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Assignment 1 ACDA5006
Signal Conditioning
Niall Rees




1.0 Abstract

A temperature sensor with an output sensitivity of 68y/V/°C and a range of -50°C to 100°C,
contaminated with 120mv Pk-Pk 50Hz AC noise, requires a signal conditioning circuit to give

a 0-5V output with -50°C = 0V. The circuit designed will utilise an active, multipole, multi ordeii
low pass filter. The signal will be amplified using a non-inverting op-amp circuit and levelsZil
shifted to provide the output signal with a difQSiEESE SN er. A step input is fed to the circuit,
from this, the response time of the system can be analysed. The frequency response can be
generated to confirm the correct noise attenuation and gain of the circuit.

2.0 Introduction

Temperature measurement is one of the mast important and commonly measured parameters
within industrial process’. There are many methods to measure temperature based on the
physical properties that it can change. Various types of active and passive instruments can be
used to measure temperature, some examples of these include [1],

¢ Thermoelectric sensors (Thermocouples)

* Resistive temperature devices (RTD'S), where a change in resistance indicates a
change in temperature

« Semiconductor devices

+ Thermistors

Thermocouples make up a majority of temperature measuring devices within industrial
processes, where the change in temperature is directly converted to an emf. Thermocouples
produce this emf via the Seebeck effect, when two different metals are connected together at
a hot and cold(reference) junction a current will flow [2].

From the specifications given, a device that generates a 68uV/°C EMF is a Chromel-
constantan thermocouple (Type E)is a very high sensitivity device with good linearity, a
total inaccuracy of +0.5°C and & Theasuring range of -200°C to 900°C as stated in
Measurement and Instrumentation [1]. This sensitivity can also be obtained through standard
thermocouple charts [3] as follows,

Type E @-270°C = -9.385mV
Type E @1000°C = 76.373mV

V 76373 X107 — (—9.385 x 107%)

°c 1000 — (—270)
Caption required
4 ni
— = 67.88—

°C °C

As the output voltage is extremely small, noise can have a large effect on the transducer output
signal. The sensor signal is contaminated with a 50Hz, 60mV Pk signal. Common sources of
mains frequency interference occur due to inductive coupling from power cables near the
signal carrying conductors. Through mutual inductance, significant noise voltage levels can
become present on a desired signal [




Signal conditioning operations modify the transducer signal to represent it in such a way that
it can used for other processes. These include, filtering, amplification, level shifting or
sensitivity adjustments [5]. In this report, the transducer signal has been filtered, using multiple
order active filters, amplified and level shifted to give a linear, 0-5V signal proportional to the
temperature range. A higher voltage output now allows the signal to be post processed by an
analogue to digital converter, PLC input or process controller




3.0 Circuit Design

3.1 Design Criteria

In this section, the design choices made to successfully condition the signal from the sensor
are discussed. The elements required to achieve a clean proportional output of 0 — 5V for
transmission include:

¢ Overvoltage protection
+ Noise filtering

¢ Amplification

* Level shifting

3.1.1 Sensor Signal Characteristics

From the specification of the signal to be conditioned, the sensitivity of the temperature sensor

is defined as 68uV/°C, and is required to measure between -50°C and 100°C, with Ov = 0°C.

From this information, the output voltage range of the sensor can be calculated as followi
E15

e Sensor output at -50°C:
Vout = —50°C X 68 x 107°V
Vout = —34 x 1073V

Vout = =3.4mV
Equation
:

Vout = 100°C X 68 x 1075V

e Sensor oulput at 100°C:

Vout = 6.8 x 1073y
Vout = 6.8mV

Equation 1

Theretfore, the sensor output voltage range is.
s Sensor Output voltage range:
Vsens = |[Vout@ — 50°C| + |Vout@100°C|
Vsens = |34| + |6.8|
Vsens = 10.2mV

Equation 2




3.1.2 Noise Implications

In order to avoid large temperature output reading swings due to the high signal to noise ratio,
the 50Hz noise will need to be attenuated using a low pass filter. As the signal from the sensor
contains no other AC components, as well as being a slow changing temperature signal, the
cut-off frequency of the filter can be set well below 50Hz in order to attenuate most of the
noise.

