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IMPLEMENTATION STATEMENT

included in the results of the present study are some recommended
modifications to the TxDOT Tex-899-B test, which serve to simplify and clarify
the test procedure, and some recommended modifications to the SAE J551/4
test, which serve to improve the agreement between the two tests. The Tex-899-
B modifications are easy to implement and have the effect of making a good test
even better; they should be implemented straight away in TxDOT’s ongoing new-
vehicle testing program. Other state DOTs may also benefit from the use of the
Tex-899-B test as modified. The J551/4 modifications are of more relevance to
the vehicle manufactures than to TxDOT directly, because the manufactures
currently use tests similar to J551/4.  Their implementation of these
modifications, in whole or in part, is expected to be a subject of continuing
discussion.
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1. INTRODUCTION

Background
This research project was undertaken to expand the in-house program of the Texas

Department of Transportation (TxDOT) which addresses the problem of interference in
mobile radio receivers. The project was carried out by Texas Tech University, with a
subcontract to Southwest Research Institute.

TxDOT has found that in some cases radio interference or noise is generated by the
electrical system of a new fleet vehicle at such a level that it degrades the performance of the
receiver in the two-way FM radio carried in the vehicle. The problem has persisted, in
varying degree, over a period of years. In response, TXDOT has developed a test method to
identify offending vehicles before they are put into service. And a procedure has been
adopted whereby offending vehicles are modified so that they will pass the test and thus may
enter the fleet.

In an effort to move away from this cumbersome test-and-fix activity, TxDOT
initiated the present project as an independent investigation of the problem, focusing on
testing methodologies and on cooperation with the vehicle manufacturers.

Personnel

The research staff for this project consisted of professors, students, engineers, and
technicians. The following persons were the main contributors:
At Texas Tech University (TTU), Lubbock

Principal Investigator T. Trost

Faculty Associate T. Maxwell

Postdoctoral Assistant A. Mitra

Graduate Students Y. Jin, Q. Zhou

Undergraduate Students M. Gary, H. Hendrickson, G. Kidwell,
M. Ouren, R. Wiant

Technician D. Castro

Bookkeeper S. Willingham

At Southwest Research Institute (SwRI), San Antonio

W. Cory, 1. Martinez, J. Scrivner, D. Smith
At Professional Testing (EMI), Inc. (PT), Round Rock

B. Rehm

Equipment Support
Major test equipment was provided to TTU by G. Sonnde from Rohde & Schwarz

GmbH & Co. This support included the loan of an R&S model ESS receiver and the
donation of an R&S model CMS54 radio-communication service monitor. These
instruments proved invaluable in carrying out the measurements required for the project. The
TTU Electrical Engineering Department also supplied several important test instruments, and



a few were obtained through short-term rental. An annotated list of the equipment used for
the project is contained in Appendix A of this report.

Technical Advice

Many valuable suggestions came to this project from a group of advisors, or TEAM
(Technical Expert Advisory Members), who formed a loose-knit Advisory Board. Formal
briefings on recent accomplishments were given by the project PI (Principal Investigator) to
the Advisory Board at intervals throughout the course of the project. The advisors
constituted a blue-ribbon panel whose members included electromagnetic-compatibility
engineers from the Big Three automakers and other vehicle manufacturers, as well as
engineers from test-equipment and two-way-radio companies, and consultants. The briefings
were held on Nov. 21, 1996, Feb. 28, 1997, Aug. 21, 1997, April 17, 1998, and Oct. 30,
1998. .

Valuable assistance throughout the project was also supplied by two TxDOT radio
technicians, G. Morgan and L. Bryan.

Vehicle EMC Tests

The branch of electrical engineering which deals with problems of interference
between electrical devices, like that addressed in the present project, is known as
electromagnetic compatibility (EMC); and numerous EMC test and certification procedures
have been developed by different agencies over the years. Two EMC test standards were of
primary interest in this project, the TxDOT test referred to above, Tex-899-B [1], and a
Society of Automotive Engineers test, SAE J551/4 [2]. Both of these tests are concerned
with placing limits on the radio-frequency (RF) noise emissions of a motor vehicle, but they
are fundamentally different in nature. J551/4 involves the measurement of RF emissions
received by an antenna on the vehicle. Tex-899-B involves the measurement of the effect on
the audio-frequency (AF) output of a radio in the vehicle from the emissions received by the
antenna, when a signal is also present. J551/4 is an RF noise amplitude test, and Tex-899-B
is an AF SINAD test (akin to a signal-to-noise ratio test) [3]. The vehicle, emissions, antenna,
and radio are shown in a simplified sketch in Fig. 1-1.
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Fig. 1-1. Diagram of vehicle, emissions, antenna, and radio.



Actually, while the intent of Tex-899-B is to determine the effect on a radio in the
vehicle,” for convenience in testing new vehicles, the radio is not installed but is located
externally and connected to the antenna on the vehicle by a coaxial cable.

Tex-899-B is a specialized test well suited to uncovering potential TxDOT
interference problems because it employs a radio like that used in the TxDOT fleet. On the
other hand, J551/4 is a more general industry standard, the applicability of which to the
TxDOT problem was, a priori, not known.

Obijectives and Methods

Concisely stated, our objectives were to evaluate and compare the two tests for
TxDOT vehicles, to assess the degree of correlation between them, to look for ways to
improve them, and to determine whether some modified form of the J551/4 test could be
found that would be as effective as Tex-899-B and that the automakers would be willing to
perform to qualify their vehicles for TxDOT service. J551/4 seemed like a better candidate
than Tex-899-B for use by the automakers primarily because it appeared to be less time-
consuming to carry out.

The range of frequencies where most TxDOT radios operate, and where the noise
probiem exists, lies in the two-way radio low-band VHF range and extends from 47.02 MHz
to 47.34 MHz. This is the range the project concentrated on. A list of the TxDOT
frequencies is given in Appendix B.

Our approach involved a two-pronged attack on the problem. First, we performed
outdoor whole-vehicle tests on TxDOT trucks. The testing was done at three different sites,
PT, SwRI, and TTU; and thirteen trucks were tested. This work allowed us to gain insight
into the nature of the emissions produced by the vehicles and to become familiar with the
practicalities of carrying out the two tests, J551/4 and Tex-899-B. Second, we performed
bench-top tests related to J551/4 and Tex-899-B on TxDOT radios. The testing was done in
a laboratory at TTU. A variety of noise sources was employed, and ten radios were tested.
This work gave us a chance to apply different noise sources, individually and in combination,
to the radios and to vary the noise amplitudes, in order to examine the effects on the radios.
Finally, we applied all of the information gained to arrive at conclusions and make
recommendations.

Because a large amount of data was collected during this project, the list of results is
rather lengthy. As an aid to the reader, the major results are given separately in Chapter 4,
with the complete list in Chapter 5.



2. OUTDOOR WHOLE-VEHICLE TESTS

Our whole-vehicle test campaign involved a total of thirteen vehicles, one 1996-
model and twelve 1997's. A list of the vehicles and the tests performed is shown in TABLE
2-1. The vehicles labelled "Chevy" are Chevrolet S10 V-6 gasoline-powered pickup trucks,
those labelled "Dodge" are Dodge RAM 1500 V-8 gasoline pickups, and those labelled
"Ford" are Ford F-150 V-8 gasoline pickups. All the vehicles are owned by TxDOT except
"Chevy TTU," which is owned by Texas Tech. Vehicles carrying the suffix "propane" had
been converted to run on propane as well as gasoline before being tested; the rest were

converted after testing.

TABLE 2-1. LIST OF WHOLE-VEHICLE TESTS PERFORMED

Truck Testing Agency
SwRI PT TTU
‘97 Chevy 1 SAE, TX(m) TX(m)
'97 Chevy 2 SAE, TX(m)
'97 Chevy 3 SAE, TX(m)
'97 Dodge 1 SAE, TX(m) TX(m)
'97 Dodge 2 SAE, TX(m)
'97 Dodge 3 SAE, TX(m)
'97 Ford 1 SAE, TX(m) TX(m) FS, TX(m)
'97 Ford 2 SAE, TX(m)
'97 Ford 3 SAE, TX(m)
'97 Chevy TTU FS
'97 Dodge propane 1 SAE,FS, TX(b)
'97 Dodge propane 2 TX(b)
'96 Dodge propane SAE,TX(r) SAE, TX(r)

Notes: (1) “SAE” = SAE J551/4 test
“TX{(m)” = Tex-899-B test with Motorola MaraTrac radio
“TX(r)” = Tex-899-B test with GE RANGR™ radio
“TX(b)” = Tex-899-B test with both radios
Frequencies— 47.02 MHz and 47.18 MHz
(2) "FS§" = narrow-band frequency scan
Frequency range— 47.00 MHz to 48.60 MHz


https://range-47.00
https://Frequencies-47.02

The TxDOT vehicles were loaned to the project by the district offices in Beaumont,
Ft. Worth, Lubbock, and Yoakum. The whole-hearted support of the project shown by these
districts in making their trucks available was much appreciated.

The SAE J551/4 test employed an EMI receiver meeting standard specifications [4],
while the Tex-899-B test required the use of a radio from the TxDOT fleet. For the latter, we
chose the two most popular TxDOT radios, the Motorola Mara Trac and the GE RANGR™.

A detailed presentation of test data and discussion of results for the SwWRI tests are
presented in two SwRI subcontractor reports [5,6]. An overall presentation of the whole-
vehicle data and results is contained in a TTU master’s thesis by Q. Zhou [7]. We include in
Chapter 5 of the present report a summary of the results given in these three references. We
also include in Appendix C a copy of the thesis.

To give an idea of the type of data recorded, we now show some examples from the
SwRI tests in the form of two bar graphs: In Figure 2-1 results are given for the Tex-899-B
test, and in Figure 2-2 the results for J551/4. Two radio frequencies were used for the
measurements, as indicated in the Notes of TABLE 2-1 above, however the data in the
figures 1s for only one frequency, 47.02 MHz. In each figure the test results from the three
trucks of each brand are averaged together. The various vehicle test configurations are
specified at the bottom of the bars; those with the engine turned off are toward the left; those
with the engine running are toward the right. "HVAC" means heating, ventilation, and air
conditioning. The engine-off configurations allowed us to isolate DC-motor noise from
spark-ignition noise. DC motors are used in the fuel pump, windshield wipers, and HVAC
fan. The configuration of engine off and fuel pump on is the only one not to be expected
during normal operation of the vehicles; we jumpered the fuel pump relay to achieve it.

In the Tex-899-B test (Fig. 2-1), the height of the bars indicates the signal amplitude
needed to achieve a 12 dB SINAD reading at the output of the radio. The test limit is 0
dBuV, so all the vehicles passed. Inthe J551/4 test (Fig. 2-2), the height of the bars gives the
peak amplitude of the broad-band RF noise at the radio antenna port. The test limit is 28
dBuV, so the vehicles failed the test for many configurations.



~ Signal Level at 12-dB SINAD (dB pV)

TEX-899-B, Average Signal Level for Three Vehicles
(47.02 MHz, Noise Blanker On)

s
Ignition Switch Fuel Pump On Wipers High HVAC Fan Engine idle El, Wipers  El, HVAC Fan
On High (El) High High

Noise Source
(Effective Radio Sensitivity: -8 - -6.5 dB uV)

Fig. 2-1. Example of data recorded in TxDOT Tex-899-B test.
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Fan High
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Fuel Pump On Fuel Wipers High HVAC Fan El, Wipers
Pump/ignition High High
Swiitch On
Noise Source
(Ambient Noise Level: 8 -13 dB pV)

Fig. 2-2. Example of data recorded in SAE J551/4 test.
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El, HVAC Fan
High
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, Flashers

g Ford
O Chevy
m Dodge




The largest values recorded in the whole-vehicle tests are of special interest; they are
listed in TABLE 2-2. The values are slightly higher than those indicated by the tallest bars in
 the figures because of the averaging used for the bars. J551/4 distinguishes between two

kinds of noise, broad-band (BB) and narrow-band (NB). Only broad-band was observed in
the tests at the TxDOT frequencies.

TABLE 2-2. WORST-CASE RF NOISE IN WHOLE-VEHICLE TESTS

Tex-899-B J551/4

(FM signal) (BB peak noise)
Engine off
Fuel pump on ~4dBpV 37 dBpV

Engine running
Fuel pump on -3dBuV 56 dBuV
HVAC fan on




3. LABORATORY BENCH-TOP TESTS

Measurements and Data

Our bench-top tests were conducted on ten radios in the Electrical Engineering
Department at Texas Tech. Nine radios were supplied for the project by the TxDOT radio
shops in Austin and Lubbock as follows: GE RANGR™ (3 ea.), Ericsson ORION™ (2 ea.),
Motorola MaraTrac (2 ea.), and Motorola SYNTOR X (2 ea.). A single Kenwood TK-630H
was provided by a Lubbock radio retailer. A block diagram of the test-equipment setup is
shown in Figure 3-1. The hybrid junction sends the combined noise and FM signal to the FM
radio and to the EMI receiver. Most of the noise sources employed with the setup were
intended to simulate those in the actual vehicles; others were more generic; still others were
deliberately chosen for their interference potential. Our noise-source repertory is listed in
TABLE 3-1.

NOISE FM SIGNAL
SOURCES GENERATOR
o o EMI
RECEIVER
—J HYBRID SINAD
JUNCTION METER
[
o | FM RADIO
. UNDER TEST

Fig. 3-1. Block Diagram of Bench-Top Test System.



TABLE 3-1. LIST OF BENCH-TOP NOISE SOURCES USED

Narrow-Band
Cw
AM, sinusoidal (400 Hz and 1500 Hz)
AM, pulsed (1500 pps; duty cycle =3 % to 70 %)
FM, sinusoidal (400 Hz and 1500 Hz; deviation = 3 kHz to 6 kHz)
Microcontroller
Thermal

Broad-Band
Spark Ignition
Fuel pump (with Stoddard solvent)
HVAC Motor
AM, pulsed (1500 pps; duty cycle = 0.03 % to 1.0 %)

The measurement procedure used with this setup contained a Tex-899-B component
and a J551/4 component, thus allowing a comparison of the two test techniques for each
radio. The procedure was as follows:

1. The FM signal was set to 1.0 4V amplitude, the highest allowed by Tex-899-B.

2. With a particular noise source connected, the noise amplitude was adjusted to
produce a SINAD reading equal to 12 dB, the value always used in Tex-899-B.

3. The FM signal was switched off and the amplitude of the noise was measured with
the EMI receiver, as in the J551/4 test, thus giving the J551/4 value corresponding to the
Tex-899-B limit.

A detailed presentation of test data and results from the bench-top tests is contained in
a TTU master’s thesis by Y. Jin [8]. We include in Chapter 5 a summary of the results. We
also include in Appendix C a copy of the thesis.

One type of test not included in the thesis, however, is that in which two noise
sources were used simultaneously. An example of this type is shown in Figure 3-2, where
the worst-case narrow-band noise was combined with the worst-case broad-band noise. The
narrow-band noise consisted of an FM signal which had been selected for maximum
interference effect, with 1.5 kHz modulation frequency and 6.0 kHz frequency deviation; and
the broad-band noise consisted of a radar-like pulse train, pulsed AM with 1500 pps and 1 %
duty cycle. The noise sources were combined with a directional coupler, not shown in Fig. 3-
1, then sent to the hybrid junction.
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Notes: o = MaraTrac radio

V = RANGR™ radio

Pulsed AM noise has 1500 pps and
1 % duty cycle (broad-band noise)

FM noise has 1500 Hz modulation frequency and
6.0 kHz frequency deviation (narrow-band noise)

Radio frequency = 47.02 MHz

x = current J551/4 limit

[0 = suggested new J551/4 limit

Fig. 3-2. Amplitudes of Two Simultaneous Noise Sources for 12 dB SINAD in
Two Radios.

The data points in Figure 3-2 were measured while recording a 12 dB SINAD reading
with a 1.0 pV FM signal— the Tex-899-B limit- and using different relative amplitudes for
the two noise sources. Each curve represents a different TxDOT radio. The horizontal
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portions of the curves at the upper left correspond to the case where the radio response is
dominated by strong pulsed AM noise, the FM noise being weak and inconsequential. The
vertical portions at the lower right correspond to the opposite case where the FM noise
dominates. Between these extremes both noise sources affect the radio, and the curves are
sloping.

Considering now J551/4 instead of Tex-899-B, we could draw two limit lines on Fig.
3-2— a horizontal one for broad-band noise and a vertical one for narrow-band noise. In
order to be able to substitute J551/4 for Tex-899-B, these limit lines would need to
approximate the measured curves.

Shown in the figure by the row of x’s is the current J551/4 broad-band limit at 28
dBpV. The current narrow-band limit lies off-scale to the right at 0 dBuV. Clearly the 0
dBuV value is too high to make a good approximation of the curves; and a new, better value
is shown by the column of squares at -5 dBuV. A very conservative way to choose a new
broad-band limit would be just to leave it at the current 28 dBuV value, as indicated by the
row of squares. However a closer approximation to the curves would be obtained by raising
the broad-band value to, say, 32 dBuV, thus bringing the corner of the limiting rectangle up
close to the lower of the two measured curves.

Of course the validity of these new J551/4 limits depends on the two noise sources
being realistic worst-case motor vehicle threats. When Figure 3-2 was presented by the PI at
the Oct. 30, 1998, meeting of the Advisory Board, some board members suggested that these
sources are probably not realistic, not likely to be encountered in a vehicle; and so the new
narrow-band limit at - 5 dBuV is excessively low. One combination that certainly would be
considered realistic is that of DC-motor noise, (e.g. HVAC fan) and CW noise (e.g.
microcontroller clock harmonic). Our bench-test data for this case suggests new limits of 35
dBuV and - 4 dBuV.

The two-noise-source simulation, employing HVAC fan and CW, would be
applicable to a vehicle with the engine off. For the case of the engine running, a third source,
spark ignition, would have to be added. We have not studied this case, and so it is left as a
task for the future.

Broad-Band versus Narrow-Band Noise

For our noise sources, the TxDOT radios are much more sensitive to narrow-band
noise than to broad-band. This type of behavior in a victim device is accommodated in
J551/4 through the use of a higher limit for broad-band than for narrow-band noise. However
we have found that, for application of J551/4 to TxDOT radios, the boundary between broad-
band and narrow-band noise should be moved to a larger bandwidth. For example, the radios
are very sensitive to the pulsed AM noise suggested by D. Hibbard [9], but J551/4 would
classify this as broad-band and apply an erroneously high limit.

To investigate this problem, we chose pulsed AM (1500 pps) as a single

12



representative noise waveform, and varied its bandwidth by changing the duty cycle. The
J551/4 test for broad-band vs. narrow-band noise instructs us to measure the peak-to-average
ratio of the noise at 9 kHz bandwidth. If the result is over 6 dB, it’s broad-band. Application
of this 6 dB test to the pulsed AM waveform places the broad-band/narrow-band boundary at
3.6 kHz bandwidth (50 % duty cycle). However, as far as the radio response is concerned,
the boundary lies at about 180 kHz bandwidth (1.0 % duty cycle); that is, if the bandwidth of
the noise is more than 180 kHz (less than 1.0 % duty cycle), the radio is much less sensitive
to it.

Based on laboratory experimentation with the pulsed AM source as well as other
noise sources, we have devised what we feel is a practical method for characterizing
unidentified noise with respect to the new 180 kHz boundary. We measure the peak value of
the noise at two different bandwidths, 10 kHz and 120 kHz; if the difference is 17 dB or
greater, it's broad-band noise, otherwise narrow-band.

13



4. PRINCIPAL RESULTS AND RECOMMENDATIONS

Regarding TxDOT Tex-899-B

The noise blanker circuit in the TxDOT radios is very effective in reducing spark-
ignition noise and somewhat effective against noise from DC-motors such as fuel pumps and
HVAC fans. It is always switched on when the radios are in use in the fleet. We urge that it
be switched on when the Tex-899-B tests are conducted. This can make the difference
between passing and failing, and it has not been the practice in the past.

Two limits are specified in Tex-899-B as follows: The FM signal level needed for a
12 dB SINAD reading can be no more than 1.0 pV or no more than 6.0 dB above the level
needed with just ambient noise present, whichever is lower. We recommend using only the
1.0 pV limit, which is sufficiently stringent and is less complicated to implement than the
6.0-dB-increase limit.

When the two recommendations above were followed during the Tex-899-B testing in
this project, all three brands of 1997-model trucks passed the test (cf. Fig. 2-1) and the 1996
truck narrowly missed passing. Thus the pass/fail record for the trucks was good.

Regarding SAE J551/4
All the trucks failed the test with engine running due to high spark-ignition noise,

although the Fords came to within a few dB of passing (from Fig. 2-2). With engine
switched off, all the trucks passed, or came within 2 dB, when the HVAC fan or the
windshield wipers were set to high (from Fig. 2-2). Thus the pass/fail record for the trucks
was mixed.

Based on our whole-vehicle and bench-top studies, it appears that J551/4 can be
substituted for Tex-899-B if the following modifications are made to J551/4:

1. The limit on narrow-band peak noise must be lowered from 0 dBuV to - 4 dBuV
(from discussion following Fig. 3-2). The TxDOT radios, when receiving an FM signal at
the Tex-899-B limit of 0 dBuV, cannot tolerate narrowband noise at this same level; it must
be a few dB lower.

2. The current 28 dBuV limit for broad-band noise may be raised because of the
effectiveness of the TxDOT radio noise blankers. For DC-motor noise only, the broad-band
limit can be raised to 35 dBuV and, for spark-ignition plus DC motor, to 50 dBpV (from
TABLE 2-2, allowing a few-dB margin). And these limits ought to be good if some narrow-
band noise is present in combination with the broad-band.

3. Instead of defining broad-band noise as that which causes greater than 6 dB
difference between peak and average amplitude readings at 9 kHz bandwidth, we suggest
broad-band noise should be defined as that which causes 17 dB or more increase in peak
amplitude when bandwidth is increased from 10 kHz (or 9 kHz) to 120 kHz.

14



5. DETAILED RESULTS

From Whole-Vehicle Tests
Pass/Fail Outcomes for Tex-899-B

Eleven ‘97-model trucks were tested according to Tex-899-B at two frequencies. One
frequency, 47.18 MHz, lies in the center of the TxDOT range, and the other frequency, 47.02
MHz, is the major state-wide frequency for TxDOT vehicles. All the vehicles passed the test
when the radio noise blanker was turned on (cf. Fig. 2-1). In fact, the radio was so quiet that
the testing proved somewhat frustrating to the Texas Tech personnel who were hoping to
study motor vehicle noise.

In order to insure that no narrow-band vehicle emissions within the TxDOT range were
missed by performng Tex-899-B at only two frequencies, a frequency scan covering all 14
TxDOT frequencies was run on three of the ‘97-model trucks (one of each brand). All of
them passed.

Both ’97-model propane-converted Dodge trucks passed the Tex-899-B test at TTU when
running on propane and when running on gasoline, so that the installation of the propane fuel
system did not adversely affect the noise emission of the trucks. The propane conversion was
done by Northwest Butane Gas Co., Dallas, TX.

The only ‘96-model truck tested, a propane-converted Dodge, failed Tex-899-B by about
1 dB, but only under the condition of the engine running at cruising speed (1500 rpm) on
gasoline and the air conditioning turned on. The propane conversion might have adversely
affected the noise emission. It was done by R & W Supply Co., Littlefield, TX.

Pass/Fail Qutcomes for J551/4
All the trucks failed the test with engine running due to high spark-ignition noise,
although the Fords came to within a few dB of passing (from Fig. 2-2).

With engine switched off, all the trucks passed, or came within 2 dB, when the HVAC
fan or the windshield wipers were set to high (from Fig. 2-2).

Noise Sources/Coupling

Spark-ignition noise has the highest peak value of any vehicle emission but does not
appear in the output of the TxDOT radios because of the effectiveness of the radio noise
blankers.

In Tex-899-B tests on three ‘97-model trucks (one of each brand), noise with the engine
at idle (750 rpm) was about the same as with the engine at cruising speed (1500 rpm) except

for the case of the Dodge with the radio noise blanker off, which showed a 3 dB to 6 dB
increase.
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There is no need to use the PT-designed fuel pump and HVAC noise-reducing filters on
the ‘97-model Dodge trucks in order to improve the Tex-899-B test results, since they all
passed without filters; although the filters do reduce the noise measured in the J551/4 test.

Vehicle Comparisons
The Dodge trucks were noisier than the Ford and Chevrolet trucks.

From one vehicle to another of the same brand, the level of spark-ignition noise was the
same, while noise from DC motors (i.e. fuel pump and HVAC fan) changed 3 to 7 dB in the
J551/4 test. This variation in DC-motor noise may be another aspect of the motor aging that
we observed in the bench-top tests. (See Noise Sources/Coupling.)

Radios

The performance of the Motorola MaraTrac radio is a little better than that of the GE
RANGR™ in the sense of rejecting broad-band vehicle noise. (A similar result is evident for
the pulsed AM noise in the bench test data in Figure 3-2.)

Test-Site Comparisons

Three trucks were tested according to Tex-899-B at SWRI and PT and one of these was
also tested at TTU. The same radio was used throughout. Test readings were generally
highest at PT, lower at SWRI, and lowest at TTU, with a spread of up to 4 dB with the noise
blanker on and 9 dB with the noise blanker off. The reasons for this may be that (1) the
ambient noise level was lowest at TTU, thus reducing all measured levels, (2) at PT a
different magnetic-mount antenna, with less capacitance to the vehicle body, was employed,
thus increasing the likelyhood of noise pickup by the antenna cable, and (3) there were some
differences in make and model of test equipment among the three sites.

For the ‘96-model vehicle the SwRI and TTU results for the Tex-899-B test were 1n good
agreement, with TTU noise readings about 1 dB higher, but in the J551/4 test there was a
systematic difference of about 5 dB, TTU values being higher. This difference may have
been due to the very long (30 s) measurement time which was used at TTU to obtain very
stable readings but which could not be matched by the older EMI receiver (1 s) at SWRI. The
measurement time is an important parameter whenever one measures the peak value of spark-
ignition and DC-motor noise. Because of the random nature of the noise, longer
measurement times catch the occasional higher peaks and give higher readings.

Tex-899-B Methods
The radio noise blanker should be switched on during the Tex-899-B test because it is on

when the radio is in service at TxDOT. The noise blanker can improve the test results by 4 to
12 dB.

There should be no 6-dB-increase (or degradation) hmit in Tex-899-B because the 1 pv
amplitude limit, while less stringent than the 6 dB, is nevertheless adequate, and the 6 dB
requirement represents an added complication in the testing.
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When the Tex-899-B test is applied to a new vehicle, there is no installed two-way radio
or antenna, so the test procedure calls for the placement of a magnetic-mount antenna on the
vehicle, with a coaxial cable running to the radio several meters away. In our tests, the
positioning of the cable and the application of ferrite chokes to the cable were not found to be
important (TTU, noise blanker on and off). This is the desired result since one would have to
question the validity of the test if the cable played a major role.

There was little or no difference in Tex-899-B results (at SWRI) when the radio was
installed in the vehicle and used with an installed antenna instead of being operated outside
with a magnetic-mount antenna in the usual way, provided the radio noise blanker was
switched on. However, about 2 dB higher noise was measured for the installed radio and
antenna when the noise blanker was off. This is again a desired result, because the
occurrence of a large difference here would have suggested that the external radio did not
adequately represent the installed one.

