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— INTRODUCTION

Vibration testing has been a majortool tsed Inthe development of military andspace hardware. Today. the
benelfits of vibratlon testing are being applied In a var ety of commerclal and consumer product areas as
well. This trend parallels an increas ing numberof federal regulations which require more

compretensive testingto assure product reliabil ityand saety.

Vibration testing can geruinely beneft the manufacturer. By s imulating environmental vibration levels
during  act ual product  development.the engineer can venfythata desig nis sultablefor
v\sappllcaﬂon This ty pe of testing estabiishes performance and rellability priorto release of a des ign for
production. Suchan approach can s ave money by m!nvmlzmg the probabllity of major redes ign work. and
even legal liabilities which may Inaddition,
procedures can beennanced by using vibration tes fing es atoolto monior Ihe cons itency of praduction
methods and materials

Electrody namic vibration tes tsystems are Us ed1o satisfy a wide variety of tes trequirements. A typical test
configuration for swept sine vibration festing is illustrated below (left). This arrangement provides for
automatic frequency cyclingat preselected vibration levels under servocontrol. A typical lourlevel sine
test“program" is shown at the righ
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TYPICAL SYSTEM CONFIGURATION FOR AUTOMATIC
SWEPT SINE VIBRATION TEST




VIBRATION TEST SYSTEMS

UnholtzDickie produces a wide range of vibration test systems to meet both military and commercial
testing requirements. System force ratings from 50 to 40,000 pounds force are avallable. The table below lists
these systems with pertinent technical data

kvery U-D system includes a solid state poweramplifier and features reliable air cooling of the shaker

armature. Systems of each system with simpiitied
operation.
SYSTEM PERFORMANCE SHAKER DATA
SHAKER FORCE, be. WA, SINE
MODEL/ STROKE | PAYLOAD | AMMATURE | TABLE  |FREETABLE| STIFFNESS
SERIES SINE pk inches DA AT 20g WEIGHT, Ibs. | DIA., Inches
SPM 50 05 18 07 2 8000 60
10 50 1 19 055 |driverod | 5500 a
20 120 60 1 3 3 35 3,300 225
am 150 4 52 225 |driverod | 3,000 [
acm 250 4 1 as drive rod | 2,400 0
20 250 125 1 95 3 35 3.300 225
20 300 180 1 12 3 35 3,300 225
Ti02 500 300 1 19.7 53 a5 4.300 225
B(1) 1,000 6 39 1t drive rod 1.800 Q
[ 1200 | 600 1 a0 20 8 3.100 600
5o 1,700 900 ' 65 20 6 3.100 600
semis | 29% 2,200 ! 128 22 8 3,100 600
3,00042) 05 19 31 ] 5,800 600
4,000 3300 1 171 29 8 2700 600
_T;S CONSULTFACTORY (ses page 11)
4,800 1 300 50 12 2400 1.200
5.500 1 300 50 12 2400 1,200
4,000 1 310 90 16 2300 3.000
6.500 1 410 90 16 2,300 3.000
7.700 t 510 % 16 2300 3.000
7.500 0661 505 B 6 2,300 3,000
12,000 0.73) 555 95" 16 2,300 3.000
9,500 0.75(3) 655 95* 16 2,300 3,000
15,000 0553 705 95 16 2.300 3,000
s;:?:s 12,700 076 755 us* 16 2,300 3,000
15,000 1 780 47 16 2,300 3,000
16,000 ' 780 o5* 16 2300 3,000
16000 | 0.75() 855 95 16 2,300 3,000
17,500 1 855 95° 16 2,300 3,000
20.000 1 1105 95° 16 2,300 3.000
[ 21.000 0756 1.150 250° 24 2000 4,000
4000 33.000 1 1.550 250° 24 2,000 4.000
SERIES 28,000 1 1,750 250" 24 2,000 4,000
37,000 1 1.750 250" 24 2,000 4._000

