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CHAPTER 1 

INTRODUCTION - THE TxDOT RFI PROJECT 

Back in the 1930s some engineers recognized that RFI (radio frequency 

interference) could be a nuisance. After years, with advancing technology, it turned into 

an even greater problem especially with the advent of high-tech communications systems 

and microprocessor-based control systems. Recognition of the problem led many 

engineers to become involved in EMC (electromagnetic compatibility) and as a result 

several test standards, including some for automotive EMC testing, have been made. 

In 1957, the SAE (Society of Automotive Engineers) already decided to set up 

EMI (electromagnetic interference) standards for measuring as well £is controlling RFI 

[1]. The current standard for EMI was adopted in 1961 and is known as J551. This 

version of test includes not just the test method and limits for broadband radiation, which 

was included in the first version, but also new test methods for measuring immunity of 

the vehicle to strong RF fields [2]. 

In the early 1980s, microprocessors and their associated circuitry became small 

and inexpensive enough so many vehicle manufacturers could use them to control many 

functions and add more complicated functions, which provided more convenience for 

drivers. Nowadays, these ECMs (electronic control modules) are standard in most cars. 

However, the clock oscillators in microprocessors, and the digital square wave signals 

used in the circuitry for processing and control in modem vehicles are rich in harmonics, 

and they are the main sources of narrow-band noise. 



During the 1980s, the FCC (Federal Communication Commission) specified the 

amoimt of interference that can be generated by a motor vehicle [3]. Thus, auto 

manufacturer EMC experts worked to deal with testing and design issues, assuring 

compliance with the federal regulations. These regulations are adequate to protect other 

broadcasting radio services, such as TV, AM and FM radio reception in nearby homes, 

but they are not intended to protect against interference to radio transceivers installed in 

the vehicles. Thus the industry has had to devise an additional standard, which is part 4 of 

the SAE J551 [4] (see Appendix B). The SAE J551/4 has been harmonized with CISPR 

25 [5]. 

SAE J551 has undergone modifications, and nine of the fifteen parts of SAE 

J551 are now in use by the major vehicle manufacturers in the US, including GM, 

DaimlerChrysler and Ford. (The other six parts are reserved for future use) 

SAE is not the only US group involved in the automotive EMI problem. The 

Texas Department of Transportation (TxDOT) developed its own test standard called 

Tex-899-B to assure that the 800 or so new vehicles purchased every year work correctly 

with their installed two-way radios. TxDOT two-way communication systems are an 

essential part of the TxDOT vehicle fleet for conducting daily business. The Tex-899-B 

test has recently been revised and renamed as Tex-1160-T (see Appendix A). 

There are two types of EMC problems in vehicles: one is the emissions (radiation) 

problem, in which the vehicle disturbs some communications equipment, and the other 

one is the immunity problem, in which some communications equipment disturbs the 

vehicle. Our project is related to the emissions problem. 



In the furst type of EMC problem a certain amoimt of radiation from the vehicle 

gets into the communication equipment as noise. This has occurred in TxDOT vehicles 

that have two-way radios installed. In the worst case, the noise radiated from a vehicle 

has been large enough that communication with other vehicles was almost impossible. 

The TxDOT test, Tex-899-B, can identify such vehicles, but this test is not used by the 

automakers. The purpose of the TxDOT RFI project is to modify the SAE J551/4 test, so 

as to make it correlate with Tex-899-B, in the hope that the automakers will then use this 

modified SAE J551/4 test to qualify their vehicles for TxDOT service and thus reduce 

TxDOT's RFI problem. 

Two graduate students worked on this project previously [6,7]. They concentrated 

on the effect of single-noise-source emissions. The objectives of the current thesis were 

selected to complement the two former graduate students' work. They are as follows. 

First, to measure the TxDOT radio response to multiple noise sources. To add to 

the two former students' work, we studied the effect of two or three combined noise 

sources. Chapter III of this thesis contains the results. 

Second, to perform a statistical characterization of DC motor noise. The random 

properties of DC motor noise make it hard to measure exact values. Chapter III includes 

the statistical analysis of this random noise from an HVAC fan and fuel pumps. 

Third, to carry out a simplified spectral analysis calculation of spark ignition 

noise. This noise is somewhat less random than DC motor noise, so we could calculate 

the frequency domain pattern and compare this wdth what we read from a spectrum 



analyzer. Chapter III contains the mathematical solution of the spectrum of the spark 

ignition noise. 

Fourth, to determine TxDOT radio noise blanker parameters. There is a noise 

blanker installed in all TxDOT radios. Since the Tex-899-B test is performed while the 

noise blanker is switched on, we needed to specify the noise blanker parameters. This is 

described in Chapter III. 

Fifth, to introduce new SAE J551/4 test limits for use with TxDOT vehicles. By 

means of our data we could evaluate and compare the two main EMC tests, Tex-899-B 

and J551/4, and decide on the new limits, which could improve the correlation of these 

two tests. 

Sixth, to validate the new SAE J551/4 test limits through whole vehicle tests. We 

tested two pickup trucks used by TxDOT. 



CHAPTER n 

LABORATORY TEST SYSTEM 

Noise sources in vehicles 

Electromagnetic noise is produced by many parts of a motor vehicle such as the 

ignition system, battery charging circuitry, accessory motors, fuel pump, airbag system, 

microprocessors, starter motor, etc. Most of the above are impulsive sources, with the 

ignition system being the most intense. Besides the spark ignition noise, there are two 

other major noise contributors in modem vehicles. One is DC motors (also impulsive) 

such as the HVAC (heater ventilation air conditioner) fan, radiator fan, wiper and fuel 

pump. These are significant enough to generate some noise in on-board communication 

systems. The other major noise source is microprocessors and their associated digital 

circuitry. Since digital systems use relatively high frequencies and the switching action 

results in even higher frequencies, the noise from digital systems may cover a broad 

frequency range, including the TxDOT two-way radio band. Such noise is called narrow

band noise, since it appears at discrete frequencies (or very narrow frequency ranges). If 

the frequency components of the noise are tmly discrete, they are referred to as CW 

(continuous wave). Narrow-band noise can be distinguished from broad-band noise, 

which has a wide, continuous frequency distribution like white noise. DC motor noise 

and ignition noise can be defined as broad-band noise. 



Laboratory bench-top tests 

The bench-top tests of the TxDOT project were conducted by simulating these 

three major noises in the Electrical Engineering Department at Texas Tech University. A 

main purpose of this simulation was to compare the two test methods, J551/4 and Tex-

899-B, and find a modified new limit for the J551/4 test to make it as effective as Tex-

899-B. 

Spark ignition noise has a periodic waveform. When the breaker points open, 

there are two sparks and thus two noise pulses. One occurs at the distributor and the other 

at the spark plug. As the engine runs, the two pulses are repeated periodically. The 

simplified circuit is shown in Figure 1 [8]. In the upper diagram, the points are closed and 

the inductor, labeled TX, is charging. In the lower diagram, the points have opened, 

producing the high inductor voltage and the resulting sparks. (Nowadays, a transistor is 

used instead of breaker points.) 

The spark ignition noise was simulated by an EH pulse generator. Since the 

antenna circuit works as a VHF band-pass filter, the pulse captured at the antenna has a 

ringing characteristic. Thus a band-pass filter was used at the output of the EH pulse 

generator to simulate the antenna ringing. 

In order to simulate the HVAC fan noise, a Dodge fan was run alone with a 12 V 

battery. The battery and fan were put inside a metal chamber to isolate the fan noise from 

ambient noise in the laboratory. The metal chamber was also used for other DC-motor 

noise sources such as an AutoZone fuel pump and a Dodge fuel pump. These 

impulsive noises were captured by a current transformer (FCC F-33-1 current probe). 
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Figure 1. Simplified circuit of a spark ignition system in a gasoline engine vehicle 



Noise from micro-controllers and their associated ckcuits is mainly divided into 

two types of signal. One is a CW signal and the other is an HMCW (heavily modulated 

continuous wave) signal. Simulation of the CW signal was done with our Rohde & 

Schwarz radio communication service monitor by setting it to a fixed frequency. 

Simulation of HMCW was conducted previously by Jin [6] but was not used for the 

present work. The detail block diagram of the test set up is shown in Figure 2. 

A Fluke FM signal generator is used to simulate a received 1.0 |iV FM 

communication signal at the antenna. A 1.0 kHz audio modulation frequency and 3.3 kHz 

frequency deviation were used for this signal. Two types of directional couplers allow 

this FM signal to combine wdth one, two or three noise sources. The combined nois> 

signal is delivered to the EMI receiver and TxDOT radio receiver through a coaxial 

cable. The reading from the CISPR-compliant EMI receiver (Rohde & Schwarz model 

ESS) represents the SAE J551/4 test [9]. 

The audio output of the TxDOT radio was connected to a SINAD meter through a 

load and transformer. The audio volume of the radio was adjusted for 1.0 W audio output 

power. HP 8903 A and B audio analyzers were used to measure SINAD (signal noise and 

distortion) values from the output of the radio. Measuring the SINAD value from the 

audio signal output of the radio is the procedure used for the Tex-899-B test. The SINAD 

value is defined as shown below [10]. 

rms value of signal, noise and distortion (volts) 
SINAD(dB) = 20\og 10 rms value of noise and distortion (volts) 
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Figure 2. Block diagram of laboratory testing setup 



Instead of measuring the amplitude of the signal and the noise from the audio 

output of the radio, the SAE J551/4 test measures the amplitude of the noise directly at 

the antenna. So, the SAE J551/4 test results appear with units other than dB. The most 

common units are dB|j.V and dBm. The dB}iV is the unit defining the amplitude of a 

signal compared to 1 \iW, that is 

dBpV = 20 log 10 

amplitude in pW 

The dBm is the unit relating the power of the signal to 1 mW, that is 

dBm = dBmW = 10 log 10 

amplitude in mW 

ImW 

These two units are very popular in communication system engineering. If it is a 50 Q 

system, the relation of these two units can be found as follows: 

1 HV = 20 logiol dB îV = 0 dBnV 

= 10 logio(lxlO-^xlxlO"^xlO"'V50) dBm = -106.98 dBm. 

Nine radios were supplied for the project by TxDOT radio shops in Austin and 

Lubbock. We used only four radios in the present study since these four are the ones 

mainly used by TxDOT. Four sensitive instruments have been used to measure the RF 

output level of the noise sources. The specifications of these instruments are mentioned in 

Table 1. 
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Table 1. EMI receiver and spectrum analyzer specifications 
(Internal noise level and dynamic range) 

ROHDE & SCHWARZ ESS EMI RECEIVER (dB^iV) 

IFBW 120 kHz (pre-amp on, 2s measurement time) 10 kHz (pre-amp on, 2s measurement time) 

Detector PK QP Pk/M AV RMS PK QP Pk/M AV RMS 

10 dB atten* 11.5-
13.4 

5.9-
6.0 

29.2-
30.4 

-0.4-
-0.6 

0.3-
0.4 

-0.4-
1.1 

6.1 39.6-
41.8 

-11.4-
-11.5 

•10.6 

0 dB atten* 1.5-
2.8 

4.0-
-3.9 

19.3-
21.1 

-10.4 -9.6 -8.3-
-10.5 

-3.9-
-4.0 

30.4-
32.1 

-21.5-
-21.4 

-20.7 

Dynamic range 
Dynamic range : up to 137 dBnV (when RF attenuation > 10 dB) 
Operating range : 60 dB 
Typical noise figure : 8 dB with preamplifier, 12 dB without preamplifier 

ROHDE & SCHWARZ ESVP EMI RECEIVER (dB^iV) 

IFBW 120 kHz (pre amp on, 2s measurement time) 10 kHz (pre amp on, 2s measurement 
time) 

Detector AV Pk CISPR MIL AV Pk MIL 

10 dB atten" -2.6 10.5-9.8 1.4 30.3-29.2 -6.0 -0.3--1.9 41.4-39.2 

0 dB atten"* -12.6 1.1--0.2 -8.6 20.3 - 19.4 16.0 -9.9--11.5 31.0-29.6 

Dynamic 
range 

Dynamic range : up to 137 dB|iV (when RF attenuation > 10 dB) 
Operating range : 60 dB 
Typical noise figure : 6-8 dB with preamplifier, 14 -16 dB without preamplifier, 

SCHAFFNER SCR 3101 EMI RECEIVER (dB^iV) 

IFBW 120 kHz (2s measurement time) 9 kHz (2s measurement time) 

Detector PK AVLD QPcisp PK AVLD 

10 dB atten" 16.4-17.5 5.5 -0.6--0.5 *** 2.7 

0 dB atten^ 7.3 - 8.2 -4.5 -10.6--10.5 -6.2 - -7.8 -7.3 

Dynamic range 
Dynamic range : - 23 - + 130 dBjiV. 

