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Introduction:

The Michigan Scientific MSCF2V04 is an extremely versatile frequency to voltage
converter. Using the supplied User Interface software, the user can configure the
MSCF2V04 to produce Voltages proportional to the frequency (or the count) of incoming
pulses. This allows for a simple measurement of rotational velocity, speed, position,
and pulse count.

Typical Applications:

Measurement of rotational speed variation of engines and motors

Engine / motor startup and shutdown characteristics

Wheel speed measurement (such as ABS and traction control system testing)

Flexible Inputs:

The MSCF2V04 can accept both Individual (single-phase) and Quadrature signals, plus
an OPR-Index ( fi o 4par-e e v osilionipg pulse) for each quadrature pair. The pulse
inputs (4 Channels + 2 OPR-Indexes) are fully differential, accept up to £120V
amplitude pulses, and provide up to 1500V of isolation.

Configure each Channel input for either TTL-threshold (digital square-wave), or Mag
Pickup (magnetic reluctance type sensor) signals. Mag Pickup signals switch with at
least 350mV peak amplitude. Adjust Input Offset of each Channel up to £10V.

A 16-bit Analog Input is available to calibrate the pulse-Channel(s) to an external
reference, such as an i a n afifttondpeeld v e -bBpieex] keasor.

Configurable Qutputs:
The 16-bit outputs are scalable to almost any range within the available £10V, and the
full-scale input frequency is adjustable to almost any value as well.

The Minimum Measurable Frequency can be adjusted to anywhere from about 0.15 Hz
to 610 Hz. The maximum aggregate frequency is 124 kHz for High Speed mode, 68
kHz for Quadrature mode, 72 kHz for Normal Speed mode, and 180 kHz for Pulse
Count mode. Different configurations over the four channels may reduce these
maximum aggregate requirements. In order to maximize performance, disable all
inactive channels and setup unit in high-speed mode.

Additional Features:
For wheel speed applications, an ABS Algorithm can be used to quickly detect wheel
lock-up.

The digital display can be configured to display the output voltage (ImV minimum
resolution) for each channel, the trigger status of each channel, or rotational velocity
and position (Quadrature mode).
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Connections and Controls:

Figure 17 Front and Rear Panel

#" Model MSCF2V04 Freg
'~ Serial # 00003

Power Configurable Display USB Analog

Fuse : )
Switch Display Selector Port Input
Input Output Power
Connector Connector Connector

TABLE 171 Front Panel Item Descriptions

Item Description
Fuse Holds a standard 3A fuse
Power Switch Shuttered push-button is green when power is on

Configurable Display Can be configured to display:
1) Output Voltage for selected Channel
2) Threshol d | ndi clavel@abovet dr lbelowthréshold)
3) Velocity (RPM) and Position (Degrees)

Display Selector Knob to select which Channel (18 4) to show in Display
USB Port Connect to computer for configuration, using provided USB cable
Analog Input For calibration to an external Reference Voltage
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TABLE271 Rear Panel Co rassegonents s 0
Pin# Signal Type
Input Connector (DSUB-15)
1 (no-connect) -
2 isolated GROUND Encoder Power OUT
3 OPR-Index, ch3+4 (-)  pulse INPUT
4 OPR-Index, ch1+2 (-) pulse INPUT
5 Channell (-) pulse INPUT
6 Channel 2 (-) pulse INPUT
7 Channel 3 (-) pulse INPUT
8 Channel 4 (-) pulse INPUT
9 isolated +12V Encoder Power OUT
10 OPR-Index, ch3+4 (+) pulse INPUT
11 OPR-Index, ch1+2 (+) pulse INPUT
12 Channel 1 (+) pulse INPUT
13 Channel 2 (+) pulse INPUT
14 Channel 3 (+) pulse INPUT
15 Channel 4 (+) pulse INPUT
Output Connector (DSUB-9)
1 Channel 1 (+) Voltage OUTPUT
2 Channel 2 (+) Voltage OUTPUT
3 Channel 3 (+) Voltage OUTPUT
4 Channel 4 (+) Voltage OUTPUT
5 (no-connect) -
6 Channell (-) Voltage OUTPUT
7 Channel 2 (-) Voltage OUTPUT
8 Channel 3 (-) Voltage OUTPUT
9 Channel 4 (-) Voltage OUTPUT
Power Connector (3-pin Cannon)
1 GROUND Power Input
2 +10to +19 Vpc Power Input
3 (no-connect) -

321 E. Huron Stre
Milford, Ml 48381
(248) 685393¢

Fax: (248) 684640¢

pin
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Frequency to Voltage Conversion:

Frequency to voltage (F2V) converters are used for a broad range of testing
applications and are designed to provide voltages proportional to the frequency or count
of incoming pulses. This allows for a simple measurement of rotational speed, velocity,
angular position and pulse count.

