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Instructor’s Portion

Summary

This lab ams a providing the sudents with hands on experience in
remotely controlling and monitoring a stepper motor over the network
using DataSockets programming and the digita output of the 6024E data
acquisition card. The lab assumes tha the students have prior exposure to
LabVIEW, and that they know the bascs of writing and debugging
LabVIEW Vis (Virtud Insrument). The experiment will teach them how
to gpply their LabVIEW knowledge to control a stepper motor through a
client/server  network program. The experiment dso covers the basic
hardware to buffer the digitd output of the card aong with the basic
concepts of DataSockets and the DataSockets server. The students should
sudy stepper motor operation and concepts (step mode, poles, wiring)
before coming to the lab.

The objectives for this experiment include exposing students to the basic
theory behind stepper motors, teaching the concepts of digitd interface
and data sockets network control, and having the students improve their
LabVIEW <kills by developing a VI to control a stepper motor. The
indructions provided in the sudent's section describe a step-by-step
gpproach to write the basc dructure of the VI. The rest of the
implementation is left to the dudents The VI provided is a sample
implementation, and is intended for the indructor’'s reference use and not
for the students. The diagram can be password protected in case the
sudents want to look a the front pand and see how the VI they are
writing should behave. Before performing this lab, the students should
have finished a prdiminary expeiment, “Digitd Control of a Stepper
Motor”, which isincluded as an gppendix at the end of this experiment.
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Uses

Equipment List

Setup

This experiment goplies to generd indrumentation and eectronics
gydems interfacing courses in  dectricdl  enginesring  or  enginesring
technology programs. The experiment can dso be ussful in badc
LabVIEW courses, teaching the concepts of DataSockets, Remote
Control, and Digitd Input/Output through data acquidtion cards in
addition to other LabVIEW techniques such as the use of the Logicd
Sdlect and Array components.

2 PCsrunning MS Windows
(visthtt p: //www. ni . coml | abvi ew/ | v_sysr eq. ht mfor
requirements specific to your operating system)

LabVIEW Full Development System version 6i or later.
6024E DAQ from Nationa Instruments (part number 322072C-01)

CB-50LP /O Connector Block from Nationd Instruments (part
number 777101-01)

NBI Ribbon Cable from Nationd Instruments (part number 180624-
10)

LM18293 Four Channel Push Pull Driver from Nationa
Semiconductor (htt p: // www. nat i onal . cont pf/ LM LML8293. ht
for the datasheet of this chip). Note: In caseit is not possible to obtain
this1C, any equivalent current buffer can work. A smple solution
would be to use 4 NPN BJTs (1N2222) in an open collector mode to
drive the stepper motor lines.

A 4-coil Stepper motor, with 7.5° step resoultion (48 internd poles),

such as part number 26M 048B from Thomson Airpax Mechatronics.
http://ww. al | egrom cro. com t echpub2/ ai r pax/ smhl5. p
df

Prototype board and jumper wires.

Follow the deps lised beow to prepare the workstations for this
experiment. The indructions assume you ae usng the equipment list
shown previoudy.

Note: Mogt of the manuds that are refered to ship with Nationd
Indruments hardware and software. If you can't find your hardcopy of the
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manuds, you can get them online a http://ww. ni . conl manual s.
If you encounter problems during setup, contact technica support a
http://ww. ni.conif support.

Before the Day of the Lab

1. Ingdl LabVIEW on both PCs (see the LabVIEW Release Notes for
your version of LabVIEW).

2. Ingal your 6024E board (see the 6024E User Manual, or online a:
http://ww. ni . com pdf/ manual s/ 322072c. pdf).

3. Connect the cable to the 6024E card and to the 1/O connector block.

On the Day of the Lab
1. Power up both computers.

2. Start LabVIEW.

References
NI’sweb site; http://mww.ni.com

LM 18293 datashest:
http://ww. national . com ads-cgi/vi ewer.pl/ds/LM LM.8293. pdf

Thomson Airpax Stepper Motor Handbook:

http://ww. al | egrom cro. com t echpub2/airpax/airpax. htm

“How Struff Works’ web ste: http://mww.howstuffworks.com/

D. Trhonson, and P. Sweat. “Basic Use of DataSockets
in LabVIEW, July 2001. Online at:
http://ww. ses-co. com Dat aSockets. doc
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Student’s Portion

Introduction

Objective

Theory

In this experiment, you will write LabVIEW VIs to remotdy control a
depper motor using DaaSockets Programming and the digita output of
the 6024E Data Acquistion Card (DAQ). You will write two VIs, a client
and a server. In addition, you will have to use the DataSockets Server.
This lab requires background in stepper motor basic theory, including the
concepts of poles and haf/full steps control codes. These concepts are
summarized in the Theory section of this experiment. In addition to
writing the VI, you are required to build an interface circuit to drive the
motor from the DAQ digita outputs.

e Tolearn how to use LabVIEW for Digita 1/0 through a DAQ card.

e To learn about stepper motor basics and how to control a stepper
motor using the digita output of a DAQ in full/hdf step mode and
clockwise/counterclockwise  direction, while controlling the speed of
rotation and displaying the current position.

e To lean the bascs of network programming in LabVIEW and
DataSockets.

