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Otech
Fundamental Signal Conditioning

« Amplification

* Instrumentation Amplifiers
 Filtering

« Attenuation

 Isolation

e Linearization

e Circult Protection
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e Data Acquisition
Block Diagram

. Multiple Input i
Channels | '!
* Multiplexer o——
* Instrumentation abe
Ampl iﬁer — Digital data
e Analog-to-Digital
Figure 5.01

Converter (ADC)
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Figure 5.02
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* [nput & Source
Impedance

* Voltage Divider ; A o
! Rs R;
Vapc = ) Vsig

* Piezoelectric :
Transducers Q) vy R
- Amplifier Reduces Error

Transducer

Figure 5.03A
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MUX Charge Injection Effects

 Low Source Impedance
« Voltage Spikes Drive signal —

Mux output /\

Figure 5.03B
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Operational Amplifiers

* Inverting Op Amps

* Non-Inverting Op A Vio
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 Thermocouples -
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Figure 5.04
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Inverting Amplifier Stage ANN—
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Equation 5.01 Figure 5.05
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IF=Ii

Non-Inverting Amplifier Stage W

e Simple Transfer Function

v/

Equation 5.02 Figure 5.06



Otech
Fundamental Signal Conditioning

Feedback gain resistor

Differential Amplifier A
100 kQ
. . _ R
« Combined Inverting and TR
Non-Inverting Amplifiers
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connection
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Equation 5.03 Figure 5.07
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Programmable Gain Amplifier
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* Non-Inverting Op Amps 6y
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-
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Instrument Amplifier

 Low Input Current -

e Low Dirift %@) Vsignal . IA Vout = AyVsignal
* Low Offset r

« Stable & Accurate (5 Veommon-mode

* High CMRR '

Vv

Figure 5.09
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Figure 5.10
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Integrated Instrument
Amplifiers

« High Quality Op Amps

* Internal Feedback My o oFefrenco
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Configuration G ol
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Figure 5.11
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Figure 5.12A
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Figure 5.12B
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Figure 5.12C
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Low-Pass Filters

* Low-Frequency Signals

" ““"

* Filtered/Buffered Data — Mux|> To ADC
LPF "ll!iﬁ’
——

Figure 5.13A

Acquisition System
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Simple RC Filter

 Reduces Bandwidth
and Noise ™ R +
i _A To Mux
IC

Figure 5.13B
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Amplifier/Filter/MUX
Combination

Low-pass filter
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Figure 5.13C
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High-Pass Filter
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Figure 5.14
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Active Filters
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Figure 5.15A



Oteds

Fundamental Signal Conditioning

Active Filters
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Figure 5.15B
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Switched-Capacitor Filters

Capacitors vs. Resistors

e Tolerances V,

Higher Accuracy Sz S

Figure 5.16
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Attenuator/Buffer v,
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Figure 5.17
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Buffered Voltage Dividers

High Impedance

* Unity Gain Buffer

MUX Inputs
Vi Ra
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Hé Figure 5.18
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Figure 5.19
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|Isolation
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Figure 5.20
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Galvanic Isolation Input | Output
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Figure 5.21
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Figure 5.22
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Optical Isolation

Amplifier

« LED Transmitter and

Receiver Pair

« Digital to Analog
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Figure 5.23
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Magnetic Isolation
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Figure 5.24A
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Figure 5.24B
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Digital Method of
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Figure 5.25
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Figure 5.26A
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|Isolated Sensors — Hall Effect Permanent
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To data acquisition system

|Isolated Sensor — Current
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 AC Voltage and Current To ammeter or
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Figure 5.27
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|Isolated Sensor — Variable
Reluctance/Magnetic
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Figure 5.28
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Isolated Sensors —

« LVDT

Physical Construction

8 LVDT
82 - >

Core motion

Winding Positions

Secondary 1 Primary coil Secondary 2

Core motion

Figure 9.02

Excitation & Output Signals

Primary
excitation

~. Sec. 1
output

_ Sec. 2
output

Sec. 1+
Sec. 2

™ Zero output at null

Schematic

Primary coil

M Core motion

\ -
Ay
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|SO|ated Sensors — Rotary Position Encoder

LE.D. light source  Optical disk PCboard  Detector

Encoder f//@*

Figure 9.07
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Isolated Sensors —

Full-Bridge Circuit

« Strain Gage

Figure 7.01
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80—

Thermocouple Output

7

20 + -
ﬂ”ﬁi/-s
 Non-Linear Functions o= , N

I f i i t I
500° 1000° 1500° 2000° 2500°
Temperature °C

Voltage

Millivolts
I
o

« Compensation

TYPE METALS
+ —
E Chromel vs. Constantan
J Iron vs. Constantan
K Chromel wvs. Alumel
R Platinum vs. Platinum
13% Rhodium
S Platinum wvs. Platinum
. 10% Rhodium
Flgure 5.29 T | Copper vs. Constantan
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100+
Seebeck Coefficient Plot il
O 80
s |
»  Thermocouple Output 2] Linear region
- Non-Linear Output 3 T K
8 20t
Il o i
L N
0
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-500° 0’ 500° 1000° 1500° 2000°
Temperature °C

