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PROPRIETARY NOTICE
This manual is provided solely to facilitate operation
and maintenance of LABWORKS INC. equipment and
contains proprietary information which may not be
duplicated in whole or in part without prior written
consent of LABWORKS INC. Use of this information
for any other purpose is specifically prohibited.

If any difficulty is encountered in implementing the instructions in this
manual contact the Customer Service Department, Labworks Inc., Costa
Mesa, California at {714) 549-1981 Please give the equipment model
number, the serial number, the conditions of use, and a description of
the problem.

Labworks Inc. maintains a staff of qualified, factory-trained field
engineers with years of experience in the installation, maintenance,
repair, and calibration of test systems. These field service
representatives are available for consultation on special problems
concerning utilization or application of Labworks Inc. equipment.
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SECTION 1
INTRODUCTION

1.1 General Description

The Labworks Inc. ET-132 electrodynamic shakers are designed for
general purpose vibration testing of small components and stress
screening of electronic sub-assemblies as well as accelerometer and
transducer calibration up to 10 kHz.

The compact size of the ET-132 Shaker makes the shaker assembly
ideally suited for applications such as accelerometer calibration,
production screening, reliability acceptance testing and engineering
evaluation.

The armature suspension and guidance system's use of composite
materials provides a high degree of lateral and rotational restraint while
maintaining maximum compliance in the axis of motion to permit full
0.5" peak to peak stroke.

The ET-132 shaker body structure and trunnion assembly are designed
to allow a variety of operating positions. The standard shaker trunnion
can be used in the vertical orientation or rotated 90° for horizontal
applications. The shaker itself may be operated in any physical
orientation.

1.2 Technical Specifications ET-132-2 & -203

The following are the performance and physical characteristics of the
ET-132 Electrodynamic Shakers

Note: The user should be aware that the following specifications assume
no amplifier or other system limitations.

Parameter Specification
1.2.1 Rated output force:
1.2.1.1 Sine force -2 7 1bf pk
-203 4.5 lbf pk
1.2.1.2 Random force -2 5 Ibf rms
-203 3 1bf rms
1.2.1.3 Shock force -2 15 1bf pk, 11 msec pulse
-203 9 Ibf pk, 11 msec pulse
1.2.2 Displacement (max) 0.5"pk-pk, continuous
1.2.3 Velocity (max)...-2 95 inches per second pk
-203 80 inches per second pk
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1.2.4

1.2.5

1.2.6

1.2.6.1

1.2.6.2

1.2.6.3

1.2.6.4

1.2.6.5

1.2.6.6
1.2.6.7
1.2.6.8

1.2.6.9

1.2.6.10

1.2.7
1.2.7.1

1.2.7.2

Acceleration (max) -2
-203

-2 & -203

Frequency range -2
-203

Physical characteristics:

Moving element weight -2

-203

Fundamental resonance -2

-203

Rated armature current -2

-203

Specimen mounting

Armature guidance and
suspension system

Axial suspension stiffness
Stray magnetic field
Shaker weight

Shaker dimensions

Shaker cooling

Environmental Conditions:
Ambient Temperature

Force Derating (> 100° F)

1-2

90 g pk, driven
65 g pk, driven

120 g pk, resonant
190 g pk, shock pulse

DC-10 kHz, bare table
DC-10 kHz, .25 Ib mass load

0.077 pounds
0.069 pounds
7.5 - 8.0 kHz
9.5 - 10 kHz

8.5

Internally-threaded, replaceable
aluminum insert (10-32 std.)

Upper guidance provided by four
internally damped lateral
flexures with foreshortening
compensation. Lower guidance
is provided by radial ball
bearings.

10 Ib/in, nominal
<30 gauss @ 1" above table
6.5 pounds including trunnion

5.38" height x 3.6" width x 3.5"
depth

Natural convection (forced air
cooling recommended for
continuous operation above 4.5
pounds force).

40° F to 100° F @ 85% RH max.

Reduce 1% per 1° F Ambient air
temperature >100° F
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SECTION 2
INSTALLATION AND OPERATION

2.1 General

Installation of the Labworks Inc. ET-132 shaker involves unpacking,
preparing the equipment, and readying it for operation. This must be
preceded by selection of an appropriate site and preparation of same.
Before proceeding with the actual installation of the shaker, ensure that
the site conforms to the needs of the equipment, and meets all the
requirements for its proper operation.