1. Stepper Motor

For stepper motor theory, refer to the theory section of the experiment
“Digitd Control of a Stepper Motor” that is available in the gppendix.

2. DataSockets

DataSockets is a network programming technology to smplify data
exchange between computers and digtributed 1/0O devices. This technique
can be used to pass data over the Internet or Local Area Networks (LANS),
without the complexity of low-level TCP programming. The data can be
used for remote monitoring and control of processes that can be physcdly
located far away from the operator. DataSockets dso makes sharing of
scientific and engineering data between software applications and between
networked computers as easy as reading and writing data to files.
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The man protocol that is used with DataSockets is caled Data Sockets
Transfer Protocol (DSTP). Connections made with standard URLs of the
following format:

dgtp://machine_nameltag_name

Figure 4 illudrates the client/sarver modd in  DataSockets network
programming. The terms “Client” and “Server” refer to the two LabVIEW
programs (or V1) that you will write in this experiment. Each VI will run
on a different machine on the network, or they can both run localy on the
same machine. The operaior usudly controls the client side, while the
actua motor is connected to the DAQ on the server host.

DataSockets
Sarver (NSS)

Process
(Stepper Motor)

Client — | Server

<

Figure 4 — Client/Server network diagram with DataSockets
The client VI has a GUI that contains al the necessary input to the process
(or controls) and the feedback output from the process (the indicators).
The operator uses the client to control the remote process and monitor the
feedback measurements. All what the client does is to package the inputs
from the controls, send (or write) them to the server, and read back from
the server the feedback, unbundle them and display them on the indicators.

The server VI doesn't contain any controls. It reads from the network the
vaues sent to it from the dient, unbundie them and use them as the inputs
to the control program that drives the process. It aso collects the feedback
measurements from the process and bundle them and write them back to
the client to be displayed.

Each DSTP connection is unidirectiond; it supports sending the data from
one of the hosts to the other. This means we will need two DSTP
connections for a closed loop communication between the client and the
server programs. One connection will read from the client and write to the
sver, and the other will read from the server and write to the dient.
When cregting the DSTP connections, it is necessary to assign a new tag
to each connection.

For DataSockets connections to be established successfully, a DataSockets
Saver (DSS) mugt be running on the network. All communication through
the DSTP between the client and the server programs are passed through
the DataSockets Server. The DataSockets Server can be running on ether
the client or the server machines, but it can dso be running on a third
independent machine. Most programmers prefer to run the DataSockets
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Server on he same machine that hosts the server VI. The important thing
to remember is that al DSTP connections must use the IP address of the
DataSockets Server (DSS) on both the client and server sdes. This is
explained in the following teble:

Firgt connection Second Connection
. ! dstp://DSS |1P/tagl dstp://DSS |1P/tag2
Client Side (Client Write) (Client Read)
: dstp://DSS |1P/tagl dstp://DSS |1P/tag2
Server Side (Server Read) (Server Write)

The DSS can be referred to by its IP address or DNS name. In addition, if
the DSS is running locdly on the dient or the saver ddes then the
following IP address can be used on that sde 127.0.0.1, which is
equivaent to the DNS name: localhost.

The DataSockets operation can be performed in LabVIEW usng two main
Vis: DataSockets Read and DataSockets Write. Both VIs need the address
of the DataSockets to be specified as a URL (as mentioned above) of
gring type. In addition, the DataSockets Read requires a “type’ bundled
input to be adle to cast the unbundled message components to ther
origind types. For example, if the client sent a bundle consging of an
integer, a string and a double, then the server Read must be connected to a
bundle of integer, string and double congants in that specified type. The
condants can smply be O or empty drings. They should be bundled
together and connected to the “type’ input of the Server Read sub VI. This
way, when you unbundled the output of the Read (or the “data’) the VI
will cast each of them to its corresponding type.