(In QP detection mode with no autoranging activated, it is 7 dB.) 
(Accuracy better than 1.5 dB in temperature range +15 ... +35 deg. Celsius. ) 

HEWLETT PACKARD 8592L SPECTRUM ANALYZER 

Detector PK (sweep time : 2 sec) Video AV (100 sweeps : 2 sec for each) 

RF Attenuation OdB 10 dB OdB 10 dB 
Level 21 dB^iV 31dBnV 9dBnV 19 dBnV 

Dynamic range 

L 

Optimum dynamic range (77 dB) 
Amplitude Range (-130 dBm to 30 dBm) 
Resolution Bandwidth (30 Hz to 3 MHz) 
Operating frequency range (9 kHz to 22 GHz) 

Atten* : RF attenuation 

11 



*** : not available 

Each of the three receivers was available to us during a different period of time. 

The ESS receiver from Rohde & Schwarz is a newer model than the ESVP receiver. They 

have the same dynamic range but the ESS has additional automatic data-taking features. 

The Schafftier receiver has less sensitivity than the two receivers from Rohde & Schwarz, 

but it is very portable and good enough to measure broad-band noise. The HP 8592L 

spectrum analyzer is not good for measuring accurate noise values but is good enough to 

see the frequency domain characteristics of the noise. 

Test equipment 

A large array of equipment has been used for the bench-top tests. Three different 

pulse generators have been used to simulate spark ignition noise. Two RF receivers and 

two spectrum analyzers have been used to measure the amplitude of the noise. In addition 

multiple SINAD meters and oscilloscopes were used. Table 2 gives detailed 

specifications of the test equipment. 

Two hybrid junctions and a 3-port directional coupler have been used to combine 

the signal with three noise sources. For the 4-port hybrid junctions, there is 3.6 dB loss 

from input to output and either 0° or 180° of phase shift. The 3-port directional coupler 

has two inputs and one output and each path has a different coupling loss. Port 3 to port 1 

has 0.5 dB loss and port 2 to port 1 has 20 dB loss. Figure 3 shows the coupling paths of 

the couplers. 

12 
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Figure 3. Directional couplers 
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Table 2. Brand, model and usage of principal equipment 

Category 

RF receiving 
equipment 

SINAD 
meter 

Oscilloscope 

Signal 
generator 

Amplifier 

Network 
analyzer 
Current 
transformer 

Attenuator 

Directional 
coupler 

Band-pass 
filter 

Brand and model 

Rohde & Schwarz ESS EMI receiver 

Rohde & Schwarz ESVP EMI receiver 

Schaf&ier SCR 3101 EMI receiver 

HP 8592L spectrum analyzer 

HP E7401A EMC analyzer 

HP 8903 A and B audio analyzers 

HP 54616B, 2 Gsa/s, 500 MHz 

HP54602B, 150 MHz 

Fluke PM 3370A, 1 MSa/s, 60 MHz 

EH Research Labs 139B pulse generator 

Tektronix 110 pulse generator 

HP 222A pulse generator 

Fluke 6060B RF signal generator 

Rohde & Schwarz CMS 54 radio 
communication service monitor 

Midland stereo amplifier 

Mini circuits ZFL-500 HLN low noise pre-
amp 

HP 8753C 

FCC F-33-1 current probe 

HP 8494B attenuator 

Weinschel 3200T-1 programmable 
attenuator 

Synergy Microwave DJK-702N 9650, 
DJK-702N 9723 and DJK-702S 9615 

Custom made 

Usage 

Noise amplitude measurement 
in frequency domain 

SINAD (dB) measurement 

Visualize 
time domain waveform 

Audio frequency waveform 

Spark ignition noise simulation 

FM signal generation 

CW noise simulation 

Audio signal amplification 

RF signal amplification 

Impedance check for the 
directional coupler 

Capture the current waveform 

Used to decrease the amplitude 
of DC motor noise and spark 
ignition noise 

Couple multiple devices 

Simulate antenna ringing 

14 



CHAPTER III 

BENCH-TOP TEST RESULTS 

Broad-band noise in vehicles 

Broad-band disturbance emissions are mostly caused by DC motors and spark 

ignition systems. We simulated three types of DC-motor noise sources: HVAC fan, fiiel 

pump and radiator fan. We used actual DC motors taken from vehicles for these 

simulations. For the spark ignition noise simulation, we used an EH Research Labs 139B 

pulse generator. We measured the peak amplitude of this broad-band noise with the use 

of 120 kHz bandwidth. (The bandwidth for the measuring equipment is specified in the 

SAE J551/4 test. See Table 3 in Appendix B.) 

HVAC fan noise 

A Dodge HVAC fan and a Dodge radiator fan were used in this bench-top test. 

The fans were put inside the metal chamber while we measured the noise level. Only the 

HVAC fan was found to be noisy; the radiator fan was extremely quiet. The reason why 

the radiator fan has low noise, even though it has two DC motors, is that it has filters 

installed at the back of the motors. No fiirther use was made of the radiator fan in our 

tests. 

Because of the inherent random property of fan noise, we cannot give the exact 

waveform of the noise. Although it has a large quasi-periodic peak about every 1700 |is. 

15 



the peak value and the period are not stable. Figure 4 is one sample of the HVAC fan DC 

motor noise waveform captured by the HP 54616B oscilloscope. 

f^S4SlS8 €c-d« ftev ft.22.30 
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Figure 4. Sample waveform of noise from HVAC fan 

The random property of the fan noise suggested that a statistical analysis was 

needed, and a test was performed using a computer program. The HVAC fan was run by 

battery inside the metal chamber. A current probe was connected to the R & S ESS EMI 

receiver to measure the peak amplitude of the fan noise. The ESS receiver was connected 

to a computer through IEEE cable, and 1000 data points of fan noise peak amplitude were 

captiu*ed by a Lab View program. The captured 1000 data points are shovm in Figure 5. It 

16 



takes 2 seconds of measurement time to get each point. Horizontal and vertical axes of 

the figure indicate time in seconds and amplitude of the HVAC fan noise in dBjiV, 

respectively. We used peak detection at a frequency of 47.02 MHz wdth 120 kHz 

bandwidth for this measurement. The speed of our fan is about 2700 rpm at 13 volts. A 

Stroboscope was used to measure the speed. 

66 
Fan noise peak values(mean=53.78 dBMV, std=2.29 dB) 
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Figure 5. 1000 data points of fan noise peak amplitude 
(2 s measurement time, 120 kHz BW) 
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The average of these 1000 data points of HVAC fan noise power was 53.78 

dB|iV, and the standard deviation was 2.29 dB. Perhaps the first hundred data points do 

not exactly represent fan noise because this portion of the data is decreasing while the 

later part is relatively stable. The decreasing may be just an initial transient effect, so we 

looked at the last four hundred values only. For these the mean value of the fan noise 

peak amplitude is 53.89 dB|aV, and the standard deviation is 2.04 dB. 
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Power of fan noise (dB^V) 

66 

Figure 6. Probability density fimction of fan noise peak amplitude 
(Mean : 53.78 dBjiV, std dev : 2.29 dB) 
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Figure 6 shows the probability density fimction of these 1000 data points. From 

the figure you can see that most of the data are located between about 52 and 56 dBpiV. 

Hence, we can say fan noise has random behavior, but it is fluctuating within a ± 2 dB^iV 

range of its average value. 

SINAD test for the HVAC fan noise 

The bench-top setup shovm in figure 2 allows us to measure the peak amplitude 

value of one or more noise sources while a signal with the noise produces a 12 dB 

SINAD reading. We adjusted the fan noise attenuation to make 12 dB SINAD, and we 

read the peak amplitude of the fan noise. Each EMI receiver read slightly differently, 

however they showed good agreement. Table 3 gives us a brief comparison of the fan 

noise peak value readings of the three different receivers. A Motorola MaraTrac radio 

was used for these tests. 

Table 3. HVAC fan noise peak amplitude reading from three different receivers 
(for 12 dB SINAD) 

Rohde & Schwarz 
ESS receiver 

Rohde & Schwarz 
ESVP receiver 

Schafftier 
SCR 3101 receiver 

50 ~ 55 dB^iV 48 ~ 53 dB^V 43 ~ 58 dB^iV 

Fuel pump noise 

Fuel pumps can make as much broad-band noise as fans. We employed two fiiel 

pumps for simulation purposes. One is used on Dodge trucks and the other is made by 

19 



AutoZone and used on GM trucks. The fiiel pumps were mounted in metal containers 

filled with Stoddard solvent. The pressure of the pumping is measured during every test. 

The usual setting of pressure was 49.22 psi, which is the setting used on Dodge trucks. 

T'\A 

For the AutoZone fiiel pump we set the pressure at 10.5 psi. 

Like fan noise, fiiel pump noise is random. Hence, We have done the same 

statistical analysis. Figures 7 and 8 show the probability density fimctions of fiiel pump 

noise peak amplitude for the two pumps. 
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Figure 7. Probability density fimction of AutoZone fiiel pump noise peak amplitude 
(Mean : 39.93 dB îV, std dev : 1.58 dB) 
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,TM The AutoZone pump makes less noise than the Dodge pump by 15 dB, and the 

Dodge pump has a bigger standard deviation. From the figures, you can see that the fan 

noise has a wider distribution than the AutoZone^^ fiiel pump but narrower than the 

Dodge fiiel pump, and the mean value of the fan noise is more like the Dodge fiiel pump 

than the AutoZone fiiel pump. A comparison of probability density fimctions of these 

three DC motor noise sources is plotted in Figure 9. 

The Dodge fiiel pump noise peak amplitude for 12 dB SINAD turned out to be 

around 44 dB|iV. The Motorola MaraTrac radio was used for the measurement. The 

measurement time and bandwidth were 2 s and 120 kHz, respectively. 

0.16 

50 52 54 56 58 60 62 64 
Power of fuel pump noise (dB^V) 

66 68 

Figure 8. Probability density fimction of Dodge fiiel pump noise peak amplitude 
(Mean : 56.31 dB^iV, std dev : 3.27 dB) 
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Figure 9. Probability density fimctions of three DC motors 
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Spark-ignition noise in gasoline engines 

The next broad-band noise source is spark ignition. Figure 1 in chapter I shows 

the spark ignition system in a gasoline engine vehicle. The period of the spark ignition 

pulses can be derived from the engine speed. If a 6-cylinder engine is used and the speed 

at idle is 1000 rpm, there are six spark pulses in each turn of the crankshaft, that is, 6000 

pulses in a minute, and thus 100 pulses in a second. Therefore, the period of the pulses is 

10 ms. Assuming the ignition system has a distributor, sparks occur there in addition to at 

22 



the spark plug. The interval between pulses from distributor and spark plug was measured 

from a vehicle as 10 îs. We set the pulse width as 10 ns, and the ringing pattern caused 

by the antenna circuit was simulated by use of a band-pass filter. The simulated pulse of 

spark ignition noise is captured by the HP 5416 B oscilloscope and shown in figure 10. 

Hr>S4BlSg Code Rev A.02.30 t S u r . 2 4 Ued Har 29 , 2009 

Figure 10. Simulated spark-ignition noise in gasoline engine vehicle 
(one pulse) 

We set the pulse v^dth as 10 ns, second pulse delay as 10 |is and pulse period as 

10 ms. 
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Figure 11. Rectangular pulse 

Assuming for simplicity simple rectangular pulses, rather than the ringing pulses 

of Figure 10, we can easily calculate the Fourier transform. To begin let us consider one 

rectangular pulse itself (see Figure 11). The Fourier transform of a rectangular pulse is a 

sine fimction as shown below. 

