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Indystrial Sensors

& SUMMARY

0O Elcctljcal iﬂpu[ transducers and sensors are classified according to the physical vanables
1o which they are sensitive. The four main categories are thermal, optical, magnetic, and
electromechanical. The following tables give a brief summary of the operating character-

Istics of the transducers and sensors discussed in this chapter.

Thermal Tran5&uccrs

Operation Adyantages Disadvaniages
Thermistor Device resistance Large nominal R Nonlinear
changes inversely Large R vanation Narrow temperature
with vanations in Inexpensive range
temperature. Fast Requires power
Self-heats
RID Device resistance Lipear R variation Expensive

changes directly
with vanations in
[emperature.
Thermocouple Device produces
voltage or current
proportional to
temperature.

Most stable
Most accurate

Nearly linear output

Wide temperature
range

Used at high tem-
peratures

Self-powered

Small R vanation
Requires power

Low output
Least sensitive
Requires reference
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Temperature Sensors

Operation Advantages Disadvantages

IC Device produces Linear output Low temperature
Temperature voltage or current Small packages range
Sensor numencally equiv- Inexpensive Low output

alent to absolute Fast

lemperature.
Temperature Device acceplts Linear oulput Accepts only ther-
Transmitter thermocouple or Facilitates remote mocouples or

RTD input, Out-
pul current iIs
proportional to

lemperature.
Optical Focuses infrared
Pyrometer enerpy on 1€
tempcrature sen-
sOr in probe.

Output current 1s
propartional o
lemperature.

Sensing

Linear output

Used at high tem-
peratures

Noncontact

RTDs as inputs

Expensive
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Optical Transducers

Operation

A dugﬂfﬂgfﬁ'

Disadvaniages

Photocanduchive
Cell

Device resistance
changes 1n-
versely with
vaniations 1in
EMR intensity.

Large R vanation

Self-powered

Slow response
Requires power

. Temperature sensi-

Lve

[arge surface area

¢ ' Converts EMR .

:?f:};ﬁﬁf into electncal Linear output [nefficient
current. Current current Slow response
is proportional to Nonlinear output
EMR intensity. voltage

Phorodiode Converts EMR Small Low output
into electrical Fast Requires external
current, Current power supply
Is proportional 1o
EMR intensity.

Phiololransistor Converts EMR Sensitive Requires external
into current, High output power supply
which 1s injected Fast
into the base.

Device then
responds as
typical transis-
tor.
SUMMARY 231
Optical Sensing Methods
Operation Advaniages Disadvaniages
Opposed EMR beam is di- Long sensing range Transmitter and
Sensing rected from trans- receiver must be
mitier Lo re- precisely aligned.
ceiver. Object 1s Separate receiver
detected when and transmitter
beam iIs inter- required
rupted.
Retroreflective EMR beam is di- Transmitter and Sensing range lim-
Sensing rected from trans- receiver may be ited to about 30 ft
mitter to a reflec- housed in the Requires remote
tor and back 1o same unit, reflector
receiver. Object
1S detected when
beam is inter-
ripted.
Diffuse EMR beam is dj- Transmitter and Sensing range lim-
Sensing rected at sensed ited to less than

object, which
acls as reflector.
Object is sensed
when beam is
reflected back to
receiver.

receiver may be
foused in the
same unit.

No reflector re-
quired

10 [t
Sensed object must
be reflective,
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Electromechanical Transducers

Operation Advantages Disadvantages
Limir I |
.S‘w;‘;c , Elect_pca! contact is Usually requires no Must contact the
maintained or-- . external power sensed object
broken according supply J
Lo position of Available in a vari-
. actuator, ety of styles
Potentiometer Resistance (or volt- Durable Requires external
e
ind St ey
e Requires some sort
nal changes of gean
- as shaft is turned. Iinlfa e
ire Device resistance Durable =

Strain Gaouge

Semiconductor
Strain Gauge

changes as gauge
IS compressed or
elongated.
Device resistance
changes as gauge
IS compressed or

High gauge factor

Requires external
power supply
Low gauge factor

Requires external
power supply

elongated.
Magnetic Transducers
Operation Advantages Disadvantages
Inductive Relative motj ]
otion of Requires no power D I
* etect
magnetic field and supply i ha
cod induces volit-
- dge in coil.
eluctive Proximity of a low- Requi
( QUIres no power Detect ]
reluctance object supply i e
alters magnetic
field surrounding
device and induces
voltage in coil.
Hall-Effect Presence of a mag-

netic field pro-
duces voltage
Proportional 1o
strength of field.

enses stationary
helds

[nexpensive

Requires external
power supply
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Flow Sensors (continued)

Operation

Advantages

Disadvantages

Ultrasonic Acoustic energy 1§

transmitted up-
stream into fiuid, at
a given frequency.

Frequency of re-

fiected energy is
proportional to fiuid
velocity.

No moving parts

Flow may be sensed
through pipe walls.

Does not impede fluid
flow

Most expensive

Fluid must be electn-

Magneric  Voltage is induced in No moving parts
fluid as it passes Relatively inexpen- cally conductive.
through magnetic SIVE
field. Does not impede fAuid
Electrodes sense flow
voltage, which is
proportional to
flow.
Level Sensors
Operation Advantages Disadvantages
Floar When rising liquid Inexpensive Senses liquids only
level reaches float,
float rises and
actuates either a
magnelc or a
mechanical switch.
Conductive When nsing liquid No moving parts Senses liquids only
FProbe level contacts the Inexpensive Liquid must be elec-
probes, current trically conduc-
flows and is avail- tive.
able at output,
Ultrasonic Acoustic energy is No moving parts Expensive
Contact directed across a Senses any liquid
gap loward re-
ceiver. Liquid
within gap com-
pletes transmission
path.
i::lrrasanic Acoustic energy is No moving parts Most expensive
oncontact ransmitted toward Surface contact not

surface Lo be
sensed. Reflection
Uume determines
surface distance.

required
Measures absolute

height

%)

TRANSDUCERS AND SENSORS

Level Sensors (continued)

Operation

Advantages

Disadvantages

Proximiry

Frequency change 1n
oscillator indicates

object proximity.

Output 1s activated

when oscillator
changes fre-
quency.

No moving parts

Sensing range limited
to about 10 em

Flow Sensors

Operation

Advantages

Disadvaniages

Turbine

Vortex

Thermal

Fluid flowing past
turbine causes
blades to spin.

Rotation is detected
by magnetic sensor.

As fluid flows past a
vortex shedder,
vortices are pro-
duced downstream.
Resultant vibrations
are sensed
plezoelectrically.

Probe 15 heated to
constanl tempera-
ture.

Thermal transducer
measures rate of
cooling, which is
proportonal to fow
rate.

