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1. INTRODUCTION

Burleigh Instruments Inc. thanksoyou for choosing an
IW-700 or 710 Serics Inchworm Motor. It's design
has been optimized to meet your most rigorous
micropositioning needs.  These products arc the
culmination of over a decade of development in
Inchworm technology, and incorporate significant
improvements over earlier motors in smoothness of
operation, speed under load, mechanical step
resolution, reliability, and versatility,. When operated
by Burleigh control electronics they provide the
highest mechanical resolution of any commercially
available positioning systems.

Should any questions or problems arise with the
Inchworm Motor please contact Burleigh's Customer
Service Department at (716) 924-9355 or your local
rcpresentative.

CAUTION: High voltages are present during normal
operation of Inchworm Motors, even when they are
not in motion. Do not disassemble the Motor or
remove any covers. There are no user serviceable
areas or parts inside. Also, use care not to damage
the cables and plugs.

CAUTION: Inchworm Motors contain piezoelectric
ceramics and their encoders contain glass scales,
both of which can be damaged by rough handling or
physical shock.

2. INITIAL INSPECTION
A. VISUAL

Inchworm Motors are packed in a special carton
designed to provide maximum protection during
shipment. Notify your shipping department if the
outside of the shipping carton is damaged. They may
wish to notify the carrier at this point.

If the shipping carton is undamaged externally
remove the Inchworm Motor from the carton. If any
damage is evident visually or if rattling can be heard
when it is gently shaken notify your shipping
department and Burleigh Instruments, Inc. or your
local representative. Please save the special carton
for future storage and transportation.

B. OPERATIONAL

Refer to section 4 for a discussion of normal
operation of the IW-700 and 710 Series Inchworm
Motors. If an Inchworm Motor fails to operatc
correctly contact the Burleigh Customer Service
Department or your local representative at once.

CAUTION: Do not attempt to use an Inchworm
Motor until you are familiar with the operation of
the Controller. Refer to the Controller Manual for
details.

C. QUALITY CONTROL

Inchworm Motors undergo several stages of
inspection, test, and calibration before shipmcnt
including an extended run-in. They are designed to
provide years of trouble-free operation. In the
unlikely event that problems occur please contact
Burleigh for instructions. Our Customer Scrvice
Department is ready to help with advice, parts, and
repair services.



3. DESCRIPTION

The Burleigh Inchworm Motor is a compact lincar
acluator. Its patented piczoclectric construction
allows precise positioning with low compliance (high
stiffness) and none of the backlash inherent in gear
driven stcpper or dc motor systems.  Unlike
magnctic motors the Inchworm Motor does not
dissipatc powcr when stopped.  They have a
mcchanical resolution of 0.004 microns with a speed
rangc of 0.004 um/scc to greater than 2 mm/s. The
shaft can generate’ a lincar force of 1.5Kg.
Construction for vacuum opcration is available.

Inchworm Motors are available with nominal travel
distances of 6.3, 25 and 50mm, with or without
mtcgral 0.5um resolution encoders.  Applications
requiring longer travel or diffecrent mounting
geomctrics may be satisficd with Burleigh LTO and
LTS Scrics Motors.  Contact Burleigh or your local
representative for more information.,

Burleigh 1W-700 and 1W-710 Scries Inchworm
Motors have identical motor components and
positioning specifications. The IW-710 Serics include
‘an integral 0.5um resolution encoder which is
described in section 3-B.

For your convenicnce, a glossary of micropositioning
terms is found in Scction 11 of this manual.

NOTE: Although dcsigned for opcration by-Burlcigh
6000, 7000 and 7010 Serics Controllers, IW-700 and
710 Series Motors may be opecrated with certain
restrictions by CE-1000 and CE-2000 Lonlrollers
Rcfer to Section 10 for detatls,

CAUTION: An clectrical shock hazard can exist if an
IW-700 or 710 Series Inchworm Motor is connected
dircetly to a CE-1000 or CE-2000 Controller. If you
have any questions, please contact the Burlcigh
Customer Service Department or your local
rcpresentative.