The incoming pulses can be generated through a number of methods. A common

method is to utilize magnetic pickups or Hall Effect sensors that detect one or more

magnetic fAtargetso that move past the sensor
usually generates a pulse, or sinusoid that increases in amplitude and frequency as the
angular velocity of the Atargeto increases.
external excitation. A Hall Effect sensor requires an excitation voltage and usually

generates a simple square wave with amplitudes equal to the excitation voltage. This

signal wil/l increase in frequency as the angu

Another method is to utilize an encoder to generate pulses. Encoders typically output a
square wave signal that has TTL or CMOS thresholds and amplitudes, although
sometimes the amplitude can be as large as the supply voltage to the encoder. They
are assigned a Resolution (PPR) rating, in pulses per revolution, which corresponds to
the number of equally spaced pulses that are generated in the span of one complete
revolution. Some encoders have a single-phase signal output while others have two
phases, with one output ninety degrees out of phase with respect to the other signal.
These are called quadrature encoders, and this type must be used when accurately
tracking angular position and velocity. The direction of rotation is easily determined
through observation of the two phases: In one direction, the first phase leads the
second. In the opposite direction, the second phase leads the first. These quadrature
encoders also sometimes have a third output, an OPR-Index pulse, used to provide a
known zero for the angular position.
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Digital vs. Analog Conversion

There are both digital and analog methods for frequency to voltage conversion. A
typical method for analog conversion uses a Resistor-Capacitor network, which adds
phase delay to the output and does not track frequency changes as quickly as a digital
system can. The MSCF2V04 uses a digital method, which measures each period of the
input signal and updates its output based upon the measured period. This output can
be considered instantaneous because there is no averaging of the incoming measured
periods. Every time a rising edge is received, a new period measurement is calculated,
and the output is updated. Figure 2 illustrates the difference between the MSCF2V04
output and a typical RC-based F2V output.

Figure 217 Comparison of MSCF2V04 and RC-based F2V outputs
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There are two things worth noting about this data plot. First, the RC-based F2V output
is phase delayed. Second, that the RC-based system obviously i s m oesdthie signal,
reducing the amount of useful information that can be derived from it.
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Application: Anti-lock Brake Systems

In the past, the method used by the MSCF2V04 [updating only whenever input-pulses

are detectedjhas suffered from fisignal hango in situ
drops to zero very quickly. An example of this occurs when measuring wheel speeds

during anti-lock brake testing. The wheel will momentarily lock-up and the input signal

pulses will immediately stop. With the ABS Algorithm that is incorporated into the

MSCF2V04, signal dropout can be detected quickly as a lock-up and the output is

updated accordingly. Figures 3 and 4 illustrate the effect of using the ABS Algorithm in

these situations.

Figure 37 Signal Hang during wheel Lock-Up (without ABS Algorithm)
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Figure 47 ABS Algorithm eliminates Signal Hang
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The Asignal I8 & elighidated im Figuie ¢, whea the ABS Algorithm was
enabled. Also note that the RC based F2V does not accurately display the data either,
due to the fact that its output cannot drop to zero quickly. This gives the MSCF2V04 a
clear advantage over analog F2V systems and most other digital F2V systems.
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Application: Engine Speed Variations

Another application in which the F2V can be used is for measuring rotational variation in
engine speed. An example of this was accomplished by utilizing a mag pickup on the
flex plate of an 8-cylinder engine. The flex plate contains 168 teeth. The engine speed
is therefore updated 168 times per revolution of the engine. Figure 5 below shows the
engine speed and also dynamic and average torque output from the engine. An OPR-
Index crankshaft signal is also shown for reference. This data shows the profile from
the engine at idle to a sudden acceleration.

Figure 571 Overall Profile of Idle to Acceleration
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Zooming in to an area of acceleration, Figure 6 shows the engine speed variation due to
the individual cylinders firing. In an 8-cylinder engine, there are four main pulses per
revolution of the engine, which is shown in both the dynamic torque and also the
variation in engine speed. The conclusion that can be drawn from this data is that the
engine speed variation corresponds to the torsional vibration of the engine.

Figure 61 Closer Examination of Engine Acceleration
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