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Motorola’s MC3PHAC motor control reference PC board is designed for
use with optoisolation and power modules that are an integral part of the
embedded motion control series of development tools. It may be used
with custom power stages as well, and it is intended as a vehicle to
evaluate the MC3PHAC motor control device. The MC3PHAC is
designed to provide all of the necessary pulse-width modulated outputs
and monitor the system parameters necessary to control a 3-phase
induction motor. The reference PC board interfaces easily with power
stages and optoisolator boards. Details of the interface are given in
Section 3. Pin Descriptions. A photograph of the board is shown in
Figure 1-1.

Some applications for this system include:

* Low horsepower, variable-speed HVAC compressors, blowers,
and air handler motors

» Garage door openers
* Variable-speed pumps
* Submersible pumps

3-Phase AC Industrial Motor Controller Designer Reference Manual
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» Soft-start drive systems

e Hot tub pump motors

» Commercial laundry and dishwashers
* Process control systems

» Variable speed refrigeration compressors
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Figure 1-1. Board Photograph

1.3 Brief Overview to 3-Phase Induction Motors

Various market studies indicate up to 90 percent of all industrial motor
applications are induction type motors. Induction motors are sometimes
referred to as the “workhorse” of industrial motors. An induction motor is
the lowest cost motor for applications that require one-third or more
horsepower when some form of ac is available. This is true partly
because of the simple design of an induction motor. Three-phase motors
are becoming more popular for consumer applications as well. There are
many reasons for using an induction motor. Some of the reasons are:

* Low cost
» Simple to construct
* High reliability

Designer Reference Manual 3-Phase AC Industrial Motor Controller
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» High efficiency

* No brushes to wear out

» Operate well in extreme temperature conditions
* Minimum maintenance

In the case of the system described in this document, the ac power for
the 3-phase induction motor is generated by an inverter, driven from a
pulse-width modulator (PWM) within the MC3PHAC controller.

These advantages do not come without a price. An induction motor’s
speed is difficult to control due to its complex mathematical model and
its non-linear behavior when its core is saturated. Semiconductor-based
control systems have enabled the use of induction motors for many
applications requiring speed control.

Induction motors are available in a wide range of sizes, from less than
one watt to thousands of kilowatts. Common input voltage ranges are
230 and 460 volts for 60 Hz and input voltages of 380 volts when
operating at 50 Hz.

The motors are available in a variety of mounting styles. Mounting styles
include C-face, foot mount, large flange, vertical, and custom mounts.
Depending on the environment where the motor will reside, open,
explosion proof, totally enclosed, fan-cooled, water-cooled,
blower-cooled, and other enclosures are available.

An ac induction motor consists of two windings. The windings are the
rotor and stator assemblies. An induction motor can be thought of as a
transformer with a fixed primary (stator) and a rotating secondary (rotor).
The motor’'s name “induction” comes from the fact that alternating
currents are induced from the stator into the rotor by the rotating
magnetic flux produced in the stator. The motor’s torque is developed
from the interaction of the currents flowing in the rotor and the stator’'s
rotating magnetic field. The stator, or primary, windings connect to the
3-phase voltage source to produce a rotating magnetic field. The stator
structure is constructed with steel laminations shaped to form poles that
are wound with copper wire coils. The rotor is an assembly of
laminations over a steel shaft core. Radial slots around the laminations
periphery house copper or aluminum conductors at one end and are

3-Phase AC Industrial Motor Controller Designer Reference Manual
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positioned in parallel to the shaft. The primary windings are connected
to a 3-phase power source which produce a rotating magnetic field. In

the case of a 3-phase induction motor, the primary or stator windings are
spaced physically 120 degrees apart. If you view the rotor from one end,
it appears to look like a squirrel cage. Sometimes an induction motor is
referred to as a squirrel cage induction motor.

Figure 1-2 shows a schematic view of the construction of a 3-phase ac
induction motor.

ROTATING FIELD (ws) STATOR

Figure 1-2. Schematic View of a 3-Phase AC induction Motor

The magnetic field in the stator rotates at a synchronous speed around
the parameter of the stator with the applied power’s frequency. The
speed of an ac induction motor is controlled by the following factors:

* The number of poles (winding sets) built into the motor

» The frequency of the ac line voltage

* The amount of torque loading, which causes slippage
In actual practice, the rotor speed of the motor will always lag the rotating
magnetic field of the stator. Typical slip values range from 2 percent to

5 percent of the theoretical rotational speed. Slip will always increase
with the applied loading of the motor.

Designer Reference Manual 3-Phase AC Industrial Motor Controller
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To put the rotation speed in equation form, the theoretical speed of the
motor shaft is Vs = 120 (input frequency/number of poles). For a 60-Hz
fixed frequency and a motor with four poles, the theoretical speed would
be 1800 rpm. However, taking slip into consideration, using 4 percent
slip, the actual speed of the motor would be 1728 rpm.