0.5 

XAcD) = F{x,(t))= \x,{t)e-"^dt = A \e-''^dt = j-[e'"'''' -e'''''] = j-[-2jsm(co0.5)] 
-0.5 

0) 

A^^^^ = Asmcif) where co = 2;rf 

^2(t) 

•0.5 0.5 

^ 

-8 ta-0.5 ta+0.5 2ta-0.5 2ta+0.5 time(10"'*s) 

Figure 12. Periodic rectangular pulse 
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If the rectangular pulse is periodic, as shown in Figure 12, the Fourier transform 

needs to be modified as shown below. 

0.5 ±('„+0.5) ±(2/„+0.5) 

je-'^^dt^ je-''^dt+ je-'' 
-0.5 ±(',,-0.5) ±(2/„-0.5) 

X,(0)) = F{x,(t)) = \x,(t)e-''^dt = A[ je-J'^dt + je'^^^dt + je'^'^dt + • • •] 

= yii[e->o.5_^>o.5]|^^^±>^„ +g±>2,. +...]^x,(coy 
00 

u=-« 

( by using of the Poisson formula J ] S{co - =^) = -— J]^"'"'^ ) [11] 
k=-co -* •^''' /i=-oo 

1 CO 1 

= ^sinc(/) — ^ 5 ( / -n —) where k,n is integer. 
I a n=-oo »a 

The resulting Fourier transform of the single periodic rectangular pulse is shown 

in Figure 13. This corresponds to a distributorless ignition system. As you can see in the 

figure, the spectrum is formed of consecutive delta functions, which follow the envelope 

of the sine fimction. Each delta fimction is separated by 100 Hz, so figure 13 is 

exaggerated to show the delta function and sine fimction together. [12] 
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Figure 13. Fourier transform of periodic rectangular pulse (not to scale) 
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Figure 14. Periodic double rectangular pulse 
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Figure 14 shows the periodic rectangular pulse waveform, which corresponds to 

an ignition system with distributor. The Fourier transform is calculated below: 

X,{co) = F(x,it))= jx,(t)e-J'^dt 

0.5 ±(',+0.5) ±('»+0.5) ±(«4+»„+0.5) 

= A je-''^dt + A je-"^dt + A \e-''^dt + A je'^'^dt + 
-0.5 ±('„-0.5) ±('»-0.5) ±(r»+»„-0.5) 

= X^ (o)) + e--"^" X^ (o)) = X^ (6))(l + e-"^") = X^ (fi?)(l + cos cot, - J sin o)t,) 

= X, (cD)g{cvt,) = g(cvt, )X, (CO) 1 1 ; 5( / - « 1 ) 
** n=-oo ' a 

= Ag(cot,)smc(f)- X 8 ( / - « l ) 
* I, n=-oo »a 

where, g(coti,) = (1 + cos cot/, - j sin o)t,) 

The resulting graph is shown in Figure 15. The consecutive delta functions have 

an envelope given by the fimction g( co tb). Again, this graph is exaggerated to show every 

function in one picture. Actually, g{o)t\,) has 1000 peaks in each lobe of the sine function, 

and each lobe of g((y tb) contains 1000 delta functions. 
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Figure 15. Spectrum of periodic double rectangular pulse (not to scale) 

Somebody might ask whether we really need 120 kHz bandwidth for ignition 

noise amplitude measurement rather than 9 kHz bandwidth, which is used for narrow

band noise. The answer is definite. In a practical situation, there is always some jitter in 

the spectrum and in doing a peak amplitude measurement for an EMC test, you'd like to 

be able to make a single, accurate measurement. Using the 9 kHz bandwidth gives only a 

portion of a lobe of the 100 kHz periodic envelope, while using 120 kHz bandwidth gives 

an entire lobe. In view of the jitter, the 120 kHz bandwidth is preferred because the 

readings do not change from one measurement to the next. We verified this by 
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experiments. We could get a stable peak value of the ignition noise with 120 kHz 

bandwidth, while we got an unstable peak value for 9 kHz bandwidth. 

Light bar noise 

Light bars do not come with new vehicles but are installed by TxDOT. The 

colored lights on the bars are used to provide warnings to motorists. The bars use tiny DC 

motors to rotate reflectors behind the lights. These motors are the noise sources in light 

bars. 

We tested a light bar and two beacon lights at the lab. The beacon lights have a 

single flashing bulb and no motor. The light bar that we tested has four motors in it with 

filters installed on all motors. Three capacitors soldered at the back of each motor 

constitute the filter. We tested the light bar with and without the filters installed. The 

table shown below gives the data for the light bar and beacon lights (Table 4). 

Table 4. Light bar and beacon light noise amplitudes 

DB|iV 

Peak 
amplitude 

Light bar 
With filter 

7.6-14.1 

Light bar 
Without filter 

29-37 

Beacon light I* 

42-47 

Beacon light II** 

62-65 

* : blinking light 

** : blinking light with audible tone 

From the table we found the light bar noise is not sufficiently high (not above the 

40 dB^V limit) to fail the Tex-899-B test either with or without filters installed. We 
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couldn't even reduce the SINAD value below 28 dB with this light bar. The two beacon 

lights have much higher peak amplitudes but just make 24 dB SINAD because their pulse 

rate is extremely low, on the order of a second. The measurement was made at 47.02 

MHz with 120 kHz bandwidth, and the measurement time was 2 s. The ESVP receiver 

was used. 

Narrow-band noise in vehicles 

CW RF noise typically comes from harmonics of the oscillator used in digital 

circuitry. A sine wave without modulation at the same frequency that is used in the 

TxDOT radio under test was generated by the R & S CMS54 radio communication 

service monitor for the CW noise simulation. Since we were using a pure sine wave, it 

would measure the same with an average detector as v^th a peak detector. This type of 

noise is narrow-band and it can be measured at 9 kHz bandwidth rather than 120 kHz. 

SINAD test for the spark-ignition noise 

We were not able to reduce the SINAD value by increasing the peak amplitude of 

spark ignition noise. Since the noise blanker in the radios works very well for the ignition 

noise, even at the maximum output of the ignition noise generator, which is 88 dB|iV in 

120 kHz bandwidth, we couldn't make any change in the SINAD value. 

FM signal 
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The FM signal is generated by a Fluke 6060B signal generator. Tex-899-B 

specifies the FM signal to be set on-channel and modulated with a 1 kHz sine wave tone 

at ± 3.3 kHz deviation. The maximum amplitude of the FM signal should be no more 

than 1 nV (-107 dBm) in order to obtain a 12 dB SINAD reading. These values were 

used for all the SINAD tests in our bench-top studies. 

SAE J551/4 test and TxDOT Tex-899-B test 

The Tex-899-B test specifies an RF emission limit of 12 dB SINAD at the audio 

output of the TxDOT radio while a 1 |iV FM signal is present. This is different from the 

J551/4 test, which specifies the RF emission limit directly at the antenna without an FM 

signal present. 

To see the correlation between the two tests, first we send the 1 |iV FM signal and 

a selected noise to the TxDOT radio, and then adjust the noise to obtain a 12 dB SINAD. 

Once we get the 12 dB SINAD, the power of the noise is measured at the radio input, 

which gives the J551/4 test limit corresponding to the Tex-899-B test limit. 

Multiple noise sources (HVAC fan and CW) 

Instead of using only one noise source, we added two, fan and CW, to the FM 

signal and then performed the SINAD test. Two directional couplers were used to 

combine the noise and signal. An amplifier and attenuator were used to adjust the power 

of the fan noise. First we set the fan noise value very low (0 dB|iV) and then adjusted the 

CW noise to get the total combined noisy signal to make a 12 dB SINAD. Then we 
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measured the peak amplitude of each noise at the radio input. This indicated the SAE 

J551/4 test value corresponding to the TxDOT limit. Then we repeated the measurement 

for gradually increased HAVC fan noise, until the fan noise reached its maximum 

possible value (near 60 dB|aV). Noise amplitudes were measured at 47.02 MHz by the 

Rohde & Schwarz EMI receiver with peak detection mode. The same 2 s measurement 

time was used, but different measurement bandwidths were used for the two noise 

sources. A 120 kHz bandwidth was used for the broad-band noise measurement, and 9 

kHz bandwidth was used for the narrow-band noise measurement. The same test was 

repeated three times to check repeatability, and this resulted in three curves for each 

radio. There are nine radios of five different models in our laboratory, but we 

concentrated on just two radios, since these two radios are the most common ones in the 

TxDOT vehicle fleet. These are the GE RANGR and the Motorola MaraTrac. Figure 

16 shows the SAE J551/4 test values for the two radios when the noise is at the limit of 

the Tex-899-B test. In other words, the curves in Figure 16 show the relationship of the 

peak noise amplitudes which results in a 12 dB SINAD with an FM signal. As the HVAC 

fan noise gets smaller, the CW noise becomes larger. The X-line indicates the current 

limit of the SAE J551/4 test for broad-band noise. The current limit for narrow-band 

noise of the SAE J551/4 test is 0 dBjiV. Hence it's not shown in this graph. 

32 



- 6 - 5 - 4 
CW Noise Peak Amplitude (dB^V) 

V : Motorola MaraTrac. 
O :GE RANGR™. 
X : Current limit used for SAE J551/4 test. 

Figure 16. SAE J551/4 test values for the two radios primarily used by TxDOT 

As you can see, the two limits, the one corresponding to Tex-899-B and the 

current J551/4 one, don't agree with each other. The current J551/4 limit for broad-band 

should be increased from 28 dB|iV up to 40 dB îV (or even to 50 dBjiV if considering 

only the MaraTrac) to prevent the vehicle which makes noise between 28 dB|iV and 40 

33 



dB^iV from failing J551/4 while passing Tex-899-B. And for narrow-band, the limit 

should be decreased to about -3 dB îV to make J551/4 agree with Tex-899-B. This is 

reasonable, because Tex-899-B specifies that the maximum received FM signal should 

not be more than 1 |aV (= 0 dB^iV), and of course no radio can work with noise equal to 

signal power. 

Multiple noise sources (HVAC fan and fiiel pump) 

We also performed a SINAD test for the HVAC fan and fiiel pump together. We 

used the Dodge fiiel pump for this test. Both of the DC motor noise sources were put 

inside of the metal screen box, and the current probe was connected to the Schaf&ier SCR 

3101 EMI receiver and Motorola MaraTrac radio by a directional coupler. An amplifier 

and attenuator were connected before the directional coupler to adjust the power of the 

noise from the DC motors. A 120 kHz bandwidth and 2 s measurement time were used 

for this measurement. The results are shown in Table 5. 

Table 5. Comparison of peak noise amplitudes for HVAC fan, fuel pump, 
and HVAC fan plus fiiel pump 

Battery voltage 

SINAD (dB) 

Attenuation (dB) 

EMI level (dB^V) 

HVAC 
fan 

12.55 

8-15.5 

6 

4 5 - 5 2 
(48.5)* 

Fuel 
pump 

12.70 

1 1 - 1 3 

6 

4 1 - 4 8 
(44.5) 

HVAC fan 
+ 

Fuel pump 

12.40 

1 0 - 1 4 

11 

4 2 - 4 8 
(45) 

HVAC 
fan 

12.57 

1 0 - 1 4 

4 

4 9 - 5 3 
(51) 

Fuel 
pump 

12.70 

11 -13 

8 

4 0 - 4 8 
(44) 

HVAC fan 
+ 

Fuel pump 

12.38 

9 - 1 5 

10 

4 0 - 4 6 
(43) 

Note*: average value of the peak amplitude readings 
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We conducted the test twice to check the repeatability of these values. We found 

that the HVAC fan noise peak amplitude for 12 dB SINAD went dovm by about 6 dB 

when we used both the fan and fiiel pump simultaneously. In the previous section we 

discussed our new limit of the SAE test for broad-band noise. We saw that the fan noise 

peak amplitude for the 12 dB SINAD is around 48 to 55 dB|iV, but if we add fiiel pump 

noise, which is always present while an engine is running, this value will decrease about 

6 dB. For this reason we choose the 40 dB|iV as our new limit for broad-band noise. 

