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3. TEST METHOD

The method is based on exciting the damped bar at various modes of vibration at a given temperature of interest, and
obtaining the damping performance using the half-power bandwidth technique. In this technique, first the resonant
frequency, f, at a given mode of the bar is measured. Next, the lower and upper frequencies (f, and f,, respectively) are
measured on the response curve on either side of the resonant frequency where the levels are 3 dB lower than the level
at resonance (3 dB down points or half-power points). The difference of f, and f, in this case, is called the half-power
bandwidth. This procedure is repeated for other modes of vibration and temperatures. The composite damping
performance is given by Equation 1 (see Figure 1):

Af
n =
— (Eq. 1)
where:
Af =f, —f
= frequency handwidth, Hz
f =resonant fregquency, Hz

M. = composite loss factor at resonant frequency, f, dimensionless
4. INSTRUMENTA[TION
The instrumentation|to be used is as follows (see Figure 2 for a schemati¢ of a typical set-up):

4.1 A bar mounting fixture (test fixture) that is heavy, rigid, and-can provide adequate force at thel clamped end of the
bar to simulat¢ the cantilever boundary conditions (clampgd-free).
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FIGURE 1 - COMPOSITE DAMPING PERFORMANCE COMPUTATION


https://saenorm.com/api/?name=a5731902611824ec0f0cf933be225bb7

SAE J1637 Revised AUG2007 -4 -

Test Beam Temperature

»~ Chaomber
Pick-u
Trcnsgucer\\
l Exciter
- Input
— P
l | Signal
[ Test Fixture | 3

T /

]
Readout Device

2 Channel — | Signal Output

FFT Andlyzer I Generator “4"Signal

Zf—\mplif' er

PN

NOTE: Horzontal bar orientation is shown. A vertical bar
orientation is also_commonly employed. Also, the
locations of the transducers may be reversed.

FIGURE 2 - BCHEMATIC OF A TYPICAL TEST SET-UP FOR DAMPING PERFORMANCE EVALUATION
4.2 A temperaturg chamber so that thexsample can be maintained at the appropriate temperature.

4.3 Two transducers with associated power supplies and signal conditioners—one applies the exgitation force (called
the excitation| transducer_or' the exciter) and the other measures the response of the bar| (called the pick-up
transducer). The purpdse is to measure only the damping of the test sample, without any addjtional damping from
any other effeg¢ts. Therefore, the pick-up transducer used is often a non-contacting type transducer. If a contacting
type transducer is;used as a pick-up transducer, extreme care should be taken to ensure that|the transducer does
not contribute [t6-the damping of the test sample (i.e., overdamp the test sample). The mass of the contacting type
transducer shall not exceed U.5 g. Z. € exciation transducer 1s generally a non-contacting type
electromagnetic vibration exciter.

4.4 A signal generator that generates a sinusoidal or a random signal. The signal is applied to the excitation transducer
by means of a power amplifier. The response of the bar will be measured using the pick-up transducer.

4.5 An analyzer or an analysis system capable of determining the transfer function between the excitation signal and
the response signal. Examples include: a two-channel spectrum analyzer (e.g., based on Fast Fourier Transform
algorithm) that is suitable for the signal, such as the random noise signal. Alternatively, a single channel system
with separate excitation and response analysis systems can be used. However, efforts must be made to make the
excitation force constant with frequency so that the response can be measured directly. The minimum amplitude
precision of the measuring system should be 0.1 dB. The minimum frequency resolution of the measuring system
should be 0.1 Hz.
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5. TEST SAMPLE

51 TestBar

The test bar to be used is as follows:

5.1.1
Stock) bars

The metal for the bare bar should be steel.