The attenuation required from this filter can be determined from the acceptable error in the
output signal. For this design, a minimum inaccuracy of +0.5°C has been chosen. This is the
typical accuracy of a standard Type-E thermocouple [3]. Theretore, the acceptable noise
voltage is:

Noise Error = 05°C- 68 x 1075V
Noise Error = 34 x 107°V
Equation 3

The total attenuation of the noise signal by the filter can now be calculated from this error
voltage and the total noise voltage, expressed in dB:

Error Toierance(b’))

NoiseAzzenuazion(dB)=2010g10( Signal Noise(V)
ignal Noise

Noise Att tion(dB) = 201 34x 107
oise Attenuation(dB) = 20 log,, 130 < 10
Noise Attenuation(dB) = —70.95 dB

Equation 4

3.1.3 Amplification Requirements

To produce a 0 — 5V signal proportional to temperature, an amount of gain must be presentin
the system to amplify the sensor signal to the required level. The total system gain is the ratio
of output voltage range to input voltage range as follows:

V,
AV — ot
Vi

e 5
Y7102 x 1073

Ay = 490.196

Equation 5




This can be expressed in dB for analysis on a bode plot:
Gain(dB) = 20log,4(4y)
Gain(dB) = 201og,0( 490.196)
Gain(dB) = 53.807dB
Equation 6

From Equations 6 and 7 the amplification stage of the circuit requires a voltage gain of 490.196
or 53.807dB, to provide a maximum 5V signal from the system.

3.2 Circuit Design Elements

3.2.1 Over Voltage Protection

In order to protect the sensitive components, overvoltage protection needs to be applied to
the input stage of the signal conditioning circuit. For this, a pair of 1N4733A, 5.1V Zener diodes
have been chosen. Zener diodes are classified with respect to their reverse breakdown
voltage, or ‘Zener voltage’ [6]. This is exhibited as a sharp reverse breakdown characteristic
at relatively low voltages. This makes them suitable as voltage regulators or reference voltage
devices. Provided the device is operating within its limits, a fixed output voltage will appear
across it [7]. This characteristic allows them to be used in overvoltage protection circuits.
voltage at the input of the circuit rises above
diode, it conducts to ground, clamping its output voltage. By placing two opposing Zener
diodes, overvoltage protection has been provided for positive and negative voltage transients.
The 100Q resistor serves to limit the current flowing through the diodes. Figure 1 displays the
overvoltage protection stage of the circuit.




R1
R

100

ZN D1

1N4733A

SZ D2

1N4T733A

Figure 1 - Opposing Zener diodes forming an overvoltage clamp

3.2.2 Filter Design

From equation 5, the total stop band attenuation required is -70.95dB. As the sensor outputs
a DC voltage, there are no other harmonics present to filter out in the passband, this allows
the cut off frequency of the filter to be set well below the noise frequency for maximum
attenuation. A cut off frequency, or -3dB point of 5Hz has been chosen to allow for any rapid
changes in temperature seen by the sensor.

For this application cascaded 2 pole active filters have been used in a Sallen-and-Key
topology, utilising an LM741 op-amp. Here, the cut-off frequency of the filter is determined by
the passive R and C filter components at the input to an amplifier [8]. The ratio of the remaining
resistors at the non-inverting amplifier output provides some voltage gain for the filter [9]. By
cascading multiple filter stages, the attenuation in the stop band can be increased due to a
higher roll off rate after the cut-off frequency.

3.2.3 Filter Response Characteristics

For this design, a Bessel filter response was chosen. The Bessel filter exhibits the following
desirable features:

+ Relatively flat passband
¢ Good rise time
¢ Constant group delay

This provides a linear phase response, translating to minimum distortion to the output
waveform. The filter exhibits low overshoot and ringing artefacts [10] [11]. Low distortion of
the signal makes amplification and level shifting to achieve an accurate 0-5V output far simpler
as oscillations will translate into temperature swings at the output of the signal conditioner.




