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Section 1
INSTRUMENTATION

EFFECT OF MOUNTING-VARIABLES
ON ACCELEROMETER PERFORMANCE

B. Mangolds
Radio Corporation of America
Princeton, New Jersey

are discussed.

This paper describes a controlled program to investigate different
mounting techniques for accelerometers. Recommended techniques

The published basic characteristics of an
accelerometer do not sufficiently define the de-
vice, and the good instrumentation engineer
realizes that he must have more information
than this in order to obtain accurate vibration
data at any measurement roint. Such "subtle"
problem areas, which generally are not brought
up in data sheets or sales talks {except possibly
in reference to "Brand X") and should be taken
into consideration are:

Interface (surface) condition,

Cross motion over full frequency range,

Polarity,

Torque sensitivity,

Acoustic sensitivity,

Stability of high cross-motion levels over
full frequency range,

Dynamic linearity, and

Capacity temperature dependence.

By careful selection of suitable hardware, the
engineer can feel satisfied that these problems
are non-existent or are of known magnitude.
Even with all of the above factors taken into
account, the engineer often comes to the intui-
tive conclusion that additional unknown effects
are influencing the data obtained. The practical
significance of such effects depends on the ap-
plication of this information; it can lead to mis-
interpretation of the test hardware response

(if it is used as test data), or it can result in
the generation of environmental conditions dif-
fering from those specified (if it is used as a
control signal).

In order to use an accelerometer, one has
to mount it. The Environmental Simulation
Group at the RCA Space Center felt that these
additional factors affecting accelerometer re-
sponse arise largely because the transducer is
seldom mounted in the manner envisioned by
the manufacturer when it is designed. The need
to clear vibration data of the influence of mount-
ing variables was considered to be of such im-
portance that a study of the matter (restricted,
however, directly to the problems of importance
to the RCA Environmental Simulation Group)
was conducted.

The following selected list of mounting
methods and associated factors related to the
testing experience of this RCA Group defined
the scope of the study:

MOUNTING METHODS

1. With Screws (Fixtures)
Direct mounting
Blocks (adaptation)
Blocks (insulation)
Studs (insulation)

2. Without Screws (Test Hardware)
Magnetic fastening (repositioning)
Pressure sensitive adhesion (reposi-

tioning and insulation)
Tapes (backing)
Films (tronsfer)




Chemical adhesion (insulation)
Blocks
Washers
Paper

ASSOCIATED FACTORS
1. Temperature Ramps
2. Cable Routing
3. Magnetic Fields

Also investigated were the compatibility of
various accelerometers in use and the tech-
niques of handling these devices. As a result
of the study, some models were immediately
removed from circulation; the use of others
was restricted; and accelerometer-housekeeping
rules were tightened.

Specific personnel were assigned to the
selection of accelerometers for future use in
the Environmental Simulation Group, and closer
supervision of personnel handling the acceler-
ometers was instituted.

An example of the results of careless han-
dling on an accelerometer is shown by the
frequency-response curves of Fig. 1. Each
curve represents the response degradation
caused by fingerprint deposits, of varying de-

gree,across the accelerometer cable receptacle.

Determination of the changes in the frequency-
linearity of agiventransducer was the main tar-
get of the study. Most of the work was performed
using an Unholtz-Dickie Model 300 calibration
system, Fig. 2. With the shaker kept at a con-
stant g level (5-g peak for most work) this sys-
tem swept up to 10 kc and plotted the frequency
response of the specimen accelerometer as a
percent deviation from the control transducer
response at a normalized frequency (200 cps
was used in this work).

Although vibration tests often stop at 2 ke,
the frequency sweep, in this investigation, was
extended to 10 kc because acceleration wave-
forms charted in actual tests often show a large
harmonic content. The interaction of the Fourier
components with the resonances caused by a
poor mounting situation can lead to gross wave-
form distortion by selective amplification and
attenuation.

All practically possible precautions were
taken to vary only one factor at a time in these
investigations. Tests were rerun as many as
six times to prove the consistency of results
before a conclusion was accepted.

