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IMPLEMENTATION STATEMENT 

Included in the results of the present study are some recommended 
modifications to the TxDOT T ex-899-8 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-
8 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-899-8 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 ofTransportation (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 ofprofessors, 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, I. 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 ofAutomotive Engineers test, SAE 1551/4 [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. 1551/4 involves the measurement ofRF 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. 155114 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. 

ANTENNA 

RADIO 

Fig. 1-1. Diagram of vehicle, emissions, antenna, and radio. 
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Actually, while the intent ofTex-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, 155114 is a more general industry standard, the applicability of which to the 
TxDOT problem was, a priori, not known. 

Objectives and Methods 
Concisely stated, our objectives were to evaluate and compare the two tests for 

TxDOT vehicles, to assess the degree ofcorrelation between them, to look for ways to 
improve them, and to determine whether some modified form of the 155114 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. 1551/4 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 
problem 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, 155114 and Tex-899-B. Second, we performed 
bench-top tests related to 155114 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. 
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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 S 10 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 

'97 Chevy 1 
'97 Chevy 2 
'97 Chevy 3 
'97 Dodge 1 
'97 Dodge 2 
'97 Dodge 3 
'97 Ford 1 
'97 Ford 2 
'97 Ford 3 
'97 Chevy TTU 
'97 Dodge propane 1 
'97 Dodge propane 2 
'96 Dodge propane 

Testing Agency 
SwRI PT TTU 

SAE,TX(m) 
SAE,TX(m) 
SAE,TX(m) 
SAE,TX(m) 
SAE,TX(m) 
SAE,TX(m) 
SAE,TX(m) 
SAE,TX(m) 
SAE,TX(m) 

SAE,TX(r) 

TX(m) 

TX(m) 

TX(m) FS,TX(m) 

FS 
SAE,FS,TX(b) 

TX(b) 
SAE,TX(r) 

Notes: (1) "SAE" = SAE J55114 test 
"TX(m)" =Tex-899-B test with Motorola MaraTrac radio 
"TX(r)" = Tex-899-B test with GE RANGRTM 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 
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The Tx.DOT 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 155114 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 RANGRTM. 

A detailed presentation of test data and discussion of results for the SwRI 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 1551/4. Two radio frequencies were used for the 
measurements, as indicated in the Notes ofTABLE 2-1 above, however the data in the 
figures is 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. "HV AC" 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 of/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 
dBj.!V, so all the vehicles passed. In the 155114 test (Fig. 2-2), the height ofthe bars gives the 
peak amplitude of the broad-band RF noise at the radio antenna port. The test limit is 28 
dBj.!V, so the vehicles failed the test for many configurations. 
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Fan High 
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DChevy
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Fig. 2-1. Example of data recorded in TxDOT Tex-899-B test. 
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SAE J551/4, Average Broadband Peak Level 
for Three Vehicles (47.02 MHz) 
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Fig. 2-2. Example of data recorded in SAE 155114 test. 
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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. J 5 51 I4 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-VEIDCLE TESTS 

Engine off 
Fuel pump on 

Engine running 
Fuel pump on 
HVAC fan on 

Tex-899-B 155114 
(FM signal) (BB peak noise) 

37 dBJ.LV 
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3. LABORATORYBENCH-TOPTESTS 

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 
SOURCES 

-

FMSIGNAL 
GENERATOR 

- EMI 

SIN AD 
METER 

r--

,, u 
• 
• -

~-
·;~;:;,·· 

- -
-

HYBRID 
JUNCTION 

RECEIVER 

FMRADIO 

• UNDER TEST 

Fig. 3-1. Block Diagram ofBench-Top Test System. 
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TABLE 3-1. LIST OF BENCH-TOP NOISE SOURCES USED 

Narrow-Band 
cw 
AM, sinusoidal (400Hz and 1500Hz) 
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 1551/4 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 J.1V 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 1551/4 test, thus giving the 1551/4 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. 1in [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 ofan 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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0 

AM Noise Peak Af11llib.de (cSLN) 0 

X X 

-7 -6.5 -6 -5.5 -5 -4.5 -4 -3.5 -3 

FM Noise Peak Amplitude (dBuV) 

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 1551/4 limit 
0 = suggested new 1551/4 limit 

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

The data points in Figure 3-2 were measured while recording a 12 dB SIN AD reading 
with a 1.0 1-1.V 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 155114 instead ofTex-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 155114 for Tex-899-B, these limit lines would need to 
approximate the measured curves. 

Shown in the figure by the row ofx's is the current 1551/4 broad-band limit at 28 
dB)lV. The current narrow-band limit lies off-scale to the right at 0 dB)lV. Clearly the 0 
dB)lV 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 dB)lV. A very conservative way to choose a new 
broad-band limit would be just to leave it at the current 28 dB )lV 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 dB)lV, thus bringing the comer of the limiting rectangle up 
close to the lower ofthe two measured curves. 

Of course the validity of these new 155114limits 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 ofthe 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 dB)lV is excessively low. One combination that certainly would be 
considered realistic is that ofDC-motor noise, {e.g. HVAC fan) and CW noise {e.g. 
microcontroller clock harmonic). Our bench-test data for this case suggests new limits of35 
dB)lV and- 4 dB)lV. 

The two-noise-source simulation, employing HV AC 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 ofbehavior in a victim device is accommodated in 
155114 through the use of a higher limit for broad-band than for narrow-band noise. However 
we have found that, for application of 155114 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 155114 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 
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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 9kHz 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 180kHz bandwidth (1.0% duty cycle); that is, if the bandwidth of 
the noise is more than 180kHz (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 180kHz boundary. We measure the peak value of 
the noise at two different bandwidths, 10 kHz and 120 kHz; if the difference is 1 7 dB or 
greater, it's broad-band noise, otherwise narrow-band. 
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4. PRINCIPAL RESULTS AND RECOMMENDATIONS 

Regarding Tx.DOT 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 f..LV 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 f..l V 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 ofpassing (from Fig. 2-2). With engine 
switched off, all the trucks passed, or came within 2 dB, when the HV AC 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 J55114 can be 
substituted for Tex-899-B if the following modifications are made to J55114: 

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

2. The current 28 dBf..LV 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 dBf..LV and, for spark-ignition plus DC motor, to 50 dBf..LV (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 10kHz (or 9kHz) to 120kHz. 
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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 perfonnng Tex-899-B at only two frequencies, a frequency scan covering all14 
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 Outcomes 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 ofthe effectiveness ofthe 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 
mcrease. 
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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 1551/4 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 
155114 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 

RANGRTM 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 SwRl and TTU results for the Tex-899-B test were in good 
agreement, with TTU noise readings about 1 dB higher, but in the 155114 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 (I s) at SwRl. 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) limit in Tex-899-B because the 1 !JV 
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 J55114 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 ofJ551/4 to Tex-899-B 
If substituting J551/4 for Tex-899-B, the broad-band peak limit can be raised from 28 

dB~V to 35 dB~V for DC-motor noise and to 50 dB~V 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 ofTex-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 ofnoise we employed, the TxDOT radios are much more 
sensitive to the narrow-band noise than to the broad-band. 

Among the different types ofnarrow-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 6kHz. 
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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 1551/4 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 SIN AD 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 155114 
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 HV AC 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 155114 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 HV AC 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 dB11V to about 47 dBjlV, for aMaraTrac 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. 

SINADMeter 
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 ofJ55114 to Tex-899-B 
If substituting 155114 for Tex-899-B, the narrow-band peak limit must be lowered 

from 0 dB!! V to - 5 dB!! V to protect against our worst-case narrow-band noise. 

If substituting 155114 for Tex-899-B, the broad-band peak limit can be raised from 28 
dB!!V to 35 dB!J.V for DC-motor noise and to 66 dB!J.V 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 dB!J.V for the worst-case noise 
combination we used in the lab. 

If substituting 155114 for Tex-899-B, the 155114 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 10kHz and 120kHz bandwidths; if the difference is 17 dB or greater, 
it's broad-band noise, otherwise narrow-band. 

Supplied in Report by Subcontractor, SwRl 
The following results apply to the nine 1997 -model vehicles tested by SwRl [ 6]. 

1. More vehicle test failures occurred for 155114 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 SIN AD 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 J55114, 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 dBJlV 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 dBJl V. 
Doing the measurements in a chamber would be much preferred, where the EMI receiver 
would provide a noise floor of perhaps- 10 dBJlV. 

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 dBJlV and 50 dBJlV limits can be measured 
outdoors, where we have found the ambient noise to be around 12 dBJlV. 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 
n01se sources. 

The practical difficulties involved in performing the J551/4 measurements need to be 
resolved. It may tum out that, with all its modifications, the 155114 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 155114. 
(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 J55114 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 ofmore complex electrical environments (digital and analog) in vehicles. 
(b) The change-over to higher radio frequencies and more sophisticated radio 

systems, such as trunking. 
(c) 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. 
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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 

SIN AD) 
R&S CMS54 Radiocommunication Service Monitor, RMS detector, readings/second 

= 1 to 4 (RMS voltage and SINAD) 

Oscilloscopes 
HP 54616B, 2 GSals, 500 MHz (RF waveforms) 
Fluke PM3370A, I MSals, 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) 
Weinschel3200T-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) 
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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 

27 



LABORATORY SIMULATION OF MOTOR 

VEHICLE RADIO INTERFERENCE 

by 

YE JIN, B.S. 

A THESIS 

IN 

ELECTRICAL ENGINEERING 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 

MASTER OF SCIENCE 

IN 

ELECTRICAL ENGINEERING 

Approved 

Chairperson of the Committee 

~~ 

Accepted 

Dean of the Graduate School 

December, 1998 



ACKNOWLEGMENTS 

I would like to express my appreciation to Dr. Thomas F. Trost for his patience 

and guidance on my thesis. I am also grateful to Dr. Kwong S. Chao and Dr. Osuma 

Ishihara for serving as my graduate committee members. Additional thanks go to those 

who worked in the TxDOT project in the past one and a half years at Texas Tech 

University and provided special assistance, particularly Mark Gary, Heath Hendrickson. 

Mike Ouren, Charles Valentine, Russell Wiant, and Qianlin Zhou. 

II 



TABLE OF CONTENTS 

ACKNOWLEDG11..1ENTS .......................................... ••••••••••• 0 •••••••••••••••• 00 .ii0 0 

LIST OF TABLES. 0 0 ••• 0 0 ••••• 0 0. 0 •• 0 0. 0. 0. 0 0 ••• 0 0 0 0 0 ••••• 0 0. 0 ••• 0. 0 •••••• 0 •••••• 0 •••••••••••••••••••v 

LIST OF FIGURES ...................... vii0 ••••••••••••••••••••••••• 0.·0····················· ••••••• 

CHAPTER 

I. INTRODUCTION- THE TxDOT PROJECT ........................................... 1 

II. LABORATORY TEST SYSTEM FOR FM RADIOS ........ oO. 0 •• 0 •••••••• 0 •••••••• .4 

RF Noise Sources in Vehicles ..................................... ••••••••••••••••• .400 

Vehicle EMC Test Methods oflnterest ... 5000 •••••••••• 00 •• o ••••••••••••••••••••••••• 

TxDOT Two-Way FM Communication Radios ............. 60 •••••••••••••••••••••••• 

Bench-Top Test System ......... 6o .. 0 .................. o ................ 000 000 •• 0 ........ 

Principle Test Equipment ............... 100 .. 0 ...... 0 ••• 0 0 0 •• 0 ... 0 .............. 0 ....... 

General Test Procedure ......... 1100 ..................................................... 

The Automatic Test Program ........................................................ 11 

III. RESULTS FOR NARROW-BAND SOURCES ....................................... 13 

Radio Noise Blankers ................................................................ 13 

FM SignaL ............................................................................. 14 

CW Noise Simulation and Test ...................................................... 15 

AM Noise Simulation and Test ...................................................... 17 

FM Noise Simulation and Test ........................................................ 23 

The Measurement ofiC Emissions.................................................. 29 

lll 



IV. RESULTS FORBROAD-BAND SOURCES..........................................32 

Ignition Noise Simulation and Test.................................................32 

Differential-Mode versus Common-Mode Currents ..............................36 

Fuel Pump Noise Test. ................................................................36 

HVAC Fan Noise Test ................................................................. .40 

Transfer Function between HVAC Fan Currents and TxDOT Radio 
Noise Input .............................................................................40 

V. DATA INTERPRETATION AND CONCLUSIONS ............................... .44 

Summary ofBench Test Results ...................................................44 

Back-Door Penetrations ..............................................................46 

Narrow-Band versus Broad-Band .................................................. .49 

Further Study of AM/FM Noise ................................................... 54 

Thermal Noise ........................................................................ 55 

New Limit. .............................................................................56 

Conclusions............................................................................ 56 

REFERENCES ......................................................................................59 

APPENDIX 

A. TEX-899-B TEST ...........................................................................60 

B. SAE 1551/4 TEST ...........................................................................69 

C. LIST OF TxDOT LOW-BAND-VHF RADIO FREQUENCIES (MHz) ..........82 

lV 



LIST OF TABLES 

1. Brand and Model ofPrinciple Test Equipment ....................................... 10 

2. Bench Test Data for CW Noise........................................................... 16 

3. Bench Test Data forHMCWNoise with a 15% Duty Cycle .........................21 

4. Bench Test Data for HMCW Noise with a 50% Duty Cycle .........................21 

5. Bench Test Data for 400Hz AM Noise..................................................24 

6. Bench Test Data for 1.5 kHz AM Noise .................................................24 

7. Bench Test Data for 400Hz FM Noise..................................................27 

8. Bench Test Data for 1.5 kHz FM Noise (with 3.0 kHz Frequency Deviation) ....27 

9. Bench Test Data for 1.5 kHz FM Noise (with 6.0 kHz Frequency Deviation) ....28 

10. Bench Test Data for IC Noise ........................................................... 31 

11. Bench Test Data forlgnition Noise ......................................................35 

12. Bench Test Data for AutoZone Fuel pump Noise (with Distilled Water) .......... 38 

13. Bench Test Data for Dodge Fuel Pump Noise (with Stoddard Solvent) ............39 

14. Bench Test Data for HVAC Fan Noise (Using Current Probe) ..................... .42 

15. Bench Test Data for HVAC Fan Noise (Using Whip Antenna) ......................43 

16. Summary of Bench Test Results for Narrow-Band Sources ........................ .45 

17. Summary ofBench Test Results for Broad-Band Sources .......................... .45 

18. Results for Back-Door Penetration Observation on Motorola MaraTrac 
No.2 Radio ................................................................................. .48 

19. Results for Back-Door Penetration Observation on GE RANGR No.2 Radio ... .48 

20. Bench Test Data for Further Study ofHMCW Noise with Two Radios ............52 

v 



21. Bench Test Data for Thermal Noise .....................................................55 

VI 



LIST OF FIGURES 

1. Block Diagram ofBench Test Setup ...................................................... 7 

2. A 4-port Hybrid Junction ...................................................................8 

3. A Run-Time Screen Shot of the Automatic Testing Program ........................ 12 

4. The Spectrum ofa 47.02 MHz FM Signal with 1.5 kHz Modulation 
Frequency and 3.3 kHz Frequency Deviation .......................................... 14 

5. The Spectrum of47.02 MHz CW Noise ................................................ 16 

6. A 47.02 MHz HMCW Noise with a 15% Duty Cycle ................................. 18 

7. A 47.02 MHz HMCW Noise with a 50% Duty Cycle ................................. 19 

8. The Spectrum of47.02 MHz AM Noise with 90% Modulation and 
400 Hz Modulation Frequency ..........................................................22 

9. The Spectrum of47.02 MHz AM Noise with 100% Modulation and 
1.5 kHz Modulation Frequency ...........................................................22 

10. The Spectrum of47.02 MHz FM Noise with 400 Hz Modulation 
Frequency and 3.0 kHz Frequency Deviation .......................................... 26 

11. The Spectrum of47.02 MHz FM Noise with 1.5 kHz Modulation 
Frequency and 3.0 kHz Frequency Deviation .......................................... 26 

12. The AM/FM Spectrum ofiC Emissions from Motorola MC68HC11E1 
Microcontroller.............. . ........................................................... 30 

13. The Waveform oflgnition Noise at the Antenna on a Dodge Truck................33 

14. The Waveform of Simulated Ignition Noise ............................................35 

15. Fuel Pump Noise Observed on an AutoZone Pump ...................................38 

16. HV AC Fan Noise ......................................................................... .41 

17. Peak Noise Level for 12 dB SINAD from Table 18 ...................................54 

Vll 



CHAPTER! 

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 155114 test,[l] 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 RFI issues, such as TxDOT Test Method Tex-899-B.[2] 

Extensive RFI testing by vehicle manufacturers typically provides adequate 

protection for GEM-installed electronics. Great efforts are made to assure all of the 

subsystems in 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 Transportation (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. Reliable radio communication is critical to the 

successful fulfillment ofTxDOT 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 ofRF emissions from the vehicles. 

The current TxDOT 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 

2 



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 ofall 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 1551/4 and TxDOT Tex-899-B, and finally, the conclusion on 

how SAE 155114 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 1551/4. 
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CHAPTERTI 

LABORATORY TEST SYSTEM FOR FM RADIOS 

RF Noise Sources in Vehicles 

Tx:DOT 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, modem 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 HV AC (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 Tx:DOT 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. 
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Vehicle EMC Test Methods of Interest 

There are two vehicle EMC test methods which were used and investigated in this 

Tx:DOT project. They are the SAE Standard 1551/4 and the TxDOT Test Method Tex-

899-B. 

The current SAE 1551/4 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 MH.z. 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 Tx:DOT Test Method Tex-899-B, which involves a SINAD test, provides test 

limits and methods to assure the compatibility of Tx:DOT 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 lo (rms value of signal, noise, and distortion). 
giO I f . d d' .rms va ue o n01se an Istortion 

There exists one important difference between these two test methods. The SAE 

155114 test measures the RF emissions received by an antenna on the vehicle. On the 

contrary, the Tx:DOT Tex-899-B test measures the effect on a radio of emissions received 

by an antenna on the vehicle. 
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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 3000Hz. 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 155114 test and the SINAD 

value for the TxDOT Tex-899-B test. 