A number of techniques can be used to control an ac induction motor.

Ac induction motor drives are based on the fact that variable frequency
and variable voltage waveforms can be generated. The most common
ac induction motor drive utilizes a converter-inverter structure as shown
in Figure 1-3.

RECTIFIER AC TO DC
INVERTER DC TO AC
FILTER
A A A CAPACITOR F MOTOR
-~ i DC BUS= Jl\ Jl\ Jl\ - E] e
AC INPUT ,I\ L_/
A 2 % N SN
A
CONTROLLER
USER IlF GATE DRIVE
OR > MC3PHAC < >
SERIAL CONTROL OPTIONAL OPTO
A
Figure 1-3. 3-Phase AC Motor Drive
As shown in Figure 1-3, the rectifier creates dc from the ac line while the
inverter develops the variable-frequency, variable-voltage ac voltage
from the dc bus. The controller is the intelligent heart of the system. It
provides pulse-width modulated outputs used to drive the gate drive to
the inverter. The controller also provides some form of user input/output
(I/0) and reads the bus voltage and uses system fault information during
its control tasks. Some systems optionally optoisolate the controller from
the gate drives.
3-Phase AC Industrial Motor Controller Designer Reference Manual
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Many excellent text and reference books describe motors and their
control techniques. A list containing several of them is presented here:

» Motor Control Electronics Handbook, by Richard Valentine,
McGraw-Hill, 1998, ISBN 0-07-066810-8

* DC Motors, Speed Controls, Servo Systems, by Electro-Craft
Corp., 1980, ISBN 0-9601914-0-2

» Electric Machinery, by A. E. Fitzgerald, Charles Kingsley Jr., and
Stephen D. Umans, McGraw-Hill, 1990, ISBN 0-07-021134-5

» Vector Control of AC Machines, by Peter Vas, Oxford University
Press, 1994, ISBN 0-19-859370-8

* Power Electronics, by Ned Mohan, Tore Undeland, and William
Robbins, John Wiley & Sons, 1995, ISBN 0-471-58408-8

» Power Electronics and Variable Frequency Drives, edited by
Bimal Bose, IEEE Press, 1997, ISBN 0-7803-1084-5

» Electric Drives, an Integrative Approach, by Ned Mohan,
University of Minnesota Printing Services, 2000, ISBN
0-9663530-1-3

1.4 About this Manual

Key items can be found in the following locations in this manual:
* Setup instructions are found in 1.7 Setup Guide.
» Schematics are found in Section 4. Schematics and Parts List.

* Pin assignments are shown in Figure 3-1. 40-Pin Ribbon
Connector J1, and a pin-by-pin description is contained in 3.3
Control Board Signal Descriptions.

* Forthose interested in the reference design aspects of the board’s
circuitry, a description is provided in Section 5. Design
Considerations.

Designer Reference Manual 3-Phase AC Industrial Motor Controller
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Some of the more noteworthy features of the reference PC board are:

Six motor control PWM outputs

Speed control potentiometer

Optoisolated half-duplex RS232 interface

Start/stop and forward/reverse switches

Eight jumper headers for system setup

MC3PHAC RESET switch
Two system fault inputs

Four analog inputs

Two software controlled LEDs

Regulated on-board power supply

The reference PC board fits into the system’s configuration that is shown
in Figure 1-4.

OPTOISOLATED

RS232 I/F

WORKSTATION

MC3PHAC -
REFERENCE BOARD

OPTOISOLATION
BOARD

t (OPTIONAL)

HIGH-VOLTAGE
POWER STAGE

MOTOR

8

(=] =] =]

—

Figure 1-4. System’s Configurations
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1.6 Warnings

Designer Reference Manual

This MC3PHAC reference PC board operates in an environment that
includes dangerous voltages and rotating machinery.

To facilitate safe operation, input power for the high-voltage power
stages should come from a current limited dc laboratory power supply. If
ac power is applied directly to the power stage, an isolation transformer
should be used.

When operating high-voltage power stages directly from an ac line,
power stage grounds and oscilloscope grounds are at different
potentials, unless the oscilloscope is floating. Note that probe grounds
and, therefore, the case of a floated oscilloscope, are subjected to
dangerous voltages.

» Before moving scope probes, making connections, etc., you must
power down the high-voltage supply.

* When high voltage is applied to the high-voltage power stage,
using only one hand for operating the test setup minimizes the
possibility of electrical shock.

» Operation in lab setups that have grounded tables and/or chairs
should be avoided.

* Wearing safety glasses, avoiding ties and jewelry, using shields,
and operation by personnel trained in high-voltage lab techniques
are also advisable.

3-Phase AC Industrial Motor Controller
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