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Abstract - This paper presents a systematic design of a 4-channel signal conditioning module and, also develops its PCB
by using DIPTRACE. These circuit are used to perform the output signal from sensors of measurement strain s/s which
is relevant for next stage of operation (procedure). Input signals as well as wave form passed by Signal Conditioner (SC)
which consist DC voltage and DC current, AC voltage and DC current, frequency and electric charge. Outputs from
signal conditioning module may be voltage, current, frequency, timer or counter, relay, resistance or potentiometer, and
other specialized outputs.
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INTRODUCTION

The persistence of data acquisition is to measure physical parameters from real life. Data acquisition system measures the
physical parameters and shows the current value of the parameter with a computing device. Data acquisition system contains of
various sensors, data acquisition hardware (DAQ unit) and a computing device as shown in the fig given below
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Fig.1 Block diagram of computing device

Used to guide, monitor and sense physical parameter and forward the data through network to central computer.
To amplification and convert the signal into compatible for DAQ system
Device that translate analog signal into digital by continuous transmission signal of amplify strength for take away data.

PARTS OF DAQ SYSTEM

SENSOR: - Sensors are sophisticated device that are used to detect & react to electrical or optical signal. It is also known as
transducer which converts a physical phenomenon into quantitative electrical signal.

DAQ Devices: - It acts as the interface between a computer and signal. It is the process of sampling signals that measure real
world condition and converting the resulting samples into digital numeric value that can be manipulated by computer. It converts
analog waveform into digital values for processing. The components of DAQ system include- Senso

Signal conditioning circuitry Analog to Digital converter

COMPUTER: - A computer have taken a major role in near every aspect of life in our modern world. They are electronic
devices; all the information has to be digitally formatted. Nonlinearities in sensor output can be linearized by computer. Most
sensor require some type of accommodation to their input into a linear voltage that can be measured by data acquisition computer.

COMPONENTS OF THE BASIC DATA ACQUISITION SYSTEM(DAQ)
Transducers Signal conditioner Multiplexer
Analog to digital converter
Recorder devices and display devices
e Transducer- A transducer is used to convert the physical parameters corning from the field into electrical signals or it
is used to measure directly the electrical quantities such as resistance, voltage, frequency, etc.
¢ Signal Conditioner-It isUsually the output signals of the transducer will be of very low level (weak) signals which
cannot be used for further processing. In order to make the signals strong enough to drive the other elements signal
conditioners are used such as amplifiers, modifiers, filters etc.
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e  Multiplexer-The function of the multiplexer is to accept multiple analogues inputs (after signal conditioning) and
provide a single output sequentially according to the requirements.

e A/D Converter- The analog-to-digital (A/D) converter is generally used to convert the analog data into digital form. The
digital data is used for the purpose of easy processing, transmission, digital display and storage Processing involves
various operations on data such as comparison, mathematical manipulations, data is collected, converted into useful
form and utilized for various purposes like for control operation and display etc. The transmission of data in digital form
is possible over short distances as well as long distances of and has advantages over transmission in analog form. The
data can be stored permanently or temporarily and can be displayed on a CRT or digital panel.

e Recorders and Display Devices-In display devices the data is displayed in a suitable form in order to monitor the input
signals. Examples of display devices are oscilloscopes, numerical displays, panel meters, etc.

A. STRAIN MEASUREMENT
Strain is a measure of material deformation in response to an applied force. It is a strain (&) of stress divided by strain to given
moduli’s such as young’s modulus & bulk modulus.
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Fig.2 Strain measurements
Strain may be positive (tensile), negative (compressive) or dimensionless since it is the ratio of two lengths. But in practice, its
units such as in. /in. or mm/mm. S.1 unit is newton per square meter which is equal to pascal.

1Pa=1N
M2
Dimension of stress is same as that of pressure. When an external force is applied on an object, there is a bruise deformation in
the shape of an object. this deformation in the shape of object is both tensile & compressive & measured by strain gauge.

alignment marks

Ed
h SN
#—4 I \ \solder tabs
*_ -¢—— active grid —b[
length

carmer
Fig.3 Strain gauge

It is type of sensor whose resistance varies when the force is to be applied. It converts force, pressure, tension etc. into
electrical resistance than they are to be measured by measuring instrument. Gauge factor or strain factor is defined as the ratio
of relative change in electrical resistance R to mechanical strain (g). The gauge factor for strain gauge is typically 2. The string
gauge is sensitive to that of small changes of an object by measuring the change of one object the amount of stress cab be
calculated. The gauge is glued on to a device with help of an adhesive.
B. WHEATSTONE BRIDGE
It is the name given to a combination of four resistance connected to each other to give a null centre value. It is used to measure
unknown resistance value using long resistive wires. It is nothing but have more then to series-parallel arrangement of resistance,
connected between a voltage supply terminal & ground and produces or obtain zero voltage difference between two parallel
branches when they are balanced It consists of 4 resisters built in such a way that is looks like a rhombus. As shown in figure

Fig.4 Wheatstone bridge

C. SIGNAL CONDITIONER
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Signal conditioning circuits (SC) is used to convert the variation into an electric signal into a voltage level which is suitable for
further processing. If the signal conditioning circuit is not designed properly then transducer may fail to deliver accurate & good
results. The purpose of this signal conditioning device is to first amplify then convert the signal into a devisable form for DAQ
system it can perform further number of different functions like Filtering, Interfacing with mP (ADC), Protection, Linearization,
Current voltage exchange circuits, resistance change circuits error compensation etc.