In order to simulate the real-world RF emtsstons 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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Figure 1. Block Diagram ofBench Test Setup 
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Modulated Continuous Wave) signal are generated for simulation purposes. We use the 

terminology HMCW to mean 1000/o 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 !J.V FM signal is generated to simulate the communication signal voltage 

delivered by an antenna on the vehicle. It is combined with one ofthe 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 

FM Radio El\.11 Receiver 
or 

Spectrum Analyzer 

2 

3 

4 

Signal Source 

Figure 2. A 4-port Hybrid Junction 
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The noise source and signal source are connected to port 2 and port 4 

respectively. Port l 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, dBJ.I.V and dBm, in this TxDOT project. 

The amplitude, expressed in dB relative to 1 J.I.V, is referred to as dBJ.I.V, that is, 

volts]dBJ.I.V = 20log10 -- .( lJ.I.V 

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

dBm=dBmW 

watts)I01og 10 --( • 

lmW 

For a 50 Q system, the conversion between J.I.V, dBJ.I.V and dBm is as follows: 

= -107 dBm. 
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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 
RF Sources 

RF Receiving 
Equipment 
SINAD Meter 

Oscilloscopes 

Network Analyzer 

Passive Devices 

I 

I 

Brand and Model 
Fluke 6060B Signal Generator 
R&S CMS54 Radiocommunication 
Service Monitor 

E-H Research Labs 139B Pulse 
Generator 
HP 8592L Spectrum Analyzer 
R&S ESS EMI Receiver 
HP 8903A Audio Analyzer, 
readings/second = 2 
HP 54616B, 2 GSals, 500 MHz 
Fluke PM3370A, 1 MSals, 60 MHz 

HP 8753C 

Synergy Microwave DJK-702 0°-
180° Hybrid Junction 
Weinschel3200T-l Programmable 
Attenuator 

Usage 
FM Signal 
CW Noise, AM Noise, 
FM Noise, and HMCW 
Noise 
Ignition Noise and 
HMCWNoise 
Spectrum Checks 
All Noise Measurements 
12 dB Reading 

RF Waveforms 
AF (Audio Frequency) 
Waveforms 
S-parameters of Hybrid 

1Junction 
Couple Together Multiple I 
Devices 

Ignition, Fuel Pump, and 
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 JiV 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 10kHz or 120kHz bandwidth, depending on whether the noise is narrow­

band or broad-band. This step provides the SAE 155114 test value corresponding to the 

above Tex-899-B limit. 

The Automatic Testing Program 

The test equipment is also connected to a computer via GPffi (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 
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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. 

;a Fuel Pump Test Program with ESS.vi 

-
; Oetedor Level 
·~ 1\:'l~e.rsu;ement dBuV1, ~J-~}t) dBm 
! 

Figure 3. A Run-Time Screen Shot ofthe Automatic Testing Program 
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CHAPTER ill 

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 10kHz 

measurement bandwidth was used on the R&S ESS EMI receiver for measuring the RF 

noise voltage according to SAE Standard J55114. 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 TxDOT 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 signaJ 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 I.0 JJ.V 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 JJ.V 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 ofa 47.02 M:Hz CW signal is shown in Figure 5. 

For a CW signal, both theory and measurement using the R&S ESS EMl 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 J.1V FM signal. From the test data, the average value and the standard 

deviation can be calculated using the following statistical methods: 

- "" XAverage = X = _L-__ , 
n 

and 

1 
. . p:. (X - X)

Standard D evaataon = S = , 
n -1 

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

values are 

Average = -2.5 dBJ.1V, 

and 

Standard Deviation= 0.8 dB. 
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Table 2. Bench Test Data for CW Noise 

0. 1 
la MaraTrac 0. 2 

Motorola SYNTOR X 
Motorola SYNTOR X 

Radio Brand & Model Peak Level ofCW Noise (dB~V) 
at Two Frequencies for 12 dB 
SINAD with 1.0 ~V FM Si nal 

47.02 MHz 47.18 MHz 
-3 -3 
-3 -3 
-3 -3 
-l -l 
-3 -3 
-2 -2 
-2 -2 
-2 -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 500/o duty cycle. 

For an H:MCW 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, 

17 



2 

..;.. ; 
··~ .. ····+••"-··· .. ; .. ~~-· ... ,. .......... ;.~-· 

.... ~ 
,. 

. .... 
.:~ .. --~··~+·····"' :-~· . ... 

:! 
.. i. ' ....... ~ ~. ~· .... i .• " ..... ~ i.... . .. i ..... 

;.,. 

(a) 

REF" -60.0 d8111 tAT 8 dB 
PEAK . . .LOS . .. . .. .. .. 

............................. 111 .......... « ................................................................... ~.-···················19 .. " .. .. . .. .. . .
dB/ 

. . .. .. .. . ... .. .. ........ .. ~·-··-······•"'-···· ............ ~-····· ........................................................................ ..~···· ~ 

WA 
. . .. .. ,. ....................... -................ ~ .................................................. , .. ..~·-···············~·· . . .. .. .. .. ... .. .. .. 

. . . .. . .. . . ..................................... .......... ,. ... .................................... ....................................... .. ..·~ ~ ·~· ~ -·~·· . .. . .. . .. .. . .. 

CENTER 47.02808 ~Hz SPAH 49.99 kHz 
•RES BW 388 Hz vaw aee Hz ISWP 2.88 s~c 

(b) 

Figure 6. (a) RF Waveform and (b) Spectrum of a 47.02 MH.z 
HMCW Noise with a 15% Duty Cycle 

18 



ft RUN 

.. 
. ..;.. 

I •. ' 

: . ' ~ . ' . 

I 

l . ' .. -r"'I 

L---------~--~·~------------
(a) 

REF -se.e dBm IAT 0 dB 
PEAK . .LOG . . .. .. . . . . ................................ ....................................................... .. ,.~~·····~··~·············· ~18 .. .. .. .. . .. .. . .dB/ . . .. .. .. .. .. . .. . . ............................. ................................................................ .......................... .~ ~ ~ .. . . .. .. . 

. . . 
# ..................... ,. .... ,. .............. " ..... ~ ..... "' ..... * .. ... • • .. • • • • • .... . . .. . .. 

.. .. .. . .. . . 
o o.., a • • • • • • • o o "' • o • o • ., • "' "' " " " ., • • ""• "" • • • • o + o ., '" • " "' • • • • '" • • "' " " o "' o • • ~ " • <o • • o "' • " <o • • ., o • • • • • • • • o • • & • • • o " • • iO • ..- " " o. ... . .. . 

CEHTER 47.82908 ~Hz SPAH 49.08 kHz 
iRES BW aee Hz VBW 39El Hz ISWP 2.ee 'i&C 

(b) 

Figure 7. (a) RF Waveform and (b) Spectrum of a 47.02 MHz 
HMCW Noise with a 50% Duty Cycle 

19 



PK = A V + 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= -1.1 dB~J,V, 

and 

Standard Deviation= 0.2 dB. 

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

Average= -1.8 dB~J,V, 

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 400Hz modulation frequency. The spectrum ofthis signal at 47.02 

MHz is shown in Figure 8. Figure 9 gives the spectral display ofthe other AM signal at 

47.02 MHz. It 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 HM:CW Noise 
with a 15% Duty Cycle 

Radio Brand & Model Peak Level ofHM:CW Noise (dB11V) 
at Two Frequencies for 12 dB 
SINAD with 1.0 11V FM Signal 

47.02MHz 47.18 MHz 
GE RANGR (No. 1) -1.2 -1.2 
GE RANGR (No. 2) -1.1 -1.1 
GE RANGR (No. 3) -1.4 -1.4 
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 ofHMCW Noise (dB11V) 
at Two Frequencies for 12 dB 
SINAD with 1.0 11V 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. I) -1.6 -1.6 
Motorola MaraTrac (No. 2) -2.0 -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+6dB, 

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, al1 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 J.1V FM signal. From the bench test data, for the 400Hz AM 

noise, the statistics give 

Average= -0.7 dBJ.tV, 

and 

Standard Deviation= 0.3 dB. 

And for the 1. 5 kHz AM noise, these values are 

Average = -1 . 9 dBJ.tV, 

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 ofTransportation, 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 400Hz AM Noise 

Radio Brand & Model Peak Level of400Hz AM Noise (dBIJ.V) 
at Two Frequencies for 12 SINAD with 

1.0 ~-~.v FM Signal 
47.02MHz 47.18MHz 

GE RANGR (No. 1) -1 -1 
I GE RANGR (No. 2) -1 -1 
! GE RANGR (No. 3) -1 -1 
I Ericsson ORION_{No. 1) 0 0 
I Ericsson ORION _{No. 2) -1 -1 
! Motorola MaraTrac (No. I) 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 (dBJ.tV) 
at Two Frequencies for 12 dB SINAD 

with 1.0 1-1.V FM Signal 
47.02 MHz 47.18 MHz 

GE RANGR (No.1) -1.6 -1.6 
GE RANGR (No.2) -1.5 -1.5 
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 seJVice 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 = A V + 1.2 dB, 

which was measured using the R&S ESS E.Ml 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 !J.V 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 dB!J.V, 

and 

Standard Deviation= 0.8 dB. 

And from Table 8, these values are: 

Average= -2.6 dB!J.V, 

and 

Standard Deviation= 0.4 dB 
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Table 7. Bench Test Data for 400Hz FM Noise 

Radio Brand & Model Peak Level of400Hz FM Noise (dB~-LV) 
at Two Frequencies for 12 dB 
SINAD with 1.0 J.!V 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 (dB11V) 
at Two Frequencies for 12 dB SINAD 

with 1.0 11V 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 Motorola 

MaraTrac No.2 at 47.02 MHz found that for the 12 dB SINAD with a 1.0 1-1V FM signal, 

the worst peak noise level was -4.5 dB1-1V 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 4 7.18 'M:H.z. 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 dBJ.!V, 

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 (dBJ,lV) 
at Two Frequencies for 12 dB SIN AD 

with 1.0 uV FM Signal 
47.02MHz 47.18 'MH.z 

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) -3.8 -3.8 

. Motorola MaraTrac (No.2) -4.3 -4.3 
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The Measurement oflC 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 MC68HC11El microcontroller installed on it. 

A program was written using Motorola 68HC 11 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 voltage 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 n 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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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. I 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 

3 200T -I 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 I.O 11V FM signaL The statistics for modes I and 3 were calculated together 

because they have a simi tar AMJFM spectrum. The average and the standard deviation 

of the peak level of the noise are 

Average -2.0 dB!.iV, 

and 

Standard Deviation 0.1 dB. 

Table 10. Bench Test Data for IC Noise 

Radio Brand & Model Peak Level ofiC Noise (dB11V) for Two Modes at 
47.00 MHz for 12 dB SINAD with 1.0 ~V FM Signal 

3 
: GE RANGR (No. I) 

I 
-1.9-1.9 

• with Noise Blanker On 
GERANGR(No. I) -2.2 

: with Noise Blanker Off 
Motorola MaraTrac (No. 1) -2.1 

-1.9 

-1.9I
with Noise Blanker On 
Motorola MaraTrac (No. 1) -2.0 -2.1Iwith Noise Blanker Off 
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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 JSSl/4, a 120kHz 

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. 

Ignition 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 oscilloscope 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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Figure 13. The Waveform oflgnition Noise at the Antenna 
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 J.l.S 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 

dBJlV. The actual SINAD value from the HP 8903A audio analyzer was between 27 and 

31 dB. 

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 ofthe noise peak level is 

Average= 40.7 dBJ.l.V, 

and the standard deviation is 

Standard Deviation= 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 (dBJ..lV) 
(with Noise Blanker Off) at Two Frequencies for 12 dB 

SINAD with 1.0 J..1V FM Signal 
47.02MHz 47.18 MHz 

• GE RANGR (No. I) 40 42 
i GE RANGR (No. 2) 36 43 
• GE RANGR (No. 3) 41 39 
• Ericsson ORION (No. 1) 38 40 
I Ericsson 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 
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Differential-Mode versus Common-Mode Currents 

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 10kHz 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 ofbursts of ringing pulses. 

Second, the amplitude is about 100 m V 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 J.!V 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 dBJ.!V, 

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 (dBJ.lV) at Two 
Frequencies: 47.02 'MHz and 47.18 'MHz for 

12 dB SINAD with 1.0 J.1V 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. I) 30,28 28,31 

i 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 8903A 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 blanker is off, the effects are almost the same. For the 12 dB SINAD 

with a 1.0 11V FM signal, the worst case is a 30.4 dBil V peak noise level. 

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

Radio Brand & Model I Peak Level ofFuel Pump Noise (dBJ..lV) 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, 43.1 34.2, 32.0 35.4, 34.4 
Motorola MaraTrac (No. 2) 7.5, 45.8 38.2, 39.4 30.4, 32.6 31.3, 33.8 

39 



HV AC Fan Noise Test 

In the laboratory, a Dodge HV AC 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 (a) 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 ~V 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 dB~V peak noise voltage level. 

Transfer Function between HV AC 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 ofthe current probe, a 86 em 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 HV AC Fan Noise 
(Using Current Probe) 

Radio Brand & Model Peak Level ofHVAC Fan Noise (dBJ.LV) at Two 
Frequencies: 47.02 MHz and 47.18 MHz 
for 12 dB SINAD with 1.0 ~V FM Signal 

Noise Blanker On Noise Blanker Off 
OM CM OM 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 HV AC 

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 J.1V 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 ofHVAC Fan Noise (dBJ.tV) at Two 
Frequencies: 47.02 MHz and 47.18 J\.1Hz 
for 12 dB SINAD with 1.0 J.tV FM Signal 

Noise Blanker On Noise Blanker Off 
GE RANGR (No. I) 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 nartow-band and broad-band 

noise sources, the peak voltage levels are listed for comparison with the limits specified 

by the SAE 1551/4. All the data were taken from the tests run at 47.02 MHz and 47.18 

:MH.z, 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 ofFM noise. The average peak levels, -2.6 dBJ..lV and 

-4.1 dB1-1V (worst case), using the TxDOT Tex-899-B criterion lie below the SAE JSSI/4 

narrow-band limit of 0 dB1-1V. 

The radios are also sensitive to CW and AM waveforms, which were simulated on 

the bench. The average peak level ofthe CW noise, -2.5 dBJ..lV, is lower than the SAE 0 

dBJ..lV 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 

dBJ..lV) 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 dB1-1V, is 
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Table 16. Summary ofBench Test Results 
for Narrow-Band Sources 

Noise Source Peak Noise Amplitude (dBJ.!V) at 
(Narrow-Band) 47.02 MHz and 47.18 MHz for 

12 dB SINAD with 1.0 J.!V FM Si~nal 
cw -2.5 ±0.8 
AM (400Hz) -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) -1.8 ± 0.2 
50% Duty Cycle 
FM (400Hz), 3.0 kHz Deviation -2.6 ±0.8 
FM (1.5 kHz), 3.0 kHz Deviation -2.6 ± 0.4 
FM (I .5 kHz), 6.0 kHz Deviation -4.1 ±0.2 
Microcontroller -2.0±0.1 
(AM/FM Spectrum) 

Table 17. Summary ofBench Test Results 
for Broad-Band Sources 

Noise Source 
(Broad-Band) 

Peak Noise Amplitude (dBJ.!V) at 
47.02 MHz and 47.18 MHz for 

12 dB SINAD with 1.0 J.!V FM Signal 

Radio Noise Blanker On Radio Noise Blanker Off 
Ignition > 66 41.3 ± 3.3 
Fuel Pump (with Distilled 
Water) DM 

28.3 ± 3.4 28.3 ± 3.4 

Fuel Pump (with 
Stoddard Solvent) 

DM 47.2 ± 1.3 32.3 ± 1.6 
CM 41.0 ± 2.6 33.7 ± 1.7 

HVAC Fan DM 41.7±1.9 31.5±1.4 
CM 40.7 ± 2.3 31.0±1.7 
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still slightly below SAE 0 dB!JV 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 blanker turned off, the average peak level (41.3 dBIJV) of such 

noise using the TxDOT Tex-899-B criterion is much higher than the SAE broad-band 

limit which is 28 dBIJV. 

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 dBfl V) 

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 dB!J.V) 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 ofRFI 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 JlV 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 ofCW Noise (dBJ.LV) 
at Three Frequencies for 12 dB 
SIN AD with 1.0 J.LV FM Signal 

47.02MHz 10.7MHz 455kHz 
On Power Line 88.6 No 

Interference 
Found 

No 
Interference 

Found 
On Control Line 94.3 
On Audio Line 91.0 

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

! Position of the Small Loop Antenna Peak Level ofCW Noise (dBJ.LV) 
at Three Frequencies for 12 dB 
SINAD with 1.0 IJ.V FM Signal 

47.02MHz 20.8 MHz 455kHz 
\ On Power Line 
I On Control Line 
I On Audio Line 

90.0 
92.3 
92.1 

No 
Interference 

Found 

No 
Interference 

Found 

48 



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 HV AC 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 turned 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 dBJ.1V, the actual SINAD reading 

was still above 28 dB for these two radios. So the RF emissions from the HV AC 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 corresponding 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 modem motor vehicles, SAE 155114 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. ClSPR., the French translation meaning International Special Committee on 

Radio Interference, is a committee ofthe International Electrotechnical Commission. 