Figure 5.30
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Temperature Conversion Table

N L mV 00 o1 o2 03 .04 05 06 07 08 08 10 mV
([ ] -

on Inear 000 o000 017 034 051 068 08 102 119 136 153 1.70 0.00

Th I 10 170 187 204 221 238 255 272 289 306 323 340 010

020 340 357 374 391 408 425 442 458 475 492 509 020

ermocoup € 030 509 526 543 560 577 559 611 627 644 661 678 030

O t t 043 678 659 T2 F28 T46 VE2 V79 786 813 830 847 040

u pu 050 847 868 880 897 8914 831 947 S84 981 998 1015 0.50

Q.60 1015 1031 1048 1065 1082 1098 1115 1132 1149 1165 11.82 08B0

0.70 11.82 11939 1216 1232 1249 1266 1283 1299 1316 1333 1345 070

0.80 1345 1366 13.83 1353 1416 1433 1449 14.66 1483 1499 1516 080

0.820 1516 1533 1549 1566 1583 1599 1646 1633 1649 1666 16.83 0.90

1.00 1683 16599 1716 1732 1749 1766 1782 1799 1815 1832 1848 1.00

1.10 1848 1865 1882 1898 1915 1931 1948 1964 19.81 1997 20.14 1.10

1.20 2014 2013 2047 2064 2080 2087 2113 2130 21468 2163 21.79 1.20

1.30 21.79 2186 2212 2229 2245 2262 2278 22894 2311 2327 2344 1.30

1.40 2344 2360 23.77 2383 2410 2426 2442 2459 2475 2452 2508 1.40

Figure 5.31
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NIST Polynomial Coefficients
Software Linearization o

a3
Ay
a3
Ay
Ay

a7

TYPEE

Nested Polynomials

TYPE ) TYPE K TYPER TYPE & TYPET
Micked- 1086 Chromiumi{+) fron (+) Nicked- 10% Chromitm (+) | Platinum: 13% Rhodium (+) | Platinum-10% Rhodium | Copper (+)
Versus Versus Versus Mickel-5% (=) Yersus Versus Versus
Constantan (-) Constantan (-) {Aluminum Silicon) Platinum () Platinum (-) Constantan (-)
-100°C to 1000°C 0°C o Fad"C O'C to 1300°C 0°C 1o 1000"C 0°C to 1750°C -160°C to 400"C
+#.5°C $0.1°C #.7C +0.5°C £1°C #0.5°C
9th arder Sth arder Bth order Bth order th arder 7th order
0. 104967 248 LR RGE 5 0.2 26584602 2636390 Q927763167 0. 100860810
171859.45282 1987314503 L4152, 1054 172075491 1695265150 FaF27 4369
-282639.0850 218614.5353 672334248 HBB40341.37 3156836394 T67 345 8295
126953395 1156591598 2210340, 682 1.50002E + 10 BH00F 306463 JAO2S595.481
44510 Y0846 26490 F531.4 -BE0MG1914. % -4 B2P04E 4 12 -1.63565E + 12 - 247486589
1.10866E + 10 2018441314 4, B3506E + 10 7.62090E + 14 1.BBOZ7E + 14 6.976H8E + 11
-1_FAROFE + 11 A 1B452E + 12 -7 M0Z6E + 16 A 37241F + 16 2 6B19IE +13
1.7IB42E + 1.2 I 38650E + 13 . T1496E = 18 G AFS0TE+ 17 I94078E + 14
DISZTEE 417 6, A3T0EE & 13 B.0IN0HE + 19 -1 56105E « 1%
206132E+13

1.69535E + 20

Tempersiure Comenion Equation: T by +8x « 358 + s Ban
Meted Pabmaormiul Forme T = by + sild) + oy + 804y + x(ay + agx)]0) (Sth acec)

Figure 5.32
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Curve Divided
Into Sectors

|
| /|

|
3 |

e Third-Order Polynomials

Temp

methods

|
| | |
| | |
« Hardware Linearization | I
| Voltage |
| | |
| | |
| | |

T, =bx + cx2 + dx3

Figure 5.33
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Figure 5.34 "




Fundamental Signal Conditioning

Overload Protection

e Current Limiting
Resistors

 Diode and FET
Voltage Clamps

» Electrostatic Discharge
e Shielding & Grounding

¢ Humidity Control Figure 5.35



