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1. GENERAL DESCRIPTION INTRODUCTION

1
GENERAL DESCRIPTION

1.1 INTRODUCTION

The VMEX lamily ol intelligent motion controls can manage as many as 6 axes ol motion
in one l/O slot ol a VME bus computor. They meet the VME C.1 specilications lot D08(O)
slaves and can be plugged directly into lhe backplans ol these machines. The VMEX-4E
can, lor example, simultaneously control four axes of step motors while monitoring lhe
actual position of two ol them with the built in incremental encoder interf ace. lt can manage
coordinated or independent motion on each ol the lour axes simultaneously. The controller
can also generate constant velocily proliles with circular interpolation lor cutting and
machining type ope ratio ns.

The VMEX lunctions as a loosely coupled coprocessor within the VME computer. lt
utilizes a 68000 microprocessor and patented proprietary technology to control direction
of motion, acceleralion, deceleration and velocity of an associated motor. ln response to
commands f rom the host computer, the VMEX controller will calculale the optimum velocity
prolile to reach lhe desired destination in the minimum time while contorming to the
programmed velocity and acceleration parameters. A block diagram ot the VMEX is shown
in Section 9.

The VMEX tamily ol controllers use 'microstepping' techniques lor increased posilion
resolution and decreased low speed resonance. When combined with the appropriate
driver and step motor, the VMEX can divide the normal slep angle into 250 discrete steps
ol 0.0072 degrees each or 50,000 steps per revolutio n. The Oregon Micro Systems drivers,
models MD10A and MH10 are 10 microstep per step motor drivers which can be driven by
thg VMEX lamily ol controllsrs.

Commands may be sent to the VMEX by simple l/O commands using virtually any language
on the hosl VME computer. These controllers aro easily programmed with ASCII character
strings. For a typical motion requiremgnt of 1,000,000 pulses at 400,000 pulses/sec and
an acceleralion ot 500,000 pulsas/sec'the lollowing string would be input trom the host
computer to the VMEX:

vL400000 AC500000 MR1000000 GO

For additional programming examples see Section 7

1.2. FUNCTIONAL DESCRIPTION

The VMEX, in response lo commands from the host computer, provides controlled accel-
eration to a predefined peak speed lollowed by a constant velocity and controlled decel-
eration to a stop. This is achieved by calculaling the optimum velocity 1024 times each
second, providing a very smooth acceleration curve. This calculation is used to control a

VMEX Usefs Manual 1-1
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FUNCTIONAL DESCRIPTION 1. GENERAL DESCRIPTION

variable lrequency pulse train which is derived trom a crystal oscillator providing very
accu rate pulsg rates.

The 68000 microprocessor calculales lhis velocity profile for each ot the axes providing
independent but synchronized (if desired) proliles for each axis. The VMEX can perform
a smooth coordinated move on up to six axes using linear, parabolic or cosine velocity
protiles. ll can manage as many as six independent or coordinated processss.

Ths vMEX will calculate the optimum velocity prolile lo generate the desired move, whils
conforming to the acceleration and velocity data input by the host computor. This move
will consist ol a smooth acceleration, lollowed by a constant velocity section and a smooth
deceleration to the desired distancs. A graph of a typical linear velocity is shown in
Figurs I -1.

Velocity

Acceleration

Time

Figure 1-1 TYPICAL VELOCIry PROFILE

ll the movs parameters do not allow the motor to accelerale to the desired velocity in the
desired distance, the VMEX will automatically generate an optimum triangular velocity
profile. lt can also be commanded to accelerale to a velocity and hold that volocity until
told to stop or change to a new velocily. lt will then smoothly decelsrate to a stop or
acce lerate/decelerate to the new velocity.

Several moves of lhis type may be chained together to provide a more complex pattern.
The VMEX is able to store up to 124 characters in an input character bufler, plus 200

commands and paramelers in separate command queues tor each axis, allowing several
moves to be made without host intervention. A loop counter is provided to repeat desired
sections of a complex move pattern. Loops may be nested up to four levels dgep on all
axes

1-2 VMEX US€TS Manual
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1. GENERAL DESCRIPTION VELOCITY PROFILES

1.3. VELOCITY PROFILES

The VMEX offers three options tor ramping the device to speed. The traditional constanl
acceleration or linear velocity ramp (ses Figure 1-1) is the delaull at power up or reset.
The half sinusoid accelgralion or half cosine velocity ramp (see Figure 1-3) is selected by
the CN command. Since tho acceleration is zgro at lhs velocity inf lection points, this ollers
very smooth operation. lt is used in sensitivs applications such as wafsr handling on a
vacuum chuck. The lhird option is a reverse ramp ot accsleration or parabolic velocity
curve (see Figure 1-2), which can be selected by ths PN command. This ramp ls commonly
used to compgnsate lor loss of motor lorque at high speods, i.e. sincs ths accoleration ls
reduced at higher speeds the required lorces are reduced proportionally. Thg parabola
may be lruncated to allow the user to select, under program control, lhe reduction in
acceleralion (force) appropriate lor the application.

LINEAR RAMPS. The OMS controls generate a linear velocity ramp in real time, i.e. while
thestage is in motion. There is no table bu ilding prior to the move and thus minimal lalency.
The controls will accelerate lo the specif ied velocity and hold that speed until .iust enough
move distance is left, then decelerate to a stop. ll the move distance is too short to reach
speed, a triangular velocity ramp will automatically be generated. The acceleration is a
constant Am and lhe velocity is then:

A uselul relationship is the dislance required lo accelerate at acceleration A/n to peak

velocily Yp is:

Vo2s=zA,

or the acceleration Am required to accelerate to peak velocity yp in distances s is:

^vtnr_ 
2s

PARABOLIC RAMPS. Ths parabolic ramp is gensralod in a similar tashion sxcept the
accelsration is reduced as the stage accelerates to speed thus reducing the vslocity slope,
as shown in Figurs 1-2.

Ths acceleration follows the equation

"=Ao-1
and the velocity is then:

,=at-ffi"

and the distance lraveled in the ramp is:

VMEX User's Manual 1-3
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VELOCIry PROFILES 1. GENERAL DESCRIPTION

Acceleration

Velocity
Time

Figure 1-2 PARABOLIC VELOCITY PROFILE

where ,40 is the initial acceleration, I is time during the ramp and 12 is tolal ramp time if
the acceleration had reached zero. The parameter supplied with the PN command is 10

times the ratio + which can take on values f rom 3 to 10, altowing the linal acceleration tol2
range lrom 70'A lo 10'A respectively ol the programmed or initial value. When a move is
specified, the controls will fit the resulting velocity curve to the desired acceleration profils.
This ensures that the desired acceleration is always reached at the programmed vslocily,
as long as the move is long enough tor the stage to reach the programmed speed. lf the
move is loo short to reach the programmed speed the curve is truncated, causing the shape
ol the velocity curve to remain the same up to the velocity reached by the specilic move.
This is consistent with the desired result ol compensating tor loss of motor torque. Sincs
the motor has not reached the programmed speed, less compensation is needed. The
parabolic ramp mode may result in reduced move time at high speeds, since a larger
acceleration may be u sed.

COSINE RAMPS. The cosine ramps are generated in a similar lashion to the parabolic
ramps, except the acceleration is:

and the velocity is then:

Aat2 Aat3
"- 2 -612

a= n,sinzfr t

1-4

,=!o-o"ff0

VMEX User's Manual
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Acceleration

Velocity

Time

Figuro 1-3 COSINE VELOCIry PROFILE

and lhe distance traveled in ths ramp is:

'=!,-fi"""fi,
where Vp is the peak velocity, Air is the peak acceleration. The distance needed to ramp
up is then:

-r t2or= qEi

and the timo required to ramp uP is:

- nV"' ZAm
^fi'rSl,E

and ths peak velocity is:

vp= n

The cosine ramp requires f times lonoer than a linear ramp to reach the sams velocity

when using lhe same peak acceleration

Since lhe purpose ot the cosine ramp is smooth operation, it is desirablo to adiust the
velocity paramelers such that the desired prolile is achieved even when the stage does
nol reach the programmed speed as opposed to truncating the curve as the parabolic

VMEX User's Manual 1-5
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VELOCITY PROFILES r. GENERAL DESCRIPTION

Acceleration

Velocity

Time

Fisure 1-4 SHORT MOVE COSINE VELOCITY PROFILE

modes do. The OMS controls look ahead to determine if the stage will be able to rsach
speed in tha programmed move. lf nol, the acceleration curve will be adjustsd such lhat
the peak acceleration will be the programmed acceleration and ths acceleration curve will
be 360 degrees ol a sine wave (see Figure 1-4).

't-6 VMEX User's Manual
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GETTING STARTED INTRODUCTION

2 !

GETTING STARTED

2 INTRODUCTION

The VMEX board requires one tull width slol in the VME card caqe. ln mosl casss thg
jumpers on the VMEX board will nol have to be changed assuming lhere are no addtess
or interrupt conllicls with existing boards. The factory delault seltings lor the board have
it using a block of 16 contiguous address trom FF80 to FFSF in the short address space.
lf these do not conllicl with any previously installed hardware in your computer you will nol
need to change any iumpers on the VM EX board.

2.2. JUMPERS

There are live blocks ol square pin jumpers on lhs VMEX board. These can be thought of
as 3 Iogical groups: board address selection jumpers, J47 and J48; intsrrupt selection
jumpers, J40 and J49; and limit polarily jumper, J57. Ses Figure 3-1 for the locations ol
the jumpers. Recommended jumpers are Molex part number 90059-0007 or equivalent.

Figure 2-1 J48 ADDRESS SELECT 1 (detauh setting)

44 A5 46 A7 AM4 AMl AMOAMs

8

I
ffi

e

BH1
@ @16

ffi

@

B

@

m

B

ffi

B

g

E

Figure 2-2 J47 ADDRESS SELECT 2 (default setting)

2.3, ADDRESS SELECTION

The VMEX uses a 16 byte block ol short address memory. The starting address lor this
block is selected by square pin iumpers on lhs board. A jumper across a pair ol pins
indicates that the bit is a 0, without the jumper the bil is a I. To decide on jumper setlings,
choose your starting address. Address lines A0 through A3 are decoded by the VMEX

1

a

9

A8 A9 AlO All
@@E@
affiB&

A12 A13 A14 A15

Eiffi@E 1

8ffiHffi16

VMEX User's Manual 2-1

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



INTERRUPT SELECTION GETTING STARTED

board and lor basg address selection are assumed to bg 0. To set the board for ths lactory
delault address of FF80, jumpors lor addross lines A1 5, A14, A13, A12, A11 , 410, Ag and
A8 on J48 and 47 on J47 should bs absenl, selecting a 'l lor those lines. Jumpers should
be placed on A6, A5 and 44 on J47, selecting a 0 for those lines.

The VMEX allows selection lrom several address modif ier values. Lines AM0, AM1 , AM4
and AMs are user selectable by square pin jumpers on J47. AMZ ls always selected as
low and AM3 is always selected as high. The hex code for the delault address modilier
selting is 29 hex. This allows Short Non-Priveleged Access lo the VMEX board.

To se lect this detault value a jumpe r must be placed on lines AM 1 and AM4 to decode them
when they are low, no jumper should bo on AMo and AMs so they will be decoded when
high.

2.4. INTERRUPT SELECTION

NC

8E
9B

tRoT tRo6 tRo5 rRo4 tRo3 tRQ2 lRQl

ffiE
H8

@ B @ ffi1
E W Ei 816I

Figure 2-3 J40 INTERRUPT SELECT 1 (default selting)

w

ffi

o

9

ffi s H HB
m ffi

E
E1
H16H w E SH ffi

J2 J1 JO USER

Figwe ?-4 J49 INTERRUPT SELECT 2 (defautt sening)

Two sets ol jumpers are used to selecl which VME bus interrupt signal is used by the VMEX
board, J40 and J49. J40 selects to which interrupt request line the VMEX board is wired
and J44 selects on-board logic to properly generate the interrupt.

To jumpsr ths board to a given interrupt, place a square pin jumpsr across ths appropriate
pin pair on J40, then using the binary equivalent ol that inlerrupt number, place jumpers
on J49, J0, Jl or J2 pin pairs, where the desired bit should be a 0.

For example, the factory default interrupt line is lRQ5. To jumper the board lor this, place
a square pin iumper across pins 5 and l2 ol J40. Nexl, ligure the binary equivalent ol 5,
which is 101. This means that J2 (pin pair 3 and 6) ol J49 should have no jumpsr since
bit 2 ot 101 is a 1, Jl (pin pair 4 and 5) should have a jumpersince bit 1 is a 0, and J0 (pin
pair 2 and 7) should have no jumper since bit 0 is a 1.

2-2 VMEX User's Manual
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GETTING STARTED LIMIT POLARITY SELECTION

2.5. LIMIT POLARITY SELECTION

J57 determines whether the limil inputs lo an individual axis are active low or active high.
With the jumper in place, tha associated axis will stop moving it the limit lino, for ths
direction the axis is moving, is switched to the activs voltage lgvel. Wilh the jumper
removed, lhe axis will stop it the limit line is switched +5VDC. These lines ars internally
pulled-up with a 2.2K Ohm rosistor lo +5VDC so ths oponing and closing ot a swilch to
ground can control the limit input signals.

TYVZXU NC NC

6 Bl

ts @16

8 ffi

ffi

H

ffi

mH

ffi

H

tsd

ffi

ffi

Figure 2-5 J57 LIMIT POLARITY

Factory defaults lor J57 set the limits inpuls lo active low. This requires jumpers on all six
pairs ol pins {or the six axis (VMEX-6) versions.

2.6. MOTOR CONTROL CONNECTOR

The motorcontrol connector(P2) on the VM E X board consists ol lhree rows of pins labe led
A, B and C. Each row has 32 pins for a total of 96 pins. The A and C rows contain lhe
molor control lines and encoder inputs.

The molor control lines can be considered as 6 logical sets ol I pins. Each sst is used lor
an individual axis. The I pins ot an axis sel are: Step Output, +sVDC Oulpul, Auxiliary
Oulput, Direction Output, Negative Limit Switch lnput, Ground, Home Switch lnput and
Positive Limit Switch lnput.

The encoder inputs use two sels ol 8 pins on lhe connector as encodsr inputs for lhs x
and Y axes. The I pins ol an encoder pin sel are: lndex +, +SVDC, Phase A-, Phasg A +,
lndex -, Ground, Phase B -, Phase B +.

S6e Section 4 lor more intormation on the molor control connector.

2,7. HARDWARE INSTALLATION

Tum otf power to your computer and disconnect its power cord.

Remove the computef s cover.

Choose an empty expansion slot in the VME rack and backplane and removo
its associated melal cover il one exists.

2

3
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HARDWARE INSTALLATION GETTING STARTED

4 Slide the VMEX board into tho rack and connector, ensuring thg board is lined
up correctly in the card guides and in the connector.

Double check the board lo ensure it is properly seated in lhe connector

Screw lhe lront panel of the VMEX board into tho card cage.

Replace the cover ot the computer

Beplace the power cord and turn the computer on.

Allow the computer lo boot up.

To ensure that lhe VMEX is set up for the proper address, try lo read and
write a byte to the vMEX's interrupt vector register at short address
FF89 (default). See il the value written to it is the same one read back.

Using your favorite debug utility, output the lollowing two bytes to the short ad-
dress FF81 (the VMEX data register defautt address): 0x57 0x59. These
are the hexidecimal equivalents to W and Y. The VMEX board will re-

spond by outputting its board name and firmware version to the data reg'
ister. lf you read lhe inpul lrom the data register (FF81) onebyteata
lime, you should get the hex equivalent to lhe ASCII charactors:
VMEX ver 1.87-4E, which are:0A 0D 56 4D 45 58 20 76 65 7220 31 2E
36 30 2D 34 45 0A 0D. It you do, the board is working correctly. lf not,
recheck the board's jumpers lo ensure that they are correct. ll the board
still fails to work conlact Oregon Micro Systems, lnc. lor further assis-
tance.

12. Connect the rnolor drivers and encoders to P2 (see Section 4).

13. Send motion control commands to the VMEX board and see thal the rnotors
move. lf not, double check your wiring, ensuring that everythinq is prop-

erly connected.

5.

b.

7.

a

o

10.

11.
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3. VME BUS INTERFACE VME BUS

3
VME BUS INTERFACE

3.1. VME BUS

The VME bus specification allows tor a number ol dilferont intgrlace complexity options.
The VMEX supports ths D08(O) shorl address in eithsr supervisory or non-privilsged mode
as specilied by the VME specilication C.1. The base address is jumper selectable to allow
positioning the board anywhere in tho short address spaco. VME interrupts arg supporlod
at any level. Table 3-1 describes the VME bus interface.

The VME bus P2 connector row B is used to decode additional address bits lor 32 bit data
transfers and extended addressing in the VME bus specilications. The VMEX does not
support either and thus these pins are unused.

3 1.1 DATA BUS

The data bus is a 32 bit, bidirectional, 3-state bus. Direction ol data is controlled by the VME
bus master. The data bus uses high-level active logic. The VMEX supports only I bit odd
address transfers.

3 2. ADDRESS BUS

Tho address bus is a 32-bit high-level activs bus. This bus is ahHays driven by the VME bus
master. The address bus provides lhe 32 address lines for decoding memory. l/Oismemory
mapped on the VME bus. The direclion of transler is determined by lhe state of the write'
line which is driven by ths current bus master.

3.1.3. CONTROL LINES

The control lines provide the signals lor lundamental mennry (or l/O operations). They
control lhe size and direction of transfers.

3.1.4. SYSRESET

The Sysreset is a reset driver which is provided on the bus. The VMEX has an on board
reset timer and thus uses this signal only to initiate this limer at power up or during a system
resot.