J551/4 Methods

A rather long, one second, measurement time is needed to get an accurate peak level in
the J551/4 test when exercising the windshield wipers since they exhibit a periodic
fluctuation. In fact, a one second measurement time is recommended for all broad-band peak
measurements in order to get a sufficient sample of the random waveform of the noise.

Quasi-peak [10] data were recorded along with peak data, but showed no unique patterns.

Relationship of J551/4 to Tex-899-B
If substituting J551/4 for Tex-899-B, the broad-band peak limit can be raised from 28
dBuV to 35 dBuV for DC-motor noise and to 50 dBuV for spark-ignition noise.

From Bench-Top Tests
Radios

Performance varies somewhat from one brand of radio to another (cf. Fig. 3-2), and
this creates an undesirable uncertainty in the application of Tex-899-B and in the correlation
between Tex-899-B and J551/4. However, all ten radios are really quite similar, and we
judge the variability to be not too great to prevent a reasonable level of correlation between
the tests.

For the different types of noise we employed, the TxDOT radios are much more
sensitive to the narrow-band noise than to the broad-band.

Among the different types of narrow-band noise, the FM noise is the greatest threat to

the TxDOT radios. This is probably not surprising since they're FM radios. The worst case
occurs when the frequency deviation is 6 kHz.
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The radio noise blankers have no effect on narrow-band noise but they improve the
test results by about 8 dB for DC-motor noise and by more than 25 dB for spark-ignition
noise (exact value not known because of limited ignition noise simulator power).

The current J551/4 definition of broad-band vs. narrow-band noise greatly restricts
the narrow-band region and does not suit the TxDOT radios. For noise in the form of pulsed
CW, for example, the current definition places the boundary between broad-band and
narrow-band at 3.6 kHz bandwidth (6 dB points), whereas the response of the radios requires
the boundary at about 180 kHz bandwidth.

When delivering a 1.0 kHz tone at 12 dB SINAD, the TxDOT radios produce a noisy
sound containing about 50 clicks per second (ckps), and they are operating in the region of
strong SINAD variation, with about 3 dB of SINAD change for 1 dB of noise change.
(SINAD is measured at the audio output of the radios, noise at the RF input.) This is the
well-known "threshold" effect in FM detectors [11]. As a related point of interest, note that
the FM detectors in all the TxDOT radios are quadrature detectors [12].

Tests of so-called back-door penetrations of the radios, not covered by either J551/4
or Tex-899-B, found some susceptibility of the radios to CW RF noise induced by a small
loop into their DC-power, control-head, and audio-output cables. No susceptibility was
found for HVAC fan noise. It is not known whether back-door penetrations are a problem in
the TxDOT vehicles.

A test was conducted employing simultaneously the most severe narrow-band threat,
FM noise, and the most severe broad-band threat, pulsed AM noise (see Fig. 3-2). Results
showed that the radios are more sensitive to the combination of noise sources than to either
one by itself. The effect can be taken into account by a slight lowering of the J551/4 broad-
band and narrow-band noise limits. Extending this work to the case of three simultaneous
sources seems warranted.

Noise Sources/Coupling

The occurrence of several cycles of ringing of the vehicle whip antenna is an
interesting feature of the radio input voltage in response to vehicle spark-ignition noise, and it
was included in the spark-ignition noise simulation in the laboratory by use of a series-RL
network at the output of an impulse generator.

Some aging of our new Dodge HVAC fan motor was observed; after running for 25
hours, the peak value of the noise output required for a 12 dB SINAD had risen by 5 dB,
from about 42 dBuV to about 47 dBuV, for a MaraTrac radio. We speculate that the brushes
had become better seated on the commutator so as to change the characteristics of the
sparking. Component aging had been suggested by P. Andersen [13] as a source of
variability in RF emissions data. It would be interesting to see if the fuel pumps experience
the same type of aging.
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The exact form of the transfer function, or coupling, between vehicle DC-motor
current and TxDOT radio input noise, while not known, may not be important because our
tests showed similar radio response when using two different coupling mechanisms— a
current transformer attached to the motor leads and a monopole antenna located near the
leads. Both common-mode and differential-mode connections [14] were used with the
current transformer.

SINAD Meter

A psophometric (CCITT) filter [15] is built into the SINAD meter to emulate the
response of the human ear. Our measurements show that switching on this filter allows the
noise source amplitudes to be increased by 1 to 13 dB, depending on the source, for the
standard 12 dB SINAD reading. This filter is not called for in the Tex-899-B test; perhaps it
should be, in order to increase the correlation with human hearing.

Another improvement to the SINAD meter that might be worth considering is to
change its detector response from RMS to something else— for example quasi-peak, which is
designed to allow for the human annoyance factor when listening to pulsed noise. Quasi-
peak detection in the SINAD meter was tried but not studied in detail in the present project.

Relationship of J551/4 to Tex-899-B
If substituting J551/4 for Tex-899-B, the narrow-band peak limit must be lowered
from 0 dBuV to - 5 dBuV to protect against our worst-case narrow-band noise.

If substituting J551/4 for Tex-899-B, the broad-band peak limit can be raised from 28
dBuV to 35 dBuV for DC-motor noise and to 66 dBuV for spark-ignition noise. (But
ignition noise without motor noise (electric fuel pump) occurs only when a vehicle is running
on propane.) The limit should remain at or near 28 dBuV for the worst-case noise
combination we used in the lab.

If substituting J551/4 for Tex-899-B, the J551/4 boundary between broad-band and
narrow-band noise must be moved as stated above in Chapter 3. A suggested new test
method for use with unidentified noise, which properly locates the boundary, is to measure
the noise peak value at 10 kHz and 120 kHz bandwidths; if the difference is 17 dB or greater,
it’s broad-band noise, otherwise narrow-band.

Supplied in Report by Subcontractor, SWRI

The following results apply to the nine 1997-model vehicles tested by SwRI [6].
1. More vehicle test failures occurred for J551/4 than for Tex-899-B with the radio noise
blanker switched off- 76 % versus 50 %.

2. There was little test-result variability among vehicles of the same manufacturer.

3. There was little test-result variability between two test sites, SwRI and PT.
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4. (a) The RF noise amplitude ranking, from highest to lowest, was Dodge, Chevrolet, Ford.
(b) The type of noise with highest-amplitude was spark ignition.

5. For both J551/4 and Tex-899-B, the fuel pump and HVAC fan filters designed by PT were
generally ineffective.

6. On Dodge 1, the radio was installed in the vehicle and used with an installed antenna in
addition to being operated outside with a magnetic-mount antenna in the usual way. Two
small differences were found with the installed setup, when the noise blanker was switched
off: although the filters were more effective than usual, the tendency for vehicle test failure
was actually greater.

7. Switching on the radio noise blanker eliminated all vehicle failures to Tex-899-B.

8. On Dodge 3, Tex-899-B tests for wet soil and dry soil conditions showed little difference.
9. On Ford 3, the Tex-899-B test was run using a quasi-peak detector and an average
detector in the SINAD meter in addition to the usual RMS detector. With the average

detector, no difference greater than 2 dB was observed; but with the quasi-peak detector,
significantly higher readings were seen, making the test more stringent.
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6. CONCLUSIONS AND FUTURE RESEARCH DIRECTIONS

Conclusions

A number of interesting results have been obtained and some unanswered questions
have arisen (Chapter 5) during the course of the project. Although the degree of correlation
between the tests Tex-899-B and J551/4, as they currently stand, is very poor, a series of
recommended changes in the tests (Chapter 4) would improve the correlation and allow
J551/4 to be substituted for Tex-899-B. There remain some questions of implementation,
however, which are discussed below.

The recommendations contained in Chapter 4 regarding the Tex-899-B test will be
easy to implement and will make a good test even better.

The recommendations in regard to J551/4 are that the narrow-band limit be lowered,
the broad-band limit be raised, and the narrow-band/broad-band boundary be adjusted.
Applying these recommendations, along with those for Tex-899-B, will bring the limits of
the two tests into general agreement, that is, will force a degree of correlation between the
tests.

Actually implementing the recommendations regarding J551/4 may prove difficult for
the following reasons:

If the measurements are done outdoors, it may be unrealistic to expect to measure
accurately down to the new - 4 dBuV narrow-band peak limit because of the ambient noise
level. The ambient level for tests like this we have done in the past has been - 6 dBuV.
Doing the measurements in a chamber would be much preferred, where the EMI receiver
would provide a noise floor of perhaps - 10 dBuV.

Another problem with the measurement of narrow-band peak noise, whether
measured indoors or out, is that, with the vehicle engine running, spark-ignition noise will
obscure any narrow-band noise near the limit. It might be necessary to resort to a very
narrow bandwidth [16] or to an average detector rather than a peak.

Broad-band peak noise near the new 35 dBpV and 50 dBuV limits can be measured
outdoors, where we have found the ambient noise to be around 12 dBuV. But with two
limits specified where before there was only one, a longer test time will result because of the
need for two frequency scans. The two limits arise because of the presence of two different
noise sources.

The practical difficulties involved in performing the J551/4 measurements need to be
resolved. It may turn out that, with all its modifications, the J551/4 test will be more
troublesome and time-consuming to carry out than the Tex-899-B test it was intended to
replace.
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Future Directions :

This project could be continued in the future with the addition of the following tasks:

1. Carry out both J551/4 and Tex-899-B tests, with recommended modifications, on
new TxDOT vehicles.

(a) Verify the validity and practicality of the suggested new limits and the suggested
new broad-band/narrow-band definition for J551/4.

(b) Provide feedback to vehicle manufacturers regarding test results.

2. Carry out additional bench testing at TTU.

(a) Investigate new test-equipment possibilities, such as a custom-designed detector
weighting function tailored to motor vehicle emissions and FM radio receivers. This has
been suggested by R. Kautz [17] and others and was a point of discussion at the Oct. 30,
1998, meeting of the Advisory Board. It has the potential of simplifying J551/4 testing. It is
a lofty goal, one that may be unattainable.

(b) Perform tests as in the past but employing up to three simultaneous noise sources
so as to assess their additive effect, as discussed in Chapter 3 following Fig. 3-2.

(c) Provide laboratory support to investigate questions arising during the whole-
vehicle testing in task 1 above.

3. Investigate the impact of future trends.

(a) The use of more complex electrical environments (digital and analog) in vehicles.

(b) The change-over to higher radio frequencies and more sophisticated radio
systems, such as trunking.

(¢) The change-over to narrow-band FM radios.

4. Exchange information.

(a) Contact other state DOTs for possible technology transfer based on our research
results.

(b) Continue the use of the existing Advisory Board.

(c) Present research results at a national EMC symposium to reach a larger audience.

22



REFERENCES

1. Test Method Tex-899-B, "Radio Frequency Interference (RFI) Testing," 1995, Texas
Department of Transportation, Austin, TX.

2. Surface Vehicle Standard SAE J551/4, "Test Limits and Methods of Measurement of
Radio Disturbance Characteristics of Vehicles and Devices, Broadband and Narrowband, 150
kHz to 1000 MHz," 1994, Society of Automotive Engineers, Warrendale, PA.

3. TIA/EIA Standard TIA/EIA-603, “Land Mobile FM or PM Communications Equipment
Measurement and Performance Standards,” Feb. 1993, Telecommunications Industry
Association, Washington, DC.

4. CISPR 16-1, “Specification for radio disturbance and immunity measuring apparatus and
methods, Part 1: Radio disturbance and immunity measuring apparatus,” 1993, International
Electrotechnical Commission, Geneva, Switzerland.

5. J.J. Polonis and R.W. Thompson, "Evaluation of Whole-Vehicle Radiated Emissions Test
Methods for Mobile Radio Performance," report on Project 10-8766, Southwest Research
Institute, July 16, 1997.

6. J.B. Scrivner and D.A. Smith, "A Development of Guidelines for Control of Radio
Frequency Interference (RFI) in Vehicles," report number EMCR 98/075 on Project 10-1548-
001, Southwest Research Institute, Sept. 1998.

7. Q. Zhou, "Testing Motor Vehicles for Radio Interference," MSEE Thesis, Texas Tech
University, Aug. 1998.

8. Y. Jin, "Laboratory Simulation of Motor Vehicle Radio Interference,” MSEE Thesis,
Texas Tech University, Dec. 1998.

9. D. Hibbard and D. Shanholtzer, General Motors Corp., private communication, Jan. 21,
1997.

10. B. Keiser, Principles of Electromagnetic Compatibility, 3rd Edition, Artech House, 1987.
11. M. Schwartz, et al., Communication Systems and Techniques, IEEE Press, 1996.

12. L.E. Frenzel, Principles of Electronic Communication Systems, McGraw-Hill, 1998,

13. P. Andersen, DaimlerChrysler Corp., private communication, 1997.

14. C.R. Paul, Introduction of Electromagnetic Compatibility, John Wiley and Sons, 1992.

23



15. D.G. Fink and D. Christiansen, Electronics Engineers' Handbook, 3rd Edition, Chapter
22, McGraw-Hill, 1989.

16. R. Monahan, DaimlerChrysler Corp., private communication, May 1, 1998.

17. R. Kautz, Ford Motor Co., private communication, Oct. 19, 1998.

24



APPENDIX A: BRAND AND MODEL OF PRINCIPAL TEST EQUIPMENT

(Noted in parentheses below is the use to which each item of equipment was put.)
RF Sources

Fluke 6060B Signal Generator (FM signal)

R&S CMS54 Radiocommunication Service Monitor (CW, AM, and FM noise)

E-H Research Labs 139B Pulse Generator (spark ignition noise)

Dodge, Ford, AutoZone Fuel Pumps (fuel pump noise)

Dodge HVAC Fan (fan noise)

Motorola 68HC11 Microcontroller on Circuit Board (microcontroller noise)

Mini-Circuits ZFL-500HLN RF Amplifier (thermal noise)

Spectrum Analyzers
HP 8592L Spectrum Analyzer (RF spectrum)

HP 3580A Spectrum Analyzer (AF spectrum)

EMI Receiver
R&S ESS EMI Receiver (RF noise amplitude)

SINAD Meters

HP 8903A Audio Analyzer, RMS detector, readings/second = 2 (RMS voltage and
SINAD)

R&S CMS54 Radiocommunication Service Monitor, RMS detector, readings/second
=1 to 4 (RMS voltage and SINAD)

Oscilloscopes
HP 54616B, 2 GSa/s, 500 MHz (RF waveforms)

Fluke PM3370A, 1 MSa/s, 60 MHz (AF waveforms)

Network Analyzer
HP 8753C (S-parameters of truck antenna, hybrid junction, etc.)

Other Devices

Synergy Microwave KDK-702 20-dB Directional Coupler (used in Tex-899-B whole-
vehicle testing)

Synergy Microwave DJK-702 0°-180° Hybrid Junction (used in bench-top testing)

Weinschel 3200T-1 Programmable Attenuator (used with all noise sources except
CMS54)

Mini-Circuits ZFSWHA-1-20, RF Switch (used with CMS54 for pulsed AM noise)

Fischer F-33-1 current transformer (used to sample RF current in fuel pump and
HVAC fan)

25



APPENDIX B: LIST OF TXDOT LOW-BAND VHF RADIO
FREQUENCIES

The following are the 18 low-band frequencies assigned to TxDOT. Values are in
MHz. Frequencies marked with an asterisk (*) are used only for mobile-radio transmission
to a repeater and not for mobile-radio reception; as such, they were not of interest in this
project.

45.680 * 47.120
45.720 * 47.140
45.800 * 47.160
45.840 * 47.180
47.020 47.200
47.040 47.220
47.060 47.240
47.080 47.260
47.100 47.340
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APPENDIX C: MASTER’S THESES

Two master’s theses are reproduced in this appendix:

1. “Testing Motor Vehicles for Radio Interference,” Q. Zhou, MSEE Thesis, Texas Tech
University, Aug. 1998.

2. “Laboratory Simulation of Motor Vehicle Radio Interference,” Y. Jin, MSEE Thesis,
Texas Tech University, Dec. 1998
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CHAPTER 1

INTRODUCTION - THE TxDOT PROJECT

As more microprocessor-based electronics are used in modern motor vehicles, the
compatibility between vehicle electronic systems and after-market electronic equipment
has become increasingly important. Radio frequency interference (RFI) between these
systems, which causes compatibility problems, can produce random failure of both
original equipment manufacturer (OEM) and after-market components. Failure of critical
vehicle systems can pose grave safety problems and adversely affect the operation of the
vehicles.

Recognizing the significance of RF emissions in modern vehicles, the Society of
Automotive Engineers (SAE) has been involved in writing electromagnetic compatibility
(EMC) standards since 1957. These standards are continually examined and updated to
keep pace with technology. The SAE J551/4 test,[1] a standard vehicle EMC test, is
being used by the three major US vehicle manufacturers. Comparable European
standards also exist, and there are other more specialized standards and specifications that
are related to automotive RF1 1ssues, such as TxDOT Test Method Tex-899-B [2]

Extensive RF1 testing by vehicle manufacturers typically provides adequate
protection for OEM-installed electronics. Great efforts are made to assure all of the
subsystems 1n a vehicle work correctly and are not affected by any electrical noise
generated within the vehicle. And to some extent, the vehicle is also assured to work

properly in the presence of external interference signals.



However, the manufacturer cannot test the vehicle under all conditions for after-
market subsystems. There is evidence of after-market compatibility problems with two-
way mobile radios, cellular phones, alternative fuel conversion systems and personal
computers. So if one of these electronic subsystems is added to the vehicle, it may
produce or receive interference with the existing vehicle electronic systems.

The Texas Department of Transportaliori (TxDOT) is experiencing compatibility
problems between its vehicles and after-market two-way communication systems.
TxDOT depends heavily on the reliable use of two-way FM (Frequency Modulation)
radios to conduct daily business.i Reliable radio communication is critical to the
successful fulfillment of TxDOT operations. But the interference with TxDOT two-way
communication systems reduces the range which users can expect from tens of miles to,
in some cases, less than one mile. Thus, there exists a requirement to develop new
guidelines for control of RF emissions from the vehicles.

The current TxXDOT project conducted at Texas Tech University is divided into
two test activities: whole-vehicle tests and laboratory bench-top simulation tests. The
overall objective is to develop and validate effective RFI test procedures that will allow
vehicle manufacturers to identify RFI problems related to the use of after-market two-
way radios in their vehicles. The project results include specific RFI limits for the
vehicles. These results will be forwarded to vehicle manufacturers for consideration in
future vehicle design and to SAE.

This thesis covers the laboratory bench-top test part of the project. It is organized

into five chapters: chapter 2 is entitled, ‘Laboratory Test System for FM Radios’ and



covers the description of the bench-top test setup for measurement of FM radio input
noise voltage and SINAD (Signal, Noise, and Distortion) value for different noise
sources. Chapter 3 is entitled, ‘Results for Narrow-Band Sources’ and covers the
examination of all types of narrow-band vehicle emissions. All the bench test results are
provided. Chapter 4 is entitled, ‘Results for Broad-Band Sources’ and covers the radio
tests on two types of broad-band vehicle noise sources, and also the test data are listed in
this chapter. Chapter 5 is entitled, ‘Data Interpretation and Conclusions’ and includes the
summary of radio bench test results, the determination of the relationship between the
limits imposed by SAE J551/4 and TxDOT Tex-899-B, and finally, the conclusion on
how SAE J551/4 might be substituted for TxDOT Tex-889-B. Also covered in this
chapter are back-door penetration observations on the TxDOT FM radios and a new

working definition for narrow-band versus broad-band noise for use with SAE J551/4.



CHAPTER II

LABORATORY TEST SYSTEM FOR FM RADIOS

RF Noise Sources in Vehicles

TxDOT basic service trucks are similar to consumer market vehicles with the
exception of state-required propane conversion systems. Propane conversion systems
allow the vehicles to run on gaseous propane as well as on gasoline.

In general, modern motor vehicles have three major RFI noise sources that can
significantly effect the performance of the two-way FM radios. The first noise source is
the spark ignition system for the internal combustion engine, a well-known noise source
in vehicles. The second one is DC (Direct Current) motor noise. For example, both fuel
pump and HVAC (Heater Ventilation Air Conditioner) fan provide significant amounts
of noise. The third noise source is associated with the microprocessor-based systems,
which are used more and more in modern motor vehicles. They communicate with a
variety of sensors and actuators throughout the vehicle. These microprocessor systems
are primarily digital systems operating at relatively high frequencies. The switching of
the digital circuits generates even higher frequencies over a broad frequency range,
including the TxDOT two-way FM radio band. RF emissions from the microprocessor-
based systems can form different types of spectra when the microprocessor runs on

different instructions or programs.



Vehicle EMC Test Methods of Interest

There are two vehicle EMC test methods which were used and investigated in this
TxDOT project. They are the SAE Standard J551/4 and the TxDOT Test Method Tex-
899-B.

The current SAE J551/4 version was updated and issued in 1994. This standard
contains test limits and procedures for the measurement of radio disturbances in the
frequency range of 150 kHz to 1000 MHz. There are three types of limits in this
standard: narrow-band peak, broad-band peak and broad-band quasi-peak. The last one,
being mainly used in Europe, was omitted in this thesis.

The TxDOT Test Method Tex-899-B, which involves a SINAD test, provides test
limits and methods to assure the compatibility of TxDOT fleet vehicles and VHF (Very
High Frequency) radio equipment operating in the frequency ranges of 30 to 50 MHz and

150 to 174 MHz. The SINAD, normally expressed in dB, is defined as a ratio as follows:

SINAD = 20 loglo[rms value of signal, noise, and dlstomonJ

rms value of noise and distortion

There exists one important difference between these two test methods. The SAE
J551/4 test measures the RF emissions received by an antenna on the vehicle. On the
contrary, the TXDOT Tex-899-B test measures the effect on a radio of emissions received

by an antenna on the vehicle.



TxDOT Two-Way FM Communication Radios

TxDOT has several different models of two-way FM radios in use in their vehicle
fleet. Every model has its own features, but all TxDOT two-way FM radios have the
same basic characteristics: First, they all operate in the frequency range of 47-48 MHz,
which is the TxDOT low-band VHF frequency range. Second, their receiver sensitivity
to a standard FM signal is better than —115 dBm for a 12 dB SINAD. Third, the receiver
bandwidth is between 13 kHz and 16 kHz. Fourth, the audio bandwidth of these radios

extends from 300 to 3000 Hz. Fifth, the receiver includes a noise blanker circuit.

Bench-Top Test System

The objective of this bench-top simulation test was to determine the correlation
between the limits imposed by the two test methods, SAE J551/4 and TxDOT Tex-899-
B, including the dependence on individual radio and different type of noise. Figure 1
shows the general bench-top test setup. It was used to simulate the vehicle RF emissions,
and to measure the FM radio input noise voltage for the SAE J551/4 test and the SINAD
value for the TxDOT Tex-899-B test.

In order to simulate the real-world RF emissions from the vehicles, several
different types of simulation noise sources are used in this laboratory test system. Two
fuel pumps and one HVAC fan are used for the broad-band motor noise sources. The
ignition noise is also simulated in the tests. An IC (Integrated Circuit) board was used for
measuring the RF emissions from a microcontroller. For other narrow-band noise from a

microcontroller-based system, a CW (Continuous Wave) signal and an HMCW (Heavily
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Modulated Continuous Wave) signal are generated for simulation purposes. We use the
terminology HMCW to mean 100% amplitude modulation (AM) with rectangular pulses.
In addition, for the sake of completeness, sinusoidal AM and FM signals are also used as
noise sources for this bench-top test.

A 1.0 pV FM signal is generated to simulate the communication signal voltage
delivered by an antenna on the vehicle. It is combined with one of the noise sources by a
hybrid junction. This four-port hybrid junction is shown in Figure 2. There is no
coupling between ports 1 and 3, nor between ports 2 and 4. Signals entering ports 2 and
4 are coupled as indicated by the arrows in the figure. The combined signals come out
from ports 1 and 3. There is a 3.6 dB attenuation from port 2 or 4 to port 1, and a 3.2 dB

attenuation from port 2 or 4 to port 3.

Noise Source

2
3 1
FM Radio < > EMI] Receiver
or
Spectrum Analyzer
4

Signal Source

Figure 2. A 4-port Hybrid Junction



The noise source and signal source are connected to port 2 and port 4
respectively. Port 1 is connected to an EMI (Electromagnetic Interference) receiver to
measure the FM radio input noise voltage for SAE J551/4 test, or to a spectrum analyzer
for spectrum checks. Port 3 is connected to a TxDOT two-way FM radio. Ten radios of
five different models are used in this TXDOT project. They are three GE RANGR’s, two
Ericsson ORION’s, two Motorola MaraTrac’s, two Motorola SYNTOR X’s, and one
Kenwood TK-630H. Three frequencies, 47.00 MHz, 47.02 MHz, and 47.18 MHz, were
chosen for the tests. The audio output from the radio is put into a SINAD meter to get the
SINAD reading for the TXDOT Tex-899-B test.

We used two different amplitude units, dBuV and dBm, in this TXDOT project.

The amplitude, expressed in dB relative to 1 uV, is referred to as dBuV, that is,

volts
dBuV = 20lo .
u glo[ Y )

And the amplitude unit, dBm, is expressed in dB above 1 mW, that is,

dBm = dBmW

watts
= 10lo e
g“’(l mWJ

For a 50 Q2 system, the conversion between puV, dBuV and dBm is as follows:
1 uV=0dBuv

=-107 dBm.



Principle Test Equipment
According to their usage, the various items of test equipment are divided into
different categories: RF sources, RF receiving equipment, SINAD meter, oscilloscopes,

network analyzer, and passive devices. Table 1 gives the brand and model of the

equipment, along with its usage.

Table 1. Brand and Model of Principle Test Equipment

Category Brand and Model Usage
RF Sources Fluke 6060B Signal Generator FM Signal
R&S CMS54 Radiocommunication | CW Noise, AM Noise,
Service Monitor FM Noise, and HMCW
Noise
E-H Research Labs 139B Pulse Ignition Noise and
Generator HMCW Noise
RF Receiving HP 8592L Spectrum Analyzer Spectrum Checks
Equipment R&S ESS EMI Receiver All Noise Measurements
SINAD Meter HP 8903 A Audio Analyzer, 12 dB Reading

readings/second = 2

Oscilloscopes HP 54616B, 2 GSa/s, 500 MHz RF Waveforms
Fluke PM3370A, 1 MSa/s, 60 MHz | AF (Audio Frequency)
Waveforms

Network Analyzer

HP 8753C

S-parameters of Hybrid
Junction

Passive Devices Synergy Microwave DJK-702 0°- | Couple Together Multiple
180° Hybrid Junction Devices
Weinschel 3200T-1 Programmable | Ignition, Fuel Pump, and
Attenuator HVAC Fan Noise Sources
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General Test Procedure

The general test procedure for this bench-top test is as follows:

First, choose one frequency for the radio under test.

Second, use the signal generator to get an FM signal with the same frequency as
the radio, and with 1.0 kHz modulation frequency and 3.3 kHz frequency deviation. And
adjust the radio volume control for 1.0 W audio output power.

Third, with the FM signal only, do a sensitivity test on the radio.

Fourth, switch on a noise source in addition to a 1.0 uV FM signal, and adjust the
noise voltage level to get a 12 dB reading on the SINAD meter. This 12 dB SINAD
value is the test limit for the radios to pass the TxDOT Tex-899-B.

Fifth, turn off the signal generator, and use the EMI receiver to measure the noise
voltage with a 10 kHz or 120 kHz bandwidth, depending on whether the noise is narrow-
band or broad-band. This step provides the SAE J551/4 test value corresponding to the

above Tex-899-B limit.