NOTES: * Induct-A-Ring (IAR) armature

(1) Modal shaker

[2) Special hign freq. IAR design

9
(3) 1 Inen strokeusing reduced force 1ating mode




SHAKERS

Unholtz-Dickie manufactures a wide variety of general purpose and special application shakers,
covering the force range from 50 to 40,000 ds illustrated on

Model 5PM Model 20

Max Output: Cooling: Max Output: Cooling:
50 Ibs pk force Air 300 Ibs pk force Air
05 inch pk-pk stroke 1 inch pk-pk stroke

Armature Type: Body Dia: Armature Type: Body Di
Wound Coil 8-7/16" Wound Coil 1-3/4

Model T102 200 Series

Max Output: Cooling: Max Output: Cooling:
500 Ibs pk force Air/Water 4000 Ibs pk force Air
1 inch pk-pk stroke 1 inch pk-pk stroke.

Armature Type: Body Dia: Armature Type: Body Dia:
Wound Coil 7 Wound Coil 27-1/2"




SHAKERS

AAll U-D shakers utilize air cooled armatures for maximum reliability. Many models are available with the

unique INDUCT-A-RING armature, further described on page 6.

500 Series 1000 Series

Max Output: Cooling: Max Output: Cooling:
7000 Ibs pk force Air 24,000 Ibs pk force Air/Water
1 inch pk-pk stroke 1 inch pk-pk stroke
Armature Type: Body Dia: Armature Type:
Wound Coil 35" Wound Coil (to 12,000 Ibs) Body Dia:
INDUCT-A-RING (1024000 Ibs) 35"

4000 Series

45811 4

Max Output: Armature Type: Cooling: Body Dia:
40,000 Ibs pk force INDUCT-A-RING Air/Water 44
1 inch pk-pk stroke




INDUCT-A-RING ARMATURE

INDUCT-A-RING is the U-D trade name for a revolutionary armature design concept. The principle of
transformer action is utilized to transfer energy from stationary AC driver coils (stators) to the armature.

* The moving element is a simple two-piece
metal structure. A single turn, solid metal
cylinder is bolted directly to the shaker
table casting, providing the ultimate in
strength and rigidity.

* All points on the vibrating member are at
ground potential (zero voltage) at all times.
There are no electrical windings with epoxy
bonded joints. There is no possibility of
voltage breakdown, and therefore no in-
sulation is required.

* The solid metal, single turn ring isair cooled
Cooling connections subject to armature
vibration are eliminated.

* AC currents are induced into the solid metal
ring, eliminating electrical connections
which bridge stationary and moving parts.

The INDUCT-A-RING armature is featured in
10001AR SERIES and 4000 SERIES shakers,
rated up to 24,000 Ibs force and 40,000 Ibs
force, respectively. A special high frequency
3000 Ibs force configuration is also available,
see below. )

HIGH FREQUENCY 208IAR

The Model 208IAR Shaker rated at 3000
pounds force utilizes a special “Induct-A-
Ring" armature consisting of a one-piece
continuous aluminum casting with an integral
single-turn cylinder acting as the force
generating coil (illustrated at the right). The 9%
inch diameter table has an unloaded resonant
frequency of 5,800 Hz making the 2081AR
Shaker an excellent high frequency machine
for use in testing turbine blades, engine
accessories and related items. See above for
additional discussion of the Induct-A-Ring
concept.




PERMALINE

Combined Slip Table
Assembly

The PERMALINE Combined Slip
Table Assembly allows testing in
three mutually perpendicular axes
while using only one basic test fix-
ture Permanent factory alignment
of the shaker and slip table pro-
vides quick changeover from verti-
cal to horizontal operation. Inflat-
able air mounts effectivelyisolate
the entire assembly from the sup-
porting structure, thereby efimi-
nating the need for special floor
construction,

.C i p drive bar design permits

« Heavy loads may be vibrated
without extemnal support

« Factory alignment of the shaker and slip
table is maintained by the rigid common
base

« The massive base is deep sectioned
throughout its entire length. mimimizing
bending vibration responses.