For example, following this SAE test procedure, the HV AC fan noise 1s 

determined to be broad-band because the measurement using the R&S ESS EMI receiver 

with a I 0 kHz measurement bandwidth showed that the difference between its peak and 

average values is greater than 30 dB. Also when this I 0 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. Funherrnore, 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 l.S 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 waveforrns for 

duty cycles below l 0%, 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-

SODR 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' pons, respectively. And its 'RFl' port was terminated with a 50 n 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 EMl receiver with a 10 kHz 

51 



Table 20. Bench Test Data for Further Study on HMCW 
Noise with Two Radios 

I 

Duty 
Cycle 
(%) 

70 
60 
50 
40 
30 
20 
15 
10 
s I 
3 
1* 

0.3* 
0.1* 

0.03* 

Difference Difference Difference Peak Noise Level (dBJ..LV) at 
(dB) (dB) (dB) 47.02 MHz for 12 dB SINAD 

between Peak betweeen between Two with I. 0 llV FM Signal 
and Average Peak and Peaks for (10kHz and 120kHz 

for Ideal Average for 10kHz and Measurement Bandwidths) 
Rectangular 10kHz 120kHz Motorola GE 

Pulses Measurement Measurement MaraTrac RANGR 
Bandwidth Bandwidths No.2 No.2 

3 3 0 -3.0, -3.0 -3.2, -3.2 
4 4 0 -3.0, -3.0 -3.2, -3.2 
6 6 0 -2.4, -2.4 -2.2, -2.2 
8 8 0 -2.4, -2.4 -1.9, -1.9 
10 10 0 -2.4, -2.4 -1.5, -1.5 
14 14 0 -1.2, -1.2 -1.3, -1.3 
16 14 2 -1.0, 0 -1.1' -0.1 
20 15 5 -1.5, 3.5 -1.8,3.2 
26 15 11 -1.5,9.5 -2.0, 9.0 
30 15 IS -0.3, 14.7 -1.2, 13.8 
40 16 20 20,40 15, 35 
50 16 20 27,47 .,'l 41 

60 10 22 18,40 17, 39 
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 

120kHz. The peak noise level for the 12 dB SINAD with a 1.0 J.!V 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 boundary 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 triggered 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 AMIFM Noise 

A further study of AMIFM noise was also done on the bench. We used the 

internal FM modulator of the R&S CMS54 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. 
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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 n 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 J..LV 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 I 0 kHz and 120 kHz bandwidths is 12 dB, which is less than our 20 dB criterion. 

Table 21. Bench Test Data for Thermal Noise 

I Radio Brand & Model I Noise Level ofThermal Noise (dBJ..LV) at 47.02 
MHz for 12 dB SINAD with 1.0 J..LV FM Signal 

with Two Measurement Bandwidths 
120kHz 10kHz 

PK AV 
GE RANGR (No. 2) 13.2 

AV PK 
1.61 1.0 -9.2 

Motorola MaraTrac (No.2) 13.0 0.3 -10.71.0I 
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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-band 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 dBJ..tV. In addition, the 

data from other narrow-band sources show that the worst peak noise level lies at about -4 

dBJ..tV. So it is reasonable to set the new limit below that level, such as -5 dBJ.LV, 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 155114 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 dBJlV. Furthermore, the data from other broad-band sources measurements give 

a peak noise level lying at 38 dBJ..tV or higher. Therefore, the 34 dBJ.LV new limit is a 

reasonable limit for broad-band sources. 

Conclusions 

From the discussion m the prev10us 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 ofall 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 Tx.DOT 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 HV AC fan noise 

because the transfer function between the fan currents and the radio noise input 1s 

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 HV AC 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 dBJ..LV, can 

remain unchanged or even be raised if one wishes to use the SAE standard in place of the 

Tx.DOT standard. Meeting this limit guarantees passing the Tx.DOT test. 
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Ninth, if using the SAE standard in place of the TxDOT for narrow-band noise, 

the present 0 dB!J.V peak amplitude limit is too high. A lower narrow-band peak limit of 

-5 dB!J.V 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 ofoperation. 

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. 

Eguipment 

I 00 Watt VHF FM communications transmitter and recetver 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 directionat minimum 

RF termination load 
• Magnetic mount antenna for the testing frequencies 
• RF isolation choke, a (6ft. by 6ft.) 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 bums 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. 

2 Generate a standard test signal and establish 12 dB SINAD. 

3 Record receiver basic sensitivity. 

4 

5 

6 

Increase signal 6 dB above Step 3. 

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

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. 

61 



• 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 ofon-channel center frequency FM 
modulated with a I kHz sine wave tone at ::t: 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 

1 Subtract the sensitivity into antenna from sensitivity into RF load 
tennination. 

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 

I Reconnect vehicle battery. 

2 Increase the signal generator RF output level until a I2 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 I2 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. 

Turn off engine. 

NOTE: The electrical system should be designed so the effective sensitivity of 
the VHF FM receiver requires not more that I 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 

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

2 Verify engine is OFF. 

3 Raise test vehicle (6 in.) off floor. 

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

5 Key microphone on test radio. 

6 Record nominal forward RF power to the antenna. 

7 Record reflected RF power from the antenna. 

8 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 I 0% 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 accessones 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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APPENDIXB 

SAE J551/4 TEST 

TEST UUrtS ANO METHODS OF MEASUREMENTOF RADIO OIS1lJR8ANCE CHARACTERIST1CS 
OF VEHlct.ES ANO DEVICES. BROADBAND ANO NARROWBAND, 150 ldizTO 1000 MHz 

~This SAE Standard is based on C1SPR 25 which has been deYelaped by CISPR &b::ommittee 0 and 
has been apptOYed to be published. The SAE Sec:uomagnetic RadiaDon Committee has been an adive 
participant in Subcommittee 0 and in the dewiopment d CISPR 25. 

This document pn::Mdes test limits and pocedun!s for the "potection d vehicle receivefs from ntdio frequency 
(RF) emtssions caused by on-board vehicle compoc lei1IS.· 

No'rE--Appendix B provides helpful methodology for resolution of interierence problems. 

TABLE OF CONTENTS 

Scope·-··-·-·····-····-········-·····--- ---·-·-················-···----·-·--······-2 
2.. References_________________ _ ______J 

2..1 Applicable Documents·----------------- -------3 
2..1.1 SAE Pll.!:llicaDon 
2..12 CtSPR Publicafun -·-

3. Definitions_____________ ·-·----------3 
4. Requirements Common to Vehide and Componentn"'odu!e Emissions Measurement ·············----········-·····3 
4 .1 General Test Requirements and Test Plan--··--·-·-····--···-····-············--······-············----······-·-··3 
4.1.1 Test Ran Note-·--·····- ------··---····-·-····-·-·- 3 
4.1.2 Determination of Conformanc:e Wcth Limits--------···--·---·-··-···-·-·····-· 3 
41.1.3 CatC90ries of Disturbance Sources (as appfled in the ~st plan)-··-·-···-··--······-····--·· .3 
4.1.4 Examples ot Broadband Oisturbaooe Sources -------···--·-·--··--·····----·---····--·5 
4.1.5 NatTIJ\'Itland Ois1urbance Sources_ -·····---·--····-·-···----·--·---···----·5 
4.1.6 Operating Conartions ----··---·-·--·-·------········-·-····-···----··-··-··-·--·· ______.s 
4.1.7 Test Report --·---··---·--------·--··-······-·····---······--··--·--··--·--··5 
4.2 Measuring Equipment Requirements. ·-···-··············---·--···--····--···--··---------5 
4.3 Shielded Endosure -·-··--·----------··-·--···-·-·······---·-·--·-···············-·---·----5 
4.4 Absort>er-l.ined Shielded Enclosure (ALSE) ·-----·-·-..·-··-···-·---·-···--···-·--·--····--·-···-··-··-·5 
4.4.1 Reflection Characteristics--·-··------··-·-·········-·-·-·-·-···-·-····- 6 
4.4.2 Objeds in ALSE·--·--··--··--···-·---·····-····-··-···········----····-·--··-·-······--·---·-·-·-·-6 

SAE T~ Slanod<ln::t:s 8oat'd Rules ~ lNt "This "fpc-! IS c;>ul:lt<$h<!<! by !:iAE 10 acvanoe he suw <A lecnncal and ~ 
sc>enoes. The use ol V><s report is ~-..cary. and its ~ry aoo $.Uit.1biloty 1o< arty~ use. indudlng any p:a~ 
inhu ~ ansong tnef'e1f'Dm. is 1ne SOle responsibitity ol- use<: 

SA£ ...,_..,.. <!!.ll<:tll~ ·~at teas~ fNf!ry ""'e year.~ at wtlld1 bme tt may t>e rcaffirmea: ·~- oc cancekd. SAE o<Mie-s roo' 
WT"'''~n <:nnlt"f'tl~ .and suggeSbans. 
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MinimumScanTane ____________________________6~---------------------------------------------------- ·----~ 
Measuring Instrument BandwidUl --------.6 

5. Anlennaand I~Marching Requirernerlts-enicle Test------------7 
5.1 Typeof.Ant .7 
5.2 Measurement System Requirements -·7 
5..2.1 Broadcast Bands 7 
5.2.2 Communications Bands (30 to 1000 MHz) __e 

6. Melhod of Measurement ·-----------------·------------9 
7. l.imils for Vehicle Radiated Disturbances---------------------9 

Appendix A Antenna Matching Unii-Vf.lhide Test ___ ------·------------------12
Appendix B Notes on the Suppression of Interference-------------------- 1-4 

Figure 1 Method of Oetennination of Conlonnance of Ramatedt'Conduded Oisrulbance .4 
Rgure2 Example Gain Curve e 
FtgUre3 Vehide Radiated Etnissions-&amp for Test Layout (Et'ld VIeW Wrlh Monopole Antema) ----10 

Table 1 Examples of Broadband Disturbance Sources by Duration ·-··-···-··--··-·-·-···-··-·····-·······-···---..5 
Table2 Minimum Scan Ttme-----·----------···········-·······-············-·······--···-········-···---·---·----·--6 
Table 3 Measuring Instrument Bandwidth (6 dB) -·--··----·-·-·---·--·--··-·----·-····-··--------------··7 
Table<: Antenna Types.___ -·----·-..---------····---·--·--7 
TableS Limits of D"asturbance-Complete Vehicle 1 1 

1. Sc:ope-This SAE Standard contains test limits' and proc::edure$ for the measuremenl of r.a.cf10 c:fistutbances in the 
frequency range of 150 kHz to 1000 MHz. The doc:ument applies to any elect!Oi~ <:CIOlXXM!I'It intended 
for use in vehicles. Refer to lntemation:af T elec:ornroonica Union (lTU) Public:afions for detds of frequency 
alkx:atioos. The test limits an! intended to provide protection for receivers installed ~ a vehicle from disturbances 
produced by components/modules in the same vehide.1 

The receiver types to be protected are: broadcast radio and TV'. land-mobile r.a.cbo. radio telephone, amateur and 
dtizens' radio. 

The ti!TIIt5 in this documcm are recommended and sutlject to modifiCation as agreed between the vehicle 
manutaourer and the component supplier. This document shall also be applied by marn.rlac:rurers and suppliers 
of components and equipment which are to be added and coMeded to the vehide harness or to an on-board 
power connector alter delivery of the vehicle. 

This document does not include protedion of electronic control systems trom AF emissions, or from transient or 
pulse type voltage fluctuations. These subjects are covered in other sections of SAE J551 and in SAE J1113. 

• 0nty a vE'Illde leSt can oo used loO determine 1he catc;Xll'lllOI c::ompatjbi1ity Ill 11 vehide limit 
' Adjacent venock!s can be elq:)(!C~Bd 10 be praec:sad in mos1 s:iluaorls. 
'Ai:locu;ne TV (lroll'!<:t>on """ re:s~ tn:>m ~ .....cTI1he l<!¥ets :at 1he rnotlll.G se<W:S ~. 
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The Word Administlative ~ Confemnc::e (WARC) towet hquency limit in region 1 was 
reduced to 148..5 kHz in 1979. For whicular purposes. tesiS at 150kHz are cousideced adequate For the 
purpose of this document. test trequency ranges haYe been genetalized wC!t:Nf!l radio seMces in various pans of 
the worid. Protection a nadia reception at aqaoent ftequencies can be~ in m:JSt cases. 

:2. Rt:/ete('JCe:S 

f2.1 Applicable Documents--The following pcdJiicatiooS contain provisions which, through refetenee in this text. 
. c:onstitUCe provisions or this c:loc::urneft. N.lhe tined publication. the editions indicated were vaid.. AI documents 
~ are subject to revision, and patties to agreements based on this doc:ument are encoucaged to investigate the 

possibility or ~ the most recenr editions a the doa.ments idicated. Member.s or 1ec and ISO mantain 
registers of cunenUy valid lntemational Sanclards. 

: 2.1.1 SA.E PUBUCATION-Available from SAE. .COO CocTm:xtwealth Drive. WanendaJe. PA 1~1. 

SAE J551/1 MAR94- Performance Lewis and MeUlods of Measutement of Bedromagnetic Con1)aliliity of 
ve.maes and Oellic:es (60Hz to 18 GHz) 

2. 1.2 OSPR PUSI..ICATION-Available from ??? 

OSPR 16-1:1993..Q8- SpecifiCation for radio disturbance and immunity measuring apparatus and methods. 
Part 1: Radio disturbance and immunity measuring apparatus. 

3. Definitions-See SAE JS51/1. 

f. Requirements Common to Vehicle andComponentl1.fodule Emissions Afeosurerr.ent 

. 4.1 Gen«al Test Requirements and Test Plan 

. ;1.1.1 TEST Pl.AN NOTE-A test plan should be established for each item to be tested. The test plan should specify the 
frequency range to be tested. the emissions limits. the disturbance dassifteation (broadband (1ong or short 
duration) or narrowband]. antenna types and locations. test report requirements. supply voltage. and other 
relevam parameters. 

4.1.2 OETE.f!MlNAllON OF CoNFOAMANCE WITH lJM~I the type ol distumance is unknown. tests shall be made to 
detennine whether measured emissions are narrowband andfor broadband to apply limits property as specified in 
the test plan. Ftgure 1 outlines the procedure to be followed in detennining conformanoe with limits. 

4.1 .3 CATEGORrES OF DtSTURSANCE SouRces (AS APPLIED IN TH~; TEST Pl.AN}-Electrornagnetic disturbance soun::es 
can be divided into three types:' · 

a Continuous/long duration broadband and automaucalty actuated short duration devices 
b. Manually actuated short duration broadband 
C. Narrowband 
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FIGURE 1---.~ETHOD OF DETERMINATION OF CONFORMANCE 
OF RADIATED/CONDUCTED DlsnJRBANCE 
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NoTE- The examples in Table 1 are intended as a guide to assist in determining which test limits to use in the 
test p&an. 

TABLE 1-EXA.MPLES OF BROADBAND msTURBANCE SOURCES t;rY OURAnON 

Continuous LGns Oundion' Short Duration' 
Ignition syRel'n Wtper motor Powerantenna 
Adive ride control Heaterblowermotor Washer purt1) motor 
Fuel injection Rear wiper macor Ooormirror motor 

tnsutment regulator AirCXIIdtioning COf'l1)leSSOI' Central door b::k 
Alternator Engine cooling Power seat 
• As defined in 1he test plan. 

•U .5 NARROWBANO DtsnJfiSANCE ~ from sources employing microprocessors. digital logic. 
osdl1a1ors or dod< generators. etc... cause nai"I'IJWband emissions. 

4.1.6 OPERATING CoNomoNs-Al1 continuous and long duration sys1ems shall be operated at their maxamum RF 
noise creating cooditions. All intetmittentty operating sys1ems (i.e .• thermostatically controlled) that can operate 
continuously safely. shall be caused to operate c:ordinuousty. 

When petfom'ling the narrowband test, broadband sources {1.e.. ignition sys1em, in pa.t1iculaQ may create noise of 
higher ampfrtude. In this situation, il wBI be neoessaJY to test for narmwDand noise with 1he ignition switch ON, but 
the engine not running. 

-4.1.7 TEST REPORT-The report shall contain the information agreed upon by the customer and the supplier. 

4..2 Measuring Equipment Requirements-All equipment shall be calilxated on a regular basis to assure continued 
confonnance of equipment to required characteri:stics. The measuring equipment noise floor shall be ·at least 6 dB 
l€ss than the limi1 specif~ in the test plan. 

4.3 Shield(X! Enclosure-lOe ambtent electromagnetiC noiSe levels shall be at least 6 dB below the test hmrts 
specifi(X! in the test plan for eadl test to be performed. The shielding effecllveness of the shielded enclosure shall 
be sU'ffteienl to assure that the required ambient eled.romagnetic noise level requirement is met. 

The shielde<f enclosure shall be of S'U'f1icient size to ensure that neither the w:hic:leiEUT nor the test antenna shall 
be closer than (a) 2 m from the walls or ceiling. and (b) 1 m to the nearest surface of the absort>er material used. 

4.4 Absorbet"-Uned Shielded Enclosure (ALSE}-For radiated emission measurements. however. 1he rel1ected 
enerw can cause etTOrS of as much as 20 dB. lnefelore. it is necessasy to apply RF absorber material to the 
walls and ceiling of a shielded enclosure that is to be used for radiated emissions measurements. No absorber 
material is required for the floor. The following ALSE requirements shall atso be met for pertorming radiated RF 
€miss10ns measurements: 
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4.4.1 R£R.ECT10N ~snc:s-The refleclion char.lderislic: of1MALSE~ be such tha11he maxinun enor 
caused by reflected energy from1he wa1s and ceiling is tess1han6 dB in1he ftequency r.ange of 70 to 1000 MHz.. 

4.4.2 06JECTS IN ALSE-tn panicular, for r.ldiated errissions measurements. 1M AI.SE shal be dean!d of all items 
no( pettinent to lhe tests. This is required in on:Ser 10 ftlduca anv elect 1hey may haw on 1he measutement.. 
lnduded .are unnecessary equipment. cable lacks. stcnge Glbinell:s. desks.. chairs. etc.. Pecsonnel not actiYely 
involved in lhe test shall be excluded from the ALSE. 

:4.5 Receiver-Scanning receivers wNc:h meec 1he n!:qUilemerdS of asPR 16 are satisfacttvy for measurements. 
Manual or automatic •requency scanning may be used. Spectnm analyzers and scanning receivets are 
pattic::ularly useful for interference mea:sunments.. Special cansicietation sh:al be given 10 overload, linearity, 
seledivity, and the normal response 10 pulses. The peak defdclian mode of spedNm anatyzers and scanning 
receivers provides a dislllay indic:ation which is fti!'W!r tess 1han the quasi-peak indication for1he same bandwidth. 
It may be convenient to measure emissions using peak detectian because of the faster scan possiJie than with 
quasi-peak detection. When quasi-peak imits are being used, tll'l'f peak measurements dose to 1he limil shall be 
measured using the quasi-peak detector. · 

·4.5.1 MtN!f,CUM ScAN TtME-The scan rate of a spectrum analyzer or scanring receiver sha.l be acf]U.Sted for the 
· CISPR frequency band and detedion mode used. The mininun sweep timeArequency (i.e~ most rapid sean 

rate} is listed in Table 2: 

TABLE 2-MINIMUM SCAN nME 

Band Peak Detection Quasi--Peak Oetection 
A 9 to 150 kHz Does not apply Does not apply 
8 0.1Sto30MHz 100ms:IMHz 200s/MHz 
C.D 30to 1000MHz 1 msf100msiMHz' 20siMH% 
Band definition from CISPR 16 Part 1. 