The Automatic Testing Program

The test equipment is also connected to a computer via GPIB (General Purpose
Interface Bus) cables. A programmable attenuator is attached to the computer as well.
The computer is used for automatic control of the test equipment and data acquisition in
some tests. Automatic testing programs were written using LabVIEW, which is a

graphical programming language. The advantages of the automatic measurement are that

11



more data and a greater variety of data can be obtained and fewer operator errors can be
expected.

In an automatic test, the computer adjusts the amount of attenuation provided by
the programmable attenuator to control the noise level entering the radio under test. Once
the 12 dB SINAD value is achieved, the computer will record the noise voltage level and
save the data to a text file. Figure 3 is a screen shot of a program when it ran a test using

the fuel pump as a noise source.

Fuel Pump Test Program with ESS.vi

-He;cnfiguxe_Noisé ;i

SaveDataTo
. CATXDOT\data\
306171353 ess

change je Path:

Figure 3. A Run-Time Screen Shot of the Automatic Testing Program
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CHAPTER III

RESULTS FOR NARROW-BAND SOURCES

In this chapter, the results from all the narrow-band noise sources are presented.
According to their modulation characteristics, these simulated narrow-band vehicle
emissions are divided into four categories: CW noise, AM noise (rectangular pulse and
sinusoidal), FM noise and AM/FM noise. Since these sources are narrow-band, a 10 kHz
measurement bandwidth w;as used on the R&S ESS EMI receiver for measuring the RF
noise voltage according to SAE Standard J551/4. The spectra and RF waveforms shown
in this chapter are printouts from the HP 8592L spectrum analyzer and the HP 54616B

oscilloscope.

Radio Noise Blankers

Besides the frequency-domain filters, every TxXDOT two-way FM radio has a
noise blanker circuit, which can be turned manually on or off. The noise blanker is
devised to reduce noise on a time-domain basis because in some situations frequency-
domain filtering is not adequate due to the magnitude of the disturbance.[3] The noise
blanker is triggered by the interfering signals or noise and renders the system inoperative
for the duration of the interference.

Although the exact working mechanism of the noise blanker is unknown for the
TxDOT radios, the observation on the bench shows that it is not effective against the

narrow-band noise so that either noise blanker on or off can be used in the narrow-band
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noise tests. Therefore, for the sake of consistency, the radio noise blanker was switched

on in the tests with the narrow-band sources.

FM Signal

The FM signal is obtained by using the Fluke 6060B signal generator. It was set
to the same frequency as the radio under test, with 1.0 kHz modulation frequency and 3.3
kHz frequency deviation as specified in TxDOT Tex-889-B. This FM signal was used in
all the bench-top simulation tests, and its voltage level was set to 1.0 uV because this
value is the maximum allowed in the Tex-899-B test. Figure 4 shows the spectrum of

this FM signal at 47.02 MHz with a 200 pV voltage level.
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Figure 4. The Spectrum of a 47.02 MHz FM Signal with 1.0 kHz
Modulation Frequency and 3.3 kHz Frequency Deviation
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CW Noise Simulation and Test

CW noise comes from microcontroller-based systems in vehicles. It is a
harmonic of the microcontroller clock. On the bench, the R&S CMS54
radiocommunication service monitor is used to simulate this type of noise. It is set to the
same frequency as the radio under test. And there is no modulation on the signal. The
spectrum of a 47.02 MHz CW signal is shown in Figure 5.

For a CW signal, both theory and measurement using the R&S ESS EMI receiver
show that its peak (PK) value is equal to its average (AV) value, that is,

PK = AV.

Two frequencies, 47.02 MHz and 47.18 MHz, and all the ten radios with noise
blankers turned on were used in the test. Table 2 lists the bench test results for the 12 dB
SINAD with a 1.0 uV FM signal. From the test data, the average value and the standard
deviation can be calculated using the following statistical methods:

> X

n

{ X - X)?
Standard Deviation= S = Z(—l)— ,
n -

where X is the test data value and n is the number of test data. For the CW noise, these

Average = X =

and

values are
Average = -2.5 dBuV,
and

Standard Deviation = 0.8 dB.
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Figure 5. The Spectrum of 47.02 MHz CW Noise

Table 2. Bench Test Data for CW Noise

Radio Brand & Model

Peak Level of CW Noise (dBuV)
at Two Frequencies for 12 dB
SINAD with 1.0 uV FM Signal

47.02 MH> 47.18 MHz
GE RANGR (No. 1) -3 -3
GE RANGR (No. 2) -3 -3
GE RANGR (No. 3) -3 -3
Ericsson ORION (No. 1) -1 -1
Erncsson ORION (No. 2) -3 -3
Motorola MaraTrac (No. 1) -2 -2
Motorola MaraTrac (No. 2) -2 -2
Motorola SYNTOR X (No. 1) -2 -2
Motorola SYNTOR X (No. 2) -2 -2
Kenwood TK-630H -4 -4
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AM Noise Simulation and Test

AM signals with two different types of modulation, square wave and sine wave,
were used to simulate the AM noise sources that might be present in a vehicle. For all
the tests in this section, the R&S CMS54 radiocommunication service monitor produced
the AM signals and used the same frequency as the FM radio under test.

HMCW noise can originate from microcontroller-based systems. On the bench, it
is simulated by 100% externally amplitude modulating the R&S CMS54
radiocommunication service monitor with a 15% or 50 % duty cycle square wave. The
repetition rate in this test is 1.5 kHz. The 1.5 kHz rectangular pulse train is generated
using the E-H Research Labs 139B Pulse Generator. This method was suggested by Don
Hibbard and Daren Shanholtzer at the General Motors EMC Lab. The spectrum and RF
waveform of a 47.02 MHz HMCW signal with a 15% duty cycle are shown in Figure 6.
Figure 7 gives the same for a 50% duty cycle.

For an HMCW signal with a 15% duty cycle, its average level is theoretically 16
dB less than its peak level, that is,

PK = AV + 16 dB.

But this is different from the measured result using the R&S ESS EMI receiver, which
showed a 13.8 dB difference between these two levels. The reason for this is that the 10
kHz measurement bandwidth was used on the EMI receiver and this narrow bandwidth
lowered the measured peak value of the signal.

For the HMCW signal with a 50% duty cycle, the measurement gave the average

level as 6.2 dB less than the peak level, that is,
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PK = AV + 6.2 dB,
which is slightly different from the theoretical value, 6 dB.

The test results corresponding to the HMCW noise with two different duty cycles
are listed in Table 3 and Table 4, respectively. Two frequencies, 47.02 MHz and 47.18
MHz, were used in these tests, and five radios, three GE RANGR’s and two Motorola
MaraTrac’s, were selected because these two models are the most used in the TxDOT
vehicle fleet. From Table 3, the average and standard deviation values were calculated as

Average=-1.1dB uV,‘
and

Standard Deviation = 0.2 dB.

And from Table 4, the same calculation was also done to get the results:

Average = -1.8 dBuV,
and

Standard Deviation = 0.2 dB.

Two other AM signals employing sinusoidal modulation were also used in the
simulation tests. Whether such signals are produced in motor vehicles is unknown, but
they are so easy to produce in the laboratory that they are included in this thesis. One of
them was generated using the R&S CMS54 radiocommunication service monitor with
90% modulation and 400 Hz modulation frequency. The spectrum of this signal at 47.02
MHz is shown in Figure 8. Figure 9 gives the spectral display of the other AM signal at
47.02 MHz. 1t was obtained with 100% modulation and 1.5 kHz modulation frequency

on the R&S CMS54.
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Table 3. Bench Test Data for HMCW Noise

with a 15% Duty Cycle

Radio Brand & Model

Peak Level of HMCW Noise (dBuV)
at Two Frequencies for 12 dB
SINAD with 1.0 uV FM Signal

47.02 MHz 47.18 MHz
GE RANGR (No. 1) -1.2 -1.2
GE RANGR (No. 2) -1.1 -1.1
GE RANGR (No. 3) -14 -14
Motorola MaraTrac (No. 1) -1.1 -1.1
Motorola MaraTrac (No. 2) -0.9 -0.9

Table 4. Bench Test Data for HMCW Noise

with a 50% Duty Cycle

Radio Brand & Model

Peak Level of HMCW Noise (dBuV)
at Two Frequencies for 12 dB
SINAD with 1.0 uV FM Signal

47.02 MHz 47.18 MHz
GE RANGR (No. 1) -2.0 -2.0
GE RANGR (No. 2) -1.9 -1.9
GE RANGR (No. 3) -1.8 -1.8
Motorola MaraTrac (No. 1) -1.6 -1.6
Motorola MaraTrac (No. 2) 20 -2.0
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For these two AM signals, the measurement using R&S ESS EMI receiver
showed that the average level is 6 dB less than the peak level, that is,

PK = AV + 6 dB,
which agrees very well with the theoretical result.

Two frequencies, 47.02 MHz and 47.18 MHz, were used in the tests. For the 400
Hz AM noise, all ten radios were used, but only five radios, as above, were used for the
1.5 kHz AM noise, for the same reason. Table 5 and Table 6 give the test results for the
12 dB SINAD with a 1.0 };.V FM signal. From the bench test data, for the 400 Hz AM
noise, the statistics give

Average = -0.7 dBuV,
and

Standard Deviation = 0.3 dB.
And for the 1.5 kHz AM noise, these values are

Average = -1.9 dBuV,
and

Standard Deviation = 0.2 dB.

FM Noise Simulation and Test

In this bench-top test, two FM signals were used to simulate the FM noise that
might be present in a vehicle. The production of such noise by microcontrollers was
suggested by Gus Morgan at the Texas Department of Transportation, and such noise also

appears in PWM (Pulse Width Modulation) power supplies[4] The FM signals were
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Table 5. Bench Test Data for 400 Hz AM Noise

Radio Brand & Model

Peak Level of 400 Hz AM Noise (dBuV)
at Two Frequencies for 12 SINAD with
1.0 uV FM Signal

47.02 MHz 47.18 MHz
GE RANGR (No. 1) -1 -1
GE RANGR (No. 2) -1 -1
GE RANGR (No. 3) -1 -1
Ericsson ORION (No. 1) 0 0
Ericsson ORION (No. 2) -1 -1
Motorola MaraTrac (No. 1) 0 0
Motorola MaraTrac (No. 2) -1 -1
Motorola SYNTOR X (No. 1) 0 0
Motorola SYNTOR X (No. 2) 0 0
Kenwood TK-630H -2 -2

Table 6. Bench Test Data for 1.5 kHz AM Noise

Radio Brand & Model

Peak Level of 1.5 kHz AM Noise (dBuV)
at Two Frequencies for 12dB SINAD
with 1.0 uV FM Signal

4702 MHz 47.18 MHz
GE RANGR (No. 1) -1.6 -1.6
GE RANGR (No. 2) -1.5 -1.5
i GE RANGR (No. 3) -1.5 -1.5
Motorola MaraTrac (No. 1) -0.8 -0.8
Motorola MaraTrac (No. 2) -1.2 -1.2
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generated using the R&S CMS54 radiocommunication service monitor with 400 Hz and
1.5 kHz modulation frequencies and 3.0 kHz frequency deviation. Their spectra at 47.02
MHz are given in Figure 10 and Figure 11, respectively.

For such FM signals, the average level is 1.2 dB less than the peak level, that is,

PK=AV+1.2dB,
which was measured using the R&S ESS EMI receiver. Theoretically, the peak value of
an FM signal is equal to its average value.

Two frequencies, 47.02 MHz and 47.18 MHz, and nine of the ten radios were
used in the tests for the 400 Hz FM noise because one of the Motorola SYNTOR X’s had
become inoperative. The same five radios as in the HMCW noise tests were chosen for
the 1.5 kHz FM noise test. The bench test results are included in Table 7 and Table 8 for
the 12 dB SINAD with a 1.0 uV FM signal. By comparing these two tables, it is obvious
that both FM waveforms have almost the same effects on the radios. From Table 7, the
average value for the peak level and the standard deviation are:

Average = -2.6 dBuV,
and

Standard Deviation = 0.8 dB.

And from Table 8, these values are:

Average = -2.6 dBuV,

and

Standard Deviation =04 dB.
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Figure 10. The Spectrum of 47.02 MHz FM Noise with 400 Hz
Modulation Frequency and 3.0 kHz Frequency Deviation
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Figure 11. The Spectrum of 47.02 MHz FM Noise with 1.5 kHz
Modulation Frequency and 3.0 kHz Frequency Deviation

26



Table 7. Bench Test Data for 400 Hz FM Noise

Radio Brand & Model

Peak Level of 400 Hz FM Noise (dBuV)
at Two Frequencies for 12 dB
SINAD with 1.0 pV FM Signal

47.02 MHz 47.18 MHz
GE RANGR (No. 1) -3 -3
GE RANGR (No. 2) -3 -3
GE RANGR (No. 3) -3 -3
Ericsson ORION (No. 1) -1 -1
Ericsson ORION (No. 2) -2 -2
Motorola MaraTrac (No. 1) -2 -2
Motorola MaraTrac (No. 2) -3 -3
Motorola SYNTOR X (No. 2) -2 -2
Kenwood TK-630H -4 -4

Table 8. Bench Test Data for 1.5 kHz FM Noise
(with 3.0 kHz Frequency Deviation)

Radio Brand & Model

Peak Level of 1.5 kHz FM Noise (dBuV)
at Two Frequencies for 12 dB SINAD
with 1.0 uV FM Signal

47.02 MHz 47.18 MHz
GE RANGR (No. 1) -3.0 -3.0
GE RANGR (No. 2) -2.7 -2.7
GE RANGR (No. 3) -2.6 -2.6
Motorola MaraTrac (No. 1) -1.8 -1.8
Motorola MaraTrac (No. 2) -2.8 -2.8
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However, it is obvious that the above FM waveforms do not fill out the bandwidth
of the TXDOT FM radios, which is a little less than 16 kHz. Thus we decided to increase
the frequency deviation of the FM noise simulated with 1.5 kHz modulation frequency so
that its spectrum can spread out over the radio’s bandwidth. A test done on Motoroia
MaraTrac No. 2 at 47.02 MHz found that for the 12 dB SINAD with a 1.0 pV FM signal,
the worst peak noise level was —4.5 dBuV when the frequency deviation reached 6.0 kHz
and larger. Therefore, the FM waveform with 1.5 kHz modulation frequency and 6.0
kHz frequency deviation was chosen for further measurements, which were carried out
on three GE RANGR’s and two Motorola MaraTrac’s at two radio frequencies, 47.02
MHz and 47.18 MHz. The test results are included in Table 9. From the table, the
average value and the standard deviation for this worst case are:

Average = -4.1 dBuV,

and
Standard Deviation = 0.2 dB.
Table 9. Bench Test Data for 1.5 kHz FM Noise
(with 6.0 kHz Frequency Deviation)
Radio Brand & Model Peak Level of 1.5 kHz FM Noise (dBuV)
at Two Frequencies for 12 dB SINAD
with 1.0 uV FM Signal
4702 MHz 47.18 MHz

GE RANGR (No. 1) -4.2 -4.2
GE RANGR (No. 2) -4.0 -4.0
GE RANGR (No. 3) -4.0 -4.0
Motorola MaraTrac (No. 1) -38 -3.8
Motorola MaraTrac (No. 2) -43 -43
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The Measurement of 1C Emissions

The RF emission from a microcontroller was studied briefly and used as a noise
source in the laboratory test system. A test board was built using the 68HC11 ‘Quick
Setup’ board with the Motorola MC68HC11E1 microcontroller installed on it.

A program was written using Motorola 68HCI11 assembly language. The
program has seven different modes provided by subroutines which send different pulses
to the pins on the microcontroller at different frequencies. And it flows in a continuous
loop to assure that measurements are repeatable.

The board and its power supply, which consists of four D-size 1.5 V alkaline
batteries in series with a 5 V volitage regulator, are contained in a small aluminum box.
Inside the box, a short wire is placed as a small antenna to receive the RF emissions from
the microcontroller. One end of this wire is a 50 Q feed-through termination, which is
connected to a coaxial cable outside.

In order to look at the IC noise spectrum, the output from the box was directly
connected to the HP 8592L spectrum analyzer. All the modes were checked and only
two characteristic spectra were found for the RF emissions at TxDOT radio frequencies.
These two spectra are identified as a CW spectrum and an AM/FM spectrum. The
AM/FM spectrum is shown in Figure 12. The reason for using the designation AM/FM
spectrum is that the IC noise at this center frequency generated similar sounds while we
used the demodulation function keys, ‘F3’ and ‘A3’, on the R&S ESS EMI receiver. The
result from the spectrum analyzer shows that the IC emission from modes 5, 6, and 7 has

the CW spectrum, and that of modes 1, 2, 3, and 4 has the AM/FM spectrum. For the
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Figure 12. The AM/FM Spectrum of IC Emissions from Motorola
MC68HC11E1 Microcontroller
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noise from this AM/FM spectrum, the ratio of peak to average is 2 dB, which was
measured using the EMI receiver.

On the bench, the frequency of 47.00 MHz was chosen on Motorola MaraTrac
No. 1 and GE RANGR No. 1. The modes 1 and 3 of the microcontroller were used, and
the box was connected as the noise source to the bench-top test system with the Weischel
3200T-1 programmable attenuator in cascade. In the tests, both the radio noise blanker
on and off were used. The measurement was done using the automatic testing program as
mentioned in Chapter 2. The test results are shown in Table 10 for the 12 dB SINAD
with a 1.0 pV FM signal. The statistics for modes 1 and 3 were calculated together
because they have a similar AM/FM spectrum. The average and the standard deviation
of the peak level of the noise are

Average = -2.0 dBuV,

and
Standard Deviation = 0.1 dB.
Table 10. Bench Test Data for 1C Noise
Radio Brand & Model Peak Level of IC Noise (dBuV) for Two Modes at
47.00 MHz for 12 dB SINAD with 1.0 uV FM Signal
1 3

GE RANGR (No. 1) -19 -19

with Noise Blanker On

GE RANGR (No. 1) -1.9 -2.2
with Noise Blanker Off

Motorola MaraTrac (No. 1) -2.1 -1.9

with Noise Blanker On

Motorola MaraTrac (No. 1) -20 -2.1

with Noise Blanker Off




CHAPTER IV

RESULTS FOR BROAD-BAND SOURCES

Two types of broad-band noise sources were investigated and simulated in the
bench-top test system. They are the ignition noise from the spark ignition system of an
internal combustion engine, and the DC motor noise coming from the commutators of the
various electric motors in the vehicle. For the electric motor noise, two actual fuel pumps
and one HVAC fan were used in the tests. Following SAE Standard J551/4, a 120 kHz
measurement bandwidth was used on the R&S ESS EMI receiver for measuring the noise
voltage. The Weinschel 3200T-1 programmable attenuator, which was connected to the
noise source in cascade, and the automatic testing program were used for all the

measurements in this chapter.

1gnition Noise Simulation and Test

Two test activities were conducted, one on a truck and one in the laboratory. The
first one was carried out on a 1996 Dodge truck from the TxDOT vehicle fleet. The HP
5416B oscilioscope was connected directly to the antenna on the truck. The waveform of
the ignition noise at the antenna was recorded at various sweep speeds, and a fast-sweep
example is shown in Figure 13. From the observation, the following characteristics were
noticed:

First, the ignition noise has pairs of pulses occurring with the steep rises of the

spark current. These rises are evidently due to spark initiation in the distributor rotor and
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on a Dodge Truck
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in the spark plug.

Second, each pulse shows the ringing of the VHF low-band antenna. This is
illustrated in Figure 13.

Third, a large amplitude of about 200 mV peak-to-peak is shown by each pulse.

On the bench, this ignition noise was simulated using the E-H Research Labs
139B pulse generator. It was set to the ‘Double Pulse’ mode, 10 ns pulse width, 10 ms
pulse period, 10 ps second-pulse delay, and 1.5 V peak-to-peak. A band-pass filter was
connected to the output of the pulse generator to simulate the antenna ringing. Figure 14
shows the simulation result, which is a printout from the HP 5416B oscilloscope. By
comparing Figure 13 and Figure 14, it is clear that this is a good simulation.

Bench tests were run on all ten radios at 47.02 MHz and 47.18 MHz using the
ignition simulator as the noise source. The noise blankers were switched on for the first
tests. But it turned out that under such a condition, the noise level was insufficient to
reduce the SINAD reading to 12 dB, even with the maximum noise amplitude, that is, 66
dBuV. The actual SINAD value from the HP 8903 A audio analyzer was between 27 and
31dB.

In the next tests, the noise blankers of these ten radios were turned off. In this
case, the 12 dB SINAD was achieved. The test data are listed in Table 11. From the test
results, the average value of the noise peak level is

Average = 40.7 dBuV,
and the standard deviation is

Standard Dewviation =3 4 dB.
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Figure 14. The Waveform of Simulated Ignition Noise

Table 11. Bench Test Data for Ignition Noise

Radio Brand & Model Peak Level of Ignition Noise (dBuV)
(with Noise Blanker Off) at Two Frequencies for 12 dB
SINAD with 1.0 uV FM Signal
- 47.02 MHz 47.18 MHz

GE RANGR (No. 1) 40 42
GE RANGR (No. 2) 36 43
GE RANGR (No. 3) 41 39
Ericsson ORION (No. 1) 38 40
Erncsson ORION (No. 2) 45 39
Motorola MaraTrac (No. 1) 38 34
Motorola MaraTrac (No. 2) 39 39
Motorola SYNTOR X (No. 1) 44 43
Motorola SYNTOR X (No. 2) 49 44
Kenwood TK-630H 39 41

35




Differential-Mode versus Common-Mode Current

In general, there are three conductors connecting with a DC motor system in a
vehicle. Two of them are the wires between the DC motor and the battery. The third one
is the chassis of the vehicle, which is connected to the battery and either connected or
capacitively coupled to the motor. Currents flow in these three conductors when the
motor runs.

These currents are composed of two different modes of currents: the differential
mode (DM) and the common mode (CM).[5] The differential-mode currents are equal in
magnitude and oppositely directed in the two wires. But the common-mode currents are
equal in magnitude and flow in the same direction, returning on the chassis. These
definitions apply to both the fuel pump motor and the HVAC fan motor.

A Fischer F-33-1 clamp-on current probe with a frequency range from 10 kHz to
250 MHz was used to detect the currents flowing in the two wires. When the current
probe is placed around one individual wire, it measures the differential-mode currents;
and when the probe is clamped around both wires, it measures the common-mode

currents.

Fuel Pump Noise Test

An observation was made of fuel pump noise on an AutoZone MASTER E3902
fuel pump with distilled water. The fuel pump and its power supply, which is a 12 V
battery, were put inside a screened enclosure 20 inches high, 39 inches wide and 28

inches deep. The output from the current probe was connected to the HP 5416B
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oscilloscope. The printout is shown in Figure 15. Some features of the fuel pump noise
from the differential-mode currents were identified:

First, it is a group of bursts of ringing pulses.

Second, the amplitude is about 100 mV from peak to peak.

Third, the burst period and length are about 1.0 ms and 0.3 ms respectively.

Fourth, the pulse spacing within the burst is at least about 150 ns.

Fifth, the pulse ringing frequency is about 50 MHz.

On the bench, the first test was done on this fuel pump with distilled water. The
output from the current probe was connected to the bench-top test system. But only the
noise from differential-mode currents was measured. All ten radios with the noise
blanker on and off were used in the test. The test results are given in Table 12 for the 12
dB SINAD with a 1.0 pV FM signal. The test data show that the noise blanker was
ineffective against the fuel pump noise in this setup. The result for calculation of average
value and standard deviation of all the data is:

Average = 28.3 dBuV,
and

Standard Deviation = 3.4 dB.

The same measurement was repeated on this AutoZone fuel pump but with
stoddard solvent (Tri-methyl-benzene) in order to see the difference between water and
stoddard solvent with the same pump. It turned out that in this case, the noise from both

differential-mode and common-mode currents was insufficient to reduce the SINAD
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Figure 15. Fuel Pump Noise Observed on an AutoZone Pump

Table 12. Bench Test Data for AutoZone Fuel Pump Noise
(with Distilled Water)

Radio Brand & Model

Peak Level of Fuel Pump Noise (dBuV) at Two
Frequencies: 47.02 MHz and 47.18 MHz for
12 dB SINAD with 1.0 uV FM Signal

Noise Blanker On Noise Blanker Off
GE RANGR (No. 1) 22,23 28, 33
GE RANGR (No. 2) 26, 28 28. 33
GE RANGR (No. 3) 25, 26 30, 28
Ericsson ORION (No. 1) 34, 29 33,30
Ericsson ORION (No. 2) 27,25 30, 28
Motorola MaraTrac (No. 1) 29, 34 31, 30
Motorola MaraTrac (No. 2) 33,33 25,30
Motorola SYNTOR X (No. 1) 30, 28 28, 31
Motorola SYNTOR X (No. 2) 29, 26 30, 32
Kenwood TK-630H 29, 30 32,33
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reading to 12 dB whether the radio noise blanker was on or off. The actual SINAD value
from the HP 8903 A audio analyzer was around 29 dB.

Another test was set up using a Dodge fuel pump with stoddard solvent. In this
test, the RF emissions from both differential-mode currents and common-mode currents
were measured. Two radios, GE RANGR No. 1 and Motorola MaraTrac No. 2, were put
under test at two frequencies, 47.02 MHz and 47.18 MHz. Table 13 gives the test results
with the radio noise blanker on and off. From the table, it is clear that the noise blanker
has an effect against the fuel pump noise in this setup. It also shows that the RF noise
from these two modes has a different effect on the radios when the noise blanker is on.
But when the noise bianker is off, the effects are almost the same. For the 12 dB SINAD

with a 1.0 oV FM signal, the worst case is a 30.4 dBuV peak noise level.

Table 13. Bench Test Data for Dodge Fuel Pump Noise
(with Stoddard Solvent)

Radio Brand & Model Peak Leve! of Fuel Pump Noise (dBpV) at Two
Frequencies: 47.02 MHz and 47.18 MHz
for 12 dB SINAD with 1.0 uV FM Signal

Noise Blanker On Noise Blanker Off

DM CM DM CM
GE RANGR (No. 1) 48.8,46.7 43.4 431 342, 32.0 354,344
Motorola MaraTrac (No. 2) 475,458 38.2,39.4 304,326 313,338
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HVAC Fan Noise Test

In the laboratory, a Dodge HVAC fan system was built and put inside the same
screened enclosure as the fuel pump. Examples of the fan noise from the differential-
mode and common-mode currents are given in Figure 16. This noise has similar
characteristics to the fuel pump noise except a larger amplitude, about 160 mV peak-to-
peak. Some differences can be identified from these two waveforms:

First, there are low frequency oscillations in (a), which are not shown in (b).

Second, it appears that there are longer bursts in (2) than in (b).

The same type of measurement done with the fuel pumps was repeated. The
results are included in Table 14 for the 12 dB SINAD with a 1.0 uV FM signal. It is
obvious that the noise blanker is somewhat effective against the HVAC fan noise. The
noise from the two modes has almost the same effect on the radios when the noise
blanker is on. And this is also true when the radio noise blanker is off. The worst case

here shows a 30.0 dBuV peak noise voltage level.