Relauvely inexpen-
sive

Minimal moving parts
Accurale

No moving parts
Relatively inexpen-
SIVE

Impedes fiuid flow

Expensive
[Impedes fiuid flow

Slow response

Impedes fluid fiow

Fluid must be ther-
mally conductive.
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OBESCENT LAMP MODULATION
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S Fig. 3-4. Direct modulation of incan-
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The spectral output of a tungsten lamp is broad band, and
Fig. 3-5 shows the output of a tungsten lamp operated at sev-

eral color temperatures.
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Fig. 3-5. Tungsten lamp spectral output versus filoment color ftemperature.
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Fig. 3-7. Spectral output of a neon lamp.

GLOW-DISCHARGE LAMPS

Tht‘_e glow lamp shown in Fig. 3-6 consists of a glass envelope
conta}mn:g t*:vo or more electrodes and filled with a gas capable
of being ionized. The most common glow lamps contain neon

v-red range of wavelengths

or argon. Neon produces a y
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SYMBOL

CONSTRUCTION LIGHT

\#4/ LENS

/
BASE EMITTER

JUNCTION

/'_ S '\
BASE \

PHOTO
TRANSISTOR

COLLECTOR

OPERATION

LIGHT ENERGY FALLING ON THE BASE | EMITTER
JUNCTION CAUSES CURRENT TO FLOW FROM
BASE TO EMITTER SWITCHING ON THE TRANSISTOR.

: ;_:'-QITQLJic_'. 7-:_:_l?tiqtgnl_'rii_usi‘iwr.' (conT)

RESPONSE TIME
IS ABOUT 1uS

LENSES ARE USED TO FOCUS AND THEREFORE INCREASE

THE LIGHT FALLING ON THE BASE / EMITTER TUNCTION.

PEAK SPECTRAL RESPONSE IS TO INFRARED =900nm

IF THE LIGHT LEVELS TO BE DETECTED ARE VERY LOW
A PHOTO DARLINGTON MAY BE USED.
HOWEVER RESPONSE TIME IS REDUCED.

RESPONSE TIME OF PHOTO DARLINGTON
IS ABOUT 75uS

PHOTO DARLINGTON SYMBOL
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This is an installation problasm where
lead i1dentification results
at the thermocouple head or/and at

incarrect thermocoupls and

the lead connections to the
back of the instrument.
(a) +For single reversal .
at the thermocouple head OR lead connections
tao the back aof the instrument
(b)) for double reversal

at the thermocouple hsad AN

AND lead
connections to the back of t©

e instrumentc

The double reversal
indicate high ar

will cause the "installed" instrument to
low after being correctly calibrated.

A sinagle reversal will cause the pointer to drive downscale with

increasing temperature.

To check for reversal at the instrument disconnect the lzads at
the thermocouplehead.
+orm a junction. Application of heat at this junction should
drive the instrument pointer upscale 1f lead connections are

correct.

in polarity reversal of cannecticns ~-

Join/hocld/twist the lead ends together to

s= |2y r=TES




AsSIGOMENT

Thermocouple tables -

The thermocouple tables simply give the voltage that rf:sults‘ for a pa-rticuiar Lype
of thermocouple when the reference junctions are at a pamc_uiiar rerr:rcncfe tem-
psrature, and the measurement junction is at a temperature of interest. R?IEﬁ'llng
to the tables, for example, we see that for a type J thermocouple at 210°C with

a 0°C reference, the voltage is
V210°C) = 11.3d mV (type I, 0°C ref.)

Conversely, if we measured a voltage of 4.768 mV with a type S and a 0°C ref-
erence, we find from the table

T(4.768 mV) = S55°C (tvpe S, 0°C ref))

]
-
=
=
L7
P
E.l
3
LA
ry

S, the measured voltage does not fall exactly on a table value as in
e. When this happens, it is necessary to inrerpolate between table values
that bracket the desired value. In general, the value of temperature can be found

using the following interpolation equation:

T T T:
.T_’.{ — TL - [ L h]{'ﬁ..q - itJ (2.14)

Ve = WV,

The measured voltage V), lies between a higher voltage V;; and a lower voltage
Ve. which are in the tables. The lemperatures corresponding to these voltages
are Ty and T, respectively, as shown in Example 4.10.

Example 4.10

A voltage of 23.72 mV is measured Wilh & type K thermocouple (TC) at a 0°C ref-

crence. Find the temperature of the measurement junction.

Solution From the table we find that V,, = 23.7> lies between V, = 23 63 mV and

Vg = 3334 mV u_'ith corresponding Lt@pﬂr&turcs of T, = 570°C and T'w = 375°C.
respecuively, The junction lemperature is found from Equation (4. [4).

' 'r-td't

The reverse situation, although not as common in praclice, may accur w hen
the voltage for a particular lemperature Ty,, which is not in the table, is desired
Again, an interpolation equation can be used, such as

Vi = V
Var = Vi + |: z LJfT_u =

T = T, (4. 15)

where all terms are as defined for Equation (4.14).

Example 4.11

Find the voltage of a type J TC with a 0°C reference if the junction temperature is
- 172°C.

Solution We do not let the signs bother us but merely apply the interpolation relation
directly. From the tables, we see that the junction [emperature lies hetween a high

(algebraically) T, = —170°C and a low Ty = —175°C. The corresponding voltages
are Vg = —7.12mV, ¥V, = —727 mV. The TC voltage will be

14,13

Change of table reference

It has already been pointed cut that thermocouple tables are prepared for a par-
ticular junction temperature. It is possible to use these tables with a thermocouple
(T'C) that has a different reference lemperature by an appropriate shift in the 1able
scale. The key point to remember is that the voltage is proportional 1o the dif-
ference between the reference and measurement junction temperature. Thus, if
a new reference 1s greater than the table reference, all voltages of the table will
be less for this TC. The amount less will be just the voltage of the new reference
as found on the table. Perhaps a few examples are in order here. Suppose weg
have a type J TC with a 30°C reference. On the 0°C reference table, a type J at
30°C will produce 1.54 mV. This means that any lemperature with this TC will
generate a voltage 1.54 mV less than those in the table. Thus, referring to the
table

400°C resultsin V = 2[.85 — 1.54 = 2031 mV (type J, 30°C)
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.98 mV (type K, 0'C ref)

)

26"

Vi

Thus, every voltage on the table must be increased by 0,98 mV. so

400°C results in V

150°C results in )
S0°C results in vV
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from Maloney "Devices & Systems”

p464-p4655 : |

Brief circulr explanation

= o e |:
Figure 12 4a is the set point . temperature detection end error signal pre amplifier |

