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CHAPTER 1

INTRODUCTION

1.1 DESCRIPTION

MetraByte's MSTEP-5 &5 a plug-in 2-axis stepper motor and incremental shaft-encoder motion-control
board for the IBM PC/XT/AT and compatible computers. The board is 12 inches long and requires a
ful-length expansion slot. All connections are made through the rear plate using a standard 50-pin
insulation-displacerment (mass-termination) connector. MetraByte also offers (as optons) a scrow
connector, & stepper-motor-driver acoessory (STA-5TEF), a popular type of stepper motor (STEP-
MOT1), and an incremental shaft encoder {(STEP-ENC1; see Section 1.5). Figure 1-1 is a block diagram
of the MSTEP-5.

Each independent stepper channel consists of a Sil-Walker PFMC-101C intelligent controller chip that
can execute a variety of motion control commands. The PPMC-101C is one of the most popular
Japanese robotics chips and has been designed to provide essenhial features with simmplicity of use.
MetraByte's driver software further enhances the ease of stepper motor control by personal computer.

Omnce a command has been loaded into the PPMC-101C controller chip, the host computer is no longer
burdened by the execution of the particular motion, but may monitor its stats as needed. The
associated stepper motor may be moved any number of steps up to 24 bits of resolution (+/-16,777,216
steps) either with a controlled acceleration /deceleration profile or constant stepping rate. Associated
with each motor are 5 limit switch inputs as well as a motor enabled input. The limit switches provide
normal and emergency stop limits at both ends of travel, plus a home or referonce point at any
intermediate point. A normal stop is defined as a normal deceleration to rest without loss of the step
count due to inertial effects, an emergency stop is a sudden stop that may lead to run on of the motor
and hence loss of location from the step count and would normally require recalibration by recamn to
the reference or home point. The emergency stop amounts to an imemediate cessation of step pulses
regardless of what the motor is doing at the time. In addibon to controlling the number of steps
travelled by the motor (normal motion), the FPMC-10C controller executes the following commands
described below:

Initialization Contrels number of phases driven (3, 4 or 51, logic levels of
phase excitation, {normal, inverted), internal fexternal step clock select
and switching excitation on/off at standstll. In addition this command
sefs the start up, acceleration/deceleration and high speed run rates.
The components of this command that relate to the motor configuration
cannot be altered by a further initialization command without resetting

the PPMC-101C controller.

Move Mormal Moves the molor the desired number of steps with a coptrolled
rate and acceleration/decelerabion.

Mowve Constant Rotates motor at constant speed for a specified number of steps.

Find Limit Rotates motor to an outer limit switch

Find High-5peed Limit = Rotates motor to a high-speed or inner-limit switch.
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Find Base Point Rotates motor to harme or reference-limit switch,

Fead status Read PPMC-101C controller status,

Decelerating Stop Stops motor normally.

Emerzency Stop Instantly stops motor by removing drive pulses (may lead o loss of true
location from step count).

Single Step Single step or "jog" command.

Each stepper channel provides two different types of outputs. One is a counter-clockwise/ clockwise
{CCW/OW) signal plus a pulse-train output cormesponding to the number of steps to be moved. This
is suitable for driving a wide variety of standard stepper-motor translators available from most
stepper-motor manofacturers. The other set of signals consists of 5-phase outputs used to drive power
transistors to switch the stepper motor windings directly. The number of outputs enabled and the
stepping sequence is controlled by the indtialization command and can be matched to 3, 4-, or 5-phase
motors. MetraByte's STA-STEF accessory is an L/R type of driver including power mosfets driven by
the phase outputs and can drive small motors directly. When the motor is at standstll and the
winding excitation current is at a maximum causing the greatest heating, vou cin select a mode in the
initialization that switches the phase outputs at 2.2KHz and about 30% duty cyde. This acton takes
place autornatically about 100 milliseconds after standstill and reduces motor heating without much
affecting holding torque. Also the logic polarity of all the phase drive outputs can be selected true or
inverted.

The step rate is controlled by the clock frequency. The PPMC-101C chip has an internal clock of
12.5KHz plus a programmable divider that can divide by any number in the range 20-255 giving
corresponding step rates between 49 to 625pps (pulses per second). This is usually adequate, but vou
also have the option of selecting an external clock. There are two external clock sources on the
MSTEP-5, a 100KHz crystal, on-board clock with an 8-bit programmable divider, or an external user
input. The additional 8-bit divider works in conjunction with the PPMC-101C internal divider to give
step rates ranging from 1.54 to 5.000pps and further allows you to vary the step rate during operation
or execution of a command. This lets you produce variable speeds with any motion command that is
not directly possible with the internal FFMC-101C dlock. The user input can provide even more
flaxibility. Selection of the clock source is software controlled,

I addition to the stepper-motor channels, there are two independent incremental shaft encoder
charnels. These may be ignored in open-loop stepper-motor coniral or used for dosed-loop control or
setting manual reference positions. The encoder channels are not in any way linked to the stepper-
moter channels, so it s up to the host computer to intervene in any type of control utilizing the
encoder inputs. Each encoder channel is TTLcompatible and consists of a 24-bit up/down counter for
counting single edges with Channel A /Channel B quadrature-output type incremental encoders. The
encoder counters may be cleared and read by the computer. The MSTEDP-3 encoder inputs include a 2-
stage shift-register digital filter to refect transient noise, this limits the encoder inpat pulse rate to
25KHz {about 1500 rpm with a 1000 line/rev. encoder). Cascade outputs are provided from the
encoder counters to allow use of additional external counters if needed.

All communications with the MSTEP-5 is via 1/0 ports (no memory address space is used); eighs
contiguous addresses are used in [ /0 space. The Base Address is selected on a DIP switch and can be
anywhere in the range 0 - 3F8 hex; 100-3FB or 200-3F8 is the wsual usable range in an IBM PC/AT/XT.
More than one MSTEP-5 may be installed in a PC for multiple-axis control. The number is limited

1-2
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only by available expansion slots.

The PPMC-101C stepper controller chips can also generate interrupts on completion of commands and
certain other conditions. This is supported in the M5TEP-5 hardware, interrupts may be jumper
selected to any of the TEM PC Interrupt Levels 2-7 and in conjunction with the PPMC-101C Status
Registers makes interrupt handshaking a simple procedure and allows the prograrmmer to perform
background control,

1.2 GENERAL AREAS OF APPLICATION

Many manufacturers produce stepper motors, stepper motor assemblies such as X-Y tables, shaft
encoders, etc. A short summary of sources appears in Appendix B. MetraByte can provide from stock
a standard 5V, 1A, 200-step/revolution motor (STEP-MOT1) and 1,000-line/ revolution optical shaft
encoder (STEP-ENCI), see Appendix C for specifications. These devices are representative only of
tvpical hardware that can be used with the MSTEP-5.

Generally, stepper motors are suited to applications requiring variable torque, low speeds (not
exceeding 500 rpm}aml macdrmum posidon refention. They also offer the simplicity of open-loop
position control simply by counting the number of steps, If your needs dictate higher speeds, fast
acceleration and deceleration, and the ability to return (o a set position regardless of lnad
perturbations, a cdosed-loop DC servo drive may be more suitable. MetraByie also offers this type of
motion control board for the [BM PC (see our Model MSERVO-Z and accessories). This type of drive
is generally more complex and costly than a stepper drive but has characteristics that may be essental

The M5TEF-5 may be combined with other MetraByvte measurement and control boards to implement
complex "move and measure” type of instrumentation. [t has obvious applications in robotics, optcs
and lasers, mechanical assemblies, remote control, et

1.3 UTILITY SOFTWARE

1t is possible to program the MSTEP-5 directly using normal 1/0 port commands (INP and OUT etc.).
This is explained in Section 3 and Appendix A, but for the programmer who wants (ast results, our
accompanying utility software (MSTEP.BIN) will simplify the use of the MSTEP-5 and save & lot of
programming time. The utility software is provided ona single-sided PC-DOS 1.10 format 5-1/4"
floppy disk (npward compatible with DOS 2.0 and higher revisions):

1. A Microsoft Basic callable driver (MSTEP.BIN) is provided for control of the basic stepper and
encoder functions. The fully commented assembly source for this driver (MSTEP.ASM) is also
provided. The object module, MSTEP.OB, is alsc on the disk for linking when using compiled
BASICE (for example, IBM BASIC Compiler, Microsoft ChaickBASIC, etc ).

2. Examples and demonstration programs. A comprehensive demonstration program (DEMO.BAS,
DEMOLEXE) 15 provided. This is excellent both as a programming example and a way of getting
the "feel” of the PPMC motion commands and driver software features. It will also be useful in
yvour system setup and test. For further details see Chaplers 3and 7,

3. Instructions for ASSEMBLY LANGUAGE, C, Pascal and Fortran programmers are included in

Appendix E.

1-3
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1.4 TECHNICAL SUPPORT

If you have a problem, need information or advice, give us a call [617-880-3000] and ask for
applications engineering. We will do our best to assist vou because our philosophy of doing business
is to provide a solution to your problem, not just sell a piece of hardware. If for any reason you are
dissatisfied with any MetraByte product or find it is unsuited to your requirements, vou are welcome
to return it within the first 30 days of purchase for a full refund. Please call us first for an R.M.A.
{Returm Material Authorization} number before sending back any hardware. The MSTEP-5 and
Accessories are warranted against defects in manufacture and material for 1 vear from the date of

original purchase.

1.5

OPTIONS

Several optional accessories tp fadlitate the use of the MSTEP-5 are available from MetraByte, These
include;

1. STA-STEF:

2. STEP-MOTL:

3. STEP-ENCI:

As an an aid o using the MSTEP-5, this combination sorew terminal and
power driver board accessory can be connected directiy to the 50-pm
rear conmector of the MSTEDP-5 using MetraByte's CACC-2000 cable.

The STA-STEF accessory board performs bwo funciions. All of the input
and output connections of the M5TEP-5 (with the exception of the motor-
phasze drives) are brought out to miniature screw terminal connectors.
The phase drives are optically isolated and drive ten Motorola MTPN-(&
0w I5A (L.0B ohm power mosfet transistors (5 transistors for each of the
2 axes). Inductive clamping circuitry and provision for current limibng
resistors are also provided on the board. For 3, 4 or 5 phase slepper
motors up o about 24V 5A rating, all that is required is an external TxC
power source of appropriate voltage for the motors. Because of the opto-
izolation, all of the motor power drive dreuitry is isolated from the
computer ground and METEP-5 outputs. This provides additional
safety and convenience in application. See Chapter 5 for more detadls.

MetraByte can provide (as a stock item) a Superior Electric stepper
motor, type MO61-L502 (or other manufacturer’s equivalent). This has
200 steps per revolution (1.8 deg, step angle), 5v 1A excitation and 35
oz-in torque with an output shaft diameter of 0.23 inch, Spedifications of
this motor are provided in Appendix C . Other motor types should
should be ordered direct from the mamufacturer, a partial list of sources

is in Appendix B.

MetraByte can provide (as a stock item) an optical shaft encoder. This is
Sv powered and outputs 1000 pulses /revolotion. Additional
specifications are provided in Appendix C.

If you wish to use a stepper motor translator card manufactured by another company, the MSTEP-5
pulse and COW/CW cutputs can be used to drive the translator, In this case, you can efther make up
your own cable, avoiding the use of the STA-STEF, or use the STA-STEP and simply pick up the
desired connections on the mindature screw terminal connectors.
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CHAPTER 2

INSTALLATION

2.1 BACKING UP THE DISK

The Disk back-up utility software supplied with MSTEI'-5 is in DO 1,10 format and is compatible
with DO5 2.0 and higher revisions. You are urged to make a back-up copy before using the software.
For a direct back up, use the DOS DISKCOTY utility or altermatively COPY ** to a pre-formatted disk.
For a hard disk, simply use COIY *.* to transfer to a directory of your choice, the MSTEP-3 software is
not copy protected. If for any reason you should misplace or destroy your MSTEP-5 utility software
disk, please contact MetraByie for & free replacernent.

2.2 HARDWARE INSTALLATION

MSTEP-5 utilizes 8 consecutive address locations in 1/0 space. Some 1/0 addresses will already be
used by internal /0 and vour other peripheral cards. To avoid condlict with these devices, MSTEP-5's
1/0 address can be set by the BASE ADDRESS DIP Switch to be on an 8-bit boundary anywhere in the
[BM PC decoded 170 space. The [BM PC-XT 1/0 address space extends from decimal 512-1023 (Hex
200-3FF) and the IBM PC-AT 1/0 address space extends from decimal 256 to 1023 (Hex 100-3FF). In
either case this 1% much larger than is ever likely to be fully socupied. Such a large space also allows
use of more than one MSTEP-5 in a single computer. For your convenience, the reserved 1/0
addresses for standard TBM devices are detailed on the next page. You must avoid setting the MSTED-
5 to the same address as any other peripheral adapter card, but only if that other adapter card is
already installed in your machine. A conflict of addresses will not cause physical damage but may
canse malfunction of the M5TEP-5 and the conflicting adapter and in some droumstances, power on
self test (POST) diagnostic messages. 1f you experience any of these problems, remove the MSTETR-5
and set it to another base address.

HEX BANGE USAGE HEX RANGE USAGE
000 1o 1FF Internal System 187w ITF LFTIL:
200 1o 20F Game 380 o 38C SDLC comm.
2104 217 Expansion wnit 380 1 389 Binary comm. 2
220 1o 24F Reserved 3AD to 3AY Binary comm, 1
278w 2TF Regerved 3B0 w 3BF Mono dsp/LPTI:
2F0 1 2F7 LPTX: 300 i 3CF Reserved
2F8 1o 2FF COM2: 3D0 o 3DF Color graphics
300w 3LF Prototype card 3E0 o 3E7 Reserved
320 1o 32F Hard disk 3F0 o 3F7 Floppy disk
IFE w IFF COM1:

The abowve list covers the standard [EM 1/0 options (most compatibles are identical), but if you have
other [/ peripherals (special hard disk dnives, special graphics beards, prototype cards etc.), they
may be making use of [0 addresses not listed in the table above. Memory addressing is separate
from [/O addressing so there is no possible conflict with any add-on memory that may be in vour

computer.

Usually, a good chodoes is to put the MSTEF-5 at Base Address Hex &H300 or &H310 (Decimal 768 or
784} (Mote if you are using an IEM prototype board, it uses the Hex 300-31F address space and would

2=1
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conflict, &H330 or &H340 would be a good alternative in this case). As an aid to setting the base
address DIF switch, a graphical swilch position display program INSTALLEXE can be run from the
X35 prompt. To run the installation ald program, type A > INSTALL .

When you getthe Desired base address? prompt, typein your choice in dedmal or [BM
dzH-— format and press < Return >, The program will round your address to the nearest 8-bit
boundary, check for possible conflicts with standard IBM 1/0 devices (and warn you if o), and drew
a picture of the correct positions of the seven toggles on the Base Address DIT switch. For additional
details on Base Address switch settings, see Figure 2.0,

The next step is to remove the M5TEP-5 board from its protective electrostatic packaging and set the
Base Address switch, located just to the upper left of the gold edge connector. Tt is a good precaution
to discharge any electrostatic charge you may have accumulated by touching the metal frame of your
computer before inserting the board in the computer.

The only other user setting is the choice of Interrupt Level. Most likely, vou will not initiaily be
making use of the interrupt capabilities of the MSTEP-5 and can park the "IRQ LEVEL" (interrupt
level) selector jumper block in the X" inactive position. If your programming will use interrupts from
the MSTEP-5, then select the Hardware Interrupt Level 2 thru 7 that you intend to use. Take care o
avoid selecting a level that is used by another adapter card {for example, Level 6 is always used by the
Aoppy disk controller, Level 4 by COMI:, Level 3 by COM2: etc.). For more information on interrupt
programming, see MODE 11, Segtion 3.58.12

To install the board, TURN OFF THE POWER on your computer and remove the case (See the IBM
"Guide to Operations” manual if you are not already expert at this maneuver). Remove a vacant back
plate by undoing the screw at the top and plug the MSTEP-5 in and secure the backplate. MSTEP-5
will fit in any of the regular full depth slot of the TBM PC-XT or Portable computer. On the PC-AT, it
can be plugped into ary socket but it will not make vse of the extended AT bus interface connector.
Due to the length of the 50-pin rear connector, it is advisable to set the retainer latches on this
connector out straight, pass the conmector through the rear slot and pivot the board down into the
edge connector. The board is 1 inch shorter than the slot length to allow for this maneuver,
Installation is now complete. You may plug any of the MSTEP-3 accessories or your own cable into
the 50-pin conmector on the rear.

Remember, TURN OFF THE FOWER whenever installing or removing any peripheral board
including the MSTEP-5. Never try to install or remove any peripheral board with the power on as it
can cause costly damage (o the electronics of your computer and for the MSTEP-5 board.

If for any reason you later remove the MSTEF-5 board, MetraByte recommends that you retain the
special electrostatically shielded packaging and use it for storage.

_BASE ADORESS INTERRUET
2 18D LEVEL
R B L e A T T LEVEL =+ & - F .--.7.' Fa. .
e BT T4 peRen DECIRe; CEE et
elelalaieial«lt :
|;-E| I L D | :E Eij S P it i
: ; S Pt | Lt sy [
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Figure 2.0. Base Address Switch & interrupt Settings.
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PROGRAMMING

3.1 GENERAL

At the lowest level, the Stepper Motor Controller is programmed using 170 input and outpat
instructions, In BASIC, these are the INPOX) and OUT XY functions. In Assembly Language, they are
IN ALDX & OUT DAL, Most other high level languages have equivalent instructions. Use of these
functions usually invelves formatting data and dealing with absolute 1/0 addresses. Although not
demanding, this can require many lines of code and necessitates an understanding of the devices, data
format, and architecture of the M5TET-3. To simplify program generation, a special 1/0 driver
routine "MSTEP BIN™ is included in the MSTEP-5 software package. This may be accessed from
BASIC by a single line CALL staternent. The CALL MSTEL will perform frequently used sequences of
instructions. An example is Mode 1 which performs a normal stop. A routine to perform this
operation in BASIC using INT's and OUT s would require many lines of code and would be rather
slow and very tedious o program.

A sequence of BASIC INF's and OUT's o write the Stop Command to PPMC channel A would beas
follows:

xl0 COHRE = INF (BASADRY + 0) "read current contrel register
=20 CHRE¥ = ((CMR¥ AND SHFC) OR LHOS) ‘selact A, AORSEL=l

x30 OUT BASADR + 0, CHEW ‘write control reglster

x40 STATE: = INP (RASADRRE + 1) *fatch FPMC statuas

x50 IF (STAT%® AMD EHO4] = 0 THENW GOTO zx150 ‘'motor stopped?
x50 IF (STATH® AND £HOZ)} >0 THEN GOTO xx140 "input buffer full?

70 CHD& = EHOL + EHLO 'stop Motor, disable interrupt
xzE0 CWEY = CHNR% AND EHFE "set AODRSEL = 0

x50 OUT BASADRR + 0, CHR%Y 'write control register

xz100 OUT BRSADR: 4+ 1, oD% "‘write FFPMC ocommand

xllD CHEY = CHR% OR EHOL "set AORSEL = 1

xl20 DUT BASADRR + 0, CMRR

x130 STATH = INP (BASADRS + 1) "fateh PPMC Status

xl40 IF (STAT® AMD ZHO4) <> 0 THEN GOTO ===x130

xl50 STOR "finished

All this code can be circumvented by using the driver:

xI0 MOE = 1 'ecommand - decelerating atop
=20 DR{0] = 1 ‘aalect channel A
x30 CALL MSTEF (MD®, D&{0), STP§, FLAGH)

Obvipusty, the MSTEP.BIN driver greatly reduces programming tme and effort. Both methods of
programming are described (see Appendix A for programming the PPMC-101C directiv) and vou are
free to choose either. Usually the BASIC programmer will find the CALL routine method very much
simpler to implement. The MSTEP.BIN driver also provides an example interrupt service routine. I
i3 not posaible to program interrupt routines directly in BASIC and the driver is the only way of
utilizing interrupts from the M5STEP-5 hardware.
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3.2 REGISTER LOCATIONS & FUNCTIONS
The 1/0 address map of the MSTEI-5 is structured as follows:

ADDRESS READ WRITE
Base Address +0  Control Register (read/wrile register)
+1  FPMC Registers A/B (read/wrize regissers)
+2 - Clear Encoder A
+3 Encoder Low Byle Clear 5MC A
+4 Encoder Middic Byes Clhear SMC B
+5 Encoder High Byt Clear Encoder B

+Hi Clack Divider A
+7 Clock Thvider B]

Base Address +0: Control Register (Read/Write)

Access to each of the PPMC stepper controllers is through the L/ port at Base Address +1. The
Comtrol Register, at Base Address +(0, acts as an indirect address or pointer register for the other
devices on the board; it controls the following:

-

Which of the FFMC stepper channels is accessed.

Which of the internal registers (there are four in each controller] is selected.
Which of the two encoder channels is read at Base Address +3, +4, or +5.
Generation of interrupts.

Chotce of internal /external stepperclock sources.

Bit fonctions in the control register are as follows:

i -_=F_-
DT D& DS D& D3I D2 DI DO
|| i i i [ | i i i
' XCB @ XCA :EINTEI " EINTA :EGTHABI CSE = CSA I.M:IHSEL:
i i | 1 |

Bit funcHons:

3-2

XCB

KCA

EINTA

Selects External Step Clock (XICE = 1) on Pin 42 or 100EHz + Divider on-board clock
(XCB = 0} for stepper channel B. This applies only if the PPMC initalization cormmand
has spadfied external clock otherwise the 12.5KHz PPMC internal clock will be used.

Selects external step dock (XCA = 1) on pin 41 or 100KHz + divider on board clock (XCA
=0} for stepper channel A. This only applies if the FFMC initialization command has
specified external clock etherwise the 12.5KHz PPMC internal clock will be used.
Enables hardware interrupt from PPMC Stepper Channel B (EINTE = 1), Interrupt is
disabled if EINTE = (L.

Enables hardware interrupt from PPMC Stepper Channel A (EINTA = 1). Interrupt is
disabled if EINTA = 0. If both EINTE and EINTB are enabled, interrupts from the 2
controllers are ORed together. In this case, the Interrupt Service Routine must poll each
controller to determine the source of the interrupt.
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ECTRAE Selects which of the Encoder Counter channels can be read at Base Address +3, +d, +5.