' When 9kHz bandwidth is used, the 100 msiMHz value shaJI be used. 

Certain s.gnals (e.g., low rep<!tition rase or intermittent signals) may require 
stow.:r scan rates or mutuple scans to insure that the maximum amplitude 
h:"s t.x•(:n rnca:;ured. 

4.52 MEASUAING h-l$TRUM8.rT 8ANDW1DTH-Tile banclwidth of the measUring i.nstrufTlCflt shall be dlosen SUCh that the 
noise Hoar 1s 21 least G d8 lower tt1an the limit curve. lhe bandwidths in Table 3 are recommended. 

NoTE-- When the bandwidlh ol the measunng instrument exceeds the bandwidth of .a nanuwband stgn.aJ. the 
measured signal amplitude will not be atlected. The indicated value oi ~ulsive broadband noiSe will be 
lower wMn the measunng instrument bandwidttl is reduced. 
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TABL.E3--&AEASURING INSlRUMEHTBANOWIOnt (6 dS) 

0.15-30 9kHz 9kHz . 9kHz 91diz 
30- 1000 R( bmadcast 120kHz 120kHz 120kHz 1201diz 

Mobile seMce 120kHz 120kHz 9kHz 91cHz 

U a specuum analyzer is used lor peak ~ the Yideo bandwidth shall be at least thn!!e times the 
resolUtion bandwic:lth. 

For the narrowbandlbroa discrimination ao:::on:lillg to Figure 1, both bandwidths (with peak and aYef'age 
detectors) shall be iclentical. 

5. Antl!!lnna and Impedance Matching Requirements-Vehicle Test 

5.1 Type of Antenn.a--An antenna ol the type to be supplied with the vehide shall be used as the measurement 
antenna. tts localioo and attitude are determined aa::ording to the produdion specifcations. 

If no antenna is to be furnished with the vehicle (as is often the case with a mobile radio system). the antenna 
types in Table 4 shan be used for the test The antenna type and location shall be included in the test plan. 

Band 
Broadcast 

LW AM 
MW AM 
sw M.l. 
VHF FM 

Mobrie Services 
30-54 
70 87 

144 172 
.420-512 
800 ·1000 

Antenna Type 

1 mmooopole 
1 mmonopole 
1 mmonopole 
1 mmonopo!e 

loaded quaner wave monopole 
quaner wave monopole 
quarter wave monopole 
quarter wave mooopole 
quarter wave monopole 

5.2 MeastJJ"ement System Requirements 

. 5.2. 1 BROADCAST BANOS-For each band. the measurement shall be made with instrumentation which has the 
specified characteristics. 
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· s:.2. J.1 AM 8toa.dcast 

a. Long Wave (150 1o 300 lcHz) 
b. Medium Wave (0..53 to 2.0 MHz) 
c. Short Wave (5.9 to 6.2 MHzt 

The measuring system shaD have a. folowing c:::halaclerisl: 

a. Oul:put Impedance of kq:)edance Matct1i1g OeYioe: 50Q I8SistiYe.. 
b. Gail: The gU\ (oratlenualicx\) ot1he measuring equiplnllt Ifill be lcnown Witt an aca.aacy ot :10.5 dB. The 

gU1 of the equipment shall ft!!RIIIin 'tllilhna 6 dB enwlcpe tor each fmquency band as shown in Figure 2. 
Calbalion shal be perfcxmed in acccxdance wilh Appendix A 

c. Con!plession Point The 1 dS c:ompessk:wl p:W1l &ftal oa:::ur al a sine W&Ye wllage leva greater 1han 
60dB(p.V). . 

d. Measuretnert System Noise Rooc The naise floor ot the CCIIttinec:~ equipmenl i\cluding measuring 
instrument. rnaiChing ~. encl prelll._,(I used) sb:d be ad least 6 dB lower than the limillevel. 

e. Oynamic Range: from the noise ftoot 101he 1 dS CCIIIIJX Ssii)R point. 
f. I~ Impedance: The impedance of the measuring sys:&em 8l1he Input of the ma1c:hiug networt< shall be at 

least 10 times the open cin::uil ~ot the attificial artenna networtc in Appendix A. 

14 

Gain 12 

(dB) 10 

8 

6 

6d8 
envelope 

fhlgh 

AGURE 2-EXAMPLE GAIN CURVE 

52..1.2 FM Broadcast (87 to 108M~ shall be taken with a measuring ins1rurnent which has an 
inpl.rt impedance of 50 n. If the standing wave ratio (SWR) is greater than 2:1. an input matching netwon< shall be 
used. Appropriate correction shall be made for ant attenua1ion/gain of the ma%Ching unit. 

522 COMMUNlc.c-noNS BANos (30 TO 1000 MHZ)-llle test procedure assumes a 50 .a measuring instrument and a 
50 n antenna in the frequency ~ 30 to 1000 MHz.. If a measuring instrument and an antenna with differing 
impedances are used, an appropriate network and correction tac1or shall be used. 

$ ~~"' :are sevet:~~ 01t>e< Shott w.rve llctladoc2.st llrand:o. ll1i:i pan:ocuCat band has been a- bec::wse il Q: 4'IIOSI ~ used in 
~as. ll is e~ thai Olt\er Shot1 W3Y9 b:lndS.,.,. be~ tJy c:oo I!QinQI'OCII10 tl'1e limits in !tis band. 
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6. Afelhod ot Afeasuremen#-As a geneta1 principle. the disturbance voltage shall be measured as the tenninaJs ot 
the radio receiving antenna placed at lhe coned vehicle location(s). 

To detemMne the disturbance charaderi:stic: d k1dMdual di.slutbanc:e sources Or disturbance systems, all soun:es 
shal be fotc::ed to ~ independently aaoss their .ange d nonnaJ oper.ding CX10C1ib1s (ltansient effects to be 
detecmined). 

The c:Jistufbance 'Wlllage shal be measun!d at tne teceiver end or ihe amema coaxial cable using lhe ground 
eontac:t d lhe oonnedor as refenlnoe. The arema CXli1MdOr shall be grounded to lhe housing d lhe on-board 
radio (center c:onduc:tor of 1he antenna c:mx is not connec:ted to the Of'l-board radio). The radio housing shall be 
grounded to the Yehicle body using the pmduction harness. The use of a tql quality double sflielded cable for 
conneCtion to lhe measuring receiver is hilqUired. . 

No1C- The use of ferrite or OCher suppression material on the exterior of the coax is reoonvnended. partic:ula.rty 
below 2 MHz. for suppression of surlace c:urrents. 

A coaxial bull<head connector shal be used for a:JI'II'Iedion to the measuring receiver outside the shielded room. 
See Figure 3. 

Some vehides may aUow a receiver to be mounted in several locations (e.g~ under the dash. under the seat. 
elc.). In these cases a test shall be carried OUI as specified in the test plan for each rec-efver location. 

1· Umits for Vehicle Radiated Dlsturbance:r-The limits o1 disturbance may be different for each disturbance 
source. Long duration diSturbance sources such as a heater blower motor must meet a more stringent 
requirement than short duration diStUrbance sources. Short duration diSturbance sources may be decided upon 

· by the vehide manufadurer. For example. door mirror operation may be alk:rft'ed at a higher level of c:isturbance, 
as it is oper.Ued for only 1 or 2 s at a time. Coherent energy from rnic:rtlproces: is more objectionable because 
it resembles desired signais and is continuous. 

For ao:::eptable racf10 reoeption in a vehicle. the disturbance voltage at the end of the antenna cable shall not 
f!Xceed the values shown in Table 5. 

PREPAREDBYTHESAEEMRSTANOAROSCOMMITTEE 
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2 

1. Measuring instrument 
2. ALSE 
J. BuLkhead connector 
4. Antenna (see 5.1) 
5. EUT 
6. Typical absorber material 
7. Antenna coaxial cable 
a. 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 
(ENO Vlf2N WITH MONOPOLE Af'lT'B'.INA) 
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TABLE 5-UMtTS OFOISTURBANC5-COMPLE1'E VEHia.E 

T....._.NoiM 
Voft19 

-~ ~Tetl'ldnlll 

TtnalaiiHotse 
Voll8ge 

tltAictltwr 
A!IIIINIIT«ftiirW 

T..._.ficii:M,.... 
-~ MtiMe Twmlnaf 

T4ll'allfti&NoiM 
Voltage 

atAiollvw 
An~M~nAT..,..,... 

TermiMIHobot v-..,. 
IIIRec:olhw 

dB (IN) 
Braecblnd 

dB (IN) 
lkadlarld 

dB (IN) 
ero.dbllld 

dB (IN) 
BI!Ndbald 

~ Tlltllllnal 
dB (IN) 

~ ConUnuous CoaCtnuous Short Durdon sr-t~ ~ 

S.nd (MH:t} Of> p OP p p 

LW 0.15 ·a.30 9 22 15 28 6 

t.f;W ().53- 2..0 6 19 15 28 0 

sw 5..9- 6.2 6 19 6 19 () 

VHF 30-5-4 6(151 28 15 28 0 

~F 70-67 6(151 28 15 28 () 

VHf ffl· 108 6(151 28 15 28 6 

~F 14-'- 172 6(151 28 15 28 0 

UHF ~-512 6(151 28 15 28 0 

tH= 800- 1000 6i1S) 28 15 28 0 
llJ broadban:l v.alues lislcd on h$ table llnil vafjd b- 1he ~ specified a, Tabioe 3. 

St.eneo s;gnzs may be m::re SUSOI!plible to nerleren:::e !han l'1'lOMlr.ll signals in lhe fM.broaocas:l band. This~has 
beeo tacll:lA!d 8-lto 1tle VHF (ffllo 106 MH.t) titM. 

It Is assu-neO l!ll1 pCJilllelio1 at S8!"'lioes ~on~~ below 30 MH.t 'WiU most ik.e!y be pi'tNided ll1he imits 
fQr 5I!Moes :ab::~\~9 30 MH.z are~-

79 

https://l'1'lOMlr.ll


APPENDIX A 
(Nolftlldlw) 

ANTENNA IIATQIING UNIT-4tEHIQ.E'I'EST 

A.1 Antenna /b.tdJing Unit P.atasnet.er.s (lSD kHz to G2 AfHz:}-t'he R!qUilements for the measurement equipmern 
are defined in 5.2.1. · · · 

A.2 Ant.efttJa Matt:h1ng ~The at1ifi:::ial auma network of Figure A1 is used to represent the 
antenna irduding1hecoaxial cable. The 60 pFCllp"'ii:Jr ft!PI esants 1hacapacitance of the c::ouia1 caf:lle between 
the carantenna and the input of the car mdio. 

500 
60pF 

I. 
..~J 
. ' 1500 

SIGNAL AR11AC1Al ~NA MEASURinG 
GENERATOR ~N.A MATCHING RECEIVER 

NE1WORK UNIT 

RGURE A 1-CAUBRATION SET..UP 

A:2..1 Gain Measurement-11le antenna matching unit shaD be measured to determine whether its gain meets the 
requirements ol 5.2. 1 .1 using the test arrangement shown in FtgUre A 1. 

A.:2.:2 Test Procedure 

a Set the signaJ generator to the st.arting canier frequency with 1000 Hz. 30% amplitude modula!ion and 40 dB 
(JJ.V) output levef. 

b. Plot the gain o.Jrve for eacn frequency segment 

A.:J lmped3nce ~of the outpUt ernpeaance 01 ~ GlUt:IUI<I GIIV 4111C;:tllld. 11\iiiCRI!lg Urut 

shall be made with a vector ~ meter (or equivalent test equipment). The outpUt irrlpedance shall r~e 
within a circle on a Smith chattaossing 100 + jOO. haVing itsoenteralSO +jOn (e.g.• SWR less than 2 to 1). 
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APPENDIXB 
(Informative) 

NOTES ON iliE SUPPRESSION OF IN181ftRENCE 

B.J lntroduclion-&o:::es.s in providing r.ldio disturbance suppcession tor a Y8hicle requires a sy:slematie 
invesfigation to identity souroes ot interference which can be heatd in the loudspeaker. This interl'erenoe may 
reach the receiver and loudspeaker in various ways: 

a. Oistul't.lances coupled to the antenna 
b. Oistul't.lances coupled to the antenna c:at:Jie 
c. Penetration into the reeeilfer enclosure via the power supply cables 
d. Oired radiation into the receiver ("rnmunity of an automobile radio to ra.diaSed interference) 
e. Ois1urbances coupled to aJI Olhef cables ronnected to the automobie reoeiver 

Before the start of 1he investigation. the receiver housing, the antenna base. and each end of the shield of the 
antenna cable must be COtTed1y grounded. 

8.2 Disturbances Coupled to the An1enna-Most types of dstwbances reach 1he receiver via the antenna.. 
Suppressors can be frt1ed to the sources of di.sturtlances to reduce these efteds. 

8.3 Coupling to the Antenna Cabk-To minimize coupling, the antenna cible shoukl not be routed parallel to the 
wiring harness or other electrical c:at:Jles. and should be placed as romately as possible from them. 

8.4 Clocl< Osci/lators-Radialionfconduction from on-board elcctroiiic modules may affect other components on the 
vehicle. SignifiCallt harmonics of the exeo.Jtion dock ("E-Oock") mus1: not coincide with duplex tr.msoeiver 
spacings. nor wi'th receiver channel frequencies. The fundamental frequency of oscillators used in automotive 
modules/components shall nat be an Utleger fraction of the duplex frequency cd any mobile transceiver system in 
opera:tion in the country in which the vehide will be used. 

B.S Other Sources of lnform.ation-Correo.rve measures for penetration by receiver Wiring and by dired radiation 
are covered in other pubhcat1ons. Sirrularly, tests to evaluate the immunity of a receiver to conducted and direct 
rad1atcd d1S'turbances are also covered in other publications. 
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APPENDIXC 

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 I 

INTRODUCTION- TIIE 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 test1 and 

the TXDOT TEX-899-B test2 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 155114 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)= 2010g [rms value of signal, noise, and distortion(Volts)] ................ 1. 110 rms value of noise and distortion(Volts) 

In the TXDOT test the amplitude ofthe 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 J.I.V or 6-dB J.I.V above the ambient noise level, which 

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

A (dB ~V) ~ 20log,[ ~(~~;] ...... ... ...... .............................. ......... ... ... L2 

Figure 1.2 shows the equipment setup used for the SAE 155114 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 

2 



peak limit is 0-dB !-LV and the broad-band peak limit is 28-dB j.lV. 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-vehic1e 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 

thesis. 

Chapter II investigates the data from SwRI and makes a few compansons. 

Chapter lll 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 1.1 Equipment Setup of the TEX-899-B Test 
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Figure 1.2 Equipment Setup ofthe SAE 1551/4 Test 
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CHAPTER IT 

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 (S 1 0), 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. 
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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. "Ef' means engine idle and ccHVAC" means heating, ventilation, and air 

conditioning. In order to reduce the noises from the Dodge trucks, filters had been 

instaJJed 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 a11 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. 

6 



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

FM Signal for 12-dB SINAD (Unit: dB 11V) 

Test Frequency 4702 MHz 47.18MHz 
Noise Blanker On Off On Off 
Group I 2 3 AVG STD I 2 3 AVG STD I 2 3 AVG SID 1 2 3 AVG SID 
Radio Sensitivity -Ill -13.0 -12.9 - - -13.1 -13.0 -12.9 - - -13.0 -12.8 -12.9 . - -13.0 ·12.8 -12.9 - . 
Effective Radio Sensitivity -6.5 -8.0 -7.2 - - -6.5 -8.0 -7.2 - - -6.9 -7.7 -7.2 . - -6.9 -7.7 -7.2 - . 
Ignition On -6.5 -7~7.2 0.7 -6.2 -7.4 -7.1 -6.9 0.6 -6.7 -7.7 -7.2 -7.2 0.5 -6.9 -7.8 -7.3 -7.3 0.5 
Fuel Pump On -5.9 -7. 6.6 0.6 -6.0 -5.3 -4.0 -5.1 1.0 -6.6 -7.3 -7.0 -7.0 0.4 -6.4 -4.3 -4.0 -4.9 1.3 
EI -5.8 -6.6 -5.3 -5.9 0.7 -3.6 -3.2 -2.4 -3.1 0.6 -5.6 -6.8 -6.0 -6.1 0.6 -3.4 -1.9 -2.6 -2.6 0.8 
El, Wipers High -5.4 -6.0 -5.1 -5.5 0.5 -3.5 -1.2 l-0.9 -1.9 1.4 -5.5 -6.5 -5.7 -5.9 0.5 -3.0 -1.9 -2.5 -2.5 0.6 
EI. HVAC Fan High -4.3 -5.2 -5.4 -5.0 0.6 -0.8 -1.4 l-1.9 -1.4 0.6 -4.6 -5.8 -5.8 -5.4 0.7 ..0.6 -1.0 -2.4 -1.3 0.9 
El, Wipers/HV AC High -4.3 -4.8 -5.2 -4.8 0.5 -0.8 -1.1 -0.7 -0.9 0.2 -4.6 -5.2 -5.4 -5.1 0.4 ..0.6 ..0.4 -2.4 -1.1 1.1 
Wipers High -6.0 -7.0 -5.9 -6.3 0.6 -6.1 -6.8 -3.6 -5.5 1.7 -6.5 ·1.5 -7.1 -7.0 0.5 -6.2 -7.0 -6.5 -6.6 0.4 
HVAC Fan High -5.8 -6.7 -6.2 -6.2 0.5 -4.0 -6.1 -4.3 -4.8 1.1 -6.2 -7.1 -7.2 -6.8 0.6 -4.2 -6.3 -6.5 -5.7 1.2 

Note: AVG =Avemge, SID= Standard Deviation. 

TXDOT Test Limit: 0 dB J.LV. 