2.2 Site Selection and Preparation

The location in which the shaker is to be installed should be one
basically free of all airborne particles of foreign matter, but especially
those that are of a ferromagnetic or other metallic nature.
Consideration should be given to the vibration which will be introduced
by the shaker to the mounting surface. The location should be chosen
such that other equipment in the area (for example; a power amplifier
on the same table) will not be adversely affected.

A power amplifier and signal source will also be required for shaker
operation. These can be in the form of the Labworks Inc. power
amplifiers and process controllers, or compatible equivalents.

If a cooling blower is desired for optimum shaker performance, it
should be installed and connected prior to startup.

As for the shaker itself, the physical location of its installation is
restricted only by the lengths of the various interconnecting cables and
hoses.

2.3 Unpacking and Handling

At the time of arrival of the shaker, check the equipment against the
packing list to make sure that the shipment is complete. Inspect all
packages for shipping damage and check for loose, broken, and/or
damaged components.

In the event of shipping damage, notify the agent of the delivering
carrier and obtain a full report of the irregularity. Have this signed by
the agent before accepting the shipment.

2.4 Installation Procedure

The installation of the shaker is a simple process which only requires
attention to a few details and can be accomplished as follows:

1. Place and position the shaker in the appropriately chosen site
(see subsection 2.2).

2a. Trunnion Mounting: A level mounting surface is desirable and
the shaker trunnion should be firmly mounted to prevent the
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2b.

shaker from bouncing or "wandering" during operation. The
shaker can be removed from the trunnion base then
reattached after the trunnion is mounted.

Body Mounting: The shaker can be installed without its
standard trunnion base by removing the trunnion and
connecting the shaker body directly to the users test
apparatus. If the normal trunnion mounting holes are to be
used, insure that the attaching bolts are 1/4-20 UNC threads
and that they protrude at least 3/8 but no more than 5/8 inch
into the side of the shaker body. Two 1/4-20 UNC mounting
holes are provided on the bottom of the shaker body and can
be utilized by removing the bottom cover retaining screws. If
bottom mounting is used, two 1/4-20 x 3/8" long truss head
machine screws are provided to replace the trunnion screws
for top cover retention. Skip to step 4 if Body Mounting is
used.

Loosen the trunnion mounting screws and rotate the shaker to

the desired operating position. Tighten the mounting screws
to lock the shaker into position.

If a cooling blower (usually a small canister vacuum cleaner) is
to be used it should be attached, using appropriate adapters,
to the hole in the shaker housing (usually on the same side as
the shaker cable). The hole on the other side of the shaker
should then be plugged for optimum shaker cooling.

Caution! Natural convection cooling is seriously impeded
when a cooling blower is installed. If installed, the blower

must be operating whenever the shaker is in use.

The shaker cable should now be connected to the power
amplifier. There are two wires in the cable which are to be
connected as follows:

Label Amplifier Connection
O Output (plus)
R Return (minus or ground)

The two connections labeled "O" and "R" are the drive for the
armature coil and should to be connected to the power
amplifier as specified above to assure the proper

phase /motion relationship of the shaker armature.

With an appropriate signal source properly connected to the
power amplifier the shaker is now ready for operation.

2-2
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2.5 Preoperational Procedure

Before actual use of the ET-132 Shaker in a test application, it is
recommended that a system vibration response signature be obtained.
This procedure utilizes all of the system components; shaker, power
amplifier, signal source and feedback accelerometer to observe the
vibration waveform on an oscilloscope and verify proper shaker
operation. Perform the following test:

1. Interconnect the shaker, power amplifier and signal source as
detailed in the installation procedure.

2. Mount an accelerometer (see subsection 2.6 for correct load
attachment procedure) to the shaker armature and connect
its output to an appropriate signal conditioning amplifier.

3. Connect the output of the signal conditioning amplifier to an
oscilloscope and adjust signal level resolution for about 4-6 cm
on the display.

4. With the system connected as described, adjust the sinewave
signal source to obtain about 2g response acceleration at
approximately 100 Hz. Then, without changing the gain level,
scan the frequency up and down (10 Hz to 10kHz ) and
observe the acceleration waveform on the oscilloscope. Make
note of changes in waveform distortion at specific frequencies.