Figure 12.4b is the valve position control circuitry which includes the proportional and ;“ L r ‘ 1
integral control of the process, & | j 0 3 :
Figure 12.4a : g F C | i3i| 2@
. The temperatiure detection s via the thermocouple T/C, _ j = =r= & =
. The eet point of the control is determined by the position of the pot P1. P1 i | 2 fEe = 3 2
the dial controlled by the operator. | . . =63
o The wheatstope bridge 15 initially balanced when the voltages at the top of RS ==
& R3 are equal. The error value can be provided by the variation in the gef = =
point and the output of the T/C' Once the get point is established the =2
thermocouple is the mtomatic wput contro| error. | =2
. Trensistors Q7 & Q8 for Part of zn astable oscillator. The output from Q7 is 2g
used to chop the error signal into a square wave via the FET Q1. g {/ o =
. The transistor Q2 Q3 & Q4 amplify the error signal =
. The FET QS is used to remove the positive or negative depending on the error S
signal polarity, 55
. The amplified error signal 1s fed into the valve position contro]. Figure 12.4b : i:é
E o
Flgure 12.4p e a2 . 8
FEA =RES 3Eg
. Op-Amp 1 is & summing amplifier. It sums the proportional control (feedback N\ s 2 .- F
from the valye position indicator pot P6) , Integral control (reset control which = v"‘\_‘ &= o
returns the procegg completely to the get value) and the amplified error signal i&;" = E ;
from the thermocouple contro] circuit )1 s
. OP-Amp 2 is a nop inverting emplifier fo the output gtage. - £ 2=
£85
. Op-Amp3 IS an mlegrator (1t converts g Square wave intg a ramp ) ;’;‘% =
Up-Ampd is an inverier




Monolithic Thermocouple Amplifier

(: ANALOG ,
DEVICES with Cold Junction Compensation
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Figure 124, (Cont)

Winding 2

|
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Winding 1

AD594*/AD595*

FEATURES
Pretrimmed for Type J (AD534) or

Type K (AD535) Thermocouples
Can Be Used with Type T Tharmu:uupla inputs
Low Impedance Voltage Output: 10mVre
Built-In lea Point Compensation
Wide Power Supply Range: +5V 1o = 15v
Low Power: <1mw typical
Thermocouple Failure Alarm
Laser Wafer Trimmed to 1°C Calibration Accuracy
Set-Point Mode Operation
Self-Contained Celsius Thermometer Operation
High Impadance Differantial Input

FRODUCT DESCRIPTION
The ADS94/ADS95 |s 3 complete instrumentation amplifier and
thermocouple cold junction compensator og 3 monolithic chip.

It combines an ice point reference with 2 precalibrated amplifier

« produce a high level (10mV/7*C) ourpur directly from a ther-

~ mocouple signal, Pin-strapping options allow it to be used as 3

linear amplifier-compensator or as 3 switched ourput Sel-point
controller using either fixed or femole set-point control. It can
be used to amplify its compensitian voltage directly, thereby
COnVerting it to a stand-alone Celsius transducer with a low-1m-
pedance voltage outpur.

The AD594/ADS9S includes a2 Thermocouple Failure Alarm
that indicates if one or both thermocouple leads become open.
The alarm Outpur has a flexible formag which includes TTL
dnive capability.

The ADS94/ADS95 can be powered [rom a single ended supply
(1 i uding a negative supply, temperatures
below 0°C can be measyred. To minimizc:-clfvhar.ing, an unioaded
ADS94/ADS9S5 will typically operate with a toral supply curren

of 160pA, bur is also capable of delivering in excess of < SmA
10 a load.

The ADS%4 is precalibrated by laser wafer rimming 10 match
the charactensuc of type | (iron
the ADS95 is Licer tnmmed for

calibrated for other thermocouple types by the addition of rwo
or three resistors, These terminals also allow more precise cali-
bration for both thermocouple and thermometer applications.

l'}wuc:m by LS. Patent No, 4,029,974,

ADSM/ADS95 BLOCK DIAGRAM

=AW Y e o L2 |

L =
R =, . T oap
- OfrieT
-
ADSSs/aD 53%

The ADSS/ADISES is availzble in reo performance grades. The
C and the A versions have calibratioe accuracies of =1°C ard
=3'C, (eSpecuvely. Both are designed 1o be wied from 0
+30°C, and are available in 5 15-pin, hermeteally saled, nde-
brazed ceramic DIP

PRODUCT HIGHLIGHTS

3
-

3.

The ADSS/ADSSS provides cold juncting SOmpensiton,
amplification, and an Quiput buffer in a single IC package.

- Compensaton, zero, and scale factor are all precalibrated by

laser wafer trimming (LWT) of each (C chip.

Flexible pinour provides for operation as 3 R{-pomnt controller
Or 2 stand-alone temperature transdycer calibrared in degress
Celgus,

- Operavon at remore application sites is facilitared by low

quiescent current and 2 wide supply voltage range of =5V o
dual supplies spanning 30V

. Differenual inpur rejects tommon-mode noise voltage on the

thermocouple leads.

TEMPERATURE MEASUREMENT COMPONENTS VOL [ 8-37




SPEC'F'CA"ONS (@ 425°C and ¥y =5, Typs ) (ADS34), Type K (ADS35) Thermocouple, unless otherwiss noted)

VOL I, 8-32 TEMPERATURE MEASUREMENT COMPONENTS
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Table I Du[pur Varrqge V5. Therma-caufle Tempear-
4 15V)

ature (Ambienr + 25

INTERPRETING AD594/AD595 OUTPUT VOLTAGES

To achieve & temperarure propartonal output of 10mV~C and
accurately compensate for the reference junction over the rated
operaung range of the circuir, the ADSS¥ADSS is gain tnmmed
to match the transfer charactensuc of | and K type thermocouples
ar 25°C. For a type J ourput in this temperature range the TC is
51.70uVAC, while for 2 rype K it is 40.44uV/°C. The resulting
gain for the ADS% is 193.4 (10mV/C divided by S1.7uVPC)
and for the AD395 is 247.3 (10mV/°C divided by 40.44pV/ Q).
Lo addition, an absolute accuracy trim induces an input offset to
the output amplifier characteristic of 16pV for the AD5%4 and
1V for the AD595. This offser arises because the ADS94/ADSSS
: A5 trimmied for a 250r0V output while applying 1 25°C thermocouple

| IE".’!I.Il.'..

