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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


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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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
[image: ]
PWM Generator Simulation
[image: ]
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.
[image: ]
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
[image: ]

Three 74193 Cascade 12 bit Down Counter Simulation
[image: ]



Final Motor Controller
[image: W:\moderncontroltechnology.com\docs\EET-EGR\EET244_Project\Final_Controller.JPG]

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
[image: ]74LS00 Quad 2 Input NAND Gate


7404 Hex Inverter
[image: ]
7408 Quad 2 Input AND Gate

[image: ]

7414 Schmidt Trigger Hex Inverter
[image: ]

7432 Quad 2 Input OR Gate

[image: ]
7476 JK Flip Flop

[image: ]

74193 Up/Down Binary Counter with Separate Up/Down Clocks

  [image: ]  [image: ]  [image: ]




A3953SBT Full Bridge Motor Controller
[image: ]   [image: ]
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MCP6294 Op Amp
[image: ]


LM555 Timer
[image: ]
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Appendix – Misc. Schematics
[image: ]Momentary Push Button; Normally Open and HIGH.

Optical Interrupter; Common Emitter Configuration
[image: ]


8

image2.emf

image3.emf

image4.emf

image5.emf

image6.jpeg
T T

,,fﬁ-vo





image7.png
LOAD TRAVEL INCREMENT

LB e 11

DIP SWITCH BANK 2
b8 i

5

i
B L
il L

DIP SWITCH BANK 1
b i

5

i
3 L
L

o7

DIP SWITCH BANK 0

i i
g

L
o5 L
o5 L

[ = —

oW

.

COUNTER

74193
————gLDN
i A QA LT &
e 8 o8 e |
TEnT c ac BT &
TEnT D @ BT il
DN CON =
—{uP BON OUTPUT LOW TO STOP MOTOR
CLR % B
cnrz_ COUNTER
74193
*———— g LDN
i A oA Bl Bi
e 8 o
c ac
D ab
—— DN CON =
up son b
* CLR
o1 COUNTER
74193
>0 LDN
s A o
i 8 o8
e IS ac
e o a0
DN CON =
e son b
CLR




image8.png
00.0ns 2200 ns 240005 260005 2800ns. 300,0ns. 3200ns 340,0ns. 360,0ns. 380,0ns. 4000 ns. 4200ns
Name.
QE ! [
DN
Ntz 0000
T (1]
Nt T
Ba 00000y T00000001 001 000000031 000 ¥ D000003031 11 00000030710 ¥ G03000000T07 3 O00A00000 10 Y GO0DA0A00T 1y T0000A000010  A000000A000T  Da0000008000 Y AT TiTT1
an —
a1 ——
s
o
a7
L3
a5
0 —
e 1 |
a2 1 V—
o . 00— @ 0
Q0 [ ! [ ! [ ! [ 1 [ 1 [
BON





image9.jpeg




image10.png
Tnputs Output
A B Y
T T H
L H H
H L H
H H L

H=HIGH Loge Lovel
L= LOW Logic Lovel





image11.png




image12.png
N

"

a

0

v

o




image13.png




image14.png
Ve B4 A4 Y4 B3 A3 Y3





image15.png
GHD

2K

20





image16.png




image17.png
Mode

ez
Tz ox|g
I\Ixx:%
Vroroxox[$

Reset (Asyn )
Preset (Asyn.)
No Change
Count Up

Count Down





image18.png
uL Input
Names| Description

HIGH/ILOW | Output Iyl

Py Count Up Clock Input (Active Rising Edge) 1030 |20 0A18mA
CcPy Count Down Clock Input (Active Rising Edge) 1030 |20 0am18mA
MR onous Master Resst Input (Active HIGH) 1010 |20 0a-06mA
PT onous Parallel Load Input (Active LOW) 1.010 20 uA-0.6 mA
0-P3  |Parallel Data Inputs 1010 |20 uar06mA
Qg3 |Flip-Flop Outputs 1 mAZ0 mA
T Terminal Count Down (Borrow) Output (Active LO 50333 | AmAZ0mA
T, Terminal Count Up (Carry) Output (Active LOW) A mA20 mA





image19.png
GRouND

sense

aur,

Lo
Eizt





image20.png
Loap
SUPPLY
outy

LOGIC o,
supeLy @ Voo

c]
©

o SLEEPE
STANDEY NCDES

oo @ =

Lo
a1sD

PHASE

e B

INPUT LOGIC

)