Multiple noise sources (HVAC fan and spark ignition) 

Instead of using fiiel pump noise we added spark-ignition noise to the FM signal 

with HVAC fan noise. Our simulated spark-ignition noise, generated by the EH pulse 

generator, has the following specifications: double-pulse mode, 10 ns pulse width, 10 |j,s 

second pulse delay and 10 ms pulse period. In this particular test we connected the 

ignition pulses directly with the fan noise without using the band-pass filter in order to 

get more power for the ignition noise. The results are shown in Figure 17. The Motorola 

MaraTrac radio was used. Figure 17 will help you to see the distribution of fan noise 

peak amplitude for 12 dB SINAD at each ignition noise level. The solid line connects the 

mean value at each ignition noise level. A trend from lower left to upper right is seen in 

the data in Figure 17, although it is very slight, about 5 dB in fan noise. The reason for 

this trend is not known, and in fact it is not always repeatable, one test having produced 

an opposite trend. 
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Figure 17. Fan and spark-ignition noise for 12 dB SINAD 
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Multiple noise sources (HVAC fan, spark ignition, and CW) 

A question arising in regard to figure 16 is whether the presence of spark ignition 

noise, in addition to the fan noise and CW noise, would change the shape of the curves. 

This is a matter for practical concern since in a gasoline-powered vehicle with the engine 

running, the spark ignition noise would be present. 

To investigate this situation we connected three noise sources: HVAC fan, spark 

ignition, and CW, in our test setup and performed the usual 12 dB SINAD test. We used 

the band-pass filter with the ignition noise, a Motorola MaraTrac as the TxDOT radio, 

and three directional couplers to combine noise and signal. The results are shown in 

figure 22. 

Each curve in the figure corresponds to a particular value of ignition noise. If we 

look at the left end of the curves, there does seem to be a trend - as the ignition noise is 

increased, the fan noise must be lowered - but there is considerable random variation 

also. We find this data, like the data in Figure 17, to be somewhat inconclusive as far as 

the effect of ignition noise is concerned. And we do not feel justified in trying to use this 

data to adjust the 40 dB|iV limit that we established on the basis of table 5. 
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Figure 18. Fan and CW noise for 12 dB SINAD with specific ignition noise present. 
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Noise blankers in TxDOT radios 

Noise blanker circuits are installed in the TxDOT radios. The GE RANGR™ 

circuit is turned on and off by connecting two jumper wires, while the Motorola 

MaraTrac can be turn on and off by a sv^tch. The noise blanker circuits in these radios 

are very effective for spark ignition noise, somewhat effective against noise from DC 

motors such as fiiel pumps and HVAC fans, and ineffective for CW noise and thermal 

noise [6]. 

The noise blanking circuits of the two radios work similarly but against DC-motor 

noise the Motorola MaraTrac is somewhat more effective. A brief summary of the 

characteristics of the noise blankers in both radios is shown in Table 6. The 

characteristics were found by using an EH pulse generator as the noise input to the radio. 

Table 6. Laboratory test of noise blanker performance of TxDOT radios 
(Pulse length of noise pulses = 10 ns) 

Blanker Characteristic Radio 

MaraTrac RANGER™ 

Type of circuit 
IF detect and 
IF blank 

Blanking disable / enable Push button 

IF detect and 
IF blank 

Internal jumpers 

Length of blanking pulses 

Minimum amplitude of 
noise pulses for blanking 

Maximum amplitude of 
noise pulses for blanking 

Pulse-rate shut down 

8 \is 

3mV 

> 7 V 

300 kpps 

2 \is 

2mV 

> 7 V 

250 kpps 
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For the Motorola MaraTrac the length of blanking pulses depends on the 

amplitude and repetition rate of the noise pulses. Figure 19 illustrates the relationship of 

length of blanking pulse and noise pulse repetition rate (frequency). 
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Figure 19. Length of blanking pulse vs. frequency of noise pulse for MaraTrac radio 

You can see that the noise blanker in this radio, Motorola MaraTrac, is totally 

turned off when the noise frequency reaches about 300 kHz. However the noise blanker 

in the GE RANGR radio works in a somewhat different way. As we increase the 
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frequency of noise, the percentage of blanked noise is reduced, and it seems that the 

blanker is not totally turned off no matter what the noise frequency is. This noise blanker 

property is illustrated in Figure 20. 
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Figure 20. Noise blanker performance of RANGR radio 

We also applied very large pulses to see if they would get past the blanker and 

produce noise in the radio output. Our short, 10 ns pulses, produced no noise, even with 

amplitude up to 7 V. But when we tried larger pulse lengths, we were able to achieve a 

low SINAD value. The data in the following table was measured at a fixed noise 

repetition rate, 15.15 kHz (66 |is period). We adjusted the length of the noise pulse so 
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tiiat we could achieve a 12 dB SINAD. As we increased the pulse length of noise, we 

needed to reduce die amplitude so that we could maintain a 12 dB SINAD. We repeated 

the test to see the consistency of the values. The amplitude in dB îV was measured by 

peak detection on the Rohde & Schwarz ESVP receiver at 120 kHz BW with a 2 s 

measurement time. We used the Motorola MaraTrac. The data are shown in Table 7. 

Table 7. Noise peak amplitude vs. noise pulse width (12 dB SINAD). 

Amplitude (V) 

Amplitude(dB|xV) 

Pulse 
length 
(fisec) 

Trial #1 

Trial #2 

0.8 

48.7 

33 

33 

1 

50.0 

16 

19 

1.5 

54.4 

9 

10 

2 

56.6 

3.2 

3.2 

2.5 

59.2 

2.5 

2.8 

3 

60.9 

2.3 

2.5 

3.5 

60.9 

2.1 

2.1 

3.6 

61.8 

1.9 

2.1 

66 |is pulse period (15.15 kHz) 

The noise blanker makes a blanking pulse at the leading edge of the noise pulse 

with a 1 |j.s delay. If the length of the noise pulse is shorter than 8 |as (2 |j.s for GE 

,TM RANGR ) the blanker makes as many blanking pulses as noise pulses. However it 

makes tv^ce as many blanking pulses as noise pulses, if the noise has a longer pulse 

length than that of the blanking pulse. This is because the blanking circuit triggers not 

only at the rising edge but also at the falling edge of a noise pulse. That is not very good 

because at the falling edge the blanking pulse cuts out the signal instead of the noise if 

the noise pulse has a longer pulse length than that of the blanking pulse. Examples are 

shown in Figures 21 and 22. 

The big pulses are blanking pulses and the small pulses mark the edges of a noise 

pulse. The blanking pulses were captured from the radio circuit board, but the noise pulse 
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was captured from a hybrid junction ahead of the radio antenna port. Since the hybrid 

junction has limited frequency range, its output just shows the edges of the noise pulse, 

which had a pulse length of 20 îs in figure 20 and 4 ^s in Figure 21. 

rtPS4616e Code Rav fl-OZ.SO 1G:53:3S Tu€ Jun 1 3 , 2 0 0 0 
?- ^QQ? g Q SOO^ SOm^/^ ^ 0 , Q Q a 10 .O^/- ^± RUM 

Figure 21. Noise pulses and blanking pulses of Motorola MaraTrac 

KP&4B1SB Code Rev f^.02.30 12'.C^B:44 Ued Jun 14, 2009 

Figure 22. Noise pulses and blanking pulses of GE RANGR™ 
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As part of our study of noise blankers, we also conducted the TxDOT acceptance test for 

noise blanker operation. Of course both the MaraTrac and RANGR™ radio passed this 

test [13]. 
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CHAPTER IV 

TESTS ON TxDOT TRUCKS 

TxDOT vehicles 

Not all the TxDOT vehicles have the installed two-way radio system, however 

most of their trucks do. We tested two trucks; both were '99 Dodge Ram 1500s and could 

run on either gasoline or propane. A Motorola MaraTrac radio was installed behind die 

seat and the radio control box with microphone and speaker was installed under the 

cigarette lighter. The radio was connected to power on with the vehicle key turned on. 

There were two switches that were not installed by the manufacturer. These were the 

alternate ftiel (propane) switch and the light bar switch. Manufacturers do not test these 

two after-market products, but they might produce noise, so we included them in our 

testing. We tested the vehicles for J551/4 as well as Tex-899-B compliance. 

Table 8. Receiver sensitivity and ambient noise level (SAE test setup) 

Receiver sensitivit> 

Pre-amp on, 0 dB atten 

Pre-amp off, 0 dB atten 

Ambient noise level 

Pre-amp on, 0 dB atten 

Pre-amp off, 0 dB atten 

BW : 10 kHz 

Peak 

-11~-10.5 

-3.6--1.9 

Avg 

-23.3 

-15.7 

BW: 10 kHz 

Peak 

-6.4 ~ -5.8 

-2.5--1.4 

Avg 

-18 

-14.5 

BW: 120 kHz 

Peak 

0.6-1.5 

8.6-9.7 

Avg 

-12.5 

-4.7 

BW: 120 kHz 

Peak 

5.4-6.1 

9.7-10.1 

Avg 

-7.2 

-3.5 
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Table 8 gives the J551/4 ambient noise level of the site where we performed both 

tests. The ambient noise levels were read from the Rohde & Schwarz ESVP EMI 

receiver, which was directiy connected to the magnetic-mount antenna on top of the 

vehicle roof. The receiver sensitivity is the internal noise level of the receiver, w hich we 

measured witii a 50 Q load at the mput of the receiver. The scanning frequency was 47.18 

MHz. 

To get reliable data for the SAE J551/4 test, the measurement system noise floor 

should be 6 dB lower than the limit, which means we need -9 dB|iV for narrow-band and 

34 dB^iV for broad-band noise (peak). Our receiver meets these conditions but our field 

site, on the day of testing, did not meet the narrow-band condition (-6.4 - -5.8 vs. -9 

dB|j.V). However, the site was much quieter than the Texas Tech University campus, 

which has an ambient background noise level of 2 dBjiV and 42 dB}iV for narrow-band 

and broad-band noise, respectively. 

The ambient noise level and receiver sensitivity were measured by means of the 

Tex-899-B test method also and are shown in Table 9. 

Table 9. Receiver sensitivity and ambient noise level (TxDOT test setup) 

Mode 6 
47.02 MHz 

Mode 1 
47.18 MHz 

Mode 5 
47.34 MHz 

Receiver sensitivity , 
SGL 

12 dB with load 
SGA 

12 dB with antenna 
SGAL=SGA- SGL 

SGE^SGAL+ SGR 

8dBnV 

12.3 dB^V 

4.3 dB 

12.3 dB îV 

4.3 dB 

- 7.7 dB^V , - 7.7 dB îV 

12.3 dB^V 

4.3 dB 

- 7.7 dB^V 
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In this test, the Rohde & Schwarz radio communication service monitor works as 

signal generator and SINAD meter at the same time. The receiver sensitivity (SGR) is just 

the amplitude of the signal generator while it is connected to the TxDOT radio and 

adjusted so that the SINAD meter is reading 12 dB. Receiver sensitivity with 50 Q load 

(SGL) is measured by the same method except for using the 3-port directional coupler 

between generator and radio. See Appendix A for a diagram of the connections. Since the 

directional coupler attenuates about 19.5 ± 0.5 dB from port 2 to port 1, it is reasonable 

that the SGR and SGL had 20 dB difference. The signal generator is connected to port 2 

and port 1 goes to the TxDOT radio. The 50 Q load is connected to port 3. 

For checking the ambient noise level, the antenna on top of the vehicle is 

connected to port 3 while port 2 and port 1 are connected the same way as above. The 

ambient noise level at the field site was 12.3 dBfiV. The difference (SGAL) between SGA 

and SGL was 4.3 dB. The environmental noise level (SGE) is calculated by SGE=SGAL+ 

SGR and it should be lower than -6 dB|iV. The environmental noise on the testing day 

was -7.7 dBjaV at the frequency of 47.18 MHz 

Perhaps because of their antenna differences, the ambient noise measurements on 

the two trucks were slightly different. Generally the 2-5649-G truck had about 1 dB less 

ambient noise, and it was true for the TxDOT and SAE tests too. 

The two-way radios installed in the TxDOT trucks have 8 channels, or modes. 

The frequencies of the channels are listed in Table 10. 
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Table 10. Mode number and frequency of the TxDOT radios. 

