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[57] ABSTRACT

An non-intrusive tachometer for measuring engine
RPM includes a hand-held probe having an antenna for
sensing radio frequency electromagnetic signals radi-
ated from an operative spark ignition engine. The probe
includes means for providing a pulse signal indicative of
plug firing events to signal processing means which
executes a statistical algorithm to determine the time
between spark plug firings and engine RPM. A visual
display displays engine RPM. Automatic gain contol
means provides the pulse signal with a relatively con-
stant amplitude by compensating for the inherently
wide variation in amplitude of the electromagnetic sig-
nals among different automobile ignition systems. The
signal processing means and display are located sepa-
rate from the probe in an emissions testing system. or
the signal processing means and display are integrated
within the probe.

39 Claims, 15 Drawing Sheets
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NON-INTRUSIVE TACHOMETER FOR SPARK
IGNITION AUTOS

DESCRIPTION

1. Technical Field

This invention relates to tachometers, and more par-
ticularly to a non-intrusive tachometer for spark igni-
tion automobiles.

2. Background Art

Automotive test equipment for inspecting vehicle
emission levels must measure engine speed. In the prior
art, it is known to use either contacting or non-contact-
ing tachometers (tachs). Contacting tachs require a
physical connection of a probe to, e.g., a spark plug
wire. Non-contacting tachs may either sense a radiated

_ electromagnetic field, an electrostatic field, or may
operate on acoustic principles.
" Exemplary prior art non-contacting tachs are typi-
cally hand-held. complete devices wherein engine RPM
is sensed and indicated in a single device. An example is
the Model DT-501 provided by Shimpo, which appears
to detect rapidly changing electric fields in the vicinity
of the ignition coil secondary wiring. However, for use
with vehicle emissions testers, the Shimpo device re-
quires the operator to measure engine RPM and then
walk over and manually enter the RPM in the tester.
The time wasted in doing so is undersirable.

Regarding contacting tachs, newer engine types
being developed do not provide easy access to ignition
system components to which these induction pickup-
type tachs can be connected. An example of a newer
engine type is the Quad Four from General Motors,
which includes a wireless ignition system completely
enclosed in metal. Contacting tachs cannot be used in
this case since there is no location to connect the tach
to.

The non-contacting tachs which sense electrostatic
fields have also been found to be either inaccurate or
non-functional with wireless ignition type since the
metal case acts as an effective shield to the electric fields
within the engine. Similarly, non-contacting tachs are
inaccurate or non-functional with engines having multi-
ple spark plug firings per engine revolution and rotary
engines which effectively change the number of spark
plug firings per revolution based on engine speed. This
is due, in part, to the level of ability of the signal pro-
cessing means within the tach to discriminate a valid
spark plug firing signal from noise (i.e., multiple plug
firings). . : '

Prior art non-contacting tachs that sense electromag-
netic fields typically sense fields'in a frequency range of
from 5 kilohertz (KHz) to 30 KHz. See, e.g., U.S. Pat.
No. 3,886,450 to Trussell et al. and U.S. Pat. No.
3,811,089 to Strzelewicz. However, the antenna used
for sensing these low frequency fields is necessarily
large and somewhat cumbersome. Also, these frequen-
cies are substantially attenuated a short distance away
from the source. This requires a placement of the tach in
close proximity to the ignition system in order to accu-
rately capture the radiated signal.

DISCLOSURE OF INVENTION

Objects of the present invention include the provision
of a non-intrusive (non-contacting) tachometer respon-
sive to electromagnetic fields in the radio frequency
range so as to reduce the size of the sensing antenna and
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increase the distance from the vehicle ignition from
which an accurate measurement of RPM can be made.

Further objects include the provision of a non-intru-
sive tachometer which allows measurement of engine
RPM on a broad range of vehicles having varying en-
gine types, including the newer engine types which may
be inaccessible to contacting tachometers.

Still further objects include the provision of a non-
intrusive tachometer which incorporates an automatic
gain control circuit to compensate for variations in
electromagnetic signal strength among different igni-
tion systems, and the provision of visual feedback to
help the operator to position the tachometer probe for
optimum performance.