1
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VME BUS 3. VME BUS INTERFACE

Table 3-1 VME BUS P1 PIN LIST

ROW B ROW APIN ROW C
D001 D08 BBSY-
D012 D09 BCLR'

3 D10 ACFAIL- o02
D034 D11 BGO IN'
D045 D12 BGOO UT'

Dt3 BGl IN- D05tt

D067 D14 BGl OUT'
D07o D15 BG2IN'
GROU N DY GROUND BG2OUT'

BG3IN- SYSCLK10 SYSFAIL'
BG3OUT- GROUND'I 1 BERRT

DS1'SYS R ES ET' BRO'12

DSO''t3 LWORD' BR1-
WRITETAM5 BR2-14
GROUND15 423 B R3'
DTAC K-422 AMO16
G ROUN D421 AM117
AS'A20 AM218
GROUND19 s19 AM3

GROUND IACK^20 At8
SERCLK IACKIN'21 A17

IACKOUTTA16 SERDAT22
GROUND AM423 415

A07414 tRoT'24
40625 A13 tRo6t

tRo5' A0526 412
IRQ4' A0427 411
tR03' A0328 410
tR02' A0229 A09
IRQl' A0130 A08

-12VDC+5VDC STDBY31 +12VDC
+5VDC+5VDC +5VDC32

' lowlevel aclive indicator
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3, VME BUS INTERFACE BOARD ADDRESS SELECTION

3.2. BOARD ADDRESS SELECTION

The VMEX occupies a block ol 16 contiguous addresses. The factory default address is

FF80 through FFBF hex in tho short address space. Reler to Figurs 3-1 lor configuration
of lumpers.l

The actual address is chosen by jumpers on J47 and J48. Connecting a jumpgr selects a
binary 0 lor that addrsss bit, whils no jumper selscts a binary 1. Tho lactory default baso
addrsss ol FF80 (hex) ls shown in Section 2.

3.3. USING INTERRUPTS

Full interrupt capability is provided in accordance with the VME specificalion. lnterrupts
tor input buffer full, transmit butfer empty, overtravel lault and operation complele are
provided. lnterrupt levels 1 lhrough 7 are jumper selectablg. Polled operalion is also
supported with separate status bils lor each of the above sources. Table 3-2 shows the
detail ot the level selecl iumpers.

Table 3-2 INTERRUPT LEVEL SELECTION JUMPERS

J4O PINS J49 PINSLEVEL
7 -10 8-91 - 16IRQl

8-96 - 11IRQ2 2-15
8-9rRo3 3 - 14

4 - 13 6 - 11 7-10tRo4
7-105-12tRo5

6-11IRQ6 6 - 11

7 -10tRoT

3.4. VMEX REGISTERS

The VMEX occupies 16 contiguous addresses in l/O space but is responsivs to only lhe
odd addresses in this space. The registers associated with each address are described
in Table 3-3.

3.4.1. DATA REGISTER

The dala register is ths data communication pott between the VMEX and the VME bus
master. All data is passed between the two processors through this port. This port is double
buffered In both directions allowing dala to be written to the port befors the previous byte
has been read and processed. This allows lor faster processing of the data between the
two microprocessors.

The jump€rs ar€ wire-wrap posts which can be shorted wlth a shorling plug or by wire-wrapping. For
additionalshorling plugs see Molex Corp. part numb€r 90050-0007.
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Vi.{EX REGISTERS 3. VME BUS INTERFACE

D ESCRI PTIONADDRESS
OFFS ET

FACTORY
DEFAU LT

1 FFS t Hex Data Register
3 FF83 Hox Done Flag Register

Conlrol Register5 FF85 Hex
7 FF87 Hex Status Register

lnterru pt Vector9 FF89 Hex
FFSB HoX Unused11

13 FFAD Hex Unused

FFSF Hex [Jnused15

Table 3-3 VMEX REGISTER DESCRIPTION

3.4.2. DONE FLAG REGISTER

The done flag register is a read only register from the VMEX. The status bit indicating the
done status of each axis is written by the 68000 on the VMEX. The host can then read it at
any time to determine lhe status ol the rnotion process. lt is cleared by reading the register.
The bit delinition is shown in Table 3-4.

Table 3-4 DONE REGISTER STATUS BITS

BIT DESCRIPTION
Done Slatus ol x Axis0

1 Don€ Slatus of Y Axis
Done Stalus ol Z Axis2

a Done Status of T Axis
Done Slatus of U Axis4
Done Status ol V Axis5

Unused, Always 0o

7 Unused, Always 0

3.4.3. INTERRUPT CONTROL REGISTER

The interrupt control register allows ditferent inlerrupt sources lrom the VMEX to be
individually enabled or disabled. A write to this regisler will change the enabled interrupts
at any time. The register may be read back to verify or determine the state of the interrupts
at any time.
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3. VME BUS INTERFACE VMEX REGISTERS

Table 3-5 CONTROL REGISTER BIT DEFINITION

3.4.4. STATUS REGISTER

The status regisler is a read only regisler that provides status information to lhe host CPU.
This slatus is independenl ol the enable stalus of the interrupt, allowing the board to operate
in a polled mode, il desired.

ln order to resolve lhe source of a done or enor inlerrupt, lhe DoN-s bit (bit 4) should be
readlirst. This bit in the status register is automatically teset upon reading lhs status regisler.
ll the DON_S tlag is true, the error bits should be read to delermins il the inlerrupt was
caused by an error condition. lf no error condition is present, the done llag register can bs
read to determine which axes are done. An "lC" command (or Control-Y is prelerred) should
then be given lrom within the interrupt service routine or poll routine to reset the done llag
register and error bils. The TBE_S bit is reset by writing to the data register and the IBF-S
bit is reset by reading lhe data register. Both bils may remain true afler a single read or
write since the data port is double buflered and may still remain ready lor data.

The enor bits, CMD-S, ENC-S and OVRT may also be cleared by sending a ControFx
(ASCll value0X18). Thiswill reset these bits inlhe status register without attering the state
ol ths done llags. The lNlT bit only goes high when lhs board is initializing and cannot
communicate. lt will go low and remain low whgn initialization is complete.

DESCRIPTIONBIT NAME
lnle rrupt enable bil7 IRQ E

b TBE-E

Transmit bufler empty inlerrupt enable bit. This bit
should bs chscked belore writing lo the dala registsr to
avoid sending a character when the interrupt has boen
disabled.

5 IBF E lnput bulfer full intsrrupt enabls bit
4 DON E Done or error status inlerrupt enable bit

Unused, always 03
Unused, always 02

Unused, always 01

Unused, always 00
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POWER SUPPLY REOUIREMENTS 3. VME BUS INTERFACE

DESCRIPTIONBIT NAME

7 IRQ S
lnterrupt request status. Bit 7 is the logical OR ol bits 4
through 6. lt is high when an interrupl is bging requested
or indicatss a request lor servics in a polled mode.

6 TBE_S Transmit bufler empty status. This high true bil indicates
a charactsr may be written to the transmit bulfer.

IBF S
lnput buffer full status. This high true bit indicates
character is available in the input buffer.

a
5

DON S

Done or error status. This high true bit indicates lhs
command is complete (i.e. an lD command has been
executed) or an error has been detectsd. ll bits 0-3 are
all false it indicates a command completion. Error bits
indicate one or more errors have been detected.

4

OV RT Overtravel. An overtravsl switch was trus indicating
attempted travel out of bounds.

a

Encoder requesl. This bit indicates lhat tho encoder
option is requ est ing service.2 ENCODER

IN IT High during reset then lowI

CMD S
Command error.
detected or LS
p a irs.

An unrecognizable command has been
and LE commands are nol in matched0

Table 3-6 STATUS REGISTER BIT DEFINITION

3.4.5. INTERRUPT VECTOR REGISTER

The intenupt veclor regisler is a byte wide read/write register. The host maywrite the desired
vector into this register at an tims. lt will be returned during an interrupt acknowledge whsn
this VMEX board is the highest priority board in the system at the selected priority level.

3.5. POWER SUPPLY REQUIREMENTS

The VMEX is designed to operate lrom lhe power supplied in lhe VME bus backplane. Ths
host computgr or expansion box must bo capabls ot supplying 2.21 amps typical lor
operation ot the VMEX board.

oAAIIOM

Under no circumstances should the card be installed in lhe com'
puler with the power on.
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4. DRIVER INTERFACE OUTPUT CONNECTION

4
DRIVER INTERFACE

4.1. OUTPUTCONNECTION

Table 4-1 lists the input and output interface signals available at oulput connector P2 on
each VMEX board. The table is shown as seen looking at lhe end of the connector.

Table 4-1 P2 CONNECTOR PIN ASSIGNMENTS

ROW A FUNCTIONPIN ROW C FUNCTION
Sync 0 lnput1 Sync 1 lnput
+5VDCU Step Oulput2

U Direction OutputU Auxiliary Output3
Ground4 U Negative Limil Swilch
U Positive Limlt Switch5 U Home Switch
+5VDCV Step Oulput6
V Direction Oulput7 V Auxiliary Output
GroundV Negative Limit Switch
V Positive Limit Switchv V Home Switch
+5VDC10 X Slep Output
X Direction Output11 X Auxiliary Output
Ground12 X Negative Limit Switch
X Positive Limit SwilchX Home Switch13
+5VDC14 Y Slep Output
Y Direction Outpul15 Y Auxiliary Output
GroundY Negative Limit Switch16
Y Positive Limit Switch17 Y Home Switch
+5V DCZ Step Output18
Z Direction OutputZ Auxiliary Oulput19
Ground?0 Z Negative Limit Switch
Z Posilive Limit Switch21 Z Home Switch
+5VDCT Step Output22
T Direction Outpul23 T Auxiliary Output
GroundT Negative Limit Switch24
T Positive Limit Switch25 T Home Switch

Reler to Section 5lor pin assignments on VMEX boards with the encoder option.

A separate 4-conductor shielded cable should be used for each axis for lhe connections
to its associated driver module and must be limited to 50 leet. A connection to the vME
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OUTPUT CONNECTION 4. DRIVER INTERFACE

bus +5VDC power is provided for each axis to supply power to the emilter diode withi
oplo-isolated motor driver module, such as the MH10. This allows the use of such dri
without the need for an exlernal power supply.

n an
ve rs

AAUI!9M

This power supply connection must not be connected lo any other
supply or used tor any othor purposo or damage may resull to ths
host computer or VMEX or both.

A ground conneclion is provided lor each axis lor conveniencs in connecting up lhe system.
The VMEX is supplied with 7406 open collector TTL drivers as standard. These parts are
in sockets and can be replaced with 7404 tolem pole drivers lor driver modules which do
not have oplo-isolated inputs. Each device handles the stsp, direction and auxiliary output
for two axgs. The cable shields should be connected to thg appropriate ground pins as

+24V T0 +5AV DC
t10ToR

t'1H l0

J6A
AC
10

NC

POIIER SUPPLY GND.
+24 T0 60 VDC
PHASE A
PHASE B
PHASE C
PHASE D
CONTROL
DIRECTION
STEP PULSE
+59DC
CURRENT SET
GROUND

l1

x-axts t2

i,;-ri') cr
r- L 1.\-r) CC{
' HOtlE

l3

+5V
STEP

NIR
AUX
CND

?

Figure 4-1 VME)OMH10 INTERCONNECTIONS

OPTIONAL CO

SEE SECT I ON 6
FOR RESISTOR VALUE

COUNTER_CLOCI(I.IISE LIhTT SLJITCH

CLOCKI,]ISE LIT4IT SI,]ITCH

3

I HoME Sl,lI TCH 4
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4. DRIVER INTERFACE MULTI.AXIS SYNCHRONIZATION

shown in Table 4- l, and lelt open at the driver end when used with opto-isolatsd loads to
avoid ground loops and ensure isolalion.

4.2. MULTI.AXIS SYNCHRONIZATION

Each VMEX has provision for synchronizing several VMEX boards or olhor OMS VME
family motion conlrol boards to drive larger systems. Systems requiring more lhan 6 axes
and thus more than one VMEX can be synchronized by connecting an auxiliary output on
one board lo lhe sync input on lhe other board. The boards can signal each other at the
appropriate place in the command stream wilhout interrupting tho host compuler. synchro-
nization can be accomplished wilh other devices as well.

4.3. LIMIT AND HOME LINES

The limit and home lines can be activated using mechanical switches using contact
closures or other suitable active switches, such as a hall eflect switch or oplo-isolator, that
connect lhe line to ground. The limit swilch closure will stop the associated pulse stream
if ths molor lravels beyond its allowable limits and trips the switch. The home switch
provides a means to synchronize the motor controller with lhe load at some home or
reference position. The home switch, when used with the soltware HM command, will
cause the motor lo stop when the switch closes. On f inding the home position ths internal
position counters will be inilialized. The sense ot the home switches may be changed to
true when open, if desired, by use of the HH command. The limit switches may be changed
to lrue when open, if desired, by removing the jumper on J57. Figure 4-1 shows a typical
connection between a VMEX board and a motor using an OMS MH10 motor driver.
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5. ENCODER OPTION INTRODUCTION

5 I

ENCODER OPTION

5 1 INTRODUCTION

The encodsr leedback option is intended primarily tor applicalions whsrs desirsd positional
accuracy exceeds the accuracy of the mechanical drive components, such as lead scrsws,
or where position feedback is required to detect molor slip or stall.

The encoder option accepts quadrature pulse outputs trom high resolution optical encod-
ers. Very high resolution encoders may be used while the indexers are generating pulses
al lheir maximum rate. This allows position feedback inlormation to match the resolution
to the microstepping motor drive. Two axes may be configured for encoder leedback on
each VMEX-zE or VMEX-4E board.

5.2. MODES OF OPERATION

Ths VMEX-2E or VMEX-4E can moniior the actual position through the encoder pulse train.
It can then correcl for position errors due to system backlash or mechanical lolerances or
report slip or stall of the motor to the host. A tracking mode is also provided which allows
one axis to track the activity ol another axis or positioning devics. These options are
selectable by the user through software commands.

5.3. ENCODER SELECTION AND COMPATIBILITY

The VMEX with Oplion E is compatible with virlually any incremenlal encoder which
provides quadrature outputs. Times four quadralure detection is used to increase resolu-
tion. The inputs are compatible with encoders which have single ended TTL outputs as
wsll as differenlial line drivers. Provisions are also provided for an index pulse (differential
or singlg ended) and an index enable {or systems requiring more than one rsvolution ol
travel and thus multiple index pulses trom the encoder. A biasing network is provided on
the board lor termination ol unused encoder inputs.

The user can specify the encoder count/molor count ratio lor position maintenance and
encoder tracking mode. This ratio is handled internally in tloating point format and can bg
virtually any ratio. Slip detection requires lhat lhe sncoder resolution (alter ths 4X
quadrature detection) malch the motor resolution.

5.4. ENCODER INTERFACE

The encoder connections are as shown in Table 5-1.
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HOME PROCEDURES 5. ENCODER OPTION

Tab|e 5-1 P2 PIN ASSIGNMENTS FOB ENCODER OPTION

ROW A FUNCTIONROW C FUNCTIONPIN
Sync 0lnputSync 1 lnput
+5VDCX lndex +2

X Phase A- X Phase A+3
Ground4 X lndex -
X Phase B+X Phase B5
+5VDCb Y lndex +
Y Phase A+Y Phase A-7
G rou ndY lndex -8
Y Phase B+Y P hase B-9
+5VDC10 X Step Output
X Direction Oulpul11 X Auxiliary Output
GroundX Negative Limit Switch12
x Positive Limit switch't3 X Home Switch
+5VDCY Stsp Output14
Y Direction Output15 Y Auxiliary Output
Ground16 Y Negative Limit Switch
Y Positive Limit Switch17 Y Home Switch
+5VDC't8 Z Slep Outpul
Z Direction OutputZ Auxiliary Output19
GroundZ Negative Limit Switch20
Z Positive Limit Swilch21 Z Home Switch
+5VDC22 T Step Output
T Direction Output23 T Auxiliary Output
GroundT Negative Limit Switch24
T Positive Limit Switch25 T Home Switch

It single ended encoders are used, the unused line receivsr inputs must be externally
biased at +1 .5VDC

5.5. HOME PROCEDURES

Two logical inputs are provided to synchronize the physical hardware with the VMEX
conlroller, i.e. put the controlled motor in the home position.

Tho VMEX homo inputs can be used wilh encoders which provide one home pulse lor the

complete travel ot the stage. This signal can be either a logic high or logic low true by
using lhe HH and HL commands. The HM or HR commands are used aller reducing the
velocity to no more than 1024 pulses per second. This limit on velocity is necessary to
avoid ambiguity ol the home position if more than one pulse occurs per sample interval.

The index input on VME bus P2 uses internal logic to establish the home position when
used with the HE command mode. This position consists ol lhe logical AND ol the encoder
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5. ENCODER OPTION HOME PROCEDURES

index pulse, lhe home enable sxternal input (low true only) and a single quadrant from the
encoder logic. The home enabls pulse must be true for less than ons revolution of the
encoder thus allowing only one home for the complele travel of the stage. The homs logic
expressed in boolean terms is:

home= phase_A + / phase_B * index+/ home-swilch

Note lhat it is necessary that the above quadrant occur within the indsx pulse as provided
by lhe encoder for this logic to lunction properly. lt may be necessary with some encoders
to shift ths phase of this quadrant by inverting one or both of lhe phases. Invsrting ong
phass or swapping phass A for phase B will also reverse lhe diroction. Thg encodsr
counter (read by an RE command) must incrgase lor positive moves or tho system will
oscillate due to posilive fsedback.
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6. MDl OA AND MHl O DRIVER MODULES GENERAL DESCRIPTION

6
MDlOA AND MHlO DRIVER MODULES

6.1. GENERALDESCRIPTION

The Oregon Micro Systems model MD10A and MH10 microslepping motor drive modules
are designed to run hybrid permanent magnet step motors. The MD10A can drive motors
with currenl ratings between 0.75 and 7.2 amps per phase while the MH10 can operats
motors from 1.5 to 14 amps per phase. Motor current regulalion is achieved by a high
efficiency pulse width modulator (PWM) circuit using power MOSFETS. This results in a
cooler running motor with less wasted energy.

Microstepping is a major feature of these drivers. Each molor step is divided into ten
substeps called microsteps. As a consequence, a 200 slep per revolulion motor lurns inlo
a 2000 step per revolution molor when driven by the MD10A or MH10. For positioning
applications lhis can mean a ten-fold improvement in resolution in the user's system. A
secondary benefit ol microstepping is the elimination ol low speed resonance and vibration.
This is especially noticeable at speeds below 300 full steps per second.