A. INCHWORM MOTION

The principlc  of Inchworm motion is described
below,  Sce Figure 1.

Both outer clements, numbcered 1 and 3 in the figure,
contract when voltage is applicd and firmly clamp
onto the shaft.  The center clement, numbered 2,
cxpands along the shalt with incrcasing voltage. All
three clements operate independcently.

The Controller - sequences the ‘clamp and center
clement voltages to generate Inchworm motion as
follows:

- actuate clamp element 3

- extend center element 2, moving shalt to the right

- actuate clamp 1, release clamp 3

- contract center element, moving shaft further to the
right :

- actuate clamp 3, release clamp 1

- rcpeat scquence

Reverse travel is achieved by reversing the sequence
for uctuating the clamp clements.

Forward and reverse limit switches automatically hait
further travel when cither extreme of travel is
rcached.  Extension or contraction of the center
clement causcs about 2 microns of shaft movement
between clamp changes.

. 3 CLAMPS
AT 2 :qu
1 1
2 EXTENDS
11 2 JLTJ
T |
1 CLAMPS THEN 3 UNCLAMPS

ril 2 13
L T T

2 CONTRACTS
L1J 2  13]

l |

L I~ [
FIGURE 1
INCHWORM MOTION



The voltage applicd to the clamp elements has two
levels: On (clamped) and Off (unclamped). The
centcr element receives a 512 step voltage staircase
for smooth motion. The slope of these ramp signals,
coordinated with the clamp change frequency
determines translation speed. Between clamp
changes the voltage staircase may be halted at any
level to achieve mechanical resolution of about 0.004
microns. See Figure 2.

RIGHT
CLAMP

pon

LEFT
CLAMP

P,

CENTER
ELEMENT

CLAMP 3
UNCLAMP 1——
EXTEND 2
CLAMP 1
UNCLAMP 3
CONTRACT 2

FIGURE 2
VOLTAGE SEQUENCE

The clamping and unclamping process generates a
"discontinuity” in the motion which will vary slightly
from motor to motor with a typical magnitude of less
than 0.05um under no-load conditions and 0.2um
with a 1.5Kg load. Sce Figure 3.

DISPLACEMENT

I__[

TIME

FIGURE 3
MOTION PROFILE

In applications where accurate, repeatable
positioning is required best results are obtaincd by
using the Inchworm Motor in closed-loop mode with
a linear encoder providing position feedback. The
IW-710 Series feature integral 0.5um resolution
encoders which are described in the following
section. Alternatively, an IW-700 Series can be uscd
with an externally mounted 0.1um resolution encoder
also available from Burleigh.

B. ENCODER

The IW-710 Scries Inchworm Motor featurcs an
integral Moire fringe counting linear optical encoder
mounted on the rear of the Motor shaft. It dircctly
detects movement of the spindle and shaft with
0.5um resolution and +1um accuracy. The encoder
provides feedback (dircction and amount of motion)
to the Controller for position display and closed-loop
operation. Burleigh 0.5¢m encoders do not have a
reference mark.

The encoder is calibrated and aligned at the time of
assembly and requires no user adjustment.

Refer to section 9-A for information on EN Scrics
externally mounted 0.1um resolution encoders.
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4. OPERATION
A. INCHWORM MOTOR

IW-700 and 710 Scrics Motors arc designed for use
with Burleigh 6000, 7000 and 7010 Scrics Controllers.
Refer to section 10 for information on using these
motors with Burlecigh CE-1000 or CE-2000
Controllers.

Before connecting an Inchworm Motor to a
Controller be surc that the Controller power is
turned . off.  Plug the Inchworm Motor cable
conncctor dircctly into the High Voltage Driver
Output located on the rcar of the Controller. For
IW-710 Scrics Motors refer to the following section
for conncecting the encoder cable.