ECTRAB = 1 Encoder Channel A
ECTRAB = 1: Encoder Channel B

CSEB, C5A, AORSEL select FPMC registers as follows:

CSB CS5A ADRSEL READNR) WRITE(W)
1 r 0 PPMIC Channe] A Data Register (RW)
| 0 1 A Stans Regiser A Command Register
0 1 ] FPMC Channel B Dara Register (RW)
0 1 1 B Status Register B Command Regiser
0 i 0 Miegal Wrie both data repisers

=
=
ot

Write both command regisiers

I 1 b Unselacied both channels

Programming of the PPMC-101C controllers is covered in Section 3.3 and Appendix A,

Base Address +3, +4, +5: Encoder Counter Registers (Read Only)

Each Encoder Counter consists of three S-bit sections that are read only. Channel A or Channel B is
selected by the ECTRAB bit in the Control Begister. The 24-bit Encoder Counter dala is then read
from Base Address +3, +4, and 45 as follows:

Base Address +3: Low bvie (Read Only)
Base Address +4: Middle Byte (Read Oniy)
Base Address +5; High Byte (Read Only)
To clear Encoder Counter A, write to Base Address +2.
To clear Encoder Counter B, write to Base Address +5.
Mote that the encoder data is not latched (the counter is read directly. To avoid erroneous data, the
encoder data is best read when the encoder is stationary. Reading the counter with the encoder

moving may give rise to errors in the data due to the delays between reading each byte, this depends
0 spme extent on the speed of rotation of the encoder (see MODE 9, Section 3.5.10, and Section 4.3).

A pypical encoder-read sequence in BASIC might be as follows:

=10 CHR% = IMP (RASADESR) 'Fetch current comtzol seglstex
x20 CHRE® = ((CMRE AND ELHF7) OR LHOR) 'z gnosder A, LH0D=B

x3] OUT BAEADRE®, CHRE "set ECTHRRE bit

x40 FDCLE® = INFP (BASADRE + 3] 'read low byte

x50 RDOME = INF (BASADRY + 4] 'read middle byte

x£0 RDCHE = INP (BASARDRE + 5) "read high byte

x70 POSNY = ROCL% 4+ (256*RDCM%) + (E53536* (RDCHR and &HTF))
80 IF ((RDOHS AMD EHAOQ) <> 0) THEN POSHE = -POSH#
'Pegiticon iz OOW of initlal point

2-3
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This example illustrates a few important details. First the encoder channel to be read is selected with
the ECTRAR bit in the Control Register. Since the data returned is 24-bit, it would ideadly be suited to
reading into a long (double-word) integer. Many languages (C, Fortran, etc.) provide long integers,
but BASIC is an exception that forces yvou to use a floating point variable, instead. MNote this needs to
be a double-precision variable in BASIC to provide 24-bit resolution. Use a single precision variable
and you lose counts at high values (o prove this, try X=17111113:PRINT USING "#a###a84"20. If
we chear the encoder channel at the reference or “home” point of the system, the most significant bit of
the up,/down encoder counter can be treated as a sign bit and will indicate the rotation direction from
the home poink

Base Address +2, +3, +4, +5: CLEAR Commands (Write Only)
Four Clear addresses have been provided. They are

1. A wrile to Base Address +2 clears Encoder Counter A.
2. A write to Base Address +5 clears Encoder Counter B,
3. A write to Base Address +3 resets P'TMC A stepper controller.
4. A write to Base Address +4 resets 'TMC B stepper controller.

A write to these registers at any Hme is similar to a hardware reset. The data written to these [/0
addresses is irrelevant and is lost; it is the act of writing to the port that provides the Clar function.
The FFMC-101C stepper controllers are specialized microprocessors that are automatically reset on
power-up of the computer. Afterwards, these controllers can also be hardware-reset by a write to
Base Address +3 or +4. After resetting a PPMC controller, allow at least 100 micro-seconds to ¢lapse
befare performing an initialize command . This lets the specialized processor perform its own
internal start-up initialization before responding to commands. [n interpreted BASIC, allowing for
this defay is not a concern, but in other languages, be sure to wait. An example of clearing all four
registers in BASIC is as follows:

xll OUT BASADRE®+Z, O 'Clear Encoder A
x20 OUT BASADRE®+S5, 0 'Clear Encoder B
=30 OUT BASADR®+3, 0 'Claar FFHC A
il OUT BASADRE+L, O '"Cleaxr FFMC B

Base Address +6, +7: Clock Dividers (Write Only)

There are three different stepper-clock sources usable by the PPMC, PPMC internal 12.5KHz clock,
Stepper Motor Controller Board external 100KHz clock, or an external user-supplied clock source. To
use either of the clock sources external to the FPMC stepper controller chip{s), the PPMC indtialization
command must specify external clock input. Alternatively, the initialization command can also
specify use of a 12.5KHz clock generated internal to the PPMC chip (internal dlock]), which s usually
adequate for most applications. If the external clock option is selected on initialization, you have the
further choice between external hardware inputs (Pins 41 and 42) or an on-board 100KHz crystal with
programmable divider source. The external clock selection is controlled by the XCA and XNCB bits of
the Control Register.

If you elect to use the the Stepper Motor Controller Board external 100KHz Clock, you can select the
pulse rate by loading the appropriate clock divider register. This register is Read /Write and may be
programmed to select a pulse rate between 1.54 and 1,000 pulses per second (PPS). In addition, this
register works in conjunction with the internal PPMC RA register to give an effective divider range of
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20 to 65535,

The pulse frequency may be calculated using the formula:

PPS = 100,000 7 ((FD+1} * RA)
where

FIr = Freguency Divider (1 - 255)

AA = PPMC Divider (20 - 255)
If the PFMC Internal Clock and RA Divider are selected at initialization time, the pulse rate may be
between 625 pps (RA = 200 and 49 pps (RA = 2535). The formala to calculate this is

PPS=125/RA
where

AA = 20 - 255
If XCA or XCB = 1, a square-wave TTL-level clock may be provided on the external clock pins (Fins 41
and 42) as appropriate. To use this clock, the PPMC must be initialized for external clock. This clock
spurce is divided by the internal PFMC RA register which is also set up at initialization time, The
external input option allows user to synchronize the two stepper motor controllers with the same
clock or change its rate during motion commands.
The pulse rate may be determined by the following formula:

PPS = (External Clock Rate (Hz)) / RA
where

AA = 20 - 255]

The following BASIC code is an example of programming the M5TEP-5 board clock dividers (an
wentical function is performed by MODE 10 of the driver):

zxxl1( CHE%® = INP(BASATRY + 0] 'read current contecl register
=2} CHRE = CHRE% AND SHIF "tuen aff XCA & XOB - salecst 100FKHz
=xx3] OUT BASADRS40, CHERY Twrite santrol register

zxxd] OOT BASEDRS+6, DIVAR 'write Divider A

=xx5) OUT BAERDRS+7, DIVEY 'write Dividaer B

3.3 PPMC-101C STEPPER CONTROLLER INTERNAL REGISTERS

Each PPMC-101C Stepper Controller 15 a specialized microprocessor. The MSTEP-3 Control Register
galects the PPMC channel (A or B} through the CSA and CSB bits, and any of the four intemal PPMC
registers by the AORSEL bit



MSTEP-5 USER GUIDE

AQRSEL READ WEITE

] DATA DATA
1 STATUS COMMAND

Motion commands are issued to the PPMC controller by writing @ command code fo the Command
Register (with ADRSEL = 1). Singe the PPMC may be busy executing a command, you must always
read the STATUS register to determine whether the PPMC is ready to receive the command. After a
command is issued, it may reguire or produce a variable number of data bytes {depending on the
commmand) which are written of read from the Data Eegisters {(with AORSEL = (k. Apart from
controlling access to the Command Register, the Status register also provides additional information
on the operation of the PPMC controller.

There are eight motion-control commands as well a5 the INTTIALIZATION command that sat the
operating conditions of the controller. The functions of the Command and Status Registers are as
fralloiws:

NITIALIZ ATION Selects the motor tvpe, method of exdtation acceleration / deceleration
rate, internal/ external step clock, phase outpat logic tvpe and start up
and high speed pulse rate. Onee the inibalization command has been
sent, it may not be overwritten by a further initialization command. The
FPMC controfler must be reset either by turning the computer power off
and on or more conveniently by issuing a hardware clear command {ses
Sections 3.2.4 and 38,13 - mode 12}

OFERATION This is the user interface mode in which COMMAND selects any of eight
motion-control commands. The length of the data to follow depends on
the specific cormmand.

STATUS Before/after the completion of an operation command, the st@atus register

provides data on the limit swiltches, moter in motion or at standstill and
mput/output data buffer full or valid. Tt also enables you to read the
number of steps remaining to be travelled et

Direct programming of the PPMC-10NC controllers and their full spedfication is more fully covered in
Appendix A.

3.4 LOADING THE MACHINE-LANGUAGE CALL ROUTINE MSTEP.BIN

In order to make ase of the CALL routine MSTEP.BIN, it must first be loaded into memory. Yiou must
avoid loading it over any part of memory that is being used by the main body of vour program, DOS,
or programs such as RAM disks that use high memory. If you do collide with another program, your
computer will nsually hang up although sometimes the results can be more peculiar. Often you will
need to turn the power off and restore it ko re-boat the machine, the usual Cirl-Alt-Delete reset may
fail to restore DOS, This may sound ominous, but apart from the frustration, no damage will ever
result!

MSTEP.BIMN uses about 3 Kbytes of memory and is best loaded outside BASIC's workspace. A typical
loading sequence is as follows:
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xx100 DEF SEG = &H30OD '"segrant of memsry to load link
jchoose an empty area e.g. 28 102K}
xxlll BLOAD "METEPR.BIN",0 '"load dreiver . | Coptinue progoam

The above initializing steps will be the same for any interpreted BASIC program. A more
comprehensive example is provided on the disk in DEMO.BAS. Note that the DEF SEC = &H3000
statement in line 100 specifies the load location for the MSTEP.BIN driver. All subsequent CALL's will
ocrur to the last DEF SEG address, so if you add other DEF SEG's in your program, remember to
precede vour CALL's to MSTEP-5 with the same DEF SEG = &H3000 that vou used to load the link
isee CALL and DEF SEG in vour BASIC reference manual).

Finding a place to load MSTEP.BIN is seldom much of a problem now that most PC's ane equipped

with at least 256K of memory. The following explanation provides some insight into the process of
choosing a memory location for the driver and what to do if memory i in short supply.

DO occupies the bottom of memory, the amount of memory required being dependent on the
viersion (it prows a8 each new revision adds extra features!). The simplified memory map below shows
what happens after booting up BASICA

DOS 1.1 DOs 21 D05 3.0
Bogtom: K —— 0K - O =
D5
g ——
D5
DOs
47K -
BASIC BIK =
BASIC
BASIC
£+ 1] o —
Frec
MOCCTY 126K -—-
Free [ 1 A—
memuy
Free
MEmMmOry

MSTEP.BIN should be lcaded somewhere in the free memory area so that it does not interfere with
either BASIC or DOS. This would be abowve 98K (EHI1EED) for DOS 1.1, 126K (&H1F0) for DOS 2.1 or
140K (&H2300) for DOS 3.0, If you have 256K (&H4000) or more of memory, then loading the link at
DEF 5EG = &H2ZB00 or &H3000 is a good solution for all versions of DOS. One further small detail is
that if you are using a PC compatible which does not have BASIC in ROM like the [BM PC, then
BASIC (eg. GWBASIC) is usnally loaded as an .EXE file from the top of memory down. This is likely
to fill up to 64K of the top segment of memory. Some virtual disks or print spoolers will do the same.
Also if you are accustomed to wsing DOS resident programs such as Borland's Sidekick etc. be aware
that these will push the loading floor of BASIC up and require a compensating increase in the location
of MSTEF.BIN.
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If your are memary limibed, or you have so much resident stuff that there is no longer 64K left for
BASIC to load in, then BASIC will atternpt to make the most of what it can find. Instead of getting the
message when BASIC has loaded:

The IBEM Persopal Computer Bagic

Version RAZ.0 Copyright IBM Ceorp. 1981, 15BZ, 18E3
&0BES Eytes frea

OF

You may get only 49345 bytes free (or something kess than 60000 bytes) for example. In this case make
2 note of what space BASIC has found. You can then contract this space further using the CLEAR
function and load the link &t the end of BASIC, This is more complicated, bat just as effective.

Let's suppose we get the message 52000 bytes free. MSTEP.BIN will use 3K bytes, so to be on the safe
side let's foroe BASIC to use 48K, Cur initializing code would now be:

=z=100 CLEAR, 48000 ‘contracts BASIC workaspace

Mext we need to find ouwt where BASIC has loaded in memnory, add 48000 to it and load MSTEFP.BEN
just after the end of BASIC workspace. Memory locations &HS510 and &HS511 always contain BASIC's

lpad segment:

==x110 DEF SEG = 0 'set up to read §H510 and £H511

=120 LS = Z56+*PEEE(2HEL1l)+PEER{&HS510) "load segment

x130 36 = L5 + 43000/16 'remamber segmeant addreasss are cn
le-byte (paragraph] boundaries

140 DEF SEG = 56 'set up to leoad link

=150 BLOAD "MSTEF.BIN", D "load link

F:n;-u;.d with your program as before

3.5 STRUCTURE OF THE CALL STATEMENT

If you are new o using CALL staternents, this explanation may assist you in understanding how the
CALL transfers execution to the machine language (binary) driver routine {also see CALL in your
Basic Refererce Manual). Prior to entering the CALL, the DEF 5EG = 56 statement sets the segment
address at which the CALL subroutine is located. The CALL staternent for the MSTE.BIN driver
must be of the form

zxxx CALL MSTEP (MD%, D%({0), STP#, FLASE)

Let us examine the parameters after CALL one by one:

MSTEP  Ininterpreted BASIC this is a variable that specifies the offset of the start of our routine
from the segment defined in the last DEF SEG statement. In our case its value is always
set o zero (MSTEF = 0). [n compiled BASIC (and most other compiled languages)
MSTET has a different significance - it is the name of the external routine that the linker
will look for. Note: We would have Hied to use the name STET instead - it's a better
mmemonic than MSTER, but be warned that STEP is & reserved word (a3 inFOR I=0TO &
STEF 2) and CALL STEP would produce a syntax ¢rror.
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MD% This is an integer variable that specifies the operation that we wish the driver to perform
eg. MD%={ performs an emergency stop, MD% = 12 initalizes a channel ete. In the
case of this driver, valid mode numbers range from (1 o 12,

LRig) This is a 10-element integer armay that passes data to and from the driver. The

signifigance of particular data items varies according 10 the mode (MD%) selected, Not
all elements of D%(*) are used in all modes.

STP# This is a double precision variable that specifies the direction and number of steps to
travel or returns optical shaft encoder counts. The sign indicates the direction, +
clockwise, - counter-clockwise. Mot all modes utilize the STP# data , however it must
always be included in the call parameter list.

FLAG%  Returns an error code if any of the specifying D%(*) or MO% are out of range or if the
motor is busy or at  standstill in certain commands. In the case of no error, FLAGT is
returned zero,

The four variables within brackets are known as the CALL parameters. On executing the CALL the
addresses of the variables (pointers) are passed in the sequence written to BASIC s stack. The CALL
routine unloads these pointers from the stack and uses them to locate the variables in BASIC's dara
space 8o data can be exchanged with them. Three important format requirements must be met, as
follows:

1. TheCALL parameters are positional. The subroufine knows nothing of the names of the
variables, just their locations from the order of their pointers on the stack. [f you write:

CALL MSTEP (D¥{0}, FLAGY, MD%, STP§)

you will mix up the CALL routine, since it will interpret D40 as the mode data, and FLAGT as
the D%{0) data variable etc. The parameters must always be written in the correct order, as
follows: mode #, data, step count, errors

2. The CALL routine expects its parameters to be of correct type and will wrile and read o the
variables on this assumption: integer, integer array, double precision, integer
If you slip up and use the wrong variable types in the CALL parameters, the routine will not
function correctly and may hang up the program.

3. You cannot perform any arithmetic functions within the parameter list brackets of the CALL
staterment. There can only be a fist of varables. Also you are not allowed o replace variables by
Constanis.

Apart from these restrictions, you can name the variables what you want, the names in the examples
are just convenient mnemonics. You should always declare the variables before executing the CALL
50 that BASIC has reserved memory locations for them before entering the CALL. In the case of the
integer array, the first element D%(0) should be specified in the CALL parameter list as the data
variable so that the CALL routine can locate all of the other remaining data iterns in the array
correctly.

3.6 ERROR CODES

Some value checking is performed on entry data and any errors discovered are returned in FLAG%.
This is primarily to prevent you setting up the CALL with obviously incorrect data such as interrupt
level 9, mode number -6, base address 2000, byte output data 299 etc, and is intended to help avoid a
‘bad setup of the hardware which could hang the computer. Also certain commands, such as an
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emergency of decelerating stop are redundant if the motor is already at standstill (FLAGS = 7 and
the PPMC controller may not be receptive to further commands if it is already busy executing a
command (FLAGT = 1}. If a non-séro error code is returned in any mode, execution of that mode will
have been abandoned without acbon since error checking precedes any [0 to the hardware.

ERROR CODE # FROBLEM

Mo error, 0K

Miotor busy

Diiver not indtislized on Channel A
Dirresr not indtialized on Channel B
Mode number <O or =12

Hamlware emor

Step count oul of range +/~16,777 215
Moaor already st standsull

- (it wsed )

Error it range of D%(0)
Error in range of D%(1)
Error in range of DR(2)
Error in range of DME(3)
Error in range of Difid)
Error in range of D%(5)
Error in range of D¥R(6)
Error in range of DMR{T)
Error in range of D%(E)
Error in range of D¥R(9)

il ot ki o bt ol o i
L= == = L I U o i i i B B B T TS R

Checking for errors is easily performed after each CALL and is recommended if not as & permanent
feature then at least while debugging vour program:

xxx00 CALL MSTEF (MD&%, D%(0), STE§, FLAGE)
xx10 IF FLAGH-0 THEN PRINT "Error nusher ":PLAGE:STOP

Certain error codes are useful in performing chained mobion commands, as follows:

xxx00 MDE = 3 ‘acoelerate/decelerate command
xxxll STP§ = 1000 ‘steps & direction to move
x=xx20 D%E(D0)] = 1 ‘select channel B

xxx30 CALL MSTEF (MD%, D% (0), STE#, FLAGY)

zxxdl IF FLAGY-) THEN FRINT "Error numbar ";FLAGS:STOF

xxx50 ETP# = -85 ‘now do 99 steps in opposite
direction

xxx60 CALL MSTEP (MD%, D%(0), STP#, FLAGY)

zxxT70 IF FLAGY = 1 THEN GOTO xxx&0 *locp while motor buasy

zxxdl IF FLAGC0 THEN PRINT "Error number =;FLAGE:STOP

Maote that after issuing a motion command in line xooc30 the controller and motor will still be busy
executing this command when the program reaches the next motion command in line xxx60. In this
case, FLAGS will return 1 and we can keep trying to execute line oo until the previous command
of ling 0030 has finished. In this way we can execute a whole seres of commands as fast as the
hardware will allow.]
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3.7 STEPPER MOTOR FUNDAMENTALS

In order to program a stepper motor channel, it ts necessary to undersiand a litthe bit about the
physical setup and characteristics of a stepper motor. The motor itself consists of 2 permanent magnet
rotor rofating within a multipole stator, As the current is switched in the windings of the stator, the
magnetic field advances from one pole to the next and pulls the rotor along with it (ses Section & for
more information). The rotor can be turned a precise amount simply by controlling the number of

energization/ de-energization cycles of the windings (steps).

On turning on the power, the position of the mator is usually unknown, so it is necessary to move it to
some known reference position called the home, base or reference point. When the mechanical system
15 in this position it can operate a Switch (microswitch, hall effect or eptical interrupter) and this
provides the BP {(base point) limit switch input. Onece at the base point, zll further commands can
move relative to this known location, and as long as there is no loss of power or emergency stops the
subsequent position can always be datermined from the step count.

In practical systems, there i usually some physical limit on how far the mobor can umeeg. a lead
screw gets wound to an end. To stop the motor, there is provision for 4 sets of limit switches, L1 - L4.
L3 and L4 provide inner or deceleration limits where it is desirable to stop a fast moving motor even
though it has not reached the absolute physical limit of travel, L1 and L2 are end of travel limits (or
emergency stop limits) where it is essential to stop the motor immediately. A typical physical
representation of a system is shown in Figure 31,

[a W] 1u-|--.uu-mm.Ir.-....-....-....._-. [l K]
‘ g |—.-" T s ANIT 7 7 T SCREH
LI ] T 1
[ I} BF I

LiMIT SWITEH LOCATIONS

Figure 3-1. Typical mechanical arrangement.

MNote that a mechanical system can be simplified and does not have to have 5 limit points, although the
FPMC-101C controller can handle it. For example, L2 & [4 & CNP may be one physical limit switch,
and L1 & L3 another for a 2 limit switch systemn. If you do this, you may lose some performance
teatures of the FFMC, but gain in mechanical simplicity. Simply common up the limit switch inputs
as required.

A mechanical system has significant inertia and it is not usually possible to start or stop the motor
abruptly. The PPMC-101C controllers look after this problem by starting up the motor at & slow rate,
ramping it up to full speed over a prescribed number of steps, and slowing it back down again before
reaching the final step count (see Figure 3-2). All these parameters are set in the inidalization
command (mode 12). The inner limit switches (if used) allow you to perform a controlled stop
without loss of positional count before hitting the outside or emergency stop limits, Whenewver the
motar hits an emergency limit switch, L1 or L2, during a motion command, it will stop. Which limit
switch it hit and how many pulses remain to be executed in the last command and what was the last
mption command can zll be determined from a status read (mode 8). In this way the controlier
prevents pvertravel and damage to the mechanical system and the progranmer can provide
appropriate corrective action depending on which of the limdt switches were activated.



MSTEP-5 USER GUIDE

EATE +
HIiGH SPEED L
SET BY DR(Z) f;' Hx
; .-__.-""f \
[ oy WELASTTY ERaFiLE "
1 .,l'-... H"'\.
STHRT FATE
SET By DRtaii ST r \1
= ETIN ey
ETEY AR o
|-|-- 5_I_I"‘__'F_E—-ln | | .—-STEPE_F| SYERS
]

atrs STEFPS

Figure 3-2. Acceleration/deceleration profile (MODE 3).

3.8 CALL MODES

The MSTEF.BIM driver supports thirteen different modes (numbered O thru 120, For simplicity,
MODEs 0 thru 7 correspend identically to the command numbers in the PPMC-101C data sheet (see
Appendix A). The additional MODEs 8 thru 12 support other functions. Each mode performs a
specific operation as described balow:

Emergency stop

Diecplerating stop

Jog (single siep)
Acceleratefdecelerate STPH Sepe
Travel STP# sieps al constant speed
Mowe to a normal limal at constant Sped
Move to overrave! limat al high speed
Move to base point at constan! speed
Read meobar status

Read encoder position

Load external chock divider
Ensble/dizable interrupts
Imitialize, reser & clegr encoders

MD%

L

i i et WD B md Oh W B B =D

Bl =

The method of use of each mode and the significance of D% is described fully in the following
subsections. It is essential to perform a channel initialization {MODE 12) separately on each
charmel before other MODEs 0 - 11 may be seleched.