A compression-type accelerometer rep-
resenting the ""work-horse'" at the RCA Space
Center was stud-mounted directly to the shaker
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Fig. 1 - Degradation of accelerometer frequency
response caused by shunt impedance (fingerprints)
on cable receptacles

5000




Fig. 2 - Accelerometer calibration setup, Unholtz-
Dickie Model 300 System

and a comparison was made, at three different
torques, between the frequency response with
dry contact surfaces, and response with a light
oil film bonding the interface. This comparison
was repeated with shear models, previously
found to be even less torque-sensitive.

The results generally agreed. The same
frequency response is produced at less torque
with an oil-film as with highly torqued dry sur-
faces; and a significant buildup in the high-
frequency response (+25 percent at 10 kc) can
be reduced to 5 percent when using oil with dry-
surface mounting. The finding is of value par-
ticularly in shock tests.

Surfaces of odd shapes necessitate the use
of adapters between the accelerometer and the
test point. Also, to measure vibration along a
cross-axis, an auxiliary block often is required
to fulfill the need for three mutually perpendic-
ular planes. One must then consider the addi-
tion of this new spring-mass element in series
with the accelerometer and its effect on the
accelerometer response curve as a function of
block material and geometry. Block size was
dictated by the accelerometer base area. Cubes
of identical size were made from five common
materials: aluminum, cold-rolled steel, brass,
lucite, and fiberglas, and tests were made for

each. The resulting response curves are shown
in Fig. 3. Additional tests were made with lu-
cite; and more response curves (shown in Fig. 4)
were taken to determine the effect of adding
cross-motion accelerometer to setup. Curve A
is for the single in-line transducer; B and C
show the result of adding, in turn, more accel-
erometers. The shift of resonance towards
higher frequencies were explained by a stiffen-
ing effect on the sides of the block as acceler-
ometers were added. This effect was verified
when instead, small steel plates were cemented
one at a time. Because of their low resonant
frequency, Lucite blocks were removed from
further consideration. For a while, Fiberglas
(G-11) was used as block material, but later, as
the insulated-wafer technique developed, this
material was replaced by aluminum.

Insulating materials were of particular in-
terest, because isolating an accelerometer
electrically from ground is a well-known means
of decreasing the influence of ground loops. In-
sulated triaxial accelerometers are available
commercially, but they are economically im-
practical. Recently a new series of shear-mode
accelerometers was investigated; their elec-
trical circuitry is off ground and is inherently
insulated, while the case can be grounded safely
and all other electrical characteristics are of
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acceptable quality without apparent compromise.

However, since presently-stocked accelerome-
ters still have to be used for some time, the
investigation included the effect of insulated
mountings on these.

Where threaded holes can be tolerated,
commercially-available insulated studs would
be of prime interest. A comparison of the ef-
fect of four studs of this type (one having ce-
ramic insulation) was made; the results are
shown in the curves of Fig. 5. The same accel-
erometer and the same torque was used in all

of these tests, with an oil-film on all interfaces.

A reference performance-curve for the accel-
erometer mounted directly to the shaker also

is given in Fig, 5. Although the difference of
results among the studs used is not great, one
stud having hexagonal flanges provided a decided
advantage. High torque applied across the in-
sulating layer affects its interface bond; this
might not be readily apparent unless a com-
parative calibration run is made. The hex-
flange construction, however, permits application
of torque to the accelerometer side and the fix-
ture side separately, without introducing a shear
torque across the insulating medium. Better
reli2’ lity and longer stud life can be expected
from this design.

The use of these devices is restricted to
systems where a threaded mounting-hole can be
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tolerated. Such an arrangemeat ¢annot be used
on test hardware such as vidicon tubes, cam-
eras, solar cells, and the like. Other methods
such as cementing, vacuum, and magnetic-
mounting techniques must be considered, and
this makes the initial requirement for electrical
insulation alone even more complex.

Vacuum mounting was ruled out as imprac-
tical for our particular conditions. Magnetic
clamping is obviously usable only under special
conditions; it was tried nevertheless, because
of its simplicity and relocation. An acceler -
ometer was mounted directly on a General
Radio magnetic clamp Model 1560-P35 (Fig. 6);
the resulting curve (Fig. 7) shows a fundamental
resonance around 4 kc which limits this method
even further. No attempt has been made to in-
sulate the accelerometer from the clamp. Also,
because of the relatively large contact surface
of the magnet-to-fixture interface, small varia-
tions in the physical condition of the surface
(which is difficult to control) had substantial
effects on the curve shape. Because most
structures are nonmagnetic, this technique is
of limited interest.