Mode# 

1 

2 

3 

4 

5 

6 

7 

8 

Note: The whole list of the frequencies used 

Frequency (MHz) 

47.18 

47.06 

47.24 

47.26 

47.34 

47.02 

47.04 

47.08 

3y TxDOT is given in Appendix C. 

Antennas 

The TxDOT trucks that we tested were equipped with Spectrum antennas with 

Larsen magnetic mounts. The antennas were mounted near the center of the vehicle roof. 

To determine the frequency range of the antenna on the TxDOT vehicle, we looked at the 

SWR (standing wave ratio) and reflection coefficient log magnitude graphs. A network 

analyzer was directly connected to the antenna on the vehicle roof for this experiment. 

The scanning frequencies were from 30 MHz to 80 MHz. The SWR is defined as 

\+S,, 

\-s '11 

, where Sn is the reflection coefficient. The SWR graphs of the antennas show us 

a notch-filter-like graph as we would expect. The following two graphs are the SWR 

graph and ^n log magnitude graph of the antenna on the 2-5643-G truck. 
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CHI S u SWR REF i 

'..or 

START 30 . 000 000 Mriz STOP 9 0 . 0 0 0 000 MH-

Figure 23. SWR of the antenna on TxDOT truck 2-5643-G 

The deep valley of the SWR graph means that the antenna has the lowest 

reflection coefficient at that frequency. In other words the valley frequency is the 

matched frequency for the antenna. There was a slight difference in SWR graphs between 

the two trucks. The 2-5643-G truck has a minimum at the 46 MHz while the other one, 2-

5649-G, has a minimum at 47.18 MHz, which is the center of the 8 frequencies of the 

radio. However, both truck antennas were judged satisfactory for use. 
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Figure 24. Si i log magnitude of the antenna on TxDOT truck 2-5643-G 

SAE J551/4 test results 

The Rohde & Schwarz ESVP receiver was used for the SAE test. The receiver 

was direct!) connected to the antenna on the vehicle and measured the noise value while 

each of the noise sources in the vehicle were turned on. Tables 11 and 12 show the data 

from the SAE J551/4 test on both trucks. 
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Table 11. SAE J551/4 test results for TxDOT truck 2-5643-G 

Unit: dB^V 

Light bar on 

Ignition + HVAC fan on 

HVAC fan on 

Ignition +HVAC+Light bar on 

Ignition + Light bar on 

Fuel pump on 

Wiper on 

Wiper with water spray on 

Ignition + wiper on 

Ignition only (propane) 

Key on (propane)* 

Mode 6 
47.02 MHz 

26.1-30.1 

55.3-57 

9.6-16.3 

55.6 ~ 59.4 

53.1-58.8 

6.3 

22.7-29.8 

55.9-60.6 

52.4-53.8 

52.5 - 56.3 

10.9-11.8 

Mode 1 
47.18 MHz 

27.8 - 29.8 

54.5 - 56.7 

10.9-16.0 

54.3 - 57.2 

53.2-59.1 

5.1-6.3 

25.7 - 30.5 

49.8-54.1 

52.3 - 55 

53.0-55.3 

10.9-11.8 

Mode 5 
47.34 MHz 

30-34.8 

54.3 - 56.2 

19.5 

56.1-59 

55.1-59.2 

4 - 6 

29.8 - 34.2 

52.8 - 56.2 

53.8-54.6 

53.2-56.2 

20 

the key on noise was measured at 120 kHz bandwidth 

For the SAE test, ignition noise is the dominant noise source. Because of this, all 

ignition-involved noise measurements are about the same as ignition noise itself, so the 

peak measurements of ignition noise with some other noise sources are not very 

important in this test. For that reason, some of the noise tests on the 2-5649-G truck are 

omitted. 
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Table 12. SAE J551/4 test results for TxDOT truck 2-5649-G 

Unit: dB|aV 

Light bar on 

Ignition + HVAC fan on 

HVAC fan on 

Ignition +HVAC+ Light bar 
on 

Ignition + Light bar on 

Fuel pump on 

Wiper on 

Wiper with water spray on 

Ignition + wiper on 

Ignition only (propane) 

Key on (propane)*** 

Mode 6 
47.02 MHz 

43.3-47 

48 - 54.2 

10.5-11.7 

51.3-53.9 

51.3-53.9 

11-13.5 

31.3-35.2 

52 - 54.9 

53.4 - 54.3 

49.7-54.5 

-2.6 

Mode 1 
47.18 MHz 

3 9 - 4 3 

• * 

12.4-8.3 

• • 

* • 

8.3-9.6 

38-39 

54-58 
• * 

53.2-54.6(prop*) 
54.5 - 55.0(gasol*) 

-1.4 

Mode 5 
47.34 MHz 

4 4 - 4 6 

52.7 - 54.8 

15.7-17 

52.2-53.4 

50.4-52.1 

10.3 - 12.4 

28.9 - 32.4 

49.1-54.3 

53.2-55.2 

52-53.9 

9.7 

gasol* : gasoline is used for the engine idle 

prop* : propane is used for the engine idle 

* * : not tested 

*** : key on noise was measured at 10 kHz bandwidth 

After spark ignition noise and wiper with water spray, the light bar is the highest 

noise contributor in the SAE test. The two trucks have light bars in different locations. 

One of them has the light bar installed on the roof about 2 inches away from the antenna, 

while the other one has the light bar on the top of the headache rack. For the 2-5649-G 

truck, which has the light bar near the antenna, the measured value of the noise from the 
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light bar is higher than our new SAE J551/4 test lunit, 40 dB|aV, for broad-band noise. 

The light bars on both trucks have no visible filters installed, but the peak value of noise 

from the light bar was reduced about 6 dB when two ferrite chokes were placed on the 

light bar wire. However, we found that the noise from the fuel pump and HVAC fan is 

very quiet and far from our 40 dBfaV limit, so they evidently have installed noise-

reducing filters. 

We had a chance to test in our laboratory a different light bar from TxDOT. It has 

two more motors in it and has filters mstalled on all of the motors (see Chapter III). The 

filter is composed of three capacitors soldered onto the back of the motor. We tested the 

light bar with the filters and without the filters as well. Although this light bar produces 

lower noise, it is enough to see the effect of the filter. With the filter installed the noise of 

the light bar was reduced by 20 dB and it had a peak amplitude at 33 MHz. 

When we performed the vehicle tests with key on, a new type of noise was 

observed. It is probably generated from micro-controllers (so-called "modules"). The 

peak value of this noise stayed around -2 dBjiV until the frequency reached 47.34 MHz, 

which is the highest TxDOT frequency. After 47.34 MHz the peak values went up by 17 

dB until the frequency reached 47.53 MHz and then went back down to -2 dB|iV. The 

graph in Figure 25 shows frequency scans obtained by the ESVP receiver. The bandwidth 

of this measurement was 10 kHz and the frequency step size was 5 kHz. The key on with 

propane and key on with gasoline produce almost the same noise. The key-on noise in 

this chapter is key on with propane. (The key-on noise values in table 9 were measured 
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with 120 kHz bandwidth and the values in table 10 were measured with 10 kHz 

bandwidth.) The occasional large peak occurred when a car passed by the test site. 

47.3 47.35 47 4 47.45 
Frequency (MHz) 

47.5 

ambient noise only. ambient + module noise ) 

Figure 25. Frequency scan of module noise and ambient noise 

This noise from the modules spreads about 150 kHz wide, so it looks more like 

broad-band noise than narrow-band noise. We compared the peak and average value for 

this noise at 47.37 MHz using 10 kHz bandwidth. The values are shown in table 13. 

There is about 16 dB difference between peak and average. From the guideline of the 
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SAE test, if a 10 kHz bandwidth measurement for peak and average values of the noise 

shows more than a 6 dB difference, the noise should be treated as broad-band noise. Thus 

the noise from the modules is broad-band. 

Table 13. Peak and average value comparison of key-on noise (2-5643-G) 

Unit: dB îV 

Key on (gasoline) 

Key on (propane) 

Peak value 

15.2 

15.6 

Average value 

-0.4 

-1.3 

Notes: frequency = 47.37 MHz 

When we hooked up the AM output of the ESVP receiver to a Fluke portable 

oscilloscope, we observed the waveforms of the module noise. The oscillograms in figure 

26 show some examples. The frequency was 47.34 MHz. 

a 5VDC1Q5 1 H 2 V O F F l G : l 
2r«s>-D IV TRIG = AX - 2 0 1 V MArSUAL 

Waveform A 
Vpeak^^peak 
1 6iS V 1 1.0 V ^CONTR 

(a) 
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Figure 26. Noise from module (key-on noise) 
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From figure 26 (a) we found that the waveform has 2 kHz pulse rate and 90 kHz 

bunch rate. Switchmg the noise blanker in the MaraTrac radio on and off had no effect 

on these pulses. The ESVP receiver has an FM output also, and it would be interesting to 

see what FM content these pulses might have. 

TxDOT Tex-899-B test results 

The Rohde & Schwarz radio communication service monitor was used with the 

installed radios for the Tex-899-B test. The values in the next two tables indicate the 

amplitude of the signal needed to obtain a 12 dB SINAD reading with the corresponding 

noise source. The 3-port directional coupler was used to combine the FM signal and noise 

from the antenna as described previously. 

Table 14. TxDOT Tex-899-B test results for TxDOT truck 2-5643-G 

Unit: dB îV 

Light bar 
Wiper 
HVAC fan 
Fuel pump 

Key on (propane) 

Key on (gasoline) 

Mode 6 
47.02 MHz 

16 
16.2 
15 

13.9 

15 

14.7 

Mode 1 
47.18 MHz 

15.6 
15 

14.8 
13.6 

14.7 

14.3 

Mode 5 
47.34 MHz 

19.9 
18 

18.6 
15.1 

18.4 

18.3 
ALL VEHICLE SYSTEMS ON (GASOLINE) 

SGA 
12 dB with antenna 

SGAL=SGA- SGL 

SGE=SGAL+ SGR 

17.4dB^V 

9.4 dB 

- 2.6 dB îV 

18.2dBnV 

10.2 dB 

-1.8dB^iV 

19.6 dB^V 

11.6 dB 

- 0.4 dBnV 
ALL VEHICLE SYSTEMS ON (PROPANE) 

SGA 
12 dB with antenna 

SGAL=SGA- SGL 

SGE=SGAL+ SGR 

17.4dB}aV 

9.4 dB 

- 2.6 dB îV 

17.6dB^V 

9.6 dB 

- 2.4 dB îV 

19.6 dB^V 

11.6 dB 

- 0.4 dBnV 
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From the "all vehicle systems on" value, we can see that the 2-5649-G truck 

failed the Tex-899-B test by 0.1 dB when running on gasoline. In individual noise tests, 

key-on noise is the highest contributor at 47.34 MHz. The 0.5 dB difference between 

trucks for "all vehicle systems on" noise makes the 2-5643-G truck pass the Tex-899-B 

test. However, it also has strong key-on noise. From all the data, we can see there is no 

big difference in noise when the vehicles run on gasoline or propane. 

Table 15. TxDOT Tex-899-B test results for TxDOT truck 2-5649-G 

Unit: dB^V 

Light bar 

Wiper 

HVAC fan 

Fuel pump 

HVAC fan + fuel pump 

Turn signal 

Key on (propane) 

Key on (gasoline) 

Mode 6 
47.02 MHz 

12.2 

13.0 

12.5 

13.2 

13.8 

12.2 

13.1 

13.2 

Mode 1 
47.18 MHz 

11.9 

15.3 

12.5 

12.9 

13.2 

11.9 

12.7 

12.9 

Mode 5 
47.34 MHz 

13.7 

16.7 

15.9 

12.5 

17.9 

12.3 

17.7 
15.8 

ALL VEHICLE SYSTEMS ON (GASOLINE) 

SGA 
12 dB v^th antenna 

SGAL=SGA- SGL 

SGE=SGAL+ SGR 

16dB^V 

8dB 

- 4 dB^V 

16dB^V 

8dB 

- 4 dB|iV 

20.1 dB îV 

12.1 dB 

0.1 dB^V 

ALL VEHICLE SYSTEMS ON (PROPANE) 

SGA 
12 dB wdth antenna 

SGAL^SGA- SGL 

SGE=SGAL+ SGR 

16.2dB|aV 

8.2 dB 

-3.8dB^V 

16dB^V 

8dB 

- 4 dB|iV 

19.5 dB^iV 

11.5 dB 

- 0.5 dB}aV 
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Truck test summary 

In the J551/4 test the spark ignition noise was the strongest, as expected, with one 

small exception. When running the windshield wiper and activating the washer, peak 

noise levels comparable to ignition noise were observed. The culprit was the washer 

motor. However the very intermittent nature of this source makes it questionable as to 

whether it should be of concern. 