D. BRIEF DETAILS OF THE LT SPICE.

LT spice stands for linear technology simulation program with integrated circuit emphasis. It is a high-performance SPICE
simulator, which simulates the analog circuit. It is especially used in the field of integrated circuit and circuit board designing to
analyze the behavior of circuit. It also simulates switch mode power supply and associated circuitry.it always run on 3 based
party models. There are 2 ways to run LT Spice-

Schematic editor- used to enter circuit information.
Direct simulations- circuit is in form of net list (text input, no schematic).

DESIGNING AND DEVELOP A HARDWARE FOR AN AMPLIFIER FOR DESIRED GAIN OF 01 CHANNEL.

We know that, non-inverting operational amplifier circuit voltage gain of the circuit Av is given by:
Vout/Vin=Av=1+R2/R1

So, as per desired requirement, gain (AV) is equals to 1000. But for sake of convenience for calculation of R1 and R2 we
considered gain (AV) equals to 1001. So, let us consider R1=1 KQ then,

— 1001=1 +72

1
So, R2 =1000 KQ Now, we have to design and develop hardware for an amplifier. For this we have to take R1=1KQ and
R2=1000K<, one op-amp IC-741 one dual power supply for Vcc and Vin. Let us consider Vcc= +12V and Vin
= 0-5 mV (varying it according to requirement) so, output comes to be in volts i.e. Vout is 0-5V. So, schematic for hardware
and its output is given below

TABLE I: INPUT V/S OUTPUT VALUE

Input Signal (mV)| Output (V) | Output (mV)

0 0 0

2 1.945 1945
4 3.872 3872
6 5.979 5979
8 7.945 7945
10 9.875 9875
12 11.969 11969

Gain 997.1429

DESIGNING OF 04 CHANNEL SIGNAL CONDITIONING MODULE
A. Brief details
In this, we have to design 4 channel signal conditioning module, for this we have to design low pass filter, instrumentation
amplifier and level shifter after designing all three, cascading them for getting desired result, first in LTspice (to check the
schematic and desired output result as simulated result)

TABLE Il: REQUIRED PARAMETERS

S. No. [Parameter \Values

1 Input Level 0to5mV

2 Input Type Analog Voltage
3 Filter Cut off frequency |0-100 Hz

4 Output Type Analog Voltage
5 Output Signal Range 0to5VDC

6 Supply Voltage 12 VDC

7 Number of Inputs 04
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Fig.5 Input output graph of amplifier Fig.6 Non-inverting operational

CIRCUIT DESIGNING

A Design a first order Low Pass Filter of cut-off frequency 100 Hz.

The relationship between RC and fc for filter to get appropriate value of ‘R’ while considering the value of ‘C’ so,
1

— 21 f .=
RC
On considering=0.001uF, we get, R=1.6MQ but for the sake of convenience we considered R =1MQ=1000KQ. For designing
LPF, we have R =1000KQ, C=0.001pF, dual power supply for VCC and Vin, one op-amp 1C 741.

485  Inputsignal
Y=ASine(Qt)

A=5V

Qvaries from 0 to 150 Hz

Output{y)
=
o

T
120

Fig.8 Schematic of instrumentation amplifier of Gain (AV) 1000 Fig .9 Schematic of level shifter

B. TO DESIGN A LEVEL SHIFTER.
The basic circuit diagram of level shifter for this signal conditioning module is given below

RESULT :-THE OVERALL PCB SCHEMATIC OF4

CHANNELS SIGNAL CONDITIONING MODULE

For getting 1 channel SCM, we have to cascade filter, amplifier and level shifter to get desired output. Now, to get 4 channel
SCM, we should design and develop PCB schematic to get desired PCB layout as shown in fig given below
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A. PCB LAYOUT

TOP BOTTOM

CONCLUSION

At the last, but not the least, on the completion of project we conclude that the main objective project is to gain knowledge and
learn the practical aspects of the field of electronics and its allied aspects. This project basically comprises of two parts. First
part is the study and research of various topics like Data Acquisition System, Sensors and Transducers strain gauge etc. to the
form the base of the second part of the project which is the development of PCB for 4 channels Signal Conditioning Module
(SCM) using LTSPICE (Circuit Simulation software) and DIPTRACE (PCB design software).
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