If the motor must be located beyond its standard six
foot cable Iength from the Controller Burleigh
~ Model 7011 Extension Cables must be used for the
Motor. Although cxtension cables can be conncected
in scries, do not excecd 50 feet in total length.

The novel piczoclectric construction of the Inchworm
Motor results in uniquc operating characteristics. As
the Motor moves a buzzing at high spceds and
clicking at low spceds can be heard. This is due to
the opening and closing of the clamp clements and is
normal. When the Inchworm Motor is stopped one
clamp firmly holds the shaft so the shalt is very stable
and does not cxhibit any vibration. In addition, since
piczoelectric matcerials do not draw current when
held at constant voltage Inchworm Motors do not
dissipatc hcat when stopped.  The fast response of
piezoclectric matcrials give the Inchworm Motor
very high acccleration and deceleration.

Some lateral motion occurs in the spindle when the
piczoclectric clamps change, typically +1um or less
at the tip of the spindle.  For critical applications
such as intraccllular probing the Lateral Stability
Option is of valuc. With this {cature latcral motion
at the spindle tip is reduced to approximately 0.2-0.4
micron. Refer to scction 8.

Refer to the Controller manual for more information
on using Inchworm Motors.

In any application:

- Make surc the Motor is protected from dust, dirt
and dcbris.

- Avoid cxcessive relative humidity that may
condense causing electrical arcing. S

- Avoid shock loads which may damage the encoder
glass scales and/or the Inchworm Motor:

- In opcration any side loading (perpendicular to the
dircction of travel) of thc spindle must be kept
below 0.1Kg.

- Damage can result if the Inchworm Motor stalls
repeatedly against a mcchanical stop for periods
greater than S minutcs.

B. INTEGRAL ENCODER

The integral encoder of an IW-710 Scrics Inchworm
motor has a scparate cable for direct conncction to
the Encoder Input on the back of the Controller. If
the cncoder is located beyond its standard 6 foot
cable length from the Controller a modcl 7006
Remote Encoder Box must be used. The encoder
cablc connects directly into this box. Burleigh Model
7007 Extension Cables are available ‘in 10, 25,and 50
foot versions and connect the box to the Controller.
Extension cables can be connccted in scrics but
should not exceed 50 fect in total length.

CAUTION: Use care in handling the Inchworm
Motor, specifically avoiding shocking the
motor/encoder body.  Misalignment and/or
breakage of the encoder reader and reticle scales
could result.

NOTE: When routing cables from Inchworm Motors
and encoders to the Controller be sure to separate
the cncoder and motor cables. Avoid coiling the
cables together when cables arc longer than
nccessary since unwanted signals can be generated
resulting in incorrect encoder position readings.

The mechanical resolution of the Inchworm Motor is
approximately 0.004um. Since this is much smaller
than the 0.54¢m cncoder measurement resolution the

‘motor may be operated within this range (<0.5um)

without the encoder detecting any change in position.

Some applications may require extcrnally mounted
cncoders, the choice based upon the nced for a
reference mark, higher resolution, or the need for a
more dircct measurcment of the motion of interest.
Extcrnally mounted encoders may be used with
IW-700 Serics Inchworm Motors.

Refer to section 9-A.



C. MOUNTING THE INCHWORM MOTOR
Important considerations:

- Usc a rigid mount.
- Do not apply side loads greater than 0.1Kg

There are three methods for mounting IW-700 and
IW-710 Series Inchworm Motors.

i. Mount the threaded front section of the Inchworm
Motor through a clearance hole in a plate. For best
results use a .500" diamcter hole with a plate
thickness less than or equal to .375". Use the
retaining nut and spanner wrench supplied to secure
the Inchworm Motor in place.

Under some conditions the retainer nut may bind and
become difficult to tum. A few drops of isopropyl
alcohol applied to the threads as a lubricant will
alleviate the problem.

ii. Use a mount which threads onto the .5 x 40 pitch
thread on the front housing. Thread the mount onto
the Inchworm Motor. DO NOT thread the
Inchworm Motor into the mount as there is a risk of
loosening the housings.

ili. Insert the Inchworm Motor front housing into a
1.000" diameter clamp. Be careful to not over tighten
the clamp. This method of mounting can provide the
best stiffness.