This invention is predicated on the fact that although
vehicle ignition systems radiate electromagentic energy
in a broad band of frequencies. including audio frequer-
cies, a good portion of the electromagnetic energy car-
responding to spark plug firing events 1s concentrated in
the range of from | megahertz (MHz) to £0 MHz.

According to the present invention, a aen-intrusive
tachometer for measuring vehicle enginc speed includes
a hand-held probe having an antenna for s¢nsing elec-
tromagnetic signals in a portion of the radio frequency
range that are radiated from an operative spark ignition
internal combustion engine and for providing sensed
electronic signals indicative thereof, the electromag-
netic signals being indicative of changing current in the
ignition circuit, the changing current being indicative,
inter alia, of spark plug firing events; the probe further
includes signal processing means responsive to the
sensed electronic signals for providing a pulse signal
indicative of spark plug firing events, the pulse signal
being fed to digital signal processing means for execut-
ing a statistical algorithm which determines the time
between spark plug firings and engine RPM and pro-
vides an engine RPM signal to display means for visu-
ally displaying engine RPM.

In further accord with the present invention, the
probe signal processing means further includes auto-
matic gain control means for providing the pulse signal
with a relatively constant amplitude by compensating
for the inherently wide variation in amplitude of the
electromagnetic signals among different automobile
ignition systems.

According to a second aspect of the present inven-
tion, the digital signal processing means is located sepa-
rate from the probe and in a computer-based vehicle
emissions testing system, the probe signal processing
means feeding the pulse signal to the digital signal pro-
cessing means over a cable connection therewith. In
further accord with this aspect of the present invention,
the emissions testing system includes a video monitor
for visual display of vehicle emissions testing data to-
gether with engine RPM as calculated by the digital
signal processing means. In still further accord with this
aspect of the present invention, the display means pro-
vides a visual indication of the signal strength of the
electromagnetic signals so as to aid the operator in the
optimum location of the probe in proximity to the vehi-
cle ignition system.

According to a third aspect of the present invention,
the digital signal processing means and visual display
means are integrated within the probe, thereby making
the probe a complete and independent device.

The present invention provides, for the first time, a
non-intrusive tachometer for providing an accurate
indication of RPM when used with a wide variety of
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vehicle ignition systems, including those recently devel-
oped to which traditional contacting-type tachometers
cannot be easily connected.

These and other objects, features and advantages of
the present invention will become more apparent in
light of the detailed description of a best mode embodi-
ment thereof, as illustrated in the accompanying draw-

ing.
BRIEF DESCRIPTION OF DRAWING

FIGS. 1 and 2 are front and side perspective views,
respectively, of a vehicle emissions testing system in
which a portion of a preferred embodiment of the pres-
ent invention may be implemented in accordance with a
second aspect of the present invention;

FIG. 3 is a perspective diagram of a tachometer
probe which may interface with the testing system of
FIGS. 1, 2

FIG. 4 is a block diagram of the testing system of
FIGS. 1, 2 with the probe of FIG. 3;

FIG. 5is a block diagram of selected elements of the
testing system of FIGS. 1, 2;

FIG. 6 is a block diagram of selected elements of the
probe of FIG. 3;

FIG. 7 is a schematic diagram of a portion of selected
elements of the probe of FIG. 3;

FIG. 8 is a schematic diagram of a portion of further
selected elements of the probe of FIG. 3;

FIG. 9 is a block diagram of further selected elements
of the testing system of FIGS. 1, 2;

FIGS. 10a, 105, 10c¢, and 11 are flowchart diagrams
used in the present invention for computing vehicle
engine RPM;

FIG. 12 is an illustration of a display of vehicle emis-
sions data together with engine RPM and a bar graph of
electromagnetic signal strength in accordance with a
second aspect of the present invention;

FIG. 13 is a perspective diagram of a tachometer
probe in accordance with an alternative embodiment of
the present invention; and

FIG. 14 is a block diagram of selected elements of the
probe of FIG. 13.

