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   Chapter 3                                                             Input and Output devices (Sensors)  
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   CHAPTER THREE  

Chapter Highlights
Although discrete I/O systems are invaluable tools for PLC controls, they cannot meet all the demands of new technological and application advances. Because they can interpret continuous signals, analog I/O interfaces are used in applications, such as batching and temperature control, where the simple two-state capabilities of discrete I/O systems are insufficient. This chapter explains the function and application of analog I/O interfaces, including a discussion of a several types of transducers (continuous sensors).   
3-1- Overview of Analog Input Signals:
Analog input modules, like the ones shown in Figure (3-1), are used in applications where the field device’s signal is continuous (see Figure 3-2). Unlike discrete signals, which possess only two states (ON and OFF), analog signals have an infinite number of states. Temperature, for example, is an analog signal because it continuously changes by infinitesimal amounts. Consequently, a change from 70F to 71F is not just one change of 1F, but rather an infinite number of smaller changes of a fraction of a degree.
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Fig. 3-1: Analog input modules.
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Fig. 3-2: Representation of a continuous analog signal.

PLCs, like other digital computers, are discrete systems that only understand 1s and 0s. Therefore, they cannot interpret analog signals in their continuous form.  Analog input interfaces translate continuous analog signals into discrete values that can be interpreted by PLC processors. These discrete values are subsequently used in the control program. Table 3-1 lists some devices that are typically interfaced with analog input modules.


Analog Inputs

                                      Flow meter transducers
Humidity transducers
Load cell transducers
Potentiometrs
Pressure transducers
Vibration transducers
Temperature transducers
Table. 3-1: Devices used with analog input interfaces.

3-2 Instruction for Analog input Modules:
Analog input modules digitize analog input signals; there by bringing analog information into the PLC (see Figure 3-3). The modules store this multibit information in register locations inside the PLC. The analog instructions used with analog input modules are similar to, if not the same as, the instructions used with multibit discrete inputs. The only difference between them is that analog multibit instructions are the result of a digital transformation of the analog signal, while discrete multibit instructions are the result of many multibit devices (or separate signals) connected to the same number of discrete input connections.
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Fig. 3-3: Digitization of an analog signal.

3-3 Analog Input Data Representation:
Field devices that provide an analog output as their signal (analog sensors or transducers) are usually connected to transmitters, which in turn, send the analog signal to the module. A transducer converts a field device’s variable (i.e., pressure, temperature, etc.) into a very low-level electrical signal (current or voltage) that can be amplified by a transmitter and then input into the analog interface (see Figure 3-4).

      Due to the many types of transducers available, analog input modules have several standard electrical input ratings. Table 3-2 lists the standard current and voltage ratings for analog interfaces. Note that analog interfaces can be either unipolar(positive voltage only—i.e., 0 to +5 VDC) or bipolar (negative and positive voltages—i.e., –5 to +5 VDC).

Table. 3-2: Typical analog input interface ratings.

As mentioned earlier, an analog input module transforms an analog input signal via a sensor/transmitter unit into a discrete value that is readily understandable by man and machine (see Figure 3-7). This transformed value is the digital equivalent of the variable analog signal (e.g., pressure in psi) measured by the field device. The field sensing device sends a very low-level current or voltage analog input to the transmitter. The transmitter (sometimes incorporated in the same unit as the sensor) sends this information to the input module as an amplified current or voltage proportional to the signal being measured. Next, the analog input interface digitizes the current or voltage by converting it into an equivalent binary number. The interface then sends the digitized signal to the controller. Thus, the binary value that the PLC receives is the digital equivalent of the incoming analog signal.

Fig. 3-6: Transformation of an analog signal into a binary 
               Or BCD Value                                                                                        
3-4 Continuous sensors
3-4-1 Topics:
      Continuous sensors issues: accuracy, resolution, etc.
Angular measurement: potentiometer, encoders and tachometers.
Linear measurement: potentiometers LVDTs, moire fringes and               ac​celerometers.
Force measurement: strain gages and piezoelectric.

Liquid and fluid measurement: pressure and flow.
Temperature measurement: RTDs, thermocouples and thermistors

Others sensors.
Continuous signals inputs and wiring

Glossary

3-4-2 Operation of sensors:
Continuous sensors convert physical phenomena to measurable signal, typically voltages or currents. Consider a simple temperature measuring devices. There will be an increase in output voltage proportional to a temperature rise. A computer could measure the voltage, and convert it to a temperature. The basic physical phenomena typically measured with sensors include:
- Angular or linear position 

- Acceleration 

- Temperature 

- Pressure or flow rate 

- Stress. Strain or force 

- Light intensity
- Sound 

        Most of these sensors are based on subtle electrical properties of materials and devices. As a result the signal often requires signal conditioners. The are often amplifiers that boost current and voltage to       larger voltages 

Sensors are also called transducers. This is because they convert input phenomena to an output a different form. This transformation relies upon a manufactured device with limitations and imperfection. 