NOTE: The rear housings do not provide a stable
mounting surface and should not be used to mount
Inchworm Motors.

The Burleigh IW-450 Mount was designed
specilically for use with the Lateral Stability Option
(LSO) Inchworm Motor but also provides a versatile
mount for other applications. See Figure 4.

D. MOUNTING LOADS TO INCHWORM MOTORS
Important considerations:

- Couple loads to the spindle with care as lateral
forces on the spindle (perpendicular to thc travcl
dircction) must be less than 0.1Kg.

- It is best to operate Inchworm Motors with as light
a direct load as possible. This leads to smoother
motion and minimizes diffcrences in forward and
reverse speeds.  Spring loading does nothing to
improve the stability of Inchworm Motors since they
arc very rigid and stablc when stopped. In addition

Inchworm Motors are clamped only when the
controller is turned on. Rigid mounting provides less
chance of slippage when power is turned off.

- Shaft-to-body axial alignment is very important.
Misalignment can lead to motor damage and failure.
Use Burleigh's Model LTO-H Alignment Hardware
Kit to compensate for minor misalignments.

See Figures 5 and 8.

- When power is turned off the Inchworm Motor
holding force can momentarily drop to .5Kg or lower.
It is best to remove any direct load (i.e. vertical mass,
spring load, etc.) from the spindle before turning the
power off.

Inchworm Motors are supplied with a rounded
spindle tip. This can be used to couple to a load or
can be removed to access the 6-32 tapped hole in the
c¢nd of the spindle.

Several coupling methods can be used:
See Figure 5.

i. The rounded spindle tip is used for pushing against
a spring loaded flat surface. This is often the
simplest method, but may not yield the best
performance.

ii. Light objects may be mounted directly to the
tapped hole in the spindle.

ili. Coupling may be accomplished by magnetic
attraction by removing the non-magnetic spindle tip
and replacing it with either a magnetic tip or a tip of
ferromagnetic material that contacts a magnetic load.

iv. Burleigh's modcl 1W-475 Electrode Mounting Kit
may be used to attach small electrodes, pipctics, or
other small loads to the spindle. It mounts dircctly
to the spindle tip with a supplied 6-32 screw.

CAUTION: NEVER tighten or loosen the spindle tip
(or any threaded object) on the spindle while holding
the housing. This could damage the Inchworm
Motor. Hold the spindle at the wrench flats located
near the end of the spindle.
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5. SERVICE

Clearance Compensation is a bias level that scts the
Off, or unclamped voltage for the clamp clements
and dctermines the clecarance between the clamp
clements and the shaft. Burleigh scts this opcrating
level at the factory. In normal use no adjustment
should bc nececssary.  However, under certain
conditions the clearance between the shaft and
clamps will change slightly resulting in a loss of push
force. These conditions include:

- high ambicnt tcmpcrature
- large load combincd with high duty cycle
- motor wear over a long period of time.

Plcasc rcfer to your Inchworm Motor Controller
Manual for instructions on adjusting the Clearance
Compensation.

CAUTION: Excessive wcar and damage to the
Inchworm Motor can result if the Clearance
Compensation is sct too low.

There is no other user service or maintenance that
can be done for the IW-700 or 710 Scrics Inchworm
Motors.
plcase call the Burleigh Customer Secrvice
Dcepartment at:

Burlcigh Instruments, Inc,
Burlcigh Park

Fishers, New York 14453
Tel. (716)924-9355

Tix. 97-8379

Fax. (716)924-9072

Or contact your local representative.

CAUTION: Do not open up an Inchworm Motor or
remove any housing parts.  High voltages may be
exposed and the warranty will be voided!