Sating with LabVIEW verson 6.1, a new and improved method for
remote control of a VI is avalable. Usng a smple enable feature, you can
dlow your VI to be completey controlled and viewed online (with any
web browser) without adding any data sockets code to your program. This
requires a server (provided with LabVIEW 6.1) and a LabVIEW client
browser plugin, avalable from NI's web ste. This method is not going ot
be usad in this experiment.

Findly, to be able to connect from one machine to the DataSockets Server
on another, you need to set the DataSockets Server Manager access rights
to “every hogst”. For more informaion on DataSockets, refer to the
examples provided with your LabVIEW that are dso available in the help
system or you can refer to this useful document:

http://mmw.ses-co.com/DataSockets.doc
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Pre-Lab Preparation

Read this experiment before coming to the lab. You should understand the
operation of the stepper motor, and know the difference between full sep
and haf sep modes. You should dso understand the difference between
the client and the server programs, and the use of the DataSockets Server.

Bring the following to lab with you:

This experiment.
Y our lab notebook and pencil.

2 virus-free formatted 3.5-inch floppy disks (always make a backup
copy of your code on the second disk).

Answer the following questions in the datasheet provided & the end of this
experiment before coming to the lab. Remember to include these answers

inyour lab report.

1. What is the main difference between the client and server programs in
this experiment.

2. What arethe VIs used for DataSockets communication.

3. What is the DataSockets Server? How many copies of it should be
running in this experiment and where?

4. If the DaaSocket server is running on the machine with IP address
192.196.0.1 , and the client machine has the address of 192.196.0.2
while the server machine has IP addres 192.196.0.3. How would you
write the dstp URL s for the following Stuations:

- Client DataSockets Read

- Client DataSockets Write
- Server DataSockets Read
- Server DataSockets Write

5. If the DataSockets Server is running on the same machine as the server
program, how would your answers for question 4 differ? (Hint: use the
localhost DNS name).

6. Wha is the logic 1 output voltage on the 6024E card? What is the
logic O output voltage? What is the lowest input voltage to produce a
logic 1 input? And the highest input voltage to produce a logic O
input? Compare your answersto TTL and CMOS standards.

7. How do you produce a tri- state output? What is the voltage level?

8. How fast can asingledigita output on the 6024 be changed?
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9. Which VI is the mogt suitable for the Digitad Control of the stepper
motor (Functions Menu - DaaAcquistion - Digitd 1/0)?

10. How will you store the last postion of the motor in the LabVIEW VI ?
How will you initidize this value?

11. What is the difference between a Digitd Port and a Digitd Line in the
Digitd 1/0 VIs?

12. If the consecutive postions of a Stepper Motor in the clockwise
directions are numbered O, 1, 2, 3....7, obtain the binary code given to
the stepper motor corresponding to each position.

Workstation Details
Y our workgtation should have the following items:

Two computers with Nationa Instruments LabVIEW software an
connected over aLocal Area Network (LAN)

Nationd Instruments DAQ board (inside one of the computers)
Nationa Ingtruments DAQ board terminal block
Stepper motor (48 internd poleswith 4 coilsand 5 terminals)

LM 18293 push+pull quad line driver (or an adternative current driver
hardware).

Prototype board and jumper wires
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Lab Procedure

1. Before dating this experiment, you need to complete a prdiminary
experiment, “Digitd Control of a Stepper Motor”, that is available in
the appendix. The VIs that you are going to write in that experiment
will be used in the coming steps of this lab.

2. Stat by writing the client sde VI. Stat a new VI in LabVIEW on the
machine that will run the client (this does’t need a DAQ to be
indaled ingde it). You should then add the following controls and
indicators to the front panel. You can copy and paste them from the VI
of the prdiminary experiment. For a description of the usage of each
item, refer to the preliminary experiment.

a.  Haf-Sepping/Full Stepping-Mode Switch.

b.
C.

d.

Clockwise/Counter- Clockwise-Rotation Switch

Speed-of-Rotation Digitd Contral.

Number of Steps Digital Control.
Power Switch.

Current Podtion indicator.

Current Output Code.

Read URL Input String: Thisis where you will type the
DataSockets URL for the client read.

Write URL Input String: Thisis where you will type the
DataSockets URL for the client write.

2. After adding those controls, gart wiring the VI diagram of the client
program. Y our code will need the following Vs

a. Aninfinite while loop, which will wrap the entire client program.

b.

A DataSockets Read and a DataSockets write VIs. Y ou will need
to connect the URL input of both of them to the corresponding
input string (read or write) on the front pandl.