Ths step pulse rate going to tho microstepping drivors will have to be ten times higher in
frequency than it would be for a full step driva to get the same angular move or RPMs.
This would moan a step pulse generator would have to output 400,000 pulses per second
to run the molor at 40,000 lull steps per second.

The MD10A and MH10 utilize all ol lhe motor's windings simultaneously instead ol hall ol
them as a conventional controller does. The result is a much cooler running motor. These
drivers also oller a wide power supply voltage range. This allows the conlrol to be tailored
to the application with a minimum of wasted energy. For low speed applications (0 to 5,000
lull steps per second), the lower end of lhe power supply voltage range provides best
performance, while the high end ol the range is preferred lor high speed (up to 40,000 full
steps psr second) opsration. Ths current requiremonls will typically bs 1/3 of tha motor's
per phase currenl rating when operated in the series connection or ?13 ol ths motor's psr
phass current rating when operated in the parallel mode. The power supply tor the driver
need not be regulated because the driver's PWM circuilry regulates lhe motor current.

Under most conditions the MD10A does not require a heat sink. lt is sulficient to boll it
down to a chassis or metal plale in the user's system using a thermal heat transler
compound. The MH10 requires a heal sink when operated at the higher currenls. The
small size ol these driver modules and absence ol any adjustments allows them to be
mounted in locations too small or too inaccessible lor other drivers.

6.2. DRIVER CONNECTOR DESCRIPTION

Thgrs are lwelve terminal connections on the MD10A and MH10. Figure 6-1 shows a
typical connection seluP.
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DRIVER CONNECTOR DESCRIPTION 6. MDlOAAND MHlO DRIVER MODULES

6.2.1. LOGIC GROUND

This lerminal (pin #12) should be used lor the low level logic return or ground. lt is the same
potentialas supply ground (pin #1) and is provided as a user convenience. lllhe logicground
is connected to the power supply ground elsewhere in lhe user's system, then it is nol
nscsssary lo use this terminal. To ensure isolalion trom ths host computor this connection
should NOT be connected to the step pulse source (VMEX board). The cable shield from
the VMEX should NOT be connected to the driver.

6.2.2. CURRENT SET

This terminal (pin #11) is used to set lhe rnotor current level, matching the drive/s currenl
supply capability to the needs ol the user's motor. A single 1/4 wan resislor connected
between lhe current set terminal and logic ground is all lhat is required. The proper resistor
value is selecled lrom Tables 6-1 and 6-2. lf a 6 or 8 wire rnotor is to be series connected
use lhe series column, olherwiso use the parallel column tor parallel connected or 4 wire
motors. The parallel column is lho current actually delivered by the driver. Ths ssries
column is provided for convsnignce in calculating the resistor value lor lhe series connectgd
case. Match the motors per phase current lo the closest listed value, then pick the resislor
value associated for that current. ll the motor currenl lalls between the table entries, then
interpolate between the enlries or usg the larger of the two resislor values. Note that most
motor manufacturers rate lheir molors in uqlpolar cunent per phase. The MDl0Aand MH10
are bipolar drivers. The bipolar rating is {2 times the unipolar rating and the bipolar seriss

connection would use a current of ; times the unipolar raling. Note that the faclor of 2 is

already taken into account in thg series ratings in Tables 6-1 and 6-2.

An optional use for the current set terminal is to set a lower, standby current while ths rnotor
is stopped, or shut otl the rnotor current attogether. This is illustrated in Figure 6-1. A
standby current can be set by switching another resistor in parallel with the current set
r6sistor. The standby current will be equivalent to the resutting parallel-wired resistor. Ths
{ollowing example will illustrals opsrating a 4 amp per phase motor at 1.5 amps standby:

A 4 amp per phase motor needs a 68k orrent set resistorwith the MD10A. To reduce the
currenl to 1.5 amps per phase standby, the current sel resislor must be the equivalent of
'12k. The value ol the resistor to be wired in parallel with the 68k cunenl set resistor is
calculaled as follows:

68k X 12kl (68k - 12k) = 14.57k or 15k

This resistor can be switched in or out with a relay, transistor or an open collector gate such
as a7406o17407. The rnotor can be shut ofl entirely by shorting the current set terminal
to logic ground. This can also be done with a 7406 or 7407 TTL inverter as provided on the
auxiliary output of the OMS controlleG. lf this is done, however, there will no longer be

electrical isolation between the driver and the vMEX.
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6. MD10A AND MHl O DRIVER MODULES DRIVER CONNECTOR DESCRIPTION

RES ISTORAMPS/PHASE
PAHALLEL

AMPS/PHASE
SERIES

12K0.751 5
15K1.02.0
27K2.5 1 .25

33K1.53.0
47K1 .753.5
68K2.04.0
a2K2.254.5
120K2.55.0
180K2.755.5
270K3,0
360K6.5
1.3M3.57.0

Table 6-1 MD10A CURRENT SET RESISTOR VALUES

Table 6-2 MH10 CURRENT SET RESISTOR VALUES

6.2.3. +5 VOLT DC

This terminal (pin #10) requires +5VDC lrom an extemal source to power the emitter diods

in the oplo-isolators in the MD10A and MH10.

R ESISTORAMP S/P HASE
PAB ALLEL

AMPS/PH AS E
SERIES

12K1.53.0
15K2.04.0
?7K?.55.0
33K3.06.0
47K3.57.0
68K4.08.0
a2K4.59.0
120K5.01 0.0
180K5.511.0
270K6.012.0
360K6.51 3.0
1.3M7.014.0
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DRIVER CONNECTOR DESCRIPTION 6. MDlOA AND MHlO DRIVER MODULES

DRIVER ( MHI A/TD I OA )

3

5 AI'IP FB
I

t'toToR
CONTROLLER

CONNECTI ONS
5

TTL 9

la

1t

222

4N28 CURRENT SET
RESISTOR

NOTE: R2 FoR STANTBV froDE, SHUToFF ltolE IIHEN R2 = 0.

Figure 6-1 MD10A CURRENT CONTROL

Do not attempt to operate the MD10A or the MH10 withoul a cur-
rent set resislor if the molor rating is below lhe maximum rating o{

the driver. Both models ol lhe drivers default to lheir maximum
current and can damage motors with current ratings substantially
less than this current level.

EAUI]ON

6.2.4. DIRECTION

The direction input (pin #8) is an opto-isolatod input on lhs MH10 and the MD10A. lt
determines ths direction ths motor will lurn when step pulses are applied to the stsp input

terminal. A sink current of greater than 20 ma. will resutt in a clockwise rnove on a step

pulse input, while any current below 12 ma. will resuli in a cou ntelclockwise nbve.

The logic level on this input should not be changed lor 20 microseconds after a step pulss

active edge to insure the corecl step direction. lf the direction logic level is changed less

lhan 20 microseconds after a step pulse high to low transition, the direction for the slep is

undelermined.

+44 TO 6A9DC
POI,]ER SUPPLY

VCC GND

tN475B
?

tN476S

tH476g

S TEP

+5VnC
6

rN476S

1N4760

PHASE AGROUND

PHASE B

PHASE C
/
\

(
PHASE N

R

+24 T0 +60vDc

CURRENT SET

LOGIC GN!
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6. MDlOA AND MHl O DRIVEB MODULES DRIVER CONNECTOR DESCRIPTION

6.2.5. STEP PULSE

Ths step pulss (pin #9) inpul causes the step motor to rmve one step (microstep) lor each
input pulse. The direclion of the move is set by the logic level on the direction input. The
step pulse rise and falltimes lor this input should each be less than 1 microsgcond, othsrwise
more than one micrcstep per step pulse may occur. This is an opto-isolated input with the
same charactsristics as the Diroction input.

6.2.5. MOTOR DRIVE TERMINALS

These lour lerminals (pins #3, 4, 5 & 6) are lhe slep rnotor outputs. Table 6-3 illustrates the
most comrnon wire color codes.

Table 6-3 MOTOR MANUFACTURER'S COLOR CODE

Ths MD10A and MH10 can drive 4, 6 and I wirs step motors. The hookup consideralions
lor each is as follows:

4 WIRE MOTORS: This rnotor has lhe simplest hookup requirements. The motor has two

windings, with a pair of wires brought out for each winding. One winding's lead wires go lo
Term 3 and Term 4, whilo the other winding's lead wires connect lo Term 5 and Term 6.

Use the parallel connection current set values in Tables 6-1 and 6-2.

lf the user is unsure of which wires are @mmon to one winding, an ohm-meter can be used

The wire pairs lhat have continuity between them constitute a winding.

The logic levelon this input may be changed at any other lime as often as the userwishes.
No rnotor motion will resull until a step pulse is applied, then the diredion ol thg rnotor lor
that microstep will bo set by what logic was present at ths rnomonl tho slsp sdge occurrsd.

With step motors it is not particularly important which wire of a winding pair goes to which
terminal of a terminal pak; the motor will run in any case. The rnotol can be reversed by

switching the two connections ol one winding.

6 wlRE MOTORS: This is probably the nbst common lead wire combination' The motor

contains two windings, each of which are center-tapped. The MD10A and MH10 do not uss
these center-taps, which arg usually color coded white and black. These lead wire ends
should be insulated and left unconnected. This will leavg four wires which are connected

according to Table 6-3. Use the series column in the Resistor Tables 6-1 and 6-2

CONNECTION TO MDl OA/MH1O CONNECTOR NUMBER
#6#5#3 #4MANU FACTU RER

Green/WhiteGreenRed Red/WhiteRAP IDSYN
Green Green/WhiteRed/WhiteRedSUPERIOR
Yellow RedOrangeBlackSIGMA

RedYellowBrown OrangeBODINE
Black GreenRedBlueORIENTAL
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MOTOR POWER SUPPLY 6. MDlOA AND MHl O DRIVER MODULES

I WIRE MOTORS: This rnotor lead wire combination has lour separate windings, each with
a pair of wires brought out. Thsso windings ars usually connscted as a pair of sgries
windings or a pair of parallel windings.

Care musl be exercised to pair lhe correct windings and to insure proper phasing of the
paired windings. Consutt the motor manufacture/s instructions.

5 WIRE MOTORS: This is the least prefened rnolor lead wire combination since ons end
ol each winding is connected together inside the motor. This willcause loss of micro$epping
smoolhness compared to the other motor lead wire combinations since the proper dlrents
are nol available in each winding. ll lhis type ol motor is used, the common lead wirs is not
used and should be insulated and letl unconnecled.

EAUI]oM

The motor should never be disconnected from the driver while
power is applied. The large voltage transients developed by the
collapsing magnetic tield in ths motor will destroy the power
MOSFETs. The connection ol 68 volt zeners back to back across
the driver outputs, as shown in Figure 6-1, will help protecl the
driver if the motor is accidentally disconnected.

6.2.7. MOTOR POWER

This rnotor power supply (pin #2) input should be connected to +24 to +60VDC

6.2.8. SUPPLY GROUND

Motor power supply return (pin #1)
the logic ground terminal (pin #12)

o This terminal is also connecled internally to

6.3. MOTOR POWER SUPPLY

Ths power supply does not need to be regulated; a transformer, bridge rectitier and filtor
capacitor ars suflicient. All low level voltages required by the MD10A and MH10 are
generatgd internally, so only a singls vollage power supply is needed.

The MD10A and MH10 will cease lo lunclion normally al voltages below +24VDC. ll a low
voltage, unregulated power supply is used be sure the ripple voltage does not drop below
th is voltage.

ground
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6. MDlOA AND MHl O DRIVER MODULES MOTOR POWER SUPPLY

4 AMP/PHASE
RADIDSYN 34D.9208 MOTOR

1.5 A.

1.0 A 24V 40v 60v.

0.5 A.

10K 20K
FULL STEPS PER SECOND

30K

Figure 6-2 POWER SUPPLY CURRENT VS. SPEED

uarloE
The power supply voltage must never exceed +60VDC. lf an un-
regulated power supply is used, the peak ol lhe ripple voltaga at
high power line voltagg must not exceed +60VDC. Step motors
with large inertial load will generate considerable power during
rapid deceleration. This power is returned to lhe power supply by
the stepper motor drive. This may result in damage to the driver,
power supply or both. lt is recommended that a 68 volt zener
(1N4760 or equivalent) be used as a voltage clamp for protection.
A 5 amp fast blow luse should also be used to limit the currenl re-
turned lo tho power supply. Figure 6-1 shows the connection de-
tail.

Ths choico ol a power supply voltags is determinsd primarily by the maximum speed ol
lhe motor and the altowed motor heating. Higher powsr supply voltages yield higher
maximum operating speeds, and also holter running motors. Generally, the powgr supply
voltage should be high enough to meet the user's speed requirements and no highgr. Any

voltage above that causes lhe molor lo run holler than necessary at any speed.

Ths power supply current requiremenls are going to bs at a maximum when lhe molor is
running at lhe maximum possible speed or delivering torque just short ol stalling. The

curreni draw lrom the power supply under these conditions will be approximately 1/3 the
molor's rated per phass currsnl when connecled in the serigs mode or 2/3 ol ths rated per
phase current when connected in the parallel mode. ln other words, a molor rated at 4
amps per phase will need a power supply currenl ot only 1.33 amps when connected in the

Fz
ul
tr
:f
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MICROSTEPPING 6. MDlOA AND MHlO DRIVER MODULES

POWER SUPPLY 30 VDC
1 .8 AJPHASE - 23D6204
4.0 A/PHASE - 34D9208
7.0 A,/PHASE - 34D9214

2.5 A.

2.0 A.

1.5 A.

1.0 A.

0.5 A.

2.41 A at 24K
7 A/PHASE

1 .33 A. at 18.8K
4NP HASE

0.66 A. at 18K
1 ,8 Ar'PHASE

10K 20K 30K

FULL STEPS PER SECOND

Figure 6-3 MOTOR POWER SUPPLY CURRENT

series connection. That same motor when stopped will need less lhan 112 amp lrom tho
power su pply.

The current requirements for a motor at a given speed decrease wilh increasing power
supply voltage. The actual current draw from the power supply also depends on the
motor's elliciency.

Th6 curvss in Figure 6-2 show lhe power supply current versus speed ol a typical 4 amp
por phasa motor driven by the MD10A. The curves apply lor powor supply voltages ol
+24VDC, +40VDC and +60VDC. The motor ran unloaded. Note, that regardless of power
supply voltage, lhe motor never draws more than 1.33 amps lrom ths power supply. Al
any given speed the motor requires less current with increasing power supply voltage.

The curves shown in Figure 6-2 show the power supply currenl versus speed for low,
medium and high current step motors. The motors are run unloaded and the power supply
voltage is +30VDC in each case. Note the stall currents for each motor are approximately
1/3 the motor's raled per phase current. At speeds below stall, the dilference between tho
running currsnl and thal motor's stall current is an indication ol the reserve torque at any
givenspesd. Figu re 6-3 shows the powsr supply current vs. speed for several motorsizgs.
Figure 6-4 demonslrates the motor torque and power oulput vs. speed tor a typical motor.

6.4. MICROSTEPPING

The MDl OA and MH 10 divide each molor step into ten smaller sub-steps called microsteps.
Every step pulse input causes lhe molor lo move one microstep, taking ten pulses lo movs
the equivalent ol one lull step. lt is important that these microsteps are evenly distributed
over lhe span ol a full step to take lull advantage ot the benelits ol microstepping'

Fz
r.lJt
E
fo
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6. MDl0A AND MHlO DBIVER MODULES THERMAL DESIGN

TOROUE

z
No

100

90
80

70

60

50

40

30

20

10

POWER SUPPLY = 30 V.
RAPIDSYN 23D-6204 MOTOR
1,8 A

SHAFT
HORSEPOWER

20 50 100 200 500 1K 2K 5K loK 20K

FULL STEPS PER SECOND

Figure 6-4 MOTOR TORQUE vS' SPEED

0.02 HP

0.01 HP

lf tho microsteps ars not svenly distribuled or bunchgd up, two pgrlormance arsa6 suflsr.
iirst, tho additional resolution ls less uselul lor posilionlng applications beJauss.ths
pi"""111"nt accuracy ol the microsleps is poor. Second, because ol lho unsvon dist ribulion 

'

ihe motor has to iccolerale and then decelerato over the span of each lull step. This

iauses the motor lo vibrats as it runs at low speeds more than it would wlth accurately

pLceO microsteps. Factors thal govern lhe microstop accuracy aro mechanlcal and

electromagnetic motor design variations lrom manulaclurer to manulaclurer.

For the most critical applicalions, lhe MDl0A and MH10 can be matched to a particular

motor modol by oregon Micro systoms, lnc. to an accuracy ol +l- 112 micloslep. This

,."ur..y is in excesiof what a siandard motor can mechanically delivsr, being limited by

a 13yo non-accu mulativg lull slep orror.

6.5. THERMAL DESIGN

Ths MDl0Adoes not need addilional heat sinking undsr most condilions' Tho driver uses

nigh Jfi.6niy power MOSFETs as output dlivers and low power CMOS logic lo minimize

iniernat neat generation. Whal heat is generated is easily conducted to ths aluminum casg

of in" VOf On"Uy a heat conductive ep;xy used as an encapsulanl. The maior sources of

n."i, rn" ourpui drive M9SFET', are mounted on a heavy gauge aluminum base plate

which serves'as a mounting plate as well as a heat spraader. Ths MH10, bgcausg of its

highgr current, may require an external hgat sink.

To determine it the available heat sinking is sulf icient, allow th6 driver live minules lo warm

up *lin rnoro|. connected but not stepping. This operating condition causes the maximum
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THERMAL DESIGN 6. MDlOA AND MHlO DRIVER MODULES

amount ol heat to be dissipated by the driver. Atter five minutes touch the driver. lf it is
hot lo the touch, it is too hol and needs a betler heat sink.