Because a thermocouple outpur voltage is nonlinear with respect
(0 temperature, and the ADSS/ADS9S linearly amplifies the
compensated signal, the following transfer functions should be
used to determioe the acrual output voltages:

Vs

ADS%™ output = (Type | Voltage + 16uV) x 193.4

=BV

ADS59S output = (Type K Vaoltage + 11uV) < 2473

or conversaly:

Type ] voltage = (ADS% output / 193.4) - 15pV
Type K voltage = (ADS95 output / 247.3) — 11pV

Table I above lists the ideal ADSS/ADSS ourput voltagss 25 a
function of Celsius temperarure for type ] and K ANSI suandard
thermocouples, with the package and reference juaction at 25°C.
As is normally the case, these ourputs are subject 1o calibraoon,
gan and temperature seasinvity errors. Quipur values for wmies-
mediate temperatures can be interpolated, or calculated using
the outpul equations and ANSI thermocouple voltage tables
referred 1o zero degrecs Celsius. Due 10 & slight vamation in
alloy content berween ANSI type | and DIN FE-CuUNI ther-
mocouples Table I'should not be used in conjunction with Eure-
pven previously and a DIN thermocouple table should be used:
ANSI type K aod DIN NICR-NI thermocouples are composed
of idenucal alloys and exhibit similar behavior. The upper tem-
perdture Limuts in Table | are those recommended for rype | and
rype K thermocouples by the majority of vendors.
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SINGLE AND DUAL SUPPLY CONNECTIONS ']"HERMU-CDUPLE_ CONNECTIONS l
The ADSS&/ADSSS is a completely self-contuined thermocouple  The isothermal lernunaung connections of a pair of lhfm“‘-"-'“-'?"r
: e 3 : : ' 0y . . This junction must C ;
canditioner. U a le + 5V supply the ioterconnections wires forms an cffective reference juncuon . ; ' . |
shiveni i Figure 1 veill provide & dites oitpus oo & type J be kepl at the same temperature as the ADS94/ADS95 for the ™ iﬂﬁ‘ﬁfk{;fmi";f?cf:ﬁ‘i““ ths difference signal 0 2 e ALIBRATION PRINCIPLES AND LIMITATIONS
thermocouple (ADS™) or tvpe K thermocouple (AD595) meas- mternal cold junction compensation (o be elfecuve. R id.mn'ml B e aﬁihmg:t{:ﬂﬁi t:';:;cl:; Hﬁijlcc p-:-::lul;:-:imp?muan nerwork of the ADS9/ADSSS
SR _ - _ 5\ , t roduces a rential al wh i
uring from 0 10 + 300°C. . A method that provides for thermal equilibrium is the printed must be applied to the right-hand differeatial amplifier will fu the uu:putlu:an ice r:f;m:dlf:::zia :I ;J Ermn: e
TN TN crcwit board connection layout illustrated in Figure 3 precisely march the thermocouple input signal when the difference of the chip. The positive TC outpur 01" lhncisi:cm'l 2 lemperature
L | 3 i T
TALLIATL) A ] e s ) signal has been n:.ductdl 10 zero. The feedback network is tnmmed 0 Kelvin temperature and 3ppears as 3 voliage ay *?Eu;rﬂw
== =y ¢ 50 that the effective b the output, at pins 8 and 9, results possible to decrease this signal by loading 11 with a2 ressstor from
.‘BS!M "::',_,l in 2 volage of 10mV~C of thermocouple excitatian. +T to COM, cor InCrease i with a pull-up resistor from = T o
5 m555r' L- _ In additon 1o the feedback signal, a cold juncrion compensation the larger positive TC voltage at +C. Note thar adjustments o
. r;?‘_: ~ I“__T 1 voltage is applied 1o the right-hand differenrial amplifier. The =T should be made by measunng 1he voltage which tracks it ar
: B 1D O i =i, €ompensation is a differential volisge proportional to the Celsius ~ T To avoid desubilizing the feedback amplifier the measuring
: | N == - temperature of the ADS94/ADS95. This signal disturbs the instrument should be isolated by a few thousand ohms m seres
R R ol differcatial input so thar the amplifier Output must adjust ro with the lead connecred 1o ~T.
' : restore the input to equal the applied thermocouple voltage.
: The compensation is applied through the gain scalin E resistors
SONMON 50 that its effect on the main output is also 10mV/C. As 2 result,
rigure 1. Basic Connection, Single Supply Operation the compensation voltage adds 10 the effect of the thermocouple
Figure 3. PCB Connections voltage a signal directly proportional to the difference between
Any convenient ly voltage f +5V 10 +30V may be : r
u;:; ::Lh:n;fwh:ii; :.iarxs;-c;:ﬂ: e & luwI::}supp!}' Here the AD594/AD595 package temperature and circuir board 0°C and t]_n: ME}SE-.IJAD.SQ_‘: _lcmperamrt. If the thermocouple
Ir.--:lsl RO Ere munimlzed athe + 5V supply comneers. ¢ thermally contacted in the copper printed circuit board reference junction is maintained ar the ADS594/ADS95 lempera-
- : pi glirauon e Ppiy tracks under pins | and 14. The ref : . L rure, the ourput of the ADS594/AD59S will correspond to the
to pm 11 wath the V— connection ar pin 7 strapped to power pinsland 13. The reference junction is no camposed _ it
*0d signal common ar pin 4. The thermocouple wire inputs of  copper-constantan (or copper-alumel) connestion and ETPPEL: [oadive that would have been obuined from SR . -
- cognect  pins | and 14 either directly from the measurin g kon (or copper<hromel) conaection, both of which are at the signal from a thermocouple referenced to an ice bath, Figure 6. Decreased Sensitivity Adjustment
£ point or through intervening connections of similar thermocouple same (emperature as the ADS94/AD595. The ADS'?#ADSEIS also wcludes an input open circuit detector Changing the pasitive TC Half of the differental autput of the
C ware type. When the alarm output at pin 13 is nor used it should  The printed circuit board layout shown also provides for placement thar switches oo aa alarm transistor. This transistor is actually 3 compensation scheme shifts the zero point away from 0°C. The
o oc connected 1o common or — V. The precalibrated feedhack of optional alarm load resistors, recalibration resistors and 3 surrent-limited output buffer, but can be used Up to the Lmit as 2e10 can be restored by adjusting the current flow into the negative
: Derwork at pin 8 is nied 1o the output ar pin 9 ro provide z Compensinon capacitor to limit bandwidth. - < SWilch :j"“*“““':" for either pull-up or pull-down operation of inpur of the feedback amplifier, the —T pin. A current inta Ls
| /e i 1 ~terich xternal 5 - . e ' .
10mVFC nominal femperature transfer characteristic. To ensure secure bonding the thermocauple wire should be : ; - -’I-I'J:I'l : i gt b-c pmdu;:d .'I-l.Ilh  resssorperncen. 0 a0d) =1;
By using 3 wider ranging dual supply, as shown in Figure 2, the  cleaned 1o femove oxidation prior to soldering. Noncorrosive Th? ¢ Poiat compensation network has voltages available with ‘0 balance an erease 1n +T, or 3 resistor from ~T 0 COM 1o
ADSS4/ADS9S can be interfaced 10 thermocouples measuring rosia flux is effective with iron, constantan, chromel and alumel ' phsiive and SRRaYe e peiature cmfﬁcicrfts. Thm '.'ﬂl.[agcs Cihes N dleceaserin T
both negative and extended positive (emperatures, and the following solders: 95% tin-5% anumony, 95% tin-5% may be used with external resistors to modify the jce L If the compensstion is adjusted substantially to zccommodate 2
D silver or 90% tin-10% lead. ;nmp:nuulnn and recalibrate the ADS94/AD595 as described 1n different thermocouple type, its effect on the final outpur voltage
; € next column. will incresse or decrease in proportion. To restore the nominal
: 1 FUNCTIONAL DESCRIPTI : = : : -
; T"TT“ I l The AD594 behaves like two d:i}grmum anplifen T The feedback resistor is separately pinned out so that its value output to I0mV/"C the gain may be zdjusted 1o match the new
g s L are summed and used 10 contsol 3 hish P ":l-';' i m::p""j €an be padded with a serics resistor, or replaced with an external cempensauon and thermocouple input charcteristics. When
in Figure 4. B Ef-guin amplifier, as showan resistor between pins S and 9. External availability of the feedback reducing the compensation the resistance between = f-ﬂd
resistor allows gain 10 be adjusted, and also permits the ADS94/ COM automanically ncreases the gain to within 0.5% of the _
£ ADS595 1o operate in a switching mode for SeI-poLnt operation. correct value. If a smaller gain is required, however, the nominal
~ SFaN OF S7k(} internal feedback resistor can be paralieled or replaced
\ SRSV CAUTIONS: ‘ . : with an external resistor,
: . The temperature compensation terminals (+C and -C) at pins _ @ , : :
o ' 2 and 6 are provided 1o supply small calibration currents only. Fine clibatoen :d’:imgzju dm]_l A T AL mﬁ::;:
e ] The AD594/AD395 may be permaneatly damaged if they are EsuIEmen - ol SYiess O aSsle accuncy. Maj
ICMROAELS ) unded i reconfigurations for other thermocouple Types can be achieved
: gro or connected to a low impedance. Rt e ar o Arasiisizg tial calibration -
! SOy <1 without senously compromising in 00 3CTUraCY,
: r The ADSS-#:&DSBS s mternally fm“m_ compensated for long as the procedure is done at a fixed temperature using the
T oto =y feedback ratios (corresponding to normal signal gain) of 75 or factory calibrauon s a reference. It should be noted that mter-
more. Ifa lower gain is desired, additional frequency compensation . MRt i * the vse of 2 negative
& ' . > : mediate recalibration conditions may require the tse of a negi
: ‘gure 2. Dual Supply Operation should be added in the form of & 300pF capacitor from pin 10 supply. An example using 3 type E thermocouple and an AD3S5%4
With 3 aegative supply the OUIPNIL can indicate negative . : to lh:‘outpu: at pin 9. As shown m Figure 5 an additional 0.01F is given an the next page.
atures and drive grounded loads or loads returned 1o B LITI D B 3 i & ) W) T 57 Spacitor between pios 10 and 11 s recommended.
:;:118%. Increasing the positive supply from 5V 10 15V extends SV TR A R
< Output voltage range well beyand the 750C lemperature Figure 4. AD5S4/AD595 Block Diagram
Lmut recommended for type J thermocouples (AD594) and the : _ -
1250°C for rype K thermocotples (AD595). In narmal Operauon the main amplifier Cutpur, at pin 9, is -1 B =
o voltages on the thermoninle Sl ~ connected 1o the fccdb:ack_nttyvurk. al pin 8. Thcrmnn:uuplc
within the common-mode range of the AD5S94/ADS9S #% kedigin Signals applied to the floating \Nput stage, at pins | and 14, are ;
eium path provided (or the bias currents, If the thtn;::;::lc amplified by gain G of the differcnial amplifier and are then s

