90-100% 110-120%
15% 50% 100%

0O  Values may vary based on motor types.
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Accu-Stop]

Two levels of braking torque are applied with the Accu-Siaifoa.
There is the braking portion that brakes to slow speed, arsiotlve
speed braking/coast (see FiguréZj. The level of these braking
currents are adjusted using one rotary digitatct.

The maximum braking tgue available from bratkg to slow peed
and from slow speed to stop is approximately 80—-100%ilblofad
torque of the motor

Using the slow speed starting portion of the Accu-Stop option will
result in the same starting and running torque clherniatics as
described in the Preset Slow Speed option.

Figure 5.12 Accu-Stop Option

10 — 0 Braking
A Slow Speed
Braking/Coast
Motor
Speed Slow Speed z

Time (seconds)

Energy Saver The Energy Saver is an integral feature of the SMC Dialog Plus
controller. It can be used in applications such as conveyaiterial
handling equipment, variable volume air handlingsirppumps,
compressors, and varioother apptations where the ator is
lightly loaded or unloaded for extended periodsirat.

Energy Saver Operation

Since the SMC Dialog Plus controller output voltage is under SCR
control at all times, the Energy Saver can automatically decreas
motor power losses by controlling the motor terminatagé.

The Energy Saving mode is operational when turned on amddtoe
is operating at less than full load. As the motor is unloadednpdier
terminal voltage is reduced. The motor then operates at the optimum
level required to drive a given load without severely affectipeed.

When the load is reapplied, the motor voltage increabks.
controller provides onlgnough voltage todep the motor runng.
Typical response time from no load to full load is 50 midseds.
Full to no load response time to optimum level {@Edglly less than
five seconds.
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Energy Saver (cont.) Background

Losses within a motor are divided into a number iédint

components. There are friction awihding losses, R losses, core
losses, and magnetic losses. The frictionwaimdling lossesemain
constant at both full load and no load. However, dbad, PR

losses, core losses and magnetic losses can be reduced by deceasing
the applied voltage.

For example, a 30 kW (40 HP) motor draws 30 kW fromlitieeto
produce work. An additional amount of energy is drawn from the line
because of the internal losses to théamolf the motor is 90

efficient, an additional 3 kW, or a total of approximately 33 kW, is
drawn from the power line when the motor is operating atdad.

If an energy saver could be designed to eliminate all the losses in th
motor, the maximum amount of energy this theoretical dewviadc
save would be the 3kW in losses. The motor woulddstiiiv the 30

kW from the line, which it would convert to power frata output

shaft.

The motor industry indicates that one-half of the loseetd,
theoretically, be saved. The other one-half could nstlved
because of such variables as friction, windage, etc. Ukisg
approximation with the 30 kW (40 HP) motor, one-halfhef 3 kW
losses could be saved, The maximum theoretical savingfivio
equal to 1.5 kW. Actual apphtions would probably have ledgn
the theoretical 1.5 kW.
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Application Requirements

Savings in energy costs are possible in certain apfiins. Figure
5.13 shows test results of actual motors. Figure 5.13 watogede
using 10, 50, and 125 HP motors.

Based on these test results and other data, there is vergditihgys
possible above 50% load. A curve of maximum theoretical savings
can be drawn using the theoretical savings of 50% of gs=fand

the data which indicates little or no savings above 50% lo&dk iF
illustrated by the uper curve in.

In reviewing the test data for lower limits, it could be estimé#ted
20% losses are saved at no load, and no losses are savedlaa@0%
This is illustrated by the lower curve in Figure 5.14.

Figure 5.13 % kW Saved vs. % Rated Load Figure 5.14 Estimated Energy Savings

60
y 50 |

% kW A

S;ved Losses 40

Saved 30 |

20

10\\

R 1020 3 40 50 60
10 20 30 40 50 60

% Motor Load % Motor Load

Preliminary Estimates

A simple “full load-no load” preliminary estimate for the apation
of an energy saver can be made bipgishe following procedure:

1. Convert horsepower to kilowatts.

2. Determine the total kilowatts used by the motor by dividing the
horsepower kilowatts by motor efficiency.

3. Determine the motor losses by subtracting converted horsepo
kilowatts from total kilowatts.

4. Calculate the maximum theoretical savings in kilowatts bitim
plying motor losses by 0.50.

5. Determine kilowatt-hours saved by multiplying theximum
theoretical savings in kW times the numbehotirs per year the
motor is operated at no load.

6. Maximum theoretical savings dollars can then be détemarby
multiplying kilowatt-hours savedrties the cost of electitg per
kilowatt hours.
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Energy Saver (cont.)

Figure 5.14 Sample Calculation

Motor efficiency: 90%

Motor loading duty cycle: 50% (On 15 min., Off 15 min.).

Motor horsepower and run time: 50 HP, 8 hours perday, 2,080 hours per year

Use the above data and the following procedure for theoretical maximum energy savings

1. kW = 0.746(50)
kW = 37.3

2. KWigtg = (37.3) 2 0.90
KWiggg) = 41.4 kW

3. Losses=41.4-37.3
Losses = 4.1 kW

4. Maximum theoretical savings - (4.1 kW) ¥ (0.50)
Maximum theoretical savings = 2.05 kW

5. (2.05) ¥ (0.5) ¥ (2,080) = 2,132 kWh per year
Finally at a typical cost of $0.08 per kWh, the estimated savings is:
6. (0.08) ¥(2,132), for $170.56 per yea

Note: Calculations assume that the normal load is equal to the full load rating of the
motor, and that the loading level is a no-load condition

If this calculation looks favorable, then additionatalled

calculations must be made to get a more exact figure on the dollars
saved. Precise duty cycle and loading cycles must be more @tgura
estimated. Points can thendmected from the theoretical Risum
savings curve. Savings feachincrement of loading must then be
calculated.

Note that a motor running unloaded and not connected to equipment
is not the same as when the motor is connected to theneeyut.

Motor manufacturers should be contacted to determinectalano

load characteristics.

These calculations have been done on the basis that ststlid
controller was required for reasons other than energy savings. |
energy savings is the main reason for purchasing this typevickde
the savings would decrease, because there is apprekmaat to
1-1/2 volt drop across each solid-state power pole. There ar
additional losses associated with solid-stieices.

For example, a solid-state controller for a three-phase motor drawing
50 amperes will have a loss ranging from 150 to\#26s above an
equivalent electromechanical device. Therefore, if the energy saver
were replacing an electromechanical device, these losses are deducted
from the total energy sawjs.
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SMC Product Line Applications Matrix

Description Use this chapter to identify possible STC, SMC-2, SM@8Land
SMC Dialog Plus contrédr applications. This chapter dams an
application matrix which will identify starting characteristicsyezdl
as typical stopping features that may be used in variolgatns.
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Mining and Metals
SMC-2 SMC PLUS and SMC Dialog Plus = X
Applications STC Smart | Preset Slow
Soft Current Soft Current Kick Soft Pump Accu- Motor Slow Speed
Start Limit Start Limit Start Stop Control Stop with
Brake Speed
Brake
Roller Mills X X X X X X
Hammermills X X X X X X
Roller X X X X
Conveyors
Centrifugal X X X X X X
Pumps
Fans X X X X X
Tumbler X X X X X X X X
Rock Crusher X X X X
Dust
Collecto X X X X
Chillers X X X X
Compressor X X X X
Wire Draw
Machine X X X X X
Belt X X X X X X X X X
Conveyors
Shredder X X X X
Grinder X X X X X X
Slicer X X X X X
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Food Processing

SMC-2 SMC PLUS and SMC Dialog Plus = X
Applications STC Smart | Preset Slow
Soft Current Soft Current Kick Soft Pump Accu- Motor Slow Speed
Start Limit Start Limit Start Stop Control Stop with
Brake Speed
Brake
Centrifugal X X X X X X
Pumps
Pallitizers X X X X
Mixers X X X X X X X
Agitators X X
Centrifuges X X X X
Conveyors X X X X X X
Fans X X X X X
Bottle
Washers X X X X
Compressors X X X X
Hammermill X X X X
Separators X X X X
Dryers X X X X X
Slicers X X X X X
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Pulp and Paper
SMC-2 SMC PLUS and SMC Dialog Plus = X
Applications STC Smart | Preset Slow
Soft Current Soft Current Kick Soft Pump Accu- Motor Slow Speed
Start Limit Start Limit Start Stop Control Stop with
Brake Speed
Brake
Compressors X X X X
Conveyors X X X X X X X X X
Trolleys X X X X X X
Dryers X X X X X
Agitators X X X X
Centrifugal X X X X X X
Pumps
Mixers X X X X X
Fans X X X X X
Re-Pulper X X X X X
Shredder X X X X
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Petrochemical
SMC-2 SMC PLUS and SMC Dialog Plus = X
Applications STC Smart | Preset Slow
Soft Current Soft Current Kick Soft Pump Accu- Motor Slow Speed
Start Limit Start Limit Start Stop Control Stop with
Brake Speed
Brake
Centrifugal X X X X X X
Pumps
Extruders X X X X
Screw X X X X X X
Conveyors
Mixers X X X X X
Agitators X X X X
Compressors X X X X
Fans X X X X X
Ball Mills X X X X X X X
Centrifuge X X X X X X
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Transportation and Machine Tool