Ths available hsal slnking may be enhanced by mounting the MDl0A on a metal surface,
prelsrably aluminum, in ths usor's syslgm such as a panel or chassis. lf tho mounling
surlace is painled, ths paint may be removed to expose bare mslal to lhe MD10A base
plale. ll removing lhe paint ls impracllcal, heat sink compound may bo used lnstead.
Should thsse moasures provo to bo lnsufficlsnt or impractical, tho most effsctivs solution
islo mountths MDl0Aon a heal sinksuch as the OMS HS10. Forbestthermal conductivity
uss heal sink compound between tho linnsd sink and tho mounting plats ot tho driver
module.
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7. COMMANDSTRUCTURE INTRODUCTION

7
COMMAND STRUCTURE

7.1. INTRODUCTION

An extensive command structure is built into the VMEX f amily ol intelligent motor conlrols.
Il includes a 200 command and parameter bulter lor each axis and a command loop counter
which allows multiple executions ol any command string.

The lollowing commands in this section are included in the VMEX lamily ot controllers. All
lhe commands are two ASCII characlers and may bg in upper or lower case. Some of the
commands expect a numerical operand to lollow. These commands are identiligd with a
'#' after the command. The operand must be terminated by a spaco, carriage return or
semi-colon to indicate the end of the number. No lerminator is required on the other
commands, but may bs included to improve readabilily. The opsrand must immodiately
tollow the command with no space or separation character. The '#' indicates a signed
integer input parameter or a signed fixed poinl number of the format ##.# when user units
are enabled. With user units enabled distances, velocity and acceleration parameters may

be input in inches, revolulions, etc.

Synchronized moves may bs made by entering ths AA command. This command psrlorms
a context switch which allows entering lhe commands in the format M Rx#'y#'z#'t#' u#'v#;
Numbers are enlered lor each axis which is to be commanded to move An axis may be
skippod by enlering a comma with no parameter. Tho command may bs premalurgly
lerminated with a '';", i.e. a move requiring only the X and Y axes would use tho command
MRx#,y#; lollowed by the GO command. Each axis programmed to move will start together
upon executing ths GO command. The VM EX can be switchsd back lo ths u nsynchronized
mode by entering the desired single axis command such as AX.

The AM command is provided lor complex applications where the host manages multiple
motion processes by a mullitasking operating syslem. This mode shares the same
inslructions as the AA mode, but allows starting a lask while some other task involving one
or many axss is active. For examplg, the X and Y axes could bo doing lingar interpolation
whils the Z axis is making an unrelated move simultaneously.

Constant velocily contouring provides another mods wherein ths move paramelsrs are
predetined by entering AA then CD#,#;. The VMEX will thsn calculats ths move prolile in

advanco and move al constanl velocity in lhe prescribed paltern. lt can do linear interpo-
lation on aS many as 4 axes belween the predefined points or it Can do circular interpolation
mixed with linear on lwo axes.

7.2. COMMAND QUEUES

The input characters are placed in a character buffer on input then removed and inlerpre-
ted. The commands ars then placed in separate command queues tor each axis' As lhey
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AXIS SPECIFICATION COMMANDS 7, COMMANDSTRUCTURE

are executed the space is reclaimed allowing the host to pass commands ahead of the
moves actually being processed. Most ol the commands are placed in the appropriato
command queue for execution and others are executed immediately allowing return ot
slalus inlormation in a timely way ralher than when encounlered in the command stream.
This information is provided in a table for each command which shows the queuo rsquire'
menls, il any, and indicates immediate in those cases where the command is not queued.
Tho single axis cases are indicated by the mode reference indicaling the appropriats axis.
The synchronizsd mode is indicated by thg mods identif ier AA or AM. The contouring case
is indicatgd by AA/CD for multiple axes in contour def inition mode. The RQ command may
bs usod lo determine lhe actual space available at any time. The queues operate
independently allowing each axis to perform separate processes simullaneously. The
synchronized modss (AA) insert special wait opcodes which allow the axes to be synchro-
nizod in lhis mode. When the commands aro nested within loops, ths queue space is nol
reclaimed until after the loop has been executed the programmed number ot times. For
loops larger than the queue space, lhe loop may never be completed sincs it cannot reclaim
the queue space and cannot accept the loop terminator. The RO command may be used
to examine the remaining queue spacs. A Control-D may clear this condition if lhs input
characler queue is not also filled since it bypasses the command interrupler.

The following commands are available in lirmware revision 1.87 and above

7.3. AXIS SPECIFICATION COMMANDS

The lollowing commands set the context to direct the commands which follow to the
appropriate axis. They remain in ellect unlil superseded by another command of tho sams
type, specifying a different axis.

AA AXES ALL

The AA command will perform a conlext switch lo coordinated moves.

OUEUE REQUIREMENTS
MODE

AX-AV lmmediate
AA,AM 2

Not validAAICD

Example:

Enter:

Perform an absolute move using the X and Y axes

AA MR12000,14000; GO
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7. COMMANDSTRUCTURE AXIS SPECIFICATION COMMANDS

AM AXES MULTITASKING

The AM mode allows ssveral tasks to be managed simultaneously. For instancs,
a task may be perlorming coordination motion on 2 axes, whils a second task is
performing unrelated bul simultaneous motion on anothsr axis.

OUEUE REOUIREMENTS
MODE
AX-AV lmmediate
AA,AM lmmediate

Not validAA/CD

Example: Perform a coordinated move on the X and Y axss, whils moving the
T axis as a separale move.

Enter AM MR2000,3000; GO MA,,,10000: GO

AX AXIS X

The AX command sets the context to direct all the following commands to lhe X
axis. This is the default mode at power up or reset.

OUEUE REOUIREMENTS
MODE

lmmediateAX-AV
AA,AM lmmediate

Not validAA/CD

Example:

Enter:

Make the X axis slep at a rate ot 5,000 steps/second.

AX JG5OOO;
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AY AXIS Y

The AY command sets the context lo direct all the following commands lo the Y
ax is.

OUEUE REOUIREMENTS
MODE

lmmodiataAX-AV
AA,AM lmmediale

Not validAA/CD

Example

Enter:

Examine the status of the Y axis

AY RA

AXIS Z

Ths AZ command sets the context lo direct all the lollowing commands to ths Z
ax is.

OUEUE REQUIREMENTS
MODE

AX-AV lmmediate
lmmedialeAA,AM
Not validAA/CD

AZ

Example:

E nte r:

Move the Z axis 2,000 steps at a rate of 500 steps/second

AZ VLsOO MRzOOO GO
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AT AXIS T

The AT command sels lhe context to dirsct all ths following commands to ths T
ax is.

OUEUE REQUIREMENTS
MODE

lmmediateAX-AV
lmmsdiateAA,AM

AA/CD Not valid

Example

Enter:

Move tho T axis to absolute position -2468

AT MA-2468; GO

AU AXIS U

The AU command sets the context lo direct all the lollowing commands to the U

ax is.

OUEUE REQUIREMENTS
MODE

AX-AV lmmediate
lmmediateAA, AM

AA/C D Not valid

Example

Enter:

set the u axis position regisler to -56789.

AU LP-56789

VMEX User's Manual 7-5

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AXIS SPECIFICATION COMMANDS 7. COMMANDSTRUCTURE

AV AXIS V

The AV command sels the context to direct all the lollowing commands lo the V
ax is.

OUEUE REQUIREMENTS
MODE

AX-AV lmmediate
AA, AM lmmediate
AA/CD Not valid

Example:

Enler:

Set the auxiliary line low on the V axis

AV AF
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7.4. SYSTEM CONTROL COMMANDS

Thess commands allow control ol various syslem paramelsrs and opsrating modes to allow
lhe user to optimize the response ot the system for his/her applicalion needs.

EN ECHO ON

The EN command enables echoing. All commands and parameters will be echoed
to the host. This mode is useful for debugging command strings from a terminal'
This mode also outputs an English readable error message to the host which may

be echoed to the lerminal or computer to aid in debugging.

Example

Enter

OUEUE REOUIREMENTS
MODE

lmmediateAX-AV
AA, AM Not valid

Not validAA/CD

EN

Enable echoing by the VMEX so that commands aro echoed and the

error message are returned to lhe host as a readabls Ascll string.
This command would probably be the lirst command executed after
turning on the system when this mode is desired.

EF ECHO OFF

The EF command disables echoing lrom the VM EX motion system. This is the

delault mode at Power uP or resel.

OUEUE BEQUIREMENTS
MOD E

lmmediateAX-AV
Not validAA,AM
Not validAA/CD

Example

Enter:

Stop echoing to the hosl.

EF
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HH HOME HIGH

Ths HH command sets the sense of the home switch on lhe current axis to activs
high. This allows the use of a normally closed switch.

OUEUE REOUIREMENTS
MODE

AX-AV 1

AA,AM Not valid
AA/CD Not valid

Example: (see HL command)

HL HOME LOW

The HL command sets the sense of the home swilch on the current axis to active
low. This is the default mode at power up or reset.

OUEUE REOUIREMENTS
MODE

AX-AV 1

AA,AM Not valid
AA/CD Not valid

Example: A faster home sequence may be used in applications which have a
long distance to lravel to reach home. The stage is moved through
home at high speed with the home switch set tor active high then
reversed at low speed to meet the 1024 steps per second require-
ment of the home command.

E nter: AX VLzOOOO HH HMO
VLlOOO HL HRO
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LF LIMITS OFF

Ths LF command turns otl the limit switches lor the addressed axis' This allows
the slage to movs beyond the limit switch and should be used with caution.

QUEUE REOUIREMENTS
MODE

1AX.AV
AA,AM Nol valid
AA/CD Nol valid

Example

Enter:

Set up a board to ignore the Y axis limit switches.

AY LF

LN LIMITS ON

The LN command restores lhe operation of the limil switches for the addressed
axis. This is lhe defaull state at power up or reset.

QUEUE REQUIREMENTS
MODE

AX-AV
Nol validAA,AM
Not validAA/CD

Example: Set up the T axis to stop immediately when a limit switch is encoun-
tered.

Enter AT LN
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SL SOFT LIMIT

The SL command changgs the operation of the limit inputs causing th0 output pulss
train to ramp down instsad of terminating immediately. The output quoue is not
flushed except tor the current move. This mode is eflective lo r point to point moves
only. This command is valid in the single axis modg only but aflects all axes
simultaneously.

OUEUE REOUIREMENTS
MODE

1AX.AV
Not validAA,AM
Not validAA/CD

Examplo: Set up a board to allow each axis to ramp to a stop when a limit ls
encountered.

Entsr AX SL

SF SOFT LIMIT OFF

The SF command restores lhe normal operation of the limit switches. This is tho
default mode at power up or reset.

QUEUE REOUIREMENTS
MODE

1AX-AV
Noi validAA,AM
Not validAA/CD

Example: Set up a board lo make each axis stop immediately when a limil is
encou ntered.

Entsr: AX SF
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CN COSINE ON

The CN command enablss cosine velocily ramps, l.e. half sinusold accelsratlon
profiles for all axes. The cosine is not truncated in moves that do not reach full
spsed. Ses Section 1 for an explanation ol vslocity prof iles. This command should L

not bs given while an axis is in motion or lhe results may not be predictable. This
command aflects all axes, even if issued in the single axis mode.

Because ol the excess processing overhoad involvsd, absoluls movgs, such as MA
and MT, cannol be used within loops (LS-LE, WH-WG) whils tho board is in tho
cosine (CN) velocity prolile mods. Flelalivs moves, such as MR and ML, will work
properly within loops, when in the cosine mode.

OUEUE REOUIREMENTS
MOO E

AX-AV lmmediate
lmmediateAA,AM

AA/CD Not valid

Example

Entgr:

Set lhe board to be in cosine mods.

CN

PN# PARABOLIC ON

The PN command sets all axes lo truncated parabolic ramps. This accelgration
profile starts at 100% ol the programmed acceleration and decreases in sleps of
1O% ot the initial acceleration down to as low as 10%. The parameter supplied
selects the number of steps. lt must be in the range ol 3 to 10 corresponding to
7O'A and l O7o acceleration at the peak respectively. A parameter out of this range

or no parameter supplied defaults to 70o/" ot 3 steps. Nots that lhe parameter is
lhe number of steps, not lhe acceleration values. The larger number is a lower
acceleration at the peak. See Section 1 lor an explanation of velocity proliles. This
command should not be given while an axis is in motion or the results may nol bg
predictable. This command aflects all axes, even it issued in lhe single axis mode.

QUEUE BEQUIREMENTS
MODE

lmmodiatsAX-AV
lmmediateAA,AM
Not validAAICD

Example

Enter:

Set the board to be in the smoothest parabolic acceleration ramp.

PNl O;
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PF PARABOLIC OFF

The PF command restores all axes to linear acceleralion and deceleration ramps.
This is ihe detault mode at power up or reset. Seg Section 1 for an explanation ol
velocity proliles. This command should not be given while an axis is in motion ot
the resulls may not be predictable. This command turns ofl the PN and CN modes.
This command affects all axes, even it issued in the single axis mode. This is the
delault mode at power up or reset.

OUEUE REGUIREMENTS
MODE

lmmedialeAX.AV
lmmediateAA,AM

AA/CD Not valid

Example:

Enler:

Turn otl cosine or parabolic ramps, returning to linear.

PF

RS RESET

The RS command is a soltware reset which causes the local VMEX microprocessor
to rgset. All proviously enlered data and commands are lost All internal params-
ters ars initialized to defaults. All interrupts are disabled. This command is

inlended for catastrophic failure recovery only. The KL command should be used
to resel queues or return thg system to a known slate.

OUEUE REOUIREMENTS
MODE

lmmediateAX.AV
lmmediateAA,AM

AA/CD Not valid

Example: Clear everything in the board and stop all movement. Rsset all
hardware registers.

Enter: RS
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7.5. USER I/O COMMANDS

The following commands are lor accessing the bit l/o lunctions ol the board. see also the

SW and WS commands.

AN AUXILIARY ON

OUEUE REOUIBEMENTS
MODE

1AX-AV
1AA,AM

AA/CD

The AN command lurns on the selected auxiliary outpul porls' That is, it allows
the open collector line to be pulled high by an external pull up resistor. The AN

command may be used to change power level on driver modules so equippgd'
lrigger another board's input or as a user specified output. This is the delault mode

for the auxiliary line at powor up or reset.

A parameter must be supplied lor the desired axes whgn used in tho AA mode so

lhat the olher axes are not affected. The parameter only serves as a place holder

to show which axes should be aftected, the value given does not allecl the aclive
state ol the auxiliary line. No parameler is required in the single axis mode'

Example:

Enter

Example:

Enler

Turn on lhe Y axis auxiliary output in lhe single axis mode

AY AN

Turn on the X and Z axes auxiliary outputs when in the AA command
mode. The Y axis is unchanged in this example.

AA AN1,,1;
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AF AUXILIARY OFF

The AF command turns ofl the selected auxiliary outputs. Thal is, it causes the
open collector line to bo driven low. The AF command may bs ussd lo changs
power level on driver modules so equipped or as a user specified output. Same
parameter rules apply as the AN command.

OUEUE REOUIFEMENTS
MODE

AX-AV 1

AA,AM I
AAICD 2

Example:

Enter:

Example:

Enler:

Turn olt the Y axis auxiliary output in the single axis mode.

AY AF

Turn ofl the X and Z axes auxiliary outputs when in the AA command
mode. The Y axis is unchanged in this example.

AA AFl ,,1 ;
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PA# POWER AUTOMATIC

Thg PA command will turn on or otl the auxiliary oulputs at the beginning ot each
GO or GD command execution and complgment the outputs aflsr thg move is
exsculed. The auxiliary will bs turned on, i.s. pullsd high, upon lhe exoculion ol
ths Go or GD and oft at the end ol that move, il the parameter is zero or not
specified in lhe single axis mode. ll lh6 paramster is non-zsro, ths sense is
reversed, i.e. the auxiliary output is turnsd olf (drivsn low) upon the execution ot
the GO or GD command and on at the end ol ths mov6.

This mode need only be set once and can be turned oll by using the AN or AF
command. Axes can be selectively aflected in the AA mode by lollowing the synlax
as described lor the AN command. The values of the included parameters set the
state ot ths auxiliary line during the movs. The lollowlng queue roquirsments apply
lo each GO or GD command in the command stream in the AA and single axis
modes.

QUEUE REOUIREMENTS
MODE

2AX-AV
AA,AM 2

AA/CD Not valid

Example Turn on the Y axis auxiliary output at lhe beginning of a move and
turn the T axis output oll at tho beginning ol a move, whilo in tho AA
command mode.

Enter AA PA,O,,1;

sE# SETTLING TIME

The SE command allows specilication o{ a settling time, in milliseconds, lo be used
bslore the power is reduced, when using the PA mode. The parameter may be any
value to 1 000 milliseconds. Specif ication of a parametar ot zoro turns otf ths mode.
This command is available in single axis mode only. The use of this command
requires 3 queue slots with the execution of each GO or GD command.

OUEUE REOUIREMENTS
MODE

AX-AV
AA,AM 3

Not validAA/CD

Example Turn on ths Z axis auxiliary output upon execulion ol a move and
have il remain on lor 500 milliseconds after the move is complete.

Enter AZ PA SEsOO;
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7.6. MOVE SPECTFICATION COMMANDS

Theso commands allow speci{icalion of move paramelers. They allow move parameters

lo be tailorod to the usor's system requirements.

AC# ACCELERATION

Ths AC command sets the acceleration/dece le ration register to the operand which
lollows the command. The parameter must be greater than zero and less than
8,OOO,0OO. All ths lollowing move commands for the axis being programmed will
accelerate or decelerate at this rate until another AC command is entered. All

acceleration registers delaull lo 2,000,000 steps psr second per second upon
power-up or reset.

The acceleration register may be automatically modif ied by the VMEX it an ML or
MT instruction is sent in the AA or AM modes. The user must then redofine them
with an AC command, when returning to the single axis mode' or when using move

commands in the AA or AM modes which do not do interpolation, such as ths MA

or MR commands.

OUEUE REOUIREMENTS
COS IN EPAH A BOLICLIN EABMODE

15154AX. AV
't5154AA,AM

Not validAA/C D

Example: ln ths single axis mode, sot the Y axis acceleration to 200,000
counts per second Per second.