® ®E B X =
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MODE CALLS

4.1 MODE 0: EMERGENCY STOP

MODE {) performs an emergency stop or immediate cessation of driving pulses to a motor that is busy
executing & motion command, On receipt of the command, inertia may cause a rotating motor to mn
om, 50 the step count may no longer be an accurate guide bo the motor positon. Anemergency stop
wonald usually be followed by a re-calibration or retum t0 home position.

Entry Data:
MD% =0 Emergency stop command
[BL-A(0)) Selects Channel A (D) or Channel B (1)
D010 thera {90 Value irrelevant
STP# Value irrelevant
FLAG% Value irrelevant
Exit Data:
D000 theu (9) Unchanged
STPS Unchanged
FLAGS 0 if executed OK

7 if driver not initalized on Channel A&

3 if driver not initialized on Channel B

4 if MD% <0 or =12

5 if hardware error

7 if motor already at standstill (command redundant)
10if DD not0or 1

A typical program entry preceding MODE 0 might read as follows:

zxx10 D%k = 0 'select MODE number
==x20 D%(0) = 1 'selest Channel B
xxx30 CALL MSTEP (MD%, D& (0}, S5TP#, FLAGY)
'emergency stop
x4l IF (FLAGH0 AND FLAGE<>T) THEN PRINT "Error”:FLAGS ;" in HODE 0%:E5T0F
=xx50 'continue program

One detail concerning the preceding example: If FLAGS =7 is returned, it is just a reminder that you
told the controller to do an emergency stop when in fact the motor was already stopped. In this case
the driver aborts the command and lets you know why through FLAG%.
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4.2 MODE 1: DECELERATING STOP

MODE 1 performs a decelerating stop or gradual cessation of driving pulses on a motor that is busy
ewecuting a motion command. The decelerabion parameters correspond to those set in inidalization
MOTE 12. This type of stop should lead to no loss of positional accuracy of the motor. The number of
pulses which the motor would have continued to step if it had not received a decelerating stop
command can be determined by a status read (MODE 8. The exact position of the motor can then be
determined and a recovery routine initiated if required.

Entry Data:
MD% =1 Decelerating stop command
D%(0} Selects Channel A (0) or Channel B (1)
D31 thoru (%) Valhue irrelevant
ST Value irrelevant
FLAGS Value trrelevant
Exit Data:
D%A0) thru (9} Unchanged
STP# Unchanged
FLAG% 0 if executed OK

2 if driver not inftialized on Chennel &

A if driver not indtalized on Chanmel B

4 if MDA <0 or =12

5 if hardware error

7 if motor already at standsafl (command redundant)
10 if D5l not Qo 1

A typical program entry preceding MODE 1 might read as follows:

10 HDW = 1 'salact MODE oumber

20 D% (D) = O 'salact Channel A

30 CALL MSTEF (D%, DW%(0), S5TFS#, FLAGY) 'decelarating stop

40 IF (FLAGK<>0 AND FLAGH#<>T)} THEN FRINT "Error";FLAGE:" in MODE 1" ;:5T0F
50 "eontinue program

Omne detail concerning the preceding example: 1If FLAGS = 7 is returned, it is just a reminder that
you told the comtroller to do 8 decelerating stop when in fact the motor was already stopped. In this
case the driver aborts the command and lets you know why through FLAGS.

4.3 MODE 2: JOG OR SINGLE STEF
MODE 2 performs a single step or "jog" of the stepper motor useful in getting & system into final

position or for manual control. The direction is set by the sign of the STP# data although the value
does not matter. In this respect STP# = 0,199 or 16,123,678 would all produce a 1 step clockwise

q-2
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motion, whereas STP# = -1, <234, or 13,456,987 would all produce a 1-step counter-clockwise moton.

Entry Data:
MD% =2 Single step (jog) command
R0y Selects Channel A (0} or Channel B (1)
DFd1) thru (9) Value irrelevant
STP# Sign sets direction, magnitude irrelevant
FLAG% Value irmelevant
Exit Data:
D%RA0) thru (%) Unchanged
5Trs# Unchanged
FLAGS 0 if executed OK

1 if motor already busy executing last command

2 if driver not initalized on Channel A

3 if driver not indtalized on Channel B4 if MD% <O ar =12
2 if hardware ermor

105 il not O or 1

A typical program entry preceding MODE 2 might read as follows:

zex10 DR = 2 'select MODE numbwer
xxx20 DR (0) = 0 "select Channel A
xexl) CALL METEFP (MD%, D% (0), STPH, FLAGH)

'Yog ocommand
zxx§} IF FLAG%<>0 THEN PRINT "Error in MODE 2, #§ ":FLAGH:S5IOP
==x50 'continue Program

Here's a programming tip. This routine uses the cursor keys to jog dockwise or counterclockwise
until another key is pressed:

100 MDY = 2 'select MODE

110 DR (D) = 1 'salest Channel B

120 A% = INEEYS:IF AS="" GOTO 120 'wait for keypress

130 IF LEN(AS)=1 THEN GOTO 210 ‘exit on any single key code

140 IF ASC (RIGHTE (AS,1))=75 THEN STP#=-1:GOTO 170
"cursor left

150 IF ASC(RIGHTS (AS,1))=77 THENW 5TPi=+1:G0TC 170
"curscr right

160 om0 210 ‘axit on any other double key code
170 CALL MSTEP (MDY D% (0),S5TF#, FLAGH) "Jog

180 IF FLAGS=1 THEN GOTO 170 "rapeat command if still busy

150 IF FLAGE<>) THEN ?"Ezror in jog command®:STOR

200 @oTo 120 "read keyboard again

214 ‘eontinue your peogram hare
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4.4 MODE 3: STEP WITH ACCELERATION/DECELERATION

MODE 3 is the basic all purpose trapezoidal motion command that causes the motor to move the
number of steps specified by STP# with acceleration, deceleration, start up and high speed run rates
set by the indtialization parameters of MODE 12. The direction of rotation is controlled by the sign of
STP#, positive is clockwise and negative is counter-clockwise. Up to 16,777,215 steps may be
performed with one command cormesponding to the 24 bit integer data limits of the PPMC-101C
controllers,

MODE 3 corresponds to motion command 3 of the PPMC-101C with a few ™nser friendly” differences
introduced by the driver. The PPMC will in fact move 1 step more than the number input, the driver
corrects this characteristic by subtracting 1 from the step count before inputting it to the FPMC, so that
5TP# corresponds exactly with the number of steps moved. Also the PPMC behaves in strange ways
with step counts of -1 0 and +1. Again the driver intercepts these singular values, does nothing with a
STT#=0 (aborts command with no error) and automatically reverts to a jog command if STP# = +1 or -
1 {see Appendix A for further details). This is all transparent to the user, so you can compute values
of 5TP# without worrying about the controller's peculiarities. Tn fact, you can ignore MODE 2 and do
jogs with 5TP# = +1 or -1 if this rationalization makes sense for you,

If the the total number of steps is less than twice the acceleration/decelerabion step count, the velocity
profile will be triangular instead of trapezoidal i.e. the motor will never reach its high speed run rate
The PPMC controller will look after this automatically.

Entry Dala:
MD%=3 Accelerate/ deceletate command
D) Selects Channel A (D) or Chanmel B (1)
D%(1) thru {9) Value irrelevant
5Tr# Value and sign set number of steps and direction
FLAGS: Value irrelevant
Exit Data:
D40} thru (%) Unchanged
STP# Unchanged
FLAG% {tif executed OK

1 if motor already busy executing last command
2 §f driver not IndHalized on Channel A

2 if driver not initalized on Channel B

4if MD'R <0 or »12

5 if hardware error

& if STP# <-16,777.215 or >+16,777 215

10if DA not Bor 1

A typical program entry preceding MODE 3 might read as follows:

xxxl( D% = 3 "seleft MODE numbar
==x20 DE{0) =1 'select Chammel B
xxx3) STPR = -5632 ‘move counter-clockwise 5,632 steps

4-4
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zxx30 CALL MSTEP (D%, D (0), S5TP#, FLAGE:)
‘acel /desal command
xxx4l) IF FLAGY<>) THEN PRINT "Error in MODE 3, # ";FLAGH:3TOP
axx3 'continue program

Here's a programming tip. The time this command takes to complete depends on the stepping rate
and number of steps, for a lot of steps it can take & long time. Tf the command is reissued while a
previous motion is taking place the FLAGS will be returned = 1, indicating that vou have to wait
before sending the next motion command (unless it's a stop command). Let's say we would like the
mtor o move 1237 steps clockwise, 67 steps counter-clockwise, 12,678 steps clockwise ete. This is

how to program this Fajectory:

100 MD® = 3 "select MODE
110 D%{0) = 1 'malect Channel B
120 =TPE = 1237 "1lst step count

130 CRLL MSTEP (MD%, DW%(0), STF#, FLAGE)
"lat motiocn
140 IF FLAGH#=1 THEN GOTO 130 "keep trying if motor buay
150 IF FLAGR®<>0 THEN "Error # ":FLAGY:STOP
‘major disaster!
160 5TFE = -&7 *2nd atep count
170 CALL MSTEF (MD&, D& ([0}, ETEE, FLAGE]
'End motion
180 IF FLAGW=1 THEN GOTO 170 "keep trying unntil lsk motion
finighed
180 IF FLAGHR<>(] THEM "Error # " FLAGE:STOP
'major disaster!
200 BETFPR = 12678 '3rd staep count
210 CALL HSIEF (MD%, D%{0), STPF, FLLGE)

'3xd motiom
220 IF FLAGR=1 THEN GOTD 210 'keap tIying until 2nd moticn
finisghed
230 IF FLAGY<>0 THEN "Error # ":FLAG%:S5TOP 'major disaster!

240 'ete.

Obvipusly a good programmer would use a few COSUBs to minimize the code above. Also note that
the program is paced by the rate at which the motor will execute commands. Maybe you would like
to go off and do something else if you find FLAG%=1, the option is yours. Also if you ever need to
find whether the mator is busy without doing anything before inputting a motion command, use read
status, MODE & - see MODE 8 for further details.

4.5 MODE 4: STEP AT CONSTANT SPEED

MODE 4 is similar to MODE 3 except that the motor will move the number of steps specified by STP#
with constant velocity specified by D%(1). The stepping rate depends on the clock source, For the
PPMC internal dock source (D%{7) = 0 in initalizing MODE 12),

Rate = 12,500 / D%(1) steps/second

For the external user input clock source (D%(7} = 2 in inifializing MODE 12),
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Rate = Ext. Freq. / D%(1) stepa/second

For the on board 100KHz clock + divider (D%{7}=1 in initializing MODE 12),
Rate = 100,000 / (D%{1} ~ [X=1)) steps/second

whaere X = divider ratio set in MODE 10

The valid range for DFE{1) is 20 {fastest} to 255 (slowest). The direction of rotation is set by the sign of
5TT#, positive is clockwise and negative is counter-clockwise. Up to 16,777 215 steps may be
performed with one command corresponding to the 24 bit integer data limits of the PPMC-101C
controllers,

Since the motor has to start up and ron at a constant rate, this rate must be within the start up
capabilities of the motor. Also, the rate set in this MODE by D%(1) does not overwrite the rate
specified for acceleration,deceleration in initializing MODE 12 Le. it is specific to this command only.

If you are operating from the on-board 100KHz clock and external divider, it is possibie to change the
external divider ratio while the motor is in motion and in this way modulate the speed. This is a
MODE of operation that is not obtainable with the FTMC controller alone, at least not with one
continuous command.

MODE 4 corresponds to motion commmand 4 of the FFMC-101C with a few "user friendly” differences
introduced by the driver. The PPMC will in fact move 1 step more than the number input, the driver
corrects this characteristic by subtracting 1 from the step count before inputting it to the PPMC, 50 that
STT# corresponds exactly with the number of steps moved. Alsa the PPMC behawves in strange ways
with step counts of -1,0 and +1. Again the driver intercepts these singular values, does nothing with a
=TT#=0} (aborts command with no error) and automatically reverts to a jog command if STP# = +1 or -
1 (see Appendix A for further details). This is all transparent to the user, 50 you can compute values
of STP# without worrying about the controller’s peculiarities. In fact, you can ignore MODE 2 and do
jogs with STP# = +1 or -1 if this rationalization makes sense for vou.

Entry Data:
MD% =4 Move at constant speed command
D0} Selects Channel A (0) or Channel B (1)
DR} Sets speed, valid range 20 - 255
D% 2} thra (9) VWaloe irrelevant
5TP# Valoe and sign set number of steps and direction
FLAG% Value irrelevant
Exit Data:
D%(0} thrw (9} Unchanged
STP# Unchanged
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FLAGS: 0 if exeruteg] OK

1if motor already busy executing last command

2 if driver not indtialized on Channel A

3 if driver not initialized on Channel B

48 MD¥% <0 or =12

5 if hardware error

& if 3TP# <-16,777 215 or >+16777 215

10 if T¥E(0) not O or 1

11 if D1} <) or =255

A typical program entry preceding MODE 4 might read as follows:

=zxxl1l( HDW = 4 "pelect MODE numbar

=xx20 DR{D) = 1 "select Chanmal B

=xx30 D% (1) = 180 ‘apeed, about TOpps with
internal clock

zxx40 STP# = 2000 'move clockwise 2, 000 steps

=xx50 CALL MSTEF (MD%, DW(0), STP#, FLAGY)

"oonstant sSpeed comiand
xzxx60 IF FLAGY<>) THEN PRINT "Error in MODE 4, # ":FLAGE:STOP
=x70 'eontinue Program

As with MODE 3, you can chain motion cormmands using FLAG%=1 to signal the readiness of the
controller to receive the next cormmand (see MODE 3 for programming example)

4.6 MODE 5: MOVE TO OUTER LIMIT AT CONSTANT SPEED

MODE 5 lets you run the motor into edther of the outer overtravel lirmit switches L1 or L2, The motor
will move in the direction specified by the sign of STP# with constant velocity specified by D%{1)
until it encounters the appropriate limit switch input (L1 for clockwise, L2 for counter-clockwisel. The
stepping rate depends on the clock source. For the PIPMC internal clock source (D%7) =0 in
initializing MODE 12},

Rate = 12 500 / D3%{1) steps/sacond

For the external user input clock source (D%(7) = 2 in intializig MODE 12),

Rale = Exi. Frag. / D%[1) stepa/second

For the on board 100KHz clock + divider, (D%(7)=1 in initializing MODE 12,

Rale = 100,000 / (DSe(1) " (X+1)) sleps/second
where X = divider ratio st in MODE T,

The valid range for D%(1) is 20 (fastest) to 255 (slowest). Since the motor has to start up and run at a
constant rate, this rate must be within the start up capabilities of the motor, Also, the rate set in this
MODE by D%(1) does not overwrite the rate specified for acoeleration /deceleration in initializing
MODE 12 i.e. it is specific to this command only.

4-7
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If you are operating from the on-board 100KHz clock and external divider, it is possible to change the
external divider ratio while the motor is in motion and in this way modulate the speed.

Entry Dala:
MD% =3 Move at constant speed to outer limit L] or L2,
Drad) Selects Channel A (0} or Channel B (1)
D1} Sets speed, valid range 200- 255
E¥ed2) thoru {9) Value irrelevant
STP# Sign sets direction, magnitude irrelevant
FLAGS Value irrelevant

Exit Data:
DA0) thoru {93 Unchanged
ETP# Unchanged
FLAG% (3 if executed OK, otherwise:-

1if motor already busy executing last command
2 if deieer not tndtalized on Chanmel A

3 if driver not indHalized on Channel B

4 i MD% <0 or=12

5 if hardware éror

i if STP# <-16777.215 or >+16777.215

10 D0 mot D or 1

103 D) <20 or =355

A typical program entry preceding MODE 3 might read as follows:

rxxl) MD& = § 'salact MUDE number

xxx20 DY (D) = O '"select Channel A

=ex30 DE(1) = 250 'speed, about S50ppa with
internal =lock

rxxill ETPE = -39 'mowe ocounter-clockwise to L2

zxx50 CALL MSTEP (MD%, D%(0), STPE, FLAGH)

"movwe ko limit L1 or L2
rryil IF FLAGH0 THEN PRINT "Erzor in MODE 5, § ";FLAG::STOD
== ] 'continue program

After you have reached the limit, you can confirm that you are there by performing a MODE B, read
status command. In general, the constant speed should be selected slow enough so that there is no
danger of overshooting the limit. [tis then possible to use either L1 or L2 as homing reference points
at an alternative to the BP (base point) or ONT input.
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4.7 MODE 6: MOVE TO LIMIT AT HIGH SPEED

MODE 6 lets vou run the motor with contredled acceleration and deceleration to and slightly bevond
either of the inner high speed limit switches L3 or L4. The motor will move in the direction specitied
by the sign of STI'# with a trapezoidal velodty profile specified by the initalization parameters of
MODE 12, Cn hitting the appropriate inner or high speed limit switch (L3 clockwise or L4 counter-
clockwise} & controlled deceleration will take place, and hopefully (if vou have vour systerm sef up
right!) will stop before reaching an outer Tlimit switch L1 or L2, At this point you can inch it intc an
outer limit using MODE 5 to perform a calibration, or do whatever else is appropriate in the
circumstances. This provides a fast way of getting to the end of travel if it is something you need (o

do frequently.

Entry Data:
MD% =6 Move at constant speed to inner limit L3 or L4,
Deed0} Selects Chanmel A (0) or Channel B {1)
D1 thru (9) Value irrelevant
STFP# Sign sets direction, magnitude irrelevant
FLAGS Value irrelevant
Exit Data:
DA0) thru (3) Unchanged
SIP# Unchanged
FLAGS 0 if executed OK

1 if motor already busy executing last command
2 if driver not initalized on Charmel A

3 if driver not indtalized on Channel B

4 if MD'% <D or »12

5 if hardware error

B STPH =-16,777 215 or =+16,777.215

10 i T not O or 1

A typical program entry preceding MODE & might read as follows:

xxl0 MD%E = 6 'saleact MODE number
xxx20 DE{Q) = 0 'salect Channel &
rxx3( STPE = =2 'mova counter-clockwise to L4

rrxdl CALL METEP (MD%, D®{0), STP#, FLAGY)

'mowe to limit L3 or L4
zxx50 IF FLAGR<>] THEW PRINT "Error in MODE &, # ":FLAGY:STOR
xxwhl 'continue program

4.8 MODE 7: MOVE TO BASE POINT AT CONSTANT SPEED

MODE 7 lets you run the motor into the BASE point limit switch (this is called CNT on the FFMC data
sheet) at constant speed set by D%(1) and direction set by the sign of STP#. The magnitude of STP# is
irrelevant.

4-9
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Mot all systemns will use a base point reference switch, oftén one of the guter limits L] or L2 will do
just as well to calibrate the motor position. If however vou do provide a base point reference, say in
the middle of ravel, how do you know which way to go to find it? The answer is that you don't, if vou
have gome the wrong way you may just as likely stop at one of the outer limit switches. The FPMC is
not intelligent emough o reverse direction on hitting an end limit, 80 you had better be prepared o
provide some software to do the hunting! A status read, MODE 8, after MODE 7 will tell you what
lirnit youa hit, BF or an outer limit, L1 or L2, If you hit an outer limit, you can engage MODE 7 again in
the reverse direction and you are bound to find the BP this Bme - see MODE B for details.

The stepping rate in MODE 7 depends on the clock source. For the PPMC internal cdlock souree
{DRAT) = 0 in initializing MODE 12),

Raile = 12,500 / D%6{1) steps/second

For the external user input clock source (D%(7) = 2 in initializing MODE 12),

Rate = Ext. Freq. / D51} slepa/second

For the on board 100KHz clock + divider, (DR(7)=1 in initalizing MODE 12),

Aate = 100,000 / (D%[1) * (X+1)} steps/second
where X = divider ratio set in MODE 10
The valid range for D%(1} is 20 (fastest) to 255 (slowest). Since the motor has o start up and run at a
constant rabe, this rate must be within the start up capabifities of the motor. Also, the rate set in this
MODE by D%(1) does not overwrite the rate specified for acceleration /deceleration in initializing
MODE 12 ie. it is specific to this command only.

If you are pperating from the on-board 100KHz clock and external divider, it is possible to change the
external divider ratio while the motor is in motion and in this way modulate the speed.

Entry Data:
MD% =7 Move at constant speed 1o base point BP or NP
Dra(0) Selects Chanrel A (0) or Channel B (1)
D&(1) Sets speed, valid range 20 - 255
D¥2) thru (9) Value irrelevant
SIra Sign sets direction, magnitude irrelevant
FLACT: Value irrelevant
Exit Data:
D%{0) thru (3) Unchanged
ST Unchanged
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FLAGT 0 iF exeewted OF

1if motor already bugy executing last command

2 if driver mot initlalized on Channes]l A

3 if driver not inddalized on Channel B

4if MD% <lor 12

5 if hardware error

&if 5TP# <-16,777 215 or =+18,777.215

10 i D0 not D or 1

11 if D1} <20 or =255

A typical program entry preceding MODE 7 might read as follows:

xxx1l HMD%: = 7 ‘aelect MODE nusber
xxxZ0 DR(QD) = 0O 'salect Channel A

==x3i0 D%{1) = 200 ‘spead, about 62pps with
intermal clock

xxx4l STPF = 10 ‘mova clockwise ko BP

x50 CALL MSTEF (MDY, D%{0), STF#§, FLAGH)

'mowve to EF
xxxtl IF FLAGR<>0 THEN PEINT "Erzor in MODE 7, # :FLAGR:=STOP
=xxT0 'continue program

4.9 MODE 8: READ MOTOR STATUS

MODE 8 provides useful information about what the motor is doing or has done. The PPMC-101C
controfler car only provide full stans information if the motor is at rest. If the motor is busy, FLAGS
will be returned » 1 and the status data variables D2} thro D964} will be returned unchanged. This
at Jeast tells vou that the motor is busy and unable to respond to a motion command other than an
emergency or decelerating stop. At this point vou can dedide whether to let the motor complete
whatever ite deing and continue looping status reads until FLAG%=0 indicating its finitshed, or you
can intervens and abort whatever it's doing with a stop command.