SMC-2 SMC PLUS and SMC Dialog Plus = X

Applications STC Smart | Preset Slow

Soft Current Soft Current Kick Soft Pump Accu- Motor Slow Speed

Start Limit Start Limit Start Stop Control Stop with

Brake Speed
Brake

Material
Handling X X X X X X X X X
Conveyors
Ball Mills X X X X X X X X
Grinders X X X X X X
Centrifugal X X X X X X
Pumps
Trolleys X X X X X X
Presses X X X X X X
Fans X X X X X
Palletizers X X X X X X X X
Compressors X X X X
Roller Mill X X X X X X X
Die Charger X X X
Rotary Table X X X X
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OEM Specialty Machine
SMC-2 SMC PLUS and SMC Dialog Plus = X
Applications STC Smart | Preset Slow
Soft Current Soft Current Kick Soft Pump Accu- Motor Slow Speed
Start Limit Start Limit Start Stop Control Stop with
Brake Speed
Brake
Centrifugal X X X X X X
Pumps
Washers X X X X X X X X X
Conveyors X X X X X X X X X X X
Power Walks X X X X X X
Fans X X X X X
Twisting/
Spinning X X X X X
Machine
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Lumber and Wood Products

SMC-2 SMC PLUS and SMC Dialog Plus = X

Applications STC Smart | Preset Slow

Soft Current Soft Current Kick Soft Pump Accu- Motor Slow Speed

Start Limit Start Limit Start Stop Control Stop with

Brake Speed
Brake

Chipper X X X X X X
Circular Saw X X X X X X
Bandsaw X X X X X X X
Edger X X X X
Conveyors X X X X X X X X X
Centrifugal X X X X X X
Pumps
Compressors X X X X
Fans X X X X X
Planers X X X X
Sander X X X X X X X X
Debarker X X X X X X
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Water/Wastewater
Treatment and Municipalities
SMC-2 SMC PLUS and SMC Dialog Plus = X
Applications STC Smart | Preset Slow
Soft Current Soft Current Kick Soft Pump Accu- Motor Slow Speed
Start Limit Start Limit Start Stop Control Stop with
Brake Speed
Brake
Centrifugal X X X X X X
Pumps
Centrifuge X X X X X X
Fans X X X X X
Compressors X X X X
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Philosophy

Line Voltage Conditions

Current and Thermal Ratings

Mechanical Shock and
Vibration

Design Philosophy

Allen-Bradley’s SMC controllers are designed to operate in today’
industrial environments. These controllers are manufedtio
provideconsstent and reliable operation.

\oltage transients, disturbances, harmonics and noise exist in any
industrial supply. A solid-state ctoller must be able to ihstand
these noises and should not be an unnecessary source r@itipgne
noise back into therle.

» Ease of selection for the required line voltage is achieved with a

design that provides opeia over awide voltage rage, at 50/60
Hz, within a given controller rating.

» The controller can withstand 3000V surges at a rate oblifgs
per second for 10 seconds (IEEE Std. 472). Further, the
controller can withstand the showering arc te5—-1500V
(NEMA Std. 1ICS2-230) for higher resistance to malfunction in a
noisy environment.

* An optional MOV module is available to protect SCRs from
voltage transients.

Solid-state controller ratgs must ensure reliability undére wid
range of current levels and starting times needed in various
applications.

* SCR packaging keeps junction temperatures below 12 °C
(25 °F) when running at full-rated current to redtteermal
stress and provide longer, more reliable opemnat

* The thermal capacity of the SMC Dialog Plus controliaeset
NEMA standards MG-1 and IEC34 (S1).

Solid-state controllers mustitlvstand the shock andbvration
generated by the machinery that they control.

* SMC Dialog Plus controllers meet the same shock andtiohra
specifications as electromechanical starters. They distand
a 30G shock for 11 ms in any plane and one hour of viloraf
2.5G without malfunction.
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Set-up Simple, easily understood settings provide identifiable, consistent
results.

For ease of installation, the controllers include compact design
and feed-throughviring.

SMC Dialog Plus controllers are global producted at
50/60 Hz.

All parameter adjustments are programmed into the cletr
through the built-in keypad.

A full line of enclosures is available.
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Introduction to Reduced
Voltage Starting

Reduced Voltage Starting

There are two primary reasons for using reduced voltdugs
starting a motor:

* Limit line disturbances
* Reduce excessive torque to the driven equipment

The reasons for avoiding these problems will not be described.
However, different methods of reduced voltage startimgaibrs will
be explored.

When starting a motor at full voltage, the current drawn fifoen
power line is typically 600% of normal full load cant. This high
current flows until the motor is almost up to speed and theredses,
as shown in Figure 8.1. This could cause line voltageatigs
brown-outs.

Figure 8.1 Full Load Current vs. Speed
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500 —

% 400 —
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Load 300 —

Curren 200 —

100 —|

|
0 % Speed 100

In addition to high starting currents, the motor also produeessg
torques that are higher than full loadgoe. The magnitude of th
starting torque depends on the motor design. NEMBlighes
standards for torques and currents for motor manufacturers to follow.
Typically,a NEMA Design B motor will have a locked rotor or

starting torque in the area of 180% of full load torque.

In many applications, this starting torque can caxsessive
mechanical damage such as belt, chain, or coupling breakage.
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Reduced Voltage

The most widely used method of electromechanical reduaiéale
starting is the autotransformer. Wye-Delta (Y-D), also referred to as
Star-Delta, is the next most popuiaethod

Figure 8.2 Bulletin 570 Autotransformer

All forms of reduced voltage starting affect the motor current and
torque characteristics. When a redueeliage is applied to a motor
at rest, the current drawn by the motor is @t In addibn, the
torque produced by the motor is a factor of approximatelgsdo@are
of the percentage of voltage applied.

For example, if 50% voltage is applied to the motor, a starting torque
of approximately25% of the namal starting torquevould b

produced. In the previous full voltage example, the NEMA Design B
motor had a starting torque of 180% of full load torque. Wfitly o

50% voltage applied, this would equate to approximately 4584lof
load torque. Table 5.Ahews the typical relationship of votie,

current, and torque for a NEMA Design B motor.



Reduced Voltage Starting 8-3

Table 8.K Typical Voltage, Current and Torque Characteristics for NEMA
Design B Motors

Motor Starting Line Current Motor Starting
0, . 0, . 0, .
. % Voltage at Current as a % of: as a % of: Torque as a % of:
Starting Motor
Method Terminals Locked Full Locked Full Locked Full
Rotor Load Rotor Load Rotor Load
Current Current Current Current Torque Torque
Full Voltage 100 100 600 100 600 100 180
Autotrans.
80% tap 80 80 480 64 384 64 115
65% tap 65 65 390 42 252 42 76
50% tap 50 50 300 25 150 25 45
Part Winding 100 65 390 65 390 50 90
Wye-Delta 100 33 198 33 198 33 60
Solid-state 0-100 0-100 0-600 0-100 0-600 0-100 0-180

With the wide range of torque characteristics for the varitarsirsg
methods, selecting an electromechanical reduced vditager
becomes more application dependent. In many instances, available
torque becomes the factor in the selection processes.

Limiting line current has been a prime reason in the pastsiag
electromechanical reduced voltage starting. Utility current
restrictions, as well as in-plant bus capacity, mayireguotors

above a certain horsepower to be started with reduced voltage. Som
areas of the world require that any motor above 7-1/2 HP be started
with reduced voltage.

Using reduced voltage motor starting also enables torque control.
High inertia loads are a good example of an applicatiavhich
electromechanical reduced voltage starting has been used to control
the acceleration of the motor and load.

Electromechanical reduced voltage starters must make a transition
from reduced voltage to full voltage at some point in theista

cycle. At this point, there is normally a line current surgke

amount of surge depends upon the type of transition hesied and

the speed of the motor at the transition point.
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Reduced Voltage (cont.)

There are two methods of transition: Open Circuit Ttarsand
Closed Circuit Trangion. Open circuit transition means that th
motor is actually disconnected from the line for a brief pericthoé
when the transition takes place. With closed traorsithe motor
remains connected to the line during transition. Opewit
transition will produce a higher surge of current becausmtter is
momentarily disconnected from the line. Examplespehn and
closed circuit transition currents are shown in Figurea88

Figure 8.4.

Figure 8.3 Open Circuit Transition
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Figure 8.4 Closed Circuit Transition
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The motor speed can determine the amount of current sage t
occurs at transition. Transfer from reedvoltage to fullvoltage
should occur at as close to full speed as possible. Thisnalgnizes
the amount of surge on tliae.

The following figures illustrate transition at low motoesg and near
full speed. The transition at low speed shows the curregé s1s
transition occurs at 550%, which is greater than the startimgniwo
400%. The transition near full speed shows that the cumege $s
300%, which is below the starting current.

Figure 8.5 Transition at Low Speed
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Figure 8.6 Transition near Full Speed
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Reduced Voltage Starting

Solid-state

The main function of solid-state controllers is their ability to provid

a soft start or stepless reduced voltage start of AC motors. The same
principles of current and torque apply to both electrdraaical

reduced voltage starters and solid-state controllers. Many staliel-
controllers offer the choice of four starting modes: soft start, current
limit start, dual ramp start, or full voltage start in the samégaz.

Figure 8.7 Solid-state Controllers

In addition to selecting the starting modes, the solid-stateate
allows adjustment of the time for the soft start ramp, or the current
limit maximum value, which enables selection of the starting
characteristic to meet the application. The most widsgdwersion

is the soft start. This method provides a smooth start ést m
applications.

The major advantages of solid-state controllers are the elimination of
the current transition point and the capability of adjustingithe to
reach full voltage. The seilt is no large current surge when the solid-
state controller is set up and correctly matched todae, las

illustrated in Figure 8.8.

Figure 8.8 Soft Start
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Current limit starting can be used in situations whesggudine
limitations or restrictins require a specific ment load. Theext
illustration shows a 450% current limit curve. Other valuey be
selected, such as 200%, 300%, or 400%, depending on tiw|zart
application. Current limit starting is also usedpplicatons wher
higher starting torque is required compared to a soft sthith
typically starts at less than 300% current. Current limit starting is
typically used on high inertia loads, such as ball mills.