Cementing an accelerometer in place with
insulating material in-between is the most pop-
ular and practical mounting method for the ma-
jority of applications at the RCA Space Center.
Considerable effort was spent in investigating
materials, techniques, and frequency-affecting
variables, and in the establishment and enforce-
ment of everyday handling routines for AED
technicians. Material search established
melamine-impregnated Fiberglas (G-11) as the
most practical insulating material for this
purpose.

Fig. 6 - Accelerometer mounted by
means of a permanent-magnet clamp

The performance of a number of blocks
made of various insulation materials has already
been shown (Figs. 3 and 4) in the discussion of
adaptation of odd surfaces. Where odd surface
shape was not a factor, there was no real need
for the original high block, and consequently,
the material was cut down to a disc.

In mounting a typical accelerometer having
a hexagonal base, with a circular boss, the
question arose whether there would be a varia-
tion in performance between mounting it on an
insulating disc having the diameter of the boss,
and mounting it on one having the diameter of
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Of the cements tried {(e.g., epoxies, dental
cements), the best compromise was found in
Eastman 910, but extreme care had to be exer-
cised to establish a reliable adhesion. The use
of cement brought a host of new problems hing-
ing mainly on the practical, everyday enforce-
ment of specified cementing routines, such as
preparation and cleaning of surfaces, quality
and quantity of cement, and hardware. Enforce-
ment of gentle removal techniques also proved
to be quite an administrative problem, and de-
viations from specified after-test cleaning
methods of accelerometers still cause occa-
sional thunder. Only chemical cleaning is per-
mitted, and short of hot water, the only practical
solvent so far known is dimethyl formamide,
sold under trade names such as Gage Stripper.
The precautions required in handling this chem-
ical and the unpleasant odor involved, however,
make it somewhat less than satisfactory for the
purpose at hand.

Cemented accelerometers with hexagonal
bases 2re removed readily by means of a suit-
able wrench that grips the base tightly, but with
toroidal units, removal can become a problem
unless the insulating disc is made with flats.
Another difficulty with cemanted assemblies
of this form is their deceptively sturdy ap-
pearance. After a multitude of mounting and

frequency-surveys under seemingly identical
conditions (same bottle of cement, same opera-
tor and ambient conditions, same disc material
and geometry, and identical accelerometer), it
was found that the strength of a cemented mount-
ing cannot necessarily be judged by hand pres-
sure. The curves shown in Fig. 9 were made
with such "sturdy'' assemblies; the distortions
were traced in every case to deficiencies in
interface bond uniformity, such as incomplete
area coverage caused by air bubbles in the ce-
ment layer. Since most of the time after the
assembly is cemented in place a calibration by
vibration cannot be done, the actual quality of
the mounting cannot be verified. Its adequacy
must be ensured by careful mounting techniques.

There are now three separate layers of
dissimilar materials between test surface and
accelerometer (cement-disc-cement), each with
its own mechanical properties (mass and spring
constant) and each able to distort the vibration
environment to be transmitted to the accelero-
meter. Any decrease in the number of layers
would mean an improvement all by itself. Since
all that a disc does is to act as a spacer for
electrical separation, and Eastman 910 cement
is a good insulator when cured, then the disc
could be omitted entirely, were it not for the
uncer ainty of the degree of separation. A strong
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person could apply more pressure during mount-
ing and cut through the cement layer. The mini-
mum amount of spacing material, just enough to
prevent short circuits, shcuid suffice. With this
in mind, very porous (tissue) paper was fully
impregnated with cement and used as 2 spacer.
The resulting accelerometer response was that
shown in the curves taken with ceramic-stud
mounting in Fig. 6. A word of caution: It is not
sufficient to apply cement to the paper on one
side alone because the paper, acting as a me-
chanical filter, separates some components of
the cement, and the result is a poor bond.

Using proper care, one may obtain excellent
mechanical coupling and electrical insulation by
this method. The disadvantage is mainly in the
difficulty of removing the spacing material after
a test.