Enter: AY AC200000

Example: ln the AA mode, set the acceleration ol the X axis to 200,000 and

the Z axis to 50,000 and leave the other axes with their previous

values.

Enler: AA AC200000..50000:
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vL# VELOCITY

OUEUE REOUIREMENTS
costNELINEAB PARA BOLICMODE

13132AX-AV
13132AA,AM

Not validAA/CD

The VL command ssts the maximum velocity register of the axis bsing programmed

to the operand which follows the command The operand must bs greatgr than zero
and less than or equal to 522,000 steps por second. The vslocity dotaults to
2OO,O0O at power up or rsset. This is a write only regislsr and controls ths
maximum velocity used in relative and absolute position moves except as modiligd
by ths linear interpolation inslructions.

ll the velocity register is modilied by an ML or MT instruction in lhe AA or AM modes'
lhe user must redefine the velocity wilh a VL command when rsturning to the single
axis mode or using a move command which does not use interpolalion in the AA or
AM modes.

Example

Enter:

Example

Enler:

ln lhe single axis mode, set the X axis velocity to 10,000 counls per

second per seco nd.

AX VLl OOOO

ln the AA mode, set the peak velocily of the X axis to 5'000 and the
T axis to 50,000 and leave the olher axes with their previous values.

AA V15000,,,50000;
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VB# VELOCITY BASE

The VB command allows the velocity ramp lo start at the specified velocily. This
allows faster acceteration and the ability to pass through resonance quickly in somo
applications. The velocily jumps instantly to the specified velocity, then ramps as

usual. The deceleration is the same in reverse. This mode is active only lor linear
ramps. lt is ignored for cosins and parabolic ramps but not llagged as a command
error. The parameter must be greater lhan zerc and less than the programmed
velocity. This command is not valid with the JG command. The base velocity
delaults to zero at power up or reset.

QUEUE REOUIREMENTS
cos tN ELIN EAR PARA BOL ICMODE

2AX-AV 2 ?

2AA,AM 2

AA/CD Nol valid

Example

Enter:

Example

E nte r:

ln the single axis mode, set the Y axis velocity base to 200.

AY VB2OO

ln tho AA mode, set the X and Y axes velocity bases lo 200.

AA V8200,200;
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LP# LOAD POSITION

OUEUE REQUIREMENTS
EN CODEFNO ENCODERMODE

42AX-AV
Not validAA,AM

AA/CD Not valid

The LP command will immediately load the position supplied as a parameter in the
absolute position register of the axis. ln models with the encoder option, the
parameter will be loaded into lhe encoder position register and the parameler times
the encoder ratio will be loaded into the position counter. ll the no patameter is

supplied, the value ol zero is used. This command turns oft the position hold and
intsrrupt on slip modes when used in a VMEX wilh tho encoder option.

Example:

Enter:

Example:

Enter:

The lollowing would load the X axis position register with 1000.

AX LPl OOO

AY ER3,2 LP3OOOO

The following would load the Y axis position regislerwith 20,000 and
ths encoder position register with 30,000 counts, in encoder modols.
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MA# MOVE ABSOLUTE

The MA command will set up the axis to move to the absolute position supplied as

a parameter. Ths detault value of zero is used if no parameler is suppliad in the
singls axis mode. ln lhe AA mods, an axis may remain slationary by entering a
comma but omitting the parameter. The move is actually initiated by a GO or GD
command.

ln the AA mode, each axis will use its predelined acceleration and velocity values
to move lo the new absoluts position. Each axis may, or may not' ggt to ths
destination al the same time, because each axis ulilizgs individual velocitiss and
accelerations.

Because ol lhe excess processing overhead involved, the MA command cannol be
used within loops (LS-LE, WH-WG) while the board is in the cosine (CN) velocity
prolile mode.

The linear move commands (ML and MT) and the conslant velocily modo may alter
predelined acceleration and velocity values. These values should be redelined if
you go lrom a linear move to a non-linear move, such as an MA or MR type' in both
single axis or all axes modes.

OUEUE REOUIREMENTS
PARABOLIC COS IN ELI N EARMODE

22AX-AV
22AA,AM

Not validAA/CD

Example ln the single axis mode, move the X axis lo absolute position
100,000 counts with the previously enterod acceleration and veloc-
ity parameters.

Enter AX MAlOOOOO GO

Ex ample: ln tho AA mods, move the Y axis to absolute position 10,000 counts
and the T axis lo absolute position 1,000 counts. Ths other axes
will remain in their current positions.

Enter: AA MA,10000,,1000; Go
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MR# MOVE RELATIVE

The MR command will set up the axis to move relalive lrom the current position at

the time ths move is executed. ln the AA mode, an axis may romain stalionary by

entering a comma but omitting the parameter. The movg is actually initialed by a
GO or GD command.

OUEUE REOUIREMENTS
COSINEPARABOLICLI N EARMODE

22AX-AV 2
222AA,AM

Not validAA/CD

Example: ln the single axis mode, move lhe X axis 2468 sleps in the negative
direction.

Enter AX MR-2468 GO

Example ln the AA mode, move the X axis 12345 steps in the posilive
direction and the Y axis 6789 steps in the positive direction. Both

axes will starl at the same time.

Enter AA MR12345,6789; GO

ln lhe AA mode, each axis will use ils predelined acceleration and velocity values
lo move to the new absolule position Each axis may, or may not, get lo the
destination at the sams tims, becauss each axis utilizes individual velocities and
accelerations.

The linear move commands (ML and MT) and the constant velocity mode may alter
predefined acceleration and velocity values. These values should be redelined if
you go lrom a linear move to a non-linear move, such as an MA or MR type' in both

singls axis or all axes modes.
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ML#,#; MOVE LINEAR

The ML command uses linear interpolation to perlorm a straight line relative move
to the now location. lnput paramelers are rolalive distancs lor each axis in the
move. Velocity and acceleration parameters ol each axis may be automatically
adjusted by the vMEX controller to pertorm the linear movs. It linear and singls
axis movos are mixod, it will bs n€cossary to resot lhs velocity and accaleration
parameters tor the single axis move lollowing a linear move.

The parameters may have been modilied by the VMEX depending on ths relative
distancss ol the linear move. The ML command should be lollowsd by a GO or GD
to start ths axes together. Ths velocity and acceleralion paramelers are scaled lo
allow the axes to move and linish together. All axes are scaled to lhe axis with the
longest move lime.

OUEUE REOUIREMENTS
PARABOLIC COSINEMODE LIN EAR

AX.AV Not valid
30o 30AA,AM

Not validAA/CD

Example: ln the AA mode, move he Y, Z and T axes 10000, 100 and 1000
counts respectively with each starting and tinishing together. The
olher axes remain in their previous positions.

Enter: AA M1,10000,100,1000; GO
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MT#,#; MOVE TO

The MT command uses linear interpolation lo move to lhe spscilied absoluts
position. The syntax is similar to the ML command. This command is invalid while
in the CN modo, il loops are being used. The command will bacome valid again
alter executing an ST or KL command. The MT command is not valid in loops
(LS-LE, WH-WG) at anytime. When used in lhe contour definition mode, only the
axes being used in the conlour must be provided for in the MT synlax. A GO or
GD command initiatos lhe movo.

Tho MT command may alter predetined acceleration and velocity values. Thess
valugs should bs rsdefined il you go lrom a linear move to a non-lingar movo' such
as an MA or MR lype, in both single axis or all axes modes.

QUEUE REOUIREMENTS
COSINELIN EAR PARABOLICMOO E

Not validAX.AV
3030AA,AM 6

4 + number of axesAA/C D

Example ln the AA mode, move the X, Y and T axes to absolule positions
1000, 10000 and 100 counts respectively with each starting and
linishing togelher. The unused axes romain in their previous posi-
tions.

Enter: AA MT1000,1 0000,,1 00; GO

MO MOVE ONE PULSE

The MO command will outpul one step pulso in the current direction (do not use
the GO command). Ths direction may be reversed by usg ol the MM or MP

command. This command generales the output pulse in one sample interval and
thus gliminates the latoncy ol generating a ramp with an MRI GO command
sequence. This command is not available in models wilh an encoder option.

OUEUE REQUIREMENTS
MODE

1AX-AV
Not validAA,AM

AA/CD Not valid

Example

Enter:

Move the Z axis one pulse in the negative direction

AZ MM MO
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RM# REMAINDER

The RM command will divide the position counter by lhg paramoter supplied and
replacg thg position counler with ths resulting remainder. The parametsr must bo
greater than zgro and loss then 65000. This command is used in applications
where the conlroller is managing lhe motion ol a continuously rotating object. lt
allows the position counter lo keep track ol lhe absolute position without regard to
the number ol revolutions il may have rotated. This command has no sltect on lhe
encoder position register.

OUEUE REOUIREMENTS
MODE

AX-AV 1

AA,AM Not valid
AA/CD Not valid

Example An RM2000 command with a position counter ol -4050 will return a
position ol 1950 since it is within 50 counts ot rolling over at -4000,
i.e. the axis is 1950 counts from the starting point.
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7.7. MOVE EXECUTION COMMANDS

These commands allow execulion of the moves which havs been previously specilied.

GO GO

The GO command will initiate the move which has been praviously programmed
with such commands as MA, MR, MT, and ML. No operand is required with lhe GO

command.

To lind the total queue requirements lor a specilic application, llnd the appropriale
value in Table A. ll the board is an encoder version, add the value lound in Table
B to the value lrom Table A, lo determine total queue usage.

Example

Enler:

Example

Enter

ln the single axis mode, move the X axis to absolute position 12345.

AX MA12345 GO

ln the AA mode, move lhe x axis 2468 steps in the posilive direction
and the Y axis 2468 sleps in lhe negative direclion.

AA M R2468,-2468; GO

TABLE A

OUEUE BEOUIREMENTS
ENCODERNO ENCODERMODE

74AX.AV
85AA, AM

Not validAA/C D

TABLE B

ADDITIONAL ENCODEF AUEUE REQUIREMENTS
cosrNEPARABOLICLIN EARMODE

000AX-AV
15156AA,AM

Not validAA/CD
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GD GO and RESET DONE

Ths GD command may bs substitulod for a GO command. ll will resel tho dong
llags, then initiate the move which has been previously programmed wilh such
commands as MA, MR, MT, and ML; just as the GO command does. ln the single
axis mode, only the done llag tor the selected axis will be reset.

ln the AA mode, all the done llags will be reset. ln the AM mode, the axes involved
in the move will be reset. This allows the host to reset lhe interrupts on the axis
involved in the next move, without affecting other axes which may be still activo.
Noto that this command is probably only useful in applications whgre commands
arg queued in advanca, sincs ths interrupl may be resel belore ths host has the
opportunity lo service it, il the GD command is waiting in the queue

To find the tolal queue requiremsnts lor a specific application, tind the appropriato
value in Table A. ll the board is an encoder version, add lhe value lound in Table
B to the valuo lrom Tablg A, to dstermine total queue usags.

TABLE A
QUEUE REOUIREMENTS

NO ENCODER ENCODERMODE
IAX-AV 5

6 oAA,AM
Not validAAJCD

TABLE B

ADDITIONAL ENCODER OUEUE REOUIREMENTS
costNELINEAR PARA BOLICMODE

00AX-AV 0

15 156AA,AM
AA/CD Not valid

Example: ln the single axis mode, move the Y axis 12345 steps in the negative
direction and set lhe done flag when the movs is completsd. Thon
move it 12345 stops in the positive direction, clsar the pravious dons
tlag and set the done flag, again, when lhe move is completed.

Enter AY MR.12345 GO ID MR12345 GD ID

Example: ln ths AA mode, perform a linear absolute move with the x and Y
axes to tho position 10000,20000 and set the done llag when ths
move is completed. Then perlorm a linear relative move on bolh
axes, moving the X axis 10000 steps in ths negative direction and
the Y axis 20000 steps in the negative direction.

AA MT10000,20000; GO lD M L-10000,-20000; GD lD
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JG# JOG

QUEUE BEOUIBEMENTS
COSINEPARA SOLICLIN EARMODE

Linear ramp2AX-AV
Not validAA,AM
Nol validAA/CD

The JG command is a velocity mode and will step the axis at the velocily supplied
as a parameler. The JG command will accelerate to lhe programmed velocity and

run until altered by an ST, SA, KL or anolher JG command. The iog velocity may

be changed by foilowing lhe command with another JG command ot a diflerent
velocity. The axis musi be stopped belore rsversing directions. This command
modilies the movs velocity parameter (VL) for the altoctsd axis. Tho JG command
does not require a GO or GD command to starl the motion'

Example:

Enter:

Jog the motor al 100,000 steps per second then change to 35,000
st+s per second when the second JG is entered, then stop by

deceleraling to a stop.

JG100000 JG35000 sT

JF# JOG FRACTIONAL VELOCITIES

The JF command will jog the axis at the velocity specified, like the JG command'

The parameter may include a fractional part allowing better resolution at low

speeds. The velocity set by this command will remain the delault velocity until

altered by a VL, JG or another JF command.

QUEUE BEOUIREMENTS
EN COD ERNO ENCODERMODE

3AX-AV
Not validAA,AM
Not validAA/CD

Example: Jog tho Y axis al 2+3 steps psr second.

Enter: AY JF2.667
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VS#,#,# VELOCITYSTREAMING

The VS command will generate a pulse train without acceleralion or deceleration
at the rates specitied. The parameters are time in 1/1024 second sample intervals,
X velocity, and Y velocily. This is a slave mode and cannot be mixed or queued
with other commands. You must be in lhe AX mode, since the VS command and
all parameters are inserted in the X axis command queue. The VS command does
nol require a GO command lo starl the motion.

OUEUE REOUIBEMENTS
MODE

AX 5
Not valid
Not validAA,AM
Not validAA/CD

Example: create a stair step ramp on the x and Y axes, with lhe x axis moving
in the negativs direclion and the Y axis in the positive direction.
Make each step last 1 second long and increase velocily by 1,000
steps/second, until a velocity ol 3,000 steps/second is reached, then
step down to 0 steps/second.

Enter AX VSI 024,-1 000,1 000; VSI 024,-2000,2000; VS1 024,-3000,3000;
VS1 024,-2000,2000; VS1 024,-1 000,1 000; VS1,0,0;
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7.8. MOVE TERMINATION COMMANDS

The following commands allow termination ol move sequences in process

ST STOP

The ST command flushes the queue lor lhe current axis only, in thg single axis
mode, and causes lhe axis to decelerate to a stop at the rate proviously specifigd
in an AC command. This command is used to stop the molor in a controlled manner
lrom ths jog mode or an unlinishsd GO or GD command' This command is

executed immediately. All status and position information is retained. when
executed in the AA mode, the ST command is squivalent lo the SA command'

OUEUE REQUIREMENTS
MODE

AX.AV Flush + 2

Flus h + 2AA,AM
Nol validAA/CD

Exampls Movo ths Y axis for a while at 1200 steps/sgcond, then ramp to a
stop.

Enter: AY JGl200 (wait awhile) ST

SA STOP ALL

The SA command llushos all queues and causgs all axes to decelerats lo a stop
al lhe rate previously specilied in an AC command. All status and position
intormation is retained.

OUEUE REOUIREMENTS
MODE

Flush + 2AX-AV
AA, AM Flu sh + 2

Not validAA/CD

Example: Send all axes on a move, then ramp them to a stop, belors they
linish

Enter; AA VLl00,1 00,100,1 00,1 00,100,100,1 00;
MR1000,2000,3000,4000,5000,6000,7000,8000; GO (wait awhile)
SA
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SD STOP AND RESET DONE

The SD command may be substituted lor the SA command. lt will reset lhe done
llags, then proceed to stop all axes. This allows the host to bo interrupted whsn
all axes have stopped by using the lD command altor the SD. The SA lD combi-
nation may llag the complelion early il ons ol lhe axes is already dons lrom a
previously executed lD.

QUEUE REOUIREMENTS
MODE

AX-AV Flush +2
AA,AM Flu sh +2
AAICD Not valid

Example:

Enter:

Flag a done when all axes have stopped

AA SD ID

KL KILL

The KL command will llush the command queue and terminate pulse generation ol
all axes immediately. lt is intended for emergency termination ot any program and
to reset the input queues to a known slate. The motor may not stop immedialely
oven though no more pulses are delivered dug to inertia of the motor rotor and load.
Therefore, the posilion counler may not accuralely rellect the true position ot the
motor following this command. The homing sequence should be ussd to reestab'
lish the position counlers. A Control-D (ASCll 4) will perform the same tunctions
as the KL command. lt bypasses the command interpreter and may work when the
character buffer is lull and the KL command cannot get through the interpreter. A
Control-D should be used instead ot KL, when the board appears hung-up. This
can occur when its inpul queue is inadvertently filled, by entering a loop sequence
that was so long you could not enler the LE command.

QUEUE REOUIREMENTS
MODE

Flush + 2AX-AV
Flush + 2AA,AM
Not validAA/CD

Example: Stop all previously defined movement and flush lhe queue of a
partially entered incorrect move command (you wantgd a negative
movo nol a positivs one), belore GO is entered.

7-30

Ent6r: AX MR5000 (oops!) KL MR-5000 GO
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7.9. LOOP CONTROL COMMANDS

Those commands allow move sequences lo be repeated within loops. Loops can be nested
up to tour levels deep on each axis.

LS# LOOP START

The LS command sets ths loop counter lor ths axis bsing programmsd in the singla
axis mode and all axss in the AA mode. Ths command expects a loop couriter
operand lollowing ths command. The commands up to the LE loop tsrminator will
be exscuted the numbgr ol times specilied by the operand. Loops may be nested
up to lour levels deep on each axis. The parameter must be less than 32,000.

The lirst loop ot commands will occur immediately as they are entered The
remaining loops will ba executed after ths loop terminator LE has bsen entered'

Because ol the excess processing overhead involved, the MA command cannot be
used in ths loop mode, whilo the board is in ths cosine (CN) velocity profilo mode'
and the MT command cannot be used in the loop mode al any time'

Ths axis mode (e.g. AX, AY, AA) musl be the same whsn entering and exiting the
loop, otherwise the matching loop termination command will not be found by the
board's command processo r.

lf you want one axis to wait lor another in the loop, you must be in the AA mode
throughout the loop. ll you are in the single axis mode in tho loop, each axis'
commands will go into their separate queues and execute independently of each
other.