It is necessary to be able to differentiate between normal and abnormal
waveform distortion in order to identify potential problems or
deterioration in shaker performance. Some waveform distortion is
normal such as the distortion which is seen at submultiples of the
armature fundamental axial resonances. This distortion occurs when a
small amount of harmonic distortion generated in the signal source and
the system power amplifier are amplified by the major armature and
accelerometer resonances.

A serious departure from the normal pattern of waveform distortion
could indicate armature or suspension system misalignment or damage.
It is highly recommended that a record be made of the armature
fundamental resonance frequency and the waveform distortion when
the shaker is received. This record can be used at a later date to
differentiate between normal and abnormal distortion. A periodic
check with this record will minimize troubleshooting time and can be
used as a preventive maintenance check.

2.6 Load Attachment

The ET-132 Shaker specimen mounting surface is a replaceable
aluminum insert with internal threads (#10-32 standard) for load
attachment. The best dynamic performance is obtained with the
specimen firmly attached to the mounting surface. The load attachment
screw should be long enough to reach into the load mounting insert at
least 1/4 but no more than 1/2 inch. It is highly recommended that a
reaction wrench (1/2 inch) be used to hold the insert firmly in place
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while tightening the mounting screw. This will allow maximum torque
to be applied without damaging the shaker suspension.

Caution! Do not apply more than 4 inch-pounds of torque to the shaker
mounting insert without using a reaction wrench.

Looseness or excessive compliance in any of the mechanical
connections between the armature insert and the load will cause
erratic, uncontrolled test levels and spurious frequency components.
Difficulties caused by such looseness can be detected by connecting an
oscilloscope to the accelerometer output. Serious departure from a
sinusoidal response and, more particularly, the addition of high
frequency nonharmonic noise components superimposed on the
waveform are nearly always an indication of decoupling between the
shaker armature and fixture or fixture and specimen.

Care must be exercised in locating the load over the armature table.

The fixture height should be minimized to keep the center of gravity
(CQG) of the test load as close to the mounting surface as possible.
Driving a complicated fixture/specimen assembly causes coupled modes
of vibration which can only be reduced by rigorous attention to
symmetry and careful alignment of the load over the thrust axis of the
armature. Load attachment is a specialized problem which must be
solved for each load configuration. The relative motion of the table and
fixture with the specimen in place can be checked by a series of
measurements taken with lightweight piezoelectric accelerometers.

Table 2-1

MAXIMUM LOAD MOUNTING SCREW TORQUE VALUES
(3/8" minimum thread engagement in load mounting insert)

SIZE THREAD TORQUE IN INCH-POUNDS (N.m)

Ma 70 mm 23 2.6
No. 6 32 UNC 13 (1.4)

No. 8 32 UNC 23 (2.6)

No. 10 32 UNF 38 (4.3)

1/4in 28 UNF 90 (10.2)

2-4
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2.6.1 Vertical Orientation

For vertical operation, the shaker should be positioned as close to true
vertical as possible. This is especially important if the loads are heavy
(greater than 0.25 lbs) or if they have a high center of gravity. Off
center loads will exert a torque on the armature suspension that can
cause the armature coil to contact the shaker magnetic pole pieces
causing damage to the armature. Damage can be caused by dynamic
loading due to relatively small static imbalances and the customer is
cautioned to look for any significant non-axial motion of the load and
armature and to correct the situation immediately.

This type of damage is caused by a combination of the relative size of the
off center load and the associated acceleration. The following can be
used as a guide to approximate maximum off-center loads that can be
tolerated by the ET-132 armature suspension.

2.6.1.1 X < .08/Wg
X= Armature axial center line to load CG offset distance in inches
W= Load weight in pounds

g= peak axial acceleration expected in g's

Caution! This equation should serve as a guide only and is not applicable
under lateral resonant conditions.

The shaker flexure system support capabilities (axial suspension
stiffness) should be considered before attaching a specimen and fixture
to the mounting surface. The ET-132 armature suspension has been
offset to allow full relative displacement with the armature displaced
into the shaker approximately 0.025 inch from its nominal unloaded
position. This is equivalent to approx. 0.25 pounds of weight with the
shaker in the vertical position.