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

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

Test Frequency 47.02MHz 47.18MHz 
Noise Blanker On orr On orr 
Group I 2 3 AVO SID 1 2 3 AVO SID 1 2 3 AVO SID I 2 3 AVO SID 
Radio Sensitivity -I 3.0 -13. I -13.3 . . -13.0 -13.1 -13.3 . . -13.1 -13.0 -13.2 - . -13.1 -13.0 -13.2 - -
Effective Radio Sensitivity -6.2 -1.5 -7.3 . . -6.2 -7.5 -7.3 . . -6.1 -8.3 -8.5 - . -6.1 -8.3 -8.5 . -
Ignition On -6.2 -7.5 -7.3 -7.0 0.7 -5.8 -7.4 -7.6 -6.9 1.0 -5.8 -8.3 -8.5 -7.5 l.S -5.8 -8.2 -8.4 -1.5 1.4 
Fuel Pump On -6.2 •7.5 -7.3 -7.0 0.7 -6.2 -1.4 -7.6 -7.1 0.8 -5.7 -8.3 -8.4 -1.5 l.S -5.3 -8.2 -8.4 -7.3 1.7 
El -5.8 -6.2 -7. I -6.4 0.7 -4.0 -5.2 -6.4 -5.2 1.2 -5.8 -7.3 -8.0 -1.0 1.1 -3.1 -5.8 -6.7 -5.2 1.9 
El, Wipers High -4.4 -5.6 -6.3 -5.4 1.0 -1.7 -3.8 -5.5 -3.7 1.9 -5.2 -6.9 -7.8 -6.6 1.3 -2.1 -3.6 -5.1 -3.6 1..5 
EI, HVAC Fan High -3.5 -4.5 -4.9 -4.3 0.7 4.3 1.0 2.7 2.7 1.7 -3.4 -6.5 -7.8 -5.9 2.2 5.6 0.7 -3.3 1.0 4.6 
El, Wipers/HV AC High -3.5 -4.1 -3.6 -3.7 0.3 4.4 1.0 2.7 2.7 1.7 -3.4 -5.8 -7.1 ·5.4 1.9 5.6 1.0 1.4 2.7 l.S 
Wipers High -5.4 -6.3 -6.9 ·6.2 0.8 -4.6 -6.6 -6.6 -5.9 1.2 -5.3 -6.8 -8.0 -6.7 1.4 -4.7 -6.5 -7.3 -6.2 1.3 
HVAC Fan High -5.3 -6.2 ·6.7 -6. I 0.7 -3.1 -0.3 -0.7 -1.4 1.5 -5.0 -5.9 -7.6 -6.2 1.3 2.1 -O.S -4.9 -1.1 3.S 

Note: AVG"" Average, STD =Standard Deviation. 

TXDOT Test Limit: 0 dB IJ.V. 



Table 2.3 TEX-899-B, Comparison of U1e Same Brand Vehicle (Dodge, Filters Installed) 

FM Signal for 12-dB SINAD (Unit: dB J.tV) 
Test Frequency 47.02 MHz 47.18 MHz 
Noise Blanker On Off On Off 
Group I 2 3 AVG SID I 2 3 AVG 

~ 
1 2 3 AVG SID 1 2 3 AVG SID 

Radio Sensitivity -13.3 -13.2 -13.1 - - -13.3 -13.2 -13.1 -13.2 -13.1 -12.9 - . -13.2 -13.1 -12.9 - -
Effective Radio Sensitivity -7.2 -7.8 .7.1 - - -7.2 -7.8 -7.1 . . -6.4 -8.1 -7.1 - - -6.4 -8.1 -7.1 . . 
Ignition On -6.8 -6.2 -7.0 -6.7 0.4 -6.9 -7.1 -7.1 -7.0 0.1 -6.4 -6.9 -7.1 -6.8 0.4 -6.8 -7.5 -6.9 -7.1 0.4 
Fuel Pump On -6.7 -5.5 -6.1 -6.1 0.6 -5.3 0.3 -4.7 -3.2 3.0 -5.6 -6.2 -5.9 -5.9 0.3 1.5 1.6 -4.7 -0.5 3.6 
El -4.9 -3.5 -4.8 -4.4 0.8 6.6 4.6 4.1 5.1 1.3 -4.1 -3.3 -4.9 -4.1 0.8 7.5 5.1 S.l 5.9 1.4 
El, Wipers High -4.2 -3.5 -4.3 -4.0 0.4 7.3 4.6 4.3 5.4 1.6 -3.7 -3.3 -5.5 -4.2 1.1 1.5 6.2 5.1 6.3 1.2 
EI, HVAC Fan High -4.1 -3.5 -2.9 -4.0 0.6 7.3 5.3 6.6 6.4 1.0 -3.5 -3.4 -3.8 -3.6 0.2 1.S 7.4 7.2 7.4 0.2 
El, Wipers/HVAC High -3.8 ·3.4 -4.3 -3.4 0.5 7.3 5.3 6.6 6.4 1.0 -3.5 -3.0 -3.6 -3.4 0.3 1.1 7.5 7.2 7.S 0.3 
Wipers High -6.4 -6.6 -6.5 -5.8 0.1 -5.6 -6.2 -6.5 -6. t 0.5 -5.9 -5.3 -6.5 -5.9 0.6 -6.1 -5.9 -6.6 -6.2 0.4 
HVAC Fan High -6.1 -6.1 -5.8 -6.2 0.2 -4.3 -5.1 -0.4 -3.5 2.7 -5.9 -5.4 -5.1 -5.7 0.3 -0.4 -5.7 -4.0 -3.4 2.7 

Note: AVG =Average, STD"" Standard Deviation. 

TXDOT Test Limit: 0 dB 1-1V. 



Table 2.4 TEX-899-B, Comparison of the Same Brand Vehicle (Dodge, Filters Removed) 

FM Signal for 12-dB SINAD (Unit: dB r.tV) 

Test Frequency 47.02MHz 47.18MHz 
Noise Blanker On Off On Off 
Group 1 2 3 AVO SID 1 2 3 AVO SID I 2 3 AVO SID 1 2 3 AVO SID 
Radio Sensitivity -13.3 -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 -7.6 . . -7.2 -7.7 -7.6 . . -7.1 -7.6 -7.7 . " -7.1 ·1.6 -7.7 . -
Ignition On -6.5 -7.5 -7.2 •7.1 0.5 -6.5 -7.4 -7.2 -7.0 0.5 -7.1 -7.1 -7.7 -7.3 0.3 -6.5 -7.1 -7.6 -7.1 0.6 
Fuel PwnpOn -5.9 -4.1 -6.2 -5.4 1.1 -2.0 2.0 2.1 0.7 2.3 -6.1 -4.5 -6.3- -5.6 1.0 2.2 1.1 2.0 1.8 0.6 
El -3.9 -2.7 -4.9 -3.8 1.1 7.1 1.0 6.2 6.8 0.5 -4.5 -3.1 -5.5 -4.4 1.2 7.0 7.0 6.3 6.8 0.4 
EI, Wipers High -4.2 ·2.7 -4.8 -3.9 1.1 8.5 6.9 5.8 7.1 1.4 -4.2 -3.1 -S.S -4.3 1.2 7.0 7.4 6.3 6.9 0.6 
EI, HVAC Fan High -2.6 -2.7 -3.8 -3.4 0.7 8.5 7.0 6.9 7.5 0.9 -3.8 -3.1 -4.1 -3.7 0.5 7.0 7.6 6.7 7.1 o.s 
EI, WipersiHVAC High -2.7 -2.3 -3.7 -2.9 0.7 8.7 7.0 6.9 7.5 1.0 -3.9 -3.1 -4.1 -3.7 0.5 7.4 8.1 6.6 7.4 0.8 
Wipers High -6.5 -6.7 -7.2 -5.6 0.4 -5.6 -7.2 -6.6 -6.5 0.8 -6.6 -6.7 -7.6 -7.0 0.6 -5.9 -7.0 -7.1 -6.7 0.7 
HVAC Fan High -6.0 -6.3 -6.6 -6.5 0.3 0.7 -3.2 -4.8 -2.4 2.8 -5.9 -7.2 -6.9 -6.7 0.7 0.8 -6.6 -3.6 -3.1 3.7 

Note: AVG =Average, STD =Standard Deviation. 

TXDOT Test Limit: 0 dB J.LV. 



Table 2.5 SAE J551/4, Comparison ofthe Same Brand Vehicle (Chevrolet) 

Broad-Band Peak Level (Unit: dB J..LV) 
Frequency 47.02MHz 47.18MHz 
Group 1 2 3 AVG STD I 2 3 AVG STD 
Baseline 12.0 13.0 12.0 . - 12.0 8.0 12.0 . . 
Fuel Pump On 16.0 28.0 27.0 23.7 6.1 14.0 18.0 27.0 19.7 6.7 
Fuel Pump and Ignition On 17.0 30.0 27.0 24.7 6~ 16.0 18.0 27.0 20.3 5.9 
El 44.0 48.0 46.0 46.0 2. 47.0 46.0 47.0 46.7 0.6 
El, Wipers High 45.0 48.0 46.0 46.3 1.5 47.0 47.0 48.0 47.3 0.6 
El, HVAC Fan High 46.0 48.0 46.0 46.7 1.2 47.0 46.0 47.0 46.7 0.6 
EI, Flashers On 46.0 48.0 47.0 41.0 1.0 47.0 47.0 47.0 47.0 0.0 
Wipers High 18.0 24.0 29.0 23.7 5.5 18.0 18.0 30.0 22.0 6.9 
Fan High 19.0 22.0 16.0 19.0 3.0 19.0 16.0 15.0 16.7 2.1 
All 46.0 48.0 47.0 47.0 1.0 47.0 47.0 47.0 47.0 0.0 --
Note: AVG ==Average, STD =Standard Deviation. 

SAE Broad-Band Limit: 28 dB ~-tV 



Table 2.6 SAE 155114, Comparison ofthe Same Brand Vehicle (Ford) 

N 

Broad-Band Peak Level (Unit: dB ).lV) 
Frequency 47.02MHz 47.18 MHz 
Group 1 2 3 AVG STD I 2 3 AVG STD 
Baseline 13.0 10.0 8.0 - - 13.0 8.0 8.0 - -
Fuel Pump On 15.0 13.0 12.0 13.3 1.5 13.0 14.0 12.0 13.0 1.0 
Fuel Pump and Ignition On 16.0 14.0 12.0 14.0 2.0 13.0 14.0 12.0 13.0 1.0 
El 31.0 35.0 30.0 32.0 2.6 31.0 35.0 30.0 32.0 2.6 
EI, Wipers High 31.0 35.0 30.0 32.0 2.6 32.0 37.0 30.0 33.0 3.6 
EI, HVAC Fan High 36.0 37.0 33.0 35.3 2.1 36.0 35.0 30.0 33.7 3.2 
El, Flashers On 34.0 36.0 33.0 34.3 1.5 33.0 36.0 33.0 34.0 1.7 
Wipers High 22.0 28.0 25.0 25.0 3.0 23.0 23.0 24.0 23.3 0.6 
Fan High 31.0 30.0 26.0 29.0 2.6 32.0 27.0 23.0 27.3 4.5 
All 34.0 37.0 33.0 34.7 2.1 46.0 37.0 33.0 38.7 6.7 

Note: AVG =Average, STD =Standard Deviation. 

SAE Broad-Band Limit: 28 dB J.1V 



Table 2.7 SAE 155114, Comparison of the Same Brand Vehicle (Dodge, Filters Installed) 

Broad-Band Peak Level (Unit: dB J.tV) 
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 30.0 31.0 26.0 28.7 2.6 30.0 31.0 28.0 29.7 1.5 

Fuel Pump and Ignition On 30.0 31.0 26.0 28.7 2.6 30.0 31.0 28.0 29.7 1.5 

EI 50.0 52.0 53.0 51.0 1.5 50.0 S3.0 53.0 52.0 1.7 

EI, Wipers High 50.0 53.0 55.0 51.7 2.5 50.0 54.0 55.0 53.0 2.6 
EI, HV AC 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 HV AC Fan High 50.0 54.0 55.0 51.7 2.6 50.0 54.0 55.0 53.0 2.6 

EI, Flashers On 50.0 53.0 55.0 51.7 2.5 50.0 54.0 55.0 53.0 2.6 

Wipers High 16.0 30.0 37.0 26.0 10.7 25.0 26.0 33.0 28.0 4.3 

Fan High 28.0 23.0 31.0 29.0 4.0 28.0 22.0 27.0 25.7 3.2 

Flashers On 36.0 20.0 36.0 37.3 9.2 40.0 36.0 30.0 35.3 5.0 

All, Ignition only 36.0 40.0 37.0 37.7 2.1 40.0 37.0 34.0 37.0 3.0 

......... 
uJ 

Note: AVG =Average, STD =Standard Deviation. 

SAE Broad-Band Limit: 28 dB f.l V 



Table 2.8 SAE 1551/4, Comparison ofthe Same Brand Vehicle (Dodge, Filters Removed) 

Broad-Band Peak Level (Unit: dB f.1V) 
Frequency 47.02 MHz 47.18 MHz 
Group 1 2 "' ~TD l 2 3 AVO STD 
Baseline 12.0 12.0 12.0 - - 11.0 11.0 10.0 - -
Fuel Pump On 30.0 37.0 32.0 30.7 3.6 30.0 31.0 33.0 31.3 1.5 

Fuel Pump and Ignition On 30.0 37.0 32.0 31.0 3.6 31.0 31.0 33.0 31.7 1.2 

El 49.0 52.0 52.0 50.3 1.7 50.0 54.0 53.0 52.3 2.1 
El, Wipers High 50.0 52.0 52.0 50.7 1.2 50.0 54.0 54.0 52.1 2.3 
El, HV AC Fan High 50.0 52.0 52.0 50.1 1.2 50.0 54.0 54.0 52.1 2.3 

El, Wipers and HV AC Fan High 50.0 52.0 52.0 50.1 1.2 50.0 55.0 55.0 53.3 2.9 

EI, Flashers On 50.0 54.0 52.0 50.1 2.0 50.0 56.0 54.0 53.3 3.1 

Wipers High 21.0 21.0 38.0 27.0 9.8 22.0 26.0 34.0 27.3 6.1 

h 28.0 22.0 33.0 30.0 5.5 29.0 21.0 29.0 26.3 4.6 

Flashers On 16.0 30.0 L.I,V .~.1.3 7.3 39.0 37.0 32.0 36.0 3.6 

All, Ignition only 28.0 43.0 1.3 9.3 40.0 39.0 36.0 38.3 2.1 

Note: A VG = Average, STD =Standard Deviation. 

SAE Broad-Band Limit: 28 dB f.1 V 



Comparisons ofthe 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 ifthe 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 1551/4, Comparison of the Different Vehicles 

Broad-band Peak Level (Unit: dB fJ. V) 
Noise 
Source 

Chevrolet Ford Dodge 
(Filters Installed) 

Dodge 
( 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 
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Table 2.10 TEX-899-B, Comparison of Different Vehicles 

Signal Level for 12-dB SINAD (Unit: dB ~V) 
Noise Source ChevroletNoise Blanker Ford Dodge(Filters Installed) Dodge( Filters Removed) 

c..... 

-6--4 -5--3EI -8-3 -5--3 
Wipers -7--6 -8--5 -7--5 -7--6 

-7--6 -7--6HVACFan -6--5On -7-6 
Fuel Pump -7--6 -7-6 -7--5 -6--4 

-4-0 -6-6 4-8 
~. 

EI 6-9 
-7--3 -7--5Wipers -1-5 -1-5 
-6--4 -5-3 -6-0HVACFanOff -6-1 
-6--4 -8--5Fuel Pump -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 noise level 

i7 



00 

·---·---------- -----------------

14.0 

12.0 

10.0 

8.0 

6.0 

-2.0 

······················· ···························-··-·······························-··-·-········ 

.. .. .... ····· ··· ····· ········ ·· ·················-·-····-····························· ········································-·············-······----··· .................... --.... -1 

Ignition Fue!Pump Wipe~ HAVCFan El EI, Wipers Fl, HAVC B, Wipers, 
Fan HVACFan 

Noise Source 

Figure 2.1 TEX-899-B, Signal Increase with Noise Blanker Off(Chevrolet, Unit: dB J.I.V) 



14.0 

~ 12.0 
~ 
(/') 

t:l:l 
"0 

...-..
c: 

0 
10.0 

I 

N 

.... ~ 8.0 
c8 
t:l:l 
"0 

ell 
:3
c: 

~ 6.0 
c: tt: 

1.0 

d) 
(,) 
c: 
d).... 

0 

~ 
4.0 

~ 
~ 2.0 
0 
"'(; 

51 0.0 

Ci5 
-2.0 

....... ................ ......................... ........ .. ...... .. ............................... ............................_,..... ................................................., 

..................................................................... . ......... .................................,____,,_._,,,__, ______,,__. 

Ignition Fuel Pump Wipers HA VCFan EI EI, Wiper.; El,HAVC El, Wiper.;, 
Fan HVACFan 

Noise Source 

Figure 2.2 TEX-899-B, Signal Increase with Noise Blanker Off (Ford, Unit: dB J,.lV) 



.

~-------------·----------------------------------------------------------~ 

............... ............ . ...................................···············--·----·-···········--·--···················--·······-···14.0 

12.0~ 
~ 

,......._Cl) 

1:: 10.0 co 
'"0 0 

-
I 

~ N 
8.0 

.... 
c2 :J 

II) 

1:: 
6.0~ ~ 

1:: tt:: 
d) 0u 4.0 

N c::0 d) 

tt: 
.... 

2.0 
~ 

i5 
c;; 
1:: 0.0 
00 

Cl) 

.. .. ......... .-2.0 
Ignition Fuel Pump Wipcrs HAVC Fan El EJ, Wipers El, HAVC El, Wipers, 

Fan HVACFan 

.#1Noise Source 

.#2 
0#3 

Figure 2.3 TEX-899-B, Signal Increase with Noise Blanker Off (Dodge, Filters Installed, Unit: dB J.!V) 



... .. .. ................................................__, _........................ ..................................,14.0 

~ 
2S 
(/) ....--_ 

c::co 
-o 0 

I 

N ~ 
I-

</)..8 ;::l
c:: 

~~ 
c:: !!::: 
u 
Q) 0

N c:: 
Q) 
I- ~ 
~ 
0 
CiJ 
5h 

C/) 

Ignition Fuel Pump Wipers HAVCFan EI El, Wipe~ fl,HAVC El, Wiper.s, 
Fan HYACFan 

Noise Source 

-2.0 J_______________________________J 

Figure 2.4 TEX-899-B, Signal Increase with Noise Blanker Off (Dodge, Filters Removed, Unit: dB J.!V) 



Comparisons between Filters Installed 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 Jow 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 ofthe vehicles. 
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A Comparison of the Installed Radio and the Installed Antenna 
with the External Radio and the MM Antenna 

From the test procedures ofthe 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 installed 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 turned 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. 
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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 ~J,V) 

N 
-...) 