Another important ihing to note is that the command qugue siza is 200. Each
queued command takes one or more slots. lf, when entering a looping sequencs
ol commands, all 200 queue slots ars filled, betore the LE loop lerminator ls

entered, the board will hang. This is becauss lherg is no space for the LE

command, or any other commands. To clear this hang up, send the board a
Control-D (same as KL, but shorteo to kill all moves and flush all queues. When
programming a loop ol more lhan lour or live movss, the queue size should bo
examined with lhe RQ command to see if it is nearing zero.

OUEUE BEOUIREMENTS
MODE

?AX. AV
2AA,AM

Not validAA/CD

Example

Entgr:

Execute a 100,000 count relative movs on the Z axis 5 times

AZ LSs MRlOOOOO GO LE
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NOTE: The f irst move will occur lmmediately alter entsrlng the GO command. Ths
remaining 4 moves will be executed after the loop lerminator LE has been entered.

Example: Executs a 100,000 count move rglative on the X axis together with
a 1 O0 count move on lhe T axis, followed by a move absoluts to 100
counls on the X axis and 200 counts on lhe T axis, tour times.

Enler AA LS4 MR100000,,,100; GO MA100,,,200; GO LE

LE LOOP END

OUEUE REOUIREMENTS
MODE

2AX.AV
AA,AM 2

AA/CD Not valid

The LE command lerminales the most recenl LS command. The axis will loop back
and repeat the commands within the loop ths number of times specilied in the LS
command. The loop will start repeating as soon as this command is terminated.

Example: (see LS command)
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ws# WHILE SYNC

The WS command will sxecute lhe commands bslween the WS and WD commands
as a loop while the specified sync line is truo, i.e. low. When lhe line goes high it
will exit lhe loop and execute the commands which lollow. The test is at lhe bottom
of the loop, i.e. it will always be executed at least once.

OUEUE REOUIREMENTS
MODE

2AX-AV
AA,AM 2

AA/CD Not valid

Example: Execule a conlinuous loop, moving the X axis 10,000 counts and
lhen move the Y axis -1000 counts, until an external device lermi-
nates the loop.

Enler AA WS1 MR 10000; GO MR, -1000; GO WD

WD WHILE DONE

The WD command serves as the loop terminator lor tho WS command

OUEUE REOUIREMENTS
MODE

AX-AV 2

2AA, AM
Not validAA/CD

Example: (see WS command)
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WH WHILE

Tho WH command will execute all commands bBtween it and the terminating WG
command as a loop unlil terminated by a CW command. This allows repeatod
execution of a command sequence which can be terminaled by the host. Thesg
commands may not be nested but may be executed sequentially.

OUEUE REOUIREMENTS
MODE

3AX-AV
AA,AM 3

AA/CD Not valid

Example: You have a 3 axis platform that you use to drill holss in ths centsr
of a 1/4 inch thick sheet of metal. The sheet is 6 inch square. Tho
drive r/molor/lead-screw pitch provide 10000 steps per inch.
The operator must manually insert and remove the square from the
platform. The X and Y axis move a drill into the desired position.
The Z axis lilts and lowers the drill. The operator presses a switch
which te lls the motion controller that the square is in place and ready
to be drilled. The operator will continuously remove and replace the
squares until ready to take a break.
The following is a description of how to set up an OMS board lo
perform this task.

Procedure: Connect a normally closed switch between user lio line 0 and
ground. This will be the "Ready to Drill" switch.

Enler AX UU10000 *set up user unils so we can reterence move to
inches

AY UU10000 '10000sleps= l inch
AZ UU10000
AX VL.1; ACl0; .set up X axis homing velocity and acceleralion
AY VL.1; AC10; .set up Y axis homing velocity and acceleration
AZ VL.1; AC10; .set up Z axis homing velocity and acceleralion
AX HR AY HR AZ HR'send each axis to homs
AA VL3,3,.5; 'set normal move velocity lor X, Y and Z axss
WH 'slarl ot loop to drill squares indelinitely

'(operalor removes/replaces square into plattorm)
SWo .wait until operator presses swilch
MA3,3; GO .move to center ol square
MA,,.5;GO .move the drillthroughlhe square (a 1/2 inch move

on ths Z axis drills through the square)
MA,,o; GO .litl the drlll
MA0,0; GO 'move the platform to home position

WG -loop back lo starting WH command
(CW) ioperator wanls a break so he/she sends CWlrom

keyboard and presses switch once more (sincs
loopwillmost likely bewaitinglorthe switch at lhis
point)

.the loop ends and the lollowing commands exe-
cute

MA0,0,0; GO 'move to home position
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WG WHILE FLAG

The WG command serves as ths terminator for the WH command.

OUEUE REOUIREMENTS
MODE

AX.AV
2AA,AM

AA/CD Not valid

Example: (see wH command)

cw CLEAR WHILE

The CW command breaks the WH command upon execution ol the remaining
commands in the loop, i.e. the currenl execution ol ths loop is tinished. Ths WH
loop is always executed al least one lime since the test for the llag is at the bottom.

OUEUE REOUIREMENTS
MODE

'IAX-AV
1AA,AM

AA/CD Not valid

Example: (see WH command)
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7.10. HOME AND INITIALIZATION CONTROL COMMANDS

These commands allow the initialization ol the physical stage with the controllgr.

HM# HOME

The HM command will cause the current axis lo step in the positive direction at the
predelinsd velocily, until the home input lins goes trus. Ths position counter will
bs initialized to tha position supplied as a parameter. Ths velocity should bs less
lnan 1024 counls per second lo maintain accuracy of lhe home posilion loaded.
The axis will not stop at home, bul will inilialize the position counter when the home
switch becomes true and decelerates to a stop. The axis may be commanded to
go home by following this command wilh a move absolute lo the same position as

specilied in the HM command. The parameter defaulls to zsro if none is supplied.

OUEUE REOUIREMENTS
NO ENCODER EN CODERMODE

o4AX.AV
AA,AM Not valid
AA/CD Not valid

Example: Find the physical home position of the X axis ot the staga. (NOTE:
The velocity should be less than 1 024 pulses per second to minimize
position error lor this command.) Tho molor runs until the home
switch input is activaled and then initializes the position counler to
the parameler supplied. Since the motor decelerates to a stop after
reaching home, it is necessary to do an MA# to the same position
as specified in the home command if it is desired to physically
position lhe device at home. The lollowing commands will tind
home, initialize it to 1000 counts, then return lo homs. ln many
cases it will not be necessary to return home, only lind the position
and synchronize the controller to it.

Enter AX VL1000 HM 1 000 MA1000 Go
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HR# HOME REVERSE

OUEUE REOUIREMENTS
ENCODERNO ENCODERMODE

b4AX-AV
Nol validAA,AM
Not validAA/CD

reverse directio n.

AX VLlOOOOO HH HM VLlOOO HL HR

ln a long stage it may be awkward to travelthe full distance to home
at less than 1024 pulses per second. The following will get close to
home at higher speed, then retine the position at lower speed in the

The HR command will f ind home and initialize lhe position counter lo lhe position

supplied as a parameter. lt behaves exactly like the HM command above except
it iravels in the reverse direction. The parameter defaults to zero it none is

supplied.

Example

Enter

KM HOME AND KILL

QUEUE REOUIREMENTS
ENCODERNO ENCODERMODE

22AX-AV
Not validAA,AM
Not validAA/CD

The KM command will lind home and stop generating pulses immediately, ie' no

deceleration ramp will be generated. The position counter is not cleared or reset.

Dus to motor and plalform inertia, the load and board may lose posilion synchro'
nization.

Example:

Enler

Move the Y axis in a positive direclion lo the home sensor and stop
movemenl as quickly as possible.

AY KM
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KR HOME REVERSE AND KILL

The KR command will lind home in reverse and stop generating pulses immediatsly'
i.o. no deceleration ramp will be generated. The position countsr is not alfected.
Due to motor and platlorm inertia, the load and board may lose position synchro-
nization.

OUEUE REOUIREMENTS
ENCODERMODE NO ENCODER

?AX-AV 2

AA,AM Not valid
Not validAA/CD

Exampls: Move the Y axis in a nogative direction lo the home sgnsor and stop
movemsnt as quickly as possibls.

Enter AY KR
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7.11. MOVE SYNCHRONIZATION COMMANDS

These commands allow the synchronization of moves with external events or multiple axis
sequences

ID INTERRUPT DONE

The lD command will set the done flag and inlerrupt the host if the intorrupt has
been enabled. This allows the VMEX to signal the host when a string ot commands
has been completed. ln the AA mode, the done llag register bits will be set as each
axis encounters the lD in its command stream, but lhe done flag in the status
register will not be set until all axes have executed the lD command. ln the AM
mode, only the axes activs in the most recent move will set their done flags.

QUEUE REOUIBEMENTS
MODE

AX-AV 1

1AA,AM
Not validAA/CD

Example: lnterrupt the host CPU atter lhe execution ol Move Absolute is
f inished. When the move is tinished the lD command will bs sncoun'
lered in the command queue and will set lhe done tlags.

E nte r: AX MAlOOOOO GO ID

il INTERRUPT INDEPENDENT

The ll command allows the control to interrupt the host when each axis linishes a

move. Only lhose axes which have been supplied a parameler in the most recent
move command will causs interrupts.

OUEUE REQUIREMENTS
MODE

AX-AV
AA, AM

Not validAA/CD

Example: The following command sequence would cause interrupts when the
Y and T axes finish. ll they do not complete at the samo tims, two
interrupls would be generated.

Enler: MR,1000,,10000; GO ll
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tN# INTERRUPT NEARLY DONE

The lN command allows the control to interrupt the host when the axis or combina-
lion of axes is nearly complete. When used in an applicalion involving probing a
parl after a move, the probes could start accelgrating down while the stagg is
linishing its move, improving lhe overall system throughput. This command is valid
in all modes. Ths lN command must be entered belore lhe GO or GD command
since it is executed belore the move is complete. The test is only performed during
decelgralion. lf the lN parameler is greater lhan the ramp down distance, lhe
interrupt will be gonerated when the control starls decelerating.

OUEUE REOUIBEMENTS
MODE

AX-AV 2

AA,AM 2

Not validAA/CD

Example The lollowing sequence would interrupt the host when the X axis is
complete and Z axis is within 10,000 counls of being complete. The
Y axis completion would be ignored in this example.

Enter: AA
rN0,,10000;
MR100000,100000; GO
MR,,50000: GO

IP INTERRUPT WHEN IN POSITION

The lP command operates like the lD command, except the interrupt is deferred
until the stage is within the specilied deadband. The GD command should be used
in place of ths GO command lo reset the done flags belore the next move. lf the
position hold HN is not enabled lor an axis, the command will behavs like an lD
command for that axis. This command is available only in modsls with the encodor
optio n.

QUEUE REOUIREMENTS
MODE

1AX-AY
Not validAZ. AV
Not validAA,AM
Not validAA/CD

Example:

Enler:

Send DONE when axis is within deadband.

AX HVlOOO HGlOO HDlO HN
MR1000 GO lP (DONE will occur alter move is complete and in
position.)
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tc INTERRUPT CLEAR

The lC or the ASCII character Control-Y (hex 19) command is used lo clear the
done and error llags in the VMEX status regisler and ths done llag register'
olherwise the axis would always appear to be "dons". This command will be

executed immedialely and will usually be placed in the done and error handler
interrupt service routing to clear the interrupt and the associated flags. Ths
Conlrol-Y version of this command is prelerred to minimizs the latency in its
execution. The llags may be polled by an RA or Bl command which will also reset
the f lags.

OUEUE REOUIFEMENTS
MODE

lmmediateAX-AV
lmmediateAA,AM
Not validAA/CD

Example: Clear the llags after an X axis move relative of 5000 sleps was
tlagged as done when an lD executes.

Enter AX MR5000 GO lD (done llag set) lC

CA CLEAR AXIS DONE FLAG

The cA command operates like the lc command, except it clears ths dons flag for
the addressed axis onlY.

OUEUE REOUIBEMENTS
MODE

lmmediateAX-AV
Not validAA,AM
Not validAA/CD

Example

Enter:

Alter a multi-axis movs, clear the Z axis done slatus only.

AA MR1000, 2000, 3000, 4000; GO lD
AZ CA
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WA WAIT FOR AXES

The WA command, only valid in the AA mode, allows a command to wait until all
moves on all axes are linished belore it executos.

Some commands which can alfecl a non-moving axis, such as AN, AF and PA, may
execute beloro a previous movg on other axes has finished, especially while in tho
looping (LS-LE, WH-WG) mode. By preceding these command with a WA, they will
not execute until all previously delined moves have linished.

OUEUE REOUIBEMENTS
MODE

AX-AV Not valid
AA,AM 2

AA/CD Not valid

Example The Z axis auxiliary line controls a laser beam lhal you only want on
white the Z axis moves in a positive direction. The X and Y axes
position the laser. You wanl lo repeat lhe action 10 times.

Enter: AA VLl000,1 000,1 000; AC1 0000,1 0000.10000;
LS10 MR1000,1000; GO WA AN,,1; MR,,500: GO AF,,1;
M R,,-5OO GO LE

wo WAIT FOR OUEUE TO EMPTY

The WQ command is a special command lhat stops the board lrom processlng any
new command unlil the queue for the current axis mode is empty, i.e. all previous
moves have f inished. This command is not valid in looping (LS-LE, WH'WG) mods.

QUEUE REQUIREMENTS
MODE

lmmediateAX-AV
lmmediateAA,AM
Not validAA/CD

Example: Move lhe Y axis 1,000 steps and wail unlil the move is complele
before asking lor the position.

Enter: AY MRlOOO GO WO RP
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sw# SYNC WAIT

Enter:

AUEUE REOUIREMENTS
MODE

AX-AV '|

1AA,AM
Not validAA/CD

(Board 1)
(Board 2)
(Board 3)
(Board 1)

The SW command allows synchronization ol multi-axis moves or olher lasks on ong
or mors VMEX boards by using one ol ths sync lines. This command causes tho
axes to wail until lhe sync line has been released (allowed to go high) before
proceeding with thg nexl command. Tho SW command can be ussd lo causs an

axis to wait until the othgrs are finished. Wire OR tho auxiliary lines lrom sgvsral
axgs togethsr and connsct lhsm to a sync lin9. usg tho sw command on that line'
All commands after that will wait until all axes release lheir auxiliary lines.

Example

Enter: AY AN MRzOOO GO AF
AX SWO MRlOOOO GO

The SW command provides a way to synchronize moves on two or more boards'
The lollowing example shows one way to do this.

Example You have 3 six axis boards, tor a total of 18 axes to move together.
Call board 1 the "master" and boards 2 and 3 the "slaves". Wiro
board I's X axis auxiliary line to the two slavs boards'sync 0 line.
Send to thg master the command "AX PAo', setting the masler's
axis auxiliary line low until its move starls. This also sets lhe slaves'
sync o line low. Enter lhe "swo'command to the two slaves'
followed by the move and GO commands. On the master, enler lhs
move command, lollowed by tho GO command. When the master's
move starts, the PA command will set the auxiliary line high releas-
ing the wait on the slave boards. All three boards will start their
moves.

Procedure: Wire board 1's X axis auxiliary line to board 2's and board 3's sync
0 lin e.

The lollowing command sequence will cause the X axis move to wait
until ths Y axis has linished its move and turned off ils auxiliary
output which has been wired to the sync 0 line.

AX PAO;
AA SW0; MR200,200,200,200,200,200; GO
AA SWo: MR300,300,300,300,300,300; GO
AA MR100,100,100,100,100, 100; Go
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wT# WAIT

Ths WT command will wait tor the specilied number ol milliseconds belore proceed-
ing with the next command in the queue. ln the AA mode, all axss will wait
lmmediate commands will not "wait". The parameter must bg betwsen 1 and
32,000.

OUEUE REOUIREMENTS
MODE

3AX-AV
AA, AM 3

AA/CD Not valid

Example You want lo produce pulses on the X axis at 5,000 steps/second lor
2 seconds, then 10,000 pulses/seconds tor 3 seconds, then stop.

Enter: AX JG5000 WT2000 JG 1 0000 wT3000 JGO
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7.12. SYSTEM STATUS REQUEST COMMANDS

Theso commands allow the host to request ths slatus ol various move parameters,
including the status of limit and home switches.

WY WHO ARE YOU

The WY command relurns the modeltype, lirmware revision number, and numbgr
ot controlled axes ol lhe board being addressed, surroundsd by line leeds and
carriage relu rns.

OUEUE REQUIREMENTS
MODE

AX-AV lmmediate
AA,AM lmmediate

Not validAAi CD

Example

Enter:

You want to sxamine the board informalion

Response <LF><CR> VMEX ver 1 .87-6<LF><CR>

RP REOUEST POSITION

Ths RP command returns the current position ol the currently addressed axis in

the single axis mode or allpositions separated by commas in the AA or AM modes.
The position will be returned to the host via the data port in ASCII tormat. This
command is not queued, i.e. the current position will be returned immediately even
if the axis is in motion. The response is surrounded by line leeds and carriagg
retu rns.

OUEUE REOUIREMENTS
MODE

lmmediateAX-AV
lmmediateAA,AM
Not validAA/CD

Example: The current position on the Y axis is 12345. Use the HP command
to verify the position.

Enter AY RP

Response: <LF><CR>12345<LF><CR>
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RO REOUEST OUEUE STATUS

When issuing an RO command, while def ining a contour, tho available space in the
contouring queue will be returned. The maximum available is 1016. The response
is fixed in lenglh at 4 characters.