I
e 0——+ i
T T

PMLATCH

LEae<

T
o 1 s|

GROUND

JE—

FEF GROUND __

Vi

owg o




image21.png
BRAKE | ENABLE DESCRIPTION

H Sleep Mode

Standby

Forward, Fast Current-Decay Mode

Forward, Slow Current-Decay Mode

Reverse, Fast Cunent-Decay Mode

Reverse, Slow Curtent.Decay Mods

Brake, Fast Cunent-Decay Mode

-z =|=|=]| =

Brake, No Cunent Control





image22.png
MCP6291 MCP6291 MCP6291R MCP6292

PDIP,_SOIC, MSOP SOT-23-5 SOT-23-5 PDIP, SOIC, MSOP
NC [T NC Voura [T~ [B1V
v @ oty Vour [T 5Voo  Vour[d 5]Vss Ve 2%\ = VDD
V\N+ = - VDD Ves ] ;\_ veolz] /\ INA 3 oute
m ot Vint[3 4Vin- Vnt[B 4] Vin- Vit ElVing-
Vss [4 5INC Vss[4 51V gt
MCP6293 MCP6293 MCP6294 MCP6295
PDIP, SOIC, MSOP_ SOT-23-6 PDIP, SOIC TSSOP PDIP, SOIC. MSOP
N[ Y [aITs \7 v, ) X
Vi 2 7 Voo Vourld 6]Voo \SHTA’ chm VoutaVine* [8] Voo
Vit >‘|_ Vss[2 ; \ [5ICS ‘NA e Ving [2 {T1Voure
i+ 3] 6] Vour Vinat I3 Vot
V. = Vin+ 3 41Vin- Vina*[2 6]Vine~
ss[4 5] NC Voo Vss —
Vss[& 5]Cs
Ving* 1 Vit
Vine-~ [6} Vine-
Voure Voure





image23.png
—1—.—0— +Vs

R

R2

+Vs |reset
discharge[ 5 4
§decharael,
threshold| o 855 joutput
timer 3
trigger
21 5
+ oV |control

¢ 0.015F
required)
ov

e

L

+

ee

Astabis Operation





image24.png
GND 8)Vce

Trigger

Reset O K Control
Vref Voltage
—o

7)Discharge

{6)Threshold





image25.png




image26.png




image27.png
+5V

R15
S10 4.7k

| SW_2 1





image28.png
g

0

Blocked

Open




image1.wmf
A3953

MOTOR DRIVER

PHASE

PWM

RUN/STOP

SPEED

OUTB

OUTA

motor power

index

table

+12V to 24V DC

Vbb

+5V

Vcc

QUADRATURE

ENCODER

+1.7V

MCP6294

Op Amp

DIP SWITCHES

POSITION COUNT

DIR

INPUT

COUNT DISPLAY LEDS

DISPLAY LEDS

ON/OFF

CONTROL

MOTOR

LOGIC

CONTROL

POSITION

LOGIC

STOP

LOAD/START

OPTICAL

INTERRUPTER

JOG

START

MODE


oleObject1.bin


Anne Arundel Community College

 

EET 231 -EGR 244:   

Digital Circuits

 

Revised

 

N

o

v

 

3

0

, 2006

 

 

1

 

 

Project 

–

 

Digital Motor Controller

 

 

Tom Kovacsi

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Start:

 

Nov 7, 2006

 

Andrew 

Rossbach 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Arnold Stadlin

 

 

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.

 

Ø

 

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

Cycle Logic.

 

Ø

 

Quadrature Encoder Interface:  8 Bit Counter, QE Signal Count, Stop Signal to 

Motor Control.

 

Ø

 

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 bri

dge 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 Quad

rature 

E

ncoder with 512 CPR (Count per Revolu

tion).

 

 

 

 

 

