
Noise measurement on a small 
motor using different types of 

suppression 
Current probe measurements of the common and differential mode noise generated 

by a small electrical motor are presented. The base line noise profile of the motor in 

different measurement configurations with different types of fiNering is 
characterized. 
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n today's environment, the use of 
electronic modules to control 
electrical motors has increased 
dramatically. Applications include 

automatic rewind cameras, electronic 
control toy cars, automatic window 
shade openers, etc. A problem associ- 
ated with this new use of motors on a 

large scale is the RF ramifications to the 
radio wave spectrum. In general, an 
electrical motor is a very noisy RF 

source that interferes with other elec- 
tronic devices through common-mode 
noise on the power lines. Once the 
common-mode noise gets above a 

certain frequency on the power lines, 
the lines act like an antenna and radiate 

in free space. The best way to stop a 
motor from causing other electronic 
devices to malfunction is to suppress the 
noise at the source. 

TEST CONFIGURATION 
The test setup is shown in Figure 1. The 
device under test (DUT) is a small 

production motor, which is tested in 

four different configurations, as shown 
in Figure 2. The DUT is characterized in 

normal condition and then with three 
different types of filtering, as shown in 

Figure 3. The DUT is powered by a 12-V 

regulated DC power supply with a one- 
meter cable having three conductors 
(+12 V, return 12 V, R case ground). 
One of the variables tested is the 
connection of the case ground to the 
DUT. 

TEST METHODOLOGY 
The purpose for using a miniature 

current probe (Fischer Custom Commu- 

nications F-36-4) is to make quantitative 
measurements of the currents (magnetic 
fields) generated by the electrical motor 
on the power lines. The current probe 
can be used in a non-shielded room 
because only the magnetic fields related 
to the electromagnetic radiation poten- 
tial of the electrical motor affect the 

probe, and it is relatively insensitive to 

stray electrical fields. The windings of 
the probe are in a shield that reduces E- 

field pickup. Typical values of shielding 
from external E-fields vary from 60 dB 
below 100 1VIHz to greater than 30 dB at 

450 MHz. The power lines of the motor 
are characterized by clamping the probe 
on the 12-V and return 12-V lines, and 

then repeating the measurement after 
adding the case ground line in the 
current probe. 

The current probe has transfer 
impedance from 100 kHz to 1000 MHz, 

as shown in Figure 4. The transfer 
impedance Z, is defined as the ratio of 
voltage developed across the output of 
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Figure 5. Ambient noise measurements of four different 

test configurations. 
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Figure 8. Motor with two 5-pH Inductors (one on each line), 

a O. i-yF capacitor directly across the motor, and a 0. 47-yF 
capacitor across input lines In front of the series choke. 
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Figure 6. Normal production motor with no filtering 
applied. 
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Figure 9. Motor with new technology 0. 1-yF Integrated 
passive device. 
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Figure 7. Motor with 0. 22-yF capacitor connected across 
power lines. 

probe is placed on the power lines only and the 
motor case is grounded. In this case, the motor has 
both elements of common- and differential-mode 
noise ancl the 2i-pole filter works better above 100 
MHz. 

In Figure 9 the motor was tested with a 0. 1-pF 
X2Y™ integrated passive device placed across the 
power lines and grounded to the case of the motor. 
The analysis of this data shows the X2Y™ device to 
be very good at suppressing the noise when a 

r 

10 
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Figure 10. Motor with case floating and current probe on 

power lines only. 

current probe is placed on all lines with the case 
floating or grounded, and when the current probe is 

placed on the power lines only with the case float- 

ing. The X2Y™ device also cloes well when the 
current probe is placed on the power lines only and 
the motor case is grounded (both common- and 
differential-mode noise generated by the motor are 
measured), although not quite as well as for the 
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Figure 11. Motor with case grounded and current probe on 

power lines only. 
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Figure 1. 3. Motor with case grounded and current probe on 

all lines. 

70 

60 
CAPACITOR capacitor plate A 

50 

) 40 

30 

( u r, s rr'rm 

E 

l ':, , 
r 

20 Capacitor Plate Et 

10 X2Ym INTEGRATED PASSIVE DEVICE 
X2Y™ Plate X2Y™ Shield 

0 20 40 60 80 100 120 140 160 180 200 
Frequency (MHz) 

rd-, 'trhormatmaor', +P'22 'Otrah)orr(NXCojist(2'liiko'ctoto~ht iir Xty, r'-rrhtbliiiiit 

Figure 12. Motor with case floating and current probe on 

all lines. 
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other test configurations. This is the only form of 
suppression that keeps the noise level below 40 
clBpV for «11 test configurations. 