Two bundle and one unbundle VIs. One of the bundle Vis will be
used to bundle together the controls to form the inputs (or data) of
the DataSockets Write, which will be the stepping mode, the
rotation direction, the speed of rotation, the number of steps and
the power switch. The unbundle will be used at the output (data) of
the Read DataSockets VI to separate the values read from the
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network and connect them to their corresponding indicators. These
will be the current postion indicator and current output code.
Finaly, the lagt bundle is going to be wed to cast the types of the
data output of DataSockets Read VI. It should be connected to the
“type (Vaiant)” input of DataSockets Read. The types tha you
must bundle should correspond to the types of the data items
unbundled at the output of DataSockets Read, i.e. TF (for stepping
mode), TF (for rotation direction), U32 (for speed of rotation), etc..

3. Next, you will dart writing the server program that will run on the
second machine, which has the DAQ card ingaled. This program is
essantidly the same one that was created in the preliminary experiment
but with added data sockets functiondity. The front pand of the server
program should contain the following controls and indicators. For the
fird two items, refer to the preiminary experiment for an explanaion of
each item.

a

b.

C.

Current Position indicator.

Current Output Code

Read URL Input String: This is where you will type the
DataSockets URL for the server read.

Write  URL Input String: This is where you will type the
DataSockets URL for the server write.

4. Stat wiring the server program VI diagrams with the controls and
indicators to implement the functiondity of the stepper motor control.
The bet way to do this is to dat with the code written in the
preliminary experiment, and do the following changesto it

a. Ddete dl controls from the front pand, only leaving the current

position indicator and current output cycle.

. Change the main For Loop into a while loop. The loop stops

when the current iteration is greater than or equa the number of
iterations that will be received from data sockets read (from the
client).

. Add one DataSockets Read and one DataSockets write VIs. You

will need to connect the URL input of both of them to the
corresponding input string (read or write) on the front pand.

. Add two bundle and one unbundle VlIs. These are going to be

used in a way smilar to that of the client program. You will need
them to collect together the data to be sent to the client (server
write) and to separate the data read from the client. Make sure
that the data you write in the server is in the same order you reed
in the cdlient, and vice versa

Using DataSockets to Control a Stepper Motor over the Network

10



e. Connect the bundle to the indicators. current output code and
current podtion indicator (in the same order specified in the
client). Connect the output on the bundle to the DataSocket
write,

f. Connect the output of the DataSocket read to the unbundled VI.
The outputs of the unbundled go to stepping mode, the rotation
direction, the speed of rotation, the number of steps and the
power switch (in the same order specified in the dient). The
other bundle is going to be used to cast the types of the daa
output of DataSockets Read VI. It should be connected to the
“type (Variant)” input of DataSockets Read. The types that you
must bundle should correspond to the types of the data items
unbundled at the output of DataSockets Read

5. Thexe are the basic VIs that you will need to have working client and
sarver programs. You will gill need more Vs in the server program to
control the speed of rotation (milliseconds wait) and to show the current
motor position. Remember that one whole rotation is 360 degrees, and
that the motor goes 3.75 degrees for each half step and twice as much for
full seps. If you have any questions about writing the remaining code,
ask your lab ingtructor.

6. After finishing your code save it to the floppy disks. Then, connect the
DAQ digitd output pins with the motor and the current driver IC.
Follow the connections in the diagram in Figure 5.

7. Next, you need to configure and run the DataSockets server. First, run
the DataSockets Server Manager from the Start menu (Start - Programs
- Naiond Indruments - DataSockets -> DataSockets Server
Manager). Set permissons for al groups to “everyhost”. Then, run
DataSockets Server.

8. Run your dient and server programs on the corresponding machines.
You need to st the correct URLs for client and server readiwrite
depending on the address of the machine running the DataSockets
Server. Make sure the tag for client read and server write are identical,
and the same for client write and server read. Refer to the theory section

for more information on this. If you have any questions, ask your lab
ingtructor.

9. Test your code and connections by moving the motor as follows:
o Full step clockwise
e Full step counter clockwise
e Haf step clockwise
e Haf step counterclockwise
e All the aove combinations with varying speed
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Loss of torque observation when using half step vs. full step.

Note down the angle of rotation (the current postion) while you are
experimenting with the possble combinations above. If you are
having problems controlling the motor over the network, or if a
network is unavalable, you may try to run both the client and the
saver dong with the DataSockets Server on the same machine. Ask
your indructor for help.

Lab Report

Your report must be typed and of professond qudity. You should include
the following in your report:

1

All schematics, which must be computer-generated. Components
must be labded with circuit references and vdues. The
schematics mugst be fully compliant with Sandard engineering
practices for circuit depiction.