Transfer Function between HVAC Fan Currents and TxDOT
Radio Noise Input

The transfer functions, or coupling, in the vehicles between DC motor currents
and radio noise are not known. In order to investigate the transfer function between the
HVAC fan currents and the TxDOT radio noise input, the above Dodge HVAC fan

system was used. But instead of the current probe, a 86 cm long whip antenna was placed
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Figure 16. HVAC Fan Noise from (a) Differential-Mode Currents,
and (b) Common-Mode Currents
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Table 14. Bench Test Data for HVAC Fan Noise
(Using Current Probe)

Radio Brand & Model Peak Level of HVAC Fan Noise (dBuV) at Two
Frequencies: 47.02 MHz and 47.18 MHz
for 12 dB SINAD with 1.0 uV FM Signal

Noise Blanker On Noise Blanker Off

DM CM DM CM
GE RANGR (No. 1) 40.5, 39.7 39.6,38 4 30.8,32.3 30.0,29.4
Motorola MaraTrac (No. 2) 43.2,43.5 40.9,43.7 33.0,30.0 31.4,33.2
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horizontally inside the screened enclosure to measure the RF emissions from the HVAC
fan wires. And it was connected to the bench-top test system.

The test was done on the same two radios as above with noise blanker on and off.
Table 15 lists the test results for the 12 dB SINAD with a 1.0 pV FM signal. By
comparing Table 14 and Table 15, it can be seen that the radio noise input coming from
either the current probe or the whip antenna has almost the same effect on the two radios.
This suggests that as far as the radio is concerned, the coupling path or the transfer
function between the fan currents and the radio noise input is transparent to the radio.
Thus, in the laboratory, the current probe can be used to measure the noise from the
HVAC fan currents. In addition, the current probe is easy to setup and convenient to use

on the bench. Furthermore, this is probably also true for the fuel pump noise.

Table 15. Bench Test Data for HVAC Fan Noise
(Using Whip Antenna)

Radio Brand & Model Peak Level of HVAC Fan Noise (dBuV) at Two
Frequencies: 47.02 MHz and 47.18 MHz
for 12 dB SINAD with 1.0 pV FM Signal

Noise Blanker On Noise Blanker Off
GE RANGR (No. 1) 40, 39 31, 33
Motorola MaraTrac (No. 2) 42 45 32, 30
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CHAPTER V

DATA INTERPRETATION AND CONCLUSIONS

Summary of Bench Test Results

Summarized bench-top test results for narrow-band and broad-band noise sources
are given in Table 16 and Table 17, respectively. For both narrow-band and broad-band
noise sources, the peak voltage levels are listed for comparison with the limits specified
by the SAE J551/4. All the data were taken from the tests run at 47.02 MHz and 47.18
MH2z, except for the IC noise, which was tested at 47.00 MHz. The radios involved with
these tests were mentioned in the previous chapters.

For the narrow-band noise sources, the bench test results show that the FM radios
are most sensitive to the presence of FM noise. The average peak levels, -2.6 dBuV and
—4.1 dBuV (worst case), using the TxDOT Tex-899-B criterion lie below the SAE J551/4
narrow-band limit of 0 dBuV.

The radios are also sensitive to CW and AM waveforms, which were simulated on
the bench. The average peak level of the CW noise, -2.5 dBuV, is lower than the SAE 0
dBpV limit. For the HMCW noise with a 50% duty cycle, the maximum peak level
using the Tex-899-B criterion is nearly the same for all ten radios and its average (-1.8
dBuV) is less than the SAE limit. And this is also true for this type of noise with a 15%
duty cycle. Even for the AM noise with 400 Hz modulation frequency, to which all

radios are least sensitive, the average value of its peak voltage level, that is, -0.7 dBuV, is
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Table 16. Summary of Bench Test Results
for Narrow-Band Sources

Noise Source Peak Noise Amplitude (dBuV) at
(Narrow-Band) 47.02 MHz and 47.18 MHz for
12 dB SINAD with 1.0 uV FM Signal

CwW 25108

AM (400 Hz) -0.7+0.3

AM (1.5 kHz) -1.9+0.2

HMCW (1500 Pulses per second) -1.1+£0.2

15% Duty Cycle

HMCW (1500 Pulses per second) -18+0.2

50% Duty Cycle

FM (400 Hz), 3.0 kHz Deviation -26+0.8

FM (1.5 kHz), 3.0 kHz Deviation -26+04

FM (1.5 kHz), 6.0 kHz Deviation -4.1+02
Microcontroller -2.0+0.1

(AM/FM Spectrum)

Table 17. Summary of Bench Test Results
for Broad-Band Sources

Noise Source Peak Noise Amplitude (dBuV) at
(Broad-Band) 47.02 MHz and 47.18 MHz for
12 dB SINAD with 1.0 uV FM Signal

Radio Noise Blanker On Radio Noise Blanker Off

Ignition > 66 413+33

Fuel Pump (with Distilled 283+34 283+34

Water) DM

Fuel Pump (with| DM 472113 32316

Stoddard Solvent) CM 41.0+26 337417

HVAC Fan DM 41719 315+ 14
CM 40.7+23 310+ 1.7
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still slightly below SAE 0 dBpV limit. Thus, the TXDOT Tex-899-B limit is more

stringent than the SAE in this case.

The ignition noise, which is the strongest type of noise occurring on the Dodge
truck, was the least important in causing radio interference in bench tests because of the
effectiveness of the radio noise blanker circuits. In fact, the bench-top ignition simulator
was unable to reduce the SINAD readings to 12 dB with the radio noise blanker on.
However, with the noise bianker turned off, the average peak level (41.3 dBuV) of such
noise using the TXDOT Tex-899-B criterion is much higher than the SAE broad-band
limit which 1s 28 dBuV.

In the bench tests, the noise blankers were ineffective against fuel pump noise
with distilled water. The maximum peak level of such noise using the TxDOT Tex-899-
B criterion varies somewhat from one radio to another, but its average (28.3 dBuV)
coincides remarkably with the SAE broad-band limit.

For the fuel pump with Stoddard solvent, the noise blankers were somewhat
effective against such noise. The minimum peak level (30.4 dBuV) using the Tex-899-B
criterion is above the SAE limit. This is the same with the HVAC fan noise. So for the

broad-band noise, the SAE limit is slightly more stringent than the TxDOT.

Back-Door Penetrations
There are various cables connected to a two-way FM radio. The first cable is the

power line. The second one is the control line from the radio to the control head. The
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third cable is the audio line, which connects the control head to a speaker. Thus there
exists a chance that the RF emissions from a vehicle may interfere with the performance
of the FM radio through these cables. This kind of RFI phenomenon is known as a back-
door penetration in electronic warfare in comparison to a front-door penetration, which is
the interference through the antenna as studied in the previous chapters. The SAE J551/4
and the TxDOT Tex-899-B ignore back-door penetrations.

A small investigation was done using current TxDOT project equipment. In this
setup, the 1.0 uV FM signal generated by the Fluke 6060B signal generator was put
directly into the radio’s input. The audio output of the radio was connected to the
SINAD meter as before. The observations were made on two radios, Motorola MaraTrac
No. 2 and GE RANGR No. 2, at 47.02 MHz along with two types of noise, the CW noise
and the HVAC fan noise.

Four different frequencies were used on the R&S CMS54 radiocommunication
service monitor for the CW noise. The first frequency was 47.02 MHz, which was the
same frequency as the radio. The next two were 10.7 MHz and 20.8 MHz, the first IF
(Intermediate Frequency) of the radio receiver, for the MaraTrac and the RANGR,
respectively. And the last one was 455 kHz, which is the second IF of both models. A
small loop antenna was connected to the output of the R&S CMS54 radiocommunication
service monitor to produce the CW noise radiation. In the tests, the noise blankers of
both radios were turned on. The small loop antenna was put over each of those three
connection lines, and the noise voltage level was adjusted in order to get the 12 dB

SINAD reading. The test results are recorded in Table 18 and Table 19 for the two
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Table 18. Back-Door Penetration Observation
on Motorola MaraTrac No. 2 Radio

Position of the Small Loop Antenna Peak Level of CW Noise (dBuV)
at Three Frequencies for 12 dB

SINAD with 1.0 uV FM Signal

47.02 MHz 10.7 MHz 455 kHz
On Power Line 88.6 No No
On Control Line 943 Interference | Interference
On Audio Line 91.0 Found Found

Table 19. Back-Door Penetration Qbservation
on GE RANGR No. 2 Radio

Position of the Small Loop Antenna

Peak Level of CW Noise (dBuV)
at Three Frequencies for 12 dB
SINAD with 1.0 uV FM Signal

47.02 MHz 208 MHz 455 kHz
On Power Line 90.0 No No
On Control Line 92.3 Interference | Interference
On Audio Line 92.1 Found Found
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radios, respectively. It is evident that only the 47.02 MHz CW noise has a successful
back-door penetration while the others have no effect on the radios.

For the fan noise, the same Dodge HVAC fan as in the HVAC fan noise test was
used in this observation. Both the radio and the fan were connected to the same 12 V
battery, as they are in a vehicle. The power line of the fan was tuned into a circle to
produce more radiation. This circle was placed over those connection lines but no
interference was found for either radio. Even after their noise blankers were switched off
and the FM signal voltage level was reduced to —3.0 dBuV, the actual SINAD reading
was still above 28 dB for these two radios. So the RF emissions from the HVAC fan are

not strong enough to affect the radios through the connection cables.

Narrow-Band versus Broad-Band

The terms narrow-band and broad-band are the relative measures of bandwidth.
With the exception of a pure sinusoidal continuous wave (narrow-band) and an ideal
delta function (broad-band), no signal or noise may be intrinsically defined as narrow-
band or broad-band. In fact, the meanings of ‘narrow’ or ‘broad’ can be related to the
bandwidth of the instrument used to measure the comresponding signal or noise. In terms
of the bandwidth of a given measuring instrument, a narrow-band signal or noise is one
whose spectral components lie within the measurement bandwidth at the tuned frequency.
On the other hand, a broad-band signal or noise may be defined as having spectral

components falling outside the bandwidth of the measuring device.
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There are several practical methods for the narrow-band or broad-band
determination.[6] One of these methods is to increase the measurement bandwidth. If
the peak level of a signal or noise does not change, this signal or noise is narrow-band,
otherwise it is determined to be broad-band. Another practical method is to tune off the
frequency of maximum amplitude by two impulse bandwidths, a change in amplitude of
3 dB or more implies a narrow-band signal or noise, otherwise it is classified to be broad-
band.

For RF emissions from modern motor vehicles, SAE J551/4 gives a test procedure
to determine whether the measured emissions are narrow-band or broad-band. This is an
important distinction on which the measurement bandwidth and the required limit both
depend. The test can be summarized as follows: with a narrow measurement bandwidth
on the EMI receiver, if the difference between the peak value and the average value is
greater than 6 dB for a noise source, it is classified as broad-band, otherwise it is
determined to be narrow-band. The 6 dB limit also appears in a European EMI standard,
CISPR 25. CISPR, the French translation meaning International Special Committee on
Radio Interference, is a committee of the International Electrotechnical Commission.

For example, following this SAE test procedure, the HVAC fan noise is
determined to be broad-band because the measurement using the R&S ESS EMI receiver
with a 10 kHz measurement bandwidth showed that the difference between its peak and
average values is greater than 30 dB. Also when this 10 kHz bandwidth was increased to
120 kHz, the peak level increased 24 dB. Thus, the measurement-bandwidth-increasing

method confirms that this is broad-band noise.
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However, the SAE working definition of narrow-band versus broad-band cannot
apply to all noise sources such as the HMCW noise with a 15% duty cycle. For this
noise, the difference between its peak value and average value is greater than 6 dB, but it
is determined to be narrow-band because it affects the TxDOT radios strongly like other
narrow-band noise not weakly like broad-band noise. Furthermore, it can be verified to
be narrow-band using the measurement-bandwidth-increasing method.

A further study was therefore carried out in the laboratory to develop a new
narrow-band/broad-band definition. The same setup as in the HMCW noise tests was
used but with various additional duty cycles — the smaller the duty cycle, the greater the
bandwidth. The tests were done on Motorola MaraTrac No. 2 and GE RANGR No. 2 at
47.02 MHz and the noise blankers were turned on. The same 1.5 kHz repetition rate was
used In the tests Because the internal modulator of the R&S CMS54
radiocommunication service monitor cannot generate the required square waveforms for
duty cycles below 10%, this setup was used only for the HMCW noise with the duty
cycle from 70% to 10%. For the duty cycles below 10%, a Mini-Circuits ZYSWA-2-
S0DR coaxial switch with TTL (Transistor Transistor Logic) driver was used. The 47.02
kHz CW signal and the 1.5 kHz rectangular pulse train were connected to its ‘RFIN’ and
‘TTL’ ports, respectively. And its ‘RF1’ port was terminated with a 50 Q resistor. The
output from the ‘RF2’ port, which was the desired HMCW noise, was put into the bench-
top test system.

The test results are included in Table 20. The difference between the peak and the

average values was measured using the R&S ESS EMI receiver with a 10 kHz
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 Table 20. Bench Test Data for Further Study on HMCW

Noise with Two Radios
Duty Difference Difference | Difference Peak Noise Level (dBuV) at
Cycle (dB) (dB) (dB) 47.02 MHz for 12 dB SINAD
(%) | between Peak betweeen between Two with 1.0 pV FM Signal
and Average Peak and Peaks for (10 kHz and 120 kHz
for Ideal Average for 10 kHz and Measurement Bandwidths)
Rectangular 10 kHz 120 kHz Motorola GE
Pulses Measurement | Measurement MaraTrac RANGR
Bandwidth Bandwidths No. 2 No. 2
70 3 3 0 -3.0,-3.0 -3.2,-3.2
60 4 4 0 -3.0,-3.0 -3.2,-3.2
50 6 6 0 2.4 -24 -22,-22
40 8 8 0 -2.4, -24 -19,-19
30 10 10 0 -24,-24 -15,-1.5
20 14 14 0 -1.2,-1.2 -1.3,-13
15 16 14 2 -1.0,0 -1.1, 0.1
10 20 15 5 -1.5,35 -1.8,32
5 26 15 11 -1.5,95 -2.0,9.0
3 30 15 15 -0.3,14.7 -1.2,138
1* 40 16 20 20, 40 15, 35
0.3* 50 16 20 27,47 23, 43
0.1* 60 10 22 18, 40 17, 39
| 0.03* 70 10 34 10, 44 9,43
Note:

* For these duty cycles the radio noise blankers were triggered.
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measurement bandwidth.  Also measured on the EMI receiver was the difference
between the two peak readings corresponding to two different bandwidths, 10 kHz and
120 kHz. The peak noise level for the 12 dB SINAD with a 1.0 pV FM signal versus the
duty cycle (two right-most columns) is plotted in Figure 17. It can be seen that both
radios are very sensitive to the noise until the duty cycle goes down to 1%, and thereafter
the radios become less sensitive and can tolerate higher noise levels. Therefore, it is
reasonable to put a boundary between the narrow-band and broad-band noise at the point
of 1% duty cycle. The bolmdary is shown in Figure 17 as a part of the new limit, which
will be discussed in a later section, The 6 dB bandwidth of such a signal at 1% duty
cycle is about 180 kHz. Furthermore, only the last four noise waveforms trniggered the
radio noise blanker in the tests, which also indicates that they are broad-band.

It is clear from above that in order to make an accurate narrow-band or broad-
band determination, it is necessary to add the measurement-bandwidth-increasing method
as an extra test step in the current SAE test procedure. The reason for retaining the 6 dB
method is that if only this two-bandwidth method is used, the measuring instrument
might pick up more than one narrow-band RF emission, one in the radio’s passband and
others outside the passband, and thus mistakenly identify them as a broad-band noise.
The new procedure can be expressed as follows: first, use a narrow measurement
bandwidth on the receiver; if the difference between the peak value and the average value
is less than 6 dB for a noise source, it is classified as narrow-band, otherwise increase the
bandwidth; if the peak level changes by 20 dB or more, this noise may be defined as

broad-band, otherwise it is a narrow-band noise source.
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Figure 17. Peak Level for 12 dB SINAD from Table 18

Further Study of AM/FM Noise

A further study of AM/FM noise was also done on the bench. We used the
internal FM modulator of the R&S CMSS54 radiocommunication service monitor to
generate an FM signal while applying the same switch setup as in the above section to
form the pulses. Thus we got the AM and FM waveforms simultaneously as the output
of the switch, which was connected to the bench-top test system. The measurement was
carried out on GE RANGR No. 2 at 47.02 MHz and the noise blanker was turned on. It
turned out that doing this did not cause any worse interference to the radio than just

having the pulses as we did before.



Thermal Noise

For the sake of completeness in our noise tests, thermal noise was also simulated.
A Mini-Circuits ZFL-500HLN amplifier with its input terminated by a 50 € resistor was
used. Its output, which was the thermal noise of the resistor and the internal noise of this
amplifier, was connected into the bench-top test system. The measurements were done
on two radios, Motorola MaraTrac No. 2 and GE RANGR No. 2, at 47.02 MHz. The
observation found that the radio noise blanker is not effective with this type of noise. The
test results are included in Table 21 for the 12 dB SINAD with a 1.0 uV FM signal.
From the table, it is clear that both radios are very sensitive to the noise. This
phenomenon indicates that as far as the radio is concerned, the thermal noise is a narrow-
band noise. Moreover, this postulate can be confirmed using our new narrow-band
versus broad-band working definition because the difference between two peak readings

for 10 kHz and 120 kHz bandwidths is 12 dB, which is less than our 20 dB criterion.

Table 21. Bench Test Data for Thermal Noise

Radio Brand & Model Noise Level of Thermal Noise (dBuV) at 47.02
MHZ:z for 12 dB SINAD with 1.0 pV FM Signal
with Two Measurement Bandwidths

120 kHz 10 kHz
PK AV PK AV
GE RANGR (No. 2) 13.2 1.0 1.6 -92
Motorola MaraTrac (No. 2) 13.0 0.3 i 1.0 -10.7
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New Limit

As plotted in Figure 17, the new limit is composed of three parts: the narrow-
band limit, the broad-band limit, and the boundary between the narrow-i)and and broad-
band limits.

The narrow-band limit corresponds to the cases in which the radios are very
sensitive to the noise and is the low limit on the figure. The data shown in Figure 17 to
the right of the narrow-band/broad-band boundary lie at about —3 dBuV. In addition, the
data from other narrow-band sources show that the worst peak noise level lies at about —4
dBuV. So it is reasonable to set the new limit below that level, such as -5 dBuV, for the
narrow-band noise sources.

The broad-band limit applies to the case where radios are not sensitive to the
noise and is the high limit on the graph. In Figure 17, crossing the boundary at the 1%
duty cycle, we enter this broad-band region. Here following the SAE J551/4 requirement
to increase the measurement bandwidth, we have to jump from the narrow-band points to
the broad-band ones. From the figure, it can be seen that the peak noise levels lie higher
than 35 dBpV. Furthermore_:, tlfe data from other broad-band sources measurements give
a peak noise level lying at 38 dBuV or higher. Therefore, the 34 dBuV new limit is a

reasonabie limit for broad-band sources.

Conclusions

From the discussion in the previous chapters and sections, the following

conclusions can be made:
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First, although the test results vary somewhat from one radio to another, the
overall performance of all ten radios is similar.

Second, in the bench-top tests, the radio noise blankers are ineffective against the
narrow-band noise while they can improve the test results by at least 8 dB in the broad-
band noise tests.

Third, among all the simulated narrow-band noise sources, the TxDOT radios are
most sensitive to the presence of FM noise in their passband. And the worst case
occurred when the FM waveform had 6.0 kHz or greater frequency deviation.

Fourth, in the broad-band noise sources, the ignition noise is the least important in
causing radio interference even with the radio noise blanker turned off.

Fifth, on the bench, the current probe can be used to couple the HVAC fan noise
because the transfer function between the fan currents and the radio noise input is
transparent to the radio. Moreover, this is probably also true for the fuel pump noise.

Sixth, in the back-door penetration investigation, only the CW noise at the same
frequency as the radio affected the performance of the radios, while the other two CW
noise at the first or second IF of the radio and the HVAC fan noise had no effects.

Seventh, as far as the radio is concerned, the thermal noise is a narrow-band
noise, which was confirmed by both the test data and our new narrow-band/broad-band
definition.

Eighth, the current SAE limit for the broad-band noise, that is, 28 dBuV, can
remain unchanged or even be raised if one wishes to use the SAE standard in place of the

TxDOT standard. Meeting this limit guarantees passing the TxDOT test.
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Ninth, if using the SAE standard in place of the TxDOT for narrow-band noise,
the present 0 dBuV peak amplitude limit is too high. A lower narrow-band peak limit of
-5 dBuV is needed in order to pass the TxDOT test.

Tenth, in the SAE test, the new test procedure for the narrow-band and broad-
band determination should be used, that is, following the old 6 dB limit and adding the

two-bandwidth method as an extra step.
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APPENDIX A

TEX-899-B TEST

RADIO FREQUENCY INTERFERENCE (RFI) TESTING

This test method assures the compatibility of Texas Department of Transportation

(TxDOT) fleet vehicles and VHF FM radio equipment operating in the frequency ranges
of 30 to 50 MHZ and 150 to 174 MHZ, but not inclusive. It is intended to identify 90%
or more ingress and egress problems.

Definitions

Ingress - any action, reaction, indication, failure to perform or comply, by vehicle
equipment and/or accessory items, caused by the activation of the VHF FM radio
transmitter in any mode of operation.

Egress - any mode of operation, action, reaction or indication on or by the vehicle
equipment and/or accessory equipment which degrades the VHF-FM radio receiver
effective sensitivity performance by more than six dB.

Equipment

-

100 Watt VHF FM communications transmitter and receiver capable of
operating on all TxDOT frequencies

12 volt regulated DC power supply

RF signal generator with a calibrated attenuator

Signal-to-noise audio distortion (SINAD) meter

Receiver audio termination load

RF directional coupler rated at 40 dB directional, minimum

RF termination load

Magnetic mount antenna for the testing frequencies

RF isolation choke, a (6 ft. by 6 ft.) sheet of hardware cloth, laid flat on the test
area floor with the coaxial cable making one complete loop approximately four
feet in diameter under i1t

RF wattmeter.

Facilities

-

-

Free of high ambient RF noise (Receiver test)
Equipped with lift capable of raising vehicle tires six inches above floor
(Transmission test).
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Safety Notes

Safety be must never be compromised during tests. Hazards due to vehicle parts
moving and radio frequency/electrical burns exist. Strict compliance with accepted
work practices must be observed at all times. Sudden actions may result when the
radio transmitter is activated. Stay clear of vehicle and antenna. One person should
operate the vehicle, and another the radio.

Egress Compatibility

«  Receiver Qualification

Step Action

1 | Assemble a test set-up as shown in Figure 1.

Generate a standard test signal and establish 12 dB SINAD.

Record receiver basic sensitivity.

2

3

4 |Increase signal 6 dB above Step 3.

5 |Increase peak deviation until SINAD is degraded to 12 dB SINAD.
6

Record modulation acceptance (bandwidth).

Compliance of the test setup qualifies the receiver for acceptance testing if:

The receiver basic sensitivity is less than 0.4 uv (-114 dBm) for 12 dB
SINAD.

The recelver bandwidth shall be a minimum of = 6.5 kHz and a maximum of
+ 8 0kHz L
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Site Qualification

Step Action

1 Assemble a test set-up as shown in Figure 2.

2 | Move test vehicle into radio frequency interference shield room or
onto site.

3 Temporarily install the magnetic mount antenna on the center of
the vehicle roof.

4 Disconnect the vehicle battery cable.

5 Terminate the RF line into the RF load termination.

6 Generate a standard test signal of on-channel center frequency FM
modulated with a 1 kHz sine wave tone at = 3.3 kHz deviation.

7 Increase the signal generator RF output level until a 12 dB SINAD
indication is achieved.

8 Record sensitivity into RF load termination in dBm.

9 Remove the RF load termination and terminate the RF line into the
temporary antenna.

10 | Increase signal generator RF output level until a 12 dB SINAD
indication is achieved.

11 Record sensitivity into antenna in dBm.

12 | Compute the effective sensitivity and determine if the site is
qualified.

13 Repeat site qualification at all test radio channels/frequencies to be
used.
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»  Effective Sensitivity Calculation

Step Action
] Subtract the sensitivity into antenna from sensitivity into RF load
termination.
2 Record this difference.
3 Subtract this difference from the basic receiver sensitivity.
4 Record the effective receiver sensitivity in dBm.
5 Convert the effective receiver sensitivity to microvolts.

»  Site Qualification Standards

The site is qualified if the effective receiver sensitivity is less than 0.5 uv (-113
dBm).
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Egress Compatibility (continued

Egress Compliance Test for Test Vehicle

Step Action

1 Reconnect vehicle battery.

2 Increase the signal generator RF output level until a 12 dB SINAD
indication is achieved.

3 Record the signal generator RF output level.

4 Activate one vehicle system or accessory.

5 Increase the signal generator RF output level until a 12 dB SINAD
indication is achieved.

6 Record the signal generator RF output level.

7 Repeat Steps 4 through 6 until all vehicle systems and accessories
are activated.

8 Compute total degradation. See NOTE.

9 Repeat compliance test for all test radio channels/frequencies to be
used.

10 | Tum off engine.

NOTE: The electrical system should be designed so the effective sensitivity of
the VHF FM receiver requires not more that 1 microvolt (-107 dBm) to produce
12 dB or greater SINAD. The effective sensitivity should not exceed 1
microvolt for all modes of operation, which should include engine off, engine
on, (from idle to full throttle), and all vehicle systems or any combination
thereof.

Test Vehicle Qualification

The test vehicle passes the egress compliance test when the total degradation

does not exceed six dB.
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Ingress Compatibility

Antenna Qualification

Step

Action

1

Assemble a test set-up as shown in Figure 3.

Verify engine is OFF.

Raise test vehicle (6 in.) off floor.

B W RN

Verify that magnetic mount antenna is mounted in center of vehicle
roof.

Key microphone on test radio.

Record nominal forward RF power to the antenna.

Record reflected RF power from the antenna.

co | ~3 | O\ |t

Adjust length of antenna, if needed, and repeat Steps 5 through 7 until
nominal forward power is 100 watts + 10 watts and reflected power is
less than 10% of the forward power.
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Vehicle Qualification for Acceptance

Step Action
1 Start vehicle.
2 | Put vehicle in gear and rotate tires at a moderate speed.
3 Activate one vehicle system or accessory. Be certain to check the braking
operation.
4 | Activate the radio transmitter for approximately five seconds.
5 | Record results as one of the following:
1. No adverse reaction
2. Reaction resulting in safety hazard
3. Reaction resulting in a nuisance operation
6 | Repeat Steps 3 through 5 until all vehicle systems and accessories are
activated.
7 | Repeat vehicle qualification for all test radio channels/frequencies to be used.
8 | Stop wheels of vehicle and turn off engine.

Vehicle Qualification Results

Safety Hazard - No vehicle system and/or accessory shall operate and/or fail to
operate as a result of the activation of the VHF FM radio transmitter in a manner
which constitutes a safety hazard.

Nuisance Operations - Correct nuisance operations of any vehicle system and/or
accessory.

Failure to meet the criteria of with this test method will result in rejection of the

vehicle.
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APPENDIX B

SAE J551/4 TEST

TEST LIMITS AND METHODS OF MEASUREMENT OF RADIO DISTURBANCE CHARACTERISTICS
OF VEHICLES ANO DEVICES, BROADBAND AND NARROWBAND, 150 kHxz TO 1000 MHz

Foreword—This SAE Standard is based on CISPR 25 which has been developed by CISPR Subcommittee O and
has been approved 10 be published. The SAE Blectromagnetic Radiation Commitiee has been an active
participant in Subcommittee D and in the development of CISPR 25,

This document provides test fimits and procedures for the “protection of vehicle receivers from rado frequency
{RF} emissions caused by on-board vehicle componernts.®

NOTE—Appendix B provides helpful methodology for resolution of interference problems.