6. SPECIFICATIONS
All Modcls:

Travel Distance

0.25(mm) 1W-700, IW-710

250 1W-701, IW-711
50.0 IW-702, IW-712
Speed (minimum) .004 micron/scc
(maximum) >2mm/sec.
Load (maximum) 1.5Kg in direction of motion

0.1Kg perpendicular to motion

-8-

Mechanical Resolution 4nm (typical)

Lateral Motion (maximum) *+1 microns at tip

(6.25 and 25mm modecls)
+2 microns at tip
(50mm models)
Discontinuity at clamp change  <0.05 microns at no load
(typical) .
Temperature Range

<0.2 microns at 1.5 Kg. load
Operation +10 to +50 degrees C.
0to +70 degrees C.
1.0to 1.5Kg Controller power off
0.0 to 0.7Kg Power on (Free mode)

Storage
Force to move shaft
(typical)

Encoder modcls:

When any problems or questions arise

0.5¢4m
*1.0um
+2.0um with LSO

Incader Resolution

I‘ncoder Accuracy

Refer 1o Figure 7 for IW-700 and 710 Series outline dimensions.

7. VACUUM OPERATION
A. DESCRIPTION

IW-700 and 710 Scrics Inchworm Motors arc
available with special assembly for vacuum use.

Important featurcs arc:

- Teflon motor and encoder cables.

- Bulkhcad mount O-ring vacuum fccdthroughs
supplicd for both Motor and encoder cables. (Scc
Figure 6)

- Spccial clcaning in Freon to rcmove residual
contaminants.

- All cavitics venlcd to prevent trapping air.
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B. OPERATION

Excess hcat gencration during Inchworm Motor
opcration places a limitation on the product of duty
cycle and speed. For vacuum use the rccommended
maximum is .25 x 100% duty cycle x 2mm/scc. In
all cascs the actual Motor temperature must be kept
at or below 60°C during opcration.

When an Inchworm Motor is first run in vacuum self
heating may cause some cxcess degassing which will
result in a higher initial outgassing rate. The system
will then return to outgassing rates listed below. The
ultimatc pressurc obtainable depends on the
pumping ratc and background outgassing rate of the
user's  vacuum system.  For ultra high vacuum
applications contact Burlcigh Instrumcnts for
information on UHV Serics Inchworm Motors.

WARNING: The controlier must be
turned OFF when pumping through the
corona region (.001 to 100 Torr).
Failure to turn off the controller will
result in permanent damage to the
Inchworm motor, cabling, and
controller. Inchworm motor
replacement will likely be required. It
is Burleigh's strongest
recommendation that vacuum/power
interlocks be installed to help prevent
this type of damage.

CAUTION: The vacuum Inchworm uscs a vented
spindle tip. The thrcaded spindle hole is NOT
vented. If the spindle tip is replaced, a vented screw
dcsign must be uscd.

C. SPECIFICATIONS

With the exception of the maximum product of duty
cycle and speed as described above all positioning
specifications arc identical for vacuum and
non-vacuum Inchworm Motors.

Vacuum range lO_6 to l()'7Torr (typical)
Bakcout temperaturce - 70 C (maximum)
Outgassing Model  OQuigassing rate
(typical) IW-700  <1.0(X10°81-L/s)

IW-701 1.0

1W-702 15

IW-710 3.0

IW-711 35

IW-712 4.0

NOTL: (T-L/s = Torr-Liters/sec)

8. LATERAL STABILITY OPTION (LSO)
A. DESCRIPTION

The Lateral Stability Option reduccs the sideways
(lateral) motion of the Inchworm Motor spindle that
occurs during a clamp change. This option is
primarily of interest to neuroscientists who use the
Inchworm Motor to probe or penetrate small cells
(<20um diamcter).

The LSQ is available for 25 and 50mm travel modcls
only and is compatible with the encodcr and vacuum
options. The LSO adds approximatcly .63" to the
length of the front housing of the Inchworm Motor.
All other dimensions remain the same. Refer to
Figure 7.