Figure 8.9 Current Limit Start
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Solid-state controllers camt the voltage applied to the motexen

when the motor is up to speed, because of the semicondusgaténu

the power circuit. This allows solid-state reduced voltagedwide

an energy saving function for motors that run unloadéid oty

loaded for long periods of time. Intelligence within the sekiate
controller determines when the motor is lightly loaded. Th&agel

to the motor can then be reduced by properly controlling th
semiconductors until the motor is operating at an optirpaimt.

This same intelligence detects when a load is reapplied and increases
the voltage to prevent stalling.

Other features available with solid-state controllers includeiaddit
protection to the motor and controller, and diagnostics to adtiap
and troubleshooting. Protection typically provided includes shorted
SCR, phase loss, open load lead, SCR overtemperaturstaied
motor. Approprate fault messages are displayed to aid in
troubleshooting when one of these faults trip out the stéite

reduced voltage controller.
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Solid-state Starters
Using SCRs

Solid-state Starters Using SCRs

In solid-gate starters, silicon controlled rectifiers (SCRs) (se

Figure 9.1) are used to control the voltage output to the motor. An
SCR allows current to flow in one direction only. The amount of
conduction of an SCR is controlled by the pulses receivit @fate

of the SCR. When two SCRs are connected back to back (se

Figure 9.2), the AC power to a load can be controlled by changing the
firing angle of the line voltage (see Figure 9.3) during each half cycle.
By changing the angle, it is possible to increase or decrease th
voltage and current to the motor. The SMC Dialog Plus chertro
incorporates a microprocessor to control the firing of thRESCSix

SCRs are used in the power section to provide full cycle control of the
voltage and current. The voltage and current can be stovdy
steplessly increased to the motor.

Figure 9.1 Silicon Controlled Rectifier (SCR)

Gate
SCR
Figure 9.2 Typical Wiring Diagram of SCRs

Power Inpu N

3-Phase L1 L T
L1
VAN
N

LT
L2 T2
Motor

A
N

L3 - K
A

SMC Dialog Plus Controller
Power Section
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Solid-state Starters Figure 9.3 Different Firing Angles (Single-phase Simplification)
Using SCRs (cont.)
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Introduction

Motor Output
Speed/Torque/Horsepower

Torque and Horsepower

Reference

Certain mechanical parameters must be taken into considerdtémn w
applying motor controllers. The following section expk thes
parameters and how to calculate or measure them.

The speed at which an induction motor operates depends mptie
power frequency and the number of poles for which theoms
wound. The higher the frequency, the faster the motor runs. The
more poles the motor has, the slower it runs. To detertinéne
synchronous speed of an induction motor, use the followjngten:

_ 60 x 2 x Frequenc

Synchronous Spee Number of Poles

Actual full-load speed (the speed at which the motor wilratgeat
nameplate rated load) will be less than synchronous spéesl.
difference between synchronous speed and full-load speelieid ca
slip. Percent slip is defined as follows:

PercentSli = Synchronous Speed — Full Load String % 100
Synchronous Speed

Induction motors are built with slip ranging from Iésan 5% to as
much as 20%. A motor with a slip of less than 5% is calledral
slip motor. Motors with a slip of 5% orare are used for applications
requiring high starting tque.

Torque and horsepower, two important motor characteristics,
determine the size of the motor required for a given application. Th
difference between the two can be explained using a simple
illustration of a shaft and wneh.

Figure 10.1 Shaft and Wrench
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Torque and Horsepower (cont.)

Torque is merely a turning effort. In the previous illustratiotakies
one pound at the end of the one foot wrench to turn the shaft at a
steady rate. Therefore, the torque reegiis one pound x orieot, or
one foot-Ib. If the wrench were turned twice as fast, the torque
required would remain the same, provided it is turned at a statey

Horsepower, on the other hand, takes into account how fast the shaft
is turned. Turning the shaft rapidly requires more pger than
turning it slowly. Thus, horsepower is a measure of the rate at which

work is done. By definition, the relationship betweemterand
horsepower is as follows:

1 Horsepower = 33,000 ft.-Ibs./Min.
In the above example, the one pound of force moves a distance of:
2Ft. xmtx1Llb. or GBk

To produce one horsepower, the shaft would have to be turned at
rate of:

1 HP x 33,000 ft.-Ibs./Min.
6.28 ft.-Ibs./Revolutio

= 5250R

For this relationship, an equation can be derived for detérgin
horsepower output from speed andjtee.

_ RPM x X Torqu or RPM x Torqu

HP 30,0 5,25

For this relationship, full-load torque is:

. _ HPx525
Full-load Torque in ft.-lb = Full-load RPM
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The following graph illustrates a typical speed-torque curve for a
NEMA Design B induction motor. An understang of several
points on this curve will aid in properly applyimgotors.

Figure 10.2 Speed Torque Curv
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Locked-Rotor Torque (LRT)

Locked-rotor torque is the torque which the motor will developstt

for all angular positions of the rotor, with rated voltageasd

frequency applied. It is sometimes known as “starting torque” and is
usually measured as a percentage of full-load torque.

Pull-Up Torque (PUT)

Pull-up torque of an induction motor is the minimtorgu

developed during the period of acceleration from lockedrito the
speed at which breakdown torque occurs. For motors thaitdwmve
definite breakdown torque (such as NEMA Design D), pultargue

is the minimum torque developed, up to rated full-load speed, and is
usually expressed as a percentage of full-loaguie.

Breakdown Torque (BT)

The breakdown torque of an induction motor is the maxirtargque
the motor will develop with rated voltage applied, at rated frecyye
without an abrupt drop in speed. Breakdown torqueusily
expressed as a percentage of full-load torque.
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Torque and Horsepower (cont.) Full-load Torque (FLT)

The full-load torque of a motor is the torque necessarydaduyme its
rated horsepower at full-load speed. In fti, it is equal tehe rated
horsepower, multiplied by 5250, divided by the full-load speed in
RPM.

In addition to the relationship between speed and tothee,
relationship of current draw to these two values is an important
application consideration. The speed/torque curve is repesited,
with the current curve added, to demonstrate a typical restip.

Figure 10.3 Speed Torque Curve with Current Curve
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Full-load Current— !

Two important points on this curreniree require explanation.

Full-load Current

The full-load current of an induction motor is the steady-statesnt
taken from the power line when the motor is operating &tdati
torque with rated voiige and rated frequency applied.

Locked-rotor Current

Locked-rotor current is the steady state current of a motor with th
rotor locked and with rated voltage applied at rated frecyue

NEMA has designed a set of code letters to define locked-rotor:
Kilovolt-amperes-per-horsepower(kVIAP). This code letter

appears on the nameplate of all AC squirrel cage induction motors.
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kVA per Horsepower is Calculated as Follows:

For three-phase motors:

1.73 x Current (in Amperes) X Volts
1,00 >0H

KVA/HP =

For single phase motors:

Current (in Amperes) % Volts
1,00 >QH

KVA/HP =

Table 10. NEMA Locked-Rotor Current Gode Letters

Letter Designation kVA per HP O
A 0-3.15
B 3.15-3.55
C 3.55-4.0
D 4.0-45
E 4.5-5.0
F 5.0-5.6
G 5.6-6.3
H 6.3-7.1
J 7.1-8.0
K 8.0-9.0
L 9.0-10.0
M 10.0-11.2
N 11.2-12.5
P 12.5-14.0
R 14.0--6.0
S 16.0-18.0
T 18.0-20.0
U 20.0-22.4
v 22.4 and up

00  Locked-rotor kilovolt -amperes-per-horsepower range includes the lower figure up to, but not
including, the higher figure (i.e., 3.14 is letter “A” and 3.15 is letter “B”).
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Torque and Horsepower (cont.)

By manipulating the preceding equaton for kVA/HP for éaghas
motors, the following equation can be used for calculdtinged-
rotor current:

1,00 >0H x KVA/HP
1.73 x \olts

LRA =

This equation can then be used to determine the approximate starting
current of any particular motor. For instance, the approximate
starting current for 7-1/2HP, 230 volt motor with a locked-roor kVA
code letter of G would be:

1,00 >07. x6.0
1.73 x 230

LRA = = 113 Anp

Operating a motor in a locked-rotor condition for an extended period
of time will result in insulation failure because of theesgive heat
generated in the stator. The following graph illustrates themuem

time a motor may be operated at locked-rotor withoctiiring

damage caused by heating. This graph assumes a NEMA Design B
motor with Class B temperature rise.

Figure 10.4 Motor Safe Time vs. Line Current - Standard Induction Motors

From Operating

Temperature
8 /
From Ambient
6
Motor
Line 4
Amps Motor Stalled
Per
Unit O 1.15 Serv. Factor
Motor
2 /
wunning
1 1.0 Serv. Factor/v
Motor
0 (
10 15 20 100 200 700

Time in Seconds
00  Base Amps and Nameplate Amps.

Motor protection, either inherent or in the motontrol, should be
selected to limit the stall time of the motor.
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Motor Output for NEMA has designated several specific types of motors, each having
NEMA Design Designations unique speed/torque relationships. These designs, alongamitd
Polyphase 1-500 HP typical applications for each type, are described below. Filfpw

these descriptions are summaries of performance characteristics.

Figure 10.5 Typical NEMA Design A Speed/Torque Curv

Torque

Speed
Starting Current: High
Starting Torque: High
BreakdownTogue: High
Full-load Slip: Low
Applications: Fans, blowers, pumps, machine tools, foerot

applications with high startingrque
requirements and an essentially constant load.
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Motor Output for
NEMA Design Designations
Polyphase 1-500 HP (cont.)

Figure 10.6 Typical NEMA Design B Speed/Torque Curv

Torque

Starting Current:
Starting Torque:

Breakdown Toque:

Full-load Slip:
Applications:

Speed

Normal

Normal
Normal
Normal

Fans, blowers, pumps, machine tools, loerot
applications with normal startingrque
requirements and an essentially constant load.
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Figure 10.7 Typical NEMA Design C Speed/Torque Curve

Torque
Speed
Starting Current: Low
Starting Torque: High
BreakdownToque: Low
Full-load Slip: Low
Applications: The higher starting torque of NEMA Design C

motors makes them advantageous for use on
hard-to-start loads such as plunger pumps,
conveyors, and compressors.
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Motor Output for
NEMA Design Designations
Polyphase 1-500 HP (cont.)