TABLE OF CONTENTS
1. Scope. 2
2 References 3
21 Applicable Documents 3
21.1 SAE Publcation 3
212 CISFR Publcation 3
3. ODefinitions 3
4, Requirements Common to Vehicke and ComponentModiude Emissions Measurement 3
4.1 General Test Requirements and Test Plan 3
41.1 Test Plan Note 3
412 Determination of Conformance Wih Limits 3
413 Categories of Disturbance Sources (as applied i the test plan) 3
4.14 Examples of Broadband Disturbance Sources S
415 Narrowband Disturbance Sources S
4.1.6 Operating Condiions 5
417 TYestRepornt 5
42 Measuring Equipment Requirements 5
43 Shiekied Enclosure 5
4.4 Absorber-Lined Shielded Enclosure (ALSE) 5
4.4.1 Reflection Characteristics &
442 CQbjectsin ALSE 6

SAE Techmica Standarts Board Rutes provide that answmms&bmmmmwdtwww
saences. The use of s 1epon & enteely vOLITGry, and €5 2ppbCabAly and suxabddy (o any PABCLRAr use, nciucmg any patert
wtrmgement arsng theretram, is the sole tesponsdifity of the usec”

SAE revews each technical repod at least every free years al wiwch bme «f may be (eathnmed. frewsed. o cancesed. SAE mrates your
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45 Receiver
45.1 Minimum Scan Time

. -

6
452 Measuring lnstrument Bandwidth 6
5. Antenna and impedance Matching Requirements—Vehicle Test 7
5.1 Type of Antenna. 7
52 Measurement System Requirements 7
§2.1 Broadcast Bands 7
§22 Communications Bands (30 to 1000 MH2) 8
6. Method of Measurement 9
7. Limits for Vehicle Radiated Disturbances . L]
Appendix A Artenna Matching Unit—Vehicle Test 12
Appendix B Notes on the Suppression of interference 14
Fgure 1 Method of Detenmination of Conformance of Radiated/Conducted Disturbance 4
Figure 2 Example Gan Curve 8
Figure 3 Vehicle Radiated Ernissions-—Exampie for Test Layout (End View With Monopole Antenna) ... 10
Table 1 Examples of Broadband Disturbance Sources by Duraton [
Table 2 Mirirnuen Scan Time 6
Table 3 Measuring instrument Bandwidth (6 dB) 7
Table 4 Artenna Types 7
Table 5 Limits of Disturbance—Complete Vehicle 11

1. Scope—This SAE Standard contains test &mits’ and procedures for the measuremert of radio disturbances in the
frequency range of 150 kHz 1o 1000 MHz. The document applies to any electronic/electrical component itended
for use in vehicles. Refer to Intemational Telecommunications Union (ITU) Publications for detafls of frequency
aflocations. The test limits are itended 10 pravide protection for receivers installed i a vehicle trom disturbances
produced by componerts/modules in the same vehicle.*

The recever types 10 be protected are: broadeast radio and TV, land-mabile radio, radio telephone, amateur and
ctizens' radic,

The tmrts in this document are recommended and subject 1o modification as agreed between the vehicle
manufaciurer and the component suppber. This document shall ajso be applied by manutacturers and suppbers
of components and equipment which are to be added and connected to the vehicle hamess or to an on-board
power connector after delivery of the vehide.

This document does not include protection of electronic comrol systems from RF emissions, or from transient of
pulse type votiage fluctuations. These subjects are covered in other sections of SAE U551 and in SAE J1113.

* Onty a vetuda test can be used 10 determing the carponent compratibility t & veiwce bt
" Adjacert vorvdas ¢an be expedasd 1 be proteciad in Mast SITUIBoNS.
" Agotuzte TV (rotecton wall (65U from compliiancs with the levels 21 038 motila senicos requences.
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’ The Word Administrative Radiocommunications Conference (WARC) lower frequency Bmdl in region 1 was

. reduced 10 148.6 idHz in 1979. For vehicular purposes, tests at 150 kHz are considered adequate. For the
purpose of this document, test frequency ranges have been generalized 10 cover fadio services in various parts of
the world. Protection of radia reception at adiacent frequencies can be expected in most cases.

12 References

121 Applicable Documents—The foliowing publications contain provisions which, through reference i this text.
constitte provisions of this document. Al the time of publication, the editions indicated were valid. Al documents

> are subject 10 revision, and parties 0 agreements based on this document are encouraged 1o investigate the

. possibility of applying the most recent edtions of the documents indicated. Members of IEC and SO mainain
registers of currently vaid intemational Standards.

; 2.1.1 SAE Pusucanon—Available from SAE, 400 Commonwealth Drve, Warrendale, PA 15096-0001.

SAE JS51/1 MARSS-— Perdormance Levels and Methods of Measurement of Electromagnetic Compatibiity of
Vehicles and Devices (60 Hz to 18 GHz)

2.12 CISPR Pusucanion—-Avafable from 777

CISPR 16-1:1993-05— Specification for radio disturbance and immuniy measunng apparatus and methods.
Part 1: Radio disturbance and immunity measurnng apparatus.

3. Definitions—See SAE JS51/1.
i. Requirements Common to Vehicle and Component/Module Emissions Measurement
4.1 General Test Requirements and Test Pan

. £.1.1 TeST PLANNOTE—A test plan shoukd be established for each item 10 be tested. The test plan should specify the
frequency range to be tested, the emissions limits, the disturbance classification [broadband (long or shor
duration} or nasrowband]. antenna types and locations, test report requirements, supply voltage. and other
relevant pararneters,

412 DETERMINATION OF CONFORMANCE WITH UMITS—— the type of disturbance is unknown, tests shall be made to
determine whether measured emissions are narrowband and/or broadband to appty limmits property as specified in
the test plan. Figure 1 outlines the procedure 10 be followed in determining conformance with limits.

4.1.3 CATEGORIES OF Dtsnmamcs SOURCES (MS APPUED IN THE TEST PLAN)}—Electromagnetic disturbance sources
can be divided into three types:*

a Continuousfiong duration broadband and automatically actuated short duraton devices
b, Manuvally actuated short duration broadband
c. Narmowband

" For exampies ses <.1.4 . and 4 1.5 andg Tabla 1
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4.1.4 EXAMPLES OF BROADBAND DISTURBANCE SOURCES

4.1

NoTe— The examples in Table 1 are intended as a guide 10 assist in determining which test kmits to use in the
test plan.

TABLE 1—EXAMPLES OF BROADBAND DISTURBANCE SOURCES BY DURATION

Continuous Long Duration’ Short Duration'
ignition system Wiper molor Power antenna
Active ride control ©  Heater blower rmotor Washer pumnp motor
Fuel injection Rear wiper motor Door mirror motoc
instrumend requiator Al conditioning compressor  Gentral door lack
Alemator Engine cooling Power seat
' As defined in the test pfan.

5§ NaarROWBAND DisTunsance Sources—Distutbances from sources employing microprocessors, digial logic,
oscillators or dock generators, elc., cause namowband enussions.

4.1.6 OPERATING CONDMONS—ATl continuous and long duration systems shall be operated at their maxmum RF

notse creating conditions. All intermitiently operating systems (i.e.. thermastatically controlled) that can opecate
continuously salely, shall be caused to operate cortinuousty.

When performing the narmowband test, broadband sources {(Le.. ignition system, in particutar) may create noise of
higher amplitude. In this situation, # will be necessary 10 test for narmowband notse with the ignition switch ON, but
the engme not running.

4.1.7 Test RepoRT—The report shall contain the information agreed upon by the customer and the supplier.

42 Measuring Equipment Requirements—All equipment shafl be caiibrated on a regular basis to assure continued

43

4.4

conformance of equipment to required charactenstics. The measuring equipment noise floor shalf be ‘at least 6 d8
tess than the tirmit specified in the test plan,

Shielded Enclosure—The ambient electromagnetic noise levels shall be at feast 6 dB below the test imits
specihed in the test plan for each test to be performed. The shielding eflectrveness of the shielded enciosure shail
be sufficient to assure that the required ambient electrormagnetic noise level requirement is met.

The shielded erclosure shall be of sufficient size (0 ensure that netther the vehicle/EUT nor the test antenna shall
be closer than (a) 2 m from the walls or ceiling, and (b) 1 m 1o the nearest surlace of the ahsorber material used.

Absarber-Lined Shiclded Enclosure (ALSE}—For radiated emission measurements, however, the reflected
energy can cause efrors of as much as 20 dB. Therefore, # ts necessary to apply RF absorber matenial to the
walls and ceiling of a shielded enclasure that is 10 be used for radiated ermissions measurements. No absorber

mateqal is required for the fioor. The fallowing ALSE requirements shall also be met for performing radiateg RF
ernissions measurernents.
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caused by refiected energy fromthe walls and ceiling is less than 6 dB in the frequency range of 70 to 1000 MHz.

4.42 O8IECTS N ALSE—in particutar, for radialed emissions mesasurements, the ALSE shall be deared of afl kems
not pertinent 1o the tests. This is required in order 10 reduce sny effect they may have on the measurement.
inciuded are unnecessary equipment, cable racks, storage cabinets, desks, chais, etic. Fersonnel not actively
involved in the test shafl be excluded from the ALSE.

.45 Receiver—Scanning receivers which meet the requirements of CISPR 16 are satistactory for measurements.

. Manual or automatic frequency scanning may be used Spectrum analyzers and scanning feceivers are
particuarly useful for interdference measurements. Special consideration shall be given © overoad, nearity,
selectivity, and the normal response 10 puises. The peak detection mode of spectrum anafyzers and scanning
receivers provides a display indfication which s never less than the quasi-peak indication for the same bandwidth.
# may be convenient 1o measure emissions using peak detection bacause of the faster scan possible than with
quasi-peak detection. When quasi-peak kmits are being used, any peak measurements close 10 the imit shafl be
measured using the quasi-peak detector.

45,1 Minmau SCan Time—The scan rate of a spectrum analyzer or scamning receiver shall be adjusted for the
CISPR frequency band and detection mode used. The minimum sweep timefArequency (i.e.. mast famd scan
rate} is listed n Table 2:

TABLE 2—MINIMUM SCAN TIME

Band Peak Detection Quasi-Peak Detection
A S 1o 150 kHz Doesnotapply Does not apply
13 0.15 10 30 MH2 100 ms/MHz 200 sAHz
C.D__ 301 1000MHz 1 ms/100 ms/MHZ' 20 sMHz

Band definition from CISPR 16 Part 1,
* When 9 kHz bandwidth is used, the 100 ms/MHz value shafl be used. .

Cerain signals (e.q., low repetition rate or intermittent signals) may require
slower scan rales or mutiple scans 10 insure that the madmum ampitude
has Leen measured.

4.5.2 MEASUAING INSTRUMENT BanNDvaDTH—The bandwidth of the measunng instrument shall be chosen such that the
noise Hoor 15 21 least 6 dB lower than the limit curve. The bandwidths in Tabie 3 are recommended.

NOTE— Whien the bandwidih of the measunng instrumen exceeds the bandwidth of a narrowband signal, the

measured signal amplitude will not be atlected. The mndicated value of impulsive broadband noise will be
lower when the measunng instrument bandwidth s reduced.
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TABLE 3—MEASURING INSTRUMENT BANOWIOTH (6 dB)

Frequency Band Broadband Broadband Namrowband Narowband
Mz

Peak q-Penk - Peak Average

015-30 [:3 273 9Kz - gkHz Sz
30 - 1000 A broadcast 120kHz 120Kz 120 KHz 120z
Mobdie service 120 kiHx 120 Kz 9 kHz 9 Kz

uammsmmmmmmmﬁanbeammmm

For the narmowbandvbroadband discrimination according 1o Figure 1, both bandwidths (with peak and average
detectars) shall be identical.

5, Antenna and mpedance Matching Requirements—Vehicle Test

5.1 Type of Antenna—An anteana of the type o be supplied with the vehicle shall be used as the measurernent
amenna. s location and attitude are determined according to the production specifications.

if no antenna s o be fumished with the vehide (as is often the case with a mobile radio sysiem), the antenna
types in Table 4 shall be used for the test. The antenna type and location shall be included in the test plan,

TABLE 4~ANTENNA TYPES
Band Antenna Type
Broadeast

w AM 1 m monopole
MW AM 1 m monopole
SwW AM 1 m monopole

VHF M 1 m monopole
Mobide Services
30-54 loaded quarter wave monopole
70 - 87 quarter wave monopoie
144-172 quarter wave monhopole

420-512 quarter wave manopole
80O - 1000 quarter wave monopole

£.2 Measurement System Requirements

.52.1 BROADCAST BaNDS—For each band, the measurement shall be made with instrumentation which has the
specified characteristics.
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- 8.2.1.1 AM Broadcast

a Long Wave (15010 300 iHz)
6. Medium Wave (0.53 10 2.0 MH2)
¢ ShortWave (5.9 to 62 MHz)*

The measuring system shall have the following characieristics:

a. Output impedance of impedance Matching Device: 50 Q resistive.

. Gair The gain {or attenuation) of the measuring equipment shaf be known with an acaracy of 205 dB. The
gain of the equipment shall remain within a 6 dB envelope for each frequency band as shown in Figure 2.
Calibration shall be performed in accordance with Appendix A, .

¢ Compression Point: The 1 dB compression point shall occur at & sine wave voltage level greater than
60 dB{uV).

d Measurement System Noise Floor: m:meawdmmmmmm
instrument, matching amplifier, and prearripifier (i used) shal be st least € dB lower than the kit level.

e. Dynamic Range: From the noise floot 10 the 1 dB compression point.

inpxt impedance: The impedance of the measuring system at the input of the matching network shafl be at

feast 10 times the open circuit irmpedance of the artificial antenra network in Appendix A

-

5 6dB
7 envelope

FIGURE 2—-EXAMPLE GAIN CURVE

5212 FM Broadcast (67 1o 108 MHz)—Measurements shall be taken with 3 measuring instrument which has an
nput impedance of 50 {1 {f the standing wave ratio (SWR) is greater than 201, an inpaat matching network shalfl be
used. Appropniate correction shall be made for any atienuation/gain of the matching unit.

522 CoMMurCATIONS BANDS (30 TO 1000 MHZ}—The test procedure assumes a 50 2 measuring mstrument and a
50 O amenna in the frequency range 30 10 1000 MHz. [ a measuring instrument and an antenna with differing
impedances are used, an appropnate network and correction factor shaff be used.

s :
Alhougn Tere ame several ofher 3hon wave broadcast bands, I panctar band has been Chssn becauss # & Mot commonty used
varudtas. 1115 expected that other shon wave tans will e protected Dy cocdonrarncs 10 the boits in ths band.
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i6 mammammmwmmmmmqu
the radio receiving antenna placed at the comect vehicle location(s).

To determine the disturbance characteristics of individual distirbance sources or disturbance systems, alf sources
shall be forced to operate independertly across their range of nonmal operating conddions (transient effects to be
determined).

The disturbance voltage shall be measured at the receiver end of the antenna coaxial cable using the ground
contact of the connector as reference. The antenna connector shall be grounded to the housing of the on-board
radio (center conductor of the antenna coax & not connected to the on-board radio). The radio housing shall be
grounded 1o the vehicle body using the production hamess. The use of a high quality double shielded cable for
connection to the measuring receiver is required. .

Note—- The use of ferrite or ather suppression material on the exterior of the coax is recommended, particularty
below 2 MHz, for suppression of surface cumrents.

A coaxial bulkhead connector shall be used for connection 1o the measwring receiver outside the shielded foom.
See Figure 3.

Some vehicles may aliow a receiver 10 be mounted in several locations (e.g., under the dash, under the seat,
etc.). In these cases a test shall be carmied out as specified in the test plan for each recetver location,

7. Limits for Vehicle Radiated Disturbances—The fimits of disturbance may be differertt for each disturbance
source. long duraton disturbance sources such as a heater blower motor must meet 2 more stringent
requirement than short duration disturbance sources. Short duration disturbance sources may be decided upon

" by the vehide rmanufacturer. For example, door rmarmor operation may be aliowed at a higher level of disturbance,
as it is operated {or only 1 or 2 s at a time. Coherert energy from microprocessors is more cbjectionable because
it resembles desired signals and is continuous.

for acceptable radio reception n a vehicle, the disturbance voliage at the end of the antenna cable shall not
exceed the values shown in Table 5.

PREPARED BY THE SAE EMR STANDARDS COMMITTEE
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1. Measuring instrument

2. ALSE

3. Bulkhead connector

4. Antenna (see 5.1)

S. EOT '

6. Typical absorber material
7. Antenna coaxial cable

8. High quality double shielded coaxial cable
9. Housing of on-board radio

10. Impedance matching unit (when required)

11. Optional tee connector with one leg removed

FIGURE 3—VEHICLE RADIATED EMISSIONS—EXAMPLE FOR TEST LAYOUT
' (END VIEW WITH MONQPOLE ANTENNA)
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TABLE 5—LIMITS OF DISTURBANCE—~COMPLETE VEHICLE

Terminal Noiss Tecminal Nolse Tacmiaal Holse Yeteninel tiotoe

Vottage Voltsge Voltage . Yoltage Terminat Notse
at Recelver ot Recetver «t Recetver 2t Reoslver Vottage
Antenns Terinal  Anteons Terminsl  Anteans Termine!  Aateana Terminal =t Recelver
8 (V) a8 V) a8 (V) o8B (V) Artenna Tecminei
Broadband Broacband Srosdband Broedbend B (V)
Frequency Continuois Coatinuous Short Durztion Short Duraton Karrowtsand
Band Mt} orP 4 orF (i ¢
o 0.15 - Q.30 g 2 1S 28 6
“w 053-20 [ 19 15 28 o
swW 58-62 6 19 € 18 o]
VHF 30-54 6(15% 28 15 28 a
VHF 0-87 6{15) 5 15 28 ©
VHF 87 - 108 6 (157 28 15 28 6
VHF 144-172 6(15) 28 15 28 o
UHF 420 - 812 6 (157 28 1% 28 o
UHF 800 - 1000 6 {15} 28 15 28 o

All broachary) values &sied in this table are valk! for The bandwidth specied in Table 3.

Stareo signals may be mors susceptible o ntererence tan monaural Signats m the FM-broadcast band. This phenamenon has
been tactored aTo the VHF (67 1o 108 MHz) .

It ks assurned that protection of senices operating on frequencies Immodiataly beiow 30 MH2 will mast fkety ba provided 8 the bmis
for senvices 2tove 30 MH are abssarved.

* Limét for igvton Systems ondy
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APPENDIX A
(Hormative)

ANTENNA MATCHING UNIT—VEHICLE TEST

-

A1 Antenna Matching Unit Parameters (150 iz to 6.2 Miz)—The requirements for the measurement equipment
are definedinS2.1. -

A2 Antenna Matching Unit—Calibration—The artifical antenna network of Figure A1 i used o represent the
antenna inciuding the coaxial cable. The 60 pFF capacitor represents the capacitancs of the coaxial cable between
the car anterna and the input of the car radio.

SIGNAL ARTIFICIAL ANTENNA MEASURING
GENEHATOR ANTENNA MATCHING RECHEIVER
NETWORK UNIT

FIGURE A1—CALIBRATION SET-UP

A2.1 Gain Measurement—The antenna matching unit shall be measured to determine whether its gain meets the
requirements of 52 1.1 using the test arangement shown in Figure Al.

A22 Test Procedure
a.  Set the signal generator 1o the starting camier frequency with 1000 Hz, 30% amplitude modulation and 40 dB

V) ouput level.
b. Piat the gain curve for each frequency segment

A3 Impedance Measurement—Measurernent of the OUIPUL SMPEGANcE G VIE wikeiuia i ariesitid (HAKTUNG ung
shall be made with a vector impedance meter (or equivalent test equipment). The output impedance shall fie
within a cirde on a Smith chart crossing 100 + j0 Q. having its center a1 S0 + 002 (e.g.. SWR less than 2 10 1)
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APPENDIX 8
(Informative)

NOTES ON THE SUPPRESSION OF INTERFERENCE

B.1 Introduction--Success in providing radio distubance suppression for a wvehicle requires a systematic
maﬁganontndemﬂysmdmede:enoewhmmbeheardnmbudspeaker This interference may
reach the recewver and loudspeaker in various ways:

Disturbances coupled to the antenna

Disturbances coupled to the antenna cable
Pawanmdoﬁemmmmmsmyaues

Direct radiation irto the receiver (smmunity of an automabila radio to radiated imterference)
Disturbances coupled (o all other cabies connected to the automaobils receiver

papop

Before the stant of the investigation, the receiver housing, the amtenna base, and each end of the shield of the
amenna cable must be comectly grounded.

8.2 Disturbances Coupled 1o the Antenna—Most types of disturbances reach the recetver via the antenna.
Suppressors can be fifted to the sources of disturbances to reduce these effects.

8.3 Coupling to the Amtenna Cable—To minimize coupling, the antenna cable should not be routed paraliel to the
winng hamess or other electnical cables, and should be placed as remotely as possible from them. 3

B.4 Clock Oscillators—Radiation/conduction from on-board electronic modules may affect other components on the
vehicle. Significant harmonics of the execution dock (E-Clock”) must not coincide with duplex transceiver
spacings, nar with receiver channel frequencies. The fundamental frequency of osclliators used in atutomative
modulesfcamponents shall not be an imeger fraction of the duplex frequency of any mabile transcetver system in
operation in the country in which the vehicle will be used.

8.5 Other Sources of Information—Correctve measures for penetration by recetver wiring and by direct radiation

are covered in other publicanons. Simulanty, tests 10 evaluate the immunity of a redetver 10 conducted and direct
rachaied disturbances are also covered in other publications.
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APPENDIX C

LIST OF TxDOT LOW-BAND-VHF RADIO FREQUENCIES (MHz)

45.680 *
45.720 *
45.800 *
45.840 *
47.020
47.040
47.060
47.080
47.100
47.120
47.140
47.160
47.180
47.200
47.220
47.240
47.260

47.340

Note: * These frequencies used only for mobile-radio transmission to a repeater and not
for mobile-radio reception.
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CHAPTER 1

INTRODUCTION - THE TXDOT PROJECT

TXDOT (Texas Department of Transportation) purchases about 800 vehicles
from automobile companies every year. The increased use of electronics in modern
vehicles has led to compatibility problems between vehicle electronic systems and
aftermarket electronic equipment typically installed in these vehicles. Interference with
TXDOT onboard two-way communication systems, which TXDOT uses to conduct daily
business, can significantly reduce the useful communication range. TXDOT found a lot
of interference in some channels of the radio a few years ago. This interference problem
must be analyzed and studied from the standpoint of the FM two-way radio’s
characteristics and the automotive systems. The overall objective of the TXDOT project
is to develop and verify effective RFI (radio frequency interference) test procedures that
will allow TXDOT to identify potential compatibility and RFI problems related to the use
of these radios.

The Society of Automotive Engineers (SAE) has been involved in writing
electromagnetic compatibility standards since 1957. These standards are continually
examined and upgraded to keep pace with technology. TXDOT also has developed an
electromagnetic compatibility standard for its own systems. Vehicle manufacturers prefer
to use an SAE test, rather than the TXDOT test, to check for vehicle interference. But
recently the new vehicles frequently failed the TXDOT test. The SAE J551/4 test' and
the TXDOT TEX-899-B test’ are the two standards investigated in this thesis. After

investigating both test standards we found the relationship between them. And we also



devised a revised SAE J551/4 test which can be substituted for TEX-899-B test by the
vehicle manufacturers.

Figure 1.1 shows the equipment setup of the TEX-899-B test. The antenna on the
roof of the vehicle receives the noise from the vehicle. The noise is transferred to a
directional coupler by a coaxial cable. A signal generator produces an FM signal which is
also transferred to the directional coupler. The noise plus signal coming out of the
directional coupler is transferred to a TXDOT radio. Then the audio output from the radio
feeds into an audio termination load and a SINAD (signal, noise and distortion) meter.

SINAD is defined as:

SINAD (dB) = 20log,, rms value of sxgnal,.nmse, ar.ld dxs'tomon(Volts) ............... 11
rms value of noise and distortion(Volts)

In the TXDOT test the amplitude of the FM signal is changed to obtain a 12-dB SINAD
level. The measured signal amplitude of the FM signal is the final result of the TXDOT
test. The TXDOT test limit is 0-dB pV or 6-dB 1V above the ambient noise level, which

ever 1s less. The dB 1V unit is defined as:

A(dBuv)= 2010g,0[?((:\>/))} ........................................ e 1.2

Figure 1.2 shows the equipment setup used for the SAE J551/4 test. In the SAE
test the test receiver directly measured the noise from the antenna. There are three limits
in the SAE test: narrow-band peak, broad-band peak and broad-band quasi-peak. The last

one is usually used in Europe and will not be mentioned in this thesis. The narrow-band



peak limit is 0-dB pV and the broad-band peak limit is 28-dB uV. The TEX-899-B test
and SAE J/551 test are described in Appendicies A and B.

SwRI (Southwest Research Institute) did both the SAE test and the TXDOT test
on three groups of TXDOT trucks in San Antonio. The Electrical Engineering
Department of Texas Tech University in Lubbock also did additional tests on TXDOT
vehicles. All the tests were done outdoors and in Lubbock the testing place is at 23 miles
north of Texas Tech University. TXDOT project could be separated into two parts: the
whole-vehicle tests and some auxiliary laboratory tests. This thesis only investigates the
whole-vehicle tests. The laboratory tests will be discussed in another graduate student’s
thests.

Chapter II investigates the data from SwRI and makes a few comparisons.
Chapter Il analyses the narrow-band noise data, which was scanned in Lubbock. Chapter
IV gives the proposed changes of the SAE limits and discusses the additional tests done
in Lubbock to validate these changes. In this chapter we also investigate the test
procedures of both tests and make some additional comparisons. Chapter V reports the

conclusions for the TXDOT project.
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Figure 1.2 Equipment Setup of the SAE J551/4 Test



CHAPTER II

ANALYSIS OF SWRI DATA

Introduction to the Tests at SWRI

Both the SAE test and the TXDOT test were done at SWRI. Several noise sources,
which included ignition noise, fuel pump noise, wiper noise, and HVAC noise, were used
in both tests. In doing the TXDOT test, the radio used at SwRI was Motorola Maratrac#2.
The tests were done with the radio noise blanker circuit switched on and switched off.
Only two frequencies (47.02 MHz and 47.18 MHz) were chosen for the tests. A complete
list of TXDOT low-band VHF frequencies is contained in Appendix C. Three groups of
TXDOT trucks were tested. Each group included a Chevrolet (S10), a Ford (F150), and a
Dodge (Ram1500) truck.

A few comparisons were made to investigate both tests. These comparisons are

useful to get more information about the two tests, propose new test limits, and change

the test procedures.



Comparisons of the Same Brands of Vehicles

Table 2.1 through Table 2.4 demonstrate a comparison of the TXDOT test results
for the three groups of the same brand vehicle. In these tables the term “Effective Radio
Sensitivity” is the signal level corresponding to the ambient noise from the antenna at 12-
dB SINAD. “EI” means engine idle and “HVAC” means heating, ventilation, and air
conditioning. In order to reduce the noises from the Dodge trucks, filters had been
installed in the trucks. So the Dodge trucks were tested in both “Filters Installed” and
“Filters Removed” conditions. From the tables, the standard deviation of most results of
the same brand vehicle is less than 2 dB and all the trucks passed the TXDOT test if the
noise blanker was turned on. Table 2.5 through Table 2.8 present a comparison of the
SAE test results for the broad-band peak level of the same brand vehicle, since all the
noise was identified as broad-band noise. The term “Baseline” means the ambient noise
level. From the table, we can see that the engine noise (EI) is the most important noise
from the vehicle. All the vehicles could not pass the SAE test under the engine idle
condition. The noise levels from other noise sources, such as fuel pump noise, wipers
noise, HAVC fan noise, and flashers noise, are much lower. But the standard deviations
of these noise levels are much larger than for the engine noise level. That means the

amplitude of these noise sources changes a lot (3-7 dB) from truck to truck.



