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Project Scope

Design and build a prototype digital motor controller with the following features:

1. Master Motor ON/OFF switch.

2. Manual/Auto mode switch.

3. RUN / STOP button for Manual Mode Jogging.

4. START button for Auto Mode LOAD + START

5. Switch selectable incremental position counter.  LOAD Button to load the counter.

6. Quadrature Encoder input to count down from the selected position value above.

7. Switch selectable motor speed and direction based on PWM Duty Cycle and Phase.

Description

This is a team project.  The project is divided into 3 separate sub-projects which will try to be divided appropriately between team members.

· PWM Motor Speed Control:  On/Off Logic, Timer to generate PWM Pulse, Duty Cycle Logic.

· Quadrature Encoder Interface:  8 Bit Counter, QE Signal Count, Stop Signal to Motor Control.

· User Interface:  Run/Stop Button (Debounced), Input DIP Switches to Motor Speed and Phase, Input DIP Switches to 8 Bit Counter, Load Counter Button (Debounced), and Display LEDs.

Additional Information

The project uses an Allegro Microsystems A3953SBT full bridge motor controller IC capable of driving motors at 50Vdc@1.5A.  The motor used is a Pittman 9200 series gear motor with 127.8 to 1 gear ratio capable of 33Vdc@3A.  The motor has an integrated HEDS9100-I00 Quadrature Encoder with 512 CPR (Count per Revolution).

Project Block Diagram
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Operation

1. Check to make sure the Motor Controller ON/OFF DIP switch is set to OFF

2. Turn on the controllers and motor power supply(s)

3. Set the Motor Speed DIP switches

4. Set the Position Increment Counter

5. Set the Motor Controller ON/OFF DIP to ON.

6. To Run the Motor, click the RUN/STOP button.  To Stop the Motor, click the button again.

7. To Run to the next Position, click the RUN/STOP button.  The motor will automatically stop when it reaches the next position.

Motor Control Functions

When the Motor Master Switch is OFF, the Vcc to the LM555 and PWM circuit is turned off.  When the Master Switch is ON, Vcc to the LM555 and PWM circuit is enabled when the RUN button (Active LOW) goes from LOW to HIGH and the Quadrature Encoder Borrow pin (Active LOW) is HIGH.

The following table describes every possible operating State.  These states are not listed sequentially and some may not even happen.  Input Changes are Bold.  Events marked by “*” are unlikely to happen.

Now

Run / Borrow
Next

Run / Borrow
State
Action

0    0
0    0
Run and Borrow Active = JOGGING
None

0    0
0    1
Run Active, Borrow Cleared (after LOAD)
None

0    0
1    0
Run Released while Borrow Active
None

0    0
1    1
Run Released and Borrow Cleared*
None

0    1
0    0
Run Active and Borrow Event = JOGGING
STOP

0    1
0    1
Running or JOGGING
None

0    1
1    0
Run Released and Borrow Event
STOP

0    1
1    1
Run Released
None

1    0
0    0
Run Pressed while Borrow Active*
None

1    0
0    1
Run Pressed and Borrow Cleared*
None

1    0
1    0
Borrow Active
None

1    0
1    1
Borrow Cleared
None

1    1
0    0
Run Pressed and Borrow Event*
STOP

1    1
0    1
Run Pressed
RUN 

1    1
1    0
Borrow Event
STOP

1    1
1    1
Inactive Inputs
NONE

Motor Functions Simplified

1. Toggle PWM Circuit Enable ON(RUN)/OFF(STOP) with a J-K Flip Flop (J=K=1)

2. Toggle J-K FF with Active LOW Clock Pulse on RUN Pressed or Borrow Event

Note:  The Borrow Event can only happen if the motor is turning; i.e. While the motor is RUNNING during normal operation.

3. LOAD (Preset Counter) on every RUN Pressed or Borrow Event

RUN Button and Borrow Event Logic Diagram
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RUN Button and Borrow Event Logic Simulation
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Speed Control

Motor Speeds Table

Speed

Switch

Setting
Duty

Cycle

%
Function

0 0
0
STOP

0 1
> 50%
SLOW

1 0
~ 70%
MEDIUM

1 1
~ 100%
FAST

Motor Direction is controlled by a PHASE switch.  The PHASE Switch is independent from all other motor control logic and can be wired directly to the A3953 motor controller.  The PHASE setting is used by the Position Control logic to manage Up/Down Counting direction.

PWM Generator Schematic
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PWM Generator Simulation
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The Simulation above shows 3 distinct PWM Duty Cycles for 50% (S50 = 1), 70% (S75 = 1), and 100% (S100 = 1).

Position Control

Quadrature Encoder Interface

Motor travel distance is controlled by setting an incremental value in DIP switches.  This value is loaded into an Up/Down counter by setting the LDN signal to the counter LO.  The same signal that Loads the counter is also sent to the PWM Motor Controller to Start the Motor.  When the counter over-flows, a STOP signal is sent to the PWM Motor Controller to stop the motor.

The 74193 up/down 4 bit binary counter was selected for this project because it was readily available.  Below is a simulation of the 74193 counter in simple operation.  The final controller will cascade several of these counters to increase the count magnitude.
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74193 12 bit Counter Test Circuit Photo

In the 12 bit count down counter using three 74193 counters, the IC’s are MSB Left, LSB Right.  The DIP switches are LSB Left (Switch 1 is bit 0) to MSB Right (Switch 8 is bit 11).  The Borrow on the MSB is Active LOW.  In this circuit, the Borrow LED displays its state.  The 4 LSB bits start off at all zero by default.  The 8 MSB bits can be preset using the DIP switches.  In the test circuit, the Left button is the PRESET and the Right button toggles the count down clock signal; simulating the Quadrature Encoder’s input.

In this simulation, the operator sets the D input value on the DIP switches.  The LOAD pin is punched LOW to Load Q with a starting value.  On the PGT of the Quadrature Encoder channel A, or QEA, the count is decremented until it underflows and sets the Borrow pin LOW.  The BON pin is wired to the DN pin of another 74193 to cascade an additional nibble to the counter.

Three 74193 Cascade 12 bit Down Counter Schematic
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Three 74193 Cascade 12 bit Down Counter Simulation
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Final Motor Controller
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A Video of operation can be found at the following URL:

http://www.moderncontroltechnology.com/docs/EET-EGR/EET244_Project/Final_Controller.mpg

Appendix – Components Data
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74LS00 Quad 2 Input NAND Gate

7404 Hex Inverter
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7408 Quad 2 Input AND Gate
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7414 Schmidt Trigger Hex Inverter
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7432 Quad 2 Input OR Gate
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7476 JK Flip Flop


74193 Up/Down Binary Counter with Separate Up/Down Clocks
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A3953SBT Full Bridge Motor Controller
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MCP6294 Op Amp



LM555 Timer
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Appendix – Misc. Schematics

Momentary Push Button; Normally Open and HIGH.

Optical Interrupter; Common Emitter Configuration
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