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Operating principle

Considering the simplest physical generator with a rotating
wire winding inside a magnetic field produced by two magnetic
poles (one pole pair = north and south) - the output voltage is a
sine wave (blue line) with one cycle per revolution. After
rectification with diodes we get an alternating DC voltage with
2 pulses per revolution (black line) and a resulting average
voltage (brown line).
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To imagine a three-phase generator we add two independent
wire windings. Now we have 3 sine wave voltages which are
spaced about 120° out of phase. After three-way rectification
with six diodes the result is an alternating DC voltage with 6
pulses per revolution (black line) and an increased average
voltage against the generator with one winding.

In practice generators for automobiles have more than two
poles. In most cases here we find 12 poles (6 pole pairs) and
sometimes also 16 poles (8 pole pairs). For the first one we get
from every phase 6 cycles per revolution and after rectification
an alternating DC voltage with 36 pulses.

The board net voltage ripple frequency can simply calculated
by multiplying the alternator RPM with the number of poles
(e.g. 12*2=24) and the number of phases (3). 12*2*3 = 72
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Drive belt

Engine
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By connecting to an automotive cigarette lighter socket the
measurement unit RPM-8000 PRO senses the small AC ripple
of the vehicle board net DC supply voltage and generates on

its outputs both a TTL digital pulse train and an analog voltage
signal These signals ar enatérpe
RPM and by the linear drive belt relationship also to the engine
RPM. The scaling factor can determined by the relation

between the effective diameters of the engine and the

alternator pulleys.

Accuracy:

Next diagram shows a part of a test measurement of a famous
German automobile manufacturer. The RPM reference signal
was obtained from the car internal CAN bus, which will also
used for the electronically engine management. To verify the
dynamical performance, the RPM signal was provide with an
additional scaling factor of 1.02 - actually both curves are
congruent.
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In practice the generated alternator ripple also includes
electrical noise and disturbances from other electrical devices
and loads connected to the vehicle supply. In petrol engine
vehicles this is mainly due to the ignition system and is
relatively straight-forward to eliminate. In Diesel engine
vehicles however the main noise source is from the electronic
injection system and, due to the spectral content of the
injection signals, is very difficult to decouple from the relatively
small signal of interest from the alternator. This technical
background helps to explain the different accuracies of the
RPM signal, which are achieved: approx. 0.5% for Petrol and
approx. 1.5% for Diesel engines. To improve the signal-to-
noise ratio, additional resistive loads such as rear window
heater and lights (not gas discharge lamps) should be
turned on. All inductive loads such as air conditioning
system, air blower, light dimmer, sliding roof and door
opener should remain off! This process increases the
accuracy of the output signal in every case
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General description

RPM-8000-PRO offers a discerning solution for automotive RPM measurement without an additional sensor: the practical
instrument is simply connected via a standard jack to the cigarette lighter socket and the RPM is shown directly on the LCD
display. You even have the choice to output the data as an analog voltage (1 Volt per 1000 rev/min) or as a digital pulse
sequence, 1:1 ripple of the alternator (TTL). The smart measuring principle is based on an analysis of the ripple balance of the
supply system, characteristic for all automotive alternators. The frequency (TTL) of this ripple amounts to about 100 to 120

pulses per engine rotation and therefore delivers good dynamic measuring results.

Though the frequency is proportional to the engine RPM, it also depends on the gear transmission ratio from
crankshaft/alternators and on the number of alternators poles and phases. This makes the calibration of the input signal to the
actual measured RPM necessary. The latest version of the RPM-8000-PRO now offers two elegant options:

e Internal calibration: The internal calibration assumes a steady engine RPM of 2000 rev/min (drive e.g. in the 2. gear and had
hold 2000 RPM), which can be monitored by the automotive tachometer. By pushing the fi C a | buttdnrarid &eep the button

pressed until the red LED stops flashing, and is permanently illuminated.

e External calibration (option): A laser RPM 0 R P-DM\SER-C A Li® needed for this option. A reflector tag is mounted on the
main belt disc and scanned by laser beam. The TTL output of the laser instrument is connected via cable tothe i Ex t .
input of the RPM-8000-PRO and delivers one pulse per rotation. ( don o6t press the HfACal I nt o
pulse sequence with the measured pulse frequency, the instrument calculates automatically the relationship between ripple
balance and speed. Identical displays on laser and RPM-8000-PRO signal successful calibration (also shown by luminescent
LEDG6s) .

The measuring range of the analog output can be varied on demand via jumpers (e.g. to 0.5, 1.0 or 2.0 Volt per 1000 rev/min).
The TTL output can also be scaled with a frequency factor of 1:8 or 1:16 i and therefore adapted to the resolution ability of
attached measuring systems. For software setting purposes, the number of pulses per (e.g. 80-120) revolution is indicated by
pressing the yellow TTL button, independently of the digital output divider (TTL Div). The instrument saves the calculated

calibration data in non-volatile memory until the next calibration.
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Functions and displays:

To battery or cigarette
lighter sockets - 12-42V

Board Net

RPM 8000 PRO

LCD screen

Indicates the actual speed
or the number of pulses
per revolution is indicated
by pressing the yellow TTL

it TTL button

Switches the screen to number
of pulses per revolution, as
long as the button is pressed.
SYNC OK LED
Lights up when
RPMB8000Pro is
synchronized with the
engine speed.

Internal calibration

When the vehicle tachometer
registers a constant speed of
2000 rev/min, keep the Cal. Int.
button pressed until the red LED
stops flashing, and is
permanently illuminated

Power ON LED

Lights up when 12-42V is
applied to the cigarette
lighter.

Cal. Int.

TTL out (output)

Divider for digital output: KM I
1:1 or 8:1o0r16:1

www.kmt-gmbh.com

For example:
4000 Hz TTL at div. 1 position
500 Hz TTL at div. 8 position
250 Hz TTL at div. 16 position

TTL Out Analog Out Ext.Cal.In

3
0 4 4

Dig. output Analog output Connection for LASER RPM
0-5V TTL 0-10V tachometer
Don't press the CAL button
during external calibration!!
(Self detection of EXT Cal
input!)
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External calibration with laser-based tachometer:

Board Net

RPM 8000 PRO

Pwr. OK

L X

TTL Div. T Cal. Int

KMT
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Cigarette lighter plug

4

TTL Out Analog Out  Ext. Cal.In

External laser tachometer
ORPM-LASER-CAL 0o

4

LEMO-BNC adapter cable

Attach a reflector tag (approximately 10 mm long) to the calibration shaft (crankshaft).

Plug the RPM-8000-PRO into the cigarette lighter socket outlet or connect directly to the battery. Make sure
polarity is correct when connecting to the battery.

Start engine T turn on lights and rear window heater i turn off the air conditioning system and other inductive
loads i run engine at constant no-load speed i connect TTL output from laserto i & | . Ejack on the RRM-
8000-PRO.

Point the laser beam at the reflector tag at an angle of about 90°. The RPM-8000-PRO is calibrated when both
the laser and the RPM-8000-PRO show the same speed, the red LED stops flashing and the green LED is
permanently illuminated. The calibration data is stored permanently in the device and therefore is not lost when
power is turned off. The data is only overwritten when the device is recalibrated.

Thefi Ca |l Hutton shauld not be pressed while using the external calibrated process. The RPM-8000-PRO
is now set to the actual speed of the shaft with reflector tag and is shown on the screen. A DC voltage of 1V per
1000 rev/min is applied to the analog output.
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RPM-Laser-CAL general function-2.1:
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