Snapshots of the front pane and block diagrams of dl VI's and
Sub VI’ s that you wrote or used.

A Theory section describing the theory behind the concepts used
inthislab.

An implementation section describing the details of your VI code
and the logic flow.

The test results and observations.
The answers to the Pre-1ab questionsin the provided datashest.

Selected sections of the datasheet of the PCI 1200, the stepper
motor and/or the LM 18293.
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Data Sheet
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10. Answer :

Position

Al

A2

Bl

B2

N[OOI [WIN|FR|O
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APPENDIX

Digital Control of a Stepper Motor

Samer EI-Hg-Mahmoud
Electronics Engineering Technology Program
Texas A&M University

Instructor’s Portion

Summary

Uses

This lab provides the students with hand on experience in controlling a
sepper motor using the digitd output of the 6024E data acquisition card.
The Lab assumes that the students have prior exposure to LabVIEW, and
that they know the badics of writing and debugging LabVIEW VI (Virtud
Instrument) code. The experiment will teach them how to apply ther
LabVIEW knowledge to control a stepper motor. The experiment aso
covers the basic hardware to buffer the digitd output of the card. The
students should study stepper motor operation and concepts (step mode,
poles, wiring) before coming to the lab.

The objectives for this experiment include exposing students to the basic
theory behind stepper motors, teaching the concepts of digita interface,
and having the students improve their LabVIEW skills by developing a VI
to control a stepper motor. The ingructions provided in the student's
section describe a step-by-step approach to write the basic structure of the
VI. The rest of the implementation is left to the students. The VI provided
is a sample implementation, and is intended for the ingdructor's reference
use and not for the students. The diagram can be password protected in
case the students want to look a the front panel and see how the VI they
are writing should behave,

This expeiment goplies to generd indrumentation and dectronics
gysdems intefacing courses in  dectricd  enginering or  engineering
technology programs. The experiment can dso be usgful in basc
LabVIEW courses, teaching the concepts of Digitd Input/Output through
data acquistion cards, in addition to other LabVIEW techniques such as
the use of the Logica Sdlect and Array components.
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Equipment List

- PC running Windows, Macintosh, Linux, Sun, or HP-UX
(visthtt p: //www. ni . com | abvi ew/ | v_sysr eq. ht mfor requirements specific to your
operating system)

LabVIEW Full Development System

6024E DAQ from Nationa Instruments (part number 322072C-01)

CB-50LP /O Connector Block from Nationa Instruments (part number 777101-01)
NBI Ribbon Cable from Nationd Instruments (part number 180624-10)

LM18293 Four Channel Push Pull Driver from Nationa Semiconductor

(http://wmwv. national . conf pf/ LM LML8293. ht Ml for the datasheet of this chip). Note: In
caseit isnot possble to obtain this IC, any equivaent current buffer can work. A smple

solution would be to use 4 NPN BJT's (1IN2222) in an open collector mode to drive the

stepper motor lines.

A 4-coil Stepper motor, with 7.5° step resoultion (48 internd poles), such as part number

26M048B from Thomson Airpax Mechatronics:
http://ww. al | egrom cro. com t echpub2/ ai r pax/ smh15. pdf

Prototype board and jumper wires.

Setup

Follow the geps lised beow to prepare the workstations for this
experiment. The indructions assume you ae usng the equipment list
shown previoudy.

Note: Mog of the manuds that are referred to ship with Nationd
Instruments hardware and software. If you can't find your hardcopy of the
manuas, you can get them online a http://ww. ni.con manual s.
If you encounter problems during setup, contact technica support a
http://ww. ni . conl support.

Before the Day of the Lab

3. Ingdl LabVIEW (see the LabVIEW Release Notes for your version of
LabVIEW).

4. Ingal your 6024E board (see the 6024E User Manual, or online a:
htt p: // ww. ni . coml pdf / manual s/ 322072c. pdf).

5. Connect the cable to the 6024E card and to the I/O connector block.
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On the Day of the Lab
1. Power up the compuiter.