The compromise for using a Bessel filter is the slow rate of attenuation after the cut-off
frequency, adding more stages does not significantly improve this [9]. From table 6.1 in The
Art of Electronics, to achieve minimum amount of overshoot, good rise time and the correct
amount of attenuation an 8 pole Bessel filter is required. A 6 pole could have been used;
however, this has a larger amount of overshoot, therefore distortion of the signal. Table 1
displays the time domain performance for a Bessel filter.

 Step Settling time  Stopband attenuation
risetime  Over-
faas (0-90%) shoot to1% to0.1% f=2fc  =10fc
Type (Hz) Poles (s) (%) (s) (s) (dB) (dB)
Bessel 1.0 2 0.4 0.4 0.6 1.1 10 36
(-3dB at 1.0 4 0.5 0.8 0.7 1.2 13 66
fc = 1Hz) 1.0 6 0.6 0.6 0.7 1.2 14 92
1.0 8 0.7 0.3 0.8 1.2 14 114

Table 1- Table 6.1 taken from Art of Electronics displaying time domain performance of Bessel Low Pass Filters
9]

3.2.4 Filter Component Calculations

Sk
Standard components used in filter applications should be of a high tolerance, 1% (E96 series)

for resistors, and minimum 5% E12 series capacitors [12]. Resistances should be in the range
of thousands of Ohms [9].

The cut off frequency or -3dB point of the filter is set to 5Hz.

1
Je = 52

Equation 7 — Cut off frequency

The product of R and C determines this frequency. To determine the value of C, capacitive
reactance is set at [1l1= 20kQ.

1
X = ——

€7 2nf.C
c 1

T 2nf.X,

1
= 2n(5)(20 x 10°)

C = 1.59uF
¢ = 1.5pF (E12 Standard)

Equation 8
To calculate the value of the resistors for the passive filter elements of each active stage for a
Bessel filter, a table of values is used that contains a normalising factor, , This shown in
equation 10.
RC = !
T 2mc,f.
Equation 9

8




Table 6.2 from Horowitz and Hill ‘The Art of Electronics’ these normalising factors, along with
the gain factors for each stage are given. Table 2 displays these values.

8 Pole Bessel

Cn Av
1.781 1.204
1.835 1.213
1.956 1.593
2.192 2.184

Table 2 - Values of Cn and K taken from table 6.2 The Art of Electronics to create a Bessel filter response [9]

From the values in table 2, and equation 10, resistor values for each filter stage can be
calculated.

1st stage active filter resistor values

1
fe= 2mc,RC
Were, ¢, = 1.781
R = 1
T 2nc,f.C

1
R 78D G (s x 1075

R =11915.020
R = 11.8K0Q (E96 1%)

29 slage active filter resistor values

1
Je= 2mcyRC
Were, ¢, = 1.835
= 1
T 2nc,f.C

1
R = s asx 109

R =11564.39 Q
R = 11.5KQ (E96 1%)




3¢ stage active filter resistor values

1
fe= Sne ke
Were, ¢, = 1.956
e 1
T 2nc,f.C

1
k= 27(1.956)(5)(15 x 107%)

R = 10849
R = 10.7KQ (E96 1%)

4'" stage active filter resistor values

1

Je= Sme ke

Were, ¢, = 2.192

1
R= ——
2me, f.C

1
R= 1G5 <109

R =9680.95Q
R = 9.76K0 (E96 1%)

The Sallen-Key active filter gain is set by the ratio of the resistors feeding back from the output
to the non-inverting input. The gain factor for each stage is shown in table 2. The non-inverting
amplifier gain equation can be used to find the resistor values for each stage. Equation 11

shows non-inverting amplifier gain. For simplicity and to minimise the variety of components,
in each stage, R1=20KQ.