further amplificd by B4 A in the main amplifier, The output
of [,h: main amplifier is fed back 1g 2 sccond differenual suge in
40 wnverung counection. The feedback signal is amplified by
this stage and i #w applied 1o the main amplifice input through |"

i not remotely grounded, then the dortted line connecuons in

Fl._g.'lu:; 1 md Emmmdud. resisior may be peeded in

this eonmection 1o assiire that common mode voltages induced in
the thermocouple loop are not Converied (0 nommal mode
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EXAMPLE; TYPE ¥ RECAL THEATTON « ADAM/ADASS

Hoth the ADSM apid ADSIS gan be conigumed o ocondimon the
ouipral of & tvpe B ohiomel consmnmn ) thermocoupde, Tempei

alure charsglerisnes o e | thermsoooigdes diMer bexs Trom
e 1 than from tvpe K, thsmfore the AV iy preferved G
vl e imn

While muinraining (he device ot a Coaxiant temiporaniire follow
the tovalibesthon tEPw given here. st messire the Jovice
TempIure by ing bolh nputs m conman (O & selecad

CMnIGAH aRade potenaal) and canpecung FU o Vs The AN

O BOw an the stand alone Uk Iarus thermomer g mode. Fow thils

cxanyde assinme the amivent u % and Ehe v ) sutpul Vo is

<40V, Chack the oupul &l Vg o venty thar i corres ands 1o
e tesnperanure of the o LT,

!':n-.'rm. essire the voltage <7 &t pin S with » high impedance
DVM (cspecimnce thoukil be solsted by o few thousand O
N resuiance a1 the moasured terminals) AtMNCihe - T viliage
Wil be about £ imV. To sdjun the compensation of an ADYoY
e e B thermoconple & rexision, R, showld be voanactnd
Niweern + T and + C s 2 and 3, 1o raise the viltage at ~ 1
by the rauo of thermocouple sansiivities, The rato for converting
# e ] device 1o 0 type | vimcteraaie

(| ,u'l\l‘n'uqr -r“'.--\i"_ l IH

Phis, muluply the 1l voltage mesvured ot « T by ¢ and
aapenimenially derermine the R Value required o raise - T 10

L
that hevel. For the fxmpie the now - T voltage should be

:t;;m}q AV The reisiance value MSUI be approximstely
£

=AWV

The rero difforeniul PUREImUM pow be shifred back o 0
Thu 5 seoomplishad by maltplying the oniginal oUIPUL Yol tage
Vo b v and Adiusting (he moasured BUEPUL voltage 1o this value
DY expeamenialh AOGIng » resivtor, R2, between Cand « 17
NS 3 wod & The e SR value 1 thds case showld be :

abouy 28 smy. 1 . ™
MO, he reustancy value of R2 shoukd be Approximately

Finally, the FAD s be recalibrated such that the ougpur '