Figure 10.8 Typical NEMA Design D Speed/Torque Curve

Torque

Starting Current:
Starting Torque:

Breakdown Toque:

Full-load Slip:
Applications:

Speed

Normal

High

None

High (5-13%)

The combination of high startingdoe and
high slip make NEMA Design D motors ideal
for use on very high inertia loadsdiar in
applications where a considerable vhoia in
load exists. These motors are commarsgd
on punch presses, shears, cranes, haists,
elevators.



Reference 10-11

Table 10.M Motor Output - Comparison of NEMA Polyphase Designs

NEMA Starting Locked Breakdown . I
. Rotor % Slip Applications
Design Torque Torque
Torque
A High High High <5% Broad applications including fans, blowers, pumps, and machine tools.
Normal starting torque for fans, blowers, rotary pumps, unloaded
B Normal Normal Normal <5% compressors, conveyors, metal cutting, machine tools, miscellaneous
machinery.
High inertia starts such as large centrifugal blowers, fly wheels and
C Low High Low Low crusher drums. Loaded starts such as piston pumps, compressors and
CONveyors.
Hiah Very high inertia and loaded starts. Choice of slip range to match
g application.
D Normal High None 5-8% Punch press, sheers and forming machine tools.
8-13% Cranes, hoists, elevators and oil well pumping jacks.
Calculating Torque Some machines must be accelerated to a given speed taia cer
(Acceleration Torque period of time. The torque fag of the drive may &ve to be

increased to accomplish this objective. The following equation may
be used to calculate the average torque required to accel&rete/a
inertia (WK?). This torque must be added to all the otbegue
requirements of the machine wheeternining the drive and ntor’s
required peak torque quit.

Required for Rotating Motion)

- WK x (AN)
30 8t
Where:

T = Acceleration Torque (ft.-Ib.)

WK2 = total system inertia (ft.—Ib.z) that the motor must accelerate. This
value includes motor armature, reducer, and load.

DN = Change in speed required (RPM

t = time to accelerate total system load (seconds).

Note:  The number substituted for (WK2) in this equation must be in
units of ft.-Ib.2. Consult the conversion tables for the proper
conversion factor.
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Calculating Torque The same formula can be used to determine the minimum
(Acceleration Torque acceleration time of a given drive, or it can be usedttbbsh
Required for Rotating Motion) whether a drive can accomplish the desired change in spged w
(cont) the required time period.

Transposed formula:

_ WK* x (aN)
30 8t

T

General Rule:

If the running torque is greater than the acceleratingu use the
running torque as the full-load torque required to determinmtter
horsepower.

Calculating Horsepower Note: The following equations for calculating horsepoaes
meant to be used for estimating purposdsg.ofhese
equations do not include any allowance for machine dricti
winding or other factorthat must be cordéred when
selecting a device for a machine application.

After the machine torque is determined, the required hovespie
calculated using the foata:

Where:

HP = Horsepower

T = Torque (ft.-Ib.)

N = Speed of motor at rated load (RPM)

If the calculated horgmwer falls between standard daaile motor
ratings, select the higher available $epower rating. It is good
practice to allow some margin when selecting the motor povaer.

Inertia Inertia is a measure of the body’s resistance to changes in velocity,
whether the body is at rest or moving at a constant velo€ig.
velocity can be either linear or rotational.

The moment of inertia (WI?<) is the product of the weight (W) of an
object and the square of the radius of g'pra(KZ). The radius of
gyration is a measure of how the mass of the object is distributed
about the axis of ration. Beause of this distribution ahass, a

small diameter cylindrical part has a much lower inertia than a large
diameter part.



Reference 10-13

WK? or WR2
Where:

WR?2 refers to the inertia of a rotating member that was calculated by
assuming the weight of the object was concentrated around its rim at a
distance R (radius) from the center (e.qg., flywheel).

WK? refers to the inertia of a rotating member that was calculated by
assuming the weight of the object was concentrated at some smaller
radius, K (termed the radius of gyration). To determine the WKZ of a part,
the weight is normally required (e.qg., cylinder, pully, gear).

_ HPx53

Torque Formulas T T

Where:

T = Torque (ft.-Ib.)

HP = Horsepower

N = Speed of motor at rated load (RPM)

T = FxR

Where:

T = Torque (ft.-Ib.)
F = Force (Ibs.)

R = Radius (ft.)

WK? x (ARPM)

T (Accelerating = 30 6

Where:

T = Torque (ft.-Ib.)

WK?Z = Inertia reflected to the Motor Shaft (ft.-Ib.?)
DRPM = Change in speed

t = Time to accelerate (sec.)

Note:  To change ft.-Ib.2 to in-Ib-sec.?: Divide by 2.68
To change in-Ib-sec.? to ft.-Ib.2: Multiply by 2.68
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AC Motor Formulas

Freqg x 12

Sync Speed = Number of Poles

Where:
Sync Speed = Synchronous Speed (RPM)
Freq = Frequency (Hz)

%Sl = Sync Spee —dFL Spe % 10
° Sync Spee

Where:
FL Speed = Full Load Speed (RPM)
Sync Speed = Synchronous Speed (RPM)

(WK?of Loa )

Reflected WK> = :
(Reduction Rati )

Where:
WK2 = Inertia (ft.-Ib.2)
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Torque Characteristics on This chart offers a quick guideline on the torquguieed to
Common Applications breakaway, start and run many common applications.

Table 10.N Torque Characteristics

Load Torque as Percent of Full
Load Drive Torque

Application
Breakaway | Accelerating | Peak Running

Agitators:

Liquid 100 100 100

Slurry 150 100 100
Blowers, centrifugal:

Valve closed 30 50 40

Valve open 40 110 100
Blowers, positive-displacement, rotary, bypassed 40 40 100
Card machines, textile 100 110 100
Centrifuges (extractors) 40 60 125
Chippers, wood, starting empty 50 40 200
Compressors, axial-vane, loaded 40 100 100
Compressors, reciprocating, start unloaded 100 50 100
Conveyors, belt (loaded) 150 130 100
Conveyors, drag (or apron) 175 150 100
Conveyors, screw (loaded) 175 100 100
Conveyors, shaker-type (vibrating) 150 150 75
Draw presses (flywheel) 50 50 200
Drill presses 25 50 150
Escalators, stairways (starting unloaded) 50 75 100
Fans, centrifugal, ambient:

Valve closed 25 60 50

Valve open 25 110 100
Fans, centrifugal, hot:

Valve closed 25 60 100

Valve open 25 200 175
Fans, propeller, axial-flow 40 110 100
Feeders, (belt) loaded 100 120 100
Feeders, distributing, oscillating drive 150 150 100
Feeders, screw, compacting rolls 150 100 100
Feeders, screw, filter-cake 150 100 100
Feeders, screw, dry 175 100 100
Feeders, vibrating, motor-driven 150 150 100
Frames, spinning, textile 50 125 100
Grinders, metal 25 50 100
Ironers, laundry (mangles) 50 50 125

Jointers, woodworking 50 125 125
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Torque Characteristics on
Common Applications (cont.)

Table 10.N (cont.) Torque Characteristics

Load Torque as Percent of Full

Load Drive Torque

Application
Breakaway | Accelerating Peak Running
Machines, bottling 150 50 100
Machines, buffing, automatic 50 75 100
Machines, cinder-block, vibrating 150 150 70
Machines, keyseating 25 50 100
Machines, polishing 50 75 100
Mills, flour, grinding 50 75 100
Mills, saw, band 50 75 200
Mixers, chemical 175 75 100
Mixers, concrete 40 50 100
Mixers, dough 175 125 100
Mixers, liquid 100 100 100
Mixers, sand, centrifugal 50 100 100
Mixers, sand, screw 175 100 100
Mixers, slurry 150 125 100
Mixers, solids 175 125 175
Planers, woodworking 50 125 150
Presses, pellet (flywheel) 150 75 150
Presses, punch (flywheel 150 75 100
Pumps, adjustable-blade, vertical 50 40 125
Pumps, centrifugal, discharge open 40 100 100
Pumps, oil-field, flywheel 150 200 200
Pumps, oil, lubricating 40 150 150
Pumps, oil fuel 40 150 150
Pumps, propeller 40 100 100
Pumps, reciprocating, positive displacement 175 30 175
Pumps, screw-type, primed, discharge open 150 100 100
Pumps, Slurry-handling, discharge open 150 100 100
Pumps, turbine, centrifugal, deep-well 50 100 100
Pumps, vacuum (paper mill service) 60 100 150
Pumps, vacuum (other applications) 40 60 100
Pumps, vane-type, positive displacement 150 150 175
Rolls, crushing (sugar cane) 30 50 100
Rolls, flaking 30 50 100
Sanders, woodworking, disk or belt 30 50 100
Saws, band, metalworking 30 50 100
Saws, circular, metal, cutoff 25 50 150
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Table 10.N (cont)Torque Characteristics

Load Torque as Percent of Full
Load Drive Torque

Application
Breakaway | Accelerating | Peak Running
Saws, circular, wood, production 50 30 150
Saws, edger (see edgers)
Saws, gang 60 30 150
Screens, centrifugal (centrifuges) 40 60 125
Screens, vibrating 50 150 70
Separators, air (fan-type) 40 100 100
Shears, flywheel-type 50 50 120
Textile machinery 150 100 90
Walkways, mechanized 50 50 100
Washers, laundry 25 75 100
Electrical Formulas Ohm’s Law:
E E
| = R R = I E=1I1x%xR
Where:
| = Current (Amperes)

E = EMF or Voltage (Volts)
R = Resistance (Ohms)

Power in DC Circuits:

P=1IxE HP = —

_ IXE _ | X E x Hour
KW= 1,00 KWH = 1,00

Where:

P = Power (Watts)

| = Current (Amperes)

E = EMF or Voltage (Volts)
kW = Kilowatts

kWH = Kilowatt-Hours
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Electrical Formulas
(cont.)

