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SAE Recommended Practice

Report of the Automotive Safety Committee approved October 1970 and completely revised by the Motor Vehicle Safety Systems Testing Committee

October 1988.

Scope—This recommended practice outlines a series of perfor-
mance recommendations which concern the whole data channel. These
recommendations are not subject to any variation and all of them
should be adhered to by any agency conducting tests to this practice.
However, the method of demonstrating compliance with the recom-
mendations is flexible and can be adapted to suit the needs of the par-
ticular equipment the agency is using.

It is not intended that each recommendation be taken in a literal
sense, as necessitating a single test to demonstrate that the recommen-
dation is met. Rather, it is intended that any agency proposing to con-
duct tests to this practice should be able to demonstrate that if such a
single test could be and were carried out, then their equipment would
meet the recommendations. This demonstration should be undertaken
on the basis of reasonable deductions from evidence in their possession,
such as the results of partial tests.

In some systems it may be necessary to divide the whole channel into
subsystems, for calibration and checking purposes. The recommenda-
tions have been written only for the whole channel, as this is the sole
route by which subsystem performances affect the quality of the out-
put. If it is difficult to measure the whole channel performance, which
is usually the case, the test agency may treat the channel as two or more
convenient subsystems. The whole channel performance could then be
demonstrated on the basis of subsystem results, together with a ratio-
nale for combining the subsystem results together.

Part 1 of this recommended practice covers electronic instrumenta-
tion and Part 2 covers photographic instrumentation,

PART 1—ELECTRONIC INSTRUMENTATION

1. Purpose—The purpose of this SAE Recommended Practice is to
provide guidelines and recommendations for the techniques of mea-
surement used in impact tests. The aim is to achieve uniformity in in-
strumentation practice and in reporting test results. Use of this recom-
mended practice will provide a basis for meaningful comparisons of test
results from different sources.

2. Field of Application—The instrumentation as defined in this rec-
ommended practice applies in particular to impact tests for road vehi-
cles, including tests of their sub-assemblies, and occupant surrogates.
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3. Definitions—The definitions in paragraphs 3.5 to 3.14 apply to
the whole data channel, as defined in paragraph 3.1.

3.1 Data Channel—All of the instrumentation from and including
a single transducer (or multiple transducers whose outputs are com-
bined in some specified way) up to and including any analysis proce-
dures that may alter the frequency content or the amplitude content or
the timing of data. It also includegzll cabling and interconnections.

3.2 Transducer—The first device in a data channel, used to con-
vert a physical quantity to be measured into a second quantity (such as
an electrical voltage) which can be processed by the remainder of the
channel,

3.3 Full Scale—The maximum usable linear range of a data chan-
nel.

3.4 Data Channel Full Scale—That value of a data channel deter-
mined by the component of the channel with the lowest full scale level.
This is expressed in terms of the measured variable (input). For exam-
ple, F.8.=50 G, 1000 N, 100 cm/s, etc.

3.5 Channel Amplitude Class, CAC—The designation for a data
channel that meets certain amplitude characteristics as specified by this
recommended practice,

The CAC number is numerically equal to the upper limit of the mea-
surement range (that is, equivalent to the data channel full scale).

3.6 Characteristic Frequencies, Fh, Fl, Fn—These frequencies
are defined in Fig. 1. ‘

3.7 Channel Frequency Class, CFC—The channel frequency class
is designated by a number indicating that the channel frequency re-
sponse lies within limits specified by Fig. 1.

This number and the value of the frequency Fh in Hz are numerical-
ly equal.

3.8 Calibration Value—The value measured and read during the
calibration of a data channel (see paragraph 4.6).

3.9 Sensitivity Coefficient—The slope of the straight line repre-
senting the best fit to the calibration values determined by the method
of least squares within the channel amplitude class.

3.10 Calibration Factor of a Data Channel-—The arithmetic mean
of the sensitivity coefficients evaluated ovbfrequencies which are

evenly spaced on a logarithmic scale betweel FI3@ uxm@nts
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3.11 Linearity Error—The ratio, in percent, of the maximum dif-
ference between the calibration value and the corresponding value read
on the straight line defined in 3.9 at the upper limit of the channel am-
plitude class (data channel full scale).

3.12 Sensitivity—The ratio of the output signal (in equivalent
physical units) to the input signal (physical excitation), when an excita-
tion is applied to the transducer. (Example: 10.24¢ mV/G/V for a strain
gage accelerometer.)

3.13 Phase Delay Time—The phase delay time of a data channel
is equal to the phase delay (in radians) of a sinusoidal signal, divided by
the angular frequency of that signal (in radians per second).