In order to obtain the full shaker stroke capability (0.5"p-p or £0.25")
with load greater than 0.25 pounds, the weight of the fixture and
specimen must be externally supported. DC offset current to the
armature coil may also be used to center the armature but the shaker AC
performance will be reduced accordingly.

If less than the full shaker stroke capability is required for a test, a
static deflection of the armature is permissible as long as the sum of the
required vector displacement and the static deflection is less than 0.25"
from the neutral position.

2.6.2 Horizontal Orientation

For horizontal operation, all of the concerns relative to vertical
operation remain valid with an additional load carrying constraint. In
addition to the axial off-center loading limitations, horizontal operation
requires that the armature suspension counteract the torque applied by
an over-hung test article due to its weight. If especially heavy or high
center of gravity loads must be tested, additional load support should be
used (slip table, linear bearings, "bungee” cords, etc.).
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The following equation can be used as a guide to approximate maximum
off-center loads (lateral) that can be tolerated by the ET-132 armature
suspension.

2.6.2.1 X<(8/W)-2

X= Armature mounting surface to load CG distance in inches
W= Load weight in pounds

2.7 Operation

The ET-132 Shaker is designed to provide a force output proportional
to the input drive from a power amplifier and faithfully reproduce the
waveform within the specified level and frequency bandwidth limits. It
is important to note that the shaker and amplifier combination, whether
operated by a manual or closed-loop control system, will react directly to
an input either intentional or accidental. Great care must be taken to
avoid damage to the armature coil or suspension system. Damage can be
caused by transients in the supply waveform or by exceeding the
displacement and/or acceleration limits. To prevent such potential
damage please observe the following cautions during operation:

2.7.1 Caution! If the shaker is being controlled manually through the
frequency range, approach the armature fundamental resonance
frequency slowly while monitoring the acceleration level.
Shaker armature resonances have a very large amplification
factor and can force the acceleration level to exceed the
shaker's acceleration limit.

2.7.2 Caution! Always reduce the power amplifier output to zero
before switching the oscillator or control system to a different
range. Switching before reducing the power amplifier gain to
zero could result in a transient which would exceed the
shaker's acceleration or displacement limits.

2.7.3 Caution! Make sure that the maximum displacement is not
exceeded at the low frequency end of the range. Exceeding the
displacement will cause the armature assembly to strike the
mechanical stop with an impact that could exceed the
acceleration limit or break the armature coil bond.

2.7.4 Caution! Observe that the maximum armature current is not
exceeded and that the proper cooling air flow is maintained
since overheating and possible armature damage can occur.
Refer to subsection 1.2 for rated armature current and cooling
air flow specifications.

2-6
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SECTION 3
PRINCIPLES OF OPERATION

3.1 Description

The ET-132 Electrodynamic Shaker incorporates a single-ended
magnet structure to provide the high level magnetic field which
surrounds the armature drive coil assembly. The armature assembly is
suspended and centered in the magnetic gap by composite material
flexures and a linear bearing assembly. The flexures are attached to the
shaker body through foreshortening flexures which maintain the linear
motion over the entire stroke.

The armature assembly consists of a cylindrical copper coil bonded to
an aluminum armature table assembly to minimize the overall weight
and maximize the structural stiffness. The armature coil is positioned
around the center pole of the magnet assembly and is suspended in the
air gap in the magnetic structure. The flexures provide axial support for
the armature assembly as well as lateral and rotational restraint.

3.2 Theory of Operation

A shaker (vibration exciter) transforms electrical current into
mechanical force for the purpose of vibration testing. A shaker is
similar to a dynamic loudspeaker. It consists of a magnet structure and
a moving coil. Force is generated in the moving coil by interaction
between current flowing in the coil and the magnetic field in which the
coil is placed. An alternating current in the coil will produce an
alternating force and resultant motion at the same frequency in the coil.

The moving coil and the force-transmitting structure is called the
armature. The armature is supported in the magnet structure or body
by springs or flexures. This suspension allows movement of the
armature normal to its mounting surface.

The magnet structure is designed to provide extremely high flux
densities in the coil gap and yet have low leakage flux density at the
table. The high flux density provides a high ratio of force to current.