Precision Ground Gage Stock (or also called P
should be used as the Oberst bar for damping tests. Precision Ground G

recision Ground Flat
age Stock bars are

commercially available (see Appendix A). Alternatively, the bare bar may be manufactured by machining a mild
steel bar stock. A new bar should be used for each application. Selection of which of the three bar sizes to use
should be based on the steel thickness of the intended application. Multiple Oberst beam sizes may be tested to

determine the composite loss factor variationwith-steel thickness

Eor the purnose of ran
Ll Ll

k ordering damping

materials in

Overdamping can o
cause the response
factor. The damping

pxtensional layer constructions, any one of the three bar sizes is sufficient.

ccur when an excessively high damping material thickness is used on-the bar|
of the bar vibration to be reduced to a level, which cannot be used {0 measurg
material thickness at which overdamping occurs is based on the given material’s

If overdamping occlirs, the transfer function of the bar will be very flat and the modes will be ng

prevent this from oc
5.1.2 The dimens

The modes of vibrat
through five for the

mode-frequencies W
frequency response

urring, a thicker bar size may be used.
ons of the bars shall be as shown in Table 1 (also refer to Figure 3).

on for each beam size (uncoated) can be computed/theoretically. Calculated vj
hree SAE J1637 bar types are provided in Table.2. Experience has been that

of a bare Oberst bar.

TABLE 1 - TEST -BAR DIMENSIONS

Overdamping can
the composite loss
damping properties.
arly eliminated. To

Alues for modes two
measured values of

thin 2% of the calculated values at 25 °C produce repeatable test results. Figurg 4 shows the typical

Minimum Minimum Minimum
Free Length, Clamping Total Length, Width, Thickngss,
Bar Lt (mm) Length (mm)*" L (mm) W (mm)®@ H, (min)
A 200 25 225 12.7 0.8
B 216 25 241 12.7 1.0
C 254 25 279 12.7 1.6
1. The Free Lgngth of the bar is a ctitical factor in determining the frequencies of the modes of vibration. The Clampling
Length of the bar is important for. ensuring that the prerequisite cantilever boundary condition is present for the tegt. The
Total Length is the sum ofithe'\Free Length and the Clamping Length. The Clamping Length value given in the table is
the minimuin that can be used. It has been found that longer Clamping Lengths of the bar (with corresponding longer
clamps on { . Itis recommended that a Clamping Lpngth

2.

ex0|ted in |ts bendlng modes only, there isa ||m|t on the W|dth of the bar If the bar is too wide for a g|ven th|ckness

well.
given

| to be

torsional modes may be excited that will complicate the damping measurement. To avoid these torsional modes, the bar
width should not exceed 50 mm.

Dimension Tolerances: a. Mounted free length: + 0.5 mm

b. Total length: £ 1.0 mm
c. Thickness: + 0.03 mm
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TABLE 2 - BARE BAR MODE FREQUENCIES
(USING DENSITY OF STEEL: 7840 kg/m®, MODULUS OF STEEL: 2.0X10"" Pa)

Bar f, (Hz) f5 (Hz) f, (Hz) fs (Hz)
A 102 286 561 927
B 110 307 601 994
C 127 355 696 1150

Mode 1 is usually not used for this measurement, primarily for the following reasons:

a. The bar and the fixture both tend to vibrate as a rigid body, thereby introducing error in measuring the composite loss
factor.

b. The first mode i$ most sensitive to any error due to the static magnetic field of the transdueers that may influence the
vibration of the ffee end of the bar.

Gap (G) Damping Material Egge
N/ / by
N\I\ -

§ : R
\)

|< Ly

Clamp

Ll
==

—>

A4

A4

— Clamp
Gap

LEGEND:

L = Free Uength of the bar(This is also the length of the damping material plus the gap (G)
Lr = TotallLength of the bar

H, = Thickness of the/damping material

H, = Thickness of the)bar

W = Width of thebar

FIGURE 3 - TEST SAMPLE FOR OBERST BAR

NOTE 1: The damping material should not touch the clamping mechanism or the test fixture. The gap (G) between the
clamping device and the material should be less than or equal to 1mm.

NOTE 2: If a gap is present in the test fixture clamp (Clamp Gap), it should be filled with a spacer made of the same steel
thickness as used in the Oberst beam. This is done to ensure a rigid clamping force on the bar.
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5.1.3

Some laboratories employ a stepped increase in bar thickness (also called roots) at the clamped end of the test

bars to mount the bar in a fixture. These are not required, provided proper boundary conditions can be simulated
at the clamped end of the bar to represent a fixed support cantilever condition. However, note that interlaboratory
and intralaboratory studies suggest that the range of the results obtained from test bars without roots is likely to
vary more than that of the test bars with roots, unless proper care is taken to ensure that the free length is

precise, the clamped edge is perpendicular to the face of the bar, and that the bar mountin
massive.