In general, disadvantages of cementing are
reliance on an individual's quality of workman-
ship, dependence on Standards-Laboratory cali-
bration, and the required freedom from trans-
verse waves over the area of contact. Flexing
of the mounting surface can break the bond
readily because of lower strength in shear.
Therefore, cementing of control (servo) accel-
erometers is not permitted at the RCA Space
Center. There are numerous applications, how-
ever, where it is the only method that can be
used.

To provide easy removal or relocation of
accelerometers, which is a simultaneous but

opposite requirement to strength or mounting,
the application of pressure-sensitive tapes and
films (so-called transfer types) without back-
ings was considered (such as Permacel Types
P94, 6399, and ED4551, and ""3M" Types 466,
Y-400, and 666). Some results of tape mounting
are shown in Fig. 10. For a while the use of
prefabricated tacky discs, dispensed from rolls
of backing material, was envisioned. But then
the dependence of these discs on application
pressure (sponge factor), temperature, and
surface adaptability, as well as low shear
strength, cold flow, and other disadvantages
were establighed, and while in certain isolated
and controlled cases tapes could be tolerated,
the need for close continuous surveillance ruled
them out as a general method.

If we enlarge the meaning of "mounting
method" to include choice of location (where
such a choice exists), the output of an accelero-
meter can be greatly affected by some specific
conditions present at one mounting location and
not at another.

The previously described insulating elec-
trical barrier often doubles as a thermal bar-
rier by delaying sufficiently an uaavoidable rise
in surface temperature to permit completion of
the test. There is also, however, a different
type of temperature sensitivity associated with
some particular models; this causes new prob-
lems and is not as well known. Some accelero-
meters have been found to exhibit a rather pro-
nounced high sensitivity of rate-of-change of
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temperature, or pyroelectric effect, which is
not to be confused with ordinary ambient tem-
perature effect. If during a test, an accelero-
meter is suddenly cooled due to the flow of lig-
uid nitrogen in a nearby control line, or if it is
suddenly heated by the blast of hot air from a
rocket-engine firing, or even if the draft from
an opened door sweeps over the accelerometer,
a rather violent reaction may occur in the re-
sponse. In some models, dc-shifts of high mag-
nitude occur; these seem to be a function of the
rate-of-change of temperature and the time
constant (leakage resistance) of the particular
instrumentation channel. The dc-shifts may
over-drive the associated amplifier and, if part
of the instrumentation involves work with filters
(as double-integration of acceleration signals to
obtain displacement data), the results can be
disastrous. What happens when an accelero-
meter vibrating at 0.3 g at 235 cps was exposed
to an illuminated 60-watt lamp passing over it
at a distance of 4 feet is shown in Fig. 11. Trace
(a) shows the acceleration signal, (b) the same
once integrated, and (c) the same integrated
twice by an Unholtz-Dickie Dial-a Gain ampli-
fier Model 610RM3.

At low frequencies, with associated higher
amplitudes, accelerometer cable-termination
and routing can become important for some ac-
celerometer models. While it is difficult to

specify a uniform method, terminations such as
those shown in Fig. 12 are not permitted at the
RCA Space Center, regardless of model; a rule
of thumb is to let the cable take its own natural
straight-line position, as long as its weight does
not become excessive. Some results with one
case-sensitive accelerometer with different cable
routing are shown in Fig, 13. The effect of cable
routing on shear-type accelerometer was less
pronounced than it wason the other typestested.

A condition not related to cable routing, but
which can degrade a response curve, is shown
by accelerometer "E'. The contact-surface gap
(exaggerated in the photo) is caused by foreign
material in the mounting hole, inside the accel-
erometer preventing proper seating of the stud.

Jerking of the cable, or other application of
sudden stress, creates substantial spurious sig-
nals in some cables. The output response of an
accelerometer which was swept for magnitude
comparison at 1 g is shown in Fig. 14. Point
'1" on the curve shows the effect of hitting the
floor with a 4-foot length of cable, folded four
times. A 1-foot length, slightly and slowly
stressed and then suddenly released, produced
the spike at point "2'". A 1-foot length was
jerked to produce the spike at point ''3". Awide
difference in sensitivity to such shocks was
found among different cable models.