The force generated in the armature coil is always defined by the
following equation:

3.2.1 F=K,BLI (2.54)2

Where F is the force generated in the armature coil, K, is a physical

constant (0.885 x 10-7 in English system of units), B is the magnetic
flux density (gauss) in the gap, L is the length of conductor (in inches)
in the gap (coil circumference X number of coil turns), and [ is the
armature current. Thus the force-current ratio is constant for a
particular shaker.
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Whenever a conductor is moving in a magnetic field at the same time
that current is flowing through the conductor, there is an interchange
of power between the electric circuit and the mechanical system
associated with the motion of the conductor. This is true in the case of
a shaker. Neglecting the voltage drop across the electrical impedance
of the armature coil due to the flow of current through it, a voltage will
be generated in the coil that is directly proportional to the velocity of
the coil.

3.22 Eg=K, BLv (2.54)2

Where Eg is the back-voltage generated in the coil, K, is a physical

constant (10-8 in English system of units), B is the magnetic flux density
(gauss) in the gap, L is the length of conductor (in inches) in the gap,
and v is the velocity of the armature coil {(inches/sec).

3.3 Formulae

To effectively utilize the ET-132 Shaker for specific vibration testing
applications it is useful to review the formulae which describe the
physical principles of shaker operations. Some of these formulae define
the payload capabilities of the shaker while others describe the physical
relationship between the operational parameters of Acceleration,
Velocity and Displacement.

3.3.1 Defining shaker payload capabilities:

3.3.1.1 F=M-+A Where; F = vector force, (lbf)

(F=Weg) M= total moving mass (weight of
shaker armature + weight of
specimen + fixture), pounds

A = vector acceleration, gravity
units (g is a unitless
multiple of gravity)

Example:

Find the force required for a sinewave test of 5g pk to be performed on
a specimen of 0.2 pounds and a fixture of 0.1 pounds.

F=Me+A (F=Weg)

(specimen wt.+ fixture wt.+ armature wt.) « A
(0.2 +0.1 +.077) Ibs » 5g pk

0.377 lbs * 5¢ pk

F
F
F
F = 1.89 Ibf pk

Caution! Although this calculation determines the force required, the

maximum displacement and velocity must also be determined before
proceeding with the test.
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3.3.2 Describing the relationships between Accel., Velocity & Displ.:
3321 V=xfD Where; V = velocity in inches/second pk
3.3.2.2 V=61.44g/f D = displacement in inches p-p
3.32.3 g=0.0511£2D f = frequency in Hertz

3.32.4 g=0.0162V { g = acceleration in gravity units

All of the relationships for sinewave testing can be derived from the
formulae shown.

3.3.3 Defining the Random acceleration levels:
2 1/2
3.3.3.1 g rms = [ Af (g°/Hz)]

Where; Af = bandwidth (f,-f;), in Hz

g2/Hz = acceleration spectral density
g rms = root mean square accel.

This formula will provide the total root mean square (rms) acceleration
level for a flat random spectrum. For shaped spectra, a more lengthy
calculation is required.
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SECTION 4
MAINTENANCE

4.1 GENERAL

The ET-132 Shaker is designed to provide trouble-free service for long
periods of time when operated within the performance limits set forth
in subsection 1.2 and in an environment which is free of excessive dust,
metallic particles and other potentially harmful materials.

The only maintenance that should be performed on a routine basis,
outside of replacement of worn or damaged components, is the cleaning
of the air filter. Inspection of the shaker moving element (flexures,
armature and wiring) can be performed if operational problems are
suspected. The following procedures will aid in performing these
inspection and routine maintenance functions:

Caution! Disconnect the shaker from the amplifier during maintenance
procedures.

4.2 Cleaning Air Filter

If the shaker is operated in a relatively dust-free environment, the air
filters (located both at the top of the shaker and inside the two cooling
inlets near the bottom) should not need cleaning for a period of
approximately 500 hours of operation. If cleaning is deemed necessary,
please proceed as follows:

1. Using a small vacuum cleaner, adjusted for the minimum
suction, gently vacuum the filter at the top of the shaker until
it appears clean. Gradually increase the vacuum as required to
obtain satisfactory results being careful not to damage the
filter membrane.

2. Similarly clean the filters located in the two cooling inlets
located near the bottom on either side of the shaker.

3. If satisfactory results cannot be obtained in this manner the
shaker housing will have to be removed and the filters cleaned
by blowing through them with compresses air (see subsection
4.4 for cover removal procedure).