5.2 Sample Preparation

g fixture is rigid and

The damping material should be attached to one side of the bar simulating the damping treatment in its intended

application (refer to
the free end of the |bar, and of the same length as that of the free length of the bar. Other moy
explained in 6.1. The material should be applied using the manufacturer's recommended bondihg
intended applications. Note that the bonding method (i.e., the adhesive layer or other bonding'eler
damping performange in the laboratory tests as well as in the actual application. The prepatration g
test samples are egpecially critical, as some materials may shrink and some materials may exp
bonding process.

6. PROCEDURE
6.1  Securely clamp the test sample in the test fixture to provide a sufficiently rigid mounting to sim
condition. The test sample shall be mounted in the fixture with(a‘free length of 200 mm a
clamped edge is perpendicular to the face of the bar. Thexdamping material should not
mechanism or anything else associated with the test fixture. The gap between the clamping de

the damping fnaterial should be less than or equal to 1. mm, and yet maintain the tolerance
length as mentioned in 5.1.2.
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FREQUENCY (Hz)

FIGURE 4 - TYPICAL FREQUENCY RESPONSE OF A BARE BAR

It is important to position the transducers at appropriate locations to obtain the best dynamic response and the optimal
signal to noise ratio of the vibrating test sample. Generally, the transducers are located close to the clamped end of the

bar and close to the free end of the bar. (The exciter and the pick-up transducers should be at lea

st sufficient distance

apart to reduce "cross-talk" effects between the two transducers. Cross-talk can be verified by removing the sample bar.)
This will permit correct measurement of the damping performance. For non-contacting type transducers, the transducers

may require positioning within 1 mm of the test sample.
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6.2

Place the test fixture inside a temperature chamber so the damping performance can be evaluated at different
temperatures. From experience it has been determined that the temperature in the chamber may vary considerably
depending on where the temperature is measured. Therefore, the temperature shall be monitored close to the test
sample. This requirement is best fulfilled by monitoring the temperature on a separate bare steel bar located very
close to, but not touching the test sample. Once the separate bare bar has reached the test temperature, allow the
sample to soak at that temperature for at least 30 min to ensure that the test sample temperature has stabilized and
is uniform everywhere in the sample. This soak time varies depending upon equipment and the amount of mass

inside the the

rmal chamber.

Appendix X2, Practical Aids for Testing, of ASTM E 756.

A method for experimentally determining the minimum soak time is described in

It is recommended that the damping performance be measured at —20 °C, -5 °C, 10 °C, 25 °C, 40 °C, and 55 °C for

materials that are

temperature ranges
conducted at 25 °C.
6.3 Excite the test
using the pick
signal should

at least 10 dB

6.4
loss factor as
vibration for rg

6.5 |Ifthe 3dB do

high damping

where:

X — 10n/20
n ="ndB"dov
Af, = frequency

6.6 The "ndB doy
composite los

should be noted in thetest report.

7. ASSUMPTIONS

Measure the fesonant frequency, the half-power bandwidth (3 dB down-points) and then con

sample at each mode of vibration using the excitation transducer. Measure the
Fup transducer. Measurements can be made using either random, or sinusoida
be adjusted such that the peak at each resonance frequency is.distinct, and tha
higher than the "background noise."

described in Section 3. Damping measurements should. be made starting from
asons explained in 5.1.2.

vn points on either side of the resonant frequeney are not measurable for vario
performance), an "n dB" down point techniqué/can be implemented using Equatig

Af,
ot

x271

n point
bandwidth for "ndB™ down point, Hz

vn point" teChnique should not be used if n is less than or equal to 0.5 dB. In
5 factor could not be computed for other reasons (such as double peak or overd

AND PRECAUTIONS

'mwwwmu?c
should that be dictated by the usage.

onducted at other

Measurements needed at a room_temperature should be
All measurements should be conducted within 1 °C of the nominal test temperagure.

response of the bar
| signals. The input

[ the output signal is

pute the composite
the second mode of

IS reasons (such as
n2:

(Eq. 2)

such cases, or if the
hmped test bar), this

7.1 Assumptions
The size of the steel

7.11

bar is selected based on the following assumptions:

frequency range of interest for the intended application.