3-4-3- INDUSTRIAL SENSORS:

    This section describes sensors that will be use for industrial measurement.

The sections have been divided by the phenomena to be measured. Where possible details are provided. 

3-4-3-1 Angular Displacement 

3-4-3-1-1Potentiometers:
     Potentiometers measure the angular position of a shift using a variable resistor. Potentiometers is shown figure 3.7 Potentiometers.  Is resistor normally made with a thin? Film of resistor materials. A wiper can be moved along the surface of the resistors film. As the wiper moves toward one end there will be a change in resistance proportional to the distance moved. If a voltage is applied across the resistors, the voltages at the wiper interpolate the voltages at the ends of the resistor.
[image: image4.jpg]Vi

Ve

Schematic

Vau

resistive
film

Physical




Fig. 3-7: a potentiometer

The potentiometer in figure 3.8 is being using as a voltage divider. As the wiper rotates the output voltage will be proportional to the angle of rotation.
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Fig. 3-8: a potentiometer as a voltage divider
Vout = (V2-V1) ( θω / θmax ) + V1 
3-4-3-2- Encoders:
    Encoders use rotating disks with optical windows, as shown in figure 3.9 the encoder contains an optical disk with fine windows etched into .light from emitters passes through the openings in the disk to detectors .as the encoder shaft is rotated ,the light beams are broken . The encoder shown here is a quadrature encoded and it will be discussed later
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Fig. 3-9: an encoder disk

      There are two fundamental types of encoders absolute and incremental as an absolute encoder will measure the position of the shaft angle will always produce the same reading. the out put is normally a binary or grey code number .an incremental (or relative ) encoder will out put two pulses that can be used to determine displacement .logic circuits or soft ware is used to determine the direction of rotation . And count pulses to determine the displacement. The velocity can be determined by measuring the time between pulses.
3-4-3-2-1 Tachometers:
Tachometers measure the velocity of a rotating shaft. A common technique is to mount a magnet to rotating shaft. When the magnetic moves past a stationary pick up coil, current is induced. For each rotation of the shaft there is a pulse in the coil as shown in figure 3.10 when the time between the pulses is measured the period for one rotation can be found, and the   frequency calculated. The technique often requires some signal conditioning circuitry.
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Fig. 3-10: a magnetic tachometer
3-4-3-3-Linear position
3-4-3-3-1-Potentiometers:
      Rotational potentiometers were discussed before, but potentiometers are also available in linear /sliding form. These are capable of measuring linear displacement over long distance. 
Figure (3.11) shows the output voltage when using the potentiometer as a voltage divider
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Fig. 3-11: linear potentiometer

Vout = V1 + (V2 – V1) (a/L)

Linear / sliding have the same general advantages and disadvantages of rotating potentiometers

3-4-3-3-2- Linear variable differential transformer                 (LVDTs):         
        Linear variable differential transformer (LVDTs) measure linear displacements over a limited rang the basic device is shown in figure 3.12.                

It consists of outer coils with an inner moving magnetic core.
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Fig. 3-12: an LVDT

ΔV= K Δx 
Where,
ΔV = output voltage.

K= constant for device.

Δx = core displacement.
3-4-3-3-3 Moiré fringes:
     High precision linear displacement measurements can be made with moiré fringes as shown in figure 3.13. Both of the strips are transparent (or reflective) with black lines at measured intervals. The spacing of lines determines the accuracy of the position measurements the stationary strips is offset at an angle so that the strips interfere to give irregular patterns. As the moving strip travels by a stationary strip the patterns will move up, or down, depending upon the speed and direction of motion.
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Fig. 3-13: the moiré fringe effect

3-4-3-3-4 Accelerometers:
       Accelerometers measure acceleration using a mass suspended on a force sensor, as shown in fig 3-14. when the sensor accelerates, the inertial resistance of the mass will cause the force sensor to deflect. By measuring the deflection the acceleration can be determined in this case the mass cantilevered on the force sensor. A base and housing enclose the sensor. A small mounting stud is used to mount the accelerometer.
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Fig.3-14: a cross section of an accelerometer

3-4-3-4-Force and Moments:
3-4-3-4-1 Strain gages:
      Strain gages measure straining materials using the changes in resistance of wire. The wire is glued to the surface of a part, so that it undergoes the same strain as the part (at the mount point). Fig.3-15 shows the basic properties undeformed wire. Basically, the resistance of the wire is a function of resistivity, length, and cross sectional area.
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Fig.3-15: the electrical properties of the wire.
R= V/I = ρL/A
Where,
R    = Resistance of wire.

V , I= Voltage & Current.