(c)

(b)

(@)

Al

Fig. 11 - Chart recordings showing pyroelectric effect on accelerometer
caused by sudden proximity of a 60-watt lamp
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Finally, there are instances where accel-
erometers have to work in strong magnetic
fields; for example, an input accelerometer near
the junction of shaker armature and slip-plate
might be exposed to a very strong magnetic en-
vironment created by the shaker field supply.
Obviously, if this accelerometer is used for
control, insensitivity to magnetic interference
is of utmost importance. This interference
might develop at two points; one, theaccelero-

meter itself and the other, the accelerometer cable.

The center conductor of most cables is
paramagnetic, Auxiliary cable vibrations,
which has interfered, in some instances, with
case-sensitive accelerometers was caused by
ac magnetic fields.

Certain accelerometers used by the RCA
Space Center were found to be paramagnetic;
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Fig. 15 - Influence of magnetic field (from
shaker) on original (paramagnetic) model
and modified {non-magnetic) model of an
accelerometer

the manufacturers concerned are replacing
these with great enthusiasm as it is brought to
their attention. The difference between a par-
ticular model and its improved version, under
identical conditions is shown in Fig. 15. The
accelerometers were free-hanging without vi-
bration near the mounting surface of a C10
shaker with the field supply turned on and
then shut off. A field strength of 25 gauss
at that point was measured in line with the sen-
sitive axis of the accelerometer. Clearly, the
cure here is to use the right transducer
model.

It is felt that some gains have been made
by this investigation. It has emphasized even
more the engineer's need to know his accelero-
meter; it also has clearly shown that the user
can make serious mistakes by unknowingly add-
ing variables of his own.




DISCUSSION

Mr. Krause (Jennings Radio): Did you use
just one brand of cable or did you try other
brands ?

Mr. Mangolds: We tried several brands.

Mr. Fry (U..S. Army Waterways Experi-
ment Station): Have you any information rela-
tive to three accelerometers mounted in a hox
rather than on a block? In other words, one
on the bottom, one on the side, and one on an
end.
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Mr. Mangolds: No.

Mr. Buist (Autonetics): We use Eastman
910 quite a bit, and many of the accelerometers
are damaged in trying to get this cement off.
You mentioned something about a solvent - - -.

Mr. Mangolds: Yes, the chemical name is
N,N-dimethylformamide, but the same thing is
available commercially under several trade
names. One of them is Gage Stripper. We found
this in connection with using the same type of
cement on a strain gage.

*




SURFACE FINISH EFFECTS ON
VIBRATION TRANSDUCER RESPONSE

R. W. Miller
U. S, Navy Marine Engineering Laboratory

An investigation is described to determine the effects of applied torque,
surface finish, and surface flatness of transducers and mounting bases
on vibration transducer sensitivity.

In recent years, the requirements for mak- were manufactured, each having a different
ing structure-borne noise measurements in the surface finish as measured in micro-inches
higher frequency range have been increasing. rms. The surface finishes for the five heads
As a result of these increased requirements ranged from 9 to 230 microinches as shown by
we have had to take a closer look at some of the the numbers at the top of Fig. 3. The flatness
parameters affecting vibration measurements (crown height) of the five heads ranged from 78
in the higher frequency range. One of our re- to 177 microinches as shown by the numbers at
cent investigations was concerned with the ef- the bottom of Fig. 3. Figure 4 shows the Massa
fects of ""surface finish'' on the vibration trans- accelerometer, Type 198, ready to be torqued
ducer response. During the course of the to the shaker head.
irvestigation we were also able to observe the
effect of surface flatness as well as the torque The base of the accelerometer used in con-
applied in attaching the transducer. junction with the surface finish study was found
to have a surface finish of 9 microinches rms
In order to determine the changes in trans- and a crown height of 57 microinches rms. A
ducer sensitivities that could exist under various torque wrench was used as shown to measure
mounting conditions and to reduce the experi- the amount of torque applied in attaching the
mental error of the investigation, the interferom- accelerometer. The same Massa accelero-
eter method of vibration calibrationwas selected meter was attached, in turn, to each of the five
for this study. The overall error of this cali- shaker heads and calibrated over a frequency
bration method is estimated to be between 2 range of 200 to 15,000 cps. The mounting con-
and 3 percent. The investigation covered the ditions (10 and 30 lb-in. torque, with and with-
irequency range from 200 to 15,000 cps. All out silicone grease) allowed us to study the
calibrations were performed on Massa, Type effect of torque and grease in conjunction with
198 accelerometers attached to a National the various surface finishes.
Bureau of Standards type high frequency vibra-
tion shaker, Fig. 1. Vibration displacement To provide an ideal maunting surface to
measurements were determined by the fringe serve as a standard condition or criterion, an
disappearance method in conjunction with a additional shaker head was lapped to a "perfect
Fizeau-type interferometer. finish," Fig. 5. This surface was found to be
flat, within one interference fringe, as deter-
Since the vibration shaker used for this mined by an optical flat and monochromatic
investigation is equipped with a removable head light, For use with this "perfect surface"
that can be replaced by similar heads, it pro- another Massa accelerometer, Type 198, was
vided a convenient means for making studies of lapped so that it could be "wrung'' to the shaker
surface finish and surface flatness. Figure 2 head and held in place only by the molecular
shows how the head is fitted to the shaker by attraction of the Johannson surfaces while
the use of spanner wrenches. being calibrated.
To determine the effect of surface finish on All results of the investigation were pre-
the transducer sensitivity, five shaker heads sented in the form of transducer calibration
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Fig. 1 - Massa accelerometer type 198 attached to
an NBS-type high-frequency vibration shaker