« An ol recirculation system 1s provided with
multi-cylinder, constant llow pumps ta
assure uniform oil distribution over the
complete bearing surface.

4HD HYDRAULIC
BEARINGS

For large payload and/or high g level testing
applications where substantial overturning
momentsare generated. hydraullc bearings
are avarlableto restrain lateral and verticalslip
plate motion. One bearing Is located at each
corner of the sllpplate. previding restraint at
four widely spaced locations across the plate.

vertical/horizontal mode conversion in less
than ten minutes, utilizing a “bolt-from-the
top” slip plate attachment {see below).

« The entire assembly is isolated from the
floor by the heavy seismic mass supported
on air mounts.

= The CSTA requires no special fioor con-
struction, and may be moved from one area
to another by a suitable forklitt

COMPRESSION-STEP
DRIVE BAR

Fast, convenient conversion from vertical to
horizontal mode operation Is provided by a
unique “bolt-from-the-top” drive bar design.
Total conversiontimels typically lessthanten
minutes including.attachmentol thedrivebar
1o the armature, manual rotation of trunnions,
andattachment of theslip plate to thedrivebar
using bolts totally accessible from above the
plate. as shown below.




MODAL SHAKER SYSTEMS

Unholtz-Dickls manufactures a family of shakers designed spcifcally for “modal” esting. These
shakers feature long stroke, low internal dampin near

teristics facilitate the excitation of pure Siructungl modes, especially when mumple shaker arrays are
utilized. The shaker moving element includes a hardened output shaft for connection to the test object.

These modal shakers Incorporate a double ended field structure, providing parallel flux paths from
above and below the magnetic air gap. This design gives maximum magnetic flux linkage with the
armature coil, and assures optimum waveform purity. Uniform flux density throughout the operating
stroke provides output force proportional to armature current, independent of armature position.

When driving power is provided by & U-D solld state powar amlfier with ‘current feedback.” these
shakers can be operated as mode, shaker armature current
is proportional to power amplifier input voltage mmugn large variations of load impedance; therefore,
the magnitude of the generated AC force in the armature coil remains

constant as a function of frequency. This constant force characteristic

also requires the shaker to have a “force/armature current” ratio

reasonably independent of armature position, as described earlier.

Constant force sweeps can be performed without force links, external

servos, or tracking filters.

Three basic models are available. The Model 1 is a 50 pound force,

permanent magnet design with a one inch stroke. The Model 4 is a four

inch stroke shaker rated up to 250 pounds force. Both of these units

feature folding-type carrying handles which enhance portability.

The Model 6 Shaker generates up to 1000 pounds force and provides a

full six inch stroke. This shaker is frequently used to generate low

frequency motion in seismic simulation studies, or for vehicular studies

in aerospace applications. Model 4

SERIES 300 VIBRATION TRANSDUCER CALIBRATION SYSTEMS

The Series 300 Calibration Systems are offered with manual
controls for point by point calibration, or with frequency
sweeping controls giving an automatically drawn curve of %
deviation of the “unknown” transducer sensitivity relative to
the "reference” accelerometer, as a function of frequency.
Original data is permanently plotted, eliminating operator
errors in readout and transcription.

At full system performance, and
with automatic servo controls
operating, acceleration waveform
distortion is less than 1.5% at all
operating frequencies. The over-
all system noise level is less than
005 g rms. Automatic plotting
systems feature 0.25% plotting
resolution of the unknown trans-
ducer output relative to the
reference.
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The Model 1611 Precision Charge/Voltage Calibration
Systems to provide stable, high accuracy comparison calibrations. Typical overall instrument accuracy
and stability is %%, with flat response from 2 to 20,000 Hz.