Table 2.1 TEX-899-B, Comparison of the Same Brand Vehicle (Chevrolet)

FM Signal for 12-dB SINAD (Unit: dB nV)

Test Frequency 47.02 MHz 4718 MHz

Noise Blanker On Off On off

Group 1 2 3 |JAVG|STD]| | 2 3 JAVG|STD] 1 2 3 JAVG|STD] 1 2 | 3 [AVG|STD
Radio Sensitivity -13.1§-13.0]-129| - - J-13.4-13.0 {-129] - - 1-13.0)-12.8 |-12.9] - - |-13.0{-12.8{-12.9} - -
Effective Radio Sensitivity] -6.5{-8.0{-72| - - |-651-801-72] - - 169177 {-72] - - |-691.771-72) - -
Ignition On 651-78}-72-72107 |62} -714 |-7.1]|-69|06 |67 -7.7|-7.2]-72]|05][-69]|-78]-731-7.3]0.5
Fuel Pump On -59[-70({-69]-66|06|-60}1-53|-40]-51}10[-66]{-73[-70}-70]04|-64}{-43]-40[-49]13
El -58166;-531-591071-364-321{-241-31306]-56| -68]-60]-61]06]-34]|-19]-26]-26]0.8
El, Wipers High 541-60]-511-55/05|-35]-1.21-09(-19114]-55] -65]-57]-59{05]-3.0{-1.9)-2.5[-2.5]0.6
El, HVAC Fan High 431.52]-54({-50[/063-08] 14 [-19,-14]06|-46] -58}-581-54107|-06{-1.0]-24}-1.3]0.9
El, WiperstHVAC High }|-43{-48|-52|48{05{-08}-1.11-07]-09}02]46]-52}|-54}-51{04]-06{-04]-24]-1.1]11
Wipers High 601-70]1-59]1-63[06]-61) 68 1-36[-55117(-65]-751-71]-70]05]-62(-70]-65]-6.6]04
HVAC Fan High 58[67]-62]-62{05{40} 6143|4811 ]-62}-71]-72]1-68106|-421-63]-65]-57]1.2

Note: AVG = Average, STD = Standard Deviation.

TXDOT Test Limit: 0 dB uV,




Table 2.2 TEX-899-B, Comparison of the Same Brand Vehicle (Ford)

FM Signal for 12-dB SINAD (Unit: dB pnV)

Test Frequency 47.02 MHz 47.18 MH2

Noise Blanker On Off On Off

Group T} 2] 3 AVG|STD| 1 2 | 3 |AVG|STD| 1 2 T3 JAVG[STD| 1 | 2 | 3 [AVG[STD|
Radio Sensitivity -13.0{-13.1}-13.3} - - {-13.0§-13.1}-13.3| - - |-13]-13.0{-132] - | - J-13.1}-13.0{-13.2] - -

Effective Radio Sensitivity} -6.2 ] -7.51-73] - - | 621-751-73} - - ]61]-83|-85] - - |61]-83]-85] - -

Ignition On 621-75]-731-70,07 |-58]-74|-76]|-69| 10}-58{-83)-85]-75/1.5)|-58]-82]-84] -75]14
Fuel Pump On 62[-75{-73[-70]07 [62]-74[-76|-71[ 08 |-57|-83|-84]|-75]1.5]|-53|-82(-84[ 73 ]| 1.7
El -581-62]-71]-64107|40}-52|-64]-52112]-58!-73{-80(-20}1.1]-3.1|-58]-67]-5211.9
El, Wipers High 441-561-63|-54110]-17]-381-551-371191-52|69|-78}-66]1.3)-2.1]-36]-5.1]|-36]15
El, HVAC Fan High 35(45(49143/10714311.0}27[27)1.7]-34]-65}-78]-59/22]56]07-33] 10 |46
EI Wiper¥HVAC High |-3.5|4.1|-361-3.7]03 | 44§10 |27 27|17 |-34|-58]-7.1]-54|19 56|10 14| 27 |25
Wipers High 54163169/-62[08}-46]-66({-66]-59[121-53{-68]|-80|-67]14]1-47]-65]-73] 62113
HVAC Fan High -531-62]-671-6.1{071-3.11-03]-07|-14]15]|-50[-59}-76]-62113]21[-05]49]-1.1]35

Note: AVG = Average, STD = Standard Deviation.

TXDOT Test Limit: 0 dB V.




Table 2.3 TEX-899-B, Comparison of the Same Brand Vehicle (Dodge, Filters Installed)

FM Signal for 12-dB SINAD (Unit: dB pV)

Test Frequency 47.02 MHz 47.18 MHz

Noise Blanker On Off On Off

Group 1 2 3 JAVG{STD| | 2 3 JAVG|STD| 1t 2 3 |AVG|STD| 1 2 3 JAVG|STD
Radio Sensitivity 1330413204131 - - [-133]-13.20-130] - - (-13.2] 131 |-12.9) - - |-132 1300129 - -
Effective Radio Sensitivity; -7.2 | -7.8 [ -7.1 | - - 1-72§-78]-7.1] - - |64 -8131-71} - - | 64 {-81}-7.1 - -
Ignition On 68,-62{-70]-67104-69}-7.11-711-70{0.1 64| 69]-7.11-68|04] -68]-75] 69| -71}04
Fuel Pump On 67]-551-61]1-61]06}-53103{47}-32|30]|-56] -62}-59]|-59103] 15|16} 47]-05]356
El 491-351481 4410866146141 [151]13|-41]-33]49]-41]108] 7511S1] 5159114
El, Wipers High 421.35{-43]140]04}73146]43154|16]-37]-33]|-55]42111]| 751621} 516312
EI, HVAC Fan High 411-35{-291-40106]73}153}166|64]10]-35]-34]-38}/-36{02] 75174 72 ] 74 102
El, Wiperss HVACHigh |-38|-341-431-34[05173]153]|66/64)]10{-35}-30}-36}-34]03[ 77175172 ] 75]03
Wipers High 641.66}1-651-58101)-56(-62{-65]-61]05]-59]-53]-651-59[06] 6159|661 -62]04
HVAC Fan High 61({-611-58]-62{02{431.571-04}-35]27-59|-54]-57{-57103]-04]-57] 401 -34]27

Note: AVG = Average, STD = Standard Deviation.

TXDOT Test Limit: 0 dB uV.
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Table 2.4 TEX-899-B, Comparison of the Same Brand Vehicle (Dodge, Filters Removed)

FM Signal for 12-dB SINAD (Unit: dB pV)

Test Frequency 47.02 MHz 47.18 MHz

Noise Blanker On off On off

Group 1 2 {3 |JAVGISTD] 1 | 2 | 3 JAVG|STD| | 2 | 3 JAVGISTD} 1 | 2 | 3 JAVG|STD
Radio Sensitivity -13.31-13.2)-12.9 - - [-13.3}13.2}-12.9) - - }-13.2{-13.0{-12.9] - - {-13.2]-13.2)-12.9] - -
Effective Radio Sensitivity| -7.2}-7.7}-76 | - - |-12|-77)76) - - |<71[-761-7.7] - - |-71}-76}1-77] - -
Ignition On 651-751-72|-71105 [-6.5{-74]-72[-70} 05 {-7.1}-7.1]-7.7{-73]03 |-65]-71]-76]-71] 06
Fue] Pump On 5.91411-621-5411.11-20120}21/07]|23|-61|-45|-6%[-56[10]22]11{20({18]06
El -39{-27|49]-38) 11 ]71[70]162]68[05]45(-3.1]-55]44]12[70]70/63]68]04
El, Wipers High 421271481391 11185{69)58}71114]-421-31{-55{-43112]70174]63]69]|06
El, HVAC Fan High 26}-271-381-34107(85{70}69}175]/09]-38{-3.1|-411-37{05]70]76i67]7.1]0.5
El, Wipers HVAC High |-2.71-23}-37(-29(07 (8770169 75]1.0(-3.9{-31]-41]-37]105]74]81}166]74]0.8
Wipers High 651-671-721-56{04 |-56}.72}-66|-65]08|-66|-67]1-76}-70]06]-59]|-70].7.1]-6.7}0.7
HVAC Fan High 601-631-66{-65/03[07}-32]-48|-24]28-59{-72]-691-671070.8{-66]|-3.6(-3.1{37

Note: AVG = Average, STD = Standard Deviation.

TXDOT Test Limit: 0 dB pV.
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Table 2.5 SAE J551/4, Comparison of the Same Brand Vehicle (Chevrolet)

Broad-Band Peak Level (Unit: dB pV)

Frequency 47.02 MHz 47.18 MHz

Group 1] 2] 3 [AVG|[SID| 1 | 2 | 3 |AVG]|SID
Baseline 120 ] 13.0 | 120] - 12080 [120] - -
Fuel Pump On 160 | 280 | 27.0 | 23.7 | 6.7 | 140 | 180 | 270 | 197 | 6.7
Fuel Pump and Ignition On 170 | 30.0 | 27.0 | 24.7 | 6.8 | 16.0 | 18.0 | 27.0 | 203 | 5.9
El 440 | 48.0 | 46.0 | 46.0 | 2.0 | 47.0 | 46.0 | 47.0 | 46.7 | 0.6
El, Wipers High 450 | 480 | 46.0 | 463 | 1.5 | 47.0 | 47.0 [ 480 473 | 0.6
El, HVAC Fan High 46.0 | 48.0 | 46.0 | 467 | 12 | 47.0 | 46.0 | 47.0 | 46.7 | 0.6
El, Flashers On 46.0 | 48.0 | 47.0 | 470 | 1.0 | 47.0 | 47.0 | 47.0 | 47.0 | 0.0
Wipers High 180 [24.0 | 29.0 | 23.7 | 5.5 | 18.0 | 18.0| 30.0 | 22.0 | 69
Fan High 190|220 | 160 19.0 | 3.0 | 190 [ 160|150 16.7 | 2.1
All 460 | 48.0 | 47.0| 470 | 1.0 | 470 | 47.0 | 470 | 470 | 0.0

Note: AVG = Average, STD = Standard Deviation.

SAE Broad-Band Limit: 28 dB pV
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Table 2.6 SAE J551/4, Comparison of the Same Brand Vehicle (Ford)

Broad-Band Peak Level (Unit: dB V)

Frequency 47.02 MHz 47.18 MHz

Group ] 2 3 |AVG|STD | | 2 3 |AVG| STD
Baseline 1301100 8.0 - - {130] 80 | 8.0 - -
Fuel Pump On 150 (1301120 133 | 1.5 {130 | 140|120 130 | 1.0
Fuel Pump and Ignition On 160 140|120 140 | 2.0 | 13.0| 14.0] 120 130 | 1.0
El 31.0 1350300320 26 |31.0350}300] 320 26
El, Wipers High 31.0 {350 130.0 320 | 2.6 | 320370300 33.0] 3.6
El, HVAC Fan High 36.0 13701330} 353 | 2.1 |36.0]350]300/| 337 32
El, Flashers On 340360330343 | 1.5 [33.0360)330] 340 1.7
Wipers High 22012801250 250 ) 3.0 |230]23.0)24.0] 233 06
Fan High 3101300260 290 | 26 |320(27.023.0]273| 45
All 340370330347 | 2.1 [46.0 370330 387 | 67

Note: AVG = Average, STD = Standard Deviation.

SAE Broad-Band Limit: 28 dB pV




Table 2.7 SAE J551/4, Comparison of the Same Brand Vehicle (Dodge, Filters Installed)

Broad-Band Peak Level (Unit: dB pV)

Frequency 47.02 MHz 47.18 MHz
Group 1 2 3 |AVG|STD| 1 2 3 [AVG|STD
Baseline 13.0 | 14.0 | 12.0 - - 11.0 | 12.0 | 10.0 - -
Fuel Pump On 300(310{260 | 287 | 26 {300]31.0|280| 297 | 1.5
Fuel Pump and Ignition On 30,0 (310|260 287 2.6 | 30.0|31.0)28029.7}| 1.5
El 500520530510 1.5 500530530/ 520 1.7
El, Wipers High 50.0 530|550 517 ] 25 [500]|54.0]|550]| 53.0] 26
El, HVAC Fan High 50.0 | 53.0 | 54.0 | 51.3 | 2.1 [ 50.0| 53.0|55.0] 52.7 | 2.5
EI, Wipers and HVAC Fan High 500 540|550 51.7( 26 |[50.0]54.0)550]| 53.0]| 2.6
El, Flashers On 500(|53.0]|550]| 517 | 25 |[500]|54.0]550] 530 26
Wipers High 16.0 | 30.0 | 37.0 | 26.0 | 10.7 | 25.0 | 26.0 | 33.0 | 28.0 | 4.3
Fan High 280123.0]31.0| 290 | 40 | 28.0] 220270 | 25.7 | 3.2
Flashers On 36.0 {20.0 | 36.0 | 373 | 9.2 | 40.0| 36.0 30.0 | 353 | 5.0
36.0 [ 40.0 | 37.0 | 37.7 | 2.1 | 40.0 | 37.0|340 | 370 | 3.0

All, Ignition only

Note: AVG = Average, STD = Standard Deviation.

SAE Broad-Band Limit: 28 dB pV
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Table 2.8 SAE J551/4, Comparison of the Same Brand Vehicle (Dodge, Filters Removed)

Broad-Band Peak Level (Unit: dB pV)

Frequency 47.02 MHz 47.18 MHz

Group 1 2 3 |AVG|STD | 1 2 3 |AVG|STD
Baseline 1201120} 120} - ~- J110f110}100} - -
Fuel Pump On 3003701320307 | 36 |300]31.0]330]313]| 15
Fuel Pump and Ignition On 30.0 (370320310 36 |31.0(31.0)33.0}317] 1.2
El 49015201520 503} 1.7 |50.0}540}53.0] 523 ] 2.1
El, Wipers High 50.0 [ 52.0 | 52.0 | 50.7 | 12 | 50.0 | 54.0|54.0{ 52.7 | 2.3
El, HVAC Fan High 50.0 | 52.0 | 52.0 | 50.7 | 1.2 | 50.0 | 54.0 | 54.0 | 52.7 | 2.3
El, Wipers and HVAC Fan High 50.0 | 5201520} 507 | 1.2 | 50.0 550|550 533 ] 29
El, Flashers On 50.0 | 540|520 507 | 2.0 | 50.0{ 560|540 533 | 3.1
Wipers High 2101210380270 9.8 [ 220260340 273 | 6.1
Fan High 2801220330300 55 [290|21.0}29.0]| 263 ] 46
Flashers On 16.0 130.0 1270273 | 73 |390}37.0]320] 360 36
All, Ignition only 28014301260 | 313 | 93 [40039.0]36.0| 383 2.1

Note: AVG = Average, STD = Standard Deviation.

SAE Broad-Band Limit: 28 dB pV



Comparisons of the Different Brands of Vehicles

Table 2.9 shows a comparison of the broad-band peak noise level of the three
different brand vehicles. According to the information in the table, we can see that the
engine noise from the Dodge is the highest among the three vehicles, while the engine
noise from the Ford is the lowest. The noise from other sources looks no different from
vehicle to vehicle, except the noise from the Dodge is a little higher than the noise from
the others.

Table 2.10 presents a comparison of the signal level for 12-dB SINAD for the
different vehicles. The table shows that if the noise blanker is turned on, the signal levels
of the three vehicles are almost the same. One reason is that the noise level is nearly as
low as the ambient noise level. Another reason could be that the noise blanker reduced all
the noise to the same low level. When the noise blanker was turned off, we also got the
same conclusion as in the SAE test: the noise from the Dodge is the highest while the

noise from the other two vehicles is almost the same.

Table 2.9 SAE J551/4, Comparison of the Different Vehicles

Broad-band Peak Level (Unit: dB uV)

Noise Chevrolet| Ford Dodge Dodge

Source (Filters Installed) ( Filters Removed)

El 45-50 30-40 50-55 50-55

Wipers 20-30 20-30 15-40 20-40

HVAC Fan 15-25 20-30 20-30 20-35

Fuel Pump 15-30 10-15 25-30 30-40

Flashers - - 20-40 15-40 B
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Table 2.10 TEX-899-B, Comparison of Different Vehicles

Signal Level for 12-dB SINAD (Unit: dB pV)

Noise Blanker | Noise Source | Chevrolet| Ford | Dodge(Filters Installed) | Dodge( Filters Removed)

El -6~-4 | -8~3 -5~3 -5~-3
Wipers -7~-6 | -8~-5 -7~-5 -7~-6
On HVAC Fan -7~-6 | -T~-6 -6~-5 -7~-6
Fuel Pump -7~-6 |-T~6 -7~-5 -6~-4

EIl -4~0 | -6~6 4~8 6~9

Wipers -7~3 |-7~5 -7~-5 -7~5

Off HVAC Fan -6~-4 | -5~3 -6~0 -6~1

Fuel Pump -6~-4 | -8~.5 -6~2 -2~2




A Comparison between Noise Blanker On and Noise Blanker Off

The noise blanker of a radio is used to reduce the ignition noise received by the
radio. Figure 2.1 through Figure 2.4 show the signal increase with the noise blanker off.
From the data sheet in Table 2.1 through Table 2.4 we can conclude that all of the
vehicles passed the TXDOT test with the noise blanker turned on. The four figures
demonstrate that the noise blanker reduces the high level noise, engine noise, from 4 dB
(Chevrolet) to 12 dB (Dodge), which means the noise blanker is very effective in
reducing the engine noise. Actually from Table 2.1 through Table 2.4 we find that most
vehicles could not pass the TEX-899-B test under “EI” condition when the noise blanker
was turned off. For the low-level noise, such as wiper noise, the effect of the noise

blanker is not so obvious because the noise level is as low as the ambient notise level.
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Figure 2.1 TEX-899-B, Signal Increase with Noise Blanker Off (Chevrolet, Unit: dB puV)
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Figure 2.2 TEX-899-B, Signal Increase with Noise Blanker Off (Ford, Unit: dB pV)



0¢

(NB Off Minus NB On)
> [o)]
o o

N
o

Signal Difference in dB for 12-dB SINAD
o
o

R
o

Ignition  FuelPump ~ Wipers  HAVCFan E

Noise Source

El, Wipers EI,LHAVC
Fan

El, Wipers,
HVACFan

m#l
m#2
O#3

S

Figure 2.3 TEX-899-B, Signal Increase with Noise Blanker Off (Dodge, Filters Installed, Unit: dB uV)
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Figure 2.4 TEX-899-B, Signal Increase with Noise Blanker Off (Dodge, Filters Removed, Unit: dB pV)



Comparisons between Filters Instalied and Filters Removed

In order to reduce the noise amplitude from the fuel pump and the HVAC fan, two
filters were installed by TXDOT. Figure 2.5 and Figure 2.6 show the signal increase with
filters removed in the TXDOT test under the “Fuel Pump On Only” and the “HAVC Fan
On Only” conditions. From these two figures we can see that when the noise blanker was
turned on, the signal level of the test changed very little whether the filters were installed
or not. The reason could be that the noise from the two sources is almost as low as the
ambient. If noise blanker was turned off, from Figure 2.6 we can conclude that the filters
are effective only on some vehicles. In the #2 vehicle, the filters are not effective.

Figure 2.7 shows the noise increase with filters removed in the SAE test. The
same conclusion can be made as the TXDOT test: the filters are only effective in

reducing noise for some of the vehicles.
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Figure 2.6 Tex-899-B, Signal Increase with Filters Removed
(Dodge, Noise Blanker Off, Unit: dB pV)
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Figure 2.5 Tex-899-B, Signal Increase with Filters Removed
(Dodge, Noise Blanker On, Unit: dB pV)
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Figure 2.7 SAE J551/4, Noise Increase with Filters Removed
(Dodge, Unit: dB pV)




A Comparison of the Installed Radio and the Installed Antenna
with the External Radio and the MM Antenna

From the test procedures of the TEX-899-B test, the radio should be 10 feet away
from the vehicle, but when in service, the radio is always installed inside the vehicle.
Also for the test, a temporary magnetic-mount (MM) antenna is used rather than a
permanently installed one. Table 2.11 shows the comparison between the instalied radio
and the installed antenna with the external radio and the MM antenna. From the table, we
can see that there is no significant difference between the two antennas when the noise
blanker was turned on. And there is a few dB difference in the “Fan only” case when the
noise blanker was turmed off. Figure 2.8 shows the equivalent circuits of the MM antenna
and the installed antenna. There is a capacitor between the MM antenna and the vehicle’s

roof while the installed antenna connects directly to the vehicle’s body.

26



LT

Table 2.11 TEX-899-B, Comparison of The Installed Radio and The Installed Antenna
With The External Radio and The MM Antenna (Unit: dB pV)

Noise Blanker On Off

Filters Installed | Removed Installed Removed

Radio type E 1 E I |Avg ofE-I| E I E I |Avg. of E-I
Radio Sensitivity -13.3(-13.1{-13.3{-133 -0.1 -13.3]-13.1{ -13.3 | -13.3 -0.1
Effective Radio Sensitivity | -7.2 | -7.5 | -7.2 | -7.7 0.4 -721-751 72| 7.7 0.4
Ignition On -68|-7.0|-65|-6.5 0.1 -6.9(-70] -6.5 | -6.7 0.2
Fuel Pump On -6.71-591-591-58 -0.5 -531-42] -20] -05 -1.3
EI -491-411-39|-40 -0.4 66 1601} 71 | 7.1 0.3
EI, Wipers High -421-38|-42|-39 -0.4 73163 85 | 75 1.0
EI, Fan High -4.1{-33]-26|-18 -0.8 73190 85 | 11.0 -2.1
EI, Wipers and Fan -281-33]-27]|-18 -0.2 73 193] 87 | 11.0 -2.2
Wipper only -64|-56|-65|-73 0.0 -56|-63| -54 | -6.1 0.7
Fan only -6.1|-47]-60|-4.7 -1.4 43108 07 ] 20 -3.2
Note:

1.E = External Radio and MM Antenna, I = Installed Radio and Installed Antenna;

2.Vehicle: Dodge #1, Frequency: 47.02 MHz.
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A Comparison of Engine Speeds

Table 2.12 demonstrates the comparison of the TXDOT test with the different
engine speeds. The result shows that the noise from the engine changes little with the

speed of the engine because almost all the differences are less than 2 dB.

Table 2.12 Comparison of Engine Speed

TEX-899-B, FM Signal for 12-dB SINAD (Unit: dB pV)

Condition El |ElI @ 1500 rpm | Difference
Chevy, NB On, 47.02 MHz -5.3 -5.2 -0.1
Chevy, NB Off, 47.02 MHz 24 -0.8 -1.6
Chevy, NB On, 47.18 MHz -6.0 -6.6 0.6
Chevy, NB Off, 47.18 MHz -2.6 -3.3 0.7
Ford, NB On, 47.02 MHz -7.1 -7.0 -0.1
Ford, NB Off, 47.02 MHz -6.4 -59 -0.5
Ford, NB On, 47.18 MHz -8.0 -8.0 0.0
Ford, NB Off, 47.18 MH=z -6.7 -5.7 -1.0
Dodge, NB On, 47.02 MHz, Filters Installed -4.8 38 -1.0
Dodge, NB Off, 47.02 MHz, Filters Installed 4.1 10.1 -6.0
Dodge, NB On, 47.18 MHz, Filters Installed 49 -5.2 0.3
Dodge, NB Off, 47.18 MHz, Filters Installed 5.1 82 -3.1
Dodge, NB On, 47.02 MHz, Filters Removed -49 =36 -13
Dodge, NB Off, 47.02 MHz, Filters Removed 6.2 9.1 -2.9
Dodge, NB On, 47.18 MHz, Filters Removed -5.5 -4.4 -1.1
Dodge, NB Off, 47.18 MHz, Filters Removed 63 7.8 -1.5

Note: Vehicles are all in group3.
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Comparisons of the SAE Test with the TXDOT Test

Table 2.13 shows the comparison between the SAE test and the TXDOT test
when the noise blanker was on. According to the table, we can see that all of the vehicles
passed the TXDOT test when the noise blanker was turned on. On the other hand, for the
SAE test, the vehicles only passed 44 times in a total of 170 tests. And the vehicles
almost failed all of the SAE tests when the engine was idle. From these, we can conclude
that the SAE test limit for the broadband noise is so low that most of the vehicles can not
pass the test.

Table 2.14 shows the comparison between the SAE test and the TXDOT test
when the noise blanker was off. The agreement percentage of the SAE test and TXDOT
test is much larger than the agreement in Table 2.13. Table 2.15 shows a comparison of
the percentage of agreement between the noise blanker on and off. The agreement of the
SAE test and the TXDOT test is always higher when the noise blanker was in the off
condition. But actually when the radio is used for communication by TXDOT, the noise
blanker is always tumned on, because the high level noise from the engine and other

sources are greatly reduced by the noise blanker. In the next chapter we will give further

result of the noise blanker performance.
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Table 2.13 Comparison of Two Tests (Noise Blanker On)

Frequency 47.02 MHz 47.18 MHz

Group 1 2 3 1 2 3
Chevrolet T|S|A|T|S|A|T|S|A|T|S|A|T|S/A|TIS]A
Fuel Pump On + |+]|yl+]-In]+|[+]|y{+]+{y(+|*+|yI+t|+]|y
El + |-|n|+|-|nl+]-|n|+]-|n|{+]|-|n|+|-In
Engine @ 1500 rpm +|-|n +[-|n
EI Wipers High + |-Inj+]-{n|+l-inl+|-inj+]-|ni+i-|n
El, Fan High + |-|n|+|~-|n|+|-|n|+|-in|+[-[ni+]-|n
El, Wipers and Fan High +1-1n +|-in
Wipers High + [+[yl[+]+]y|+][-{n|+|[+]y|+]|+|y[+]|-]|n
Fan High + |+l yl+l+|yvi+i |y +] iy ] F[+lyl+]+]yY
Ford T|S|A|T|S|A|T|S|A|T|{S|A|T|S|A|T|S|A
Fuel Pump On + |+ |y l+|+]|yl+]+]y|[+|[+|[y|+|+]yl+[+]Y
El +|-in|+l-In|+|-|n|+|-|n{+|-|n|+|-1n
Engine @ 1500 rpm +1-1n +i-1n
El, Wipers High +l-|n|+]|- +]{-|n|+|-|n|+]+]yl+]|-]|n
El, Fan High +{-|n|+i-In|+|-|n|+]|-|n +{y|+]|-1In
El, Wipersand FanHigh |+ |- | n +|l-in|+|-|n +!-1in
Wipers High +|+ly i+ ~-lni+i+ |y +|+|y[+|{+]|vi+i+]y
Fan High +l-|n|+|-|{nj+|+inl+ ~-In|+|+]yi+|+]y
Dodge (Filter Installed) [T [S|AIT|S|]A|T!S A|[T|S|A|T|S|{A|T|S|A
Fuel Pump On +|-{n|+|-[n|{+|+|y]|+|-[n|+]-f{n]+]{-In
El +|l-jn{+]-|nj+i-|nf{+i-tn|+|-|nj+i-'n
Engine @ 1500 rpm +|-|n +|-]n
El, Wipers High +|-|n|+]-|n|j+|{-|ni+|-In|+]|-|n|+|-In
El, HVAC Fan High +|- ni+|-{n|+|{-in|+|-tnj+|-|n|+i-1n
El, Wipersand FanHigh |+ |- n|+|-|n|+|-|n|+|-Inj+l-|n|+|-|n
Wipers High +i+|yl+|-In|+|-|ni+|+|y|+]+]ly|+]|-|n
Fan High +{-|ni+l+jy|+]-Ini+|-In|+]+]|y[+|-In
Dodge (Filter Removed) T [S|A|T|S|A|T|S|A|T|{S|A|T|S]A|T|S]A
Fuel Pump On +l+lv|+l-In|+|-|n|+l-n|+|-Ini+i-]|n
El +i-|n|+|-in|+]-Inj+]-in|+ -inj+!-1n
Engine @ 1500 rpm +1-in +1-1|n
EI, Wipers High +|-in|+|-|n|+|-in|+|-|n|+|-|n|+|-|n
El, Fan High +i-inf{+|-{ni+|-Inj{+|-in|+{-inj+|-In
ElL,L Wipersand FanHigh |+ |-inj+|-{n{+|{-|nl+|-]n|+|-|{n|[+|-|n
Wipers High +lH vy |+ +Hlyl+l-In|+|+]y|+]|+]|y]|+]|-|n
Fan High tl-|ni+|+|yvi+i+|yl+]-In|+]+lyl+i-In
Note:

T : TXDOT 899-B Test. S: SAE J551/4 Test, A : Agreement, + : vehicle passed the test.