BEST MODE FOR CARRYING OUT THE

INVENTION

Referring to FIGS. 1 and 2, a portion of a preferred
embodiment of the present invention may be imple-
mented in computer-based, automotive emissions test
equipment 10 (e.g., the BAR90 Emissions Unit from
Hamilton Test Systems) which provides for automated
testing of vehicle emissions. FIGS. 1 and 2 illustrate
front and left side views, respectively, of the emissions
equipment 10. The equipment includes a transportable
console 12 housing a customer interface unit (CIU)
computer 14, video monitor 16, printer 18, keyboard 20,
and a computerized BAR-84/BAR-90 compliant emis-
sions analyzer (CEA) 22 having exhaust probe 24 and
engine RPM probe 26 (not shown). Included with the
CEA 22 is a gas analyzer and filter assembly 28. Also
illustrated is a connector 30 on the side of the console 12
which connects the RPM probe 26 thereto.

FIG. 3 illustrates the RPM probe 26 of the present
invention as comprising a plastic or other non-metallic
housing 36 shaped for hand-held use. One end of the
housing contains a ferrite rod antenna 38 which rests in
a polymer foam pad (not shown) inside the housing 36
so as to prevent the antenna 38 from breaking if
dropped on a hard surface. A polymer label 40 is at-
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tached to the top surface of the housing. The labe] has
embedded in it a restart switch 42 and an indicator LED
44. A small sheet of soft polymer material (not shown)
is attached to the underside of the housing and acts as a
nonslip protector pad which enables the operator to rest
the housing 36 on a flat surface, such as an engine valve
cover or vehicle fender, without damaging the automo-
bile surface finish.

A cable 46 electrically connects the RPM probe 26 to
the console 12 by means of a connector 48 which mates
with the corresponding console connector 30. A clip 50,
which may slide along the cable 46, attaches to a hook
52 on the cable. The hook 52 is used to hang the RPM
probe from a convenient location such as the underside
of the vehicle hood.

The antenna 38 is sensitive to magnetic fields caused
by current flowing in a closed path. By embedding the
LED 44 in the polymer label 40, the area of the current
loop can be reduced, thereby reducing the probability
of current pulses in the LED being sensed as spark plug
firings.

FIG. 4 is a block diagram of the emissinns equipment
10. The RPM probe 26 communicates with the CIU 14
by way of the probe cable 46 and connector 48, console

‘connector 30, and signal lines 56. RPM probe/CIU

communications is described in detail hereinafter. The
sensed exhaust gases from the exhaust probe 24 pass
through a hose 58 to the CEA 22. The CEA-processed
signals are then presented to the CIU 14 on a communi-
cations link 60, e.g., an RS232 serial data link. The CIU
directs the operation of the monitor 16, printer 18, and
keyboard 20 through signal lines 62 (monitor lines 62a,
keyboard lines 625, and printer lines 62¢). Communica-
tion with each device 16-20 is in conformance with the
appropriate industry standard for that particular type of
device.

Referring to FIG. 5, the CIU 14 comprises, e.g., an
International Business Machines (IBM) Corporation
Model AT computer. The CIU contains the hardware
and software necessary to interface with all elements of
the equipment 10. The CIU includes a central process-
ing unit (CPU) 70 connected to a CIU bus 72 by signal
lines 74. The CIU bus includes address, data and control
fines.

The CIU provides data storage devices, including a
hard disk drive 76, one or more floppy disk drives 78,
and random access memory (RAM) 80. The hard disk
76, typically 40 megabyte (MB) capacity. stores the
software operating system (e.g., MS-DOS) and the
emissions test software. The hard disk connects to the
CIU bus 72 by signal lines 82. The floppy disk 78 com-
prises the known 3.5 inch, 1.44 MB format and connects
to the CIU bus 72 by signal lines 84. The RAM 80 stores
program operating parameters and comprises inte-
grated circuit (IC) components totalling 640 kilobytes
(KB) or more of memory capacity. The RAM connects
to the CIU bus by signal lines 86.

The keyboard 20 is the main operator input device to
the CIU and provides a full alphanumeric character set.
The CIU includes keyboard interface circuitry 90 con-
nected to the CIU bus by signal lines 92. The monitor
16, e.g., a VGA color display monitor, displays test
procedures and results. The CIU includes monitor inter-
face circuitry 94 connected to the CIU bus by signal
lines 96. The printer 18, e.g., a Model LQ-850 dot ma-
trix printer from Epson Corp., prints test data and re-
sults. The CIU includes printer interface circuitry 98
connected to the CIU bus by signal lines 100.



