The next strongest noise sources were the light bar on the 5649 truck, followed by 

the light bar on the 5643 truck and the windshield wipers and then the HVAC fans and 

fiiel pumps 

In the Tex-899-B test the various vehicle noise sources were all rather weak 

except for the key-on noise at 47.34 MHz. At this frequency, with all vehicle systems on, 

the key-on noise together with the other noise sources was sufficient to put the vehicles 

essentially at the TxDOT limit. 

An objective of the truck testing was to validate the new limits for DC-motor 

noise: 50 dBfxV for one motor, and 40 dB|iV for two motors of comparable noise output. 

These limits were derived from our bench-top simulation where the two motors were an 

HVAC fan and a fuel pump. 

Unfortunately we were unable to accomplish the validation, as far as HVAC fans 

and fiiel pumps are concerned, because the noise from the fans and fiiel pumps in the 

vehicles was low, much lower than expected. However the noise from two other DC-

motor sources provided important new information. The light bar, with its two motors, 
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generated noise above the 40 dB îV limit and the windshield washer, with one motor, 

generated noise above the 50 dB^V limit. Yet neither light bar nor washer motors 

exceeded the Tex-899-B limit. That is, the noise produced by the tiny motors in the light 

bar and washer has less effect on the TxDOT radio than expected (due possibly to the 

effect of the noise blanker in the TxDOT radio), and thus these motors must have a 

higher J551/4 limit placed on them than the limit for fan and fuel pump motors. 
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CHAPTER V 

CONCLUSIONS 

Limit for narrow-band noise 

Narrow-band noise emission is due to microcontrollers and then associated 

circuitry. The current narrow-band noise limit for the SAE J551/4 test is 0 dB^iV. This 

limit is too high to match die Tex-899-B test. The Tex-899-B test restricts its maximum 

input FM signal to 1 îV (= 0 dB|iV). Since the noise level should be at least a few dB 

lower than the signal amplitude for good reception, with no doubt, the current limit for 

the narrow-band noise should be decreased. 

The suggested new limit for narrow-band noise peak amplitude is -3 dB^V. This 

value is obtained from the data plotted in Figure 27. The experiments were performed 

three times to test the repeatability of the noise. Except for one curve, all curves are just 

slightly higher than -3 dBjiV until the fan noise peak amplitude reaches 40 dB|iV. We 

used a Motorola MaraTrac radio, since this radio is the newest in the TxDOT vehicle 

fleet. 

Limit for broad-band noise 

Broad-band noise emission is mostly caused by DC motors and spark ignition. 

DC motor noise is emitted from the fuel pump, HVAC fan and radiator fan. The noise 

emission from DC motors has inherent randomness, which causes a 2 dB standard 

deviation even with 2 second measure time. 
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Figure 27. Modified SAE J551/4 limits and TxDOT Tex-899-B hmit for combination of 
CW and HVAC fan noise usmg Motorola MaraTrac Radio 

Using a Motorola MaraTrac radio, we found the HVAC fan noise peak value for 

12 dB SINAD is between 50 and 55 dBjiV. This value decreased a bit when we added 

other DC-motor noise such as fuel pump, radiator fan and wiper noise. However, the 

current limit of the SAE J551/4 test for broad-band noise is 28 dB|iV, which is too low. 
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The suggested new limit for emissions from multiple DC motors is 40 dB|aV and this is 

plotted in Figure 27. This value is reasonable because the maxunum DC-motor noise 

measured from mne TxDOT vehicles was 37 dB^iV and they all passed die Tex-899-B 

test. [7] 

During the SAE vehicle tests we found that the spark ignition system generates 

more noise than the noise from DC motors. However spark ignition noise had no effect 

on the SINAD test. This is because the noise blanker in the TxDOT radio is very 

effective for spark ignition noise while considerably less effective for DC-motor noise. In 

the bench-top test for the spark ignition noise itself we could not achieve 12 dB SINAD. 

Even at the maximum output of our spark ignition simulator, the SINAD value was 28 

dB. The maximum output of this pulse generator was 11 volts which is 88 dB|iV at 47 

MHz. In the vehicle test, we found the maximum spark ignition noise peak is at 56 

dB|iV. That means we applied 30 dB above the highest peak value of the practical spark 

ignition noise, but the SINAD still stayed at 28 dB. Hence, the limit for spark ignition 

noise is a lot higher than the limit for DC-motor noise, and each broad-band noise 

emission needs to be measured separately with a different limit. 

The broad-band noise limit for the light bar needs to be somewhat higher than 

that for the HVAC fan. For one truck we tested, the light bar produced 43 dB îV peak 

noise but it passed the Tex-899-B test, so the broad-band noise lunit for the light bar 

should be higher than the 40 dB^iV limit for the HVAC fan. 
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Modified SAE J551/4 test 

As discussed in the two previous sections, the modified new limits for narrow

band noise and DC-motor noise are -3 dB^V and 40 dB^V, respectively. Table 16 shows 

die suggested SAE J551/4 test limits and correspondmg bandwidth of measuring 

equipment for each noise source. The limits of the measurement system's noise floor 

need to be at least 6 dB lower than die noise limits for the test. Thus the narrow-band and 

broad-band noise floor limits for the system should be -9 dB îV and 34 dB|xV, 

respectively. Table 16 also gives the test procedure (or steps) for the modified SAE 

J551/4 test. 

Although methods and units of output data for both tests are different, the 

modified SAE J551/4 test shows a better correlation with the Tex-899-B test and can be 

substituted for it. Since the SAE J551/4 test measures the noise directly from the antenna 

by using an EMI receiver or spectrum analyzer, it's easy to set up and less time 

consuming. Also, with the use of computer control, this test allows for automatic 

measurement of data at many different frequencies. If the measurement is performed by a 

spectrum analyzer, the data can even be visualized as a frequency-domain plot. This is a 

very attractive aspect of the SAE test. Therefore the modified SAE J551/4 test provides 

not just an alternative to the Tex-899-B test but also provides better test efficiency. 
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Table 16. Modified SAE J551/4 test procedure 

Vehicle status 

(Engine warm 
before testing) 

1.All off 

2.A11 off 

Measuring 
instrument 
Bandwidth 

[kHz] 

3.Engine off, key on 

10 

120 

10 

Limits of 
terminal Noise voltage at 
receiver antenna terminal 

[dB^iV] 
Peak Detection 

Noise type 

34 

Measurement system 
narrow-band noise floor 

(ambient noise) 
Measurement system 

broad-band noise floor 
(ambient noise) 

Narrow-band noise 
from microcontroller 

4.Engine off, key on; 
fuel pump on, 
wiper on, radiator 
fan on (if electric) 

120 40 
Broad-band noise 
from DC motor 

5.Engine on 120 >88 Spark ignition noise 
(broad-band noise) 

Future work 

A conclusion from figure 16 is that the noise blanker in the Motorola MaraTrac 

radio is more effective than the blanker in the GE RANGR at reducing fan noise. This 

may be due to the fact that the MaraTrac has a longer blanking pulse than the 

RANGR^^, as seen in Figures 20 and 21. Perhaps even better noise-blanker performance 

could be obtained by modifying the radio to provide an even longer blanking pulse. 

The results of our tests of TxDOT vehicles (chapter IV) show that we must apply 

different limits to the peak values of the emissions from different types of DC motors. 

This is a nuisance. One would like to have a single limit for all DC motors. A possible 

65 



alternative is to use the average value of the emissions rather than the peak value. This 

might result in a single limit and is an area worth investigating. 

The key-on noise we observed in the TxDOT vehicles (Figures 25 and 26) is of a 

type we had not previously seen: amplitude modulated and with a bandwidth of about 

150 kHz. It is evidently produced by electronic modules in the vehicles. Such noise is 

likely to become more common in future vehicles. It requires laboratory study and 

assignment of a limit. 

66 



1 

REFERENCES 

American Radio Relay League (ARRL) Inc., Automotive Interference Solution, 
1999, Newmgton, CT - www.arrl.org/tis/info/rfiauto.html 

2. Century Performance Center., Spark Plug Tech, 1997, Reno, NV 
www.centuryperformance.com/sparkl.htm#Spark%20Plug%20Types%20and%2 
ODesigns: 

3. FCC regulations title 47 telecommunication, chapter I, part 15 - radio frequency 
devices ~ Table of Contents, Subpart C~Intentional Radiators page 634-705. 

4. SAE, Surface Vehicle Electromagnetic Compatibility (EMC) Standards Manual, 
1997, Society of Automotive Engineers Inc, Warrendale, PA. 

5. CISPR 25, "Limits and Methods of measurement of radio disturbance 
characteristics for the protection of receivers used on board vehicles," 1995-11, 
International Electrotechnical Commission, Geneva, Switzerland. 

6. Ye Jin, Laboratory Simulation of Motor Vehicles Radio Interference, 1998, 
Master thesis in Electrical Engineering Department at Texas Tech University 

7. Qianlin Zhou, Testing Motor Vehicle for Radio Interference, 1998, Master thesis 
in Electrical Engineering Department at Texas Tech University 

8. Edward N. Skomal, Man-made Radio Noise, 1978, Van Nostrand Reinhold 
Company, New York. 

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

10. TIA/EIA Standard TIA/EIA-603, "Land Mobile FM or PM communications 
Equipment Measurement and Performance Standards," Telecommunications 
Industry Association, Washington, DC, February 1993. 

11. Boaz Porat, A Course in Digital Signal Processing, 1997, John Wiley & Sons, 
Inc, New York. 

12. Albert A. Smith, Jr, Radio Frequency Principles and Applications: The 
generation, propagation, and reception of signals and noise, 1996, IEEE 
Press/Chapman & Hall Publishers Series on Microwave Technology and RF. 

67 

http://www.arrl.org/tis/info/rfiauto.html
http://www.centuryperformance.com/sparkl.htm%23Spark%20Plug%20Types%20and%252


13. Richard Hemdon, TxDOT, Austin TX, April, 1999, private communication 

68 



APPENDIX A 

TxDOT Tex-899-B TEST 

RADIO FREQUENCY INTEFERENCE (RFI) TESTING 

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

Definitions 

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

Egress - any mode of operation, action, reaction or indication 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 V regulated DC power supply 
RF signal generator with a calibrated attenuator 
Signal-to-noise audio distortion (SINAD) meter 
Receiver audio termination load 
RF directional coupler rated at 40 dB directional, minimum 
RF termination load 
Magnetic mount antenna for the testing frequencies 
RF isolation choke, a (6 ft. by 6 ft.) sheet of hardware cloth, laid flat on 
the test area floor wdth 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) 

69 



Safetv 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 compatibilitv 

Receiver qualification 

Step 

1 

2 

3 

4 

5 

6 

Action 

Assemble a test set-up as shown figure 1 

Generate a standard test signal and establish 12 dB SINAD 

Record receiver basic sensitivity. 

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 |aV(-114 dBm) for 12dB 
SINAD 
The receiver bandwidth shall be a minimum of ± 6.5 kHz and a maximum 
of±8.0kHz. 

FM Modulated 
Signal Generator RF cable 

Test radio 

DC Power 
supply 

RX audio 
Audio 
termination Load 

SINAD Meter 

Figure 1 
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Site Qualification 

Step 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Action 

Assemble a test set-up as shown in figure 2. 

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

Temporarily install the magnetic mount antenna on the center of 
the vehicle loop. 

Disconnect the battery cable. 

Terminate the RF line into the RF load terminal. 

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

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

Record sensitivity into RF road termination in dBm. 

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

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

Record sensitivity into antenna in dBm. 