4.3 Inspecting Flexures, Armature and Wiring

Before disassembly of the shaker to locate a suspected operational
problem, it is always a good idea to check the other system components
such as; the power amplifier, signal generator or accelerometer and
signal conditioning instrumentation for malfunctions since, historically,
the largest majority of field problems have been traced to electronic
component malfunctions rather than shaker mechanical problems.

Although the shaker moving element and suspension (flexures. armature

and wiring) should not require routine maintenance, an inspection to
look for signs of wear, loose screws etc. is recommended if the housing

4-1



is to be removed to clean the air filters or if an internal malfunction is
suspected. To perform the inspection, please follow the procedure
below:

1.

Disassemble the trunnion from the shaker body by removing
the two shoulder screws normally used to lock the shaker in
place. These screws also hold the shaker cover in place. The
cover is snug fit to the shaker body to prevent rattling and
must be carefully forced up by prying with a putty knife or
similar instrument or grasping the shaker cover and shaking
the body down/out of the cover using its momentum. In
either case be sure to feed drive cable into the shaker through
the cable grommet before and during shaker cover removal to
prevent damage to the internal connections. A small amount of
lubricant (WD-40, Tri-flow, or equivalent non-aggressive
lubricant) on the cable will allow it to slide through the
grommet with less force.

Caution! Although the shaker cable is attached inside to the body by a
strain relief, be careful not to pull the cover too far without feeding the

cable back through the grommet in the housing.

2.

Visually inspect the armature guidance system. Grasp the
armature insert and slowly move it in and out to exercise the
flexures and lower bearings. Look for signs of cracks in the
flexure material, loose connections at the flexure fastening
screws or excessive slop in the bearing fit.

Look for and remove any foreign matter inside the shaker.
If all is well, reassemble the shaker in the reverse order being

careful to properly relocate the shaker cable so that it does
not interfere. If a problem is found refer to subsection 4.4.

4.4 Shaker Disassembly and Repair

There are basically three user replaceable subassemblies to the shaker.
These are the armature/flexure and guide bearing assemblies. The
guide bearing assemblies can and should be adjusted or removed
without removing the armature as described in subsection 4.4.1. To
remove the armature/flexure assembly for inspection or replacement
see subsection 4.4.2.

4.4.1

The guide bearing assemblies which can be seen at the open
ends of the magnet structure are adjusted and/or replaced as
follows:

Remove the housing as described in subsection 4.3.

Check for proper bearing fit by gently side-loading the
armature. If the armature coil can be made to touch any part
of the magnet structure or if any of the four wheels are not in
contact with the armature they should be adjusted or
replaced.

4-2
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3. Determine which pair of guide wheels is most likely causing
the problem (the pair which did not behave properly in step
2). Loosen the two screws which hold the mounting block (to
which the wheels are attached) in place. Adjust the block so
that there is a slight preload between the armature and the
guide wheels and tighten the screws.

Caution! When making adjustments it is important to be sure that the

armature coil remain centered in the gap of the magnet structure.
Nonmetallic shims (supplied in the service material kit) should be used

for this purpose and the concentricity should be maintained within .002

inches.

4. Repeat steps 2 and 3 as required to obtain the proper fit. The
silicone rubber O-ring "tires" take up the preload and should
be inspected for wear along with the bearings themselves if
correct adjustment cannot be attained. It is a good idea to
remove only one guide wheel pair at a time for inspection.

5. Reassemble the shaker as described in subsection 4.4.1 steps
2 through 4.

4.4.2 The armature/flexure assembly can be removed and inspected
or replaced as follows:

1. Remove the housing as described in subsection 4.3.

2. Visually inspect the armature guidance system. Grasp the
armature insert and slowly move it in and out to exercise the
upper flexures and lower bearings. Look for signs of cracks in
the flexure material, loose or broken wiring connections,
loose flexure fastening screws or excessive slop in the bearing
fit (see subsection 4.4.1 for suspected bearing problems).

3. Remove the eight screws and associated nut plates which hold
the flexures in place and the two screws on the cable clamps
holding the armature leads.