B. OPERATION
Cell penctration:

When the Inchworm Motor is moving therc may be
some vibration transmitted to the microclectrode,
even with with LSO. Some Neuroscientists find this
vibration or "ringing” helpful in making successful
ccll penetrations. Since this vibration is not a lateral
motion of the spindle tip, but a resonant effect of the
microclectrode it can be adjusted by varying thc
length of the pipette.  Contact the Burleigh
Customer Scrvice Department or your local
representative for more information.

Stability:

Duc to its piczoelectric construction the Inchworm
Motor is intrinsically very stable, showing little drift
over many hours in a stopped condition. .

For correct operation and to prevent unintended
mootions the Controller should be operated with the
Maintenance function tumed OFF.  Refer to the
Controller manual for further details.

C. SPECIFICATIONS

With the exception of encoder accuracy all
positioning specifications are identical for LSO and
non-LSO Inchworm Motors.

Lateral motion <.2um at clamp change (typical)
3um maximum (see definition below)

+2um  (IW-711 and IW-712 only)

Latcral hysteresis
Encoder accuracy
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Latcral hystercsis is the net sideways motion of the
spindle occurring when the Inchworm Motor
reverses travel direction.  This is a gradual motion
with a sideways translation of 1-3um occurring in a
travcl distance of 5-30um. It is measurcd at the end
of an approximately 3" long glass microclcctrode
mounted on the end of a fully extended Inchworm
spindlc.

D. ACCESSORIES
IW-475 ELECTRODE MOUNTING KIT

This kit provides the user a stable mount for 1Imm
diamcter glass microclectrodes.  The insulating
Delrin block mounts to the thrcaded spindle end
with a supplicd 6-32 screw.  See Figurc 5.

1W-450 INCHWORM MOUNT

This mount is designed for use with LSO Inchworm
Motors and provides a stable versatile platform for
conncceling to uscr supplicd apparatus. The mount is
provided with two tapped and two countersunk holes
for mounting, or the user can tap or drill holes in the
basc as required. Sce Figure 4.

9. OPTIONS
A. EN SERIES ENCODERS

The EN Serics encoders have travel distances of 12,
25 and 60mm, with 0.1um resolution and *.5um
accuracy (*1um accuracy for 60mm version).  All
three versions have an absolute refercnce position
and are compatible with 6000, 7000, and 7010
Controllcrs. Hardware is available for mounting
them to TS-100 Serics stages. Contact the Burleigh
Sales Department or your local representative for
further details.

B. TS-100 TRANSLATION STAGES

The TS-100 Serics offers a lightweight aluminum,
high precision, crossed roller bearing stage designed
for used with TW-700 and 710 Scrics Inchworm
Motors. The basic stage has a 4" x 4" (101.6mm x
101.6mm) footprint with 50mm travel and is offered
with or without a 1.75" diamcter central
through-hole, each in a standard or vacuum version.
Counterbalanced vertical (Z-axis) versions are also
availablc. Hardware is available for mounting EN
Scrics cncoders.  Contact the Burlcigh Sales
Department or your local representative for further
details,

C. NON-MAGNETIC INCHWORM MOTOR

The standard IW-700 and 710 Scrics Motors use
ferromagnetic shafts and screws. For applications
rcquiring non-magnetic construction a ceramic shalt
and stainlcss stcel or brass screws can be substituted.
For the IW-710 Serics there are additional magnctic
encoder parts that can be replaced depending on the
degrece of magnetism which can be tolcrated.
Contact the Burleigh Salcs Department or your local
representative for further details.

D. ACCESSORIES
LTO-H HARDWARE KIT

Burleigh's LTO-H Hardware Kit provides spring
coupling directly to the spindle and provides a 0.25
inch diameter shalt for connection to the load. Each
Kit has two spring loaded couplings. Sce Figures 5

and 8.
#6-32UNC |
.20 LONG | o 14
®. 4) 1
0.57 DIA '
(14.8) ]
} 0.75
(19.1)
1.414
(35.8)

DIMENSIONS IN PARENTHESES ARE
MILLIMETERS '

FIGURE 8
LTO-H

CE-7 CABLE

This cable permits use of inchworm Motors with
CE-1000 & CE-2000 Controliers. See section 10.