3.14 Environment—The aggregate, at a given moment, of all ex-
ternal conditions and influences to which the data channel is subjected.

3.15 Transverse Sensitivity (of a rectilinear transducer)—The
sensitivity to excitation in a nominal direction perpendicular to its sen-
sitive axis.

Note: The transverse sensitivity is usually a function of the nominal
direction of the axis chosen.

3.16 Transverse Sensitivity Ratio (of a rectilinear transducer)
—_The ratio of the transverse sensitivity to its sensitivity along its sensi-
tive axis.

4. Data Channel Performance Requirements

4.1 Linearity Error—The absolute value of the linearity error of
a data channel at any frequency in the CFC, shall be less than or equal
to 2.5% of the value of the CAC, through the whole measurement
range. In general a sufficient number of measurements should be car-
ried out in order to ensure the linearity in the range of interest, that
is, between Fl and Fh. For a transducer, linearity at DC is  sufficient.

4.2 Amplitude Against Frequency—The frequency response of a
data channel shall lie within the limiting curves given in Fig. 1. The
zero dB line is defined by the calibration factor.

4.3 Phase Delay Time—The phase delay time between the input
and the output of a data channel shall be determined,; and shall not
vary more than 1/(10*Fh) seconds between 0.03*Fh and Fh. This in-
cludes the transducer, that is, the input is the excitation to the trans-
ducer.

4.4 Tirme

4.4.1 TiMe Basie—A time base shall give at least 1/100 second reso-
lution with an error of less than 1/10000 second.

4.4.2 RELATIVE Tive DELay—The relative time delay between the
signals of two or more data channels regardless of their frequency class,
must not exceed 1 millisecond excluding phase delay caused by phase
shift. Two or more data channels of which the signals are combined
shall have the same frequency class and shall not have a relative time
delay greater than 1/(10*Fh) seconds.

This requirement applies to analog signals as well as synchronization
pulses and digital signals.

4.5 Transducer Transverse Sensitivity Ratio—The transverse
sensitivity ratio of all transducers shall be less than 5% in any direction.

4.6 Calibration—Values in this section apply to reference equip-
ment or “standards” against which a data channel is “calibrated”, that
is, its performance is determined.

4.6.1 GenEraL—A data channel shall be calibrated at least once a
year against reference equipment traceable to known standards. The
methods used to carry out a comparison with reference equipment shall
not introduce an error greater than 1% of the GAC. The use of the
reference equipment is limited to the range of frequencies for which
they have been calibrated.

Subsystems of a data channel may be evaluated individually and the
results factored into the accuracy of the total data channel. This can be
accomplished for example by an electrical signal of known amplitude
simulating the output signal of the transducer which allows a check to
be made on the gain of the data channel, except the transducer.

4.6.2 ACCURACY OF REFERENCE EQUIPMENT FOR CaLiBraTION—The ac-
curacy of the reference equipment shall be certified or endorsed by an
approved metrology service (for example, traceable to the National Bu-
reau of Standards).

4.6.2.1 Static Calibration

4.6.2.1.1 Accelerations—The error shall be less than 1.5% of
the channel amplitude class.

4.6.2.1.2 Forces—The error shall be less than 1% of the chan-
nel amplitude class.

4.6.2.1.3 Displacements—The error shall be less than 1% of the
channel amplitude class.

4.6.2.2 Dynamic Calibration

4.6.2.2.1 Accelerations—The error in the reference accelera-
tions expressed as a percentage of the channel amplitude class shall be
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less than 1.5% below 400 Hz, less than 2% between 400 and 900 Hz,
and less than 2.5% between 900 Hz and the maximum frequency at
which the reference acceleration is utilized (see paragraph 4.6.4).

4,6.2.2.2 Forces and Displacements—(No method for the evalu-
ation of the dynamic response during calibration of data channels for
forces and displacements is included since no satisfactory method is
known at present.)

4.6.2.3 Time—The error in the reference time shall be less than
0.00001 seconds.

4.6.3 SensiriviTy COEFFICIENT AND Linearity Error—The sensitivity
coefficient and the linearity error shall be determined by measuring the
output signal of the data channel against 2 known input signal, for vari-
ous values of this signal. (The input signal is referenced to well known
physical data, that is, a load or acceleration, but not voltage.)

The calibration of the data channel shall cover the whole range of
the amplitude class. (This is between Fl and Fh/2.5.)

For bi-directional channels, both the positive and negative values
shall be evaluated.