Compute the effective sensitivity and determine if the site is 
qualified. 
Repeat site qualification at all test radio channels/frequencies to be 
used 

Test antenna 

T RF cable 

RF 
Termination 

Load 

RF Isolation 
Coupler 

RF cable 

FM Modulated 
Signal Generator 

Test 
Radio 

RX audio 
output 

DC power 
supply 

Audio 
termination 
Load 

SINAD 
Meter 

Figure - 2 

71 



Effective Sensitivity Calculation 

Step 

1 

2 

3 

4 

5 

Action 

Subtract the sensitivity into antenna from sensitivity into RF load 
termination. 

Record this difference. 

Subtract this difference from the basic receiver sensitivity. 

Record the effective receiver sensitivity in dBm. 

Convert the effective receiver sensitivity to microvolts. 

Site Qualification Standards 

The site is qualified if the effective receiver sensitivity is less than 0.5 îV 
(-113 dBm) 
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Egress compatibility 

Egress compliance test for test for test vehicle 

Step 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Action 

Reconnect vehicle battery. 

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

Record the signal generator RF output level. 

Activate one vehicle system or accessory. 

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

Record the signal generator RF output level. 

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

Compute total degradation. See NOTE. 

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

Turn off engine. 

NOTE: The electrical system should be designed so the effective 
sensitivity of the VHF FM receiver requires not more than 1 |iV (-107 
dBm) to produce 12 dB or greater SINAD. The effective sensitivity should 
not exceed 1 \xV 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 6 dB 
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Ingress compatibilitv 

Antenna qualification 

Step 

1 

2 

3 

4 

5 

6 

7 

8 

Action 

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

Verify engine is OFF. 

Raise test vehicle (6 in.) off floor. 

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

Key microphone on test radio. 

Record nominal forward RF power to the antenna. 

Record rectified RF power from the antenna. 

Adjust length of antenna, if needed, and repeat steps5 through 7 
until nominal forward power is 100 watts ± 10 watt and reflected 
power is less than 10 % of the forward power. 

Vehicle Roof 

Temporary 
Magnetic 
Antenna 

6.096 m 
(20 ft) 

RG-58 
Coaxial 
Cable 

RF 
Isolation 
Choke 

3.048 m 
(10 ft) 

RG-58 
Coaxial 
Cable 

Not Less Than 10 ft Horizontal 
Distance 

Figure 3. 
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Vehicle Qualification for Acceptance 

Step 

1 

2 

3 

4 

5 

6 

7 

8 

Action 

Start vehicle. 

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

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

Activate the radio transmitter for approximately five seconds. 

Record results as one of the following : 
1. No adverse reaction 
2. Reaction resulting in safety hazard 
3. Reaction resulting in a nuisance operation. 

Repeat steps 3 through 5 until all vehicle systems and accessories 
are activated. 

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

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 operation - correct nuisance operations of any vehicle system and/or 
accessory. 

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

SAE J551/4 TEST 

Test limit and methods of measurement of radio disturbance characteristics of 
vehicles and devices, broadband and narrowband, 150 kHz to 1000 MHz 

Forward - This SAE standard is based on CISPR 25 which has been developed by CISPR 
Subcommittee D and has been approved to be published. The SAE Electromagnetic Radiation 
Committee has been an active participant in Subcommittee D and in the development of CISPR 25. 

This document provide test limits and procedures ft)r the " protection of vehicle receiver from radio 
frequency (RF) emission caused by on-board vehicle components" 

NOTE - Appendix II provides helpftil methodology for resolution of interference problems. 

Table of Contents 

1. Scope 2 

2. References 3 
2.1 Applicable documents 3 
2.1.1 SAE publication 3 

2.1.2 CISPR publication 3 

3. Definition 3 

4. Requirements Common to vehicle and Component/Module Emission Measurement 3 

4.1 General Test Requirements and test plan.3 3 
4.1.1 Test Plan Notes 3 
4.1.2 Determination of Conformance with Limit 3 
4.1.3 Category of Disturbance Sources(as applied in the test plan) 3 
4.1.4 Example of Broadband Disturbance Sources 5 
4.1.5 Narrowband Disturbance Sources 5 
4.1.6 Operating Conditions 5 
4.1.7 Test Report 5 
4.2 Measuring Equipment Requirement 5 
4.3 Shield Enclosure 5 
4.4 Absorber Lined Shield Enclosure (ALSE) 5 
4.4.1 Reflection Characteristic 6 
4.4.2 Objects in ALSE 6 

SAE Technical Standards Board Rules provide that this report is published by SAE to advance the 
state of technical and engineering sciences. The use of this report is entirely voluntary', and its 
applicability and suitabilirv for an\ particular use, including any patent infringement ansing 
therefrom, is the sole responsibility of the user. 

SAE reviews each technical report at least e\ery five \ears at which time it may be reaffirmed, 
revised or cancelled. SAE invites \ our written comments and suggestions. 
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4.5 Receiver 6 
4.5.1 Minimum Scan Time 6 
4.5.2 Measuring Instrument Bandwidth 6 

5. Antenna and Impedance Matching Requirements - Vehicle Test 7 
5.1. Type of Antenna 7 
5.2. Measurement System Requirements 7 
5.2.1 Broadcast Bands 7 
5.2.2 Communication Bands (30 to 1000 MHz) 8 

6. Method of Measurement 9 

7. Limits for Vehicle Radiated Disturbance 9 

Appendixl Antenna Matching Uni t - Vehicle Test 12 
Appendix 11 Notes on the Suppression of Interference 14 

Figure 1 Method of Determination of Conformance of Radiated/Conducted Disturbance 4 
Figure 2 Example Gain Curve 8 
Figure 3 Vehicle Radiated Emissions-example for test layout (End view with monopole antenna)... 10 

Table 1 Examples of Broadband Disturbance Sources by Duration 5 
Table 2 Minimum Scan Time 6 
Table 3 Measuring Instrument Bandwidth (6 dB) 7 
Table 4 Antenna Types 7 
Table 5 Limits of Disturbance - Complete Vehicle 11 

1. scope - this SAE Standard contains test limits' and procedures for the measurement of radio 
disturbances in the frequency range of 150 kHz to lOOOMHz. The document applies to any 
electronic/electrical component intended for use in vehicles. Refer to International 
Telecommunication Union (ITU) Publications for details of frequency allocations. The tests 
are intended to provide protection for receivers installed in a vehicle from disturbances 
produced by components/modules in the same vehicle^. 

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

The limits in this document are recommended and subject to modification as agreed between 
the vehicle manufacturer and the component supplier. This document shall also be applied by 
manufacturers and suppliers of components and equipment, which are to be added and 
connected to the vehicle harness or to an on-board power connector after delivery of the 
vehicle. 

This document does not include protection of electronic control systems from RF emissions, 
or from transient or pulse type voltage fluctuations. These subjects are covered in other 
sections of SAE J5 51 and in SAE J1113. 

' only a vehicle can be used to determine the component compatibility to a vehicle limit. 
^ adjacent vehicle can be expected to be protected in most situations. 
^ adequate TV protection will result from compliance with the levels at the mobile service frequencies 
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The Word Administrative Radiocommunications conference (WARC) lower frequency limit 
m region 1 was reduced to 148.5 kHz in 1979. For vehicular purposes, test at 150kHz are 
considered adequate. For the purpose of this document, test frequency ranges have been 
generalized to cover radio services in various parts of the world. Protection of radio reception 
at adjacent frequencies can be expected in most cases. 

2. References 

2.1 Applicable Documents - the following publications contain provisions which, through 
reference in this text, constitute provisions of this document. At the time of publication, the 
editions indicated were valid. All documents are subject to revision, and parties to agreements 
based on this document are encouraged to investigate the possibility of applying the most 
recent editions of the documents indicated. Members of lEC and ISO maintain registers of 
currently valid Intemational standards. 

2.2.1 SAE Publication - Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-
0001. 

SAE J551/1 MAR94 - Performance Level and Method of Measurement of Electromagnetic 
Compatibility of Vehicle and Devices (60 Hz to 18 GHz) 

2.1.2 CISPR Publication - Available from ??? 

CISPR16-l:1993-08-Specification for Radio Disturbance and Immunity Measuring Apparatus 
and Methods. Part 1: Radio disturbance and immunity measuring apparatus 

3. Definitions-See SAE J551/1. 

4. Requirements common to vehicle and component/module emissions measurement 

4.1 General Test Requirements and Test Plan 

4.1.1 Test Plan Notes — A test plan should be established for each item to be tested. The test plan 
should specified the frequency range to be tested, the emission limits, the disturbance 
classification [Broad Band (long or short duration) Narrow Band], antenna types and 
locations, test report requirements, supply voltage, and other relevant parameters. 

4.1.2 Determination of Conformation with Limits - If the type of disturbance is unknown, test 
should be made to determine whether measured emissions are narrow band and/or broad 
band to apply limits properly as specified in the test plan. Figure 1 outlines the procedure to 
be followed in determining conformance with limits. 

4.1.3 Categories of Disturbance Sources (as applied in the test plan) - Electromagnetic disturbance 
sources can be divided into three types:"* 

a. Continuous/long duration broadband and automatically actuated short duration devices 
b. Manually actuated short duration broadband 
c. Narrowband 

For example see 4.1.4 and 4.1.5 and Table 1. 
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START 

I 
MEASURE EUT USING 
THE PEAK DETECTOR 

MEASURE EUT USING 
THE PEAK DETECTOR 

REDESIGN 
AND RETEST 

PASS 

FIGURE 1 - METHOD OF DETERMINATION OF CONFORMANCE 
OF RADL\TED/CONDUCTED DISTURBANCE 

79 



4.1.4 Example of Broadband Disturbance sources 

Note - The Examples in table 1 are intended as a guide to assist in determining which test 
limits to use in the test plan. 

Table 1- Example of Broadband Disturbance Sources by Duration. 

Continuous Long Duration' Short Duration 

Ignition system Wiper motor Power antenna 
Active ride control Heater blower motor Washer pump motor 
Fuel injection Rear wiper motor Door mirror motor 
Instrument regulator Air conditioning compressor Central door lock 
Alternator Engine cooling Power seat 

' A S defined in the test plan 

4.1.5 Narrowband Disturbance Sources - Disturbances from sources employing micro processors, 
digital logic, oscillators or clock generators, etc., cause narrowband emissions. 

4.1.6 Operating Conditions - All continuous and long duration system shall be operated at their 
maximum RF noise creating conditions. All intermittently operating systems (i.e., 
thermostatically controlled) that can operate continuously, safely, shall be caused to operate 
continuously. 

When performing the narrowband test , Broadband sources (i.e., ignition system, in 
particular) may create noise of higher amplitude. In this situation, it will be necessary to test 
for narrowband noise with 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. Shielded Enclosure - The ambient electromagnetic noise levels shall be at least 6 dB below 
the test limits specified in the test plan for each test to be performed. The shielding 
effectiveness of the shielded enclosure shall be sufficient to assure that the required ambient 
electromagnetic noise level requirement is met. 

The shielded enclosure shall be of sufficient size to ensure that neither the vehicle/EUT nor 
the test antenna shall be closer than (a) 2 m from the walls or ceiling, and (b)lm to the 
nearest surface of the absorber material used. 

4.4. Absorber-Lined Shielded Enclosure (ALSE) - For radiated emission measurements, however, 
the reflected energy can cause errors of such as 20 dB. Therefore, it is necessary to apply RF 
absorber material to the walls and ceiling of a shielded enclosure that is to be used for 
radiated emission measurements. No absorber material is required for the floor. The 
following ALSE requirement shall also be met for performing radiated RF emission 
measurements: 
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4.4.1 Reflection Characteristics - The reflection characteristic of die ALSE shall be such diat the 
maximum error caused by reflected energy from the wall and ceiling is less than 6 dB in die 
frequency range of 70 to 1000 MHz. 

4.4.2 Objects in ALSE - In particular, for radiated emission measurements the ALSE shall be 
cleared of all items not pertinent to the tests. This is required in order to reduce any effect 
they may have on the measurement. Included are unnecessary equipment, cable racks, 
storage cabinets, desks, etc. Personnel not actively involved in the test shall be excluded 
from the ALSE. 