4. Gently pull the armature upward and out of the gap.

5. Slightly loosen the remaining two screws which hold the
flexure foreshortening assembly in place.

6. Install the replacement armature/flexure assembly by pushing
the coil gently into the magnetic gap and between the lower
guide wheels. If there is excessive preload from the guide
wheels they will have to be adjusted as described in subsection
4.4.1. Attach the cable clamps (loosely) and flexures to the
foreshortening assembly using the screws and nut-plates
removed in step 3.
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7. Center the armature coil in the magnetic gap by moving the
foreshortening assembly and then tighten it into place using
the four screws loosened in step 5. It is important to be sure
that the armature coil is centered in the gap of the magnetic
structure. Nonmetallic shims (supplied in the service
material kit) should be used for this purpose and the
concentricity should be maintained within .002 inches.

10. Proceed to subsection 4.4.1 step 2 for proper bearing fit.
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SECTION 5
DOCUMENTATION

5.1 Documentation

All documentation needed to support this product is included on the
following pages.

5.1.1 Shaker Bill of Materials (includes service materials kit)

5.1.2 Outline and Installation Drawing
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ET-132 Bill of Material

A[B[C[D[E] F GHINIK] L | M
11 |[ET-132-2 Electrodynamic Transducer  132000-1 Rev - '
12 {ET-132-203 Electrodvnamic Transducer  132000-2 Rev - 6/28/02
3] |
14 Description Qty. Ref Dcsig: Part #
15 _
16 |[ET-132 Electrodynamic Transducer 001-
17 Final Test
18] o _
191 Armature Assembly. 132-2 001- 132032
20) Armature Cap 0otr- 132008
21 ~ Aluminum Round. 1.75 dia - 221b 530-00008
22 ‘Damping. Armature 001- 132035
23 ~ Damping Material 7 005 sht 534-00000
24 Dowel Pin, .0625 x 3/10, Stainless Steel 002- 342-00002
25 Coil. Armature 001- 132007
20 Coil Form, 132-2 001- 132025
27 ~ Tube, Epoxy/Cotton o _ B 532-00002
28 ‘Magnet Wire, Copper, .0185 x .033, W/ SAPT Insul. ~ .0401b 136-00008
29 ~ Epoxy. Pre-Mix B S ~ 0.lwbe 213-00009
30 ‘Wire. 18 AWG. Silicone Rubber Insulated IS5t 137-00001
31 Epoxy, Pre-Mix 0.1 tube 213-00009
32 ‘Epoxy. 2-Part Ol'lb 213-00007
34| Armature Assembly., 132-203 001- 132033
35 Armature Cap 001- ~ 132008
30 ~ Aluminum Round, 1.75 dia 221 ~530-00008
37 Damping. Armature 001- 132035
38 ~ Damping Matcrial - .005sht  534-00006
39 Dowel Pin. .0625 x 3/10. Stainless Steel 002- 342-00002
40 ‘Coil, Armature. 132-203 001- 132026
41 Coil Form, 132-203 001- 132024
42 ~ Tube, Epoxy/Cotton R R ~532-00002
43 Magnet Wire, 28 AWG, Copper. SAPT 021b 136-00006
44|  Epoxy.Pre-Mix - 0.1 tube 213-00003
45 ~ Wire. 18 AWG, Silicone Rubber Insulated LI5St 137-00001
46|  Epoxy.Pre-Mix 0.1 tube 213-00009
47 ~ Epoxy. 2-Part OLlb 213-00007
48 N o S
49 | Insert, Armature, #10-32 i 001- 132010-1
50 | Insert, Armature, #8-32 000- 132010-2
SL| Insert, Armawre, Mdx .7 000- 132010-3
521 Insert, Armature, #6-32 000- 1320104
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ET-132 Bill of Material