curves, Fig. 6, which were presented in terms
of acceleration versus frequency. This isa
typical curve showing the sensitivity of the
pickup under three different mounting condi-
tions, when no grease is used between the pickup
and the mounting surface. Curve 1 represents
the transducer response under the ideal mount-
ing condition, that is, when attached to the sur-
face having the "perfect' finish. Curve 2 rep-
resents the transducer response when attached
to a surface having a 150-microinch finish.
Curve 3 represents the response of the trans-
ducer when attached to a surface having a
9-microinch finish.

Notice that the position of the curves 2 and
3 appear to be reversed. Normally, we would
expect the response of the transducer, when
mounted on a 9-microinch finish, to more
closely approximate the ideal condition (curve 1)
than when it is mounted on the coarser 150-
microinch finish. This inconsistency as shown
by curves 2 and 3 suggests that another variable
is exerting considerable influence on the
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transducer response. The inconsistencies shown
in the calibration curves, Fig. 6, are best demon-
strated in Table 1 which gives thetransducer sen-
sitivity at 8000 cps under the various mounting
conditions. The sensitivities obtained with the
various surface finishes may be compared to the
sensitivity produced by the ideal or standard sur-
face shown at the bottom of Table 1.

By using the results from the "perfect sur-
face finish'' as a criterion, it can be seen that
the surface finishes that produce the best re-
sults assume the following arrangement: 150,
63, 35, 9, and 230 microinches. The answer to this
inconsistency is found in the column to the ex-
treme right. Flatness measurements disclosed
that the five shaker heads were convex at the
center. The crown height, given in microinches
rms, ranged from 78 to 177. Note that the sur-
faces having the 83-microinch finish and the 150-
microinch finish produced the lowest sensitivity
or the sensitivity most closely approximating
the standard sensitivity given at the bottom of
Table 1.




Fig. 2 - Removable head being fitted to
the shaker by the use of spanner wrenches

SURFACE FINISH, MICROINCHES RMS
9 35 63 150 230

1¢8 - 164 88 - 78 106

CROWN HEIGHT, MICROINCHES RMS

Fig. 3 - Shaker heads of varying surface
finishes and crown heights

Looking at the crown height of these two Further verification of the relationship of
surfaces, as shown in the column to the extreme crown height to the calibration sensitivity is
right, we find that these two shaker heads have found in the numbers shown at the top of Table 1.
crown heights of 88 and 78 microinches, re- When mounted on a relatively smooth surface
spectively, or the flattest surfaces of the group. having a 9-microinch firish, the sensitivity of
These measurements indicate that crown heights the transducer rises to 114.5 X 10-6, This
ag little as 78 microinches rms are more sig- error of approximately 30 percent in the cali-
nificant than the 150-microinch surface irregu- bration sensitivity is attributed to the extreme
larities. crown height of this particular mounting surface
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TABLE 1
Transducer Response (Without Grease)