4.5 Receiver - Scanning receivers which meet the requirements of CISPER 16 are satisfactory 
for measurements. Manual or automatic frequency scanning may be used. Spectrum analyzer 
and scanning receivers are particularly useful for interference measurements. Special 
consideration shall be given overload linearity, selectivity, and the normal response for 
pulses. The peak detection made by spectrum analyzer and scanning receiver provides a 
display indication which is never less than the quasi-peak indication for the same bandwidth. 
It may be convenient to measure emissions using peak detection because of the faster scan 
possible than with quasi-peak detection. When quasi peak limits are being used, any peak 
measurements close to the limit shall be measured using the quasi-peak detector. 

4.5.1 Minimum Scan Time - the scan rate of a spectrum analyzer or scanning receiver shall be 
adjusted for the CISPR frequency band and detection mode used. The minimum sweep 
time/frequency (i.e., most rapid scan rate) is listed in table2: 

TABLE 2 - MINIMUM SCAN TIME 
Band Peak Detection Quasi-Peak Detection 

A 9 to 150 kHz Does not apply Does not apply 
B 0.15 to 30 MHz 100 ms/MHz 200 s /MHz 

C D 30 to 1000 MHz 1 ms /lOO ms / MHz' 20 s / MHz 
Band definition from CISPR 16 part 1 

'when 9 kHz bandwidth is used, the 100 ms / MHz value shall be used 

Certain signals(e.g., low repetition rate or intermittent signal) may require slow scan rates 
or multiple scans to insure that the maximum amplitude has been measured. 

4.5.2 Measuring Instrument Bandwidth - The bandwidth of the measuring instrument shall be 
chosen such that the noise floor is at least 6 dB lower than the limit curve. The bandwidths in 
table 3 are recommended. 

Note - When the bandwidth of the measuring instrument exceeds the bandwidth of a 
narrowband signal, the measured signal amplitude will not be affected. The indicated 
value of impulsive broadband noise will be lower when the measuring instrument 
bandwidth is reduced. 
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TABLE 3 - MEASURING INSTRUMENT BANDWIDTH (6 dB) 
Frequency Band Broadband Broadband Narrowband Narrowband 

MHz Peak q-Peak Peak Average 
0.15-30 9TcHz 9kHz 9kHz 9kHz 
30-1000 FM broadcast 120 kHz 120 kHz 120 kHz 120 kHz 

Mobile service 120 kHz 120 kHz 9 kHz 9 kHz 

If a spectrum analyzer is used for peak measurements, the video bandwidth shall be at least 
three times the resolution bandwidth. 

For the narrow band/broadband discrimination according to figure 1, both bandwidths (with 
peak and average detectors) shall be identical. 

5. Antenna and Impedance Matching Requirements - Vehicle Test 

5.1 Type of Antenna - An antenna of the type to be supplied with the vehicle shall be used as the 
measurement antenna. Its location and attitude are determined according to the production 
specifications. 

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 shall be used for the test. The antenna type and location 
shall be included in the test plan. 

TABLE 4 - ANTENNA TYPES 
Band Antenna Type 

Broadcast 
LW AM Im monopole 
MW AM Im monopole 
SW AM Im monopole 
VHF FM Im monopole 

Mobile Services 
3 0 - 5 4 load quarter wave monopole 
70-87 quarter wave monopole 

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

5.2 Measurement System Requirements 

5.2.1 Broadcasting Bands - For each band, the measurement shall be made with instrumentation 
which has the specified characteristics. 
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5.2.1.1 AM Broadcast 

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

The measuring system shall have the following characteristics: 

a. 
b. 

c. 

e. 
f 

Output Impedance of Impedance Matching Device: 50 Q. resistive. 
Gain: the gain (or attenuation) of the measuring equipment shall be known with an 
accuracy of ±0.5 dB. The gain of the equipment shall remain within a 6 dB envelop for 
each frequency band as shown in figure 2. Calibration shall be performed in accordance 
with Appendix I. 
Compression Point: The 1 dB compression point shall occur at a sine wave voltage level 
greater than 60 dB(nV) 
Measurement System Noise Floor: The noise floor of the combined equipment including 
measuring instrument, matching amplifier and preamplifier (if used) shall be at least 6 
dB lower than the limit level. 
Dynamic Range: From the noise floor to the 1 dB compression point. 
Input Impedance: the impedance of the measuring system at the input of the matching 
network shall be at least 10 times the open circuit impedance of the artificial antenna 
network in Appendix I. 

Gain (dB) 6dB 
envelop 

FIGURE 2 - EXAMPLE GAIN CURVE 

5.2.1.2 FM Broadcast (87 to 108 MHz) - Measurements shall be taken with a measuring 
instrument which has an input impedance of 50 Q. If the standing wave ratio(SWR) is 
greater than 2:1, an input matching network shall be used. Appropriate correction shall be 
made for any attenuation/gain of the matching unit. 

5.2.2 Communication Bands (30 to 1000 MHz) - The test procedure assumes a 50 Q measuring 
instrument and a 50 Q antenna in the frequency range 30 to 1000 MHz. If a measuring 
instrument and an antenna with differing impedances are used, an appropriate network and 
correction shall be used. 

^Although there are several other short wave broadcast bands, this particular band has been chosen because 
it is most commonly used in vehicles. It is expected that other short wave bands will be protected by 
conformance to the limits in this band. 
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6. Method of Measurement - As a general principle, die disturbance voltage shall be measured at 
the terminal of the radio receiving antenna placed at the correct vehicle location(s). 

To determine the disturbance characteristics of individual disturbance sources or disturbance 
systems, all sources shall be forced to operate independently across their range of normal 
operating conditions (transient effects to be determined) 

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

NOTE - The use of ferrite or other suppression material on the coax is recommended, 
particularly below 2 MHz, for suppression of surface current. 

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

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

7. Limit for Vehicle Radiated Disturbances - The limits of 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 may be decided upon by the vehicle manufacturer. For example, door mirror 
operation may be allowed at a high level of disturbance, as it is operated for only 1 or 2 s at a 
time. Coherent energy from microprocessors is more objectionable because it resembles desired 
signal and is continuous. 

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

PREPARED BY THE SAE EMR STANDARDS SOMMITEE 
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Detail View of 
Antenna Interconnect 

1. Measuring instrument 
2. ALSE 
3. Bulkhead connector 
4. Antenna (see 5.1) 
5. EUT 
6. Typical absorber material 
7. Antenna coaxial cable 
8. High quality double shielded coaxial cable 
9. Housing of on-board radio 
10. Impedance matching unit (when required) 
11. Optional tee connector with one leg removed 

FIGURE 3. - VEHICLE RADL\TED EMISSIONS - EXAMPLE FOR TEST LAYOUT 
(END VIEW WITH MONOPOLE ANTENNA) 
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TABLE 5. - LIMITS OF DISTURBANCE - COMPLETE VEHICLE 

id 

V 
w 
V 
[F 
IF 
IF 
IF 
IF 
IF 

Frequency 
(MHz) 

0 .15-0 .3 
0 . 5 3 - 2 
5 .9 -6 .2 
3 0 - 5 4 
7 0 - 8 7 
8 7 - 1 0 8 
144-172 
4 2 0 - 5 1 2 
800-1000 

Terminal noise 
Voltage 

at Receiver 
Antenna Terminal 

dB(|iV) 
Broadband 
Continuous 

QP 
9 
6 
6 

6(15') 
6(15') 
6(15') 
6(15') 
6(15') 
6(15') 

Terminal noise 
Voltage 

at Receiver 
Antenna Terminal 

dB(^V) 
Broadband 
Continuous 

P 
22 
19 
19 
28 
28 
28 
28 
28 
28 

Terminal noise 
Voltage 

at Receiver 
Antenna Terminal 

dB(nV) 
Broadband 

Short Duration 
QP 
15 
15 
6 
15 
15 
15 
15 
15 
15 

Terminal noise 
Voltage 

at Receiver 
Antenna Terminal 

dB(^V) 
Broadband 

Short Duration 
P 
28 
28 
19 
28 
28 
28 
28 
28 
28 

Terminal noise 
Voltage 

at Receiver 
Antenna Terminal 

dB( îV) 
Narrowband 

P 
6 
0 
0 
0 
0 
6 
0 
0 
0 

broadband values listed in this table are valid for the bandwidth specified in Table 3. 

reo signals may be more susceptible to interference than monaural signals in the FM - broadcast band. This 
;nomenon has been factored into the VHF (87 to 108 MHz) limit. 

5 assumed that protection of services operating on frequencies immediately below 30 MHz will most likely be 
vided if the limits for services above 30 MHz are observed. 

mit for ignition system only 
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APPENDIX I 
(Normative) 

ANTENNA MATCHING UNIT - VEHICLE TEST 

I.l Antenna Matching Unit Parameters (150 kHz to 6.2 MHz) - The requirements for die 
measurement equipment are defined in 5.2.1. 

1.2. Antenna Matching Unit - calibration - the artificial antenna network of Figure Al is used to 
represent the antenna including the coaxial cable. The 60 pF capacitor represents the 
capacitance of the coaxial cable between the car antenna and the input of the radio. 

50 Q 50 Q 

30 n 15 pF 
» < ' * • » 

60 pF' 
50 Q 

SIGNAL 
GENERATOR 

ARTIFICIAL 
ANTENNA 
NETWORK 

ANTENNA 
MATCHING 

UNIT 

MEASURING 
RECEIVER 

1.2.1 Gain Measurement - The antenna matching unit shall be measured to determine whether its 
gain meets the requirements of 5.2.1.1 using the test arrangement shown in Figure A.l 

1.2.2 Test Procedure 

a. Set the signal generator to the starting carrier frequency with 1000 Hz, 30 % amplitude 
modulation and 40 dB(^V)output level. 

b. Plot the gain curve for each frequency segnment. 

1.3 Impedance Measurement - Measurement of the output impedance of the antenna and antenna 
matching unit shall be made with a vector impedance meter (or equivalent test equipment). The 
output impedance shall be within a circle on a Smith chart crossing 100 + jO Q, having its 
center at 50 + jO Q (e.g., SWR less than 2 to 1). 
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APPENDIX II 
(Informative) 

NOTES ON THE SUPRESSION OF INTERFERENCE 

II. 1 Introduction - Success in providing radio disturbance suppression for a vehicle requires a 
systematic investigation to identify sources of interference which can be heard in the 
loudspeaker. This interference may reach the receiver and loudspeaker in various ways: 

a. Disturbance coupled to the antenna 
b. Disturbance coupled to the antenna cable 
c. Penetration into the receiver enclosure via the power supply cables 
d. Direct radiation into the receiver (immunity of an automobile radio to radiated 

interference) 
e. Disturbance coupled to all other cables connected to the automobile receiver 

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

11.2 Disturbance Coupled to the Antenna - Most types of disturbances reach the receiver via the 
antenna. Suppressors can be fitted to the sources of disturbances to reduce these effects. 

11.3 Coupling to the Antenna Cable - To minimize coupling, the antenna cable should not be 
routed parallel to the wiring harness or other electrical cables, and should be placed as 
remotely as possible from them. 

11.4 Clock Oscillators - Radiation/conduction from on-board electronic modules may affect other 
components on the vehicle. Significant harmonics of the execution clock("E-Clock") must not 
coincide with duplex transceiver spacings, nor with receiver channel frequencies. The 
fundamental frequency of oscillator used in automotive modules/components shall not be an 
integer fraction of the duplex frequency of any mobile transceiver system in operation in the 
country in which the vehicle will be used 

II.5. Other Sources of Information - Corrective measures for penetration by receiver wiring and by 
direct radiation are covered in other publications. Similarly, tests to evaluate the immunity of a 
receiver to conducted and direct radiated disturbances are also covered in other publications. 

88 



APPENDIX C 

LIST OF FREQUENCIES USED BY TxDOT 

Low Band 
Unit: MHz 

45.680* 

45.720* 

45.800^ 

45.840* 

Low Band 

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 

High Band 

150.995 

151.010 

151.025 

151.040 

151.055 

151.070 

151.085 

151.100 

151.115 

151.130 

151.185 

151.385 

154.950 

155.370 

High Band 

156.045 

156.060 

156.105 

156.120 

156.135 

156.180 

156.195 

High Band 

159.180 

159.225 

159.450 

162.400 

162.475 

162.550 

* Note: these frequencies used only for mobile-radio transmission to repeater and not for 
mobile-radio reception 
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