L    = Length of wire.

A   = w*t.
ρ   = resistivity of material.

3-4-3-4-2 Piezoelectric:

When a crystal undergoes strain it displaces a small amount of charge. In other words, when the distance between atoms in the crystal lattice changes some electrons are forced out or drawn in. this also changes the capacitance of the crystal this is known as the piezoelectric effect. Fig. (3-16) shows the relationships for a crystal under going a linear deformation. The charge generated is a function of the force applied, the strain in the material, and a constant specific to the material. The change in the capacitance is proportional to the change in the thickness.
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Fig.3-16: piezoelectric effect.

C = ε a b / c.                                i = ε g dF / dt.

Where,
C          = capacitance change.

a , b , c = geometry of material.

ε          = dielectric constant.
i           = current generated.

F         = force.

g          = constant for material.

3-4-3-5 Pressure sensor:
       Figure 3-17shows different to mechanisms for pressure measurement. The bourdon tube uses acicular pressure tube.
When the pressure inside is higher than the surrounding air pressure (14.7psi approx.) the tube will straighten. A position sensor, connected to the end of the tube, will be elongated when the pressure increases.

These sensors are very common and have typical accuracies of 0.5%. 

[image: image14.jpg]pressure
increase

pressure




Fig.3-17: Bourdon tube.
3-4-3-6 Venturi valves:
      When a flowing fluid or gas passes through a narrow pipe section (neck) the pressure

droups.
If there is no flow the pressure before and after the neck will be the same.
The faster the fluid flow, the greater the pressure difference before and after the neck.
This is known as a venturi valve .figure (3-18) shows a venturi valve being used to
measure a fluid flow rate. The fluid flow rate will be proportional to the pressure
difference before and at the neck (or after the neck) of the valve.
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Fig. 3-18: A Venturi valve.

3-4-3-7 Coriolis flow meter:
        Fluid passes through thin tubes, causing them to vibrate. As the fluid approaches the point of maximum vibration it accelerates.
When leaving the point it decelerates. The result is a distributed force that causes a bending moment, and hence twisting of the pipe.
3-4-3-8 Magnetic flow meter:
    A magnetic sensor applies a magnetic field perpendicular to the flow a conductive fluid experience an electromotive force.
The result is that a potential (voltage) can be measured perpendicular to the direction of the flow and the magnetic field.
3-6-Ultrasonic flow meter:

   A transmitter emits a high frequency sound at point on a tube. The signal must then

Pass through the fluid to a detector where it is picked up.
If the fluid is flowing in the same direction as the sound it will arrive sooner.
The transmitter and receiver have a minimal impact on the fluid flow, and therefore don’t result in pressure.

3-4-3-9 Vortex flow meter:
    Fluid flowing past a large (typically flat) obstacle will shed vortices.

The frequency of the vortices will be proportional to the flow rate. These sensors Tend is low cost and are popular for low accuracy applications.

3-4-3-10 Pitot tubes:
   Gas flow rates can be measured using pitot tubes, as shown in fig (13-19).
These are small tubes that project into a flow. The diameter of the tube is small
(Typically less 1/ 8 inch) so that it doesn't affect the flow.


   Gas flow








Fig. 3-19: Pitot tubes for measuring gas flow rates

3-4-3-11 Resistive Temperature Detector:
       When a metal wire is heated the resistance icreases.So, a temperature can be measure

Using the resistance of a wire.Resisteve Temperature Detector (RTDs) normally use
A wire or a film of platinum, nickel, copper .The metals are wound or wrapped over
An insulator, and covered for protection.
3-4-3-12 Thermocouples:
      Each metal has a natural potential level, and when two different metals touch there is a small potential difference, a voltage. Thermocouples use a junction of dissimilar metals to generate a voltage proportional to temperature.
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Fig.3-20: thermocouple
Vout = α (T-Tref).
Where, 

α= constant (V/C).
T, Tref = current and reference temperatures.

3-4-3-13- Thermistors Sensor:
        Thermistors are non-liner devices, their resistance will decrease with an increase in temperature. The resistance can change by more than 1000times.
Often metal oxide semiconductor the calculation uses a reference temperature and

Resistance. With a constant for the device.

To predict the resistance at another temperature.

The expression can be rearranged to calculate the temperature given the resistance

Thermistors are small, inexpensive devices that are often made as beads, or metal-Lized surfaces.

3-4-3-14 Light Dependant Resistors (LDR):
        Light dependant resistors (LDRs) change from high resistance (>MOhms) in bright light to low resistance (<KOhms) in the dark. The change in resistance is non – linear and is also relatively slow (ms).
[image: image17.png]2
i
=8

= -





Fig. 3-21: A light level detector circuit.
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Figure. 3-4: Conversion of an analog signal by a transmitter and transducer.
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