OUEUE REOUIREMENTS
MODE

lmmediateAX-AV
lmmediateAA,AM
lmmediateAA/CD

The RQ command relurns the number of entries availablg in the queue of ths
currently addressed axis, in the single axis mode, or all axes separated by commas'
in the AA or AM modes. The ASCII string is surrounded by line leeds and carriage
returns. The maximum available in each command queue is 200' The response is
at a fixed lenglh of 3 characlers. For example, if the current tree queue space is

67, the response f rom the board lo the RO command is <LF><C R>067< LF><C R> '

Example

Enter:

Response

See the size ot the command queue for the T axis

AT RO

< LF><C R>200< LF><C R >
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RA REOUEST AXIS STATUS

The RA command returns the state of the limit and home switches, and the done
and direction llags tor ths currently addressed axis. Ths limit tlag in the hardware
status register will be resel by the RA command, providing anothsr axis is not in
limit. The dong llag register will also bs rssel by this command. Ths status is
relurned in lhe lollowing format:

Example:

Enter:

The Y axis lust encountered a limit, verify its status.

Response:

AY RA

<LF><CR><CR>PNLN<LF><CR><CR>

CHARACTER MEANING

SENT D ESCR IPTIONCHAB

1 LF Line feed

CR Carriage relu rn2

CR Carriage retu rn3

P Moving in positive direction

M Moving in negative direction
4

D
Done (lD, ll or lN command has been executed, set to N by this
command or lc command)

N No lD executed yet
5

L
Axis in overlravel. Char 4 tells which direction. Sel to N when limit
switch is not active.

Not in overtravel in this direction

6

N

H Home switch active. Set lo N when home switch is not active

N Home switch not active
7

Line leed8 LF

CR Carriage relurn9

Carriage relurn10 CR

OUEUE BEQUIREMENTS
MODE

lmmedialeAX-AV
Not validAA,AM
Not validAA/CD

VMEX User's Manual 7-47

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



SYSTEM STATUS REQUEST COMMANDS 7. COMMANDSTRUCTURE

RI REQUEST INTERRUPT STATUS

The Rl command is an AA mode command that returns the same slalus inlormation
on all axes as the RA command in the single axis mode. The 4 character tields for
each axis are separated by commas and the string has one lins foed and lwo
carriage returns on each end. The done llag is resot by this command.

OUEUE REOUIREMENTS
MODE

AX-AV Noi valid
AA,AM lmmodials
AA/CD Nol valid

Example

Enter:

Response

Check the status ot a 4 axis board.

AA RI

<LF><CR><CR>MDNN,MDNN,MDNN,MDNN<LF><CR><CR>

OA OUERY AXIS

The OA command returns the slatus of the single addressed axis like lhe RA

command except tlags are not aftected.

QUEUE REOUIREMENTS
MODE

lmmedialeAX-AV
Not validAA,AM
Not validAA/CD

Example:

Entsr:

Rgsponse:

Chock the status ol tha X axis.

AX QA

<LF><C R><C R> PN N H<LF><C R><C R>
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ol QUERY INTERRUPT STATUS

Thg Ql command returns the same inlormation for all axgs when in lhg AA mode,
as the QA command doss in the single axis mods. Thg 4 charactsr f islds tor each
axis are separated by commas and the string has ona line fBed and lwo carriago
relurns on each snd.

QUEUE REOUIREMENTS
MOOE

Not validAX-AV
lmmediateAA,AM
Not validAA/CD

Example

Enler:

Response:

Check the status of a tour axis board.

AA OI

<LF><CR><CR>PNNN,MNNN,PDNN,MNLN<LF>CR><CR>

RC REOUEST ACCELERATION

The RC command will return the currenl acceleralion or decsleration ot the currenl
axis. This may difter trom the programmed accsleralion if a cosins (CN) or
parabolic (PN) ramp is being generaled. when tho stage is slopped, the parameter
relurned will be ths accslsration at lho beginning of a ramp. Whsn ths stago is
running at programmed speed, i.e. not accelerating, the parameter returned will be
the acceleration al ths end ol the ramp. Whilg a contour is executing, the value
computed to generate the appropriate lead in will be returned. The response to the
RC command is surrounded by line leed and carriage return pairs.

OUEUE REQUIFEMENTS
MODE

lmmediateAX.AV
AA, AM lmmediate

Not validAA/CD

Example

Enter:

Responss:

Display current acceleration values for all axes on a four axis board

AA RC

<LF><CR>2000000,2000000,2000000,2000000<LF><cR>
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RV REOUEST VELOCITY

The RV command will rsturn thg current velocity at which thg axis is moving. This
may diller lrom the programmed velocity il ths axis is ramping up lo speed or
stopping. The responss is surrounded by line leed and carriage rsturn pairs. lf the
JF command is exscuting, the command only reports tho intsger part ol ths vslocily'

QUEUE REQUIREMENTS
MODE

AX-AV lmmediate
AA,AM lmmediate
AAi CD Not valid

Example Jog lhe Y axis al 12345 steps per second.
Display lhe current velocity.

Enler: AY JG 1 2345
RV

Response: <LF><CR>12345<LF><CR>

RU REPORT POSITION IN USER UNITS

The RU command returns lhe current position in user unils (see UU command).
The lormat ol response is a lloating point number with live characlers to the right
ot lhe decimal point. This response is surrounded by line leed and carriage return
pairs.

OUEUE REQUIREMENTS
MODE

lmmediateAX-AV
Not validAA,AM
Not validAA/CD

Example One revolulion ol a motor is 2000 sleps. Deline user units so movos
can be relerenced in revolutions. Move the Z axis 31h. revolutions.
Use RU to display the position when lhe move is complete.

Enter: Az UU2000; LPo;
MR3.5; GO
(Wait until move is complete.)
RIJ

7-50

Response: <LF><C R>3.50000<LF> <C R>
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7.13. USER UNIT COMMANDS

The following commands allow specilication ol move paramelers in user delined units. The
OMS controls will automatically convert all move paramslors to thsss units oncs thsy have
been initialized.

UU# USER UNITS

The UU command converls all move velocities, distances, etc. to user specitied
units by multiplying by the specified parameler. This command must bo given in
the single axis mode but will remain etfective in the AA or AM mode The VMEX
defaults lo user units ofl at power up or reset.

OUEUE REOUIREMENTS
MOD E

lmmediateAX-AV
Nol validAA, AM
Not validAA/CD

Example The molor, driver and gear ratio you are using requires 10,000 steps
to movs ono inch. Set upthe X, Y and Z axes so you can entermovg
inf ormation in inches.

Enter: AX UUlOOOO AY UUlOOO AZ UUlOOOO

UF USER OFF

The UF command turns ofl user units. This command is equivalent to and preterred

over UU1 since it turns ofl the mode thus minimizing unnecessary overhead.

OUEUE FEQUIREMENTS
MODE

lmmediateAX-AV
Not validAA,AM
Not validAA/CD

Example:

Enter:

Turn oll user unit conversion on the X, Y and Z axss.

AX UF AY UF AZ UF

VMEX User's Manual 7-51

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



POSITION MAINTENANCE COMMANDS 7, COMMANDSTRUCTURE

7.14. POSITION MAINTENANCE COMMANDS

ER#,# ENCODER RATIO

The ER command allows spscilication of encoder ratio by entering oncoder counts,
lollowed by motor counts, tor position maintenance mods. These counls must be
inlegers unless user unils are enabled. The ratio ol encoder counls to motor cou nls
must be equal to one, i.g. encoder counts must malch motor counls whsn slip
detsclion is enabled. All dislance, velocity and acceleration parameters are input
in encodgr counts when this mode is enabled. Tho corrsct number of motor counts
ars generated, while the user need only be concerned with sncoder counts. Thls
mods can bo combingd with user unils, allowing units such as inches or rovolutions
to bg specilied in encoder counts. All parameters are lhen input in ths user unils
which have been defined. The ratio delaults to 1 at power up or reset.

OUEUE REOUIREMENTS
NO ENCODER ENCODERMODE

Not valid 1AX-AY
Not validAZ-AV
Not validAA,AM

AA/C D Not valid

Example You have an encoder connecled, through a series ol gears, to a
stepper motor. when the motor steps 25,000 times, the encoder
produces 10,000 counts. Set up an encoder ratio so the hold mode
will work co rrectly.

Enter: ER10000,25000

HV# HOLD VELOCITY

The HV command specifies maximum position hold correction velocity. This is the
peak velocity which will be used while making position corrections.

OUEUE REOUIREMENTS
NO ENCOOER ENCODERMODE

Not valid 2AX-AY
Not validAZ. AV
Not validAA,AM

Not validAA/CD
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Example: (see HN command)
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HG# HOLD GAIN

The HG command allows lhs user to specify position hold gain parametor. This
gain parameter is multiplied by the position error in determining lhe velocity during
correction. Tho parametar must be betwesn I and 32,000. The parameter should
be set experimentally by increasing it until tho system is unstable, then rsducing lt
slighlly bslow the threshold ot stabilily.

OUEUE BEOUIREMENTS
ENCODEBMODE NO ENCODER

AX-AT Not valid 2

AU.AV Not valid
AA,AM Not valid

Not validAA/CD

Example: (see HN command)

HD# HOLD DEADBAND

The HD command specilies deadband counts tor position hold. lf the stage is within
this limit, it is considered in position and no furthsr correction will be made. This
parameter interacts with the HG command, i.e. a larger deadband will allow a larger
gain parameter in many applications. A parameter ol zero is allowed.

OUEUE REOUIREMENTS
ENCODERNO ENCODERMODE

2Not validAX-AY
Not validAZ.AV
Nol validAA,AM
Not validAA/CD

Example: (see HN command)
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HF HOLD OFF

The HF command disables position hold, slall detection and tracking modes This
is ths delault mode at powor up or reset.

OUEUE REOUIREMENTS
NO ENCODER E NCODERMODE

AX-AY Not valid 2

Not validAZ. AV
AA,AM Nol valid
AA/CD Not valid

Example:

Enter:

Turn ofl encoder hold mode on the X axis

AX HF

HN HOLD ON

The HN command enables position correction alter a move and activates the HV,

HG and HD commands. Hold and slip deteclion are disabled il an LP, HM, HR, SA,
ST or KL command is entered or if a limit is encounlered.

OUEUE REOUIBEMENTS
NO ENCODEB EN COD ERMODE

Nol valid 2AX.AY
Not validAZ-AV
Not validAA,AM
Not validAA/CD

Example: The lollowing commands could be used to set up lhe position
correction mode. This sequence sets up a movs velocily of 100,000
steps por second and an acceleration ol 500,000 steps per second
per second. The position correction velocity is set tor 50,000 steps
per second, a deadband of 10 steps and correction gain ol 2,000.
The correction is then enabled. A 200,000 step move is perlormed,
thsn thal position is maintained within the 10 step deadband until
commanded lo a new position.

Enter: AX V1100000 Ac500000
HVsOOOO HDl O HG2OOO HN

MR200000 Go
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IP INTERRUPT WHEN IN POSITION

The lP command operatos like lhe lD command, sxcept ths intgrrupt is dgferred
until the stags is wilhin the specitisd deadband. The GD command should be usod
in place of the GO command to reset the done tlags belore the next move. ll the
position hold HN is nol enabled for an axis, the command will bshave liko an lD
command lor lhat axis.

OUEUE FEOUIREMENTS
MODE

1AX-AY
AZ- AV Nol valid
AA,AM Not valid
AA/CD Not valid

Examplo:

Enler:

Send DONE when axis is within deadband.

AX HVlOOO HGlOO HDlO HN
MRIOO0 GO lP (DONE will occur alter move is complete and in
position.)
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7.15, SLIP AND STALL DETECTION COMMANDS

ES# ENCODER SLIP TOLERANCE

The ES command parameter specifies tolerance before slip or stall is llaggsd in
the status register and by the RL command. The mode must be turned on with an
lS command and oft with an HF command.

OUEUE BEOUIFEMENTS
NO ENCODER ENCOOERMODE

Not valid 2AX-AY
AZ-AV Not valid
AA,AM Not valid

Not validAA/CD

Example: Your application can tolerale being up to 5 steps from the desired
position before lhe controlling program should be notilied oJ a slip
condition.

Enter ESs IS

rs INTERRUPT ON SLIP

The lS command enables the VMEX to interrupl the host on slip or stall detection,
il the appropriate bit has been sel in the interrupt control register. Hold and slip
detection are disabled if an LP, HM, HR, SA, ST or KL command is entered or if a
limit is encountered. ll a slip occurs, slip detection musl be re-enabled.

QUEUE BEQUIREMENTS
ENCODERNO ENCODERMODE

1Not validAX-AY
AZ-AV Not valid
AA,AM Nol valid

Not validAA/CD

Example: (see ES command)
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RL RETURN SLIP STATUS

The RL command relurns lhe slip detection slatus ol each axis. An S is returned
if slip has occurred lor thal axis, or else an N is relurned. The results are bounded
by an LF CR pair, as in other status commands. The number ol characters returned
corresponds lo the number ol axes available on the board.

QUEUE REOUIBEMENTS
ENCODERMODE NO ENCODER

AX-AY Not valid lmmediate
AZ- AV Not valid
AA,AM lmmediale
AA/CD Not valid

Besponse:

On a lour axis board, ses il any axis has slipped.

RL

<LF><CR>NNSN<LF><CR> (The Z axis has slipped.)

HF HOLD OFF

The HF command disables position hold, slall detection and tracking modes.

QUEUE REOUIREMENTS
NO ENCODER ENCOD ERMODE

Not valid 2AX-AY
AZ-AV Not valid
AA,AM Not valid

Not validAA/CD

Example:

Enter:

Disable slip detection on lhe X axis

AX HF

Example

Enter:
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7.16. ENCODER TRACKING COMMANDS

ET ENCODER TRACKING

The ET command lurns on the encoder tracking modo. The axis will track its
encoder input, lhus allowing one axis to follow the activity ol another or a
thumbwheel lor manual positioning or the movement ol another device that pro'
duces a signal compalible to tho encoder inputs. No acceleration or deceleration
ramps are generated. The axis will duplicate the encoder input. The ER command
allows the user lo scale the motor's movements relative to the encoder.

OUEUE REOUIBEMENTS
MODE NO ENCODEB ENCODER

Not validAX-AY
AZ- AV Not valid
AA,AM Not valid

Not validAA/CD

Set up the X axis so it will lollow its encoder input.Example

Enler: AX ET

HF HOLD OFF

The HF command disables position hold, stall deteclion and tracking modes

OUEUE FEOUIREMENTS
NO ENCODER E N CODERMODE

Not valid 2AX-AY
AZ-AV Not valid

Not validAA,AM
Not validAA/C D

Example:

Enter:

Turn ofl encoder tracking on X axis

AX HF
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7.17. ENCODER HOME CONTROL COMMANDS

HE HOME ENCODER

Ths HE command enables encoder indsx mode when an HM or HR command is
executed. Home is delined as the logical AND ol the gncoder index, ths external
home enable and lhe encoder quadrant where channel A is positive and channsl B
is negative. The external enable is low true, i.s. the HH and HL commands arg nol
valid in this mods. The homo logic exprssssd in boolean terms is:

home= phase_A +/ phase_B * index+/ home_switch

OUEUE REOUIREMENTS
EN COD ERMODE NO ENCODEB

Not valid lmmediateAX-AY
AZ-AV Not valid
AA,AM Not valid
AA/CD Not valid

Example Set up the Y axis so it will use the encoder signals to recognize the
home position.

Entar AY HE

HS HOME SWITCH

The HS command enables VMEX home switch mode to delermine where home is

when an HM or HR command is executed (delault at power up or reset). Thismode
can also be used with encoders which contain internal home logic by connecting
their output to the VMEX home input lor the appropriate axis. The active level ol
this inpul may be controlled by lhe HH and HL commands.

QUEUE REOUIREMENTS
ENCODERMOD E NO ENCODER

Nol valid lmmediataAX.AY
Not validAZ-AV

AA,AM Not valid
AA/CD Not valid

Exampls Set up the Y axis so it will ignore tho encoder signals and only use
the home input to recognize the home position.

Enter AY HS
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7.18. ENCODER STATUS REQUEST COMMANDS

EA ENCODER STATUS

The EA command relurns ancoder status of the currently addrsssed axis in ths
lollowing format:

EA COMMAND RESPONSE DESCRIPTION
CHAR SENT D ESCRIPTION

1 LF Line leed
Carriage relurn2 CR

Carriage return3 CR

E Slip detection enabled
Slip detection disabled

4
D

E Position maintenance e nabled

Position maintenance disabled
5

D

Slip or stall detectedD

N No slip or stall detected
o

P Position Maintenance within deadband
Position nol within deadband

7
N

Axis is homeH

Axis is not home
8

N

N Unu sed/rese rved9
10 LF Lins leed

Carriage return11 CR

Carriage return12 CR

OUEUE REOUIREMENTS
NO ENCODEF E NCODERMODE

Not valid lmmediateAX-AY
AZ-AV Not valid
AA,AM Not valid

Not validAA/CD

Example

Enler:

Examine the status ol ths Y axis encoder.

AY RE
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RE REQUEST ENCODER POSITION

The RE command returns current encoder position of the currently addresssd axis
in encodsr counts. Ths ASCII string is surrounded by lins lsed and carriage relurn
pairs.

OUEUE REQUIREMENTS
ENCODERMODE NO ENCODER
lmmsdiatsAX.AY Not valid

Not validAZ-AV
AA,AM Not valid

Not validAA/CD

Example

Enter:

Examine the currenl encoder position ol lhe Y axis.

Response

AY RE

<LF><CR>1 2345<LF><CR>
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7.19. VELOCITY STAIRCASE COMMANDS

The tollowing commands describe the velocity staircase mode. This mode is usetul in

applications raquiring a change in velocity at a prescribed position withoul stopping.

MP MOVE POSITIVE

The MP command sels the direction logic to move in lhe positive direction.

QUEUE REQUIREMENTS
MODE

AX. AV
AA,AM Not valid
AA/CD Not valid

Example: (s ee MV command)

MM MOVE MINUS

The MM command sets the direction logic to move in the negative direclion

OUEUE REOUIREMENTS
MOOE

1AX-AV
Not validAA, AM

Nol validAA/C D

Example

'Enter:

Set the direction line lo move in the minus direction on the Y axis.