If FLAGT is returned = 0 then D%(2) thru D%(4) and STP# will contain status data as follows:

D%(2) contains the FINISH STATUS consisting of a byte of data:

B7 Bé B5 B4 B3 BZ El B
: : : : : Laﬂt command code 0=7
: : : : éecelerating gtop on L3 ar L4
: : : étup on limit L1 or L2
1 : éﬂtﬂr on (MT) check flag
I étﬂpped by & motor stop command
%inish flag or interrupt flag

Bits B0 thru B2 provide the code or MODE number of the last command. Bits B3 thru B7 tell you
what happened as follows:

4=-1
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B3 goes to logic 1" after L3 or L4 limit switch inputs have forced a stop.
Diherwise it is "0".

B4 goes to bogic "1° after L1 or L2 limit switch inputs have forced a stop.
Ditherwise iFis 0",

BS [= the matar ON signal {inverse of MC input). If the motor loses power, BS is

"1" otherwise it is "0 assuming MC is connected to suitable power sensing
arcuitry. 1f MC is left open circuit, then B5 will always be "0". The FPMC-
101C will not execute any commands if MC is at logic "0

o Is logic 1" if a motion command was aborted by an emergency stop or
decelerating stop cormmand, otherwise it is "0,
BE7 Corresponds to the interrupt flag. Whether interrupts are enabled or not,

whether a command was aborted or not, B7 is set to "1” at the completion of
the command. tis cleared by a second read of the finish status, In multiple
FPMC-101C systemns sharing a common interrupt, the finish flags of each
controller can be polled to see which one generated the interrupt and the
interrupt service routine can clear the flag ready for the next command after
servicing the interrupt. This is the armangement on the MSTEP-5 - see the
MSTEP.ASM listing & MODE 11.

It all the bits B3-B& are zero, it indicates that the last command executed to completion and the step
cotint input was actually moved. You can implement various recovery routines on conditions that
might arise e.g.:

zzxl0 IF (D%(2) AMD EHOB)=SEOE TEEN GOSUBE aaaa
"recover from stop at inner h.oa. limit
xxx20 IF (D%(2) AND SH10)=4H10 THEN GOSUB bbbb
‘recover from stop at outer limit
==x30 IF (D% (2) AMND EH20)=4EZ0 THEN GUEUE cccec
"notify usar there iz no motor powes
x4l IF (D%(2) AND GH40)=S5H40 THEEN GOIUER dddd
"recover from an emergency or decelerating stop
xxx50 "continoa pProgram .

Obwiously this can get quite complicated, but at least all the information you need o make a recovery
including the remaining step count (STP#) is returned by the MODE 8 status read.

D%(3) contains the INFUT STATUS consisting of a byte of data:

BT B& B5 B B3 B2 Bl B
| | | | | |
Not Used | | at L4

|
At L3

i
I I

I I

I I

I I

| | At LZ
| | |

| | At L1
| Motor on (MC)
I

AT base point, BF or CHNF
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All these bits, with the exception of B4 & B3 which are indeterminate, will be high unless the motor is
at the limit switch position. MNote that this is an instantaneous read of the limit switch states, if you
have owvershot a limit, it will not store that information, the input status simply tells you the current
state of the limit switch inputs.

The main use of the input status is in determining whether the motor is at a limit, what limit it is and
hence performing recoveries or re-calibrations (homing to a reference) through appropriate software
routines. The individual limdt switch inputs can be separated cut with ANDing operations as in the

previous example

[¥i4) contains the OUTPUT STATUS consisting of a byte of data:

B7 B & BA Ba B3 E# Bl B
| | I | | | | |
51 S 53 54 55 | Hoet used
|
Direction

|
I
I
I
Hold signal

The output status provides information on the FFMC-101C output state. Bits B7 theuw B3 simply reflect
the current state of the phase drive putputs 51-55. B2 is the "HOLD" signal corresponding to HCK on
the connector. This goes high 3 milliseconds after the motor comes to a standst]] but @Blonly if] you
have selected switching at standstll on in inidalization MODE 12 (D¥%{8)=1 In initalizaton). The
intent of the external hold output is most likely to ket you tum on some sort of electromechanical
holding brake as the holding torque with switching on is fairly low.,

Bat B reflects the last rotation directon, 01" = clockwise, "1"= counterclockewrise, Bit BO is not used and
is indoterminate.

STP# contains the remaining step count afler a command has aborted. 1f the command completed
STP# will be zero. The sign of STT'W is always positive regardless of whether you were going
clockwise or counter-clockwise at the time i.2. it is & true remaining step count.

Between FLAGS, D%(2) - D%{4) and STP#, the MODE B read status command provides a wealth of
information. MNote that the byte formats of DE(2)- D%(4) are identical to those described in the TPMC-
101C data sheet (Appendix A) under finish status, input status and cutput status respectively. You
may find the data sheet useful in further understanding the varicus status conditions. MODE 8
ectually does 4 consecutive read register operations and returns every conceivable status condition in
one operation, this is simply a convendence, vou can use what you want and ipnore the rest.

Entry Data:
MD% =8 Read status
DE(0) Selects Channel A (0} or Channel B(1)
D%CT) thera (9) Valwe irmelesrant
T Value irrelevant
FLAGS Value irrelavant
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Exit Data:
D0} thra (1) Unchanged
D%(2) Finish status
D03 Input status
Diid) Chutput status
D%(5) thru (9) Unchanged
5TT# Remaining pulses (- 16,777 215)
FLAG® 0 if executed OK

1 if motor busy

2 if driver not indifalized on Channel A
3 if driver not indtialized on Channel B
4 if MDT <0 ar =12

5 if hardware error

10 if Er( 0 movt Dor 1

Mote that if FLAG=1 then D9%(2) thru D%(4) and STP# will be returned enchanged as the PPMC-
101C iz unable to execute 3 status command unless the motor 1% at standsiIL

A typical program entry preceding MODE 8 might read as follows:

#xxll MDE = B 'select MODE number
=zxx20 De (D) = 0 "select Channel A
xxx30 CALL MSTEF (MDW, DW(0), STP#, FLAGH)

‘pead status
zxx40 IF FLAGW=1 THEN GOTO

=xx30 Tkeep trying until motor stops
=zxxi0 IF FLAGH>( THEN PRINT "Error in MODE E, # ":FLAGE:;STOPR
xxxE0 'continue program, pProcess
DE{2}-D%(4)., STFR
ato,

MNOUTE:  The loop in line oced} may not always be action vou might want on finding the motor
busy. Change it {o suil.

4.10 MODE 9: READ ENCODER

MOCDE © does a simple read of the 24-bit up/down encoder counter (either Channel A or B specified
by D%(0)), and returns the data in STI'®. The 24-bit counter data is treated as signed 2's complement
and returned to STP# as a number in the range -8 338,608 to +8,388,607, positive corresponding to
clockwise and negative to counter-clockwise. A 1000 line/rev. encoder, such as Metrabyte's STEP-
EMCE, will thus travel about £,383 revalubons with a resolution of abowt a third of a degree without
overrunning the counter capacity. For more information on encoders, see Secton 4.

INote that the counter iz not labched, it is read directly, and since the three counter bytes are read

sequentially, you will most likely return erroneous data if you read the encoder while it is moving. Tt
is essential to read it only at standstill, but see the programming trick below,

d=14
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Eesetting of the encoder counter is performed by initialization MODE 12, The assumiption here is that
you will not need to reset the encoder after configuring the systemn, o in the interests of simplicity, the
driver has omitted this capability excepl through MODE 12. If vou do need to chear the encoder
counters without re-initializing the stepper motor controller, it is very simple to do with a few OUTs,
a2 the example in Section 4.3

Entry Dala:
MD% =9 Fead encoder
Dl Selects channel A (0} or channe] B (1)
D¥%d1) thru (9) Value irrelevant
STh# Value irreleivant
FLAGS Value irnelevant
Exit Data:
D) thru {9) Unchanged
5TP# Encoder data {-8.3588 608 to +8 388 607
FLAGR { if executed OK

2 if driver not initialized on Channel A
3 if driver not inidalized on Channel B
4 if MD% <0 or =12

108 DR ot 0 or 1

A typical program entry preceding MODE 9 might read as follows:

=xxll MD% = 3 'salect HODE namber
=xx2d DW (0} = 0 ‘aelect Channel A
=xx30 CALL MSTEF (MD%, DW(0),S5TP#, FLAGY)
"read encoder
=xx4) IF FLAGR<>] THEN FRINT "Exrror in MODE %, # ":FLAGR:STOP
xS0 'continue program, IeadSTRH
atc.

NOTE:  Since this read of the encoder is totally independent of the stepper controller hardware,
vou may not know if the encoder is moving. Obviously if the encoder is mecharically
coupled to the stepper motor, you could use read status MODE 8 to find out if the
stepper motor had stopped and know with certainty that it is safe to read the associated
emcoder. If the encoder is not connected to the stepper motor e.g. used as an operator
reference input, then reading it two or more times in a row is a good way to find out if it
is at rest. If the 2 values refurned are equal, you can assume that the encoder is at rest or
moving so slowly that the data is valid anyway. Try something like this:

el MDY = 9 "gselect MODE number

==x20 DR(0} = 1 "select Channel B

s=x30 BRDGi{ = 0 ‘declare reading 1 wariable
z=xd0 BRDGEZR = 0 'and reading £ wariable

xxx50 CALL MSTER (MD%, D% (0), BDG1E, FLAGE)
"read encoder lst time
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xxxfl CALL MSTEP (MD%, D%(0), RDGZ§, FLAGY)
‘read encodar 2nd. time
=zxx70 IF RDGL# <> RDG2§ THEW GOTO=xxS0
"keep trying till it stops
mowing
mx=xll "Centinue, process data from
BDG1E .

If you end up doing this maneuver a lot, vou might want to consider modifying the driver and have it
do it for you instead eg return FLAG%=1 if the encoder is moving,

4.11 MODE 10: LOAD DIVIDER

MODE 10 sets the division ratio of the éxternal stepper clock divider. Tt applies only if vou have
selected operation from the external 1) KHz on-board clock, D%{7)=1 in initalizing MODE 12,
otherwise it will do nothing for you (see MODE 11 for the effective step rate). The actual divider ratio
will be one greater than this parameter. Thus for 2 D%(1) range of 1-255, the divider ratio will be 2-
236.

Eniry Data:
MD% =10 Load external divider
D Selects Channel A (D) or Channel B (1)
D1} Sets divider ratio
DA(2) thru (9) Value irmelevant
STR# Value irmelevant
FLAGE Value irrelevant

Exit Data:
D0 theu (9} Unchanged
STP# Unchanged
FLAG% 0 if executed OK

2 if driver niot initalized on Channel A
3 if driver not initialized on Channel B
4 if MD% <0 or =12

101 DA mot For T

11 if DRA1} <1 or >255

A typical program entry preceding MODE 10 might read as follows:

xxxil MDY = 10 'aalest MODE mnmber
==xd0 D%(0) = 0 '#alect Channel A
=3l D&{1l) = 100 'dividar ratie = 100

zxxdl CALL MSTEPF (MD%, D%(0), STRH, FLAGE)

'load divider
=xx50 IF FLAGR<>( THEW PRINT "Bxzror in MCODE 10, # ":FLASS:STOP

4-16
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4.12 MODE 11: ENABLE/DISABLE INTERRUPT

Either or both FPMC stepper motor controllers are capable of generating an interrupt to signify
completion of certain motion control commands. BASIC cannot be used o program intermupt service
routines as there is no ON INTERRUPT construct. [f you wish fo make use of the MSTEP-S interrupt
capabilities, you will have to resort to some assembly language programming and modification of the
driver. MODE 11 does a lot of the groundwork for you in installing an example routine and
enabling/disabling it. While it is impossible to predict your requirements in terms of what you might
want the interrupt service routine to do, as an example, this MODE Installs a sample interrupt service
routine (label INTH: in the MSTEP.ASM scurce) which simply sounds a beep on generation of an
interrupt. The MSTEP.ASM source can be modified to change the INTH: service routine to your needs
and re-assembled.

MODE 11 performs the following:

1. Disables interrupts on the selected level (2-7.
2, Installs interrupt vectors o INTH: for that level,
3. Either enables or disables hardware interrupts on the selected level according to D%(2).

WARNING [t is your responsibility to aveid conflict with other peripherals when using
interrupts - see below.

Itis important to pote that MODE 11 does not save and restore vectors to any previous interrupt
service routine that may have been serviced on the selected level. If you need this capability for
sharing devices on the same level, you need to expand and modify the driver code. The assumption
has been made that if you are going to use interrupts at all, vou will dedicate one of the hardware
interrupt levels 2 thru 7 to the MSTEP-5. If interrupts are disabled {default power up & initializing
conditions) then the MSTEP-5 interrupt cutput is tri-stated and will net interfere with any device on
the level. The operating level is selected by the jumper block labelled "IRQ LEVEL" on the MSTEP-5
board.

If interrupts are enabled while the sefected motor is busy, they will not take effect until execution of
the following command. Only certain motion contrel commands are able to generate an interrupt on
commpletion. These are:

MODE Z: Single step or jog.

MODE 3: Accelerate/decelerate forSTP# palses.
MODE 4: Constant speed forSTP¥ pulses,
MODE 5: Constant speed to outer limidt switch.
MODE 6 High speed to inner limit switch.
MODE 7: Mowe to base or reference point.

Because the interrupts from Channels A and B are OR'd together by the MSTEP-5 hardware, if both
are enabled you will need to poll the status of both controllers to determine which one generated the
interrupt. This requires a read finish status register command which in turmn will clear the interrupt
signal from the requesting controller. This may be part of your Interrupt Service Routine {as in the
exarnple handler) or provided by your foreground program by a call to MODE 8 as dictated by your
needs.

The following list provides the normal TEM reserved functions for Hardware Intermupts 2 thru 7.
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LEVEL FINCTION
2 Usuaaily free PC & POXT, cascade input on PUJAT
3 COM2: (if insialled)
4 COM1: (if installed)
3 LPT2: {if installed)
& Floppy disk {always used)
7 LFT1: {if incstalled)

1i you do not hawve the particular hardware itemn installed, it is safe to use that level. Generally, Levels
2 or 5 work out well on PCs and PCSXTs, and Level 3 on PC/ATs, Mever use Level 6 a8 vou will mess
up the floppy disk operation. Levels 3, 4, and 7 may be available depending on what equipment you
have inskalled and whether vou are using it vou can often share with a peripheral that vour program
will not b using as long as the peripheral’s interrupt hardware Is disabled.

Entry Data:
MD%E =11 Enables/ disables intermupt
DDy Selects Chanmel A (0} or Chanmel B (1)
%1} Value irrelevant
D%{2) Enables (1} or disables (0} interrupt
C%d3) Interrupt level (2 -7); if D2 = 0 (disable), value of D%(3) is irrelevant.
D4} thru (9) Value irrelevant
SIP# Value imelevant
FLAGS Value irrelevant
Exit Data:
Dre{ 0} thru (9} Unchanged
STPy Unchanged
FLAG% 0 if execoied OK

2 if driver not initalized on Channel A
3 if driver not ini Halized on Channel B
4if MD% <0 or =12

101 D%l not Qor 1

12 if D% not ) or 1

13 D%020=1 and D% <2 or =7

A typical program entry preceding MODE 11 might read as follows:

rxxll MD% = 11 'select MODE numbarx
xxxzZ0 DE(0) = 0 'select Channel A
xxx30 DE(2) = 1 'enable intersupt
x4 DRk (3) = & ‘on lewel 5

¥xx50 CALL MSTEP (MD%, DW%(0),STP#, FLAGH)

‘enable interrupt
=zxx60 IF PLAGSC-) THEN PRINT "Error in MODE 11, # “;FPLAGH: STOP

4-18
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==x70 ‘continue progrTam |
¥yyyld . . . and if you want to disable interrupts at any point
vy MDR = 11 *select MCDE sumboer
¥yyy30 DE(C) = @ 'selest Channel &
vyyal DE(2) = 0 ‘digable interrupt

vyy50 CALL MSTEPR (MD%, D% (0), 5TP4, FLAGY)

'disable interrup:
¥yy6El IF FLAGY<>0 THEN PRINT "Error im MODE 11, # =;:FLAGY:STOP
¥¥y 10 'continue Drogram

4.13 MODE 12: INITIALIZATION

MODE 12 initalizes the driver and MSTEP-5 hardware and must be executed before using any of
the other MODEs . Initializing must be done separately for each Channel A and B and performs the
following operatons:

1. [Msables hardware interrupts.

Checks and stores the MSTEDP-5's baze /0 address.
Checks for presence of MSTEP-5 board at this address.
Checks the validity (range) of all initalization dam.

Resets the PPMOC-101C controller.

Loads the controller with initialization data,

Clears the encoder counter.

Sets indtialization flags to enable selection of other MODESE,

I

The base 1/0 address is checked to be in the legal range of 256 1016 {Hex 100 - 3F8) for the [BM F.C. It
not an error, Exit #19 will ocour. If OK, the base I/ 0 address is stored for use by other MODEs on re-
entry to the CALL

A short read /write test 15 made to the MSTEDP-5 control register which is sufficient to detect the
presence or absence of the board at the specified 1/0 address. If no board is detected {absent board,
wreng base /0 address), Error #35, hardware error is returned. Error #5 may also be returned by this
MODE or any other MODE i the PPMC-101C contreller fails to perform correct handshakes on inputs
and putputs of cormmands and data (see Appendix Al In this case, Error #5 may be indicative of a
failure of the PFPMC-101C controller especially if one channe] works and the other does miod.

All the initalization data is checked to be within valid limits. Any of the initializing daga variables
D%(M) that is outside acceptable limils will return error code 104N (this is true for all MODEs). Also
in the interests of consistency D%A0) always specifies the channed selected ((=A, 1=B) and D%(1) the
constant spead rate in all MODEs. Initialization MODE 12 makes use of all 10 elemments of D%(*) and
is the only MODE to require so much input data.

If initialization is successful, any other MODE may be selected on subsequent CALL's, Trying to
select any other MODE before performing initializing MODE 0 will give rise to ervor # 2 or 3
depending on whether Channel A or B is uninitialized.
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Entry Data:
MDE = 12
Dl
Dil)
D%
D3
Doaisd
DSiEh
D%Rigs
D%
Deaia)
D%
ETPW
FLACT

Exit Data:
DR(0) thru (3
TP+
FLAGRS

{Value Irrelevant)

Channel selector, A = 0, B =1

Start up rate divider, RA, range 20-255

High speed run rate divider, range 20-255
Acceleration,deceleration pulses, 4-8,160
Mator type, valid codes 1,2 or 3 (see below)
Full step {0} or half step (1) MODE (see below]
Logic polarity of 51-5, 1 = positive, () = inverted
Clock source, (= internal, 1 = on board external, 2 = external user input
Power switching at standstill, 0 = off, 1= on
Base [/0 address, valid range 100-3FB hex
Value irrelevant

Value irrelevant

Unchanged

Unchanged

0 if indtialization OK

4 IF DS < or =12

5 if hardware ermor, 0 board, incorrect [/ O address 104N if D9(N) not
in valid range

A typical start of program initializing sequence would be as follows:

100 DEF SEG = &HE000

'segment to load driver

110 BLOAD "MSTEP . BIN", 0 "load it at zerc offset

120 MSTEF =
130 ¥p% = 12
140 DIM (9)
1505TEH = 0

160 FLAG: = 0
170 Dlr{l:l-'_i =0
180 D% (1) = 255
130 DH(2) = BO
200 DW(3) = 1000
210 DA (4) = 2
220 DY(5) = O
230 DY (6) = O
240 DR(7) = O
250 DY (B) = O

280 (%) = &H3IOO

‘declare variables

‘aelect initislization

'declare data array

'step count wvariable

(dopble-preciaieon)

fdeclare error variable

'selest Channel A

"start up rate, 49 ppa

'run rate, 156 ppa

‘acceleration/deceleration
pulse count

'motor coda 4 phase

"full atep

'inwvarted 51-5 cukputs

'intemmal clock

"switching off at standstill

'base I/0 address (hex 300)

270 CALL MSTEP (MD%, D®({0),5TP#, FLAGHE)

"initialize

280 IF FLAGH<>0 THEW FRINT “Error in initializing # ";FLAGY:STOP

280

4-20
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STEPPING SEQUENCE PATTERNS
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Figure 4-1. Stepping sequances for 3, 4-, and 5-phase full/alf step.
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There is quite a lot of data to be provided at initialization, but it i3 only required once! Let's lock at the
effect of the initializing parameters in more detail:

D

(1)

D)

D%A3)

RATE

HIGH SFEED |
SET BY DXIZ)

START RATE

SET BY DE(15F|

Controls which channel is selected. If D%{0) = 0 then the CALL operates on
Channel A motor and encoder, if D%(0) = 1 then the CALL operates on channel
B motor and encoder, Mote that each each channel must be initialized
individually and may have different initializing parameters, motor types etc.

Controls the start up rate of the motor in MODEs 3 and 6 which involve
acceleration and deceleration. (D9(1) corresponds to RA in the FFMC data
sheet). The start up rate with internal clock (DR{7)=0:

Rate = 12,500 / D%{1) steps per sec.

With external user clock input (D9(7)=2):
Rate = Ext. freq. / D¥%{1) steps per sec,

With onboard 100KHz external clock (Drafl=1)%
Raste = 100,000 / (D91 (X+ 1)) steps per sec.
where X = external divider ratio set in MODE 10

The start up rate should be chosen slow enough so that the motor does not skip
pulses on getting moving. If in doubt, set (1) = 255 {slowest).

Controls the high speed run rate of the motor in MODEs 3 ard 6 which involve
acceleration and deceleration. For internal clock (D57 )=0):
Rate = 12500 / D%(2) steps per sec.

With external user input clock (D%(7)=2):
Rate = Ext. freq. / D%(2) steps per sec.

With onboard 100KHz external clock (DR(7)=1}:
Rate = 100,000 / (D%(21(X+11) steps per sec.

where X = external divider ratio set in MODE 10 The high speed run rate
should be chosen 5o that the motor does not skip pulses at high speed. This
usually requires some judicious experimentation. If vou start off with

DA 2)=150 and then reduce it until the motor shows signs of distress and then
back off a a little, it will generally work out OK.

Controls the number of steps that the motor will accelerate from the start rate to
the high speed run rate and vice versa decelerate. The trapezoidal velodity
profile and the controlling parameters are shown below in Fig.3.4. The
acceleration/ deceleration step count D9%(3) may be anywhere from 4 o 8,160

e

Ffﬁff LWELOSITY FROFILE

SRR~ | | SR | e
= ZTPra STEFS
Figure 4-2. Velocity profile controlling parameaters.
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Sets the moter code (1 - 3} depending on the winding arrangement, 3-phase
motors are Code 1, 4-phasa motors are Code 2, and 5-phase motors are Code 3.
Ancther way to determine the motor code is to determine the required
switching sequence as shown in Figure 4-1, Note that 3-phase motors use only
phaze putputs 51-53, 4-phase use 51-54 and 5-phasze wae all $1-55. The motors
additionally may be operated in full-step or half-step as set by D%(5). If you
are not using the FPMC-101C phase outputs {e.g. in conjunction with an STA-
STEF) then the motor code is irrelevant. D%i4) corresponds to the motor code
parameter on the PPMC-101C data sheet.