COMPARISONS OF TEST RESULTS 
In Figures 10, 12, and 13, when analyzing these three 
different suppression configurations, the data shows 
that both the 4-pole filter and the X2Y™ integrated 
passive device do an outstanding job keeping the 
noise level below 40 dBpV. The 0. 22-ltF capacitor 
cloes not clo well above 100 MHz. 

In Figure 11, where the current probe is placed on 
the power lines of the motor only and the case is 

grouncled, both common mode and differential mode 
noise are measured. The only suppression device that 

keeps the noise level below 40 dBI2V is the X2Y™ 
integrated p;tssive device. 

NEW SUPPRESSION TECHNOLOGY 
Figure 14 shows the differences between a normal 
capacitor ancl an X2Y™ integrated passive device. In 
a normal cap;tcitor, the lines of field extend beyond 
the capacitor plates. When the capacitor goes into 
self-resonant frequency, the signal will short. In the 
X2YY integrated passive device, the capacitor plates 

Figure 14. A normal capacitor vs. Integrated passive 
device. 

are completely enclosed by a shield, which keeps the 
lines of field from radiating. The X2Y™ device, in 

addition to acting like a normal capacitor, cancels the 
currents that flow on the image plane which are 180' 
out-of-phase. 

CONCLUSION 
The test methodology used to measure the noise on a 
small motor is very repeatable and easy to run. The 
current probe used in this test procedure was very 
effective in measuring both common-mode and 
differential-mode noise. In the real world, the place- 
ment of small motors sometimes makes it very 
difficult to measure both common-mode and clifferen- 

tial-mode noise. The test results shown in this paper 
illustrate the different ways the data can change 
depending on which wires are placed in the current 
probe. One might think the worst-case scenario 
would occur when all the wires are placed in the 
current probe. The test data shows that this is not the 
case because the current probe is only measuring the 
common-mode noise. The worst-case scenario shown 
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Noise measurement on a small motor . . . continued from page 14 

from the data is when the current 
probe is placed only on the power 
lines and a case ground connected 
to the motor is left out. One might 
argue that this is not a representa- 
tive scenario. However, if the 
motor were mounted to a metal 
bracket that supplies case ground 
to the motor and the only lines 
coming out of the motor are the 
power lines, then this would 
represent real world use. 

In summary, this article shows 
both common-mode and differen- 
tial-mode noise being generated 
from a small electrical motor with 

three different ways to reduce the 
noise. Both the 4-pole filter and 
the X2Y™ integrated passive 
device proved to be very effective 
in reducing the motor noise. This 
study was done with the filter 
values mentioned and the filtering 

~ ~ 

can be improved by optimizing the 
filter value for your particular 
application. When cost is brought 
into the equation and you need to 
meet more stringent EMC require- 
ments than you can with a normal 

capacitor, the X2Y™ integrated 
passive device looks especially 
promising. 
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Circle Inquiry No. 47 

W1157 Come tO uS? At Scientiac Employment Services, we know 
and understand your interference control skiss. 

Who are We'? We' re part of Rober Industries, a leading 
EhIC company. No one knows the EUIC lob 
market better, and our placement service caters 
exclusively to your specialty; none other. 

Wllat d. O We We ogera no cost, no obhgation 

opportunity 

t 
p f fer tc your? EMC, Product Safety and Compliance engineers 

and technicians to explore professional opportu- 
nities throughout the United States. Our clients 
number among the best known electron&0, com- 
puter, aerospace companies and test laboratories. 

Lockheed Martin — Syracuse, NY 

A growing, International, Defense Contractor and commercial 

business company with programs and business areas that 
include Electronic Warfare, Naval Combat Systems, Remote 

Minehunting Systems, Acoustic Arrays, Marine Traffic 
Management and numerous Radar product lines including 

Advanced Missile Defense, Airborne, Battlefield, 
Surveillance and Weather Radars. 

We are seeking EMI Engineers to function as an EMI Project 

Lead, to analyze and steer the implementation of EMI design 

characteristics, as well as experienced individuals capable 
of directing test programs in accordance with MIL-STD-462. 

Individuals must be pro-active, have good written and oral 

communication skills, and be able to successfully complete 

their assignments with minimal direction. RF front-end 

design experience and strong knowledge of MIL-STD-461/ 

462D are highly desirable. 

You can review these specific openings and submit your 

resume on-line at . Click on 

Employment Opportunities. Or email to: jobsc)syr. lmco. corn. 

We offer highly competitive salaries, flexible benefits 
(including a non-contributory pension ~ a 401k with 

company matching), flexible schedules, casual dress, and 

more. 

US citizenship required. Employment is contingent upon 

passing a pre-employment drug test and security clearance 
background check. We support a drug free/smoke free 
workplace and are an equal opportunity employer, m/f/d/v. 
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