AY MM
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MV#,# MOVE VELOCITY

The MV command causes the motor to run to the new absolule position (parameter
1) at the new velocily (parameter 2). When the destination is reached control will
be passed to the next command which should be anolher MV command or an SP
command. It the command is not received in time the conlroller will continus to
move at the specified velocity. Nole that lhis is a slave mode and it is ths
responsibility ol the user to provide the commands in time. They may be queued
ahsad ol time. ll a new MV command is sent alterthe controller has already passod
the destination specilied in the command, the conlroller will continue to move al
the old velocity. Any number ol steps can be specilied in this manner with both
acceleration and deceleralion. The controller will not roverss direction if thg
posilion has already passed, but will behave as explained above. Thus the
direction of the move musl be specilied belore starting the move with the MP or
MM commands. All destinations must be in absolute position, no position relative
moves are allowed due to the nature ol these commands.

OUEUE REOUIREMENTS
ENCODERMODE NO ENCODER

5AX-AV 4

Not validAA,AM
AA/CD Not valid

Example Generate a velocity staircase with the breakpoints given in absolute
posilion.

Enter: MP
MV10000,30000
MV20000,50000
MV30000,10000
sP35000

The move as shown in Figure 7-1

VELOCITY

MV MV

POSITION

MV SP

VMEX User's Manual
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SP# STOP AT POSITION

QUEUE REOUIFEMENTS
NO ENCODER ENCODERMODE

AX-AV 3

AA,AM Not valid
Not validAA/CD

Example: (see MV command)

The SP command will cause the axis to stop at the specified position. The
controller will attempt to stop at the specified dostination. lf thers is insuflicient
distance lo stop at the previously specified deceleration when lhe command is

received, lhe controller will stop as soon as possible at thal deceleralion. This
command is not valid with ths JG command.

FP# FORCE POSITION

The FP command willllush the command queue and attempt to stop at the spocif ied
position. The axis will overshoot il there is insufficient distancs left to stop at the
programmed acceleration.

OUEUE REOUIREMENTS
ENCODERNO ENCODERMODE

Flush + 4 Flush + 4AX.AV
Not validAA,AM
Not validAA/CD

Example:

Enler:

Force axis lo stop at 25,000

FP25000
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7.20. CONSTANT VELOCITY CONTOURING

ThsVMEXwill atte mpt to ge nerate any prof ile which il is asked to do. ll is the rssponsibility
of the host lo be surs the acceleration required when generating a circle or any other
changs in dirsction is possible within the mechanical constrainls ol lhs system. All corners
must bs definsd by arcs and tangents to thoss arcs, else the changs in diraction will bg
instantaneous and generate very large accelerations. The arc radius must be chosen so
lhat ths accelsration constraints ol the system are met.

AF#,# AUXILIARY OFF

The AF command may be used within a contour def inition allowing control of othsr
devices at any instruction within the contour. The AA mode syntax is ussd. Any
auxiliary can be exercised with this command. All axgs must be speciligd or
specifically skipped, rather than those axes delined within tho contour, as lhe other
commands in this sect ion.

OUEUE REOUIREMENTS
MODE

AX-AV 1

AA,AM '|

2AA/CD

Example; (see CD command)

AN#,# AUXILIARY ON

The AN command may be used with a conlour by using ths AA mode syntax as

above. Any auxiliary can be exercised with this command. All axes must be

specitied or specif ically skippgd, rather than thoss axos delined within thg contour,
as the other commands in this section.

OUEUE REOUIREMENTS
MODE

1AX-AV
1AA, AM
2AA/CD

Example: (see CD command)
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CD#,#; CONTOUR DEFINE

The CD command enlers contour definition mods. lt allows entry ot commands for
contouring mode. Commands ars queued for execution by the CX command. The
paramelers detins the axes tor which the contour is defined and ths starting position
of the contour in absolute unils. The contour may be delined on up to 6 axes if
circular interpolation is not used, or 2 axes with circular mixed with linear interpo'
lation. Attempting to do circular interpolation in a contour which is being dslined
for more than 2 axes will bs flagged as a command srror. This command is
executed in the AA mode. Ths contouring axes musl be at positions which allow
them to reach the specified contouring velocity by the specilied posilion whgn the
contour is executod. ll the actual position ol tho stage is oqual to the starting
position as delined by the CD command, the stage will jump to the conlouring
velocity with no ramp up. This could cause the stage to stall if it is not able to
accelerate at this high rate. lt is recommended that some ramp up distance be
allowed. The distance required may be calculated trom the equations in Section 1.

Thsre is also soms ramp down distance as lhs stage slows from ths constant
velocity value lo a stop. This distance is adjustable using the AC command. lt can
almost be eliminated using the CK command.

QUEUE REQUIFEMENTS
MODE

Not validAX-AV
0AA, AM

Not validAAi CD

Example: The tollowing demonstrates cutting a hole with a 10,000 count radius
using conslanl velocity conlouring and circular inlerpolation. The
contouring velocily is set to 1000 pulsss psr socond. A conlour is
then defined beginning at coordinates 0,0 on the Z and T axes. The
auxiliary output ot the Y axis is turned on, which could turn on ths
cutting torch or laser starling the cul at the center ol ths circls. A
half circle is cut lrom the cenler to lhe outside of the hole positioning
the cutting tool at the start of tha desired hole. The hole is then cut,
the torch lurned oll, lhe stage stopped and the delinition is com'
plete. The stags is then positioned and the hole cut wilh the cx
command. Note that no commas are providsd in lho MT and cR
commands for the inactive X and Y axes within the contour delini-
tion. Tho AN and AF commands musl have commas for all axss
since they can all be addressed lrom within the contour definition.

Enter AA
cv1000 cD,,0,0;
AN,0; CR0,5000,3.1 41 5926
cR0,0,6.2831853
AF,0; MT-10,10000
CE
MT,,-1000,0; GO CX
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CE CONTOUR END

Ths CE command marks thg end of lhe conlour sequencs. lt will telminate ths CD
mode, ramp to a stop and exit to lhe AA command mods when executed. The end
of the contour should contain at least a short linear segmenl just prior lo the CE
command to initialize the parameters lor lhe deceleration ol the slage.

OUEUE BEOUIFEMENTS
MODE

Not validAX.AV
AA,AM Not valid
AA/CD 'l

Example: (see CD command)

CK CONTOUR END and KILL

The CK command will end the contour sequence, likg the CE command, except
there is no ramp down, i.e. lhe pulses will stop abruptly. This command should be
used with caution to prevent the stage lrom missing steps or loosing its correct
position. ll is used in place of the CE command.

QUEUE REQUIREMENTS
MODE

AX-AV Nol valid
Not validAA,AM

AA/C D

Example Same scenario as CD command, but ws want to end the contour
with the minimum ramp down.

Enter AA
cv1000 cD,,0,0;
AN,0;CR0,5000,3.1 41 5926
cR0,0,6.2831853
AF,0; MT-10,10000
CK
MT,,-1000,0; GO CX
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CR#,#,# CIRCULAR INTERPOLATION

The CR command definss a move in a circular paltern f rom lhe entry position. The
lirst two parametors are the center of the circle in absolute units and the third
paramster is the distancs to movo in radians. The distance parameter should be
supplied lo seven signiticant digits if a tull circle is lo be generated.

QUEUE REOUIREMENTS
MODE

AX-AV Not valid
AA, AM Not valid

8AA/C D

Example: (see CD command)

cv# CONTOUR VELOCITY

The CV command allows specilication ot conlouring velocity. lt is executed from
the AA mode before a contour definition. A contour detined by a CD command
cannot be executed if followed by a CV command. Changing this parameter will
make any previously delined conlours invalid. The contour velocity delaults to
'1000 at power up or reset.

QUEUE REOUIBEMENTS
MODE

Not validAX-AV
AA, AM lmmediate

Nol validAA/C D

Example: (see CD command)
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cx CONTOUR EXECUTE

The CX command willexecute the previously enlsred conlour sequsncg. The stage
must bo positionod such that it can accelgrats to speed by the absolute position
specitied by the CD command it is executing and must be traveling in the proper
direction. Once a conlour is defined it may be execuled al any tims by executing
a CX command until it is replaced by another contour delinition. The CX command
cannol be placed withln a loop or while construcl.

QUEUE REOUIFEMENTS
MODE

Not validAX.AV
AA,AM A

AA/CD Not valid

Example: (see CD command)

MT#,# MOVE TO

Tha MT command causes the axes delined by the CD command to move to ths
specilied absolute position using linear interpolation. Only the axes being used in
a contour must be specilied in the contouring mode.

OUEUE REQUIREMENTS
cosrNELI N EAR PARABOLICMODE

AX-AV Not valid
30 30AA,AM o

4 + number ol axesAA/CD

Example

Enter:

Make a hexagon in CV mode using thg X and Y axes

AA CVSOOO;
cD10000,0;
MT20000,0
MT25000,10000
MT20000,20000
MT10000,20000
MT5000,10000
MT10000,0
CK
CX
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RO REAUEST OUEUE STATUS

Tho RO command relurns the number of entries available in the contouring queue.

OUEUE REOUIBEMENTS
MODE

lmmediateAX.AV
AA,AM lmmediate
AA/C D lmmediats

Example:

Enter:

Response:

Examine contour queue size

AA CD0,0; RQ

<LF><CR>10l6<LF><CR>
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7.21. COMMAND SUMMARY

The lollowing commands are included in lhe VMEX lamily ol molor controllers. The '#'
indicates a signed integer input parameter or a signed fixed point number of lhe formal
##.# when ussr units ars enabled. With User Unils snabled, distancss, vslocity and
acceleration parameters may be input in inches, revolutions, etc.

SUMMARY OF COMMANDS
COMMAND COMMAND OESCRIPTION
AA The lollowing commands are lor the AA mods.

Acceleration, set acceleratlon/deceleration re isterAC#
AF Auxiliary off
AM Axes multitaskin mode
AN Auxiliary on.

The tollowing commands ars tor the T axisAT
AU The lollowing commands are for ths U axis.
AV The following commands are tor the V axis.
AX The lollowing commands are for ths X axis (default on reset

The following commands are lor thg Y axis

The lollowing commands are lor lhe z axisAZ
Clear axis done llagCA
Deline a contourcD#,#;

CE End contour definilion, movement ramps to stop at end ot contour

CK End contour delinition, kill movement at end of conlour
Cosine on, enable cosine velocity protilesCN
Circular interpolation, move in a circlecR#,#,#

cv# Contouring velocity, delinition
Clear whils llag, i.e. terminate WH/WG loopCW
Conlour executeCX
Encoder statu s, return encoder slatus of currentl addressed ax lsEA

Echo ofl, turn ofl echo to host (delault at power uEF
Echo on, lurn on echo to hostEN
Encoder ratio, sel encoder count to motor count ralioER#,#
sli tolerance, set lolerance belors slip is flaggedES#
Encoder trackin , set encoder lrackin modeET
Force sition, tlush queug and attempt to stop at specilied positionFP#
Go and reset done flagsGD
Go command, slart execution ol motionGO

HD# Hold deadband, specif deadband lolerance lor osition hold

Encoder home mods, sel home on encoder lo tcHE
Hold oft, disable position hold, sli detection and tracking modesHF

HG# Hold gain, specif y position hold gain parameter

HH Home high, home switches ars active high
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COMMAND SUMMARY 7. COMMANDSTRUCTURE

SUMMABY OF COMMANDS
COMMAND DESCRIPTIONCOMMAND

Home low, home switches are aclive lowHL
Homs, lind homs and inilialize the position counterHM#
Hold on, enabls posil io n corraction allsr movsHN

Homo reverse, find home in reverse direction and initialize position
counterHR#

Home swilch, enabls home switch modeHS
Hold velocit ,s ecif maxrmum position hold correclion velocitHV#
lnterru t clear, clear done interrupl status and error tla stc
lnt e rru pt host whsn dons and set dons llaID

lnterrupl inde endent
lnterrupt when nearl donerN#
lnterru t when axis is in positionIP
lnterru t sli , interrupt host on sli or stall detectionIS
Jog command, run motor at specified velocity until a new vslocity
command is sent or it is sto ed by an ST or KL commandJG#

Kill, llush queue and lerminate pulse gengration immedialely on all axes
without deceleratingKL

Home and kill pulse generationKM

Home in reverse and kill pulse generationKR

Loop end, terminate mosl recenl LS commandLE
Disable limit switches lor selected axisLF

Enable limit swilches lor selected axisLN

Load position, load osition counter with parameterLP#
Loop start, sol loop counler, from 1 lo 32000 loops: (may bs nestsd to
4levels)LS#

tu A# Movo absolute, move lo absolute position

Move linear, movg s ecilied distance relative lrom current positionM L#,#;
MM Move minus, set minus direction for MV lype move

MO Move one pulse in current direction

MP Move lus, set positive direction for MV type move

MR# Move relalive, move s ecif ied distance lrom current osition

MT#,#; Move to, move to specified absolule posilion

MV#,#
Move velocily, move lo lirst parameter (absolute position) at second
parameter velocily without stop ping at end ol movs

PA# Powgr automatic, turn wer on before each movg

Parabolic oll,
generated

disable parabolic ramps, i.s. linear ramps will be
PF

PN# Parabolic on, enabls parabolic ramps

QA
Ouery status o{ switches and tlags lor addressed axis withoui aflecting
llags
Query status ol switches and lla s on all axes without aflecting llagsor
Return stalus of switches and llags and reset llagsRA

uest encoder position, return current encoder positionReqRE
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7, COMMAND STFIUCTURE COMMAND SUMMARY

SUMMARY OF COMMANDS
COMMAND COMMAND DESCHIPTION
RI Return slatus of switches and flags for all axes and reset flags
RL Return slip status ol each axis
RM# Return remainder of posilion divided by parameter in posilion countgr

Bequest position, return current posilionRP

RQ Requesl queue slatus, return number ol queue entries available
Sof tware resst of VMEXRS

SA Stop all, llush queue and stop all axes with deceleration
Set settling time betore power is reduced in PA modsSE#
Soft limit oll, resloro normal ovsrtravsl operationSF
Soft limit mode allow pulse lrain to ramp down on overtravglSL

sP# Slop at posilion, stop at specilied position if possible after all commands
havg been executed
Slop, flush queue and decelerate to slopST
Sy nc wait, wait for SYNC line to be released by other conlrollersSW#
User units ofl, turn off user unit translationUF

UU#
User units, multiply acceleration, velocity and distance parameters by
specilied arameter
Base velocity, set base velocityVB#
Set maximum velocity lo be used in profileVL#

vs#,#,# Veloci stream, slave velocily mode for proliling

WA Wait until all moves on all axes are finished
While end, WS loop lerminalorWD

WG Terminale WH loop

While, execute allcommands until WG loop terminator, until llag cleared
by CW command

WH

Wait u ntil current axis ueue is emptyWO
While sync, execule while SYNC line is trusws#
Wait, wait for specified number of millisecondsWT#
Who are ou, relurn model and soflware revision
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8. HOST SOFTWARE HOST SOFTWARE EXAMPLE

I
HOST SOFTWARE

I 1 HOST SOFTWARE EXAMPLE

The lollowing is an example program for the VME hosl to access the VMEX motion control
board. The program is wrilten in 68000 assombler and runs under and usos system calls
trom VMEPROM. The program will take characters typed at the VME host console and
pass them to lhe VMEX board and return all characters oulput by lhe VMEX lo the host
console. lnvoke the VMEX program and enter the lollowing at the keyboard:

EN WY

This will turn on echoing lrom the VMEX so you can see what you are typing and should
respond with lhe current firmware revision number so that you know thal communicalion
is established with the vMEX board.

VMEX users are welcome to use any of the su broulines in lhis sof tware f or their application
No license is required.

8.2. VMEX DEMONSTRATION PROGRAM

The f ollowing is
interrupls:

MDATA
MDONE
MCNTL
MSTAT
MVECT
MIRQE
MTBE
MIBF
MDONE

a source listing of the demonstration program which does not use

.equ $FFFF81

.equ $FFFF83

.equ $FFFF85

.equ $FFFF87

.equ $FFFF89

.equ $80

.equ $40

.equ $20

.equ $10

starl:
move.b #0,McNTL

clr.l d0
loop:dc.w$a078 ;char available lrom console

beq 110 ;no.
L1: move.b MSTAT,dI ;get VMEX status

and.b #MTBE,d1 ;Transmit bulfer emply?
beq L1 ;no wait till it is
move.b do,MDATA ;yes send char

Lr 0:
move.b MSTAT,dI ;check VMEX status
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EX DEMONSTRATION PROGBAM WITH INTERRUPTS 8, HOST SOFTWARE

and.b #MlBF,dl ;input butler lull
beq loop ;no go lor more
move.b MDATA,d0 ;yes gel char
dc.w$a086 ;send lo console
bra Ioop ;and repeat forever

end sta!t

8.3. VMEX DEMONSTRATION PROGRAM WITH INTERRUPTS

The lollowing is a source listing ol the demonstration program which uses interrupts
M DATA .equ $FFFF81
MDONE .equ $FFFF83
MCNTL .equ $FFFF8s
MSTAT .equ $FFFF87
MVECT .equ $FFFF8g
MIRQE .equ $80
MTBE .equ $40
MIBF .equ $20
MDONE .equ $10

VECADR.equ $100
|VECTOR.equ $40

starl

otfs:
move.l #VECADR,aI ;and vector address
move.l a0,(a1) ;set up interrupt vector
MOVE.b #IVECTOR,MVECT
move.b #MlBF,d0 lurn on IBF interrupt
or.b #MlROE,do ;enable interruPls
move.b d0,MCNTL

clr.l d0
loop:dc.w$a078 ;char available trom console

beq L10 ;no.
L1 : move.b MSTAT,dI ;get VMEX slatus

and.b #MTBE,d1 ;Transmit buller empty?
beq L1 ;no wait till it is
move.b d0,MDATA ;Yes send char

L10:
bra loop ;and repeat lorever

lea serv-oifs+2(PC),a0 ;get actual program counler

serv:move.b MSTAT,dI
and.b #MlBF,dl
beq sexit
move.b MDATA,d0
dc.w$a086

sex il: rte

;check flags
;input butfer full

;send to console

8-2

.end starl
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