Calculating Motor Amperes

| x E

kVA (1-phase) = kVA (3-phase

1,00

Where:
kVA = Kilovolt-Amperes
| = Current (Amperes)
E = EMF or Voltage (Volts)
_ IXEXPF
kW (1-phase) = 1.00
| X E X PFx1.42
1,00

kW (2-phase)

| x E x PFx1.73

kW (3-phase) = 100

W kW

PE= <1~ kA

Where:

kW = Kilowatts

| = Current (Amperes)

E = EMF or Voltage (Volts)
PF = Power Factor

W = Watts
V = Volts
kVA = Kilovolt-Amperes
HP x 74
Motor Amperes =
P Ex173 xEff x PF
Motor Amperes = KVA x 1,00
1.73 XE
kW x 1,00
Motor Amperes = ————
P 173 XE x PF
Where:

HP = Horsepower

E = EMF or Voltage (Volts)

Eff = Efficiency of Motor (%/100)
kVA = Kilovolt-Amperes

kW = Kilowatts

PF = Power Factor

_ IxEx1.73

1,00
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Other Formulas

Engineering Constants

Calculating Accelerating Force for Linear Motion:

W x AV
1,93 3t

F (Acceleration) =

Where:

F = Force (Ibs.)
W = Weight (Ib.)
Dv = Change in Velocity (FPM)

t = Time to accelerate weight (seconds)
[Start KVA
U Hp O

Ex173

HP x

x 1,00
LRA =

Where:

LRA = Locked Rotor Amperes
HP = Horsepower

kVA = Kilovolt-Amperes

E = EMF or Voltage (Volts)

60 Hz LR

60
A Freq. X
Where:

60 Hz LRA = Locked Rotor Amperes
Freq. X = Desired frequency (Hz)

LRA @ Freq. X =

Temperature

0° C = Freezing point ofate

32°F = Freezing point of war = °C

10 °C = Boiling point of water at atmospheri@gsure
21 °F = Boiling point of water at atmospheriegsure
1.8°WF=1°WC

0.252 Calories=1 BTU

—270° C = Absolute zero

—459.6° F = Absolute zero

Length

1,760 Yards = 1 Mile

254 mm=254cm=1in.

3ft. =1 Yard

3.2808ft.=1m

39.37in. =1 m =100 cm 000 mm
5,280 ft. = 1 Mile

0.62137 Miles = 1 km
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Engineering Constants (cont.) Weight

16 0z. =11b.

2.2046 Ib. = 1 kg.

2.309 ft. waterat 6 °F =1 PSI

28.35gm=1oz.

59.76 Ibs.= Weight of 1 Cu. ft. of water at 21 °F
0.062428 Ib. per cu. ft. = 1 kg/cu. m

62.355 Ibs = Weight of 1 cu. ft. water at 6°F

8 (8.32675) Ibs. =Weight 1 gal. water at 62° F

Power

1.3410 HP = 1 kW

2.545 BTU perhr. = 1 HP
33,000 ft.-Ib. per min. =1 HP
550 ft.-Ib. per sec. =1 HP
745.7 W =1 HP

Area

10.764 sq. ft. = 3g. m

1,273,239 circular mils = 1 sq. in.
144 sq. in. = 1 sq. ft.

645 mnf = 1 sg. in.

9 sg. ft. =1 sq. yd.

.0929 sq. m =1 sq. ft.

Mathematic

1.4142 = squarsoot of 2

1.7321 = squarsoot of 3

3.1416 =p ratio of circumference of circle to diamete
= ratio of area of a circle to square of radius

57.296 degrees =1 rad. (angle)

0.7854 X dameter squared = area ofiecte

Pressure

14.223 PSI =1 kg per sg. cm = 1 “metric atmosphere”
2.0355in.Hgat 3°F=1PS

2.0416in.Hgat 6 °F=1PS

2,116.3 PSF =1in. waterat 6 °F

760 mm Hg = atmospheric pressure at0° C

.07608 Ib. = weight 1 cu. ft. air at 6°F and 14.7 PSI
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Volume

1,728 cu. in. = 1 cu. ft.

231 cu.in.=1gal. (U.S.
277.274 cu. in. = 1 gal. (British)
27 cu. ft. = 1 cu. yd.

31 gal. (31.5 U.S. gal.) = 1 barrel
35.314 cu.ft.=1cu.m

3.785 liters = 1 gal.

61.023 cu. in. = 1 liter

7.4805 gal. = 1 cu. ft.

Temperature

° = degrees

C = Celsius (Centigrade

F = Fahrenheit

BTU = British Thermal Unit

Length

yd. = yard

m = meter

mm = millimeter (1/1000 of a meter
cm = centimeter ( 1/100 of a meter)
in. = inch

ft. = feet

km = kilometer

Weight

0z. = ounce
Ib. = pound
kg. = kilogram
g = gram

Electrical

W = Ohms

y = Phase

V = \olts

A = Amperes

mA = milliamperes
mMA = microamperes
mV = millivolts

kV = kilovolts

Power/Energy

HP = horsepower

W = watt

kW = kilowatt

kWH = kilowatt-hours
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Engineering Constants (cont.)

Work/Inertia

ft.-Ib. = foot pounds
WK?2 = moment of inertia
N-m? = Newton meters

Area

sqg. ft. = squaréeet
Sg. m = square meters

mil = unit of length or angular measuonent

mm? = square millimeters

sg. in. = square inch

Rotation/Rate

FPM = feet per minute
FPS = feet per second

m/s = meters per second
mph = miles per hour

cfm = cubic feet per minute

Mathematic

p="“pi"

rad. = radians
p = Density

E = Summation
D = Chang

Pressure

kg. per sg. cm = kilograms per square centimeter
Hg = Mercury symbol

PSI = pounds per squareh

PSF = pounds per square foot

Volume

cu. = cubic

cu. in. = cubic inch

cu. ft. = cubic feet

gal. = gallon

ml = milliliter

fl. 0z. = fluid ounce (U.S.
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Conversion Factors

Table 10.0 Length

To Convert: To: Multiply by:
Meters Feet 3.281
Meters Inches 39.37
Inches Meters .0254

Feet Meters .3048
Millimeters Inches .0394
Inches Millimeters 25.4
Threads/Inch Millimeter Pitch Divide into 25.4
Yards Meters 0.914
Example: 10 Meters x 3.281 = 32.81 Feet
Table 10.P Area
To Convert: To: Multiply by:

Circular mil Meter2 050x10°

Yard? Meter? 0.8361

Example: (0.5 x 10”7 Circular mils = .00000005 m?)

Table 10.0 Power

To Convert: To: Multiply by:
Watts HP .00134
ft.-Ib./min. HP .0000303
HP kw 0.746

Example: 1500W x .00134 = 2.01 HP
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Conversion Factors (cont.)

Table 10.R Rotational/Rate

To Convert: To: Multiply by:
RPM deg./sec. 6.00
RPM Rad./sec. 0.1047

deg./sec. RPM 0.1667
Rad./sec. RPM 9.549
FPM m/s .00508
FPS m/s 0.3048
gal./min. cm3/sec. 63.09
in./sec. m/sec. .0254
km/hr m/sec. 0.2778
mph m/sec. 0.447
mph km/hr 1.609
yd. 3/min. m®/sec. 0.1274

Example: 1800 RPM x 6.00 = 10800 deg./sec.

Table 10.S Moment of Inertia

To Convert: To: Multiply by:
Newton-Meters2 ft.-b.2 2.42
0z.-in.? ft.-Ib.2 000434
Ib.-in.2 ft.-Ib.2 .00694
Slug-ft.2 ft-Ib 2 32.17
0z.-in.-sec.? ft.-Ib.2 0.1675
in.-Ib.-sec.? ft.-Ib.2 2.68

Example: 25 Newton-Meters? x 2.42 = 60.5 ft.-Ib.2

Table 10.T Mass/Weight

To Convert: To: Multiply by:
0z. g 3141
kg Ibs. 2.205
Ib. kg 0.4536
Newtons Ibs. 0.2248

Example: 50 0z. x 31.1 = 1555 ¢
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Table 10.U Torque
To Convert: To: Multiply by:
Newton-Meters ft.-Ib. 0.7376
ft.-Ib. Newton-Meters 1.3558
ft.-Ib. ft.-Ib. .0833
ft.-Ib. ft.-Ib. 12.00

Example: 30 Newton-Meters x 0.7376 = 22.13 Ib-ft.

Table 10.V Volume

To Convert: To: Multiply by:
cm’ m3 .000001
fl. oz. cm3 29.57
.3 of water (39. °F) kg (or liter) 28.32
cfm m3/sec. 000472
liter m3 .001
yd3 m3 0.7646
Example: 250 cm® x .000001 = .00025 m3
Table 10.W Temperature
To Convert: To: Multiply by:
. y o= CF=2)
1.8
°C oF

°F=(°Cx 1.8) + 32

Example: 20°C=(20x1.8) + 32= 6 °F
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AC

AC Contacto

Alphanumeric Display

Ambient Temperature

American Wire Gauge

(AWG)

AXis

Back of a Motor

Base Speed

Bearing (Ball)

Bearing (Roller)

Braking

Alternating current.

An alternating current (AC) contactor is designed for the specific purpose of
establishing or interrupting an AC poweratiit.

A device capable of displaying characters (letters, numbers, and symbaois} but
graphics.

Ambient temperature is the temperature of air, water, or a surrounditigmme
where equipment isperated or stored.