-- vehicle did not pass the test. v : two tests agreed. n : two tests did not agree.

~y
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Table 2.14 Comparison of Two Tests (Noise Blanker Off)
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Note:

T: TXDOT 899-B Test, S : SAE J551/4 Test. A : Agreement, + : vehicle passed the test,

- vehicle did not pass the test, y : two tests agreed, n : two tests did not agree.




Table 2.15 Agreement Percentage Comparison between Noise Blanker On and Off (%)

Noise Blanker On Off
Chevrolet 375 : 55.0
Ford 35.7 54.8
Dodge 15.9 85.2
Fuel Pump On 53.2 79.2
El 0.0 50.0
Engine @ 1500 rpm 0.0 62.5
EI, Wipers High . 4.2 62.5
El, Fan High 4.2 79.2
EIl, Wipers and Fan High 0.0 94 4
Wipers High 66.7 66.7
Fan High 53.2 70.8
Total 259 70.6
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A Comparison of the SWRI Data with the Professional Testing Data

PT (Professional Testing (EMI), Inc) is the place where the TXDOT vehicles are
tested every year. The testing agent decides whether the vehicle passes the TXDOT test
or not. The filters were also installed by this testing place to reduce the noise from the
fuel pump and HVAC fan.

Group-1 vehicles were tested at PT. Table 2.16 through table 2.19 present the
comparison between the PT and SwRI data. The difference between the two data sets is
less than 2.5 dB when the noise blanker was on. On the other hand, when the noise
blanker was turned off, there are differences of a few dB between the data of the two
testing places. Most of the PT data are larger than the SwRI data. In some cases the
difference is even larger than 5 dB, suggesting the existence of a significant difference in
equipment or technique. At Professional testing they used a different MM antenna than
that used at SwRI.

In order to make an additional comparison of TXDOT test results, Ford#1 was
measured at Texas Tech University. All the tests were carried out using Maratrac#2.
Table 2.20 is the comparison of the results from all three testing places. The signal level
is lowest in the measurement at Texas Tech University. The reason for that is the ambient

noise level at Texas Tech University is a few dB lower than the other two places.
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Table 2.16 Comparison of Two Testing Places {Chevrolet)

Tex-899-B, FM Signal for 12-dB SINAD (Unit: dB uV)

Test Frequency 47.02 MHz 47.18 MHz

Blanker On Off On Off
Testing place PT |SwRI|Dif. | PT |SwRI|Dif.| PT |SwRI|Dif.| PT |SwRI|Dif
Radio Sensitivity -13.0{-13.1} 0.1 |-13.07-13.1{0.1 |-13.0]-13.0{0.0]-13.0(-13.0]0.0
Effective Radio Sensitivity -80 [ -65|-15| -80 [ -65 |-1.5] -6.0 | -69 |09} -6.0 | -6.9 |09
Ignition On -80 | -65]|-15| -80 | -62 |-18] -60 | -6.7 |07 -6.0 | -69 {0.9
Fuel Pump On -80|-59]-21| -80 | -60 |[-20] -60 | -66 |06 -60 | -64 |04
Engine Idle -70{-58 |-1.2] 90| -36 |-54| -50 ] -56 |06] -10 | -34 |24
Engine Idle, Wipers High -70 | -54 |-1.6] 90} -3.5 |-55| -40 | -55 (15} -1.0 | -3.0 [2.0
Engine 1dle, HVAC Fan High -50|-43]-07| 40 | -08 |48 | -40 | -46 [06] 2.0 | -06 |26
Engine Idle, Wipers/fHVAC High -50 | -431-07] 40 | -08 148 ]| 40| -46 (06| 2.0 | -06 |26
Wipers High -80 | -60]-20| -80 | -6.1 {-19] -50 ] -65|15] -50{ -62 |12
HVAC Fan High -80 | -58 |-22|-50 | -40 {-10}] -50 | -62 {12] -30 | -42 |12

Note: PT = Professional Test (EMI), Inc. , SwRI = Southwest Research Institute, Dif. =Difference.
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Table 2.17 Comparison of Two Testing Places (Ford)

Tex-899-B, FM Signal for 12-dB SINAD (Unit: dB uV)

Test Frequency 47.02 MHz 47.18 MHz

Blanker On Off On Off
Testing place PT |SwRI|Dif.| PT |SwRI|Dif.| PT {SwRI{Dif. | PT |SwRI|Dif.
Radio Sensitivity -120|-13.0{10|-1201-130] 1.0 {-12.0]-13.1| 1.1 |-12.0]-13.1 | 1.1
Effective Radio Sensitivity -80 | -62 |-18| -80 | -62 (-1.8] -50 ] -6.1 {1.1] -5.0 | -6.1 | 1.1
Ignition On -80 | -62 |-18] -80 | -58 {-22] -50 | -58 |08 -50 | -5.8 | 0.8
Fuel Pump On -80(-62|-18| -80 | -6.2 |-1.8] -50 | -5.7 |07 -5.0 | -5.3 | 0.3
Engine Idle -80 | -58 |-22| -50 | -40(-1.0] -50 | -58 108 -3.0 | -3.1 |0.1
Engine Idle, Wipers High -50|-441-06| 00 | -1.7(17]-3.0(-52(22] 1.0 {-2.1 |3.1
Engine Idle, HVAC Fan High -30({-35]05]110| 43 [67]-20 | -34 14| 110 56 |5.4
Engine Idle, Wipers/HVAC High -20 [ -35 | 1.5{110] 44 |66 -1.0| -34|24]110] 56 |54
Wipers High -70 | -54 |-16] 20 | -46 | 26| -40 | -53 |13| -2.0 | -4.7 {27
HVAC Fan High -40 | -53 | 13| 90 | -3.1 |12.1] -3.0 | -5.0 [20] 50 | 2.1 |29

Note: PT = Professional Test (EMI), Inc. , SWRI = Southwest Research Institute, Dif. =Difference.




Table 2.18 Comparison of Two Testing Places (Dodge, Filters Installed)

Tex-899-B, FM Signal for 12-dB SINAD (Unit: dB pV)

Test Frequency 47.02 MHz 47.18 MHz

Blanker On Off On Off
Testing place PT |SwRI|Dif.| PT |SwRI|Dif | PT |SwRI|Dif.| PT |SwRI|Dif.
Radio Sensitivity -13.0}-133103 {-13.0(-133({03 {-13.0(-132(02-13.0{-13.2]0.2
Effective Radio Sensitivity -80 | -72 1-08| -80 | -72 {-08| -70 | 64 |-06] -7.0 | -6.4 {-0.6
Ignition On -80 | -68 (-1.2| -80 | -69 |-1.1{ -7.0 | -6.4 |-0.6] -7.0 | -6.8 |-0.2
Fuel Pump On -70 | -6.7 [-03| 40} -53 13| -60] -56 {-04] -1.0 | 1.5 [-25
Engine Idle 40 -49 109 120| 66 [ 54|-30] -41]11]140] 75 [6.5
Engine Idle, Wipers High -40 (-42 (02}120 73 |47|-30]|-37]07]|140] 7.5 |6.5
Engine Idle, HVAC Fan High 30 -4111]120) 73 {47|-30] -35]05]140] 7.5 |65
Engine Idle, Wipers/tHVAC High -301-38/08[120| 73 |47({-30/-35({05]|14.0]| 7.7 |63
Wipers High -80 | -64 |-1.6| -60 | -56 |-04]| -6.0 | -59 |-0.1{ -5.0 | -6.1 | 1.1
HVAC Fan High -70 | -6.1 [-09] 10 | -43 | 53| -60]| -59 |-01| 40 | -04 |4.4

Note: PT = Professional Test (EMI), Inc. , SWRI = Southwest Research Institute, Dif. =Difference.
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Table 2.19 Comparison of Two Testing Places (Dodge, Filters Removed)

Tex-899-B, FM Signal for 12-dB SINAD (Unit: dB uV)

Test Frequency 47.02 MHz 47.18 MHz

Blanker On Off On Ooff
Testing place PT [SwRI|Dif. [ PT [SwRI|Dif.| PT [SwRI|Dif.| PT [SwRI|Dif.
Radio Sensitivity -130(-133(03|-13.0]-133] 03 |-13.0|-13.2/02{-13.0]|-13.2]0.2
Effective Radio Sensitivity -80{(-72|-08{ -80| -72 |-08|-70{ -71 (0.1| -70 | -7.1 {0.1
Ignition On -70 | -6.5 |-0.5{( -70 | -6.5|-05] -6.0 | -7.1 {1.1]| -6.0 | -6.5 | 0.5
Fuel Pump On -60(-59]-01(-60]-20]-40|-50(-6.1|1.1] 00 | 22 [-2.2
Engine Idle -40 [ -39 {-01[130| 7.1 |59 -3.0{-45({15]140{| 7.0 (7.0
Engine Idle, Wipers High 40 |-42[02]130]| 85 [45]|-30]-42[12]140] 7.0 |70
Engine Idle, HVAC Fan High 20 | -26 106|140 85 | 55| -20 | -38(18]140]( 7.0 (7.0
Engine Idle, Wipers/HVAC High -20 ] -27107]140| 87 [53[-20]-39|19]| 140 74 |6.6
Wipers High -70 | -6.5 ]-0.5| -6.0 | -56 |-04] -6.0 | -6.6 [0.6] ~-6.0 | -5.9 |-0.1
HVAC Fan High -60 | -60 00| 50 | 07 |43 | -6.0 [ -59 [-0.1] 40 | 0.8 |3.2

Note: PT = Professional Test (EMI), Inc. , SWRI = Southwest Research Institute, Dif. =Difference.
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Table 2.20 Comparison of Three Testing Places (Ford#1)

TEX-899-B, FM Signal for 12-dB SINAD (Unit; dB puV)

Test Frequency 47.02 MHz 47.18 MHz

Blanker On Off On Off
Testing place PT |SwRI |TTU {PT |[SwRl (TTU |PT |SwRI |TTU [PT |SwRI |TTU
Radio Sensitivity -12.0-13.0 | -13.1{-12.0|-13.0 | -13.1 |-12.0|-13.1 |-13.0{-12.0]-13.1 | -13.0
Effective Radio Sensitivity -80/ -6.2/-10.0) -8.0/ -62|-10.0] -50 -6.1-10.0] -5.0 -6.1]-10.0
Ignition On -8.0| -6.2[-10.0] -8.0] -58 -100] -5.0 -58/-10.0] -50[ -58[-10.0
Fuel Pump On -8.0] -6.2/-10.0] -8.0[ -6.2[-100] -50] -57-100] -5.0] -53[-10.0
Engine Idle -80/ -58 97| -50 -40 97| -5.0] -58]-10.0] -3.0] -3.1] -8.6
Engine Idle, Wipers High -5.0] -4.4] -93 00 -17/ -93 | 3.0 -52[-99]| 1.0] -2.1] -76
Engine Idle, HVAC Fan High -3.0, -35{ -76 | 11.0] 43| 2.1 2.0 -3.4 -89] 110 56| 1.6
Engine Idle, Wipers/ HVAC High | -2.0) -3.5( -7.8 | 11.0] 4.4 2.1 | -1.0] -3.4/-83] 11.0[ 56| 1.6
Wipers High 7.0 -54] 95| 20 -46| -44 | -40 -53/-93] -20 -4.7 -82
HVAC Fan High -4.0, -5.3] -8.3 9.0 -3.1]-021] -3.00 -5.0(-93] 50 21} -0.7

Note: PT = Professional Testing, SWRI = Southwest Research Institute, TTU: Texas Tech University




CHAPTER I

ANALYSIS OF NARROW-BAND DATA IN LUBBOCK

In SWRI’s SAE J551/4 and TEX-899-B tests, no narrow-band noise was found
from the vehicles at 47.02 MHz and 47.18 MHz, which are two typical frequencies of the
TXDOT radio channels. The whole TXDOT radio frequency range is from 47.02 MHz to
47.34 MHz. At Texas Tech University we did a frequency scan measurement for the
narrow-band emissions. Table 3.1 is the result of the narrow-band noise from the three
vehicles. The table shows that there is no narrow-band noise from the vehicles in the
TXDOT radio frequency range. The narrow-band noise we found was all at or over 48
MHz. The conclusion based on the narrow-band test is that all the vehicles will pass the

SAE narrow-band test in every channel.

Table 3.1 Frequency Scan for Narrow-Band Emissions

Ford Chevrolet Dodge

Condition F (MHz) | A(dBuV) | F (MHz) |A(dBu V)| F (MHz) |A(dBuV)
Key Off 48.35 8.20 * * * *
Key On (Gas 48.07 -3.60 48.22 4.50 48.00 2.60
Controller Only) 4835 10.70 * * * *
Key On (Gas and - -- - - - 48.00 3.40
Propane Controllers)
El 48.07 0.30 48.22 4.10 48.00 3.10

48.35 10.70 * * * *
Note:

Scan Range: 47.00 MHz to 48.60 MHz, Detector: NBAV, Bandwidth: 10 kHz,
Step Size: 10 kHz, Testing Place: North of Lubbock, Ambient Noise Level: -18 dBuV

F = Frequency, A = Amplitude, * = No Peak found, - = Test not available
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CHAPTER IV
PROPOSED CHANGES TO THE SAE LIMITS AND

VERIFICATION WITH TTU DATA

Proposed Changes to the SAE Limits

From Chapter II, we conclude that at SWRI all the vehicles passed the TXDOT
test when the noise blanker was turned on. On the other hand, the vehicles could not pass
the SAE test in some cases. New SAE broad-band peak limits can be decided by using
these test results. We can separate the noise into two kinds. One is spark-ignition (EI)
noise and another one is DC-motor noise (fuel pump, HAVC fan, wipers). From the data,
we propose to raise the limit on the first kind of noise to 50 dBuV and the second kind to

35 dBuV. Further tests in Lubbock will confirm these two limits.

Comparisons of the TXDOT Test Results among Different Radios

Thousands of radios are used by TXDOT for communication. The two most
widely used radios are the Motorola Maratrac and the GE Rangr. At SwRI the radio used
for testing was Maratrac#2. At Texas Tech University we did the TXDOT test on a
Dodge truck with using 5 different radios (3 Rangrs and 2 Maratracs). All the tests were
done in the “Noise Blanker On” condition. Table 4.1 and Table 4.2 are the results of the
comparison of these five radios. These two tables show see that the vehicle passed all of
the tests with the noise blanker on no matter whether the filters were installed or not.
Another conclusion from the two tables is that the Maratrac#2 result is the lowest and the

Rangr#3 is the highest. The difference between these two radios is about 2 dB.
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From the results in Chapter II, we know the Dodge truck is the noisiest one
among the three brands. And all the trucks passed the TXDOT test limit more than 2dB if
the noise blanker was turned on. Therefore, we can conclude that all the vehicles can pass

with all the radios if the noise blanker is turned on.
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Table 4.1 Comparison of Different Radios (Filters Installed)

TEX-899-B, FM Signal for 12-dB SINAD (dB pV)

Radio Rangr 1 Rangr 2 Rangr 3 Maratrac 1 Maratrac 2

Frequency ( MHz) 4702471814702 14718| 47.02 | 47.18 | 47.02 | 47.18 | 47.02 | 47.18
Radio Sensitivity -11.0}-108|-11.1 {-11.2 | -11.6 | -11.5 | -12.7 | -12.0 | -13.0 | -13.0
Effective Radio Sensitivity 60| 64| -68|-70| -69 | -69 | -66 -6.2 -7.8 | -87
Fuel Pump(Key Off) 58| -54|-59 1 64| -57 | -54 | -6.1 -5.2 -63 | -6.7
HVAC FAN High 52| -52)-56|-63| -47 | -41 | -48 -5.1 -74 | -6.6
Wipers High 55| -57| 68| -69 | -59 | -6.0 | -47 -6.1 -76 | -13
EI (propane) -371-25)]-45(-38 -3.1 | -28 | -43 -4.4 -55 | -4.2
EI , 30| 25| 41| -35]| -25 | 20 | -35 -3.8 -47 | -3.7
El, HVAC Fan High -1.8(-23]-27]|-32| -17] -06 | -2.6 -3.3 -45 | -3.0
EI, Wipers High 24 | 27133 | -34| 26 | -1.7 | 3.0 4.0 45 | 3.2
EI, HVAC Fan High, Wipers High | -1.7 | -19 | 23 | -3.1 | -1.5 | -0.7 | -24 -2.9 40 | -3.0

Note:

Vehicle: Dodge of TXDOT at Lubbock
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Table 4.2 Comparison of Different Radios (Filters Removed)

TEX-899-B, FM Signal for 12-dB SINAD (dB pV)

Radio Rangr 1 Rangr 2 Rangr 3 Maratrac 1 Maratrac 2

Frequency ( MHz) 47.02147.18|47.02 (4718 | 47.02 | 47.18 | 47.02 | 47.18 | 47.02 | 47.18
Radio Sensitivity -11.0]-108]-113)-11.6 -11.7 | -11.6 | -127 | -12.1 | -13.0 | -12.8
Effective Radio Sensitivity -671(-73|-79|-76 | -81 | -7.2 | -89 | -79 -8.8 | -8.2
Fuel Pump(Key Off) 57| -52|-60)-55|-53 | 62| -701} -68 | -73 | 1.7
HVAC FAN High 54} -53)|-57)|-64) 521 -65]| -72 -7.6 -7.6 | -7.9
Wipers High 60| -62|-75|-73}| -77 | -7.6 | -80 | -719 -7.8 | -8.0
EI (propane) 50| -35]-56)] 44| -32 | 42 | -6.1 -5.3 -6.2 | -6.0
El -43 | 32| -48 | 42| -37 | 42 | -51 -5.4 -58 | -5.5
EI, HVAC Fan High 36 (-22(-39| 34| -18 | 21 | 49 | -46 -54 | -54
El, Wipers High 42| -26|-44 | 36| -26 | -3.2 | -51 -4.8 -5.5 | -5.5
El, HVAC Fan High, Wipers High | -3.0 | -22 { -3.7 | -34 | -1.7 | -2.0 | -45 -4.5 -53 | -5.2

Note:

Vehicle: Dodge of TXDOT at Lubbock




A Comparison of Different Measurement Times in the SAE Test

In the SAE test procedure, no measurement time is specified for doing the broad-
band peak and quasi-peak measurements. In order to understand the measurement-time
effect on the result, we did four sets of SAE tests using different measurement times.
Figure 4.1 is the broad-band peak level at different measurement times. From the figure,
we see that the broad-band peak level is higher if the measurement time is longer. The
level tends to be a constant when the measurement time is long enough. From Figure 4.1,

we can conclude 1 second is long enough to measure the broadband peak level.
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Additional Cable Tests in Lubbock

In order to reduce the induced current flowing on the coaxial cable leading to the
radio, TEX-899-B says to make one loop in the cable which is approximately four feet in
diameter. In SWRI, they used five small loops which were all one foot in diameter instead
of one large loop. In Lubbock, we did the TXDOT test using both methods. We found
that there is no difference between these two methods. We did an additional test with the
cable straight, then we put four chokes on the cable and did the tests again. We also
moved the cable to different places and did more tests. The radio noise blanker was
turned off for maximum sensitivity to vehicle noise. All the tests showed the same result.

The conclusion of these cable tests is that the cable position is not critical in the testing

Comparisons of the 1997 Dodge with the 1996 Dodge

In Lubbock we did the tests on both the 1997-model Dodge and the 1996-model
Dodge. Table 4.3 shows the comparison of the broad-band peak level between the two
vehicles. The differences are less than 3 dB. The noise from the 96 mode! truck is a little
higher than that from the 97 model. Table 4.4 is the comparison of the signal level at 12-
dB SINAD. The signal level is higher for the 96 model when the truck runs with gasoline,

and the signal level is higher for the 97 model when the truck runs with propane.

47



Table 4.3 SAE J551/4, Comparison of 1997-Model Dodge with the 1996 Model

[ | | | |
Condition Broadboad Peak Level (dBuV)
Frequency (MHz) 47.02 47.18
Model 1996 1997 | Dif. | 1996 | 1997 | Dif
Gasoline (EI) 552 | 571 | -1.9 | 599 | 573 | 26
Gasoline (E1, HVAC Fan High) 574 | 57.1 03 | 605|586 19
Propane (EI) 602 | S80 | 2.2 | 588|581 | 07
Propane (EI, HAVC Fan High) 58.9 595 | -06 | 595|587 | 08

Note: Measurement Time: 30 second

Table 4.4 TEX-899-B, Comparison of 1997-Model Dodge with the 1996 Model

Condition Signal Level at 12-dB SINAD (dBuV)
Frequency (MHz) 47.02 47.18
Model 1996 | 1997 | Dif. | 1996 | 1997 | Dif.
Gasoline (EI) -0.4 -3.1 27 | -1.7 | -29 12
Gasoline (EI, HVAC Fan High) -0.8 -3.0 22 | -18 | -28 1.0
Propane (El) -5.6 45 | -1.1 | 60| -42 | -18
Propane (El, HAVC Fan High) -4.0 -4.1 0.1 46  -37 | -09
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CHAPTER V

CONCLUSIONS

The following conclusions can be made from the discussion of the previous

chapters:

1.

2.

The Dodge trucks were noisier than the Ford trucks and Chevrolet trucks.
The performance of Motorola Maratrac radio is a little better than that of GE Rangr

radio in the sense of reducing broad-band vehicle noise.

. There is no need to install the filters on the Dodge truck in order to improve the

TXDOT test results, although the filters do reduce the noise measured in the SAE
test.

There is no difference between the installed radio and the external radio as far as the
TXDOT test results are concerned.

The broad-band noise is about the same in the TXDOT test when the vehicle runs at
750 rpm and at 1500 rpm except for the Dodge.

The position of the antenna cable was not found critical in our TEX-899-B tests.

Both 1997 propane-converted Dodge trucks passed the TEX-899-B tests at Lubbock
when running on propane and when running on gasoline, so that the instaliation of the
propane fuel system did not adversely affect the noise emission of the trucks.

All of the 1997-model trucks performed well in the sense that they passed the

TXDOT test (with the noise blanker turned on). Although it was not mentioned
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previously, the 1996-model Dodge truck failed the TXDOT test several times by
about 1 dB when the engine was running at 1500 rpm.

9. There should be no 6-dB requirement in the TXDOT test because the 1-pV
requirement, while less stringent than the 6-dB, is nevertheless adequate, and the 6-
dB requirement represents an added complication in the testing.

10. The noise blanker should be always turned on in the TXDOT test because it is on
when in normal use. The noise blanker can improve the test results by 4 to 12 dB.

11. One of each brand vchiclc; was tested and passed the SAE narrow-band limit in every
TXDOT channel because no narrow-band noise was found in these channels.

12. A 1-second measurement time is long enough to measure the broadband peak level in
the SAE test.

13. The signal level at 12-dB SINAD is highest at PT and is lowest at Lubbock, the
reasons are probably that the ambient noise level is lowest at Lubbock and at PT a
different antenna was used in doing the test.

14. From one vehicle to another of the same brand the ignition noise doesn’t change
while the noise from the DC motors changes 3 to 7 dB in the SAE test.

15. The SAE broad-band peak limit may be increased to at least 35 dBuV for the DC-
motor noise and 50 dBpV for the spark-ignition noise. The SAE test with this new

limit could be substituted for the TXDOT test by the vehicle manufacturers.
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APPENDIX A
TEX-899-B TEST

RADIO FREQUENCY INTERFERENCE (RFI) TESTING

This test method assures the compatibility of Texas Department of Transportation
(TxDOT) fleet vehicles and VHF FM radio equipment operating in the frequency ranges
of 30 to 50 MHZ and 150 to 174 MHZ, but not inclusive. It is intended to identify 90%
or more ingress and egress problems.

Definitions

Ingress - any action, reaction, indication, failure to perform or comply, by vehicle
equipment and/or accessory items, caused by the activation of the VHF FM radio
transmitter in any mode of operation.

Egress - any mode of operation, action, reaction or indication on or by the vehicle
equipment and/or accessory equipment which degrades the VHF-FM radio receiver
effective sensitivity performance by more than six dB.

Equipment

L

100 Watt VHF FM communications transmitter and receiver capable of
operating on all TxDOT frequencies

12 volt regulated DC power supply

RF signal generator with a calibrated attenuator

Signal-to-noise audio distortion (SINAD) meter

Receiver audio termination load

RF directional coupler rated at 40 dB directional, minimum

RF termination load

Magnetic mount antenna for the testing frequencies

RF isolation choke, a (6 ft. by 6 ft.) sheet of hardware cloth, laid flat on the test
area floor with the coaxial cable making one complete loop approximately four
feet in diameter under it

RF wattmeter.

Facilities

-

-

Free of high ambient RF noise (Receiver test)

Equipped with lift capable of raising vehicle tires six inches above floor
(Transmission test).
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Safety Notes

Safety be must never be compromised during tests. Hazards due to vehicle parts
moving and radio frequency/electrical burns exist. Strict compliance with accepted
work practices must be observed at all times. Sudden actions may result when the
radio transmitter is activated. Stay clear of vehicle and antenna. One person should
operate the vehicle, and another the radio.

Egress Compatibility

«  Receiver Qualification

Step ) Action
1 | Assemble a test set-up as shown in Figure 1.

Generate a standard test signzﬂ and establish 12 dB SINAD.

Record receiver basic sensitivity.

Increase peak deviation until SINAD is degraded to 12 dB SINAD.

2

3

4 |Increase signal 6 dB above Step 3.

5

6 | Record modulation acceptance (bandwidth).

Compliance of the test setup qualifies the receiver for acceptance testing if:

The receiver basic sensitivity is less than 0.4 uv (-114 dBm) for 12 dB
SINAD.

The receiver bandwidth shall be a minimum of + 6.5 kHz and a maximum of
+ 8.0 kHz.
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Site Qualification

Step Action

1 Assemble a test set-up as shown in Figure 2.

2 Move test vehicle into radio frequency interference shield room or
onto site.

3 Temporarily install the magnetic mount antenna on the center of
the vehicle roof.

4 Disconnect the vehicle battery cable.

5 Terminate the RF line into the RF load termination.

6 Generate a standard test signal of on-channel center frequency FM
modulated with a 1 kHz sine wave tone at + 3.3 kHz deviation.