Selects the stepping MODE, full-step (0} or halfstep (1. It corresponds to the
excitation parameter of the PPMC-101C data sheet (see Appendix AL A
standard 200 step/revelubion motor (e.g. STEP-MOT1) will step 1.8 degree
increments in full-step MODE or 0.9 degree increments {400 steps / revolution)
in half-step. The half-step MODE offers finer resolution and smoather stepping
but at the cost of reduced torgue and maximum operating speed compared to
full-stegp.

Controls the logic polarity of the 51-55 phase drive outpus. DR{gl=1 selects
positive frue logic and  D{(8)=0 selects active low negative logic. The choice
here depends on the driving hardware. For the STA-STEP set D%R(6)=0. If you
are not using the phase outputs 51-55, the choice is irmelevant.

Selects the clock source: D%(7) = 0 : Selects internal FPMC 12.5KHz source = 1:
Selects on board 100KHz + divider = 2 : Selects external user input For most
purposes the internal clock source will be adequate. IF you nesd step rakes
above 625 pps or synchronized stepping of both axes, use one of the external
options.

Controls switching at standstill, DB} = () rurns switching off, D%#) = 1 tumns
it on. At standstill the motor will normally have maximum current flowing in
the windings which causes the greatest chmic heating and temnperature rise of
the motor. Ome way of reducing this heating is to chop the phase drive outputs
when the motor has reached standstill. With switching on, chopping
commences 100 milliseconds after the motor reaches standstill at a frequency of
about 22KHz and & duly cycle of 30%. As spon as the molor is commanded to
move, chopping ceases and will automatically resume on standstill. Chopping,
tends to reduce the holding torque, raise the driver transistor switching losses,
raduce heating of the mator and may produce audio notse from the motor.
There are thus advantages and disadvantages associated with this feature.

selects the base [/O address which must correspond to the dipswitch setting on
the board. TBM PCs and XTs decode addresses from hex 200 - 3FF. [BM ATs
decode addresses from hex 100 - 3FF. The driver checks for a valid address in
the range 100-3F8 hex although the hardware can physically be set from
address (i - 3F8 hex,

In our examples of programming all the different MODEs, we have consistently used D%(*) as the
data array. You may prefer to keep your indtialization parameters in another array e.g. TX%{(*) and not
overwrite its values when subsequently selecting other MODEs. This is easy to implement:
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ezl DIM IX%(9) ., (9)
=xxzll MDA = 12
=xx20 IX%(0) = 1 ; IX%(l) = 200 : IX%({2) = 50 etso.

then:

=x=100 CALL MSTEP (MD%, IX&{0),S5TP#., FLRGR) indelialize
after this use D%M™ for other MODEs:

xx200 MDe = 3

=210 DE(0) =

=x2Z0sTEl = S59

=230 CALL MSTEP (MD&, D& (D), STP#, FLAGE)

‘accel /decel
akm,

4,14 PROGRAMMER'S SHORT SUMMARY
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4.15 INTERPRETED BASIC (GW, COMPAQ, IBM, ETC.)
Example
BASIC Call: CALL mstep(MD%, D, STP#%, FLAGS!}
BASIC Declaration: NONE NECESSARY IN BASIC SOURCE CODE. However, a

"BLOATD (Binary load of BIN file) of the birary file containing the
external subrouting rmust be done prior to calling that subroctine,

Example Program Nustrating 8 BASIC CALL:

LD sl ook o ok o ek ok e ok ok ok ook e e oo oo e
ap 'k *
30 = METEF-5 Demcnstration progras *
40 = Eeithley MetraByte Corporation *
,Eﬂ T E R R E RS s S s R R L e R R R P L
60 !
T SCREEN 0,0,0:WIDTE 80:EEY OFF:CLS
80 LOCATE 1.,1.0 ‘turn off cursor
50 LOCATE 25,1:PRINI"Metrabyte MSTEF-5 Demo program Loading
HETEP .BIN deives";::LOCATE 1,1
100
110 '--- Load MSTEP . BIN driver ==-—=cccccmmee e e e e e e e e - —————
120 CLEAR, 48000 'set workspace to 48000 bytes
(for example)
130 DEF SEG = 0 ‘aset Eero pricr to PEEK's to
TRrs Seguent
140 18 = 256 * PEEK(&HS511) + PEEE (sH510)
'"Bagic's data segment
150 56 = LS + 4B0OD! /16 'end of Basic's data zegment
160 DEF SEG = 53 'this is where to load
HETEP.BIN driver
170 BLOAD "METEF BIN".0 "load driwer with zero offset
lga

330 "==-= Declare other CALL variables e ——

340 D% = 12 "mode number

350 METEF = ‘gall offset

360 FLAGY = 0 ‘eall error flag variable

370 8TFE =0 'atep count (must be double
precision)

380 °
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380 *=== Display menu

2530 '=== MODE 12: Initialize === e e

2800 CLE

2610 LOCATE 25,1:FPRINT"Metrabyte MSTEP-5 Demo program

Initialize - mode 127;-LOCATE 1.1

2620 =DEUBR 3250 "display channel selected

£830 CALL MSTEP (MD%,D%(0),5TP#, FLAGY)
«840 IF FLAG¥<>0 THEN GOSUE 3300:IF Ews( THEN GOTO 2600

2850 RETURM

3480 !
3470 END

4.16 QUICKBASIC
Example
BASIC Call:

BASIC Declaraton:

CALL QEPIOINT(MD*%, VARPTR{D%(0)) STP#%, FLAGR)

DECLARE SUB QBPIOINT (MD%,BYVAL DUMMY®, FLAG%!
The Declaration tells QuickBASIC that the subroutine expects
three arguments and that the middle argument is to be passed
by value. Remember that BASIC normally passes all arguments
by reference laddress). This is the only method for passing an
arrey to a subroutine in BASIC: passing the value of the address of
the array in effect passes the array by reference. To make use of
the callable assembly routine, a ".QLB" (Quick Library) file is
created out of the original .ASM source file. Although the format
of the subroutine is identical to those used by interpreted BASIC
packages, both the Culck BASIC integrated development
environment {JB.EXE) and the command line complier (BC.EXE)
expect the subroutine to be in a specially formatted JQLEB library
file. Unlike interpreted BASIC packages, Quick BASIC actually
links to the assembly .QLE library file so0 it is not necessary to
include the "jmp QBPIOINT instruction at location 0 (of the
source file) as in interpreted BASIC.
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Example Program ustrating & QuickBASIC CALL:

L oy B L L L L T X L R g P pr g g g ey

L =
i HETEF-5 Demonstration program "
'a for Quick Baszic L]
. Keithley MetraByte Corporation "
[ [ ]

TEEREERERERAAAEAAEAAA AR A AAA A AR AR AR A Ak kAR R R r AR A A AR AR SRR AR

DIM LS(14}, PS(9), U§(9), D%(9), ©{I)

COMMON SHARED D% ()

DECLARE 5UB QEMETEF [(MD%, BYVAL DUMMY%, 5TF&, FLAGK)
SCREEM 0, 0, 0: WIDTH B0: KEY OFF: CLS

LOCATE 1, 1, 1@ 'turn off curaor

LOCATE 25, 1: PRINT "Hetrabyte MSTEP-5 Damo program Loading MSTEP . BIN
driver™;

LOCATE 1, 1

fmm= DEclATE ACTARE === s e e e e e

L

'Default pa:mttern for indtializing controllers

FE(L) = Start zate divider: ": U(l) = 255 'aslowest
PE(2) = ¢ High spased run rate divider: ": O({2) = 100 ‘'mediuom
PE(3) = " Acceleration/deceleration steps: ": U(3) = 200 ‘200 steps
FE(4) = Motor type: ": U(4) = 2 "4 phase
PE(S) = " Excitation: ": {5 = 0 *full step
PS(E) = Logic polarity: ": U(E) = 0 'inverted
FE(7) = Clock source: ": U7 = 0 timternal
PE(B) = Ewitching at standstill: ": U(8) = 0 ‘off

BH(9) = ™ Base If0 address: ": U{§} = &E3I4Q

'——— Declare other CALL wariables ——--—-eccmcmmmcmmme (-, g 7 e i e -
HD% = 12 "mode number

DR{0) = 0 "get channel A as default

FLAGY = "gall error f£lag wariable

5TFa = 1) "step count (must be double precision)
"——- Digplay menu e
fe—- WODE 12: Initialize ——————-————————r— e rmsecmccc s cs s s s s —a
LS

LOCATE 25, 1: PRINT "Metrabyte METEF-5 Demo program
Initialize - mode 127:; : LOCATE 1, 1
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CALL QBMSTEP (MD%, VARPTR(D%(0)), STPS, FLAGE)
IF FLAGE <> 0 THEW GOSUE 3250: IF ER = 0 THEN GOTO 2550
RETURN

4.17 MULTIPLE MSTEP-5s IN ONE SYSTEM

What if you wish to operate more than one MSTEP-5 in a system? To avoid conflicts, each MSTEP-5
must have a different base /0 address. For simultaneous operation using interrupts select a different
intérrupt level for each board. Tt is possible to share an interrupt level if the cperations can be
sequential instead of simultaneous. Each board must also be assigned its own CALL routine. To do
this start by loading the MSTEP.BIN rowting at different locations in meémery:

zxxl? 5G1 = EH300D
==x20 5362 = gH4000
zxx31) DEF SEG = S5G1
zxx4d{ BLOAD "MSTEF.BIN",0
==zx%] DEF S5EG = 5G2
zxx6l EBLOAD "IET'EP.BIH“,I:I

Mow the CALL appropriate o each board can be entered as required. MNote that each CALL is
preceded by a DEF SEG appropriate to that board;

¥yyl0d DEF SEG = S5G1

¥Yy20 CALL MSTEP (MDl%, D1%(0), STP1¥#, FLAGl%)

¥yy30 DEF SEG = S5G2

yyy4l CALL MSTEP (MD2%, D2%(0), STP2¥, FLAGZR)
‘eta.
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ENCODER CHANNELS

5.1 OPTICAL INCREMENTAL SHAFT ENCODER

haft encoders fall into two categories, incremental and absolute. Absolute encoders use a Gray coded
disc and produce a specific code for the shaft position using multiple tracks and lighe

sowroes/ detectors on the disc. Incremental encoders can only measure changes in position but are
simpler in construction and generally capable of finer resolution. This is the type that is used with the
MSTETS.

An incremental encoder consists of a disc that has radial transparent and opaque sectors with 2 or 3
light sources and detectors. The disc may typically have anywhere from 90 to 1200 radial lines, giving
a corresponding number of putput pulses per revolution. By using twio detectors that are slightly
displaced from each other, two pulse trains are cutput that are % degrees displaced in phase from
each other. Encoders with this type of output are called quadrature encoders, the typical output
signal being shown below:

] » =

COUNMTER-CLOCKHISE

CHANREL. A ]

PO A — Free

e i}

Figure 51. Quadrature encoder output signals.

Mote that when the encoder is rotated in a dockwise direction, the pesitive transitions ((-1) of channel
A oocur while the channel B signal is high, if the encoder is rotated counter-clockwise, the positive
transitions of channel A occur when the channel B sigral is low. If the channel B signal was connected
to the up/down control input of an up/down counter, and the channel A signal cornected 1o the
counter clock, the cumulative count would always reflect the displacement of the encoder from its

initial position.

It is common for an incremental encoder to include a third output which produces a pulse once every
revolution. This is known as an index pulse. The STEP-ENC1 has an index pulse cutput, al though the
MSTEPS board makes no use of it. Usually the low level outputs from the photodetectors are signal
conditioned in the encoder to produce TTL or CMOS compatible output signals, also complimentary
signals may be provided to help in minimizing the effects of external noise. Some encoder interface
circuits (such as MetraByte's M5312} count all edges of the waveforms and so get 4 times the
resolution of & simple dreuit that only counts 1 edge e g. the positive edge. The MSTEPS circuitry is

5-1
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of the latter type and makes up for the lower resolution with improved noise immundty and simpler
hardware.

I addition to reduced resolubion, this simpler approach is somewhat more susceptible to false
readings generated when the direction is changed. This can be stgnificant when the encoder is used to
measure the movement of 2 stepper motor. Sinoe many stepper-motor systems produce an under-
damped overshoot when coming fo a stop, several fzlse steps due to several directional changes are
possible. For this reason, it is important that proper damping be introduced into the system to reduce
or prevent these under-damped overshoots. See the references of Paragraph 7.6 for additional
information about damping.

Should damping prove impractical, use of a MetraByte M5312 Board to read the encoder is
recommended.

Optical incremental shaft encoders are fairly robust and are capable of detecting very small
displacements. The STEP-ENCI has a 1000 pulse/revolution output and so will produce an output
pulse about every third of a degree of rotation. The main enemnies of optical encoders are mechanical
shock, electrical noise and low temperatures which may cause ice crystals to form on the encoder disc
and interfere with correct operation.

5.2 MSTEPS ENCCDER INTERFACE

Omi of the commonest problems with encoders is electrical nolse. If the encoder is directly connected
toa high speed up/down counter, small noise spikes or noisy edges might induce false counts, A
simple, but effective method of eliminating this problem is to pass the encoder cutputs through a
digital noise filter. The waveform below shows what a "real world” encoder signal might look like.
Short spikes and transients on the waveform are to be expected from motor switching currents ete.

NOISE

Figure 5-2. Effects of noise on encoder output.

The MSTEFS uses a sampling digital filter on each channel of the two encoder inputs. The filter is
implemented in a PAL device (programmable array logic) for each encoder and the equivalent circuit
for each encoder input is shown below:

F L TERED
o L

iy
FaLE14 . |
TR L, I = :
IWPUT
O FLioe 1
£l ]
—
AR r | E |
CLotx
[P &
1

Figure 5-3. Encoder digital filter.
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An internal 400KHz clock is used to sample the signal. The two D flops form 2 2 stage shift register.
When all outputs of the register and the input signal are at the same state, one of the AND gates is
enabled and flips the output latch. The result is that the output signal follows the input signal, but 15 2
clock pulses (3 microseconds) behind, Shont transients, less than 2 chock periods or 5 microseconds
won't make it through the shift register. The price paid for this filter is that it cannot handle pulse
rates from the encoder much faster than 1/16 of the clock period - in this case 25KHz, This
corresponds (o a rotational speed for a 1000 line/rev. encoder such as the STEP-ENCI, of 150 r.p.am.
which at least as far as stepper motor speeds are concerned is not particularly restrctive,

The filtered signals are passed 1o 3 cascaded § bit up/down counters. The 24 bit data is converted by
the MSTEP.BIM driver to a corresponding 23 bits + sign double precision real. This means that you
have a range of -5 288 508 to + 8,388,608 counts or more simply about +/-8000 revolubions from the
initial position with a resolution of about one third of a degree using the 1000 pulse/rev. STEP-ENCL

ENCODER 1MPUT

EME & [ i g
s DIGTIAL E BI7T UP-ON 8 BIT UP DN 8 BIT UP/DN | carpysommii
Enc B {—4 __ FILTER counTer ] couwTer || couster | CORRYE

GHD Q-—_u_r L L I\.

B BIT DATA BLS

Figure 5-4. MSTEPS Encoder counter interface (1 of 2 identical channals).

5.3 READING AND RESETTING THE ENCODER COUNTERS

The initialization mode 12 of the MSTEP.BIN driver hardware resets both encoder counter channels to
zero, Other than performing a re-initialization (which also affects the FPMC-101C stepper
controllers), the MSTEP.BIN driver software provides no other way of resetting the encoder counters.
The MSTEPS hardware does have this capability, although it was omitted from the driver in the
interests of simplicty. Usually resetting the counters is unnecessary as it is easy to track relative
changes in software, however if you do need to perform a reset of an encoder channel after
initialization, this is how it is done:

For Channe] A-

==x(00 BASE = ER3IOO "hazse IS0 address
=xxl( OUT BREE + 2, 0 Telears A CoUunter
Far Channel B;

=xx00 BASE = gH300 'hase I/0 address
=xxl OUT BAERE + 5, 0 'elaarcs B countar ]

You can alao read sither counter with INPs and OUTs although this (s not half as easy as using mode 9

of the driver to do the job:
==x00 BASE = sHIO0D "hase IS0 addreass
zxx10 CF¥% = INF({BASE) 'read control register
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To select Counter A:

xxx20 OOT BASE, (CT& AMD EHFT) '2lear BECTRABR bit

Or to select Counter B:

xxx2(]l OOT BASE, (CI% OB LHOE) 'sat ECTRABR bit

Then read selected counter:

zxx30 BLE = INWF (BASE 4+ 3) "low byte

xxx4ll BME = INF(BASE + 4) 'middle bata

xxx50 BHW = INP(BASE + 5) 'high Byte

zxx Gl I:'I* = AL% + BEMEY25EL 4 BHI*ISEA2 "sount

xxx70 OUT BAEE, CT% ‘restore control if you want

The MSTEPS board was designed mainty for move-stop-move-stop-etc. applications. As a result, to
keep the hardware simple, the encoder counters were not laiched and in most practical applicatons of

the MSTEPS board, this should not be a problem. Since each counter byte is read in turn, the data may
change during the 3 bvte read if the encoder is moving. There is a chance that vou can refurmn an
erronepus count under these drcumstances. There are 2 ways of avoiding this problem with the
MSTEF.EIN driver:

1. If the encoder is mechanically coupled to an associated stepper motor, find out if the motor is at
standstill using a MODE 8 status read before reading the encoder using MODE 9 (encoder readl:

zxx00 MD% = B "status Dead

xxxl( CALL MATEF (MD&, D%(0), STF¥, FLAGE)

axx2 IF FLAG®=1 GOTO xxxll "wait till motor stops
axx30 MD% = 3 'encoder oead

xxxd0 CALL MSTEF (MD%, D%({0), STP§, FLAGY)

x50 '3TP# contaips encoder data

2. If the encoder is not coopled to & stepper motor input e, & manual input or may be moving
slowly, read it twice in quick succession. If you get the same reading both times, it must be

oorTect:

zxx() MD%E = 5 'engoder Tead

xxxl) A¥ = 0 'declare 2 double precision
=20 B = 0 "variablas

xR0 CALL METEP (MD&, DE%(0), A#, PLMIE)

xxxd0 CALL METEF (MD%, DA ({0), B¥, FLAGH)

xxx5) IF A§<>B§ THEN GOTD xrrx3l ‘try again
=xx6l 'Bither Af or BF holds corrwst data

This method will work fine as long as the encoder is moving slowly or is stopped. If the encoder is
moving fast, yora run the nisk of getting stuck in a loop. but it is easy o add 2 draecut count o avoid
this problerm.
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5.4 CONNECTING UP A SHAFT ENCODER

If vou are using the STA-5TET, follow the instructions in the next section. If vou want t0 conmect
directly to the MSTEPS, the encoder outputs A and B should be directly connected to the encoder A
and B inputs {pins 35 & 36 for channel A, or pins 38 & 3% for channel B). Also make sure that the
encoder commaon or ground is connected to one or more of the ground input pins of the MSTEPS (pins
8,16,17.25,33,34 4% or 500

The encoder will only draw a small current, usually kess than 200maA which can be supplied from the
compuater. If you wish to do this, connect the encoder +5v supply to either pin 47 or 48 of the M5TEPS
connector, @B[IF there is any possibility of frequent external short circuits of the encoder power 1o
ground or high voltages, use a separate 5v power supply for the encoder]. It ts better to destroy the
encoder rather than the computer as well if you cannot be sure of the safety of the external wiring,
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CHAPTER 6

USING
THE STA-STEP

6.1 STA-STEP DESCRIPTION

The STA-5TET is designed to provide in a convenient external box, a dual channel isclated L/R type
of stepper motor translator plus convenient screw connections for all the other MSTEPS functions such
as encoder channels, Hmdt switches ete,

Each stepper motor driver consists of five power mosfet transistors driven through optocouplers so
that the motor power dircuit is totally isolated from the computer. Each of the power mosfets is driven
by ome of the phase cutputs 51-55 from the MSTEPS board, and the corresponding power transistor
output appears on W1-W5 (Winding 1 thru Winding 5). Depending on the programming of the
FPMC-101C controllers in initialization (MODE 12) you can drive any of the following types of
meotars:

3 Winding - use W1, W2, and W3 (Motor Code Type 1)
4 Winding - use W1, W2, W3, and W4 (Motor Code Type 2)
5 Winding - use W1, W2, W3, W4, and W5 (Motor Code Type 3}

The power mosfets have ON resistaness of 008 Ohm, 60V breakdown rating, and 25A continuous-
drain current. On the clossly spaced heatsinks of the STA-STET, it is recommended that you lirmit the
maxiruim current g0 5A 5o that you can drive motors with ratings up to 24V and 5A per winding, The
STA-STEE also includes locations for mounting current limit resistors. These are optional and speed
up motor response (see next section and Section 6.2). If you use these resistors mounted on the STA-
STET board, limit each resistor dissipation to SW or less, if the dissipation is higher, mount them
external to the STA-STEP.

6.2 POWER DRIVE CIRCUIT

Each of the phase drives 5155 has a comresponding power cutput stage as shown below. This
includes transient suppression (D1 and R1) which are required for switching inductive loads. Note
that through the use of the optoisolator, all the motor power switching circuitry is totally isplated from
the computer power and ground. One slight disadvantage of the optoisolator is that they have rise
and fall tires of several microseconds which imposes a limit on the maximom stepping rate. It is
recommended that the rate be kept below 2,000 steps / second.

il | o] -0 e il T3
& O ¢ ¢ T 0
B i . _ 12 Omr
: a =] =] & I:\'- ! , RB
dE B A pE g "
|_ | J_r A ] |_{ WEER CLRRENT
.......... e T L T I e s Sy ——— —— LIRLT RESIETORE
: 1 4 TS, .« B P - £ T
IS ATOR. ¢ |SOLATOR. . [BERATOR: - 1SBLATOR. 'gPr'-."'.‘.'“
LI=%5 i 1

Figure 5-1. STA-STEP Power Drive Circuit.
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in the ON state, the transistor power dissipation is controlled by the motor current and OMN resistance
of the power transistor. The on resistance of the power mosfet is sbout (LDE Ohm, and it is
recommended that molor current should not exceed 34, This corresponds to a transistor power
dissipation of 2W, which is comfortably handled by the heatsinks that the transistors are mounted on.
In normal operation, these heatsinks should be barely warm. Switching losses will also account fora
srmall amount of additional power loss. The drain vollage of the transistors is rated at &0V, this should
bz mvare than adequate for 99% of commercially available stepper motors. If you do need a higher
voltage, contact MetraByte.