If the calibration equipment cannot produce the required input, due
to excessively high values of the quantity to be measured, calibrations
shall be carried out within the limits of these calibration standards and
these limits shall be recorded in the report.

A total data channel shall be calibrated at a frequency or at a spec-
trum of frequencies with its significant values comprised between Fl
and Fh/2.5. .

4.6.4 CALIBRATION OF THE FREQUENCY REspoNsE—The response curves
of phase and amplitude against frequency for the data channel shall be
determined by measuring the output signals of the data channel in
terms of phase and amplitude against a known input signal, for various
values of this signal varying between Fl and 10 times the CFC or 3000
Hz whichever is the lower value. %

4.7 Environmental Effects—The presence of any environmental
effects shall be checked (that is, electric or magnetic flux, cable veloci-
ty, etc.). This can be done for instance by recording the output of spare
channels equipped with dummy transducers.

If an output signal is greater than 2% of the expected data peak val-
ue, corrective action shall be taken, for instance re-allocation or re-
placement of cables.

4.8 Choice and Designation of the Data Channel—The CAC and
CFC define a data channel.

A data channel consistent with the specifications of this recommend-
ed practice shall be designated according to the following codes:

SAE J211 XXXXX—(number of this recommended practice)
CAC ... —({channel amplitude class)
CFC ... —(channel frequency class)

If the calibration of the amplitude or frequency response does not
cover the complete CAC or CFC owing to limited properties of the cali-
bration equipment, then the GAC or CFC shall be marked with an as-
terisk. ’

Example, SAE J211 XXXX
CAC* 200 m/s’
CFC 1000 Hz

means that:

—— this measurement has been carried out according to this rec-
ommended practice:

— the channel amplitude class was 200 m/s?

— the channel frequency class was 1000 Hz;

— the calibration of the amplitude response did not cover the
complete CAC.

The test report shall indicate the calibration limits.

5. Data Ch I Selection—The selection of a frequency response
class is dependent upon many considerations, some of which may be
unique to a particular test. The ultimate usage of the data and good en-
gineering judgment will determine what portions of the frequency spec-
trum are significant or useful. The various classes of frequency re-
sponse in Fig. 1 are intended to permit appropriate choices for
different engineering requirements.

It is important to note that valid comparisons using different fre-
quency response classes may be difficult to make. It is useful to estab-
lish specific frequency response classes when comparing test results
from different sources. The frequency response classes in Table 1 are
recommended for that purpose. These recommendations reflect cur-
rent practices and equipment. However, it is recognized that other con-
siderations (for example, biomechanics) may impose special instrumen-
tation requirements.

The channel class recommendations ﬂ a'éarticular al %ication
oc¢uments
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FIG. 1—DATA CHANNEL DYNAMIC ACCURACY

should not be considered to imply that all the frequencies passed by
that channel are significant for the application. In several cases, such as
occupant head accelerations, headform accelerations, and femur force,
the recommendation may be higher than necessary, but current biome-
chanical knowledge will not permit a closer specification. All data is to
be gathered at class 1000 or higher, for any purpose.

6. Mounting of Transducers—Mechanical resonances associated with
transducer mounting should not distort readout data.

Transducers should be mounted on dummies using a support special-
ly provided for this purpose. In cases where properties of non-
mechanical test subjects preclude rigid transducer mounting, an analyti-

cal or experimental evaluation of mounting effects on the data should

be provided.

Acceleration transducers, in particular, should be mounted in such a
way that the initial angle of the actual measurement axis to the corre-
sponding axis of the reference axis system is not greater than 5 deg un-
less analytical or experimental assessment of the effect of the mounting
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on the collected data is made. When multi-axial accelerations at a point
are to be measured, each acceleration transducer axis should pass with-
in 10 mm of that point, and the center of seismic mass of each acceler-
ometer should be within 30 mm of that point.

7. Sign Convention—A standardized coordinate system and axes des-
ignation for major body segments of dummies or other test surrogates
as well as for test vehicles and sleds is needed throughout the crash test-
ing community. The results of computer modeling and biomechanical
research have been hard to interrelate with test results due to different
coordinate and sign conventions.

The sign convention for dummies and other test surrogates should
be consistent with Fig. 2 for applicable instrumentation. Table 2 pro-
vides a method for determining positive output from dummy transduc-
ers when a force is applied to its various body segments.

For vehicles and sleds the positive X-axis should be in the normal for-
ward motion direction of the vehicle or sled. The positive Z-axis should
be vertically downward (+G) and, following the right-hand rule, the

positive Y-axis'should be towards the right. Docu m ents
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