A[B|C|D|E] F [GIH] I]J]K] L | M
53] [Insert, Armature, center drill 000- 132010-6
55| Guide Bearing Assembly 002- 132034
56 ‘Guide Wheel - 002- 132011
57 ‘Block. Guide Wheel ~001- 132012
38 ‘Bearing, Ball, .156 O.D. x .0469 I.D. x .0625 Lg. - 002- 120-00001
59 ‘Bearing Spacer - 002- o 132023
60 ‘Washer, #00 Brass 002-  337-S0001
61 Screw, fillister hd, #00-90 x .5", brass 002- - 331-80002
62 O-Ring. Silicone Rubber, .07 x .145,(-007) 002- 445-00003
64 | Flexure, Foreshortening 001- - i 132003
65| Stitfener, Flexure, .062 thk (2 ea on 203) 001- - 132004-1
66 | Stffener, Flexure, .100 thk (0 ea on 203) oor- 132004-2
67 R - e . - _
68| Flexure Assembly 004 -
69| _ Flexure Punching 0oL- 132005
70|  Panel, Flexure. 3-ply 017 sht 132005
71| Nut plate, Flexure 004- 132027
72 ‘Brass, .062" thk .0035 st 531-00001
3 7 o -
74 | Shaker Body, Machining 001- 132014
75 "Tubing, Square, 3" x 3" x 3/8 Wall. 1018 Steel 25 Mt 533-00006
76 . - O —_— - — -
77| Center Pole __001- 132041
78| Magnet ~001- ) ~ 430-00005
79 | Spacer, Magnet oor- 132040
80| Bumper, Selt Adhesive, .2 thk x .50 sq - oot- ~129-00005
gLy o o o
82| Cover, Shaker, Machining | oot 132015
831 ; Can, 3.12" sq. X .032 wall, Aluminum ~001- ~_530-00007
84 | Grommet, 1/4 ID x 1/2 O.D.x 1/32 . 001- _367-00005
85| |Filter, Top - B o 001- 132013
86 | |Spacer, Side  001- 132017
87 |Epoxy-Glass, .032 - 0025 sht 535-00003
88 | Filter, Side - 002- 132018
89| | [Filter Foam, 1/2" thk 001 sht 534-00003
90 | Bottom Cover - - 00l- 132021
91 JIMaChinethirew, 1/4-20 X 3/8, P.H. Truss, Stainless Steel ~ 002- | 331-PZS03
92 . - - - -
93| Trunnion Base B ~ 00l1- 132016
94 | Shoulder Screw, 5/16 X 3/8. Stainless Steel 002- 335-D03JS
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ET-132 Bill of Material

A|B]C|D[E] F

[GIH] T[] K]

L

l

M

Washer, 5/16 ID X 3/4 OD. /8 thk, Fibre

Machine Screw, 4-40 x 1/4. P.H. Pan, Stainless Steel
‘Cap Screw. 6-32 x 1/2, Stainless Steel
‘Cap Screw. 6-32 x 5/8, Stainless Steel
‘Washer, #6, .048 thk min. Stainless Steel
Cuble Clamp

‘Shrink Sleeving

‘Shaker Cable Assy

‘Cable. Power, 2 cond. 1§ AWG

Fuse Holder, Inline, 30A 1-1/4"

Fuse. § Amp. [-1/4" (Used on -2 only)
‘Fuse, 5 Amp, 1-1/4" (Qty 1 for -203)

‘Service Materials Kit

‘Hex Key. 5/32 Hex short handle
Fuse. 8§ Amp. I-1/4" (Used on -2 only)
Fuse. 5 Amp. [-1/4" (Qty 1 for -203)

‘Box. Shipping. 8 3/4 x 11 1/4x6
Insert Set, Foam

Bag. Plastic, 10 x [2 x4 mil
Bag. Plastic, 3 x5

Manual. Operator's

‘Washer, 5/16..750 O.D.. .05 thk. Stainless Steel

002-
004-

008-
004-
004-
008-
002-
0.1t

0otr-
007 ft
001-
001-
000-

001-
001-
001-
000-

001-
001~
001-
001-
001-

337-RS000
337-RF001
331-FUSO2
332-EASO4
332-EASOS

© 337-HS002

220-00005
380-00006

132028
133-00010
361-00005

~ 360-AE080
©360-AK030

680-00003

© 360-AE080
©360-AK050

481-00009
482-00013
480-00003

480-00009
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Outline and Installation
ET-132 Shaker

[E () p REPLACEABLE INSERT

I #10-32 (STD), #6 & #8-32,
|| M4X.7 (OPTIONAL), other
~— threads available special

N
3.60% : 3.50—
Shaker Base Mounting Holes
Trunnion Base Mounti#rg\ 4 (2) Holes, 1/4-20 x 3/8 Dp @ 2.50 c-c
Holes 0.22 DIA O O

(4) Holes

E{ :L] 2.25 typ