A standard system used for designing the size of electrical consluckaug

numbers have an inverse relationship to size; larger numbers have a sroafier
sectional area. However, a single-strand conductor has a larger cross-sectional
area than a multi-strand conductor of the same gauge so that they have the same
current-carrying specitation.

A principal direction along which movement of the tool or workpiece rscclihe
term axis alsoefers to one of the reference lines of a cowtd ystem.

The back of a motor is the end which carries the couplintyiving pulley
(NEMA). This is sometimes called the drive end (D.E.) or pulley(énf.).

Base speed is the manufacturer's nameplate ratirege the motor will develop
rated HP at rated load and voltage.

A “ball” shaped component that is used to reduce friction and wieite
supporting rotating elements. For a motor, this type of bearing provides\eeig
rigid support for the output shaft.

A special bearing system with cylindrical rollers capable of handling belted load
applications too large for standard badbbings.

Braking provides a means of stopping an AC or DC motorcamndb
accomplished in several ways:

* DC-injection (AC Drives) — A method which produces electromagnetic
braking forces in the motor by removing two AC motor (stator) phases
injecting the DC current. The result is a linear braking characteristic (ramp)
that does not diminish with motor speed. Application is normallitdihto
10-20% of rated motor speed due to increased heatitng irotor.

* Dynamic Braking (AC Drives — Since AC motors do not have segia
excitation, dynamic braking is accomplished by continuing to e&o@enoto
from the drive. This causes a regenerative current to the drive’'s DC
intermediated Bus Circuit. The Dynamic Braksistors are therlgred
across the DC bus to dissipate the power returnedbrile resistor is uslly
switched by a transistor or other power switch cdlggoby the drive.
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Breakaway Torque

Breakdown Torque

Buffer

C.E.M.F.

Closed Loop

Cogging

» Dynamic Braking (DC Drives)— Slows the motor by applying aresistive load
across the armature leads after disconnection from the DC sufiilymust
be done while the motor field is energized. The motor then acts asratgene
until the energy of the rotating armature is dissipated. This ismatliang
brake.

» Motor Mounted or Separately Mounted Brakeis a positive action,
mechanical, friction device. Normal configuration is such that whepower
is removed, the brake is set. This can be used as a holding brates. AN
Separately MontedBrake is not one which is located on some part of the
mechanical drive train other than the motor.)

* Regenerative Brakingis similar to Dynamic Braking, but iceomgished
electrically. The generated power is returned to the line through the powe
converter. It may also be dissipated@ssks in the converter ifin its
limitations).

* SMBO Smart Motor Braking — An Allen-Bradley smart motor braig
feature of an SMQ smart motor controller.

The torque required to start a machine from standstill. Breakaway torque is always
greater than the torque needed to maintain motion.

The breakdown torque of an AC motor is the maximum torque that the wititor
develop with rated voltage applied at ratedjérency.

1. In software terms, a register or group of registers used for temporary storage of
data to compensate for transmission rate differences between the transmitter
and receiving déce.

2. In hardware terms, an isolating circuit used to avoid the reaction afroné
with another.

Abbreviation for counter electromotive force, which is the productrodtor

armature rotating in a magnetic field. This generating action takes place wheneve
a motor is rotating. Under stable motoring conditions, the generakid)v

(C.E.M.F.) is equal to the voltage supplied to the motor minus $osaks.

However, the polarity of the C.E.M.F. is opposite to that of the pbeieg

supplied to the armature.

Closed loop refers to a regulator circuit in which the actual value of theoltted
variable (e.g., speed) is sensed and a signal proportional to this vatilma(fiee

signal) is compared with a signal proportional to the desired vadterénce

signal). The difference between these signals (error signal) causes the actual valu
to change in the direction that will reduce the difference in signaisrto

A condition in which a motor does not rotate smoothly but “steps” oksjdrom
one position to another during shaft revolution. Cogging is nrostopinced at
low motor speeds and can cause objectionable vibrations in the driedimma
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Constant Horsepower
Range

Constant Torque Range

Contact Reversing

Continuous Duty

(CONT)

Controller

CSA

Current Limiting

Cursor

Cycle

DC

Definite Purpose Motor

“D” Flange
(Motor Mounting)

DH-485 Link

Diagnostic

Diode

A range of motor operation where motor speed is controllditloly

weakening. Motor taue decreases asspdincreases. Since horsepower is speed
multiplied by torque (divided by a constant), the value of horsepowerapeeby

the motor in this range is constant.

A speed range in which the motor is capable of delivering a constguéisubject
to cooling limitations of thenotor.

A method of reversing motor rotation by the use of two separatacatorg, one of
which produces rotation in one direction and the other prodotasson in the
opposite direction. The contactors are electrically (and mechanica#ylocked
so that both cannot be energized at the same time.

A motor that can continue to operate within the insulation tempeiatute after it
has reached normal operating (equilibrium) temperature.

A unit, such as a programmable controller or relay panel, that controlsnaac
process elements.

Canadian Standard Association.

An electronic method of limiting the maximum current available to thiEema his

is adjustable so that the motor’s maximum current can be controlled. liscam a
preset as a protective device to protect both the motor and control from extended
overloads.

The intensified or blinking element in a video display. A means flication
where data entry or editing occurs.

1. A sequence of opations that is repeated ndgrly.

2. The time it takes for one sequence of operationsdar.

Direct current.

A definite purpose motor is any motor design, listed and offered in staradiaigbr
with standard operating characteristics from a mechanical comstrdot us

under service conditions other than usual or for use on a particular type of
application (NEMA).

This type of motor mounting is used when the motor is to be byjkrs

of the machine. The mounting holes of the flange are not threaded. The bolts
protrude through the flange from the motor side. Normally “D” flange motors are

supplied without feet since the motor is mounted directly to the dmaatine.

Data Highway 485 link. An Allen-Bradley token-passing basebanddir&klocal
area network based on the RS-485 standard.

Pertains to the detection and isolation of an error dfumetion.

A device that passes current in one direction, but blocks current iavibiesr
direction.
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Disable
Display
Display Menu

Duty Cycle

Dynamic Braking

Efficienc

EMF

Enable

Enclosures

To inhibit logic from being atvated.
That image that appears on a CRT screen or on other image progystiems.
The list of displays from which you select specific information fomirg.

The relationship between the operating and rest times or repeatatdtarpat
different loads.

SeeBraking

Ratio of mechanical output to electrical input indicated by agméage. In motors,
it is the effectiveness with which a motmwnverts electricalrergyinto
mechanical energy.

The initials ofelectromotive forc, which is another term for voltage or potential
difference. In DC djustable speed drives, voltage applied to the motoatre
from a power supply is the EMF and the voltageagated by the motor is the
counter-EMF or CEMF.

To allow an action or acceptance of data by applying an approgiggtal to th
appropriate input.

Enclosure refers theousing in which the controller is mounted. Esclie@s ar
available in designs for various environmental conditions.

* NEMA Type 1 — A general purpose enclosure of either a ventilated or a non
ventilated variety. It is used for most indoor applications atitésnded to
protect against dust, light, indirect splashing and accidental human contact
with the electrical circuit.

NEMA Type 3R — Intended for outdoor use, primarily to provide grée of
protection against falling rain, and to be undamaged by the formatice arf
the encloste. Itis not intended tprovide protection against conidihs such
as dust, internal condensation, or intelinglg.

*  NEMA Type 4 — A watertight enclosure is required wheneveruhit is
subjected to a great amount of water from any angle. Itrisaity used in

areas that are repeatedly hosed down. These enclosures are not designed to be

submerged.

»  NEMA Type 7 — An enclosure designed for a hazardous location, Cléss) 1
Group D per the National Electrical Code. This hazardous@mvient is one
in which flammablegases or vapors are or may be present in the air in
guantities sufficient to produce explosive or ignitable mixturdds &closur
shall be of such substantial construction that it will withstdaedinternal
pressureeasulting from explosions without bursting, permanently distgrb
loosening its joints.
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Factory Wiring

Fault

Floating Ground

Forc

Frame Size

*  NEMA Type 9 — An enclosure designed for a hazardous locatitags2
Groups F and G per the National Electrical Code. The atmosphetedin
this control must operate will contain carbon black, coal or coke dust, flour,
starch, or grain dust.

* NEMA Type 12 — Designed for industrial use. The enclosure is deerfo
use in applications where it is desirable to exclude such materi@i®lasg
oil, seepage, dust, lint, fibers and filings. This is normally avesriiated
enclosure with an oil-resistant synthetic gasket between the case aodahe
The cover is hinged to swing horizontally and is held in place swiitiable
fasteners which require the use of a tool.

+ JIC —Joint IndustryConference enclosures are damin specifications to th
NEMA Type 4 and Type 12 enclosures. The most obvious differetice is
way the seal is obtained. They are suitable for the abuse of the standard NEM
Type 4 and NEMA Type 12 encloes.

* Hazardous Location—- Enclosures normally meet some or all of theofwihg
specifications: Class |, Group D; Class Il, Groups E, F, and G; NEpe 7
and NEMA Type 9.

1. Class|, Group D—is designed to meet the applicatiequirements ahe
NEC and is in accordance with the latest specifications otlriters
Laboratories, Inc., for locations havingretspheres conitséing gasoline,
hexane, naptha, benzine, butane, propane, alcohol, acetone, benzol,
lacquer solvent vapors or natural gas.

2. Class I, Group E, F, and G- is designed to meet the ajipption
requirements of the NEC and is in accordance with the UL regeiresm
for atmospheres containing metal dust, including: aluminum, exagm,
and their commercial llys; andother metals of similar hazardous
characteristics: carbon black, coal or coke dust, flour, starch, or grain
dusts.