2. Start LabVIEW.

References
NI'sweb ste: http://mww.ni.com

LM18293 datasheet:

http://ww. national .com ads-cgi/vi ewer.pl/ds/LM LML8293. pdf

Thomson Airpax Stepper Motor Handbook:

http://ww. al | egrom cro. conitechpub2/airpax/airpax. htm

“How Stuff Works’ web dte: http://mww.howstuffworks.com/
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Student’s Portion

Introduction

Objective

Theory

In this experiment, you will write a LabVIEW VI to control a stepper
motor using the digita output of the 6024E Data Acquidtion Card (DAQ).
This lab requires background in stepper motor basic theory, including the
concepts of poles and hdf/full steps control codes. These concepts are
summarized in the Theory section of this experiment. In addition to
writing the VI, you are required to build an interface circuit to drive the
motor from the DAQ digitd outputs.

e Tolearn how to use LabVIEW for Digitd 1/0O through a DAQ card.

e To learn about stepper motor basics and how to control a stepper
motor usng the digitd output of a DAQ in full/hdf sep mode and
clockwise/counterclockwise direction, while contralling the speed of
rotation and displaying the current position.

A motor is an dectromagnetic rotating machine where current flow in a
coil around the poles induces an eectromotive force that attracts or repes
a rotaing part in the center of the motor. DC motors condst of a rotor,
which is the center part and a stator, which is the outer block as in Figure
1. To dlow the rotor to turn without twisting the wires, the ends of the
wire loop are connected to a set of contacts caled the commutator, which
rubs againgt a set of conductors caled the brushes. Stepper motors are
very different from DC motors in the way they are physicaly composed
and used. Unlike DC motors, which may be composed of two large Stator
magnets, one on each sde of the rotor, stepper motors are composed of
many ferite poles surrounding a permanently magnetized dtator core.
Figure 1 shows the two basic models of DC and stepper motors.

As illugrated in Figure 1, each pole within the stepper motor is wound by
a thin wire. When any one of these wires is energized by current passng
through it, a magnetic fidd is created across the ferrite materid. This
thereby induces a magnetic North and a magnetic South on the pole.

A magnetized Sator pole will attract a magnetized portion of the rotor
with the opposte polarity. By using a specific combination of energized
poles, the rotor can be “held” in place by the magnetism, or it can be made
to rotate by energizing adjacent poles and de-energizing the current ones
S0 that the rotor is then attracted to the adjacent source of magnetism.
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FigLIJ-re 1 - Comparing a DC motor (left) to a Stepper Motor (right)

(Source: http://www.howstuffworks.com/motor1.htm)

The stepper motor shown in Figure 1 has 4 internd ferrite poles, but pairs
of poles are connected together to form one coil. The motor we will use in
this lab has 48 internd ferrite poles, but they are connected to form four
coils. Each of the four coils forms one termina of the motor. In addition,
there is a fifth termind that corresponds to a common line with dl coils.
This common termina can be used as the common ground (or a common
source) for the motor. For a four-coil motor, a four-bit code sequence is
needed to energize the appropriate poles a any one time. The sequence
needed to make the rotor turn can be done in ether “full step” or “haf
dep’ increments. The difference between these two modes is that the
goplication of some of the codes is omitted. This can be seen in the tables
in Figure 2. Both the speed and direction may be changed a any ingtant
by applying the appropriate codes at the stepper motor’ssignd lines.

Step| 04 Oz O Oy
ON | OFF | ON | OFF

Normal
4-Step Sequence

ON [ OFF | OFF | ON
OFF [ ON | OFF | O
OFF [ ON | ON [ OFF
O [ OFF [ ©N | OFF

CWROTATION
CCWROTATION

bl B L] ] el

ON | OFF [ ON [ OFF
DN | OFF | OFF | OFF
DN | OFF [ OFF | ON
OFF | OFF | OFF | 0N
OFF [ O | OFF | O
OFF [ OGN | OFF | OFF
OFF | ON | oW | OFF
OFF | OFF | ON | OFF |~
ON | OFF [ ON | OFF

1z Step
8-Step Sequence

CCW ROTATION
_h,.

CWROTATION

bl ] ] Ruid RURY P DS ]

Figure 2 - Stepper Motor switching sequence

(Source: http://www.allegromicro.com/techpub2/airpax/smh29.pdf)
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The angular rotation of the rotor is hdf the digance when “hdf-step”
codes are used than when “full-step” codes are used. This means that it
takes hdf as many full-step codes to make the rotor make one complete
turn compared to usng haf-geps. This dso means that a “fing” angular
increment is possble when usng hdf-step codes. Depending on the
goplication, this may be an advantage. In the example given, the rotor
shifts 45 degrees between the agpplications of two half-step codes, while it
dhifts 90 degrees between the gpplications of two full-step codes. The
more poles a motor has, the smaller the rotationd increments on both half
and full geps. On the other hand, this aso means that more code
sequences are needed to make one complete turn. There are advantages
and disadvantages to having a stepper motor with an N number of poles.
The tradeoff is rotational speed versus angular resolution. The following
formula defines angular resolution of a stepper motor.