A 1+ ka
TR
Equation 10— Non-Inverting Amplifier Gain [13]

1%t stage gain resistor values

Allow R1 = 20kQ and from Table 2, where A4, = 1.024,

A —1+R2
YT R1

~R2=RI1(4, - 1)
R2 =20 % 10%(1.024 — 1)
R2 = 4800

R2 = 4750 (E96 1%)

10




2 stage gain resistor values

Allow R1 = 20kQ and from Table 2, where A, = 1.213

A 1+R2
v R1

~R2=R1(4y—1)

R2 =20x 10%(1.213 — 1)
R2 = 42600

R2 = 4.22K0 (E96 1%)

39 stage gain resistor values

Allow R1 = 20kQ) and from Table 2, where A, = 1.593

A 1+R2
TSR

~R2=R1(A, - 1)
R2 =20x 103(1.593 — 1)
R2 = 118600
RZ = 11.8K0 (E96 1%)

4" stage gain resistor values

Allow R1 = 20kQ and from Table 2, where 4, = 2.184

Ay =1+—
v R1

“R2=R1(4Ay— 1)
R2 =20 x 10%(2.184 — 1)
R2 = 23680Q

RZ = 23.7KQ (E96 1%)

11




From these values it is possible to construct the circuit. Figures 2 — 5 show each multipole

filter stage.

R2 R3

8K 116k - y——

475

[ 150

R6 R7

1.5k 1.5k

Figure 3 - 2nd stage 2 pole active filter

R12

11.8k

=

Figure 4 - 3rd stage 2 pole active filter
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s £ 3

4

—— OO

9 76k 9.76k

L I

Figure 5 - 4th stage 2 pole active filter

By using standard resistor and capacitor values, the actual gain from each stage may differ.
In order to know the gain required from the signal conditioner amplifier section, the total gain
from the filter must be calculated.

From equation 11,
R2
R1

475
Avstager = 1+ 555503

Ay =1+

Avsmge1 =1.024

422 x 103
Avstage2 =1+ 555708

Aystagez = 1.211

118 x 103

Avstages =1+ 555708
Aystages = 1.590

., 237x10°
Avstages =14 555708

Aystages = 2.185
Avotar = Avstage 1 X Avstage 2 X Avstage 3 X Avstage 4
Avtotal = 4.308
Gain(dB) = 20log,,(Ay)
Filter Gain(dB) = 20log,,( 4.308)

Filter Gain = 12.685 dB

13




3.2.5 Amplifier Stage Requirements

From equation 7 in section 3.1.3, the total gain required for the system is 53.807dB. From
section 3.2.4, the total gain from the filter is 12.685dB, these values can be used to calculate
the remaining gain required from a non-inverting amplifier stage.

(ooy= -
=53.807~ 12.685
=41.122

Expressing amplifier requirements as a voltage gain ratio,

v,
Gain(dB) = 20log,, (ﬂ)
Vl'n.
41,122
@: 0 20
Vl‘n

v,
Ay = =% =113.789

Setting the resistor ratio of the output to non-inverting input using equation 11, setting R1 =
1KQ.

Non-inverting amplifier gain

A —1+R2
v R1

Allow R1 = 1kQ
R2=R1(A, - 1)
R2 =1 x 103(113.789 — 1)
R2 = 1127890

R2 = 113 K (E96 1%)

14




Figure 6 shows the non-inverting amplifier stage of the circuit.

+15V

R19

1k

Figure 6 - non-inverting ampilifier
circuit stage

3.2.6 Level Shifting Circuit Requirements

The sensor outputs a negative voltage at -50°C, the resulting amplified output signal will be
below zero, specification requires -50°C = 0V at the output. A differential amplifier is used to
offset the difference in input voltage by supplying a fixed voltage reference to the non-inverting
input to the op-amp. Equation 12 shows the general equation for a differential amplifier.