Wi tes the devioe's Empera e anoe again, Do this tf\- d.jﬂ ;
8 third resaxror, R3, betwoen FR and T, plos 8 and 8 \l'. i
shouid vow be back 1o the inidal 240m\ reading. The .

value of RS shild be APpraximately 280610, The tw*\‘:“‘j‘“““
S o dwwn i Figure 7. An .gp,;!umunmr tmlu:u -
the elfoctivensss of recalibravion i o Messwre | ase
FRE D e utpay. Fog O B ahould be 1640

Bh b
L

e 2 Typre & ﬁ'ﬁ‘l!‘rﬂfll.'t‘ﬂ

When implementing o similar vecalibston procedurs for the
ADAYS the values for R1, R2, RY and r will be Approximately
63U, 8aki), BAKD) and 1,51, respectively. Power consumpo
Wil focrease by about S0% when using the ADSYS with tyype B
TR

Note that during this procedune it s erueial © maintals the
ADSSMADIOS 41 o stable femperaiure bocause 1w used as the
e rtiure relerence, Contace with tingers ot any toals not al
amibient temperature will quickly produce errors Radiatona
heating from & change iy lighting or approach of a soldering
ron must also be guarde! agalist.

USING TYPE T FHERMOCOUPLES Wit THE ADS9S
Because of the similarity of thermal EMFs in the 0 1o $0%
ringe between tvpe K and pe T thermocouples, the ADSoS
can be directly used with both pes of wputs, Within this
amblont rempersture range the ADSOS should exhibit no more
than an sddivonal 025 Outpur calibration error when used
with tvpe 1 inputs. The CITOr arises because the ve point com.
BRI s timmed 1o rvpe K charscteristics at 2% To calculace
the ADSSS ourpur values over the recommended — 204 o 350 C
range fortvpe T thermocouples, umply use the ANS) lhn: I
moacouple voltages referrad 1o 0 and the ourput equation Riven
0N page 3 for the ADSYS. Because of the relauvely large non
Hneanies wssociated with O T thermocouples ihe Sutput wll
deviare widely from the nominal 10mV=C, Howeves y old Jupcoon
ampeasation over the rated 0 W 3T ambient will remain

fTurale
STARILITY OVER TEMPERA TURE
Each AI“‘H ADSOS is tested for error OVEr temperature with
the meayy ring thermocouple ay 0 he combined effects ol

Wd | : . X .
ool CLon MmN tion SO, ““I"llfll‘i oftser Jdnft andd Faip

SO determine the stability of the ADSSPA Do OUPUL over
the raned ambient temperstyre range. Figure § shows an ADSOS

,";IT'.\‘J\ ﬂil“ Erar ¢ ] . .
NVeio he ;
o rlt W l | ‘hil."l\i' Wl {h'ﬂ hﬂ“l"i ]'a-“k TR 14 Y ol

il =

F ;,‘I. e :; ‘1f|ri ftf,‘i_ s

1“' ‘?;‘!“" L :I -l.‘".

THERAAL ENVIRONMENT EFFECTS

e inherent low POWer dissipation of 1he ALSSUADSYS and

thet low thermal Fesstance of the pavkage make ul;-h:rﬁf o3

SN almiost negligible. For example, in stll air the -:h'iﬁnf!

.;mhmm n:hrmul (ERINTACE 1 about K0 Cwa At the n:mi:ul

{.1u-a.;:::mmj oF SO0\ the sellsheating i free AUE 4% fess than
I Submerged iy fluorimery R (unstireed ) the thermal

Wk ‘ﬁn'\. i ﬂt\ Lk L i. ALY AT Wt 4 CITO!0 'J'i
Kia 5 v 4 } A all, It
j-tl.H” “ U i 'l‘-l_- “'h] u na llhf ll“ﬁ
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ET-POINT CONTROLLER
The ADSS/ADSS can readily be connected as & set-point
controller as shown in Figure 9
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Figure 8. Sel-Foint Controller

The thermocouple is used to sense the unknawn tempersure
and provide a thermal EMF to the {nput of the ADSM/ADSYS
The signal is cold junction compensated, amplified w0 10mV~C
and compared 10 an external set-point voltage applied by the
User 1o the feedback at pin 8. Table | lists the comesposdence
berween set-point voltage and temperature, sccoubtng for the
nonlineanity of the measurement thermocouple. If the sel-pount
[emperature range 18 within the operatng range (= 55%C o

L 25°C) of the ADSS&/ADSSS, the chip can be usad as the
“mduccr for the circuit by shorting the inputs rogether and
utilinng the nominal calibration of 10mV/C, This is the ceatigrade
thermometer configuration as shown in Figure 13,

In operavon if the set-point voltage is above the voluge corres-
ponding to the rempersture being measured the output swings
low to approximately 2ero volis. Conversely, when the lemperarure
ries above the set-paint voluage the output swirches to the
posinve it of about 4 volts with & + SV supply. Figure §
shows the set-point comparator configuration complete with
hearer element driver circuit being controlled by the ADSSN
ADSOS oggled ontput. Hystecesis can be introduced by wjecting
A surrent dnro the posiave input of the feedback amplifier when
the onrput s toggled high. With an ADSM about 2006A oo
the +T terminal provides 1°C of hysteresis, When using
single SV supply with an ADSSN, & 20M1N resistor from Ve 1o
# T will supply the 200nA of current when the ourpt s foroed
high (about 4V), To widen the hyvsteresss band decrease the
resistanee connected am Vi to + T

ALARM CIRCUIT
In all spplivations of the ADSSVADSSS the — ALM connection,

pin 13, should be constrained 50 that it is pot more positive

than (V + ) — 4V. This can be most easily achievad by coanecting

pn 13 o either common at pin 4 of V —at pin 7. For mast

applcatrans that use the alarm signal, plo 13 will be grounded

and the zignal will be mken from + ALM oo pan 12, A typical
ration 18 shown in Figure 10

! s configumuon the alarm transstor will be off in normal
apenition and the 20k pull up wll cause the + ALM ourput on
o 12 1 go high, 10 one or Both of the thermocouple leads are
wmrernuptad, the + ALM pin will be doiven low. As showa in
Figure 10 this signal is compatible with te inpat of 2 TTL gate
which van be wsed a5 & balTer andor bverrer.
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Figure 10. Using the Alarm to Drive & TTL Gara
("Grounded™ Emitter Configuration)

since the alarm is 4 high level output it may be wed 10
dnve an LED or other indicator ay shown in Figure 11.
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Figure 11. Alarm Directiy Dnves LED

A 2704} senves resistor wall mit swrmeat 0 the LED o 10mA,
but may be omitted since the alarm ouput NSO 1§ Carmest
limited at sbout 20mA, The transistor, bowever, will operate in
3 hugh disupatnon mode and the temperature of the arcust will
nse well above ambient. Note that the coid jusstion compensanon
will be allectad whenever the alarm curcuit o sctvated. The
tume required for the Chip w returm o ambient temperature =il
depend on the power dissipation of the alarm crcuit, the nanure
of the thermal path o the enviroament and the alarm duraton.