360 Degrees

Angular Resolution =— :
2° number of internd poles

For the motor used in this lab, the number of internal poles is 48, so the

minimum angular resolution would be23'—6408 =3.75.

This resolution is for hdf-gep configuration. The full-sep mode exhibits
twice the angular resolution of the haf step mode.

Another characteridic difference between usng haf-step increments and
ful-step increments to make the rotor move § the torque force capability.
The motor will exhibit a greater torque force when full-step codes are used
because there is twice as many energized dator poles gpplying magnetic
attraction on the rotor than when half-step codes are used.

Findly, to drive a stepper motor, a sgnd conditioning stage is needed.
Since the output current of the DAQ used (the PCI 6024E) is too low to
drive the motor, a current amplifier (line driver) will be connected
between the DAQ digita output and the motor wires. An example is given
laer usng the LM18293 line driver chip, but other current driving
hardware can be used such as using four BJT transstors in open-collector
mode as shown in Figure 3.
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Figure 3 - Stepper Motor with BJT current driver

(Source: http://www.allegromicro.com/techpub2/airpax/smh29.pdf)

Pre-Lab Preparation

Read this experiment before coming to the lab. You should understand the
operation of the stepper motor, and know the difference between full step
and haf step modes.

Bring the following to lab with you:
This experiment.
Y our lab notebook and pencil.

2 virus-free formatted 3.5-inch floppy disks (dways make a backup
copy of your code on the second disk).

Answer the following questions in the datasheet provided at the end of this
experiment before coming to the lab. Remember to include these answers

in your lab report too. Some of theses questions need experimentation to
find the answer.

13. What is the logic 1 output voltage on the 6024E card? What is the
logic O output voltage? What is the lowest input voltage to produce a
logic 1 input? And the highest input voltage to produce a logic O
input? Compare your answersto TTL and CMOS standards.

14. How do you produce a tri-gtate output? What is the voltage level ?
15. How fast can asingle digita output on the 6024 be changed?

16. Which VI is the mogt suitable for the Digitd Control of the stepper
motor (Functions Menu - Data Acquigtion - Digitd 1/0)?

17. How will you gtore the lagt pogdtion of the motor in the LabVIEW VI ?
How will you initidize this value?
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18. What is the difference between a Digitd Port and a Digitd Line in the
Digitd I/O VIs?

19. If the consecutive podtions of a Stepper Motor in the clockwise
directions are numbered O, 1, 2, 3....7, obtain the binary code given to
the stepper motor corresponding to each position.

Workstation Details
Y our workgtation should have the following items:

Lab Procedure

Computer with Nationa Instruments LabVIEW software

Nationd Instruments DAQ board (insde the computer)

Nationa Ingtruments DAQ board termina block

Stepper motor (48 internd poleswith 4 coilsand 5 terminas)

LM 18293 push-pull quad line driver (or an aternative current driver
hardware).

Prototype board and jumper wires

1. Sat a new VI in LabVIEW. You should then add the following
controls and indicators to the front pandl:

j.

Haf-Stepping/Full ~ Stepping-Mode  Switch:  This switch controls
whether the motor rotates in increments of full sleps or haf steps.

Clockwise/Counter-Clockwise-Rotation  Switch:  This  control  is
used to aternate between the two directions of rotation.

Speed- of-Rotation Digitd Control: A knob to control the speed of
the motor in steps/second. This function varies the motor gpeed by
controlling how fast the actud binary array is fed to the motor. In
other words, it controls the time, in “millissconds of wait,” thet
lapses between the outputs of each binary aray that drives the
stepper motor.

Number of Steps Digitd Control: By usng this function the user
can specify the maximum number of seps the motor will make —
whether they ae full-steps, or hdf-geps. This will be the number
of iterations to the main loop in the VI code.

n. Power Switch: Thisisthe main On/Off switch for the V1.

Using DataSockets to Control a Stepper Motor over the Network

22



0. Current Pogtion indicaor: This is a gauge-like indicator that
shows the current postion of the motor in degrees, assuming it
dated a O degrees. This indicator should reflect the direction of
rotation of the motor and the amount of degrees each step moves.

p. Current Output Code: Thisisan indicator with 4-leds array
showing the current output code to the motor in binary.