On Off 
Installed Removed 
E I E I Avg. ofE- I Avg. ofE- I 

-13.3 -13.1 -13.3 -13.3 -0.1 -13.3 -0.1 
-7.2 -7.5 -7.2 -7.7 0.4 0.4 

n -6.8 -7.0 -6.5 -6.5 0.2 
Fuel Pump On -6.7 -5.9 -5.9 -5.8 -1.3 
EI -4.9 -4.1 -3.9 -4.0 7.1 0.3 
EI, Wipers High -4.2 -3.8 -4.2 -3.9 8.5 7.5 1.0 
EI, Fan High -4.1 -3.3 -2.6 -1.8 9.0 8.5 11.0 -2.1 

EI, Wipers and Fan -2.8 -3.3 -2.7 -1.8 7.3 9.3 8.7 11.0 -2.2 

Wipper only -6.4 -5.6 -6.5 -7.3 0.0 -5.6 -6.3 -5.4 -6.1 0.7 

Fan only -6.1 -4.7 -6.0 -4.7 -1.4 -4.3 0.8 0.7 2.0 -3.2 

Note: 

I.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 ofEngine 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 ofEngine Speed 

TEX-899-B, FM Signal for 12-dB SIN AD (Unit: dB llV) 
Condition EI (a} 1500 rpm Difference 

Chevy, NB On, 47.02 MHz 
EI 

-5.2 -0.1 
Chevy, NB Off, 47.02 MHz 

-5.3 
-0.8-2.4 -1.6 

Chevy, NB On, 47.18 MHz -6.6 0.6 
Chevy, NB Off, 47.18 MHz 

-6.0 
-3.3 0.7 

Ford, NB On, 47.02 .MHz 
-2.6 

-7.0-7.1 -0.1 
Ford, NB Off, 47.02 MHz -5.9-6.4 -0.5 
Ford, NB On, 47.18 .MHz -8.0 0.0 
Ford, NB Off, 47.18 .MHz 

-8.0 
-5.7-6.7 -1.0 

Dodge, NB On, 47.02 MHz, Filters Installed -3.8-4.8 -1.0 
Dodge, NB Off, 47.02 MH.z, Filters Installed 4.1 10.1 -6.0 
Dodge, NB 0~ 47.18 MHz, Filters Installed -4.9 -5.2 0.3 
Dodge, NB Off, 47.18 MHz, Filters Installed 8.25.1 -3.1 
Dodge, NB On, 47.02 MHz, Filters Removed -4.9 -3.6 -1.3 
Dodge, NB Off, 47.02 MHz, Filters Removed 9.16.2 -2.9 
Dodge, NB On, 47.18 MHz, Filters Removed -4.4-5.5 -1.1 
Dodge, NB Off, 4 7.18 MHz, Filters Removed 6.3 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 ofthe 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 turned 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 ofTwo Tests (Noise Blanker On) 

Frequencv 47.02 MHz 47.18 MHz 
Group I 2 3 1 2 3 
Chevrolet T£1A T S A T S A T S A T S A T S A 