ﬁcthnumbcumimthhochﬁm;kmddnﬂmpmlg
can be operated sbove or below ground. The collector and coirter
of the oufput transstor can be usxd 11 4oy normal swisch coa-

Ngunaton. As an example 3 pegatve referenced foad can bhe
doiven from = ALM & showa in Figure 12

The cotiector (+ ALM) should not be allowed 1o become more.
positive than (V=) + 38V, however, it may be perutted 0 be
mrore positive than V= . The emitter voltage | = ALMY stoald

be consuraned 30 thar it does ooy become more positive than 4
volts below the V+ applicd to the Gt

Addivonally, the ADSSGADSSS can be mﬁut_tdqm praduce
an exureme mmﬁwwhw?m
an extra signal line for an alarm & imappropnate. By tving cither
of the thermacouple INPUTS T MO MASH ranswey coatrol
woaditions can be automaticslly awoided. A = IN © common
SR UG Creates 4 downscale outpat i the thermacoupie opeas,
while connecting ~ IN o common provides an upcale oupat.
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and 14) w cmenemon. The sastpur now wrill refiect the compensation
Feiage 2 bence will mdicute the ADSA D55 Imperatioss
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An alteroative messurement techomique, illustrated in Figure ]!
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13-1 INTRODUCTION

A thermoresistive sensor is a device whose internal electrical dc rcsistancc 15 a
function of temperature. There are a number u:ml'differenl types of such devices and
we attempt to discuss them all in this chapter. Unlike the thermocouple, however,
the thermoresistive sensor does not generate its own voltage source: an external
voltage source is necessary 1o “bring out™ this change in resistance within the SENSor,
We l:e.gin our discussion, as usual, describing the measurands that are gcqergii}
detected, We then describe the various resistivity detectors. used today beginning
with the earliest known thermoresistive device, the resistance temperature detector.

13-2 COMMONLY SENSED MEASURANDS

The primary measurand sensed by thermoresistive sensors is temperature. Only one
secondary measurand has been detected with any practicality—fluid velocity.

13-3 RESISTANCE TEMPERATURE DETECTOR

The resistance temperature detector (RTD) operates on a very simple principle but
requires the most sophisticated instrumentation for its Proper operation. Although
the term resistance lemperature detector can actually refer to a relatively broad area
of sensors whose dc resistances change with (€mperature, the term has recently
become more closely associated with only a portion of all the resistive sensors. This
portion comprises those sensors made from a pure wire-wound metal having a
positive temperature coefficient. To understand what is meant Dy thisterm, however.
WE must next study a frequently observed relationsh
ature and the electrical resistance for certain metals

13-3.1 Temperature Coefficients of Metals

Virtually all the “earth-mined” metals are conductors of electricity, some being

better than others. To state thisin another way, virtually all metals display a certain
amount of dc resistance to current flow. Some metals h

d¥e more or less resistance
than other metals. depending on their molecular structure. This resistance varies

with the metal’s '€mperature, and in almost all cases where we are dealing with
metals in their most pure elementary form, this resistance varies directly with
iemperature. That is, as the lemperature increases, the resistance also increases at

d fairly linear, proportional rate, and vice versa. Hence the term positive coefficient
has been affixed to these metals to deseribe their resistance behavior,

To understand Why a metal's resistance increases with an increase in Its tem-
perature, we must first understand the nature of the metal’s molecular structure and
how its behavior relates o temperature. Temperature and energy are interrelated

quantities. The thermal €nergy of a molecule, £, , is related to its absolute lemper-
ature T through the equation

Ew = (1.5)(k)(T) (13-1)
where £ = thermal energy (J)

k = Boltzmann's constant, 1.38 x 10-% y/k
I = absolute temperature (K)

Ip that exists between temper-

At absolute zero the molecules of a metal sample have nio kinetic energy. The
molecules are “'stationary’ in that they are not vibrating from outside heat energy
SOUICES contrary 1o those metals whose temperatures are above absolute zero and
whose molecules do vibrate as a result Because of this lack of vibrating electrans
al the absolute zero condition, a current flow of electrons €an pass relatively easily
between these molecules without encountering any appreciabie n:sis:an;e (friction).
However, with the addition of heat (energy) the metal's mnlccjﬂes vibrate about
their locations: This, then, increases the chances of electron cnllis_mns fn:nrp a current
flow trying to move betwesn the metallic molecules. Any collisions will produ_n:e
fnction, that is, resistance. The amount of resistance will vary proportionally with
the amount of energy (temperature) input.

With some metals the linear rate of resistance change 10 temperature chapgs
i1s quite predictable. These few metals are ge nerally very _stable, ch::mzc‘ali;j That 13:
they react very little, if any, with other ::le,me::nts over time. Chcm1c3; a..rtmtpy_zlf_.if
problem with using metals for the purpose of lemperature sensing. Thas acuviry
causes the metals’ dc resistance to change over a period of ume 1or a given temper-
ature, Figure 13-1 shows the linearity of various metals for a “’ldfi“ tetnparratur; rangz
versus their de resistance. The data acquired for producing t_hzs cury e:.-.cre obtaine
from metal samples having the same length and crqssﬁsactmnal_are.isﬁ.'i et

As stated earlier, forany given metal, its d‘f resistance varies direct ::-1“1‘[1 ; :;
IS proportional to, temperature. Honcvcr,_ let's first investigate :,Ei re am_nsm;;:
between resistance and a metal’s cross-sectional area and length. :isl;r::hj :
the temperature is held at a constant room-temperature value, That relati Pis

.qfr'_i.s;

where R = resistance of wire ({1)
p = resistuivaty constant (£3-mil'ft)
{ = length (ft)

Aoy = cross-sectional area of wire (mil)

L

FLATINUM

R(T)

I[[-llililtll_!*_ll
-100 0 100 W0 300 400 30 sl
TEMPERATURE (°C)
Figure 13-1 Graph of dc resistance for vanous metals versus (emperatare,




13-3.2 Metals Used for Temperature Sensing

<« The metals most frequently used for temperature sensing, that is, metals that are
smmnde 131 used for their relatively linear resistance/temperature response charactenstics, ars
¥ |, platinum, and certain alloysd forms of copper. Of these three metals,
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DS o Of 2 r200 standard that satishes everyooe. For instance, one Amernican standardmine
orgamzation stipulates that plainum sensors mus? have a rEastancs taho, Rue/Ae
=, where Ry 5 the resistance at 100°C and R, is the ressstance 20 °C. O
r hand, 2 Bonsh standardizing organization requires 8 valoe for RueiRs of
£30. These ratio figures are pothing more than an indirect means of refernes o
: the slope of the sensor’s resistance—femperature Curye OVer 2 [emperaturs ranee
While differing resistance ratios do oot necessarily affect the performance of (s
xmnd of sepsor, it does create somewhat of 2 problem. If you wanted 1o make 2 direct
replacement, or € you wanted to swap 2 sensor betwees instruments, you musti ms
) Ceriam that you are usmg sensors having the same R oo/ Ry ranos.