Due 10 the Jogic inversion in the power driver, the output logic polarity of the FFMC-101C phase
drives should be set to inverted when using the STA-STEF. To do this, set D%(6)=0 in inidalization
micde 12,

6.3 STA-STEP CONNECTIONS TO STEPPER MOTORS

The typical connections of an STA-STEP o a Superior Electric stepper motor are shown in Figure 6-2.
As explained in Section &, vse of additional resistance in series with the windings will reduce the
winding time constant and improve the performance of the motor at high speed. The disad vantage to
this arrangement is that you will waste power in the series resistors and require a higher motor supply
voltage for a given maxdmum winding current. The STA-STET includes space for these additional
resistors at least for smaller stepper motors. It is recommended that the resistors which should be
power wirewound types, not be mounted on the board if the power dissipation in each resistor will
exceed 5 watts, mount them externally instead. If vou are not going to use current limiting resistors,
then a umper can be placed in the corresponding location (RusrA & RusrB for channet A, RusrC &
EusrD for channel B

The motor power should be derived from an external power supply. A simpie unregulated supply
will usually be adequate. 1t is not recommended to attemnpt to run the motor from the computer +5V
which is available om the STA-STEP, usually the load will be too great and the switching of the motors
will generate considerable power supply noise. MNote that the -VM (common} motor power supply
sides of each channel are pined together on the 5TA-STEF, however, the + VM inputs are not common.
This means voe can use motors of different voltage ratings on each channel with separate supplies, or
by extermally jarmpering the +V3 inputs, you can use one supply to power two identical motors,

6.4 STA-STEP CONNECTIONS TO ENCODERS

The encoder cutput signals should be connected to ENA and ENB as shown in Figure 6-3. Also the
encoder commaon should be connected to system ground. Unlike the stepper motors, there is no
isplation between the encoder outputs and the computer ground and input signals. As the encoder is
by its nature an optically isolated component, this should not present too much of a problem. The
encodér may be powered from an external regulated 5v supply or as its power needs are low, it can
also be powered from the computer 5v supply available on the STA-5TEP connector, If vou use
computer power, take care not to abuse it with short-circuits to ground or other voltages - this can
damage your computer.
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Figure 2. Connection of STA-STEP to STEP-MOT1 (or similar stepper motor).
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STA-STEP COMMECTOR
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IF USING SEPARATE SUPPLY
CONNECT GROUND OMLY TO STA-STEP

Figure 6-3. Encoder connections to STA-STEP.
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6.5 CONNECTION TO EXTERNAL TRANSLATOR

If you prefer to use a commercially available translator rather than the power drive cireuits of the
STA-STEF, vou can drive the translator from the DIR (CW/CCW) and PLS {pulse) output signals on
the screw connector. Your translator should also share a common ground with the GRD terminal of
thi STA-STET, see Figure 5-4.

Y sfe Ll kit LF LA WAL HOE A QIR GLE EHABNE LB NS W OWI NE W -wh -wm O CTR

r s ———rw aa

DGGGGC}C}GGE}?G‘ !‘GGGGGGGGGGUG-‘

|
FULSE TRANMSLATOR

| CCV/CW
%TDH‘

g

Figure &-4. Connacting an external translator to STA-STEP.

The DI and PLS signals are buffered outputs from the PPMC-101C controller. DIR is bogle high for
counter-clockwise direction and low for diockwise, PLS is a 5 microsecond negative going pulse for
each step. These signals correspond to CCW /CW and P-OUT  which are more fully described in the
FPMC-101C data sheet in Appendix A.

An external translator, particularly of the chopper type, may offer some improvements in effidency
and motor operating characteristics. If you are concerned about obtaining maximum performance
and effidency, an external translator such as Superior Electric's models 230T or 4307 will be a better
choice than the inexpensive LR driver of the STA-STEP,

6.6 OTHER SIGNALS ON THE STA-STEP

The STA-STEF also provides connections to the other remaining control signals of the MSTEP-5 board.
All unused inputs can safely be left open crcuit. These connections include:

1,12, 13,14, £ BP Limnit switch inputs. These include internal 10K pullups to +5V and are
active low. A stmple mechanical switch or open collector opto-
interrupter between the limit switch input and ground is all that is
needed, see Figure 5. An unused limit switch input can be left open
il 8

MC Motor control. This input is the sarme as the MON (motor on} signal
detailed in the FPMC-101C data in Appendix A. It has an intemnal 10K
pullup to +5v. If taken low or connected to ground, it will suppress
output pulses from the FPMC-101C. As it can be read from the status
register, it can be used to monitor motor power if neaded.
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HCK Hold acknowledge output corresponds to HOLD of the PPMC-101L data
sheet in Appendix A. HCK is only active if you have salected switching
at standstil] on in initialization. HCK goes high 3 milliseconds after the
motor stops, and will go low on receipt of the néxt motion command.

CLK This is the external stepper clock sounce miput (%7} = 2 in mode 12
initialization). Maximum input frequency should not excesd 133KHz for
reliable operation {see CLOCK in Appendix A)

C/B This is the carry,/borrow output from the 24 bit incremental encoder
eounter. Tt can be used to extend the counter externally if needed.

Bl B LI L2 LA L4 B A HEE PLE B0R CLK EwEE SRS v V3 W WD W WA T OTR

E}G?????DDGQG IG{JGGEUGGDGGG

% LIAIT SWITCHES CAN BE AECHANICAL
CONTACTS OR OPEN COLLECTOR OR
TTL DEVICES AS SHOWN.

LIARIT SWITCH INOUTS HAVE INTERMAL
Physical arrangement 5 KOHA PLLLUPS TO +5.,

[l =] N] -i-----—---—-—--.f---.--....-.-.. BEeT S - M|

EIE%EP: )-L'" s AT PP | SCREN
L] 1 1

Lz Ta BF i3 11
LEMIT SWITCH LOCAT | ONS

All limic gwiktch inputs are active low, they will have no effect if left
open circuit.

Ll and L2 are overctravel limits and must usually be connected.

L3 and L& are deceleration limits, their use is optional.

BF (Base point or CNP) is & home reference input. It can be a separate input
or combined with L1 or L2 (connect BF to L1 or LZ).

Figure &-5. Limh Switch connections to STA-STEP.
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STEPPER MOTORS
&
TRANSLATORS

7.1 HOW A STEPPER MOTOR WORKS

The diagrams in Figure 7-1 will assist you in understanding how a stepper motor operates. In a real
stepper motor there are are more poles on the stator and rotor, but the operation is similar. The rotor
of the simplified version consists of a cvlindrical magnet sandwiched between bwo discs each with 3
poles on them. The discs are rigidly clamped together and a half pole pitch out of step with cach other
(in this case 60 degrees out of alignment). Since the poles stick put (salient pales) on bath the stator
and the rotor, there are positions where the magnetic circuit or reluctance is it a minimum and the
robor will tend to align in these preferred positions even when the power is off. As soon as power is
applied to the windings, this "locking™ effect becomes pven more pronpunced, the external torgue
required (o move the rotor to the next preferred position is known as the holding torque. The holding
torque with power applied is usually about 10 times the holding torque with the stator de-energized.

By turning the windings on the stator on in sequence, it 5 possible to pull the rotor around in gither
direction according to the sequence. The diagrams show 4 steps of the motor, note how the windings
are alternately energized and the current reversed to accomplish the stepping (remember like poles
repel and unlike poles attract!). In this exampie each switching of the windings results in the rotor
movirg 30 degrees, so this motor would have a 30 degree step angle and take 12 steps to complete 8
revolution.

Maost commercially available stepping motors have finer step angles of 1.8, 7.5 and 15 degrees with the
1.E degree (or 200 step/rev] motor being one of the most popular, Smaller steps require maore poles on
the rotor and stator, in fact for 200 step/rev. motors, the rotor resembles fwo 50 tooth geanvheels
although the stator uses some ricks by grooving the poles to reduce the number of windings and
hence complexity. The permanent magmnet of the rotor is magnetized to the maximum extent by the
manufachirer within a magnetic drouit similar to the stator and cleverly assembled without rermoving
the magnetic drouit. If the rotor is removed from the stator, the 1oss of the magnetic eircuit will tend
to self demagnetize the magnet. This leads to a loss of torgue on re-assembly as the magnet is no
longer as powerful. If vou want to see what a real stepper motor looks like inside, bear this in mind
before you tear a good motor apart. Some stepper motors do not use a permanently
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f’ﬁ ROTOR
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Figure T-1. Stepper motor operation.
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magnetized rotor, but operate similarly to those that do, except that they have 2ero holding torque
when de-tnergized. Some stepper motor drives use a technigue known as microstepping wihech leads
to very smell step angles of a few tenths of a degree. Instead of switching the windings completely on
or off, the windings are energized partially so that the resultant magnetic field vector is moved in
much smaller incremenis than the pole angles. This requires a much more complex drive circuit and &
slightly different type of design of stepping motor. The MSTE-5 cannot microstep motors directly,
although it can provide the pulse and direction cutputs for & microstepping translator,

7.2 TORQUE VERSUS SPEED

As the stepping rate or speed of rotation of a stepping motor rises, the torque that the motor can
provide tends to fall. A tvpical torque/speed curve is shown in Figure 7-2.

ToRGUE

_h-q_h""——-._

—

AFEED

Figure 7-2. Typical torquesspesd curve of 8 stepping motor.

As the spead rises, the winding currents tend to reduce due mainly to two effects. In turn the reduced
winding current leads to reduced torque. The two effects that cause this are as follows:

Back EMF

As the magnetized rotor tums within the stator, it induces a voltage in the
windings which opposes the driving voltage. This in turn reduces the winding
carrent. The induced EMF is proportional to speed, rising as the speed
increases. The selution to this is to increase the driving voltage as the speed
rises, but this greatly increases the compledty of the drive electronics.

The winding inductance and resistance control the rate of rise of current in
accardance with the well known relation

1= (1-ERMN*V/R

The quantity L/R is known as the time constant, the smaller it is, the faster the
current will rise on switching the winding on. Mainly we need the smallest
inductance and largest resistance to reduce the time constant although this
would lead to a very lossy and inefficlent winding. In practice we can add a bit
of external resistance and improve the performance, although the resistor
wastes power. This forms the basis of the simple L/R translator as embodied
in the design of the STA-STEP.
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7.3 RESONANCE

Each time the rotor is stepped, it tends to cvershoot the desired position slightly and performs a small
damped oscillation. The damping is mainly electrical due to induced voltage in the windings. The
frequency of the damped osadllation depends on the total inertia of the system. [t is possible that at
certain speed the stepping rate will become a harmonic of the natural oscillation frequency, and under
these conditions the oscillation builds up to a point that the motor misses steps. This condition is
knowm as resonance.

Fesonance problems can be avoided by

1. Motoperating in or close o a resonance region.
2. Accelerating the motor through the resonant point as fast as possible.

3. Providing additional damping in the form of mechanical or viscous damping (Lanchester
dampers) and /or altering the moment of inertia.

If the meotor is operated at low stepping rates, resonance bs nod usually likely 10 bea 'Pmb]t_'m.

7.4 FULL- AND HALF-STEP OPERATION

There are two common switching sequences used for stepper motors. In the full-step sequence, two
windings are always energized. This applies whether the motor has three, four, or five phase
windings. For example, for a 4-phase motor

FULL 5TEP:
WINDING 1 WINDING 2 WINDING 3 WINDING 4
= —r—

Step 1 o on off of
Step 2 off on o off
Step 3 off off o6 on
Step 4 o off off o
..

Full step gives the greatest torque and the rated step angle of the motor e.g. 200 steps/rev.

In half step sequence, switching alternates between having I windings on and 1 winding on. It takes
twice as many steps to travel the same distance, thus a 200 step/rev. motor with 1.8 degree stepping
angle in full step sequence will produce 400 steps /rev. and (L9 degree step angles in half step

SeUenCe.

HALFSTEPR:
WINDING 1 WINDING 2 WINDING 3 WINDING 4
Seepl on off aff aff
Swep 2 an on aft off
Step 3 off Ofi aff aff
Stepd aff on on off
Step 5 aff off o off

T4
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HALFSTEP:
WINDING 1 WINDING 2 WINDIMNG 3 WINDING 4

Step 1 on aff off off
Swep 2 o an off T
Step 3 off o off off
Srep 4 off an ol off
Btep 5 off off an off
Swp 6 off off an on
Step 7 ooff off off on
Etep B 04 alf off on
[+

Half step sequence offers a finer positioning resolution and somewhat smoother stepping, but since
fewer windings are excited on average, the torgue and maximum speed capabilities can be lower than
full step. The PPMC-101C can operate in either sequence according to the initialization parameters in
mode 12,

7.5 TRANSLATORS & INDEXERS

If you are new to stepper motors, you will start reading catalogs and find all sorts of equipment with
stramge names. This little explanabion may assist you in understanding some of the ierminglogy and
it relevance to the MSTEF-5.

A TRANSLATOR is a device that takes a step pulse and direction input and drives the stepper motor
windings - it is essentially the power drive and pulse pattern determining stage, but it does not keep
count of the pulses or position. An INDEXER goes further and will take an input from switches or a
keyboard and move the motor the number of steps input at the kevboard, it also keeps track of the
metor position.

In this sense, the PPMC-101C and STA-STEP form a TRAMSLATOR, whereas an IBM PC, MSTEDR-S
and STA-STEF and a suitable program can perform functions equivalent to an TNDEXER.

The MSTEP-5 does not have to be used with the STA-STEP. It can just as easily be connected toa
commercial TRANSLATOR using the direction and pulse outputs of each channel. Commercial
INDEXERS are usually complete seli-contained positioning systems and cannot be connected to the
MSTET-5.

7.6 MECHANICAL DESIGN

Simple systems can often be assembled with very litle Invelvement in optimizing the mechanical
design. They can almost be put together on a "ty it and see” basis, this is ore of the advantages of the
simplicity of stepper motors. On the other hand, if vou wani to obtain maximum performance
especially with larger drives, you should carefully analyze your mechanical requirements and match
the motor and translator to your needs. Torque and power of stepper motors depend on the motor
frame size and rating and range from 35 oz/in and fractional HP. to 3000 oz/in and ratings of 3-4
HP.
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Other considerations are holding torgue, motor size and design - shafts are available on one end or

both ends efc., If you need leadserews, X-Y tables ete. many vendors provide this type of accessory
equipment, a short list is provided in Appendix B.

¥ *x ® & =®



CHAPTER 8

TESTING
&
MAINTENANCE

Mo periodic calibration of maintenance §s required for the MSTEP-5 or STA-STEP, there are no user
adjustments.

The best method of testing a systern is to run the DEMO program and exerase the mobor or shaft
encoder using this program. If vou receive ermor code 5 while running the demo program, there are a
number of pessible conditions to check before assuming that the MSTEP-3 board s faulty, as follows:

1. If you receive error #5 on initialization of both channels, it means that the driver software is not
locating the MSTEF-3 at the [ /0 address specified in the initializing parameters. Thas may be
caused by the BASE 1/0 ADDRESS dipswitch being set to an address other than that specified, a
conflict with the address of another peripheral or a truly faulty M5STEF-5. The driver software
performs a quick write/read test o the MSTEP-5 control register on initialization, and if it detects
any discrepancies will return error #5.

2. If you consistently receive arror #5 on initalizing one of the two channeis, or receive it in the
motion commands, it points to a faulty PFPMC-101C controller. These are plug in chips and can
be replaced. A PPMC-101C which is not correctly handshaking with the driver when it is ready
to receive or provide data will give this hardware fault.

Orther errors that are possible are open limit switch wiring, faulty limit switches etc. These can be
checked by running the READ STATUS option of the DEMO program and exercising the limdt
switches.

If you wire the stepper motor up incorrectly with its windings in the wrong sequence, it can lead to
bumpy or rough operation or dithering and similar effects. Check the stepper motor wiring and maks
sure that the windings are switching on and off using a voltmeter and the JOG command.

The DEMO program will expose %9% of the likely problems that vou can have and alzo provides a
baseline for comparison if you suspect you have a programming problem. The remaining 1% of
hardware problems, stuck bits, open lines etc. can be determined by writing and readimg the 1/0
ports. This tends 1o be tedious work and a program such as DEBUG which makes [/0 operations
short and simple is the best choice for this chore.

If you have problems with your MSTEP-5, please call MetraEvte applications engineering at (617)-380-
3000, If you need to return any hardware, we will issue you an RM.A. (return material
authorization) number to mark on your package. Please do not send us material without an R.M. A,
number as it greathy complicates tracing its origins and faults. It is also useful to our test technicians if
vou can include a brief description of the problem and in what circumstances it 6oours.
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CHAPTER 9

INSTRUCTIONS
FOR
PRODUCT RETURN

Before returning any exjuipment for repair, please call 508/ 880-3000 to nokify MetraByle's technical
service personnel. [f possible, a technical representative will diagnose and resolve your problem by
telephone. If a telephone resolubion ts not possible, the technical representative will issue you a
Feturn Material Authorization (RMA) number and ask you to return the equipment. Please reference
the RMA number in any documentation regarding the equipment and on the outside of the shipping
COTATNET

MWote that if you are submiting your equipment for repair under warranty, you must furmish the
involce number and date of parchase.

When returning equipment for repair, please include the following information:

1. Your name, address, and telephone number,
2. Theinvoice number and date of equipment purchase.
3. A description of the problem or its symphoams.

Repackage the equipment. Handle it with ground protection; use its original anti-static wrapping, if
possible.

El'u]:r the equipment to

Repair Department
Keithley MetraByte Corporation
440 Myles Standish Bounlevard
Taunten, Massachusetts 02780

Telaphone S08/BE0-3000
Telex 503989
FAX GOR/BBO-01T9

B sure to reference the EMA number on the outside of the package!
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APPENDIX A

PPMC-101C SPECIFICATIONS
&
PROGRAMMING

The data sheet of the stepper motor controller chip used in the MSTEP-S is reproduced in ifs entirety
here by permisasion of Si-Walker America [Sil-Walker America Inc, 653 Las Casas Avenue, Facific
Palisades, CA. #I272 Phone:(2130-454-4772], If vou intend programming the stepper channels directly,
want o understand how the MSTEP.BIN driver works, write your own routines, or know more about
the limit switch operation or fine details of the controdiers, these data pages will provide most of the
ARSWETS.

Dae to the mapping of the FIMC-101C registers into the 1/0 map of the MSTEP-5 the following
correspondences applv:

ADRSEL of the MSTEP-5 control register = AQ of both PPMC-101C
754 of the MSTEP-5 control repister = C5 of channel & PPMC-101C
CSE of the MSTEDP-5 control regiater = 5 of channel B PPMC-101C

C54 and C5B should never be low together as the 2 controlbers will interters with each other.

RESET of either PPMC-101C is accomplished on the MSTEP-5 either by the actve RESET line of the
IBM PO bus fon power up) or from a monostable triggered by a write b a [/ address BASE + 3 for
channel A, or BASE + 4 for channel B. In this way the programmer has control of hardware resetting
and re-initializing the controllers if needed.

The PPMC-101C has a couple of minor programming quirks to watch. The motion commands
arcelerate fdecelerate or move at constant speed will always step one pulse more than the number
input. The MSTEFP BIN driver corrects for this characteristic in these two commands by subtracting
one from the data before sending it along to the PPMC-101C's. Also the singular data values 0 and 1
are caught in the driver - see MSTEP.ASM. If zero data is applied, the PPMC-101C will step I pulse,
whareas if 1 is supplied it will step 2 pulses. The MSTEP BIN driver grabs these two conditions and
does nothing if zero is applied or aborts to 2 jog command if 1 is applied. In this way the METEP.BIN
criver always does what you would expedt - the FPMC-101C has somewhat different although
consistent rules.
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INTRODUCTION

PPMCIOICSI02A 15 4 unigue one-=chip LT specislliy designed to interface
2 zrapper fmotor to an 8-bit micro computer with no additional hardwsre,
PPMCIOIC/I02A provides 8 kindg of differsne operaricns by the command
af mazter CFD including acceleration/deceleration and constant speed
aparatian.

Operating fréguensy and number of phase Ffor scepper mobtar afe program-
mable. pDistrikution signal to excitation driving circuit can also be
programeble for selection of 2-phase or 1-2 phase excitation (2-3 phase
excitarion for S-phase motor) for 3, 4 and 5 phase motor.

In addirien, PPMCIOLIC/102A provides five kinds of "limit" switeh inpue,
Complete function necessary to control scepper motor is included in
ane chip LETY, The PPMC101C/102& can be easilu interfaced with a micro-

CompUber Sustam.

1. FPMCINCA102A SPECIF ICATIONS
Cperarion Command

* Emerosncy Stop

* Decglerating Stop

* Eingle Step

¥ Acceleration & Deceleration

® Constant Speed Operation

* To move Co the "Limit™
1} To mowe to the high speed limit
f2) To move cto the base point

Excircation Merhaod

MoCor xcitation
I-phass 2 phage
1-2 phase
J-phags £ phass
1-2 phasea
S=phase I phasa
Z-3 phase
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Fumber of steps

rumber of pulse for

APPENDIX A PPMGC-101C SPECIFICATIONS & PROGRAMMING

gocelerationsdecelaratisn :

Maximum puise rate

Powar supply

16, 7¥7, 216 max

4 - &H,lad

PPRCIONC - ..
PPRCLOZN ...

5V + 5%

TERMIMAL ASSIGNMENT AND FUNCTIONS

3 Voo

I CHP
T ow
I NC1
0 THT
D=1
N 52
53
N 54
(155

WY O O W ofa g By e

T Vieo
O NCZ
LI
L2
= Fk]
T4

(Top View)

pin Dual=In=Line

5K pps (RA=I0, To=100Kdz)
LOK pps (RA=2Z0, Lo=I00KHEZ)

I1Z75mA max

L CLOCK

M HOLD
() CH /A OCW
0 F=0UT

EBigmal | Bing Irno Description
xNi. K2 | 2. 3 I | Xx=-zal
RESET 4 I RESET inpue
(o [ I | chip Salece
R 8 I | READ strobe
Agr 9 I | Addres= 0
FR 10 I | WRITE strobe
S¥NC Il Lol Timing output
Doy - D7 I1z2-]19| I/0| pata Bus B-bit
L4 21 I | Reverse high speed limit input
3 a3 I | Forward * " r “
Iz 23 I | Reverse limit inmput
I7 24 I | Forward *~ -
FoOUT 27 © | Pulse output
COW/TW 28 & | Forward/Reverse status
'0" = Forward
'1' = Raverse
HOLD 29 o | Motor HOLD output
=5 ia 0 | Motor Sch phase output
S_d 31 ﬂ L1} '=th li ar
53 32 ] Jrgd " "
52 33 o " 2nd - M
SI _.rd G n .IE: Ll [ L
IRT 35 0 | Interrupt sigmal
MO 37 I External cantrol
Q' a Mator QN
1" = Motor OFF
CNF 38 I | Base point signal input
CLOCK kL T Extermal clock input
voo 26 40| I +5V Do
GRo J.E20) I | ov
NC1 i.5,36 I | pull up e Ves with 3. 3K ahw
ar open
KC2Z 25 Q OFEN
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PIN DESCRIPTION

2-1 X1, X2

fnputs far

a crustal,

FRMCIOIC is normally ﬂ-p:r.lt:ud with a & MA=

criystal amd PPHCIO2A with & 11 MAz crystal. Yoo may alse drive
the clock inputs with an LC turmed cifcuit or an external clock
sonroe (2 phases)] as showm in Fig Z=1. 1 to & MKz Fpopr PPNCIOIL arnd
I eo 11 MEz for PPMCIOZA can also be psed for Ariving Freguency,
bie che ppersting speed slows down in accordance with che clock

Freguancy.