7.1.2

similar to that of the same materials in the intended application.

The frequency range (i.e., from 100 to 1000 Hz) where the damping performance is evaluated agrees with the

The performance ranking of different materials (based on composite loss factor) tested in the laboratory will be


https://saenorm.com/api/?name=a5731902611824ec0f0cf933be225bb7

SAE J1637 Revised AUG2007

7.2 Precautions
7.21 Extreme caution should be taken in mounting the test sample to ensure that the boundary condition at the
clamped end simulates that of a cantilevered bar. For example, the faces of the clamp and that of the bar should
be smooth and parallel to each other. Periodically, bare Oberst bars should be tested with and without well-
defined roots to verify that the resonant frequencies for both bars are within 2% of each other.

7.2.2 If a contacting type transducer is used, precaution should be taken to ensure that the test sample is not
influenced by the type of pick-up transducer. It is recommended that for laboratories where contacting type pick-
up transducers are used on a regular basis, the same test sample be tested periodically using noncontacting type
pick-up transducers also to ensure that the resonant frequency and the composite loss factor values are within
the experim iati '

7.2.3 The spectrum analyzer should be maintained at high frequency resolution (i.e., the number of lines for FFT based

analyzers) fpr measuring both the resonant frequency and the frequency bandwidth to determine the damping

performanceg accurately. It is recommended that the analyzer be set-up such that'the availg
is twice that|of the bandwidth (Af) necessary for computing the composite loss factor. This is
for measuring materials with low damping performance. Wherever possiblé; the zoom feg

ble frequency range
especially important
ture of the analyzer

should be uged for greater precision.

7.24 Damping asurements can be made using either manual or software-driven automaled data acquisition
systems. treme caution should be taken, especially for autontated systems, to be able[to identify "humps,"
double peals, and/or other outlying data such as "spikes" in<the’ response spectrum of ¢ach mode (refer to
Figure 5). These occurrences should be noted in the test report, if they are used for damping|calculations.

7.2.5 No single method of measuring damping performance may meet the needs of all users of damping materials.
This document is a relatively simple approach for rank-ordering materials. The potential uger of this document
must deternine the level of sophistication required-for the application. Those who requirg material properties
such as los§ factor n, Young's modulus E, may\be able to calculate these properties usirl]g the results of this
method and|the appropriate equations defined(in ASTM E 756 for an Oberst bar damped on pne side. Also, note
that ASTM E 756 includes expressions to-avoid significant errors in the material properties based on the results
and geometfy of the tested bars.

8. REPORT
The report shall inclyde the following:

8.1 A description
exceptions ta
measurement

damping perfg

of the test procedure used for conducting the measurements shall be provided.
en from(this test method shall be explicitly noted. The report should exp
5 madesand data reported are that of a damping material bonded to a steel Obe
rmance’is expressed in terms of "composite loss factor" (n,).

Any deviations or
icitly state that the
rst bar, and that the

8.2 The report shattprovide adescriptiomof the dampimg materiat-mctodingthickness; density orspecific gravity, bake
condition, and/or any other pertinent data. The report shall state the size of the steel bar and identify any chemical
treatment (e.g., E-coat) to the steel bar prior to the preparation of the test sample.

8.3 The report shall identify how the test sample was prepared (i.e., how the material and the bar were bonded
together, e.g., pressure-sensitive adhesive, self-adhesion type material, baked-on, etc.). If the material and the
steel bar were baked to prepare the test sample, the bake conditions (i.e., temperature and time) shall be stated.
8.4 The test temperatures, the modes of vibration, the resonant frequencies, and the composite loss factor values shall
be reported in the test results.

If the measured temperatures varied beyond 1 °C of the nominal test temperature, this shall be noted, and the measured
temperature shall be reported.