Vo = Ve () (14 2) - % ()
out = B2\R. T+ R, +Rl TR,

Equation 11 Differential amplifier equation [14]

By setting all resistor values equal, this equation reduces to
Vour = Vo= W
Equation 12

Calculating the fixed offset voltage required for V1, non-inverting amplifier input as follows
using the total system voltage gain and the sensor output at -50°C

Level Shift = Ay - Vipw
Level Shift = 490.196 - (—3.4 x 10%)
Level Shift = —1.66667V

Equation 13

15




From equation 14, the voltage supplied to the non-inverting input is -1.66667V, from equation
13 this now gives an output voltage of

Voue = Vo — (—1.66667)
Vour = V3 + 1.66667
Equation 14

This will Level shift the amplified signal output to achieve a 0 — 5V signal between -50°C and
100°C. Figure 7 displays the difference amplifier level shifting stage with all resistors set to
10KQ to satisfy equation 15.

[l R22
10

Figure 7— Difference amplifier acting as a level
shifting circuit

Figure 8 displays the full signal conditioning circuit.
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4.0 Circuit Simulation

This section outlines the simulation methods for analysing the circuit. These simulation

parameters include

« Sensor output signal representation being input to the circuit as a step input
« Noise signal simulation

« Filter frequency response to step input (attenuation and cut off frequency)

« Response to ramp input

« Conditioned signal output measurements and accuracy confirmation

4.1 Sensor QOutput Signal Representation

Step Input

To simulate the sensor output within Proteus, a step input was fed into the circuit, rising from
-3.4mV to 6.8mV (values from equations 1 and 2). Starting at t = 0, with a rise and fall time of
1us for a total of 1 cycle. Figure 9 displays the step input dialogue box, also shown is the feed

to the circuit input and a voltage probe to graph the signal.

3 Pulse Generator Propenies Pox

Generatur Nane i (Low) Votage: | 34n :
VNOISE === P e voknae: £ [ |
~, ) vsiie 2 St S T :
VA=G0m e Finw Tirs (Secal W ¥
FREC=50 ¥ Fuse = .
Signal .
| <7 skt

Step Input ook
p'lr;j_n 1y 0 ;:::: D) CycenTeagh
TR=1u Dotk
TF=1u i .

PW=50% fay ==

FREG=1 _
V12-3.4m ) Cument Susce?
VZ2=6.8m

Rarmp Input L !
A - T I I

Figure 9 - Step input dialogue box setting voltage range from
-3.4mV to 6.86mV

From the step input, system response characteristics can be obtained. These include

¢ Risetime

¢ Overshoot

 Passband and stopband ripple

¢ Output voltage offset

¢ System delay time

¢ Settling time to 1% of final value.
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Ramp Input

As a temperature signal is seldom seen as a step change between minimum and maximum
temperatures, a ramped input was simulated to rise from -3.4mV to 6.8mV over 10 seconds.
This is held for 1 second before a 1 second fall time. Figure 10 shows the dialogue box for

these settings.

.: Pulse Generator Properties

Generator Name

Analogue Types
Obc

[ Cument Source?
[ Isclate Before?
[IManual Edts?
[[] Hide Properties?

Intial (Low) Vokage:
Pulsed {High) Voltage
Start (Secs)

FAise Time (Secs):

Fall Time (Secs)

Pulse Width:

@) Puise Wicth (Seca):
O Pulse Width (%)

Frequency/Perlod:
{Hz):

(_) Period (Secs)

(@) Cydies/Graph:

[ 4
-3.4m
6om |
0 |
10

1]
‘ |

C—

x

-
-

-
-

e e

T

Figure 10 Ramp input simulation settings
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4.2 Noise Signal Simulation

To simulate the 50Hz — 60mV peak AC noise signal a sinusoidal voltage input labelled V-
noise, is placed in series with the input sensor signal. This creates a step input modulated by
an AC interference. The dialogue box can be seen in figure 11.