EMHz =2
or
11 MHz 3

NPF_L

mjjf‘

X-tal Clock Driver

X

FPMC-101C
or
FPMC— WZA

Xz

20PF
& E

xa

PPMC-101C
or

PPMC-102A

Xz

IIFF-.mr-

L Turned Circvit Clock Driver

FPMC=101C
L=130aH 3IMHe

L= 40«H §MHz

A-4

PPMC— 1024

LaldaH 3ZMH:z

L= 45uH

+ é"ﬂ'

Xy
PPMC—101C

I - & MMz Inpur Freguency
External Clock Driver Circuit

Fig 2-1
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RESET

Inpur pasd re ressr spatus Flip-Flops and to set the program
counrer to 2e8rg.  This pin should be copnecred o the RESET signal
of & user's system. SOmsec after the RESET signal rising =dge
the PPMC101C/1023 is operative for inirializarion and cperation
command. The pulse width of the RESET signal musr be no less than
2.5 psec.

cs

Input for chip selast. To input the decorded signal from upper bits
of ADDRESS. PEMCIQICSI02A is accessibla at a leow lewel 'O° on COF.

RD

I/0 read input which enables the magtear CPU to write data and
status words from che PPMCICIC/102A. The OUTPUT DATA BUS BUFFER
oI status register cam be READ at & low level '0" on €5 and RD.

=5 WR

-6

-1

2-8

I/0 write Input which enables the master CPU to write data and
commands words to the PPECIQIC/I02A. Data on INPUT DATA BUS BUFFER
can be written at & low level 'O° on C5 and RD.

AD

Address input used by the master processor to indicate whether the
bute transfer is data or command a=s shawn in the following table

Ao RO HE

o Date Resister Date Resicrar

Scatus Fesister Cormand Reslister

L]

Table 1
SYNC

Output signel shich socurs ance pal execution of internal command
in the PEPNMCIDIC/IQRA. It is a&lso wused to synchronize the single
step aperation. Jt is to be normally OFEN and wsed to check IC

cperation.

Do-07

Tri-state, bidirecticonal DATA BHS BUFFER lines used ro incerface
the PPMCIQIC/I02A to an B-bit master system data bBus.

A-5
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2-5 L1-L4 CNP

Inputs for external 'Limit’ switches. Fach sighal is activated
at a Ilow lewvel ‘0, Fig 2-2 shows the idea of 'Limit" switches.

£z T4 TFF TE
[lll l]

Stepper motor Carrier

CCW&———3CW

Fig 2-2
5, L2 :

These switches #re Ser at 8 maximun limit position where the carrier
does not move further in CCK or OW. The motor will =top immediately
when che carrisr moves to these points regardless of the operation
commend. The carrier will no longer move further in the same direc-
tion even wheén it receives a command to mowve in the same direction.
The carrier will searr to move in the opposite direction only when
it receives the command Lo move in reversa.

Ly, 14 :

These switches must be positioned between L1 and L2, at a minimmn
distance corresponding to the number of deceleration steps. The
steppar motor beging to decelerate at these posicions (L3 or I4)
in order to stop inside of L1 or L.

CNP

Signal from CNP iz used ro establish a convenient reference point
(Base point) with which the PPMC can monitor the position of the
carrier. It deoes evhis by counting che number of steps in the data
register. For example, in figure 2-2, in order toc establish a con=
venient base point the command “move £o bage point"” is used (see
section I-3=-8). The motor will move the carrier to che position
marked CNP and stop. Work can then proceed from this point.
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210 P-OUT, CCW-TW

=1

=12

P-OUT ie uzed for pulse ocutput for other stepper motor driving
modules without using PPMC phase ouwtput. It is useful for bipolar
drive, switching drive and other special type of eacitation mechod,

It ia rpecommended Eo dse a decader for OW or O0W pulse generation

in combination with one-shot TIMER ag shown in Fig 2-3 because
driving module sometimes regquire 10 te 20 ysec pulse wideh. The
signal from pulse output iz a 5 psec pegstive pulss and signal for
direction is indicated by its level. In addition, these signals

can be vpfed for monitoring dirsstion or number &f pulses for rotation.

CCW/CR can be activated cnly when P-OUT is accive.

CCH/CW A 2 B CW
B sh—— cow
544 42
PPMC—101C T k
o I !
PPC = 1024
D
oot 556
B
1 1
n.l;' r,]r ;,; - Fig 2-3

P-OUT is always available as well, in use of any tupe of phase
CULDUT. (Seg page 11. motor code COL, 10, 11)

HOLD

YOLD cutpur is high 2 msec after motor stops, but it is active only
when bitr § of the initislizaticn command 1s set. (see page 17}

51-55

Frovides signal for motor excitation drive.

fotor Control
1 phases by 51 - 853
4 " - g1 — &4
5 t * 81 - 85

Fig i-4 shows the form of gutpur.

The logic can be interchanged, posicive to negarcive logic, and
visa versa. Typical circuit i= shown in Fig 2-5
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EXCITATION PULSE OUTPUT

Z=-phase excitation

== L L] -

51152|53 51
g

: “L'uur

{ I-pltase mofar) /
sS4 [ - Lo

S1{52|53]54 85

| o | WU YT UU

-

5 priae Exampie - J phage motor, Z-phase axcltation
pasitive lagic

Gad | P | i

%.

{4=phase motar}

Isi|s2[s3[s4[s5
1
2
3
i | 1
5
{5-phaoe motar) Fig 2-4
1-7 phase excitation 2-3 phase excitation
51/52|53 51{52/23/54 IENERERENES
| 1 il 1 1
2 2 | 2
3 3 3
4 q 4
] g 5
L8 f &
¥ ]
{3-phase motor) 5 B
E
{4-phase motor) 10

(S=phase mocar)
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Curpur logic level can be switched by using positive ar mpegacive logic
&% shown in Fig. 2-4.

PERC—L01CA 102 A

e ]
E

Jueput dutput
Positive logic convention Kegacive logic convention

Fig. 2-5
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7-13 INT

Interrupt reguesr is sssertive '0' when motor stops. INT can be
clearsd by reading the finish STATUS. This figure 15 not an opan
callector and OFEN COLLECTOR BUFFER is regquired as shown in Filg 2-8,
whiem & multiple INTERUPT is expected.

o +5V

W

PEMC-L01C-"1024 OPEN

CPU

Fig 2-8

=14 MOM

Khen motor on imput is '0', FPMC does mot outpur driving pulse.

An example of an application is indicated in Fig 2-7. in which &
thermal relay on the motor is used to proacecr overheating.  NON
input is ignored during operation of PPMC, and should be checked
only baeforse motor goperation,

+3V Vi
) B
B0 :
t Thermal relay
R:i
55 Omh
Fig 2-7

bPriving circuit

2-18 CLOCK—external clock

Basic signal to concrol speed of the stepper morar. The Speed Can
be controlled between 400pps end 5K pps by the 100kN: clock input
to PPMCIDIC and between S00pps and 10K pps by Z00KH:z clock input to
PPMCI0O2A. The clock freguency must be below 1/45 af X1, X2 clock.
For example, when &Midz X-tal is applied for XI and X2, external
clock input must be less than 133IKNz (in case 11MHz is applied,
external clock must be less than 244KNz). Wigh level of the clock
pulse must be more than 500 nsec. (250 nsec for 1IMEZ )
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3. COMMUNICATION BETWEEN PPMC AND MASTER CPU

The communication between FPPMC and master CPU consists of following
3 types of modes

{1} Initlalizacion

(2]

(3}

Tr dasiqnares tupe of motor, method of ercitation, data for
acceleration/deceleration and other parameters (See page 13 for
details). After power 'ON'. inicialization is needed before opera-
tion command. Note : Some parameters cannot be changed once it

is set. FRe-initialization is not possibie during cperation.

Jperadiion Command

& kinds of operation commands are available for stepper motor.
The length of data to follow depends on the command.

Registu: for BEpmS

After completion of (2), master CPU reads the cause of operation
finish, status of input/output terminal, and the number of remain-
ing pulse,

3-1 Register for PPMC

£ read only registers, and 2 write only registers are accessible
o Lheé Uses.

CE| A.| RD| WE

1 ® o » DISABLE

i 0 0 1 READ DATA

a 1 0 1 READ STATUS

0 ) 1 L WEITE DATA

L] 1 1 L | WRITE COMMAND
. Table 3-1

I=-l=-1 Starus Regigtar

T 8 5% 4 3 2.1 0

| |ﬂ-| o Hﬂﬂﬁ 1mi
OsrF

I!I T L L] IrEsF

'0' - Write "YES'
0 - " *NOT

ImF

"' = Moror standstill
i S “ oparation

sy
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COMMAND TABLE

(]
COFPlBND DRTA FURCTECH
E | [ B
E 2 Self-dterting pulie rate
= 1 High fpeed pulie rale
i. L] Accelarating/Decelerating
E g | pubse ratg
L
s g
Emergency Stop BEN 00 a N o i _["""_“ii
Decelerating Stap | o o0 lf"__"__'_\l_- —j—‘i
Single Step ! o1 1 U - tl 1 pulse
[—] -
ot 1 (LI 1o i e B i
L= ..ll
x| Aeceiesaliens E
: Declacation L] fjrkgr of aperatling step \t f/\_
u ]
w I [i | I @ 0
e
o | Tosstent vuvud opsritice 2 | Constesk speed pulise Tate
[ 3 F—u_-—l_
: i Hamber of gperatiog 5Lop
w 5
.
= Tu muve until the limit I g1 1 01 .t--"'Ll o L7
SE. SR -] e K Condlanl ipeed pulie rale —I I—
a—
o move until Righ spead ] 3 1 11 6 L3 or La
Tkl
i [ | , e N e
To rove Eo bhe bise point 4, 3
§ | Contanty spead pulie rale _i i_
= Fintsk Data i Il 6 o0oooo o0 Te read dats for ressos of FIMISH, etc Boen =R RPN (R ¢ o |
[
- :
E Input signal il oaepoaonl Te read data For Pimit swibch, #hc. .. ..,.....,.. | byte
b T
; futput signal 1 I o8 & & 61 0 fe read data for motor phase calmet ard diecction ., 1 byte
& Ramafnfng step Aumbers 1 I &6 oo | i Te riad rémalsierg seober of STRPSE ...l o X Byt
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O8F (Cutput Duffer Full}

This bic checks the status in order ro read the data Ffrom PRMC.
'@" indicates chat there is e data in the burfer. It can only
read the data whep GBF iz '1°.

I&8F (Input Buffer rFull}

This bit checks the status in order te write caommands or input
dita Lo PPMC, '1* ipndicares that the data is full in the buffer
and therefore, it is mot possible to write now daca. IBF must
be 'O' when dou write data or give commands. If gou wers Lo
write data at IBF '1' the farmer data would be arasad,

BUSY (Motor Busy)

This flag cutputs '1' during motor operacion. Ie i1s only possi-
bie to input emergency steop and deceleracing stop compands at
Lhat Limw, The JBF and BUSY birs musrc be checked before youw
input & comeand, This is "0 2.5 psec after INT cutput.

Read Register Data

Register data can be read out after checking OBF and input of
READR REGIETER COMMAND.

Wrire Command

fofore inputring indcfalizasion, gperarion command of read
-‘-'E'E"iﬂitﬂ'r command, check IBF and BUSY bit in the status register.

Write Daca

Check THF before writing dara Ffor pulse rate ar number of Steps.
The order of input daca mose Follow as indicaced in command rable
{page 14). PRMCIOIC will srart operating in eccordance with

the command 400 psec and PPMC1OZA does 200 MEec after the data

is written.

A-13
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3-2 Inmitialization

Imirializarion Commarnd

78543 210

Initialization Data

W E G R

108 E 1 01 ... ¥ phase motor
L Motor Code £iB v M
Al s ek x -

Excitation Method

d ... 2 phass sxcirarion

1 ... 1-2 phase excitarion
r2=3 phase excitation for 5 phase motor)

Excitation cutput logic lewvel (51, §2, B3, 54, S5}

g ... NMegative logic convenrion
i ... Positive = N
(1. 3K8 ... 2t o6MHz X1, X2}
Clock f ... Int 1 clock
MLErnat efeeX r2z.exwz ... ar 11mMz X1. X2
I ... External cleck (Clock signal ar pingi9)

Excitation signal switching outputr at motor standstill

d ... Switching ‘Mo*
E RO 2 "¥ES"
self-grarfing puise rate .....,. RA max
high speed pulse rate reeaee A min
Acc/Deceleration puise race .... lowsr byre
- " = -0 HPpper bgte

ITnitialization command to be inpur in the above order (1, 2, 3, £, 5}

efcer powsr 'ON',

It can be shown in the followiag flow chart.

A-14
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dnigiadisanion

: I
I
1]
res

Joitdaiizarion ovmuand
FETTE

(AT E e

Enjif-searcing Pulse Race
SCca W ETTE

Acceierac ion s Bovelerdr fon
Fuiga kate riowhr DyLe )
Sacs wF P T L

Ierar lans/ecelarar fan
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MSTEP-5 LUSER GUIDE
F-2-1 Initializmtion Command

1} #oror code
The type of motor code used must match the spec of che motor.

2} Exciration mechod
The excitaion methed uvsed must watch the spec of the mator.

3} Logic level of excitation output (81, 52, 53, 54, 55)
'n positive leogic convention, the current will be flowing through
the eoil! of the motor when outpur of PPNC is high. JIn negacive
logic convention, the current will Be flowing through the coil

of the motor wien cutput of FEMC 1= low,

Fig 3-1 shows the clrcuits of logiec level of excitation output.

Po—
S51—5s ——-[:)n—w«_} A

Positive logic output

PPMC—1010-1024

Motor coil

L E

PN
Y

PPMC-1015-1HI2A
T
Motor coil
S1—5s [:>¢
Negative logic ouwbpor Fig 3-1

4) Clock

This is to select an Internal or external basic clock for the
moter. The internal clock will use frequency generated inside
the FPMC. JIn the external clock mode the clock is provided by
the input on pinf3s.

It is possible for PPMCIOIC teo control speed from S0pps to 600pps

with the internal clock 12.5KHz and for PPMC102A ro control speed

from 100pps to 1,200pps. To control speed from J00pps to SKpps a

100KHz external clock should be used for PPMCISIC. The external

clock mist be lower than 133KHZ. In case of PPMCIOZA. speed can

be controlled from 800pps to 10Kpps nuthr Z00KHz external clock
A-16 which must be lower than 244KH:z;



APPENDIX A: PPMC-101C SPECIFICATIONS & PROGRAMMING

S} Excitacion Sigmal Swirtching Ouiput

Usually the current Into the stepper motor remains at maximom
curiant during stanstill. This maximum corrent which balds the
matar can cause owarheating. Bit 5 is uwsed to prevent this tupe
of problem by switching '1" or'@". PPEMC can swicch the exci-
tatior output to minimize the exciration curranrt, Swirching
fregquency is about 2. 2KFe for PEMCIOLC with a dury cucle of 30%
and dKH: For PPNCIOZA with a duty cycle of I5%.

About 100 mgec after Che output af a phase excitacion signal,
the mocor will scart operating from a standstill when "switch-
Iag" 15 selecied.

Type of mortor conde . excitatdion method and dogic level of sxci-
tacion pulse output cannot be changed once they are =et arfrer
RESET, while clock, excitation pulse switching ocutpur and infeiali-
gation dacas can be changad,

3=-2-2 Intfrisiizarion Dara

3-2-2-1

Bulse Rate

PPMC applies the jdes of pulse rate (RA) to decide speed of the
stepper motar. The relacionship between pps and RA is exprassed
in che following eguations :

Lo
PPs = =5y
Fa @ Basic clock freguency
RrL : Pulese Ratsa
pps :  Moter pulse per second

Bazic clock is either a 12, 5KHz for PPMCIDIC (22.9KKz for
DEMCIO2A) clock gensrated inside FPNC or external cloce applied
o pinfd9. Fit 4 (clock command bit) in imitialization cofmmand
is wsed to select either the internmal/sexternal clock.

PFS Table I=1 shows various logical figure of RA and practical use.

B A Logical Praccical
fe (2=26) CE =255

J 125 KHz {9Hz - 6.25KHz| 49H2 - 625Hz | (FEMCI0LC)
Internal

elock ! 229 KHx B Hz =114 KHz| B9Hz - 1,140Hz | rEEMCIOZA)

External
]
clock a 20 EHz TadHz —100 FKHz | 7BiHz — 1WEKHz| rppMcioza)

A-17
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The appropriate number of pulse Ffor acceleration/deceleration
should be decided by the customer's experience, because it
depends primarily on typs of moter, inertia moment of load, eteo.
In case of large inertia moment of load, a large number of pulse
for acceleration/deceleration should be selected for slow opera-
tion. PPHC can be adapred guire well to the majority of the load.
With 2 byte to store the number of pulse nesdad for acceleration/
deceleration, 4 - 8,160 steps can be set.

Soms morors have & sympathetic point whers there is no targue

at certain freguency as shown in Fig 3-2. In such cases, the
motor has te be started with 2 speed lower chan the sympathetfic
peoint in erder ts fly inte a higher speed area. To minimize the
time to stay on the sumpathetic peint. higher speed for accelera-
tion/deceleration must be applied. It is recommended that a damper
should be used to increase the inertia moment if the motor goes
into the sympatheric point with 3 amall Ioad.

torgue

Fig 3-2

speed
sympathetic point

Initialization Data
Stepper motor has fwo tupes of operation as follows

{A) Constant speed apesration at lower speed of zelf-starting
freguansy.

(8) Ramp up/down operation.

spaed (ppsl
FPS max—= (B
(BA mind /_ 4
Al
PTS min —
P &

Fig 3-3
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Self-starting frequency,. parameters for high speed operation
and acceleration/deceleration depend on the fupe of motor,
excitation method, inertia or pature of Icad, etc., Relation
among those are ipdiceted below

235 > CRA > BA max > RA min > 240

Pulse Rare Symbol
At constant speed operation ..... CRA

At self=starting = 02..-- BA max
At high spsed cperacicn . .... RA min

CRA and RA max are to be ser as ldarge as possible within the
abowe 1imit. The hardware limits the external clock rate to
g maximum of 133KKz for FPNCLOIC (244KH:z for PPECIO02R). For
example with I100KEz external clock for PPHCICIC and 200KHz
Eor PPMCLDZA the above relation can be converted into pps
fpulse par secomd) as fellowing.,

FRHCIOLIC d52Hz < CPPE < PFS min < PPS max o SKHz
PPHCIOZA 78dFz L CPPS « PPS min < PPS max = 10KEHz

In conclusing, with a IMEHz external clock For PPHCIOIC ar
2Rz for PPNCICZA, the stepper motor can be concralled From
400pps to 5Kpps for PPMCIOIC or E00pp= te 10KEpps for PPNCIO2A.
For lower speed operation, external clock freguency should be
slowad down accordingly.

I=2=2=-3 Aberration of motor speed

There are two major sources that cause the motor speed to deviate
from the thepretical wvalue [fsee Filg 3-d)., The First source of
errof derives from the execution time of routins chat ourpurs

the excitaticn, A 50 usec overhead time is needed In addition
to the delay timing for the pulse cutput. Therefore for slow
speed cperations, the 30 psec error is insignificant. The %
erropf of the osutput Speed will increase wick an increass in motor

speed,

The second source of erzor is the non-synchronfizacion of the
bagic clock and che inteérnal timer. A randam error correspond-
ipg bo #1 bazic slock pulse in the timer counter iz poasible.
Note the percentege error will be larger ac = slower clock race.
For example at a clock rate of 205z, the randam error is +5%,
which may be acceprable in practical application. £

A-19
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Fellowing is the curve that shows the differnce betwssen theoratical
value and practical speed ar a basic elock Freguency of 100Kz

(PPMCIOIC) and Z00KHz (PPNCI0ZAL,

The graph shows that at RA=[5.

the motor Speed is SKpps for PPMCIGIC and IC0KNz for PPMCIOZA.

200k
= ' T T 1
0 | 5
o ||
=
T
Sy
|
o G W W B ]
h‘
s o
effise pgras I
random arror h.\_‘_\‘-“' E.,‘ FJ‘I-H'-"HiIHi! I'Mlnlluil
10k -‘:: A theoretical ;r'-lll.ri
i E RS
4]
s sk
(]
&4
o
=]
1k
; izl IIMHEz
Z PPMC-M02AT ¢ 200k
: Keal bz
: | e }DIE{ED 100KHz
100 i :

m B & X 1|

pulse rate (RA)

Fig 3-4
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3-3 Oeceratlon Command

T B 5 4 3 21 0

1
Operation command ocode
D M g Emergency stop
aa1 ... Decelerating svop
218 ..... Single step
il i U Acceleracion/Deceleration
R - SRS Constant speed operation
! 1AL aaa To move until the limit
H ' i . e To move until the high speed limir
| T DT e Ll To mowe until the base point
L birgction far rotation of mator
F' amers oW
S 1 cCw
— Imterfupt mask for FINISH signal
0 .. Enable
$ Fems Digable
3-3-1 Emergency Stop

To stop roraclon of motor instantanecusly by inhibiting exciea-
tion output during any type of opsration, whether it be accelars-
tien/deceleration or constant speed cperation. In high speed f
cperatlion, the phase output stops instantansously, but the motor
will run off with inertia. Therefore. position data is ne longer
valid. It is pscessary to reestablish the bage point. During
constant speed cperation at self-starting freguency, motor can
stop inscantaneously and restarting is possible from that paine
by reading the number of operating pulse with rhe READ REGISTER
COMMAND. Emergency stop regquires only 1 byre cperation command,
and no datd is pecessary. Check whether the condition I&F=0,

and BUSY=] is satified before writing the emergency stop command
a5 shown below,

[ ——

0|1 | alo|a ﬁ R

4 Command WR I TE
%
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3-3-2 Decelersting Stop

when the decelerating stop command 1s ipput during accelsration)
deceleracicn, the moror will decelerate to stop, The motor will
stop inscantanepusly during constint speed operation at self-
srareing freguency, the remaining number of pulseé can be read, by
the READ RECTSTER OOMMAND and the motor can be pé-started from
where it stopped, The bits for directicn of moter rotation and
FTNISE INTERRUPT bacome assertive when the mofer stops. Reler to
the following flow chart for proper segquence of opearaticon.