1. Wiring completed before the product was shipped from the factoriiohwt
was built.

2. Contrasted witlrield Wiring
Any malfunction that interferes with normalssem operation.

A circuit whose electrical common point is not at earth ground potential or the
same ground potential as circuitry it is associated with. A voliifgence can
exist between the floating ground and egritwnd.

The tendency to change the motion or position of an object with a ppsii.or
Force is measured in ounces or pounds.

The physical size of a motor, usually consisting of NEMA designedatiol’ “F”
dimensions at a minimum. The “D” dimension is the distance in quadees
from the center of the motor shaft to the bottom of the mountiely fehe “F”
dimensiorrelates to thelistance between the centers of the mountinghfeles.
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Frequency

Front of a Motor

Full-load Torque

Gate

General-purpose Motor

Hard Contacts
Hardware

Horsepower

Induction Moto

Inertia

Input Device

Interlock

Intermittent Duty
(INT)

The number of periodic cycles per unittiofie.

The end opposite the coupling or driving pulley (NEMA). Thsoisetimes called
the opposite pulley end (O.P.E.) or commutator end (C.E.).

The full-load torque of a motor is the torque necessary to produce rated horsepower
at full-load speed.

The control element of an SCR (silicon controlled rectifier) commonlyresfe¢o

as a thyristor. When a small positive voltage is applied to the gate momentarily,
the SCR will conduct current (when the anode is positive with respect to th
cathode of the SCR). Current conduction will continue even after the gate signal
is removed.

This motor has a continuous Class “B” rating and design, lestddffered in
standard ratings with standard operating characteristiceneotanical
construction for use under unusual service conditions withoutatéstrto a
particular application or type of application (NEMA).

Any type of physical switching cwacts.
Mechanical, electrical, and electronic components agsenalslies.

A measure of the amount of work that a motor can perform in a gséod of
time.

An alternating current motor in which the primary windingome member
(usually the stator) is connected to the power source. A secondatingvon the
other member (usually the rotor) carries the induced ourrEhere is no physical
electrical connection to the secondary winding, its curra@ntlisced.

A measure of a body’s resistance to changes in velocity, whetheodlids at rest
or moving at a constant velocity. The velocity can be either linearaifonodl.
The moment of inertia (WK is the product of the weight (W) of an object el
square of the radius of gyration{K The radius of gyration is a measuréofv
the mass of the object is distributed about the axis infratWK? is usually
expressed in units of ft.-if.

A digital or analog device such as a limit switch, pushbutton, pressuosers or
temperature sensor, that supplies input data through andinguit to a
programmable contrkr.

1. A switch or other device that prevents activation of a piece of equipment when
a protective door is open or some other hazardous condition exists.

2. Software that inhibits execution of othefta@re logic unless certain defined
conditions eist.

A motor that never reaches equilibrium tempera (equilibrium), but is permitted
to cool down between operations. For example, a crane, hoistcbima tool
motor is often rated for 15 or 30 intermittehity.
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International Standards

Organization (ISO)

Isolation Transformer

Jogging

Joule

Jumper

Latching Relay

LCD

Leakage Current

LED

Limit Switch

Line

Locked Rotor Current

Locked Rotor Torque

An organization established to promote development of internati@mad atds.
A transformer that electrically separates the drive from the AC power line. An
isolation transformer provides the following advantages:

1. In DC motor applications, it guards against inadvertent gingraf plant
power lines through grounds in the DC motor armatinaiit.

2. Enhances protection of semiconductors from line voltagsi&ats.

3. Reduces distbances from othesolid state control equipment suchdaves
without isolation transformers, time clock systems, electronic eosiretc.

Jogging is a means of accomplishing momentary motor moveme npéjties
closure of a circuit using a single pushbutton or corglchent.

1. The work done by the force of one newton acting througktardie of one
meter.

2. The energy required to transport one coulomb between two paiitggh
potential difference of one volt.

A short conductor with which you connéeto points.

1K = 219=1024. A prefix used as a multiple for bits, bytes, or wordeiting
size of a block of data or memory. Example: 2K bytes = 2048 bytes.

A relay that maintains a given position by mechanical or electricahsnentil
released mechanically or electrically.

Liquid crystal display, which is a reflective visual readout device commusdgl
in digital watches and laptop computers.

In a switching device, the current that continues despite the fact trde\ice is
turned off. This occurs with solid-state switching devices and filters&iat
contact switching deges.

Light-emittingdiode.

An electrical switch actuated by some partl/or motion of a machine or
equipment contacting the sefn.

Conductor or set of conductors for carrying signalgawer.

Steady state current taken from the line with a rotoraaidstill (at rated vitag
and frequency). This is the current when starting the motoloand

The minimum torque that a motor will develop at rest for all angular positions of
the rotor (with rated voltage applied at ratedjtrency).
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Logic General term for digital circuits and programmed instructions to perfyuired
decision-making and computational functions.

M 1. Mega. A prefix used with units of measurement to designatdtipla of
1,000,000.

2. 1M=29=1,048576. A prefix used as a multiple for bits, bytes, or words in
denoting size of a block of data or memory. Example: 2M bytes = 2,097,152
bytes.
Megger Test A test used to measure an insulation system’s resistance. This is usuallyadeas
in megohms and tested by passing a high voltage at low current thlamugioto
windings and measuring the resistance of the various insulation systems.

Menu A list of options, on a screen, from which a user céecse

Message 1. A meaningful combination of alphanumeric characters that estakslith
content and format of a report.

2. In a communication network, the unit of exchange at the applidaiien

Microprocessor A central processing unit that is manufactured on a singlgrited circuit (or on
only a few integrated circuits) by utilizing large scalegrationtechnology.

Mode A selected method of operation. Example: run, test, or program.
Module An interchangeablelpg-in item within a larger (maular) assembly.
Motor » AC Motor — is a device that converts (single or multipleg#)alternating

electrical current into mechanical energy. It requires no commutation devices
such as brushes.

» DCBrushless Moto —is a type of DC motor that uses electronic cartation
rather than brushes (as standard) to transfeecur

» DC Motor — is a device that converts direct electrical current into nmechia
energy. It requires a commutation device, eitliasbes or eleodnic.

» DC Permanent Magnet Motor— is a type of DC motor that uses permanent
magnets to produce a magnetic field. It has linear torque-speetiistics.

» Stepper Motor — is a specialized DC motor that allows discretetjprsng
without feedback.

Motor Controller, A device or group of devices that serve to govern, in a predetermined manner, the
Motor Starter electrical power delivered to a motor.
Multispeed Motor An induction motor that can obtain two, three or four discrete (fixe@dspey th

selection of various stator winding configtions.
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NEC

NEMA

NEMA Standards

Network

Noise

Normally Closed Contacts

Normally Open Contacts

Off

Offline

On

Online

Open-loop System

Open Machine (Motors)

The National Electrical Code are recommendations of the National Fire Protection
Association and is revised every threergeeCity or state regulaths maydiffe
from code regulations and take precedence over NEC rules.

The National Electrical Manufacturers Association is a non-profitrozgéon
organized and supported by manufacturers of electrical equipmestipplies.
Some of the standards NEMA specifies are: HP ratings, speeds, framansizes
dimensions, torques and enclossi

Consensus standards in the United States for electrical equipmentexppyahe
members of the National Electrical Manufacturers Aggmn.

A series of stations (nodes) connected by some type of communication medium. A
network may be made up of a single link or multipi&s.

Unwanted disturbances imposed upon a signal that tend to obscure tsrdatd.

A set of contacts on a relay or switch that are closed when the relay is deetherg
or the switch is de-activated. They are open when the relay is energized or the
switch is activated.

A set of contacts on a relay or switch that are open when the relay is de-energized
or the switch is de-activated. They are closed when the relay is energized or the
switch is activated.

1. Aterm used to designate the O state of a bit; the inoperative stadewife;
the state of a switch @ircuit that is open. Designated by thenbpl 0.

2. The opposite 0On.
Describes equipment or devices not under direct control and ectigir
controlling. When equipment is either idle, engloing repair, or peofming a task

under its own direction, it is said to beff'line.”

1. Aterm used to designate the 1 state of algtpperative state of a device;
the state of a switch or circuit that is closed. Designated bgytheol 1.

2. The opposite 0Off.
Refers to equipent or devices that are in direct interactive comitation.

A control system that has no means of comparing the output with thefanput
control purposes.

A machine having ventilating openings which permit passage ofratevoling
air over and around the mds of the machine.

» Drip-proof Machine — is an open type machine in which the ventilating
openingsare so onstructed that successful operatiomas interfered with
when drops of liquid or solid particles strike or enter the enclosure atrayhy
from one to fifteen degrees downward fromticed.
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Operator Interface Device

Output Device

Overload Capacity

* Guarded Machine - (NEMA Standard) is an open machine iniethall
openings giving direct access to live metal or rotating parteféxstnooth
rotating surfaces) are limited in size by the structural parts or by the screens,
baffles, grills, expanded metal or other means to prevent accidentatto
with hazardous partOpenings giving direct access to such liveatating
parts shall not permit the passage of a cylindrical rod 0.75 irdianneter.

» Open Externally Ventilated Machine— is one which is ventilated by means
of a separate motor driven blower mounted on the machine encldshise.
machine is sometimes known as a blower-vat#d or a force-ventilated
machine.

» Open Pipe Ventilated Machine- is basically an open machine except that
openings for admission of ventilating air are so arranged thatimdes or
pipes can be connected to them. Air may be circulated by meaggainyith
the machine or by means external to the machine (separately forced
ventilated).

* Semiguarde —is an open machine in which part of the ventilatipgnings in
the machine, normally in the top half, are guarded as in the cadguairded
machine” but the others are left open.

» Splashproof-is an open machine in which the ventilatingmipgs are so
constructed that successful operation is not interfered with ditogs of
liquid or solid particles strike or enter the enclosure at any anglgreater
than 100 degrees downward fronrtical.