~F.;;.u..:.:el;..:P.....;;u;;.;.;m.;.~;_PO;;;.;n~----+-+ ...v4....:.++.--l-.!!n~+.:.....j....;+-4-v.l..4--+~+.:.....j._.v4..:..++-+;....r...L.....1vf-+-+-++y'--1 
~E~~-------------------------r+-- --n~--+~--~n~--+~--~n~...;+~--~n~--+~--~n~-+~--+~n~ 
Engine @J 1500 rpm + - n + - n 
EI, Wipers High + - n + - n + - n + - n + - n + - n 
EI, Fan High + - n + - n + - n + - n + - n + - n 
El, Wipers and Fan High + - n + - n 
~~~~==~~~~+-~-+---~+-~~--r-+ 
Wipers High + + v + + y + - + + y + + v + - n 
Fan High + + v + + v + + v + + v + + v + + y 
Ford T S A T S A T S A T S A T S A T S A 
Fuel Pump On + + y + + y + + y + + v + + v + ~ 
EI + - n + - n + - n + - n + - n + ~ 
Engine (li) 1500 rpm I + - n I I + - n 

~E~I.:...,W..;.;...;.iP~:...~e:..:.r.:..s.:..H:.;;igii!:lh.:_________t-+-+---+..:.:n-t-+-+---+..:.:n-t-+-+---~ 
1 

-
1 

n + + y + - n 
1-!:E::::.l.:...,F:.,:an:::.:,..:H:....:.:;;ig2::1h~----------.j.....:..++--+..:.:n++~_-+..:.:n++~---~ - n + + lv + - n 
EL Wipers and Fan Hi~h + - n + I - n + - ..!!...L__L_ + - n 
Wipers Hiuh + + v + - n + + v + + VT+l +CY!=+1 + v 
Fan High + - n + - n + + n + - n + + ~ + y 
Dodge (Filter Installed) T S A T S A T S A T S A T S A T S A 
Fuel Pump On + - n + - n + + y + - n + - n + - n 
EI +-n+-n+-n+-n+-n+-n 
Engine @J 1500 rpm + - n + - n 

El, Wipers High + - n + - n liB n + - n + - n + ~ 
1-1E--'--1,HV__,A;..:C_F;....an_H__..ig'-hl______~+-+_-~;....n-+-+-+_-~.;.;._n + n + - n + - n + ~ 
EI, Wipers and Fan Hi!!h + - n + - n - n + - n + - n + - n 

:w::..:.l'-p:e;:::.r-"s:H:l_.=-g:h~~~:~~::~~:+~:~+~::v::+~:~-~:~n++-+--+~~:+~:~+::~v~1 -+-+1,+-~:~Y~+--+~:~-:...;:n,;_JJ'an High + - n + + y + - n + - ,_ v + -
Dodge (Filter Removed) T S A T S A T S A T S A S A T S A 
1Fucl Pump On 
El 
Engine (tv, 1500 rpm 
EI, W1pers High 
EI, Fan Hiszh 
El, Wipers and Fan High 
Wipers High 
Fan High 

+ + v + - n + - n + - n + - n + - n 
+ - n + - n + - n + - n +1- n + - n 

I+ - n + - n 
+- n +- n +- n +- n +- n[+- n 
+ - n + - n + - n + - n + - + - n 
+- n+- n+- n+- n+- n+- n 
++y++v+- n++v++y+- n 
+- n++v++v+- n++v+- n 

Note 

T : TXDOT 899-B Test. S : SAE 155114 Test, A : Agreement, + : vehicle passed the test. 

-: \'ehiclc did not pass the test. y : two tests agreed. n : two tests did not agree 
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Table 2.14 Comparison ofTwo Tests (Noise Blanker Oft) 

47.18 MHz 

T 

n 
n 
n 

h v 
+ + 
+ -

Note: 

T : TXDOT 899-B Test, S : SAE 1551/4 Test, A : Agreement, + : vehicle passed the test, 

- vehicle did not pass the test, y : t\\'0 tests agreed, n :two tests did not agree. 
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Table 2.15 Agreement Percentage Comparison between Noise Blanker On and Off(%) 

Noise Blanker On Off 
Chevrolet 37.5 55.0 
Ford 35.7 54.8 
Dodge 15.9 85.2 
Fuel Pump On 53.2 79.2 
EI 0.0 50.0 
Engine @ 1500 rpm 0.0 62.5 
EI, Wipers High 4.2 62.5 
EI, Fan High 4.2 79.2 
EI, Wipers and Fan High 0.0 94.4 
Wipers High 66.7 66.7 
Fan High 53.2 70.8 
Total 25.9 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 HV AC 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#! 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 ofTwo Testing Places (Chevrolet) 

Tex-899-B, FM Signal for 12-dB SINAD (Unit: dB J.1V) 
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. I 0.1 -13.0 -13.1 0.1 -13.0 -13.0 0.0 -13.0 -13.0 0.0 
Effective Radio Sensitivity -8.0 -6.5 -1.5 -8.0 -6.5 -1.5 -6.0 -6.9 0.9 -6.0 -6.9 0.9 
Ignition On -8.0 -6.5 -1.5 -8.0 -6.2 -1.8 -6.0 -6.7 0.7 -6.0 -6.9 0.9 
Fuel Pump On -8.0 -5.9 -2.1 -8.0 -6.0 -2.0 -6.0 -6.6 0.6 -6.0 -6.4 0.4 
Engine Idle -7.0 -5.8 -1.2 -9.0 -3.6 -5.4 -5.0 -5.6 0.6 -1.0 -3.4 2.4 
Engine Idle, Wipers High -7.0 -5.4 -1.6 -9.0 -3.5 -5.5 -4.0 -5.5 1.5 -1.0 -3.0 2.0 
Engine Idle, HV AC Fan High -5.0 -4.3 -0.7 4.0 -0.8 4.8 -4.0 -4.6 0.6 2.0 -0.6 2.6 
Engine Idle, Wipers/HV AC High -5.0 -4.3 -0.7 4.0 -0.8 4.8 -4.0 -4.6 0.6 2.0 -0.6 2.6 
Wipers High -8.0 -6.0 -2.0 -8.0 -6.1 -1.9 -5.0 -6.5 1.5 -5.0 -6.2 1.2 
HV AC Fan High -8.0 -5.8 -2.2 -5.0 -4.0 -LO -5.0 -6.2 1.2 -3.0 -4.2 1.2 

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



Table 2. 17 Comparison ofTwo Testing Places (Ford) 

Tex~899-B, FM Signal for 12-dB SINAD (Unit: dB llV) 
Test Frequency 47.02MHz 47.18 MHz 
Blanker On Off On Off 
Testing place PT SwRI Dif. PT SwRI Dif. PT SwRI Dif. PT SwRI Dif. 
Radio Sensitivity -12.0 -13.0 1.0 ~12.0 -13.0 1.0 -12.0 -13.1 1.1 -12.0 -13.1 1.1 
Effective Radio Sensitivity -8.0 -6.2 ~1.8 -8.0 -6.2 ~1.8 -5.0 ~6.1 1.1 -5.0 -6.1 1.1 
Ignition On -8.0 -6.2 -1.8 -8.0 -5.8 -2.2 -5.0 -5.8 0.8 -5.0 -5.8 0.8 
Fuel Pump On -8.0 -6.2 -1.8 -8.0 -6.2 -1.8 -5.0 -5.1 0.7 -5.0 -5.3 0.3 
Engine Idle -8.0 -5.8 -2.2 -5.0 -4.0 -1.0 -5.0 -5.8 0.8 -3.0 -3.1 0.1 
Engine Idle, Wipers High -5.0 -4.4 -0.6 0.0 -1.7 1.7 -3.0 -5.2 2.2 1.0 -2.1 3.1 
Engine Idle, HVAC Fan High -3.0 ~3.5 0.5 11.0 4.3 6.7 -2.0 -3.4 1.4 11.0 5.6 S.4 
Engine Idle, Wipers!HV AC High -2.0 -3.5 1.5 11.0 4.4 6.6 -1.0 -3.4 2.4 11.0 5.6 5.4 
Wipers High -7.0 -5.4 -1.6 -2.0 -4.6 2.6 ~4.0 -5.3 1.3 -2.0 -4.7 2.7 
HV AC Fan High -4.0 -5.3 1.3 9.0 -3.1 12.1 -3.0 -5.0 2.0 5.0 2.1 2.9 

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



Table 218 Comparison of Two Testing Places (Dodge, Filters Installed) 

Tex-899-B, FM Signal for 12-dB SfNAD (Unit: dB J.lV) 
Test Frequency 47.02 MHz 47.18 MHz 
Blanker On Off On Off 
Testing place PT SwRl Dif. PT SwRI Dif. PT SwRI Dif. PT SwRI Dif. 
Radio Sensitivity -13.0 -13.3 0.3 -13.0 -13.3 0.3 -13.0 -13.2 0.2 -13.0 -13.2 0.2 
Effective Radio Sensitivity -8.0 -7.2 -0.8 -8.0 -7.2 -0.8 -7.0 -6.4 -0.6 -7.0 -6.4 -0.6 
Ignition On -8.0 -6.8 -1.2 -8.0 -6.9 -1.1 -7.0 -6.4 -0.6 -7.0 -6.8 -0.2 
Fuel Pump On -7.0 -6.7 -0.3 -4.0 -5.3 1.3 -6.0 -5.6 -0.4 -1.0 1.5 -2.5 
Engine Idle -4.0 -4.9 0.9 12.0 6.6 5.4 -3.0 -4.1 1.1 14.0 7.5 6.5 
Engine Idle, Wipers High -4.0 -4.2 0.2 12.0 7.3 4.7 -3.0 -3.7 0.7 14.0 7.5 6.5 
Engine Idle, HVAC Fan High -3.0 -4.1 1.1 12.0 7.3 4.7 -3.0 -3.5 0.5 14.0 7.5 6.5 
Engine Idle, Wipers/HV AC High -3.0 -3.8 0.8 12.0 7.3 4.7 -3.0 -3.5 0.5 14.0 7.7 6.3 
Wipers High -8.0 -6.4 -1.6 -6.0 -5.6 -0.4 -6.0 -5.9 -0.1 -5.0 -6.1 1.1 
HVAC Fan High -7.0 -6.1 -0.9 1.0 -4.3 5.3 -6.0 -5.9 -0.1 4.0 -0.4 4.4 

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



Table 2.19 Comparison of Two Testing Places (Dodge, Filters Removed) 

Tex-899-B, FM Signal for 12-dB SINAD (Unit: dB J..LV) 
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 -13.3 0.3 -13.0 -13.3 0.3 -13.0 -13.2 0.2 -13.0 -13.2 0.2 
Effective Radio Sensitivity -8.0 -7.2 -0.8 -8.0 -7.2 -0.8 -7.0 -7.1 0.1 -7.0 -7.1 0.1 
Ignition On -7.0 -6.5 -0.5 -7.0 -6.5 -0.5 -6.0 -7.1 1.1 -6.0 -6.5 0.5 
Fuel Pump On -6.0 -5.9 -0.1 -6.0 -2.0 -4.0 -5.0 -6.1 1.1 0.0 2.2 -2.2 
Engine Idle -4.0 -3.9 -0.1 13.0 7.1 5.9 -3.0 -4.5 1.5 14.0 7.0 7.0 
Engine Idle, Wipers High -4.0 -4.2 0.2 13.0 8.5 4.5 -3.0 -4.2 1.2 14.0 7.0 7.0 
Engine Idle, HVAC Fan High -2.0 -2.6 0.6 14.0 8.5 5.5 -2.0 -3.8 1.8 14.0 7.0 7.0 
Engine Idle, Wipers!HV AC High -2.0 -2.7 0.7 14.0 8.7 5.3 -2.0 -3.9 1.9 14.0 7.4 6.6 
Wipers High -7.0 -6.5 -0.5 -6.0 -5.6 -0.4 -6.0 -6.6 0.6 -6.0 -5.9 -0.1 
HV AC Fan High -6.0 -6.0 0.0 5.0 0.7 4.3 -6.0 -5.9 -0.1 4.0 0.8 3.2 

w 
00 

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



Table 2.20 Comparison of Three Testing Places (Ford#1) 

TEX-899-B, FM Signal for 12-dB SINAD (Unit: dB J.l.V) 
Test Frequency 47.02 MHz 47.18MHz 
Blanker On Off On Off 
Testing place PT SwRI TTU PT SwRI 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 -8.0 -6.2 -10.0 -8.0 -6.2 -10.0 -5.0 -6.1 ~10.0 -5.0 -6.1 -10.0 
Ignition On -8.0 -6.2 -10.0 -8.0 -5.8 -10.0 -5.0 -5.8 -10.0 -5.0 -5.8 -10.0 
Fuel Pump On -8.0 -6.2 -10.0 -8.0 -6.2 -10.0 -5.0 -5.7 -10.0 -5.0 -5.3 -10.0 
Engine Idle -8.0 -5.8 -9.7 -5.0 -4.0 -9.7 -5.0 -5.8 -10.0 -3.0 -3.1 -8.6 
Engine Idle, Wipers High -5.0 -4.4 -9.3 0.0 -1.7 -9.3 -3.0 -5.2 -9.9 1.0 -2.1 -7.6 
Engine Idle, HV AC Fan High -3.0 -3.5 -7.6 11.0 4.3 2.1 -2.0 -3.4 -8.9 11.0 5.6 1.6 
Engine Idle, Wipersi.HV AC High -2.0 -3.5 -7.8 11.0 4.4 2.1 -1.0 -3.4 -8.3 11.0 5.6 1.6 
Wipers High -7.0 -5.4 -9.5 -2.0 -4.6 -4.4 -4.0 -5.3 -9.3 -2.0 -4.7 -8.2 
HV AC Fan High -4.0 -5.3 -8.3 9.0 -3.1 -0.2 -3.0 -5.0 -9.3 5.0 2.1 -0.7 

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



CHAPTER Ill 

ANALYSIS OF NARROW-BAND DATA IN LUBBOCK 

In SwRl's SAE 1551/4 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 J\fi:Iz. 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(dB~V) F(MHz) A(dBI.J.V) F(MHz) A(dBI.J.V) 
Key Off 48.35 8.20 * * * * 
Key On (Gas 
Controller Only) 

48.07 -3.60 48.22 4.50 48.00 2.60 
48.35 10.70 * * • * 

Key On (Gas and 
Propane Controllers) 

. - - - - 48.00 3.40 

EI 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: 10kHz, 

Step Size: 10kHz, Testing Place: North ofLubbock, Ambient Noise Level: -18 dBI.J.V 

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 TIU DATA 

Proposed Changes to the SAE Limits 

From Chapter ll, 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 (El) 

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 dBJ..LV and the second kind to 

35 dBJ..LV. 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 an 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 ifthe noise blanker is turned on. 
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Table 4.1 Comparison ofDifferent Radios (Filters Installed) 

TEX-899-B, FM Signal for 12-dB SINAD (dB J..LV) 

Radio Rangr 1 Rangr 2 Rangr 3 Maratrac 1 Maratrac2 
Frequency ( IviHz) 47.02 47.18 47.02 47.18 47.02 47.18 47.02 47.18 47.02 47.18 
Radio Sensitivity -11.0 -10.8 -11.1 -11.2 -11.6 -1 1.5 -12.7 -12.0 -13.0 -13.0 
Effective Radio Sensitivity -6.0 -6.4 -6.8 -7.0 -6.9 -6.9 -6.6 -6.2 -7.8 -8.7 
Fuel Pump(Key Off) -5.8 -5.4 -5.9 -6.4 -5.7 -5.4 -6.1 -5.2 -6.3 -6.7 
HVAC FAN High -5.2 -5.2 -5.6 -6.3 -4.7 -4.1 -4.8 -5.1 -7.4 -6.6 
Wipers High -5.5 -5.7 -6.8 -6.9 -5.9 -6.0' -4.7 -6.1 -7.6 -7.3 
EI (propane) -3.7 -2.5 -4.5 -3.8 -3.1 -2.8 -4.3 -4.4 -5.5 -4.2 
EI -3.0 -2.5 -4.1 -3.5 -2.5 -2.0 -3.5 -3.8 -4.7 -3.7 
EI, HVAC Fan High -1.8 -2.3 -2.7 -3.2 -1.7 -0.6 -2.6 -3.3 -4.5 -3.0 
EI, Wipers High -2.4 -2.7 -3.3 -3.4 -2.6 -1.7 -3.0 -4.0 -4.5 -3.2 
EI, HVAC Fan High, Wipers High -1.7 -1.9 -2.3 -3.1 -1.5 -0.7 -2.4 -2.9 -4.0 -3.0 

Note: 

Vehicle: Dodge ofTXDOT at Lubbock 



Table 4.2 Comparison ofDifferent Radios (Filters Removed) 

TEX-899-B, FM Signal for 12-dB SINAD (dB J.1V) 

Radio Rangr 1 Rangr 2 Rangr 3 Maratrac 1 Maratrac 2 
Frequency ( MHz) 47.02 47.18 47.02 47.18 47.02 47.18 47.02 47.18 47.02 47.18 
Radio Sensitivity -ll.O -10.8 -11.3 -11.6 -11.7 -11.6 -12.7 -12.1 -13.0 -12.8 
Effective Radio Sensitivity -6.7 -7.3 -7.9 -7.6 -8.1 -7.2 -8.9 -7.9 -8.8 -8.2 
Fuel Pump(Key Off) -5.7 -5.2 -6.0 -5.5 -5.3 -6.2 -7.0 -6.8 -7.3 -7.7 
HVAC FAN High -5.4 -5.3 -5.7 -6.4 -5.2 -6.5 -7.2 -7.6 -7.6 -7.9 
Wipers High -6.0 -6.2 -7.5 -7.3 -7.7 -7.6 -8.0 -7.9 -7.8 -8.0 
EI (propane) -5.0 -3.5 -5.6 -4.4 -3.2 -4.2 -6.1 -5.3 -6.2 -6.0 
EI -4.3 -3.2 -4.8 -4.2 -3.7 -4.2 -5.1 -5.4 -5.8 -5.5 
EI, HVAC Fan High -3.6 -2.2 -3.9 -3.4 -1.8 -2.1 -4.9 -4.6 -5.4 -5.4 
EI, Wipers High -4.2 -2.6 -4.4 -3.6 -2.6 -3.2 -5.1 -4.8 -5.5 -5.5 
EI, HVAC Fan High, Wipers High -3.0 -2.2 -3.7 -3.4 -1.7 -2.0 -4.5 -4.5 -5.3 -5.2 

Note: 

Vehicle: Dodge ofTXDOT at Lubbock 



A Comparison ofDifferent 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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Figure 4.1 SAE 155114, Broad-Band Peak Level at Different Measurement Times 



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 SwRl, 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 ofthe 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 model truck is a little 

higher than that from the 97 model Table 4.4 is the comparison of the signal level at 12-

dB SrNAD. 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. 
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Table 4.3 SAE 1551/4, Comparison of 1997-Model Dodge with the 1996 Model 

I 1 I I I 
Condition Broadboad Peak Level ( dBJ..LV) 
Frequency (1vfH.z) 47.02 47.18 

Model 1996 1997 Dif 1996 1997 Dif. 

Gasoline (EI) 55.2 57.1 -1.9 59.9 57.3 2.6 
Gasoline (EI, HV AC Fan High) 57.4 57.1 0.3 60.5 58.6 1.9 
Propane (El) 60.2 58.0 2.2 58.8 58.1 0.7 
Propane (EI, HA VC Fan High) 58.9 59.5 -0.6 59.5 58.7 0.8 

Note: Measurement Time: 30 second 

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

Condition 
Frequency (1vfH.z) 

Signal Level at 12-dB STNAD (dBJ..LV) 
47.02 47.18 

I 

Model 1997 Dif 1996 1997 Dif. 
Gasoline (El) 
Gasoline (El, HV AC Fan High) 

-0.4 
-0.8 

-3.1 
I -3.o 

2.7 
2.2 

-1.7 
-1.8 

-2.9 
-2.8 

1.2 
1.0 

Propane (El) 
Propane (El, HAVC Fan High) 

-5.6 
-4.0 

-4.5 
-4.1 

-1.1 
0.1 

-6.0 
-4.6 1 

-4.2 
-3.7 

-1.8 
-0.9 
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CHAP'IERV 

CONCLUSIONS 

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

chapters: 

1. The Dodge trucks were noisier than the Ford trucks and Chevrolet trucks. 

2. The performance of Motorola Maratrac radio is a little better than that of GE Rangr 

radio in the sense ofreducing broad-band vehicle noise. 

3. 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. 

4. There is no difference between the installed radio and the external radio as far as the 

TXDOT test results are concerned. 

5. The broad-band noise is about the same in the TXDOT test when the vehicle runs at 

7 50 rpm and at 1500 rpm except for the Dodge. 

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

7. 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 installation of the 

propane fuel system did not adversely affect the noise emission of the trucks. 

8. 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-f.LV 

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 vehicle 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 dBJ.1V for the De­

motor noise and 50 dB)l V 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 lEST 

RADIO FREQUENCY INTERFERENCE (RFI) TESTING 

This test method assures the compatibility ofTexas Department ofTransportation 
(Tx.DOT) fleet vehicles and VHF FM radio equipment operating in the frequency ranges 
of 30 to 50 MHZ and ISO 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 ofoperation. 

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 (6ft. by 6ft.) 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 bums 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 ofvehicle 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. 

2 Generate a standard test sign~l and establish 1 2 dB SIN AD. 

3 Record receiver basic sensitivity. 

4 

5 

6 

Increase signal 6 dB above Step 3. 

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

Record modulation acceptance (bandwidth). 

Compliance ofthe 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 

II 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 ofon-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. 

i 

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

1 1 Record sensitivity into antenna in dBm. 

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

13 Repeat sitequ~lification at all test radio channels/frequencies to be 
used 
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• 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 a 12 dB SIN AD 
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 offengine. 

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. 

2 Verify engine is OFF. 

3 Raise test vehicle (6 in.) offfloor. 

4 Verify that magnetic mount antenna is mounted in center ofvehicle 
roof. 

5 Key microphone on test radio. 

6 Record nominal forward RF power to the antenna. 

7 Record reflected RF power from the antenna. 

8 Adjust length ofantenna, if needed, and repeat Steps 5 through 7 until 
nominal forward power is 100 watts ± 10 watts and reflected power is 
less than I 0% 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 ofthe following: 
I. 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 ofany vehicle system and/or 
accessory. 

Failure to meet the criteria ofwith this test method will result in rejection of the 
vehicle. 
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APPENDIXB 

SAE JSSI/4 TEST 

TEST uurrs AND METHODS OFMEASUREIIENTOFRADIO OCSTURBAHCE CHARACrERISTICS 
OFV'EHIClES AND DEVICES. BROADBAND AND NARROWBAHD..150 lcHzTO 1000 NHz 

~This SAE S1andcud is based on QSPR 25 whlc:h has been dewlloped by OSPR Subcommittee 0 "and 
has been approYed 10 be publ'ished. The SAE Secfmmagnatic Radiation Commiltee haS been an active 
participant in Subcommittee 0 and In the dewlapmetll of QSPR 2S. 

This document pnMdes 1est limits and procedures tot the "pn:)Cection ol vehicle «eeeivefs from n!ldio fn!quency 
(Rf) emissions caused by orH:Ioan:f whide ~lel'ltS.. 

TABLE OF CONTENTS 

1. ---·----·-····················-·······--·-···············-.2 

2.. Refefenccs________________ ·-·--···-----··--···-3 
2..1 Applicable Oocuments.·--------------- ._3 
2.1.1 SAE PubCicanon-·---------------------------·3OSPRPublicatioo_.___________________________.-.
2.1.2 

3. ~~---------------------------------------~3 
4. ReQuirements Common to Vehicle and~ Emissions Mcasuremem -··-·- .3 
4.1 General Tes1 Requirements and Test Plan ···---·······-··-·····-···--··-----·--·3 
4.1.1 Test Plan Note--··-----·--· --··-···-····- __3 
4.12 Oetermlflation of Conformance With Limi'..s _______________________________ ..................•. ---------·3 
41.1 ..3 Categories of Oi.st!..utlanoe Sources (as applied in the test plan)----·-·--···---·--- ____3 
4.1.4 Examples ot Broadband Disturbanoe Sources ----------·····-----··-··--- _______s 
41.1 .5 Narrowband Disturbance Souroes ·---···--···---·-·-----~:___5 
4.1.6 Operating Conartions ·-------·-·----:------·-·······-·-···-········-················-···--··-·--_;__________5 
4.1.7 Tes1 Report --·-·-······----··------··----·-··-·-···--···-----·····---···-·-···-··-····-··--··5 
4.2 Measuring Equipment Requirements. ·-·-···-----------------_.5 
41.3 Shielded Enclosure~ _s 
4.4 Absorber-Uned Shieided Endosure (Al..SE) ----·-·---·--·----- .5 
41.4.1 Refiedion Char.lderistics • 6 

4.4..2 Objects in ALSE-------······-·-··---------··-··---··---····-·-····-----·-··---·-··--·----··6 

SAE T «flncaa Stand.atas Baard Aules on:Mde tnat: "Thi$ ~ ts ~by~ 10 a<Nance .-.e-m1e oll«ttnieaalll'd ec'!jlil-•19 
~- fhto use of this ~is~~'Y-....:! i1s ~lY and $Uitllbilily to< arwy paroculat use. il'1dudin!l any paten! 
io1!1io~ ansflg -l'l!fmm. is- $01<! f~ibiity d- ,__-

SAE ~<!ad\~~ reQOt"t at 1ea:s1 ~ty '- Ytan a1 ...-..:n tllne It m.:ay ~ rea1f.nneo.' rn.s-eo. 0< cance~. SAE ~,.,... 
- ...... o:>m~ ~ SlJ99"'s;bO<"tS 
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4.5 ~----------------------------------------------------£<11.5.1 M'mitrl.m Scan rme 6 
<11.5.2 Measuring tnstNment 8andwidlh .6 

5. 
5.1 

Nlennl and lrr..,edanc:e Matching Flequinnenls 
TypeofAI'd 

\ffll'tieTesl-------------7 
7 

5.2 Measurement System Requiremenls 7 
5.2.1 8l'oadcast Bands 7 
5.2.2 Conv1ulic:ation Bands (30 to 1000 MHt) __e 

6. ~of~~--------------------------------------------9 
7. 

~A AntemaMatc:hingUM-¥ehicleTest------------------12 
Appendix B Notes on the Suppression of heden!nce 1<4 

Figure1 Method of Determination of Conformance of RadiatediConducted Disturbance <4 
Ftgute2 Example Gain Curve -----·8 
Fegure3 Vehide Radiated~ torTest layout (End VteW Wllh Monopole Antenna) -··--10 

Table 1 Examples of Broadband Oistwbance Soun:es by Duration ·-·-·-·--·-·-···---··-····-·-···-·····5 
Table2 Minimum Scan Trme ·-·--··--··-·-----··-·-··6 
Table 3 Measuring Instrument Bandwidth (6 dB) ·----····----·-·--·----·--··7 
Table4 Antenna Types 7 
TableS Limits of Oistu~ Vehicle 11 

1 • .s'cc:lpe-This SAE Standard contains test limits1 and proc:eclures for1he ll'le8SUft!ment of r.adia cfisludlances in the 
frequency range of 150kHz 1o 1000 MHz. The document app6es to 8t'f electJonicJeledric:al con.,a~Jent Intended 
for use in vehicles. Refer to lntematioual Telecouiil:.rnicatiou.s Union (JTU) Pub6carions for del;ais of fl'equency 
alloca!ions. The test limits are intended to provide protection for receivers installed in a vehicle from disturbances 