Finish Sensitivity of Accelerometer ;
ggl_.?;e) Microinches at 8000 cps (Mﬁ:l;-%‘:’:cl?:slg::ns)
(rms) (volts rms/cm peak/sec?)
9 114.5 x 10-6 177
35 105.5 x 10-6 164
10 63 97 x10-° 88
150 97 x 10-6 "8
230 118 x 10-6 106
9 105.5 x 10-6 177
35 96 x 10-6 164
30 63 89 x10-6 88
150 86 x10-6 78
230 95 x 10-6 106
Standard Surface 85 x 10-6

REMOVABLE
+—" SHAKER HEAD

Fig. 5 - Shaker head with "perfect finish
surface'" and Massa accelerometer type 198

1b-in. had the effect of flattening the crown,
thereby producing a more intimate contact be-
tween the transducer and the calibrator head.
The sensitivities obtained under the 30-1lb-in.
torque condition are considerably lower in value
and are approaching the sensitivity obtained
under the ideal mounting condition.

Inaddition to the study oi the effects of surface
Fig. 4 - Massa accelerometer type 198 finish, surface flatness, and applied torque, the
ready to be torqued to shaker head effect of a silicone grease bond between the pickup
and the mounting surface was also studied. Table 2
shows the transducer response at the 8000-cycle

which is 177 microinches rms, as shown in the point when grease is used between the base of the
column to the right. accelerometer and the mounting surface. Notice
that surface finish, crown height, and torque have
At the bottom of Table 1, one may observe no noticeable effect on the transducer calibration
a change in the transducer sensitivity due to sensitivity when grease is used between the accel-
increased torque. Increasing the torque to 30 erometer base and the calibrator head.
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Fig. 6 - Transducer response at 10 lb-in.
torque with no grease
TABLE 2
Transducer Response (With Grease)
Finish . Sensitivity of Acceierometer
'(Iigrgut; Microinches ( .Crmfm ;Ielght ) a% 8000 cps
ik (rms) OLCIoCHES TS (volts rms/cm peak/sec2)
9 177 83 x 10-6
35 164 81 x10-6
10 63 88 83 x 10-6
150 78 86 X 10-6
230 106 86 x 10-6
9 177 85 x 10-6
35 164 84 x 10-6
30 63 88 83 X 10-°
150 78 84 x 10-6
230 106 86 x 10-6
Standard Surface 85 X 10-6

In summary, vibration measurements per-
formed on surfaces other than perfect and
without grease are affected by surface finish,
surface flatness, and torque. As a result of
this study we are recommending that trans-
ducer mounting surfaces be kept within the
limits of 230 microinches rms surface finish
and 177 microinches rms surface flatness and
that a lubricant be used between the transducer
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and the mounting surface regardless of the high
degree of surface finish. This is not to infer
that a perfect mounting surface and the use of a
lubricant will solve all of the problems involved
in high frequency vibration measurements. Con-
trolling the surface mounting conditions as dem-
onstrated, however, will result in more valid and
more repeatable data.




DISCUSSION

Mr. Ramboz (Bureau of Naval Weapons):
Can these tests be applied to all piezo-electric
accelerometers in general, or only tothe Massa
accelerometers ?

Mr. Miller: That would be a little hard to
say. We only tried the Massa accelerometer

*
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Type 198. As you know this has a lower reso-
nance than some accelerometers.

Mr. Ramboz: What material was the shaker
head made of? Was this an aluminum head?

Mr. Miller: The calibrator head was made
of steel.

*




CALIBRATION OF WATER COOLED
HIGH TEMPERATURE ACCELEROMETERS

W. R. Taylor and C. D. Robbins
LTV Military Electronics Division
Dallas, Texas

results obtained.

This paper presents a specific method for calibrating a water-cooled
high-temperature accelerometer. Topics discussed include heating
device, fixture design, cooling requirements, instrumentation, and

INTRODUCTION

In conducting environmental vibration tests
combined with temperatures to 3600°F, it was
required to use water-cooled accelerometers to
monitor and control the acceleration on surfaces
whose temperature exceeded the limits of ordi-
nary accelerometers, Preceeding the test, cali-
brations were made on each accelerometer at
temperatures ranging from ambient to 1850°F.
This paper presents the methods and results of
the calibration for Endevco Model 2206
accelerometers.