2. After adding those controls, sart wiring the VI diagrams with the
contrals to implement the functionality of the stepper motor control. You
might find the fallowing V1 components ussful in your codes

g A man loop, best implemented as a For Loop structure. The
number of iterations is the input from the number of steps control
on the front pand.

h. A 1-dimensond aray (lookup table) of control codes. Since the
motor used has 4 coils, there will be 8 different codes for a haf-
sep configuration. We will use one aray only (the hdf-step
codes arranged in clockwise order) and obtain the values from
this aray usng an index. The index itsdf depends on the dep
mode and the direction of rotation. The codes in the array should
be written in binary (make sure to right click on the array and st
the Format Precison to Binary).

I. Two Sdect Vs (from Functions - Comparison). These will be
used with the two switches (step mode and rotation direction).
The Sdect VI wired to the Step Mode switch will sdect a 1 for
haf-gep and 2 for full sep. This is equivdent to skipping every
other code in the aray when going in full seps Smilaly, the
Sdect wired to the direction of rotation switch will sdect a 1 for
a clockwise rotation and a -1 for a counterclockwise rotation.
This is equivdent to going forward or backward in the aray
elements.

J- A Mutiplication VI to multiply the outputs of the two Sdects
described in “c” above. There will be 4 different combinations
for the output of the mutiplier VI, <soedfying the
increment/decrement to the index of the array:

e 1=nhdf-step clockwise
o 2=full-step clockwise
e -1=hdf-step counterclockwise
e -2=full-step counterclockwise

k. An Addition VI to add the increment/decrement obtained in “d’
with the previous vaue sored in a shift register. The output of
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the Addition VI feeds the input the shift register. This way, you
will keep track of the current value of the index to traverse the
lookup table. Make sure the shift register output (to the left) is
initidized to zero (attach it to a zero congtant outside the loop)

. A Quotient and Remainder VI. This will be used to wrep the
index over the 8 dements of the array. You will use it to divide
the output of the adder in “€ with a congant integer (8), and
take the Remainder asthe actua index to the array.

m. A Write To Digitd Port VI to send the value obtained from the
aray to the digita port of the 6024E. Configure the output so
that you send to Port O (PA) of device 1 (6024E). The default
port length is 8 but we are usng only 4 hits (the least sSgnificant
bits of the word).

n. A Stop VI (Application Control > Stop) wired to the power
switch and placed insde the main loop.

3. These are the basc dements that you will need to have a working
program. You will need more VI components to control the speed of
rotation (milliseconds wat) and to show the current motor postion.
Remember that one whole rotation is 360 degrees, and that the motor
goes 3.75 degrees for each haf step and 7.5 degrees for each 1ull gep. If

you have any quedtions about writing the remaining code, ask your lab
ingructor.

4. After finishing your code save it to the floppy disks. Next, you need to
connect the DAQ digitd output pins with the motor and the current
driver IC. Follow the connectionsin the diagram in Figure 4.

5. Test your code and connections by moving the motor asfollows:
o Full step clockwise
o Full step counter clockwise
e Haf step clockwise
e Haf step counterclockwise
e All the aove combinations with varying speed

e Make the observation necessary to characterize the loss of torque
observation when using haf step vs. full step.

Note the angle of rotation (the current podtion) while you are
experimenting with the possible combinations above.

Lab Report

Your report must ke typed and of professond quality. You should include
the following in your report:
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8. All schematics, which must be computer-generated. Components
must be labded with circuit references and values The
schemdtics mugt be fully compliant with sandard engineering
practices for circuit depiction.

9. Front pand and block diagram of dl VI's and Sub VI's that you
wrote or used.

10. A Theory section describing the theory behind the concepts used
inthislab.

11. An implementation section describing the details of your VI code
and the logic flow.

12. Thetest results and observations.
13. The answersto the Pre-lab questions.

14. Selected sections of the datasheet of the 6024E, the Stepper
motor and/or the LM 18293.

Data Sheet
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7. Answer :

Position Al A2 Bl B2

N OO BA[WIN|FL|O

Using DataSockets to Control a Stepper Motor over the Network



+5
T 7
ENABLE 1 1 L M18293 16] Vgg DIOO
DIO2 ©® > MPUT 1 2 15 INPUT 4 <
@ QUTPUT 1 35 14| OUTPUT 4 |&—
GROUND 14 13 GROUND _‘I
GROUND |5 12 GROUND
— QUTPUT 2 B 1 QUTPUT 3 |@—— DIO 2
DIO1 ® p INPUT 2 7 10] INPUT 3 ¢
|— V: |8 9 ENABLE 2-%
+5
DGND b
Ydlow
Red :E Stepper
Bl_ue Motor
White

Using DataSockets to Control a Stepper Motor over the Network

Figure 4 — Connection Schematic

27