produced by components/modules in the same vehicle.' 

The recever types to be protected are: broadcast radio and TV". land-mobile radio, radio telephone. amateur and 
citizens' radio. 

The limrts 1n this dOcument are recommended and subject to rrodifiC3tion as agreed between Ole vehicle 
rnam..rlaourer and the component supplier. 11li.s doc::ument shaU also be applied by manufacturers and suppliers 
of c;omponents and equipment which are to be added and col"'l""eded to the vehide harness or to an on-board 
power connector atter delivery at the vehicle. 

This ckx::ument does not indude pmtedion of elecUtln.ic control systems from AF emissions, or from transient or 
pulse type voltage nuctua1ions. These subjects are covered in other sections of SAE JS51 and in SAE J1 1 13. 

• Clt1ly :a vellldeteS1 can toe used lo d91ennine !he -•IQOI...C ClOIIICIIIibility to a Wlhide 1omrt. 
• 1-d!acern ve<-.oes CL'l toe ~ 1o be prae<Hd in mas:l situaons. 
• AlleQuat<l TV II"Ule<:tJon """ <esu!l !rom~ Wlll'l'ltle ~ :al.lhe ftiOClikt s..w:e ~-
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The Word ~ R:acioc:ouvruications Ccftecence (WARe) IOwet flecpn::y imit W. cegion 1 was 
reduced to 148.5 kHz W. 1979. Foe whicular pc.IIPCISeS. tests at 150 tcHz are considered adequale. For 1he 
purpose of tis document. test fn!quencJ ranges._. been generalized tl:. CCIIMf' cad'io ..W.S W. v.ariaus pans oC 
the wodd. ProCeclion d radio recepCian -~~Clll be expecled in ftDS(cases. 

2.1 .Applic:3ble ~ folowing pcll*atiMS conlain pn:Msians which. 1l'wuQh relen=nce in tis tml1. 
c:onstilute pctMsions d this doc:unerL N. the lime of pc.Mcalio.~.. the ediCians idcaled Wlllftt valid. AI documenls 
are subject 10 nMsian. lind p:altes 10 ..,......a based an tis dot:::urnerd 818 «~CG~nged 10 investigate the 
possJt&y of 8f.IPiyfng the most n!ICIN ediliclns d the documenls iiiCicaled. Menlbels d EC lind ISO maftai I 

tegislers of aJI'I'I!f'dtyva.lid IIUmatiolral S..ICiaft!s. 

· 2.1.1 SAE PueUCAllON-AvailablefroritSAE. 400Commnweallh Drive. W:anend:ale, PA 15096-0001. 

SAE JS5111 MAR94-Performanoe Levels and Melhods of Measun!menC of Bec:trornagneti ~ of 
Vehicles and OeYic:es (60Hz to 18 GHz) 

2.1.2 OSPA PusuCAT'ION-Available from??? 

CISPR 16-1:1993-06--Specifteaiion for radb distutbance and immmity measuring apparatus and mettlods. 
Part 1: Radio cfastulbanoe and immunity measuring apparatus. 

3. Definitions-See SAE JS51/1. 

4- Requitements Common to Vehlcle.-nd ~EmisslonsMeasunlmeat 

.4..1 Gener.ll Test Requirementsand Test Plan 

j..1.1 TEST PLAN NoTe-A test plan should be escablished for each item to be tested. The test plan should specify the 
frequency range to be tested, the emissions limits, the cfiStUI'bance dassifiC3tion {broadband (long cr short 
duration) or narrowband]. antenna types and locations, test report requirements. supply voltage. and other 
relevant parameters. 

4.1.2 OETEf.v,c!NATlON OF CONFOAMANCE WITH I.JMITS-If the type of disturbance is unknown, tests shall be made lo 
detem'line whether measured emissions are narrowband ancllor broadband to apply limits property as specified in 
the test plan. Figure 1 outlines the procedure to be followed in detenrining confcxmanc::e with limits. 

4.1.3 CATEGORIES OF DIS"'\JRBA.Na: SOURCES (AS APPliED IN 'THE TEST PLAA)-8ectromagneti disturbance sources 
can be orvided into 1hree types:• . 

a Continuous/long duration broadband and automatically actuated short duration devices 
b. Manually actuated short duration broadband 
c. Narrowband 
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MEASURE Bn"USING 
11iE Ava:lAGE DEl ECI OR 

HO 

NO YES 

NO 

FAILI ' 
~ 

PASS 

FIGURE 1-METHOO OF DETERMINATION OF CONFORMANCE 
OF RADIATED/CONDUCTED DISTURBANCE 
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NoTE-The ~ in Table 1 8ft! intended as a guide to assist in detefrniniug Volhich 1est 1i'nits to use in Ole 
test pan. 

TABLE 1-EXAMPLES OFBAOADSANO OSS'I'UABANCESOUACES ~ OUAA110N 

lgnilion system w~ rraoeor 
/tdNe ride contft:ll Haserblowermotor 
Fuel qection Rearwiper motor 
lnslnmtnl tegulal« Ntcandilioning COCllnllmpc~t~~ressorl'l!l!a:ar 
A!lemator Enginec::oo!ing 
• As defined in1he test pan. 

41.1.5 fWIROWBANO OISTUABN«:e ~ from sources employing micropft:lcesso, digitaJ logic, 
oscillatots or doctc genemloi'S.,. etc.. cause narmwban:l eruissions. 

4.1.6 OPE'RATING CoNomoNs-AII continuous and Ioong ckn.tion systems shall be operated at their maximum RF 
noise creating conditions. All intennittently operating systems (i.e .• thermostatically controlled) that can operate 
eontiouously safely. shall be caused to operate continuously. 

When performing the narrowband 1es1. broadband soun:es (1.e.. ignition system. in partic:ulal) may create noise pf 
higher amplitude. In this situation, it will be necessary to 1eSt1or narrowband noise with the ignition switch ON, but 
the engine not running. 

o4.1.7 TEST RePoRT-The report shall c:antain the inkm1ation agreed upon by the a.sstomer and the supplier. 

4.2 Measuring Equipment Requirements-All equipment shal be caftlcated ona regular basis 1o assure c::ordinued 
conformance of equipment 1o requi!'ed dlaracteristies. The measuring equipment noise ftoor shal be 'at leas1 6 dB 
less than the limit specified in the test plan. 

~..3 Shielded Enclosure-The ambient electromagne!JC noise levels shall be at least 6 dB below the test limitS 
specified in the test plan lor each test to be performed. The shielding effed!Veness of the shielded enclosure shall 
be suffiCient to assure that the required ambient eJectromagnetic noise level requirement is mel 

The shielded enclosure shaD be of sufficient size to ensure that neither the vehideiEUT nor the tes1 antenna shall 
be closer than (a) 2 m from the walls or ceiling, and (b) 1 m to the nearest surface of the absomer material used. 

-4.4 Absorber-Uned Shielded Enclosure (ALSE).-f=or radiated emission measurements. however. the reftected 
energy can cause errors ot as much as 20 dB. lhefefore. it is necessary to apply RF absorber material to the 
walls and ceiling ot a shielded eodosure that is to be used tor radiated emissions measurements. No absorber 
material is required for the floor. The folk:ll.ving Al..SE requirements shall also be met for performing radiated RF 
emiss10ns measurements: 
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41.-4.1 ReR..EC110H ~TheRIGedlon~Gie..AI.SE~be suchtha:t1he CI'IUilruhen'Of 
caused by l'1!fteded energy from 1hewdsnCiinQ Is llllltbln6cSIIae.~gngeGI70to 1000Mtz. 

41.42 06..leC1'S IN A1.SE-In pattic:utar. tor radiated ealissians ~the ALSE shal be deated Gl .. llllrns 
nac pedinent to 1he tests. This is cequin!d in ader to Nduce my effect they may have en 1he meaanment. 
Included are unneoessary ~Clble racks. stoa1tge Cllbilllls. delb, Clhlin;, -=. PeraorwMII nol a::INely 
invotYed in lhe test shal be tndldedflam the ALSE. 

:4.5 Aeceivec-Sc:arring AICieiwn Wich meel1he NqUila'nenls Gl CISPR 16 ant Stlisfartory for ~. 
Manual or aulama1ic fraquenc;y acar.uing may be ....._ Spedun •lll)'zers 8lld .-alirg ftiCIII!ivefs are 
particulalty useful for inlerfeNnoe ~ Spec::ill ax'lkfetd:la shal be giwln to CMMiold. "'-tty, 
setec:tivity. and 1he nonnai18Sp01'1Se to pulses. 1be peak cleleclion mode Gl spec:tMn .......... and tiCIIiing 
NCeiYets provides a disPay indicdan.tichIs....,..._ thin 'lleqlllli peak iltf! ah tar the arne bancWcflh. 
amay be convenient to rneascn emissbiS usi1g peak detlclian becau Gl the Casler acan pos:sllle than Wlh 
quasi-peak detectian. When quasi-pat imits are being used,.,.,peak~ cbse to th81imlt shal be 
measured using 1he quasi-peak detedor. • . 

41.5.1 MlNNt.IM SCAN TIME-The scan nde Gl a spec:tn.m analyzer or aaualing nr.ceiYet shal be adjusted tor 1he 
. . CISPR frequency band and detection mode used. The ntimum sweep ~ (&.e.. most rapid ac:an 
· tate) is listed in Table 2: 

TABLE 2-MINIMUM SCAN TIME 

Band Peak Detection Quasi-PeakDetec:tion 
A 9to1501<Hz Ooesnalapply Does not BAllY 
e o.1s to 30 MHz 100 mstMHz 200~ 
c.o 30 to 1000 MHz 1 msl100 msiMHz' 20siMHz 
Band definiticn fran asPR16 Part 1 • 

•When 9kHz bandwicllh is used.1he 100 msNIHzwlue &hal be used. 

Certain signals (e.g .. low tepetition tate orinlelmiUentsignals) may n!qUire 
slower scan rates or multiple scans 10 insure 1ha1 the maximum amplitude 
has been measured. 

4.52 MEASURING INSTRUMENT BANowlon+-TIIe bandwidth of the measuring instrument shall be chosen such that the 
noise floor is a! least 6 dB lower t11an the limit a.uve. The bandwidths in Table 3 are reoomrnencled. 

NOTE- When the bandwidth of the measUring instrument exceeds the bandwidth of a narrowband signal, the 
measured signal ai'Tqllitude will not be affected. The indicated value of ~lsiYe broadband noise will be 
lower when the measuring instrument bandwidth is reduced. 
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TAB~ 3 UEASURING INSTRUMENT BANDWIDTH (6 dB) 

0.15-30 91cttz 91diz - 91cHz 9kHz 
30 - 1000 FM bcuadcas1 1201cHz 1201diz 1201cHz 1201cHz 

Mabie senrioe 1201cHz 1201diz 9kHz 9kHz 

If a specttum analyzer is used for peak measur8nents, lhe Wieo banltwidlh shal be at least 1hree times the 
resollJijon bandwidlh. 

For the narrowband.boad discrirrination acxxxdillg "' Rgure 1. baCh bandwidths (with peak and lM!fage 
detectors) shaA be identical 

5.1 Type of Ant~ menna. ollhe type to be~ wilh the vehicle shall be used as the measurement 
ard.enna. Its loca%ion and attitude are determined acx:ooiing to the production specffications. 

If no antenna is to be furnished with the vehicle (as is often the case with a mobile radio sys1em). the antenna 
types in Table 4 shaD be used for the test The antema type and location shall be included in the test plan. 

AntennaTypeBand 
Bloadcast 

LW AM 1 mmonopole 
MW AM 1 mmonopole 
sw AM 1 mmooopole 
VHF FM 1 mmonopole 

Mob~e Services 
30 • 54 loaded quarter wave monopole 
70-87 ~rwave~ 

144 ·172 quarter wave monopole 
420 • S 12 quarter wave monopole 
800 • 1 000 quar1er wave monopole 

5.2 Measurement System Requirements 

.- 5.2.1 BROADCAST BANOS---For each band. the measurement shall be made with instrumentation which has the 
specified dlatacteristics. 
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· 5.2.1.1 AMBtoadcast 

a. Long Wave (150 to 300 kHz) 
b. Mecilm Wave (0.531o 2.D MHz) 
c. Short Wave (5.9 to 6.2 f.Attz:)' 

The measuring system shall haw the folawilag d1alaclerislics 

L OUfput ~ ot ~ICe Malchk1g DeYice: SOQ raistive. 
b. Gain: The gU\ (orattenuation) of the measgtng~ shalbe known wilh an 8oCCU13CY of:iD.S dB. The 

gUI at the equipment shal.anain Wit*' a 6 cS envelope tar each bquencv band as shown in Ftgure 2. 
Cafbration shall be pedomaed in .a::ocUaaWitt Appendilc A 

c. Co!T4xession Point 1he 1 cE wu~ f •• point llid occw c a sine wave wbge leYel greater 1han 
60 dB{s.tV). 

d Measurement System Noise Floor. The noise lloor ol Ute corrilil~ equipmen including measuring 
k1slrumenl, maaching ~• .mpean46t (If used) shal be ai least 6 dB lower1hanUte imt leYel 

e. Dynamic Range: F10m the noise floor to the 1 dB compressiol1 point 
f. lfllUllmpedance: The impedance of the measumg system 81 the input of the ii&atdli IQ networic shall be B( 

least 1otimes the open c:in::uit impedance ol the artificial antema networi<. in Appendix A 

14 

Gain 12 

(dB) 10 

8 

6 

6dB 
envelope 

f hiQh 

FIGURE 2-EXAMPLE GAIN CURVE 

52. 12 FM Broadcast (87 to 108 MHz)-Measurement shall be taken with a measuring instrument which has an 
input impedance of so n.. If the standing wave ratio (SWR) is greater than 2:1, an input ma1dling networ1< shaD be 
used. Appropriate correction shall be made for any atteoua!ionlgain of the ma1Chi:ng unit 

5.2.2 COMMuNICATIONS BANos (30 TO 1000 MHZ)-The test procedure assumes a 50 0 measuring instrument and a 
SO !l antenna in the frequency range 30 to 1000 MHz. If a measuring instrument and an antenna with differing 
~s are used. an appropriate network and c:om!dion !actor shall be used. · 

~ Vlef1! are s~ Olhe< shor1 waw txoadcast IJands. ~ ~ lli3m has been d10Sen bBc:ause it Is ni0$1 ~ used in 

Yehides. It is eJ;)8Cied 1tl2f au- shor1_,. bands ...be~ by cu ~nw ce 10 ltle limits in~ band. 
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6. lll!lhod at~ a general~ t1e cis11m.a MJiaQe shall be measured at the temil.als of 
the f3dio teCleMng antenna placedat theconec:1 wHcte locllan(s). 

To determine the distufbanoe ~a~cisUbancl8 souraasorcfislurbanoe systems, d sourt:es 
shall be ton:ed 10 C(** lndepet....ay.:ross t1ei' cange a norma~ qJeQiiGoocidiliociS (n.ISient eaects to be 
delennined). 

The cisbbance YObge shal be measured • t1e ceceNer end of the Mlienna C08JQal cable using the ground 
contact a the COfliledOf as ~ The..,..carelecb st111 be grounded to the housing of the on-board 
cadio (cenler CXJndudor ot the aruma coax is not CQfeledl!d to lhe on-board ladio). The ladio ~ shal be 
grounded to the whic:ie body using the pcoduc:tion harness. The use of a high quality double shielded cable for 
con....edioo to the measuring receilleris required. 

NaTE-The use ot fefrite or adler ~ession malerial on the exterior d the coax is ~ patticularty 
below 2 MHz. for suppress0 I of surface currents. 

A coaxial bulkhead cocaledoc shal be used for COf ai8Ction to the measuring reoeM!t' outside the shielded room. 
See Rgure3. 

Some vehicles may alow a reoeiYer to be rnourUd in sevel3l Aocations (e.g~ under the dash. under 1t1e seat. 
etc.). In these cases a test shaD be carried out as spec:i6ed in the test plan tor each reoeivef location. 

1· Umits for Vehick Raaated Dlstutbznc:es-lhe ~of disturbance may be cflfferent. for each cfiStUrbance 
source. Long duration cfiSturbance soun:es such as a heater blower motor must meet a more stringent 
requirement than short duration disi1Jrbanoe sources. Short duration disturbance sources may be decided upoo 
by 1he Yehide manufacturer. Forexample. door minor operation may be allowed at a higher level o( ~. 
as it is apaaled foronty 1 or 2 s at a time. Coflerert energy from mic:aapnx::essors is more objectionable beca•nse 
it resen'bles desired signais and is aninuous. 

For acceptable radio reception in a whicle. the OsMbance voltage at the end of the anteMa cable shal not 
exceed the values shown in Table 5. 

PREPARED BY lHE SAE EMR STANDARDS COMMfTTEE 
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1. Measuring instrument 
2. ALSE 
3 . Bulkhead connector 
4. Antenna (~ee 5.1) 
5. EDT 
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 

RGURE ~VEHICLE RADIATED EMISSIONS-EXAMPLE FOR TEST lAYOUT 
(END VlEW WITH MONOPOLE ANltNNA) 
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TABLE 5-UMITS OF OISTURBANCS-COMPLETE VEHla.E 

T«mmNNIHoiM 
Vollllgw......_. 

AnllnMT_.. 
dB (IN) 

·BruclbMd 
~ Comlnuous 

Band (MHZ) QP 

T..._...... T...._.NoiMT.....Nolsl,... Ttni!IIMIHabolv-. v-. 
..Aiol(wr Volt8gl..CReollhw ..CAecllhw 

..._T....,_ ....._Tennlnal 
dl6t'V) dl(IN) AMIMe T«<llln&& 

Aniiii!MT..._. •Reoehw 

•ONJ 
lhedbllld .......ld 11M.clblnd G(IN) 
~ Shott DlnC5on SMct OcndoCl IC.aowtand 

p pp QP 

LW 0.15 - ()..3() 9 22 15 28 6 

t.N( 0.53- 2..0 6 19 15 22'1 0 

sw 5.9-6.2 6 19 6 19 0 

VHF 30·54 6(151 2S 15 22'1 0 

VHF 70-67 6(151 2S 15 2S 0 

VHF 81 108 6(15) 2S 15 2S 6 

VHF 144. 17.2 6(15) 2S 15 26 0 

~kiF <120-512 6 (15) 2S 15 26 0 

lMF BOO· 1000 6 {15) 28 15 28 0 
H txoadban:l valuos lis1Cd in 1t1is table 81t1 valid lor tne bandwidlh speci6ed in T.all&e 3. 

Slateo signal$ may be ~ ~ 11:1 netferenc:e hlnmona&nt signals inhi A.Wlroaocasl band. This phenomenon 1'\as 

been tac:IDR!d iniD the VHF (87lo 100 MHz) irrit. 

leis IISSU'Md that piA&dio •ofS8Moes cpec:lling on flequencies ~below30 MHlllllil mast likely be pn:Mded illle lilms 
torseM:es llbaYa 30 t.AHz -~ 

•Limit fly i<Tition systems ontv 
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APPENDIXA 
(Nonlllldw) 

ANIB'mA UAtatiNGUNn"-4tEHICLE'l"ESi 

A.'I Antenna AWI:hlng Unll P111111Dt!!ib!Jt (tlitl lcHzto 6.2 ~ CllqUiA!menls farthe rnaa.s&nment equipment 
..., defined in 5.2.1. . 

A.2 Antenna llalch1ng ~ .nilicial.uma MlWOik a Fig&n A1 1s usee~ to N!pi1ISert the 
.-rennainctucing1heCODial cable. 1beeo pFcapriornpl\ISents thec:'lll*bnoea the c:oDill cable betwueen 
the car antema and 1he inpJt cl the car radio. 

500 

300 15pF 

~ 
i 
~ 
! 
: 
~ 

..._.____.....J.....,ji 

jSOO 
; 
i 

l 
~ 

! 
L-----...1~ 

~ 
. : 

~ i 
! 

SIGNAL ARTIFICIAl ANTBtNA 
Gels=iATOR AN'1'9ruA MATCHING 

NETWORK UNfT 

AGURE A1-CAUBRATION SET..UP 

A.:J..1 Gain Measurernerrt-The antenna maudIii19 ri shall be measured to determine whelher iCs gain meets the 
requirements at 5.2.1.1 using the test arrangement shown in Figure A1. 

A.:2.:l Test Procedure 

a Set the signal generator to the starting carrier trequenc:y with 1000 Hz. 30% ~modulation and 40 dB 
(p.V) output level 

b. Plot the gain aJtVe for each frequency segment. 

A.:J Impedance ~ d the oApl.lt ~ 01 ~ ..,_...... cueu ..._ ..... cncuc:nang tm1t 

shall be made v.rith a vector ~ meter (or equMdenl. test ecMxnenQ. The OUiput irq)edance shall &e 
within a ciJde on a Smi1h chart crussileg 100 + jO Q. having its certer8150 + iO 0. (e.g.. SWR less than 2 to 1). 
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NOTES ON THE SUPPRESSION OF lffl'mF&tENCE 

B.J lntroduction-Sucoess i1 providing l3dio distult:lance suppcession tor a Yehicle requires a systematic 
investigation to identity SOlll'tleS of ~etenoe which can be heard in the toudspeaker. Thi:s interferenoe may 
reach the receiver and loudspeaket in various ways: 

a Distuftlanoe:s coupled to the mema 
b. Oi:s1urbanoes coupled to the antema cable 
c. Penetr.ation into the receiver en:::losun! via the power~ cables· 
d. Direct r.Jdiation into the n!Oeiver (IITW1WJnily c:l an auiOmObile tatflo to radialed intef1eA!Oee) 
e. Ois1wt:lances cou;:J&ed to al OCher cables ccnnecled to lhe automobile rec:efver 

Before the start of the ~ the receiver housing, the antenna base. and each end of the shield of the 
antenna cable must be correc:tly grounded. 

8.2 Disturbances Coupled to the Antenna-Most types of disturbances reach the rcc.civer via the antenna 
Suppressors can be fmed lo the sources of dlS1Urbanoes to reduoe these cticd:s. 

8.3 Coupling to the Amenna C'ilble-To min1mil.e o:xJphng, thG antenna cible stlould not be routed parallello the 
Wlring harness or Oltler ele<::tncal cables, and should be placed as rcmot~ as possible from them. 

8.4 Clock Os.ci/Iator:s-Rat:!iabonlconductJOn from oo-baard ciCdl't:lOic m::ldule:s may affect other components on the 
vehicle. SignifK:ant harmones of the execution c::locl<. ("E-aock"} must nat roinc:ide with duplex tr.!nscelver 
spacings. nor with receiver c:hannel lrequenc:ies. 1be fundamerdal frequency of oscillators used in automotive 
moduleskornponents shall nat be an neger fraction d the duplex frequency of any mobile transceiver sySem in 
aperation in the counlly in 'Wtlich the vehicle will be used. 

8.5 Other Sources of Information-Corrective measures for penetration by receiver wiring and by direct radiation 
a.r-e OJVcred 1:1 other pubhc:at•ons Similarly. tests to evaluate the immunity of a rcccrvcr to conduCied and dlreel 
rad•<~1c<l <1•~turtnnr:cs :lfC al:.o covered m other pubhcat!Ons 
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APPENDIXC 

UST 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 

* These frequencies used only for mobile-radio transmission to a repeater and not for 
mobile-radio reception. 
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APPENDIXD 

LIST OF VEIDCLES AND THEIR TESTING PLACES 

Table D.l List ofVehicles and Their Testing Places 

Vehicle Name Vehicle Number Testing Places 

SwRI PT TI1J 
Ford F150 #1 2-4390-G X X X 
Ford F150 #2 2-4391-G X 
Ford F150 #3 2-4402-G X 
Chevrolet S 1 0 # 1 20-4138-G X X 
Chevrolet S 10 #2 20-4144-G X 
Chevrolet S 1 0 #3 20-4137-G X 
Chevrolet S 1 0 #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 TI1J 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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