* Weather-protected Machine— is an open enclosure divided into twpesy:

1. Type 1-enclosures have ventilating passages constructed to minimize the
entrance of rain, snow, airborne particles and prevent passa@e/éf a
inch diameter cylindrical rod.

2. Type 2- enclosures provide additional protection through dségh of
their intake and exhaust ventilating passages. The passages
arranged that wind and airborne particles blown into thelimecan be
discharged without entering directly into the electrical parthef
machine. Additional baffling is provided to minimize the plodisy of
moisture or dirt being carried inside the ine.

A terminal from which an operator can monitor and possibly affect aspetis of
machine or process control.

1. For a programmable controller, any machine/process load device (such as
solenoid or motor starter) of a controller output circuit.

2. For acomputer, a CRT terminal or printer.

The ability of the drive to withstand currents beyond the systentsaouns rating.

It is normally specified as a percentage of full load current for a specified time
period. Overload capacity is defined by NEMA as 150% of rated fulldoagnt
for one minute foStandard Industrial D@/otors.
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PLC® Controller

Plugging

Port

Power

Power Factor

Power Supply

Preset Speed

Programmable Controller

Protocol

Pulse

Remote 1/O

Reversing

RS-232-C

RS-422

1. An Allen-Bradley programmable controller.

2. An Allen-Bradley programmable controller with a name that includes th
letters PLC. SeProgrammable Catnoller.

Plugging refers to a type of motor braking provided by reversing eitharditage
polarity or phase sequence so that the motor develops a ctangige which
exerts a retarding force to brake the motor.

On a communication link, the logic circuitry or seétre at a st&in that deterrimes
its communication parameters for a particular communication channel.

Work done per unit of time. Measured in horsepower or watts: 1 88000 ft.-
Ib./min. = 746 watts.

A measurement of the time phase difference betweerottegye and current in an
AC circuit. It is represented by the cosine of the angle ofthése diférence.
Power factor is the ratio of Real Power (kW) to total kVA or the raticafal
power (W) to apparent power (volt-amperes).

A device that converts available power to a form that a system can use 6 usually
converts AC power to DCqwer.

Preset speed refers to one or more fixed speeds at which the drivpevite.

A solid-state system that has a user-programmable memory for storage of
instructions to implement specific functions such as 1/0O control, ldging,
counting, report generation, communication, arithmetic, and data file
manipulation. A controlleconsists of a central processor, input/outptdrface,
and memory. A controller is designed as an industrial cosystém.

A set of conventions governing the format and timindait between
communication devices.

A momentary sharp change in voltage, current, or light from iesgent
condition.

I/O connected to a processor across a serial link. With a serial link, remote 1/0O can
be located long distances from the processor.

Changing the direction of rotation of the motor armature mmrroA DC motor is
reversed by changing the polarity of the field or the armaturendtboth. An AC
motor is reversed by reversing the connections of one leg on thettasepower
line or by reversing the leads on a single phaseep line.

An EIA standard that specifies electrical, mechanical, and functional
characteristics for serial binary communication circuits in a pointiotfink.

An EIA standard that specifies electrical characteristics of balanced-voltaigé di
interface circuits in a point-to-point link.
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RS-485

SCR

Scrolling

Self-diagnostic

Serial

Service Factor (S-F)

Set Spee
Signal

Silicon Controlled Rectifier
(SCR)

SLCO Controller

Slip

SMC Controller

Special-purpose Moto

Speed Rang

An EIA standard that specifies electrical characteristics of balanced-voltaigé di
interface circuits in a multi-point link.

Silicon Controlled Recfier. A solid-state uni-directional latchirsgvitch.

The vertical movement of data on a display screesaxhby the dragging of one
line of displayeddata for each new line added at the oppasitk

A description of hardware and firmware that monitors its ownaijmer and
indicates any fault it can dat.

Pertaining to time-sequential transmission of, storage of, or Ipgiatons on
data, using the same facilities for successive parts.

When used on a motor nameplate, a number which indicates how baahthe
nameplate rating a motor can be loaded without causing serious diegréde.,
a motor with 1.15 S-F can produce 15% greater torque thanitné.@ S-F) to
adjust measured loads in an attempt to compensate for conditionsasich
difficult to measure or define.

The desired operating sed.
The event or electrical quantity that conveys information from one poamiciter.

A solid-state switch, sometimesferred to as a thyristor. The SCR has an anode,
cathode and control element called the gate. The device proadeslled
rectification since it can be turned on at will. The SCR can rapidly sveitgh
currents at high voltages. They are small in size and laveight.

An Allen-Bradley programmable controller with a name that includes the letters
SLC. SeeProgrammable Controlk.

The difference between rotating magnetic field speed (sgnolis sped) and
rotor speed of AC induction motors. Usually expressed as a pagecuit
synchronous speed.

An Allen-Bradley Smart Motor Coritler.

A motor with special operating characteristics or special mechanicarwection
or both, designed for a particular application and not failing withirdéfi@ition
of a general purpose or definite purpose motorNDE

The speed minimum and maximum at which a motor must operate unde&mtons
or variable torque load conditions. A 50:1 speed range for a motor tejphspeed

of 1800 RPM means the motor must operate as low as 36 RPM and still remain
within regulation specific&n. Controllers are capable of wider controllabl

speed ranges than motors because there is no thermal limitation, onigalectr
The controllable speed range of a motor is limited by the abilitglived 100%
torque below base speed without additional iogpl
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Star Connection

Status

Surge Protection

Surge Suppression

Surge Suppressor

Synchronous

Synchronous Speed

Thread Speed

Toggle

Torqu

Torque Constant

Torque Control

Totally Enclosed Machine

1. The arrangement of phase windings, in a polyphase circuit, in whicbnd
of each phase winding is connected to a comjmoction. In a tmee-phase
circuit, it is sometimes called a Y connection.

2. Contrasted witlbelta Connection

The condition at a particular time of any numerautities within a systemThese
conditionsmay be represented malues in a statume.

The process of absorbing and clipping voltage transients on aninmg&@ line
or control circuit. MOVs (Metal Oxide Varists) and specially esigned R-C
networks are usually used to accomplisis.

The process of absorbing and clipping voltage transients on animg&@ line
or control circuit. MOVs (Metal Oxide Varists) and specifically desigd R-C
networks are usually used to accomplisis.

A device that attenuates the magnitude of electricie.

A type of serial transmission that maintains a constant time inteetaken
successive events.

The speed on an AC induction motor’s rotating magnetic field. It isrdated by

the frequency applied to the stator and the number of magnetic poles present in
each phase of the stator windings. Mathematically, it is expressed/as:Speed
(RPM) = 120 x Applied Freg. (Hz)/Number of poles pkage.

A fixed low speed, usually adjustable, supplied to providerevenient rathod for
loading and threading mactds. May also be calledpaesetspeed.

To switch altenately between twpossible selgons.

A turning farce applied to a shafiending to cause rotation. Torque ismatly
measured in ounce-inches or pound-feet and is equal to the force applied, times th
radius through which itas.

(in-Ibs.) This motor parameter, abbi&ted as “irlbs.” provides a relatioship
between input current and output torque. For each ampere of cyppdisdao th
rotor, a fixed amount of torque will neis.

A method of using current limit circuitry to regulate torque instead of speed.
A totally enclosed machine is one so enclosed as to prevent the free exclange of

(Motor)between the inside and the outside of the case but not sufficierntgehc
to be termed airtight.
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» Dust-ignition-proof Machine — is a totally enclosed machine whos
enclosure is designed and constructed in a manner which will exclude ignitabl
amounts of dust or amounts which might affect performancdiongrand
which will not permit arcs, sparks or heat otherwiseegated or liberated
inside of the enclosure to cause ignition or exterior accurnor
atmospheric suspensions of a specific dust on or in the vicinibeof
enclosure.

* Explosion Proof Machine— is a totally enclosed machine whose enclosure is
designed and constructed to withstand an explosion of a specified gamor v
which may occur within it and to prevent the ignition of the djpmtgas or
vapor surroundinghe machine by sparks, flasheseaplosions of the
specified gas or vapor which may occur within the machisaga

» Totally Enclosed Air-over Machin —is a totally enclosed machine intended
for exterior cooling by a ventilating means external to the machine.

» Totally Enclosed Fan-cooled- is a totally enclosed machine equipped
exterior cooling bymeans of a fan or fans integral with the hiae but
external to the enclosing gis.

» Totally Enclosed Fan-cooled Garded Machine— is a totally enclosed fan-
cooled machine in which all openings giving direct access to the famaeel
in size by the design of the structural parts or by screens, gxilanded
metal, etc., to prevent accidentahtact with the fan. Such openind&t not
permit the passage of a cylindrical rod 0.75 inch in diameter, and agivalbe
not contact the blades, spokes or other irregular surfatles fzfn.

» Totally Enclosed Water-air-cooled Machine— is a totally enclosed machine
which is cooled by circulating air which, in turn, is cooled by cirtia¢awater.
It is provided with a water-cooled heat exchanger for coolingnteerial air
and a fan or fans, integral with the rotor shaft or separate, for cingutat
internal air.

* Totally Enclosed Water-cooled Machine- is a totally enclosed machine
which is cooled by circulating water, the water or water conductorsng in
direct contact with the machinensa

» Waterproof Machine — is a totally enclosed machine so constructed that it
will exclude water applied in the form of a stream from a hoseemihat
leakag may occur around the shaft provided it is prevented from entieging
oil reservoir and provision is made for automatically draining thehina.

The means for automatic draining may be a check valve or a tapped thele at
lowest part of the frame which will serve for application of a dpépe.

A momentary deviation in an electrical or mechanigateam.
Underwriters Laboratories (an approval agency).

A force moving an oject over a distance. &&sured in inch-ouncés.-o0z.) o
foot-pounds (ft.-Ibs.) . Work = force times diste.

SeeStar Connection
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