The value of the resonant frequencies shall be reported as an integer (e.g., report 101 Hz and not 101.2 Hz).
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The value of the composite loss factor shall be reported to the third decimal point:(e.g., report 0.098,

If the vibration respg

is computed based gn

8.5 The test resul

illustrate reconmended formats for presenting the test results in tabular and graphical forms

graphical form
8.6 An interpolatid
factor at a freg
used interpolg

200, 400, ang 800 Hz.

comparing m3
different bars
corresponding
uses Equation
a straight ling
extrapolated v
labeled as “int
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(Unmeasurable Peak)
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FIGURE 5 - POSSIBLE FREQUENCY RESPONSE OF A DAMPED BAR

nse of the test sample has double peaks that affect the~theasurements, or if the ¢
"n dB down point" technique, this shall be stated if/the report.

s shall be provided in tabular form, and wherever possible, in graphical form. T
of the data may also be presented as a function of temperature as illustrated in R

n or, in certain special cases, extrapglation process shall be used when calculat
uency that is different from the measured resonant frequency. Historically, userg
tion or extrapolation to estimate the damping performance at several desired f|
It is important .to.note that interpolated or extrapolated results a
terials at a single frequency which serves as an ad hoc reference point in cof
and that these results.should not be confused with the measured results

gnd not 0.0979).

omposite loss factor

able 3 and Figure 6
b, respectively. The
igure 7.

ng a composite loss
of SAE J1637 have
requencies, typically
e only a means of
nparing results from
at the frequencies

to the actual vibration-modes of the bar. The calculation for the interpolation or ¢xtrapolation method

3. This analytic:method is equivalent to performing a graphic procedure on a lo
through two measured data points to find an interpolated value between tk
alue beyond, the two points. The computed damping performance at a single
brpolated?or“extrapolated” in the report (See Table 3 for example results table).

g-log plot by plotting
e two points or an
frequency must be

[ g 41

where:

T = composite |
M2 = composite |
M1 = composite |
fa

"2

1

J

log(n4 )+IogL N

=

Nc; =10

oss factor at the interpolation or extrapolation frequency
oss factor associated with the upper resonant mode at frequency (f2)
oss factor associated with the lower resonant mode at frequency (f4)

= modal frequency of the higher of two consecutively measured modes

f; = modal frequency of the lower of two consecutively measured modes

fi

= interpolation or extrapolation frequency

(Ea. 3)
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To use Equation 3 for interpolation, the desired interpolation frequency must be higher than f; and lower than f, where f,
and f, correspond to the lower and higher frequencies of consecutive modes. Interpolation is the preferred process but
when interpolation is not possible because the measured results do not have consecutive modes whose corresponding
frequency values are higher and lower than the desired interpolation frequency, it may be possible to use Equation 3 for
extrapolation.

To use Equation 3 for extrapolation, the desired extrapolation frequency can be lower than f; or higher than f, where f,
and f, correspond to the lower and higher frequencies of consecutive modes. Since the extrapolation process goes
beyond the range of the measured results, it can only be used once in a given direction (i.e. either higher than or lower
than the range of measured results). For example, if extrapolation must be used to calculate the loss factor at 400 Hz
when f, is less than 400 Hz, the extrapolation process cannot be used again to calculate the loss factor at 800 Hz.
Similarly, if extrapolqtinn must be used to calculate the loss factor at 400 Hz when f, is greater than 400 Hz, then the
extrapolation procesg cannot be used again to calculate the loss factor at 200 Hz.
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TABLE 3 - EXAMPLE RESULTS TABLE OF SAE J1637 DAMPING TESTS

Test Material:

Bake Condition:

Data of the Test Material:

Specific Gravity or Surface Weight
Nominal Thickness
Measured Thickness

Test Bar Dimension
SAE J1637 Bar Type A
Free Length 200 mm
Width 12.7 mm
Thickness 0.8 mm
Exception:
Test Tempergture Resonance Frequency Composite
(°C) Mode (Hz) Lbss Factor
10 2 105 0.076
3 310 0.069
4 620 0.067
5 1100 0.071
Interpolated 200 0.072
Interpolated 400 0.068
Interpolated 800 0.069
25 2 101 0.108
3 294 0.132
4 592 0.152
5 1015 0.168
Interpolated 200 0.123
Interpolated 400 0.140
Interpolated 800 0.161
40 2 96 0.097
3 282 0.115
4 563 0.120
5 981 0.105
Interpolated 200 0.109
Interpolated 400 0.118
Interpolated 800 0.110
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