T 6 5 4 3 210

L oo

|

3-3-3 JSingle Step

Ocel erds 1 g
¥ raFr

becglesaging Stap
Commund & £ § T' T

| res

This iz the command to move the stepper motor at & single scep.

I't is uzeable whep the master CPU needs to find sut its positien

by itgelf. When this command iz released continususly, ciming

All command modes are
effective, this command consists of a single byte. No other dats

is pecessary. Refer to the following flow chart for proper segquence

must be conrrolled by che mester OB,

of gporation.

¥ &6 5 4 3 2 1

0

o1 | [efn

1]

Fingle ftap

Fem

DN

2ingle fzes
Crand & £ P T E
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1-3-94 AccelerationsbDecelaratian

This command for acceleration/deceleration in acvordance with the
data at the cime of ifnitializacion. In addition to the command
itselfl this operation reguires 3 bytes of dara, which store che
total number of pulses to be output. For triangle operation,

total number of pulse must be smaller than two times rhe acoelera-
tion/deceleration pulge pumber, The limiting switeh input L3, L4
can be used to trigger the deceleration (see Fig 2-2) and L1 and
Li can be used to stop the motor. Note that irrelevant signals
from Ll-I4 will be ignored. For example in Fig 2-2, if the carrier
iz moving CW, the signals free L7 and L4 will be ignored.

Spead Remaining number
d of pulse —
i Remaining number of pule
X becelerating stop L Emergensy SLop
High speed limit Limit

The number of pulss farep numbar reguested far operation - 1) can
ba gor with 3 bytes.

FFFFFF (Hexa decimal) input mowes 16,777,216 steps which L5 the
maximum number af steps to mowe at 2 cime.

- Example —

Ta mowve 1. 000 steps, 1,000 - 1 = 99% should be converted ineo
Haya decimgl] (OO0GIET) Ffor input. Data must be input from the
lawer Byre.
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(ETH
{03y
{oo}

7 65432148
o1 jof1]

765498210
11100111
0000001 |
ﬂ:ﬂ:ﬂ:ﬂlﬂ:ﬂ:ﬂ?ﬂ'

operating
pumber of pulse
{lower byte)

fmiddle byte}
fupper Bygee)

Aoeeierspians
e Japarian

Accw lérdi jan/Orceleorat e
Comens WREJITE

OpErating nunbes of FJHJ
§ Lowers Bypta )

|
|

Operatieg nunber of puise
redddle byee)

Taa

J Opecaling sonber of padBe
L fupper byred




F=3=5

Operacing
numbear of pulse ¥ &6 & 4 -8 1 40 fonErant ppeed
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Constant Speed dperation

Fhis command reguires one byte of dags For constanr speed pulse
race as well az 3 bytes of data for the total numbsr of pulse.

The proper seguapce of eavecurisn is shown in the following flow
chare, The command causes rhe motor feo rotate at a conscant

spesd up Lo the designated distance. The speed is set by the
pitlse rare data, which has to be within the self-starting freguency
of rhe moror. L1-f4 1imie swicch Input can be wused to decelerate
and stop the motor. The READ RECISTER COMMAND can be used Eo
readout the remaining number of pulse and the cause for stopping.

Limit
rgency stod
Decelerating stap

Refer to the following flow chart for proper seguence of operation.

LASIEANE Epesd
BpNtTaL 1an

o

L]
=i 3
S |

o :
e
| o CpnEcant Epsad opsratlion
ocomsand W B Z TR

R L pulse rate
{lower byte)
(middle Byte) TR j ¢ '

{upper byte) _ ,

- - T constant speed Balce race

BEerdr ing susber oy
| pulse rlo-er byre;

Sparat oy nonber of
pules 'Sycdie bgtel

CpEras iy Aumber of
puled lsppar Bylel
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F=3=-8 To Move AL Constant Speed Untill Limic Swireh

This =mode of operation is similar fo the previous one except that
the datd indicating the pumber of pulse iz omirred. The morer
will keep on moving until a signal from a limir switeh (L1 or LX)
is received, The sigrnal frowm Irrelevant LI or 14 iz igmored.
Limit fnput in the same operating direction meanz as follows :

Oparatian ITnput
L Li limit input
CCW L3 "

uring a4 Cw operacion, L7 input will be ignored.

Limir

Emergency stop
Decelerating stop

This command is normally used right after PONER ON or to FE-SEart
aftar morol rimn off,

Te rowg unsdd 'Eimdg
A0 CORSCARnE S

1

A i i
) ]

=

T 6§ 5 4 3 2

Te fiovs ceaEal "Liadi ' ac

cunErany Epeed  WRTTE

-

| res
T 6 5 4 3 21 0 |
T CongLant zpaod
pulsn race
caonstant spesd pulse rate
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To Mows At High Speed Uneil Nigh Spead Opearation Limif

Thig is the command ro accelerape for high speed operarien in
accordance with the dara ar the cime of ifnfcialigatisn. Dader
this command the motor will rotate at high spead wnril a iimicing
signal is received. Then fr will dgcelerare to stop according

to the pumber of decelerating pulse. Oace decoleration begins,

it coptinues to decelerare sven {F Iimir inper eyrms apr "0,
Limit switch L1 for CW and L2 for COW rotatienr can force the mofor
to stop, bur inerfis may cause the motar to overrun the desired

stopping point.

—— e m e mm

1 [T ——

High speed Limit famit
Decelerating stop Emergency sSTop

This command is alse ps=ed right afcer POWNER ON or to Ie-gCart
motor after run—off. The decision whether to use this command
or the command 'to mave at constant speed until limit switch'
{3-3-6) depends on the distance, time, accuracy of position, etc.

To mowe uncis
high speed Limit ac
hIg .

765433210
ak I [1]1]e

To mowe untii sigh ppeesd
Himic ar kigh spaed
EPTE

|

AN
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J-3-8 To Move To Sase Point

In this mode of aperation, the motor rocafes ab constant speed
until a CNP signal is detected. The motor can alsc be stopped by
the relevant limit input Li=I4, essrgency stop or decelerating stop.

Base point
LimiE

Emergency stop
Loscelera ting stop

T & 5 4 3 21 0

| i
nl|1 ! tlll:l ! E To mowe uncil base
=] pofsr W ik 0 FF
|1
]
T 68 5 4 3 8 1 @
e T Consrant spses
constant speed pulse rate pulas Fare
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3-4 READ REGISTER

READ REGISTER COMMAND is used to read thres kinde of eratus and

& I byte data during standstill of morer,

the command is indicated below

T & 5 4 3 2 1 0

1o

¢lo

oo

[;-—- Register code

08 _.... FINIZH status
[ SRR Input =mignsl scatus
| S Curput signal stacus

L]

READ FINISH STATUS

R ah Remaining number of pulse

The proper formatc of

The proper sequepce to read the varleus status is shown In the
following flow charc.

Avad Regisied J
Command ¥ § § T ]-

Prates Bagigier
BLAg
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3-4-1-1

3-4-1-2

FINISH STATUS

The finish stacus reglster centains the following informscicn

7 6 5 4 3°2 1 0
1

| ‘-_-II— Operation command code
ecelararing scop when detecting high speed limit
| Te stop wen deteccing limit
Morar 'ON' asignal (MON] check flag

Ta stop by mobter siop command

-

Finizh filag

The lowet 3 bytes contain the operation command code.

Big 3 ar 4 goes iup to 'l" after high speed limic (L3, 14) or
Iimie (L1, L2) is dnput for motor stop. Bit 5 shows ‘1’ when
motor canpot operate with "motor on signal' (MON) = 0.

A '1' in bir & indicates either an emergency stop or deceleracing
stoep, bMhen all pumber of pulses for acceleration/deceleracion
and constant speed operation are completely consumed to stop,

all bics from 3 re & turns te '0°,

In the absence of fimigh interrupt mask, INT becomes assertive

at the end of the operatiosn, INT signal can ba cleared ec "1°
by reading finfsh status and relessed.

INPUT signal

The input signal register reflects the state of varisus lnpurs
shown below at the point where the motor stops.

vy 6 5 4 3 2 1 0

I——ngh speed limit in reverse (L4
High speed limit in forward (L3)

Limit in reverse (LZ)

L Limit in forward fHJ

= Motor ON signal (MON)
e Basge point (CNP)
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J-4-1-3 oQUTPUT Signal

T 65 43 2 10

I— Direction for rotation of motor
I$|5=5:545=| NARR o

J ROLD signal 1" ... CCW

Stepper notol phase oUbpul

Phase outputs for stepper motor can be checked by bit 3 to 7'

Fomaining numbser of pulss
when the mator is stopped by limit switch or stop commamnd during
aoceleration/deceleration or constant spesd operation, the remain-
ing number of pulse can be read by wsing thiz mode. IF 1 is decided
to finish the cperation after the stop command, the erigipal command
and the remaining numbar of pulsse can be input again to restart
the mode.
Spead
H
Il
1 Disrance
| T Stop —eRaSef— Re—-srare
becelerating
Srop Command

The dara becomes "07 when the operarion has been spocessfullyg
rerminaced.

The following Clow chart shows the proper seguence of programming
in order to read the data from PPMC,
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Rrma in{ A RURber “‘}
al puldge B £°A O

-
[
LBFal
BUEY = e —
i i 3 0
Anad remyining nusssr . 0 2 o 0 1 . 1 Cammand

of palse WERI TE

DO

B
|

i
Frmining number of pulss
e 7 6 5 £ 3 2 10
PEFIALSy AUTBES OF i {Iower byce)
pulse (Joswr bgoe l T T T T rmiddla BHL::J
! % 3 N fupper byte)
G e
| i

Famgining nomber af
polae fmiddle berel

Bemaining nosacs of
FUlss TURPET Dyle?




APPENDIX B

SOURCES FOR STEPPER MOTORS

&
ASSEMBLIES

B.1 GENERAL INFORMATION

MetraByte stocks a standard stepper motor and incremental shaft encoder (models STEP-MOTI &
STEP-ENC1). Thesir specifications are provided in Appendix C. Although these have been selected
from very popular types, they may not be suitable for your application. This Appendix details
vendors who specialize in stepper motors and associated mechanical componenis.

In the course of assembling a stepper motor system, you may need to prooure stepper maotors, fead
screws, X-Y tables, shaft encoders etc. Many vendors provide this type of equipment and the
following list has been compiled to assist you in locating components. Inclusion of a vendor in this list
does not imply that MetraByte Corperation endorses the vendor or i3 in any way responsible for the
porformance of its equipment. Likewise the list is not complete, and omission of any vendor is purely
coincidental, This list is provided purely for vour convenience and is not exhaustive.

B.2 STEPPER MOTORS

1

Superior Electric Company
383 Middle Street
Bristl CT 06010 Phone: 203-582-9561

B & B Motor & Control Corp.

Apple Hill Commons

Buriington CT. 06013 Phone: 203-673-7151
Bodine Electric Company

2500 W. Bradiey Place

Chicago IL. 60618 Phone: 312-478-3515
Litton Clifton Precision

P.O. Box 160

Murphy N.C. 28506-0160  Phone: 74-837-5115

Oriental Motor US.A, Corp.
2701 Plaza Del Amo Suite 702
Torrance, CA 90513 Fhone: 213-515-2264

B.3 SHAFT ENCODERS

blotion Control Devices
B Stedman Street
Loweell WA, 01851 Phone: 617-454-3407
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B.4 X-Y TABLES, SLIDES, LEADSCREWS ETC.
1

B.E.I. Motion Systems Company

Computer Products Division

1755-E La Costa Meadows Drive

Can Marcos CA. 92065 Phone: 6154713600

Datametrics

Diresser Industries Inc.

340 Fordham Road

Wilmington MA- 01837 Phone: 617-658-3410

Honevwell Disc Instruments Ine.

102 East Baker Street

Department TR

Costa Mesa CA. 52626 Phone: 714-579-5300

Daedal Inc.

PO Box G

Sandy Hill Road

Harrison City PA. 15636 Thone: 1-B00-245-6903
(in PA) 412-744-4451

Mew England Affiliated Technologies Inc.
620 Bssex Strest
Lawrence MA. [1E41 Phone: 817-885-4%00

B & B Motor & Control Corp.
Apple Hill Commons
Burlington CT. 06013 Phone: 203-673-7151

Klinger Scientific Corporation
110-120 Jamaica Avenue
Richmond Hill NY.11418 TPhone: 718-846-3700

B.5 TRANSLATORS, STEPPER DRIVERS

L

Superior Electric Company

383 Middle Street

Bristol CT. 06010 Phone: 203-382-9561
Bodine Electric Company

2500 W, Bradley Flace

Chicago IL. 60618 Phone: 312-478-3515

Oriental Motor U.S.A, Corp.
30% Passaic Avenue
Fairfield M.]. 0700 Phome; 201-582-(480
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B.6 TOOTHED BELTS, GEARS, DRIVE COMPONENTS ETC.

1. Precision Industrial Components Corporation
P.O. Box 1004
Benson Road
Middlebury CT. 06762 Phone: 1-B00-243-6125
in CT: 203-758-8272

B.7 OTHER SOURCES

If wou are on a tight budget, Herbach & Rademan usually carmy a range of new and used stepper
mators and other mechanical odds and ends. Ask for their catalog, their address is

Herbach & Rademan Corporation
401 E. Erie Avenue
Philadelphia PA. 19134  Phone: 215-426-1708
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APPENDIX C

STEP-MOT1 & STEP-ENC1

SPECIFICATIONS

C.1 STEP-MOT1 SPECIFICATION

Electrical Specifications
Mominal DC Volts
Winding Eesistance
Pated Current
Winding Inductance
Winding Type
Time for Single Step

Mechanical Specifications
Step angle
Angle Accuracy
Huolding Torque
Fesidual Torgue
Rotor Inertia
Torque/Inertia Ratic
Shatt Diameter
Radial Load
Axial Load
Weight 20 oz

5.0 wolts

5.0 ohms at 25 deg, C.
1.0 amps per winding
104 mmdllinenries
4-phase, f-lead unipolar
2.5mis weith 24VDC drive

1.8 degrees full step.
5%

53 02~in. min, (2 windings energized)
1.25 oac-in. min.

0 1bin?

32,000 typ.

0125 inch

15 Ths. max.

25 Ibs. max.
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APPENDIX G: STEP-MOT1 & STEF-ENG1 SPECIFICATIONS
C.2 STEP-ENC1 SPECIFICATION

Electrical Specifications

Cutput Channels

Count Channel Accuracy

Count Channel Signal

Two count channels electrically phased 30 degrees +/-20
. One zero reference (index pulse) signal
channel, half count per revolution.

Pulse to any other pulse, 1 minute of arc
Pulse to adjpcent pulse, 30 seconds of arg

Sq'ua.rewam, TTL compatible. Logic 0, Ddv max. af
16mA sink current Logic 1, 2.4v min. at 800uA source
current

Symmetry (Duty Cyelel 180 degrees +/-10 degrees

Frequency Response 0t S0EH= max,

Rize & Fall Time Less than 2 nanoseconds

Operating Temperature 0 to 70 degrees C.

Power Consumphion Sw + /-0 @i 155mA

Terminal Connections TEEMINAL NUMBER  FUNCTION
| +5v
2 G,
i Channe] &
5 Channel B
f Index pulse

Mechanical Specifications

Shaft Speed 3000 r.p.m. at max. shaft loading
5000 r.p.m. at lower loads

Shaft Loading Radial, 3Tbs. max. at end of shaft
Axdal, 3bs. max.

Starting Torque 01 pzAin,

Rotary Inerta 0.0002 oz.-in-sec@+[2]

Maximum Acceleration 50,000 rad / sec?

Materials Shaft type 303 stainless stecl
Mounting boss aluminum
Housing polycarbonate resin

Bearings Instrument class, shiclded

Weight 4 oz,
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APPENDIX D

MSTEP-5 & STA-STEP
SPECIFICATIONS

D.1 POWER CONSUMPTION

+5v supply (METEP-5 only) L7TA typ., 24 max,
+5v sopply (with STA-STEF) 1LBA typ.. 2.1A max.
+12v supply ot used
-12v supply oot ased
-Svsupply  not used
D.2 MSTEP-5 SPECIFICATIONS
Stepper channels 2 (individoally programmable)
Maxamum siep count +-16,777,.215
Maximim step rals 5000 p.p.s.
Acceleration/deceleration ramping auiomatic rapezoidal
programmable start, run
o FRMpNNE res.
Limit switch inputs 5 per channel
(active low. open (end of raved,
collector, TIL o high speed &
mechanical swilch base point)
o Eroand)
Transiator Dirive COWACW and negative
EOINE 5 micrmsecond
palss,
Fhase (winding) drives TTL compatible signals
for 3.4 or 5 phase
meLor windings.
Phase drive logic polarity programmable
Fhass drive saguence programmablz fall
or half step.
Fower chopping at standsull programmable, 2.2 KHz
30% duty cycle
ireduces motar heating)
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Encodier chanmels

Type

Maximumm encoder count

Inpuat

Mamimum encoder pulss rate

D.3 STA-STEP SPECIFICATIONS

Maximum motor vollage
Maximum winding curmrent

Melabor circudi isolation from
compeer ground

Driver type
baximum step rale

Diriver mransissor on rasistanss

D.4 LOGIC OUTPUTS
All outpats

Fhase drive, 51-55,
PULSE, CWIOCW and
HOLD gink corrent

Phase drive, 5§1-55,

FULSE, CWCOW and
HOLD sonrce currenit

Encoder carry/bormow
outpat sk currsnt.

Encoder carry/bomow
APl Soumee curment.

2

Incrementsl quadratiee
+(-8 38 507
TTLACMOS compatibie
with 2 stage digiml
noise flver.

25 KHz.

VD

5A/phase
350v max.

2000 pp.s

0.0% ahm

TTL compatitde
0.4y max output kow woltape
24v min output high voltage

24m# an 0.5

-3ruA at 24w

BmA an ), 5v

DAmaA ar 2dv
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D.5 LOGIC INPUTS

Al impuns

Fullups

D.6 POWER OUTPUTS
IBM P.C. buss supplies

Loading

TTLATMOS companbie
0.8 max inpat low voltage
2.0v min inpin high voluage

All inpurs bave intemal
LOK pullaps e +5v.
(5K with STA-STEFP attached)

+5v, #12v & -12v

Dependent on other
peripherals & computer
type, === Mots.

NOTE: Due to connector and cable ratings, it is recommended that +5v power be limited to 24,
and that +/-12v power to the lesser of 1A or whatever is available, Excitation of the
stepper motor from the computer 15 not recommended |

D.7 PHYSICAL & ENVIRONMENTAL SPECIFICATIONS

Cperating [Emperature range
Slorage [empPEraTure range
Hamidary

Weight

(e 50 dep.C.
20 ta 70 dep.C.
5% non-condensing

8oz, (230 gm.)
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D.8 CONNECTOR PINOUT

Rear view of 50 pin connector
(0) = putput, (I} = input

CH. & Limit 1, L1 (I)
CH. 2 Limit 3, L3 (I)
CH. A Base polnt, CHE (I}
CH. A direction CCW/CW (O) g| GHND.
CH. A 51 phase putput (0) 10| CE. A 32, phase oputput {0}
“H. A 53, phase output (0} |11 12| CH. A 34, phase output (0}
CH. A 55, phase output (0} |13 14| CH. A PULSE OUT (0)
CH. & HOLD ACE. (0} |15 1&| GND.
GND, |17 18| CH.
CH. B Limit 2, L2 (I} |19 20| CH.
CH. B Limit 4, L4 (Il |21 22| CH.
CH. B Motor control (I) (23 24| CH.
GHD. (25 26] CH.
CH. B 52, phase output {(0) (27 2B| CH.
CH. B 34, phase owtput (0O) (29 30| CH.
CH. B BULSE OUT (D) (31 32| CH.
GND. |33 34| GHND.
CE. A Enceder A input (I) |35 36| CH. A Enceoder B input (I}
CH. A counter out (C) |37 38| CH. B Enceder A input (I}
CE. B Encoder B input (I) (39 40| CH. B counter ocut {0)
CH. A external clock (I) (41 42| CH. B exterral clock (I)
+12v |43 44| no connection

CH. & Limit 2, L2 {I)
CH. A Limit 4, L4 (I)
CH. A Motor contral (I

A" ERES TR

Limit 1, L1 (I}
Limit 3, L3 (1)

Baze point, CHP (1)
Direction CCW/CW (C)
&l, phase ocutput (O)
53, phase output (0)
55, phase cutput (0)
HOLD ACK. {(O)

@ E e m

Power from =12v |45 46| no connaction
Ccomputer +5v |47 48| +5v
GHD. |4% 50| GHD.
 [N——

Keving blocks are present between pins 3 & 5 and 47 & 49, Connector attached to board is 3M
{Scotchflex) # 3433-5303. Matng half for ribbon {insulation displacement cable) is 3M # H425-6050

D.8 SIGNAL DESCRIPTIONS

Fhase outputs 51-55 TTL outputs that provide signals for motor winding excitation. Logic
polarity and step sequence (full /half) are programmmabie.

COW/CW Direction signal output 0 = dockwise 1= counterclockwise.

FULSE OUT Fulse output corresponding to steps. 5 microsecond negative going
pulses. CCW /CW and PULSE can be used to drive a translator.

HOLD ACE. If switching at standstill is enabled, HOLD ACK. goes high 3
milliseconds after motor stops otherwise it is always low.

L1 & L2 limit inputs Active low overtravel limit inputs. Motor will stop immediately on
encountering either of these limits. L1 - clockwise limit 1.2 -
coumterclockwise Limdt



L3 & L4 Honit inputs

Base point, CINFP input
Motor control input
Encoder A & B inputs

Copunter ot

APPENDIX D! MSTEP-5 & STA-STEP SPECIFICATIONS

Active low high speed limit inputs. Motor will perform a decelerating
stop at either of these limits if executing an acoelerate or procesd to high
speed limit command. L3 - dlockwise litnit L4 - counterclockwise limit

Active low home or reference point limit switch inpot. Motor will stop
at base point if executing a proceed to base point command.

Motor control input must be high for controller to execute commands. It
can be used to monitor power on the stepper maotor.

Correspond to the A & B quadrature outputs of the incremental shaft
encoder.

Carry/bormow overflow bit from the 24 bit internal encoder counter.
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