7 Increase the signal generator RF output level until a 12 dB SINAD
indication 1s achieved.

8 Record sensitivity into RF load termination in dBm.

9 Remove the RF load termination and terminate the RF line into the
temporary antenna.

10 Increase signal generator RF output level until a 12 dB SINAD
indication is achieved.

11 Record sensitivity into antenna in dBm.

12 | Compute the effective sensitivity and determine if the site is
qualified.

13 Repeat site qualification at all test radio channels/frequencies to be
used.

54




+  Effective Sensitivity Calculation

Step Action
1 Subtract the sensitivity into antenna from sensitivity into RF load
termination.
2 Record this difference.
3 Subtract this difference from the basic receiver sensitivity.
4 Record the effective receiver sensitivity in dBm.
5 Convert the effective receiver sensitivity to microvolts.

«  Site Qualification Standards

The site is qualified if the effective receiver sensitivity is less than 0.5 uv (-113
dBm).
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Egress Compatibility (continued)

»  Egress Compliance Test for Test Vehicle

Step

Action

1

Reconnect vehicle battery.

2

Increase the signal generator RF output level until a2 12 dB SINAD
indication is achieved.

Record the signal generator RF output level.

Activate one vehicle system or accessory.

Increase the signal generator RF output level until a 12 dB SINAD
indication is achieved.

Record the signal generator RF output level.

Repeat Steps 4 through 6 until all vehicle systems and accessories
are activated.

Compute total degradation. See NOTE.

Repeat compliance test for all test radio channels/frequencies to be
used.

10

Tum off engine.

NOTE: The electrical system should be designed so the effective sensitivity of
the VHF FM receiver requires not more that 1 microvolt (-107 dBm) to produce
12 dB or greater SINAD. The effective sensitivity should not exceed 1
microvolt for all modes of operation, which should include engine off, engine
on, (from idle to full throttle), and all vehicle systems or any combination

thereof.

«  Test Vehicle Qualification

The test vehicle passes the egress compliance test when the total degradation
does not exceed six dB.
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Ingress Compatibility

Antenna Qualification

Step

Action

Assemble a test set-up as shown in Figure 3.

Verify engine is OFF.

Raise test vehicle (6 in.) off floor.

1
2
3
4

Verify that magnetic mount antenna is mounted in center of vehicle
roof.

Key microphone on test radio.

Record nominal forward RF power to the antenna.

Record reflected RF power from the antenna.

O~ N W

Adjust length of antenna, if needed, and repeat Steps 5 through 7 until
nominal forward power is 100 watts £ 10 watts and reflected power is
less than 10% of the forward power.
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Vehicle Qualification for Acceptance

Step Action

i Start vehicle.

2 | Put vehicle in gear and rotate tires at a moderate speed.

3 | Activate one vehicle system or accessory. Be certain to check the braking
operation.

4 | Activate the radio transmitter for approximately five seconds.

5 | Record results as one of the following:

1. No adverse reaction

2. Reaction resulting in safety hazard

3. Reaction resulting in a nuisance operation

6 | Repeat Steps 3 through 5 until all vehicle systems and accessories are
activated.

7 | Repeat vehicle qualification for all test radio channels/frequencies to be used.

8 | Stop wheels of vehicle and turn off engine.

Vehicle Qualification Results
Safety Hazard - No vehicle system and/or accessory shall operate and/or fail to
operate as a result of the activation of the VHF FM radio transmitter in a manner

which constitutes a safety hazard.

Nuisance Operations - Correct nuisance operations of any vehicle system and/or
accessory.

Failure to meet the criteria of with this test method will result in rejection of the
vehicle.
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APPENDIX B

SAE J551/4 TEST

TEST LIMITS AND METHODS OF MEASUREMENT OF RADIO DISTURBANCE CHARACTERISTICS
OF VEHICLES AND DEVICES, BROADBAND AND NARROWBAND, 150 iz TO 1000 MHz

Foreword—This SAE Standard is based on CISPR 25 which has been developed by CISPR Subcommitiee D and
has been approved 10 be published. The SAE Blectromagnetic Radiation Commitiee has been an active
participant in Subcommitiee D and in the development of CISPR 25.

This document provides test fimits and procedares for the “protection of vehicle receivers from radio frequency
(RF) ermssions caused by on-board vehicle components.”

NoTE—Appendx B provides heipiut methodology for resolistion of interference problems.

TABLE OF CONTENTS

1 Scape - 2
2. Refetences 3
21 Applicable Documents 3
211 SAE Publication 3
212 CISPR Publication 3
3. Oefinitions. 3
4, Requirerments Common to Vehicle and Component/Module Emissions Measurement 3
41 General Test Requirements and Test Plan 3
4.1.1  Test Plan Note 3
4.12 Determination of Conformance Wah Limits 3
413  Categores of Disturbance Sources (as apphed i the test plan) 3
414 Examples of Broadband Disturbance Sources S
415 Narrowband Disturbance Sources 5
4.1.6 Operating Condiions S
417 TestBepon S
42 Measuring Equipmernt Requirernernts 5
43 Shielded Enclosure 5
4.4 Absorber-Lined Shieided Enciosure (ALSE) S
44,1 Reflection Characteristics 6
442 Objectsin ALSE 6
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sciences. The use of this report is enomdly voluntary, 2nG 1S APELCIDETY 3rd Surtabidty 100 ANy PAVARIS wse, INCING By Paters
nringemernt ansing therefrom, & the sole responsibifity of the usec.”

SAE revvews €ach 1echnical report at teast every tve years al which tme o may be 1eatlined rewsed, o cancetted, SAE «nes you
WIRI €0 COMMeNtS and SuUgge SHOMS
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45 Receiver
451 Mmimum Scan Time
452 Measuring instrument Bandwidth

s, Antenna and Impedance Matching Requirements—Vehicle Test
51 Type of Antenna
52 Measurement System Requirements
§21 Broadcast Bands
§22 Communications Bands (30 10 1000 MHz)

O O

D~~~

€. Method of Measurement

o

7. Lirnits for Vehicle Radiated Disturbances. 9

Apperciix A Antenna Matching Unit—Vehicle Test 12
Appendix B Notes on the Suppression of interference 14

Figure 1 Method of Determination of Conlormance of Radiated/Conducted Disturbance 4
Figure 2 Example Gain Curve 8
Figure 3 Vehicie Radiated Emissions—Example for Test Layout (End View With Monopole Antenna) ... 10

Table 1 Examples of Broadband Disturbance Sources by Duration
Table 2 Minimum Scan Tame
Table 3 Measuring instrument Bandwidth (6 dB)
Table 4 Amenna Types
Table 5 Limits of Disturbance—Compiete Vehicle

Ll B < ]

-h

1. Scope-This SAE Standard contains test lmits' and procedures for the measurement of radio disturbances in the
frequency range of 150 kiHz to 1000 MHz. The document applies to any electronic/electrical componernt intended
for use in vehicles. Refer to Intemational Telecommunications Urion (ITU) Publications for defails of frequency
allocations. The test limits are intended 10 provide protection for receivers installed in a vehicle from distirbances
produced by components/modules in the same vehicie !

The receiver types {0 be protected are: broadcast radio and TV, land-maobile radio, radio telephone, amateur and
citizens’ radio.

The limits in this documemt are recommended and subject to modification as agreed between the vehicle
manufaciurer and the component supplier. This document shall also be apphied by manutacturers and suppbers
of components and equipment which are (0 be added and connected (o the vehicle hamess of 10 an on-board
power connector after delivery of the vehicle.

This docurnent does nat include protection of eiectronic control systems from RF emissions, or from transient or
pulse type voltage fluctuations. These subjects are covered in other sections of SAE J551 and in SAE J1113.

* Oty 2 vetuda lest can be used 10 dalanmine the CoMPONent comgatibiity to & vehecie bt
* Adacer veraias can Do expected 10 be protectad i st SIEItons.
! dequate TV protecton will (esufl trom complancs with tha tevels 2l e Modile senice frequences.
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The Word Administrative Radiocommunications Conference (WARC) fower frequency mit in region 1 was
reduced 10 148.5 KHz in 1979. For vehiodar purposes, tests at 150 kHz are considered adequate. For the
demuawmmmm»mmmmmmq
the world. Protection of radio reception at adfacent frequencies can be expected in most cases.

2 References

21 Applicable Documents—The following pubicasions contain provisions which, through rederence in this text,
constitute provisions of this document. numdmumwmm_nm
mmwmwmbwbmdmmmnwwm@
possibiity of applying the most recent ediions of the documents indicated. Members of €0 and 150 mairtain
registers of currently valkd intemational Standards.

. 2.1.1 SAE PuaLICATION—Available frorh SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J5511 MAR94— Performmance Levels and Methods of Measurement of Blectromagnefic Comgatibility of
Vehicles and Devices (60 Hz to 18 GHz)

2.12 CISPR Pusucanon—Available from 777

CISPR 16-1:1893-08— Spedcification for radio disturtbance and immunily measuding apparatus and methods.
Part 1: Radw disturbance and immunity measuring apparatus.

A, Definitions—See SAE JS551/1.
4. Requirements Common to Vehicie and Component/Madule Emissions Measurernent
4.1 Generai Test Requirements and Test Plan

4.1.1 TeST PLaN NOTE—A test plan should be established for each item 1o be tested. The test plan should specify the
frequency range to be tested, the emissions fimits, the disturbance classification fbroadband (long or shon

duration} or narrowband], anmtenna types and locations, test reporl requirements, supply vollage. and gther
relevant parameters.

4.1.2 DETERMINATION OF CONFORMANCE WITH IMITS—If the type of disturbance is unknown, tests shafl be made to
determine whether measured emissions are namowband and/or broadband to apply Emits properly as specified in
the test plan. Figure 1 autiines the procedure to be followed in detenmining corformnance with firnits.

4.13 CATEGORIES OF DISTURBANCE SOURCES (AS APPLIED N THE TEST PLAN)—-EBlectromagnetic disturbance sources
can be divided into three types:* :

a. Continuousfong duration broadband and automatically actuated short duration devices
b, Manually actuated short duration broadband
c. Narrowband

° For exampies 500 4.1.4 and 4.1.5 and Table 1
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MEASURE EUT USING
THE PEAK DETECTOR

MEASURE BUT USING
THE AVERAGE DETECTOR

PASS 1

FIGURE 1—METHOD OF DETERMINATION OF CONFORMANCE
OF RADIATED/CONDUCTED DISTURBANCE

64



4.1.4 EXAMPLES OF BROADBAND DISTURSANCE SOURCES

Nme—mmnrm1mw,sambmhmuwwaMumnm
test plan.

TABLE 1—EXAMPLES OF BROADBAND DISTURBANCE SOURCES BY DURATION

Continsous w‘ Short Duration'
igadiion system Wiper molor Power antennia
Active fide control Heater blower motor Washer pump motor
Fuel injection Rear wiper motor Door mirror motor
Instrument regeiator Al conditioning compressor  Geniral door lock
Alternator Engine cooling Power seat
'Asdeﬁnedhﬁ\etst@ :

4.1.5 NARROWBAND DISTURBANCE SOURCES—-Disturbances from sources employing fmicroprocessors, digial logic,

osciliators or clock generators, etc., cause namowband emissions.

4.1.6 OPERATING CONDMONS—All continuous and long duration systems shall be operated at their maximum RF

notse creating conditions. Al intermitiently operating systems (.., thermaostatically controlied) that can operate
continuously safely, shall be caused to operate continuousty.

When performing the narrowband test, broadhand sources (Le., ignition system, in particular} may create noise pf
higher ampfitude. In this situation, it will be necessary to test for narmowband notse with the ignition switch ON, bt
the engine not running.

4.1.7 Test ReroRT—The report shiall contain the information agreed upon by the customer and the supplier.

4.2 Measuring Equipment Requirements—All equipment shall be calrated on a regraar basis 10 assure continued

conformance of equipment 1o required characteristics. The measuring equipment noise fioor shall be ‘at feast 6 dB
tess than the lima specified in the test plan.

43 Shielded Enciosure—The ambient electromagnetic noise levels shall be at least 6 dB below the test linas

4.4

spectfied in the test plan lor each test to be performed. The shielding eflectiveness of the shielded enclosure shall
be sufficient 1o assure that the required armbient electromagnetic noise level requiremert is met.

The shielded enclosure shall be of sufficient sze to ensure that netther the vehicle/EUT nor the test amteana shall
be closer than (a) 2 m from the walls or ceiling, and (b) 1 m 10 the nearest surface of the absorber material used.

Absorber-Lined Shielded Enclosure (ALSE}—For radiated emission measurements, however, the reflected
enargy can cause efrors of as much as 20 dB. Therefore, & ts necessary to apply RF absorber matenal to the
walls and ceiling of a shielded enclosure that is 1o be used for radiated emissions measurernents. No absorber

matenal is required for the floor. The following ALSE requirements shall atso be met for perlomning radiated RF
emissions measurements:
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4.4.1 mmmmmm«unséwmmmmmm
caused by refiected energy from the watis and ceiling is less than 6 dB in the frequancy range of 70 0 1000 MHz,

4.42 OBIECTS W ALSE—in particutar, for radiated emissions measurements, the ALSE shall be cleared of afl bems
ot pertinent 10 the tests. This is required in order 10 reduce any sffect they may tave on the measuremers.

included are unnecessary equipment, cable sacks, storage cabinats, desiks, chairs, elc.  Personnel not actively
nvolved in the test shall be exchuded from the ALSE.

.45 Receiver—Scamning receivers which meet the requirements of CISPR 16 are satistactory for measurements.
Manual or austomatic frequency scanning may be used. Spectum ansiyzers and scanning receivers are
particutardy usefu! for interfecence measurements. Special consideration shafl be given % overioad, finearity,
selectivity, and the normal response ©0 putses. The peak detecion rmode of spectrum anaiyzers a&nd scanning
receivers provides a display indication which is never less than the quasi-paak indication for the same bandwidth.
#t may be convenient 1o measure emissions using peak detacion because of the faster scan possiie than with

quasi-peak detection. Mmqwm«mmd.wmkmdoubm&tﬁdﬂbe
measured using the quasi-peak detector,

‘45,1 MU SCAN Time—The scan rate of 2 spectrum analyzer or scanning receiver shall be adiusted for the
) CISPR frequency band and detection mode used. ﬂnmmw(wcwraﬂdm
rate) is listed in Table 2:

TABLE 2—MINIMUM SCAN TIME

Band Peak Detection Quasi-Peak Detection
A 910150 Kz Does natapply Does not apply
8 QIS MH2 100 msMHz 200 sAMHz
C.O 30101000 MHz 1 ms/100 me/MHY' 20 sMHx

Band definition from CISPR 16 Part 1,
* When 9 kiz bandwidth is used, the 100 ms/MHz vaiue shall be used,
Centain signals (e.g., fow repetition rate or infermittent signals) may require

slower scan rates or mudtiple scans to insure that the maximum amplitude
has been measured.

4.52 MEASURING INSTRUMENT BANDWIDTH—T he bandwidth of the measuring instrumert shall be chosen such that the
noise floor is at least 6 dB lower than the firnit curve. The bandwidths in Table 3 are recommended.

NOTE— When zmwoanwbmgm"mmmmmmmamdﬁgw,m
measured signal amplitude will not be atfected. The indicated value of impulsive broadband noise will be
lower when the measuring instrument bandwidth is reduced.
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TABLE 3—MEASURING INSTRUMENT BANDOWIDTH (6 ds)

quumcvamd Broadband Broadband Nammowband Narrowband

Peak __qPesak - Peak Average

0.15-30 9 iHz O kHz - OWHz 9 iz

30- 1000 M broadcast 120 kHz 120 Wz 120 KHz 120 kHz
Moblle service 120Kz 120z 9 Kz oKz

resolution bandwidth.

~

i a spectrum analyzer is used for peak measurements, the video bandwidth shall be at least three tmes the

for the nanowband/broadband discrimination according to Figure 1, both bandwidths (with peak and average
detectors) shall be identical.
5. Antenna and Impedance Matching Requirements—Vehicle Test

5.1 Type of Antenna—An antenna of the type to be supplied with the vehicle shall be used as the measurement
anienna. Its location and aftitude are detemmined according to the production specifications.

i no antenna s to be fumnished with the vehicle (as is often the case with 2 mobile radio system), the antenna
types in Table 4 shall be used for the test. The antenna type and location shall be included in the test plan.

TABLE 4—ANTENNA TYPES
Band Antenna Type
Broadcast
w AM 1 m monopole
MW AM 1 m monopole
SwW AM 1 m monopole
VHF M 1 m monopole
Mobie Services
30-54 loaded quarter wave monopole
70-87 quarter wave monopole

144 - 172 quarter wave monopole
420-512 quarter wave monopote
800 - 1000 quarler wave monopole

52 Measurement System Requirements

;521 BROADCAST Banos—For each band, the measurement shalli be made with instrumentation which has the
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- §2.1.1 AM Broadcast

a  Long Wave (150 t0 300 kHz)
b. Medium Wave (0.53 to 2.0 MHz)
c. Short Wave (5.9 10 6.2 MHz)*

The measuring system shall have the following characteristics:

a Output impedance of impedance Maiching Device: 50 Q resistive.

b. Gairc The gain (or attenuation) of the measuring equipment shall be known with an accuracy of £0.5dB. The
gain of the equipment shall remain within a 6 dB envelope for each frequency band as shown in Fgure 2.
Calbeation shall be performed in accordance with Appendix A. .

Compression Point The 1 dB compression point shall oocur &t 2 sine wave voltage level greater than
60 dB(uv).

Measurement System Notse Foor: ﬂwmseﬂoorduemﬂnedemwliusdhgme&:mg
instrument, maiching amplifier, and preampiifier (f used) shaf be &t least 6 dB lower than the Gmit tevel

e. Dynamic Range: From the noise floor to the 1 dB compression point.

{.  Input impedance: The impedance of the measuring system at the input of the matching netwock shafl be at
least 10 times the open aircuit impedance of the artificial antenna network in Appendx A

FIGURE 2—EXAMPLE GAIN CURVE

5212 FM Broadcast (87 to 108 MHz)—Measurements shall be taken with a measuring instrument which has an
nput impedance of S0 Q. if the standng wave ratio (SWR) ts greater than 2:1, an input matching network shafl be
used. Appropriate comrection shafl be made for any attenuation/gain of the matching unit.

522 CommunCaTIONS BANDS (30 TO 1000 MHZ)—The test procedure assumes a S0 Q measuring instrument and a
S0 2 antenna in the frequency range 30 to 1000 MHz ttameammgmm:memandanammwmmﬂemg
orpedances are used, an appropriate network and commection factor shall be used.

Although there are several other shon wave broadcast bands, ths panadar band has been chosen because it s most cammonty used n
vehicles. 1t is expected that other shon wave bands will be protectad by cordormancs 10 the bmits in Uis band.
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6. mamawmummwu«mndammu
the radio recetving antenna placed at the comect vehicle location(s).

To determine the disturbance characteristics of individual distirbance sources or distrbance systems, all sources
shall be forced 1o operate independently across their cange of nonmal opecating condétions (transient etfects o be
determined).

The disturbance voitage shal be measured at the receiver end of the antenna coadal cable using the ground
contact of the connector as reference. The antenna connector shall be grounded to the housing of the on-board
cadio (center conductor of the antenna coax s not connected to the on-board radio). The radio housing shafl be
grounded 1o the vehicie body using the production hamess. The use of a high quality double shielded cable for
connection 10 the measuring recefver is required.

NoteE— The use of ferrite or other suppression material on the exterior of the coax is recommended. particuarty
below 2 MHz, for suppression of surface cumments.

A coaxial bulkhead connector shal be used for connection to the measuring receiver outside the shielded room.
See Fgure 3.

Some vehicles may allow a receiver to be mounted in several locations (e.g.. under the dash, under the seat,
etc). In these cases a test shall be caried out as specified in the test plan for each recetver location.

7. Limits for Vehicle Radiated Disturbances—The kmits of disturbance may be different for each disturbance
source. Long duration disturbance sources such as a heater blower motor must meet a more stringent
by the vehidle manufacturer. For example, door miror operation may be atiowed at a higher level of distirbance,
as it is operated foronly 1 or 2 s at a time. Coherent energy from microprocessors is moce abjectionable because
it resembies desired signals and is continuous.

For acceptable radio reception in a vehicle, the disturbance voltage at the end of the antenna cable shall not
exceed the values shown in Table 5.

PREPARED BY THE SAE EMR STANDARDS COMMITTEE
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1.
2.
3.
4.
5
6.
7.
8.
9.
10.
11.

Measuring instrument

ALSE ‘

Bulkhead connector

Antenna (see 5.1)

QT ’

Typical absorber material

Antenna coaxial cable

High quality double shielded coaxial cable
Housing of on-board radio

Impedance matching unit (when required)
Optional tee connector with one leg removed

FIGURE 3—VEHICLE RADIATED EMISSIONS—EXAMPLE FOR TEST LAYOUT

(END VIEW WITH MONOPQOLE ANTENNA)
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TABLE 5—-UMITS OF DISTURBANCE—COMPLETE VEHICLE

Terminal Noise Tecrnioal Nolss Terminal Holoe Torminal Nolee
Votage Voltage Yoltage Voitags Terminat Notve
=t Receiver «t Recelver ot Reostvec at Recstver Voltage
Anseans Terningl  Antenom Torminsl  Arieong Termined  Anteana Yermiaal a2 Reoelver
a8 (v) 8 V) a8 &) aB (v} Amnng Terminal
Broasbend Broadband Broachend Broadhend €8 (V)
Frequency Continuous Contirmsous Short Durstion Shoct Durgtion Narrowband
Band M) of e oP L L
w 0.1$-030 9 2 ‘15 28 6
W 053-2.0 € 19 135 28 [ 4]
SW 59-62 6 18 & 19 ]
VHF 30-54 6(15) 28 15 28 o
VHF 70-67 6 (159 28 15 28 0
VHF 87 -108 6159 28 15 28 [
VHF 144 . 172 6 {157 28 15 b 0
UHF 420512 6(15) p:} 15 28 (4]
UHF 800 - 1000 6 (159 28 15 28 0

Al broadband values ksted in thes table are vald {or the bandwidth specibed in Table 3.
Staveo sigrads may be mors susceptible t rederence than monaxral signals i the FVM-broaacast band. Tha pheaamenan has

beean tactored irgo the VHF (87 1o 108 Mz) et

s assumed that protection of senvices opedating on frequencies immadiaiely below 30 MiHz will mast Bty be provided # the knits
fx secvicns above 30 MHZz ars observed.

'lkmiamﬂmsystmodv




APFENDICA
{(Normative)

ANTENNA MATCHING UNIT—VEHICLE TEST
A.1 Antenna Matching Unit Parameters (150 kiz to 62 Miiz)—The requirernents for the measurement equipment
aredefinedinS2.1.
A2 Antenna Matching Unk—Calibration—The attificial antenna network of Figure A1 Is used o represent the

antenna inclucding the comxial cable. The 60 pF capacitor represents the capacitance of the comdal cable between
the car antenna and the input of the car radic.

300 t5pF
:\_{—-—lfrl—l} {‘ -“.L 3 {
S0 0
60 pF ==
SIGNAL ARTIACIAL ANTENNA MEASURING
GENERATOR ANTENNA MATCHING RECEVER
NETWORK UNIT

FAGURE A1—CALIBRATION SET-UP

A21 Gain Measurement—The antenna matching unit shall be measured 10 deterrnine whether its gain meets the
requirements of 5.2.1.1 using the test amrangement shown in Figure A1,

A22 Test Procedure

a. Setthe signal generator to the starting carrier frequency with 1000 Hz, 30% amplitude modulation and 40 dB
{1V} output tevel.
b. Piatmegamw_rvetoteadurequencysegmem

A3 impedance Measurement—Measurement of the outplt inpedance ot mwwlmwumu‘umi(mu'agum
shall be made with a vector impedance meter (or squivatent test equipment). The output impedance shall e
within a circle on a Smith chart crossing 100 + J0 Q, having its center 2 50 + 0 Q (e.9. SWRless than 210 1).
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APPENOXX B
(ntormative)
NOTES ON THE SUPPRESSION OF INTERFERENCE

8.7 introduction—Success i providing adio distwrbance suppression for a8 vehidle requires a systematic
medmmdn@mmwmmmnmmker This imerference may
reach the receiver and lowdspeaker in vanous ways:

a Disturbances coupled 10 the antenna

b. Oisturbances coupled to the antenna cable .

c Pmumuommmmuwmamycam

d. Duect radiation irto the recetver (imemumity of an autornobile radia 10 radiated intedlerence)
e mmwammmmmmmaem

Before the start of the investigation, the receiver housing, the emenna base, and each end of the shield of the
artenna cable must be comectly grounded.

B2 Disturbances Coupled fo the Antenna—dMost types of disturbances reach the recerver via the amenna
Suppressors can be fiiled to the sources of disturbances to reduce these effects.

8.3 Coupling 10 the Arfienna Cable—To minimize coupling, tha antenna cable should not be outed paraliel to the
waning hamess or other elecincal cables, and should be placed as remotely as possible from them.

B.4 Clock Oscillators—~Ragiznon/conduction from on-board electrondic modules may aifect other components on the
vehicle. Signficart harmonics of the execution dock ((B-Clack’) musst not concide with duplex transcerver
spacmgs. nor with recetver channe! frequencies. The fundamental frequency of oscllalors used in automotive
modulesicomponents shall not be an integer fraction of the duplex frequency of any mabile transcever system in
operation in the country in which the vehicie will be used.

B.5 Other Sources of Information—Correctve measures {or penetration by receiver wiring and by direct radiaton
are covered 1 other publications. Similarty, tests 1o evaluate the imrmunity of 3 recover 16 conducted and direct
radiated disturbances are also covered in other pubbcatons



APPENDIX C
LIST OF TXDOT LOW-BAND-VHF RADIO FREQUENCIES (MHz)
45.680 *
45720 *
45.800 *.
45.840 *
47.020
47.040
47.060
47.080
47.100
47.120
47.140
47.160
47.180
47.200
47.220
47.240
47.260

47.340

* These frequencies used only for mobile-radio transmission to a repeater and not for
mobile-radio reception.
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APPENDIX D
LIST OF VEHICLES AND THEIR TESTING PLACES

Table D.1 List of Vehicles and Their Testing Places

Vehicle Name Vehicle Number Testing Places
SwRI PT TTU

Ford F150 #1 2-4390-G X X X
Ford F150 #2 2-4391-G X

Ford F150 #3 2-4402-G X

Chevrolet S10 #1 20-4138-G X X

Chevrolet S10 #2 20-4144-G X

Chevrolet S10 #3 20-4137-G X

Chevrolet S10 #4 * 222312 X
Dodge Ram 1500 #1 13-4106-G X X

Dodge Ram 1500 #2 13-4484-G X

Dodge Ram 1500 #3 13-4105-G X

Dodge Ram 1500 #4 5-4173-G X
Dodge Ram 1500 #5 5-4171-G X
Dodge Ram 1500 #6 ** |5-5865-F X X

Note:

1. All vehicles are pickup trucks.

2. All vehicles are gasoline powered expect Dodge #4, 5, 6, which are gasoline and
propane powered.

3. SwRI = Southwest Research Institute, PT = Professional Testing,
TTU = Texas Tech University.

* : This vehicle number is a TTU number, all the other numbers are TXDOT numbers.

**: This vehicle is 96 model, all the other vehicles are 97 model.

X: vehicle tested in this place.
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