10. OPERATION WITH CE-1000 AND
CE-2000 CONTROLLERS

Restrictions:

i. A CE-7 Cable must be uscd (sce below).
ii. Mechanical resolution is .01um (typical).

As part of a design to improve noisc immunity,
Inchworm Motors designed for use the 6000, 7000
and 7010 Controllers use a different ground and
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shicld pin configuration than those designed for use
with the CE-1000 or CE-2000 Controllers. Thus the
IW-700 and 710 Scries arc not dircctly compatible
with Burlcigh Modcl CE-1000 or CE-2000
Controllers, but requirc use of a CE-7 Adapter
Cable between the Controller and the Inchworm
Motor cable. '

CAUTION: An electrical shock hazard can exist if a
CE-1000 or CE-2000 Controller is used without a
CE-7 cable. If you have any questions please contact
the Burlcigh Customer Service Department or your
local represcntative.

EN Secries 0.1um resolution encoder operation:

A modcl EXE-710 interface box must be used.
Contact the Burlcigh Customcr Service Department
or your local representative for details.

Extension cables:

Motor: Use Model 7011 Extension cables. The
maximum allowable length is 50 fect. First connect
the CE-7 cable to the Controller then connect the
cxtension cable.

Encodcr:
0.51¢m rcsolution - No extension cables permitted

0.1um rcsolution - Use Model 7007 Extension cables.
The maximum allowable length is 50 feet.

11. GLOSSARY

Accuracy - The veracity with which an instrument
can dcterminge the truc value of a quantity measured.

Backlash - An error in gear trains and lcad screw
systcms arising from mechanical tolerances. It is the
"dcad band” where no motion occurs when the
dircction of travel is reversed.

Closcd loop control - Operation of a positioning
system with position feedback. Positioning accuracy
is dependent upon the encoder.

Encodcr - A measuring device which outputs signals
corresponding to position or change in position.
Rotary or shaft encoders measure angles. Linear
encoders mcasure distance along a straight line.

Fecdback - In closed loop positioning systems this
refers 10 the signals used by the controller to
measurc and maintain position.

Latcral motion - The rapid sideways net motion of
the spindle which occurs during a clamp change.

Open loop control - Operation of a positioning
system without position feedback. Accuracy depends
on the drive system, stage and load.

Piczoelectric - A term used to describe a class of
materials which expand or contract upon application
of an clectric field.

Repeatability - The variability experienced when a
positioning system is repeatedly moved to some
nominal location. Note that a system can be
inaccurate, but very repeatable.

Resolution: measurement - The smallest increment
of motion that the encoder or sensor can detect. In a
closed-loop system this is also the smallest position
step that can be taken under feedback control.

Resolution: mechanical - The smallest motion that
an actuator can achieve.

12. WARRANTY

Burleigh 700 and 710 Series Inchworin Motors, when
operated by Burleigh Control Electronics, are
warranted against defects in material and
workmanship for a period of onc ycar after date of
delivery. Burleigh's warranty card must be returned
within 30 days after date of delivery. During the
warranty period, Burleigh will repair or, at its option,
replace parts which prove to be defective when the
motor is returned prepaid to Burleigh Instruments,
Inc. The warranty will not apply if the motor has
been damaged by accident, misuse, or as a result of
modiflication by persons other than Burleigh
personnel.

It is important to call Burleigh or your local
representative for a Return Authorization Number
(RA#) before returning any product. This will
insure the prompt handling of the repair.

The liability of Burleigh (except as to title) arising
out of supplying of said product, or its use, whether
under the foregoing warranty, a claim of negligence,
or otherwise, shall not in any case exceed the cost of
correcting defects in the product as herein provided.
Upon expiration of the warranty period specified
herein, all liability shall terminate. The foregoing
shall constitute the sole remedy of the buyer. In no
event shall the seller be liable for consequential or
special damages.
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