¥ Edit Component ? ¥
Pert Beference: Hidden: (]
Past Vase VSINE Hidden: []
Cancel

Eleart Hew
DC Cfast [(Defauk) |[Hdeal  ~

VNOISE | ipiuse & Sowdl v

f\J VSINE e 50 Show Al

EQI:E?S:;U Time Delay: ::anutl Hide Al ~
Damping Factor {Defek) Hde Al v
Ckher Propedies:

,ﬁ Signal

] Exchude from Simulation [ Aétach hiemarciy module
[ Exchude from PCE Layout Hde cammen pins

Exclude from Cument Variant [ Edit all properties as text

Figure 11 - AC noise signal simulation set to 50Hz - 60mV -Pk

4.3 Level Shifting Voltage Simulation

From equation 14, the voltage reference to be added to the differential amplifier stage was
calculated as -1.66667V. This is fed to the inverting input of the op-amp via a fixed DC voltage
source. Figure 12 displays the dialogue box and terminal placement.

4 R23
L ——
| 3 0C Generator Properties ? * 10K
Valage (Volts) 166667 | &
Voltage Offset ':';V
u7
~]
[~
e+

Iﬁi
n

4

= I

[
o
T

R18 0K 741
113k
v
R22 P
() Easy HDL 10k
F R19
] Cumenn Sounce? 1k
[ isclate Befor=?
[l Marmsal Edts? B

Figure 12 - Voltage offset placed into inverting input of the differential amplifier for level shifting.
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4.4 Measurement Points

In order to obtain simulation results, voltage probes are placed at significant points on the
circuit. These include,

Signal before the noise element
Filter output

Amplifier output

Final after level shifting.

These probe locations can be seen in figure 8. These probe points allow time domain and
frequency response graphs to be created showing the circuit response.

4.5 Graph settings

An analogue graph window was used to display the time domain response of the circuit,
starting att =0 to t = 1 second. Figure 13 shows the dialogue box for this.

Edit Transient Graph 7

X

Graph fitle: Step Irout Systerm Flesponse User defined propeies
Start tme 0 !
Stop tme 1
Left Aws Label ]
Bight Aws Label @ 11

Opbiors

intial OC sakton: ]

Alweays simuiate: )

Log nethatia): I

SPICE Options
Sel r-Scaes = E—

Figure 13 - Time domain response analogue graph settings

To measure the frequency response of the circuit, a frequency chart feature was used. This is
set to measure between 1Hz and end at 100Hz. The reference signal is set to the step input
with V-out being the measured quantity. Figure 14 displays the dialogue box for this graph.

Edit Frequency Graph ? X
Graph tte [FREQUENCY RESPONSE | User defined properties

Beference: Step Input -

Stant frequency

Stop frequency 100

Irterval DECADES v

No. Repa/bterval |10

Opticns

¥ Scale in dBs =)

Nwaye smulte: [

Log netistia) O
SPICE Dplions

Set Y-Scales

Carcel

Figure 14 - Frequency response graph settings within Proteus




5.0 Simulation Results

5.1 Step Response

Figure 15 displays the step response of the signal conditioning circuit.

Step Input Systen Assponse

:‘mrm r/— B::

4 I'II L50n

. - \.I oo

" I ! S

F JI | 'Y
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|
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— |2 f t LIS
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20 ." | - &
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2 e || e g
3 e { | —
a2, I| Graph not clear P
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O . 1[ @ 1| - (%)
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1. - - 1,804

) | | e

- T [ ’

‘II |II -

f ! ™
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Figure 15 - Graph of signal conditioning circuit step response output
From figure 15, some minor overshoot can be seen, this settles to exactly 5V after

approximately 250mS. When the step input falls to -3.4mV, there is minimum undershoot and
rapid settling of the output to OV.
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Gain (dB)

5.2 Frequency Response

Figure 16 displays the frequency response of the signal conditioning circuit.

— FREGUENCY RESFONSE

62.0FGAIN (cHY

vout

Al T 5. RLE i &

Frequency (Hz)

Figure 16 - Frequency response of signal conditioning circuit

From figure 16 the -3dB point can be seen at 5Hz, beginning the roll off into the stop band.
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5.3 Ramp Input Response
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Figure 17 - Ramp input response
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6.0 Analysis of Results

6.1 Time Domain Analysis

Using the cursors on the graph windows within Proteus, accurate measurements can be taken
of the output waveform. Time domain properties that have been measured include [11],

« System time delay

« Risetime

¢ Overshoot

« Settling time to 1% of final value

« Output voltage offset/Level shift (accuracy analysis).