FIXTURE DESIGN

A special fixture was required to provide a
back-to-back calibration, allow heating of the
accelerometers being calibrated, and maintain
approximate laboratory ambient temperatures
at the standard accelerometer location and on
the vibration exciter. A cross sectional view
of the fixture setup is shown in Fig. 1. The
fixture was fabricated from 300-series stain-
less steel because of its magnetic, electrical,
and thermal conductivity characteristics, The
3.5-inch diameter by 6-inch high column, shown
in Fig. 1 in the center of a 2 x 13,5 x 13,5-inch
base plate, was welded in place at the base and
drilled and tapped on the top for two model 2206
accelerometers to be calibrated. A 2-inch
diameter cavity was created in the center of the
base plate to allow additional welding of the
center column and to provide a cooling cavity
for the standard accelerometer, The pipe
through the cavity was threaded into the column.
A slug was welded in the pipe near the column
base to mount the standard accelerometer. A
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washer type cap was placed over the pipe and
welded on the inside to the pipe and on the oui-
side to the fixture base to make a watertight
seal, A groove was cut along the base of the
fixture for the standard accelerometer cable.
To protect the vibration exciter and standard
accelerometer from excessive heat, water was
circulated through four holes drilled through
the fixture base. Two of the four holes opened
into the center cavity of the fixture. Two sur-
faces of the fixture were machined to a flat,
smooth surface for mounting of the fixture to
the vibration exciter and for mounting of the
2206 accelerometers.

INDUCTION HEATER DESIGN

To heat the fixture, an induction coil was
fabricated and placed around the fixture. The
coil was designed to the basic requirements for
induction heating at 3000 cps with current-
carrying capabilities as the prime objective.
Since power amplifiers were available for
3000-cps frequency operation with a surplus of
power available, coil design was not critical.
The coil was shaped on a wooden form so that
the clearance between the coil and fixture was
approximately 0.25 inch. Twelve turns of
1/4-inch copper tubing provided sufficient in-
duced current in the fixture to generate the de-
sired heating,

INDUCTION SYSTEM
With the exception of the induction heater

coil, al' components necessary to formulate an
electrical induction heating system were




available in the Test Laboratories.] A sche-
matic of the electrical system is shown in Fig.
2. In order to match the heater coil impedance
more closely with the power amplifier output
impedance, a multi-tapped auto-transformer
was used. Several heavy duty 3-kc capacitors
were connected parallel to the heater coil to
tune the circuit for resonance. The impedance
of the heater coil was extremely low; there-
fore, it was necessary to parallel two pairs of
2/0 cables betweenthe coiland auto-transformer
to reduce the I“R losses in the cables.

SYSTEM COOLING

A schematic of the complete water-cooling
systein is shown in Fig. 3. The heating coil
was fabricated from copper tubing to allow
water cooling. Water was circulated through

lc. p. Robbins, "Combining Induction Heaters
with Existing Environmental Facilities to Con-
duct Tests at Re-entry Temperatures,' Shock,
Vibration and Associated Environments Bulletin
No. 33 Pt, III {Dec. 1963) p. 141,

WATER HOSE
2206 ACCELEROMETER

the coil from a commercial pressure source
with flow controlled by a needle valve. Water
connections to the coil were made with approxi-
mately 10 feet of rubber hose on each side of
the coil to isolate the plumbing ground from the
electrical power source. Figure 2 shows the
points where the electrical connections were
made to the coil. The electrical resistance of
the water through the rubber hose to ground
was high compared to the impedance of the coil.
The shunt resistance across the coil established
by the water in the hose was negligible.

In addition to the coil, water-cooling was
provided for the matching auto-transformer and
tuning capacitors. Since these items were com-
mercially designed for high power operation,
they included built-in cooling systems.

A special independent cooling system was
assembled to maintain constant water pressure
and flow in the 2206 zccelerometers being cali-
brated. The system consisted of a constant-
speed electric pump, a water reservoir, gages,
filter, needle valves, flex lines, tubing, and
fittings. The reservoir e<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>