System time delay

The time delay of the system is the time taken for the signal to reach 50% of its final value.
Using the cursor feature on the step response graph, the time taken for the signal to reach
2.5V is 83.386mS. Typical response times for a mineral insulated thermocouple of 2mm
diameter is around 400mS when taken from 20°C air into boiling water [15]. Therefore, the
response time of the signal conditioner would be adequate for this application.

Rise Time

The rise time of a system is the time taken to reach 90% of final value from 10% of final value.
From the graph in figure 15, this equates to,

tygy, = 54.5mS @0.5V
togy, = 111.1mS @ 4.5V
Ly = Logy, — Loy
t, =111.1-545
t, = 56.6mS
Equation 15
Overshoot

From the time domain analysis of the step input in figure 14, there is a small amount of
overshoot on the output waveform. Using the cursors, the output overshoots to a maximum
voltage of 5.17V, equating to a 3.4% of final value. This overshoot is significantly less than
that of a Butterworth or Chebyshev response [9].

Settling Time

The settling time for the output to reach 1% of its final value and remain there was measured
as 168mS
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Level Shift and OQutput Accurac
From equation 14, the voltage to be fed into the difference amplifier to bring the signal to 0-5V
was -1.66667V. Using an amplitude response graph in proteus, the signal can be shown pre

and post level shifting. Figure 18 displays this

EHALOELE FAHELYS1S

B v
FreliFiod duteut

5.

4. Ir
\

4l

Output Voltage (V)

- Rl T T Ea) Gl

Time (s)

-2.m0|
B T THe a e Eaa) T

Figure 18 - Graph of the amplifier output signal and the final shifted output
Taking measurements from these graphs it is shown that the calculated level shifting voltage
was correct as the output waveform sits exactly at 0V and 5V.

The output sensitivity is calculated as
Vout

Range

5V
Sensgy, = 150°C

Sensp =

Sensgy = 0.03%
Equation 16

ccder to achieve an output temperature accuracy of +0.5°C, the voltage at -50°C and 100°C

deviate more than £15mV. From the graph in figure 14, the voltage at full scale settles
to exactly 5V with no deviation. The voltage then drops to 0V, deviating no more than £+1mV

after settling from the undershoot. Therefore, the signal conditioner output accuracy falls within

specification.
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6.2 Frequency Response Analysis

From the frequency response graph, the gain of the total system and the -3dB point can be
measured. From figure 16 the total gain is measured as 53.8dB, this matches the calculated
gain from section 3.1.3, equation 6. The -3dB point at 50.8dB corresponds with the specified
cut off frequency of 5Hz. From figure 15, there is a total measured attenuation to 50Hz of -
114dB, this correlates with the figures for an 8 pole Bessel filter from table 1, where the
attenuation is 10010=114[1[1. This total attenuation exceeds the specified -70.95dB 50Hz
ripple in section 3.1.2.

7.0 Conclusion

From this report, the circuit designed has successfully conditioned the output signal of the
temperature sensor to give an accurate, linear 0-5V signal between -50°C and 100°C. The
Temperature sensor has been chosen as a Type E Chromel — constantan thermocouple.
The response time of the system is adequate to provide stable, accurate temperature
reading changing over time.

The results of the simulations are as follows,

e Time Delay = 83.386mS

* Rise Time from 10% to 90% = 56.6mS

e Overshoot =5.17V, equating to 3.4% of final value.

e Settling time to 1% of final value = 168mS

« Total System gain of 53.8dB, simulation measurement matches calculated

+ 8 pole Bessel filter provides -114dB of noise attenuation — Exceeds calculated
requirement of -70.95dB

+ Qutput signal achieves 0 — 5V with less than £0.5°C error.
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