- 1o summanze, 10 keep the temperatere-indicating e7ors 10 8 mumemum, iU s
nesessary to pick a sensor for 2 speqific temperature range. Doine this will maxmpe
the unization of the sensor’s resistance versas iemperature lingar response charas-
tensnes.
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13-3.3 Typical Construction
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13-3.4 RTD Signal-Conditioning Circuits

Because of the very small change m resistance for 2

the Wheatstone bridge, or some variation of this cire for making these
measurements.
Two-wire uncompensated RTD circuit

3-4 shows a basic two-wire RTD system for temperature measursment. 1he

—

TD, R;. When the br ég is balanced, the ol

R:ZR;a‘R;“H‘* (=
R, R,

el
resistors. Ry and R;., are the equivalent lead resistance
1

-
F._".
o
Y

where the R notations are as given in Figure 13-5. The arcuit also ....3,"‘"5::3.'3 max-
mum sensitivity to a change in temperature when R; = R; = (R -
Notice. however, that the lead resistances play 2 significant role in -i!f:—:-rr-_zmng the
overall resistance of the RTD for 2 given temperaturs. This is true for k=ad lensths

in excess of several feet or so, and it is certzinly true for lengths of several huncsds
of festl.

ey

Two-wire compensated RTD circuit

One way 1o partially compensate for the additionzl lead ‘Ei:'EEE:E:S added by the wire
l ads going to the sensoristo2dd a sirmilar resisiance., R~ ot 71!

f the Wheatstone bridge, as shown in Figure 13-3(a). Furin ..m;-e;:-s_xs compen-
sating can be obtained by plam* this added x.a'nrﬂn_sau.uz resistor with 1S OWn s&t
of leads near the sensing leads of the RTD, as shown m Figure 13-5(b) In rhis way,
any change in the RTD lead resistance due to temperature is partally nullifiza by
a similar change in resistance in Rc- This 1ype of circuit is called 2 rwio-wire lez
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Figure 13-4 Two-wire unoompensated RTD arcut
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Figure 13-5 Two-wire compensated RTD drcuits,

Three-wire RTD circuit

The three-wire lead circuit is one that
lead resistance is si
Figure 13

should be used in those instances where the
_ gnificant compared to the measured resistance of the RTD.
-0 demonstrates this particular hookup. Notice that lead resistance R, . is
in one leg of the bridge, while R, is in the other leg beneath the first. As a re?ult
of this configuration, the two resistances cancel each other out. Also, during the
balanced condition of the bridge, there is no current flowing in R, sin.ce‘il is located

In the center leg,
Four-wire RTD circuit

The four-wire lead RTD circuit is used
where precision laboratory-type
particular configuration ]
because of

for extremely sensitive temperature detection
measurements are necessary. The circuitry for this

_ is quite complicated and is not discussed further here only
its extremely limited application. '

Ry

A

Ris

Figure 13-6 Three-wire lead circuir,

13-3.5 Self-Heat

One of the difficulties in using an RTD is to ascertain just how much current should
be allowed to travel through it. After all, what is really being monitored when using
an RTD to measure temperature is the voltage drop creat=d by a current traveling
through the RTD's internal resistance. The amount of current of course is a function
of the voltage supply amount applied across the leads of the RTD. Obviously, there
1§ a practical hmit to the amount of voltage that can be supplied without damaging
the RTD itself. Too-high voltage amounts would cause the RTD to generate exces-
sive or possible damaging heat due to the power being dissipated by its intemnal
resistance (P = FR). As a matter of fact, for any voltage amount the resulting
current flow will cause heat to be dissipated by the RTD. The RTD will not be able
to differentiate between this self-hear and the heat energy to which it is supposed to
respond. The question then becomes: What sort of temperature nise results from this
self-heat charactenistic?

Fortunately, manufacturers have anticipated this problem by publishing a
self-heating error value in their catalog data literature for each RTD that they
manufacture. A typical self-heat error figure may be 0.18°C/mW 1n sull air, or
0.07°C/mW in moving air. In other words, for this particular RTD measunng a
temperature of a heat source in still air, for every milliwatt of power dissipated by
the RTD's internal resistance, there will be 2 0.18°C increase inits temperature. This
amount would have to be subtracted for each milliwatt of power consumed from the
RTD's overall indicated temperature. Therefore,

L

Isy = Psue X Pan (13-3)

where Tiy = tempeérature rise due to self-heat (°C)
Psue = self-heat error (°C/mW)
Parp = power consumed by RTD (mW)

Let'sinvestigate an example of self-heat with an RTD to become more familiar
with how this quantity is handled.

See ExampPLE 13-3
13-3.6 Typical Characteristics and Design Specifications

Typical temperature ranges for the RTD are the followang. For copper RTDs, the
range Is —200 to 260°C; for nickel, the range is =80 to 300°C, and for platinum, the
range is —260 to 630°C. Most RTDs require some sort of protective shield to protect
the sensor wire from corrosion and general abuse. As a result, the RTD tends to be
somewhat fragile in 1ts overall construction, more fragile than the thermocouple.
Because of the required sheathing (see Figure 13-3) the thermal response ume is
significantly increased. A typical response curve for a platinum wire RTD is illus-
trated in Figure 13-7. Compared to other temperature sensors, this response is
somewhat slow.



Example 13-3

A piatinum temperature sensor has a published self-heat error of 0.12°C/mW. The
sensor's measured resistance for a particular temperature is found to be 129.78 1. The

! voltage supplied to the sensor is 1.88 V de. According to a temperature versus resistance
* chart accompanying the sensor, the temperature for 206.66 1 is supposed to be 280.0°C.
.- What is the acrual temperature existing at the 129.78 Q condition after taking self-
feating mto account?
& Solution: We must first calculate the amount of power dissipation in the sensor. This
. czn be done by using the equation P = E*/R. Therefore,
7 -
p= 1.1,5‘;:
129.78
a Sl S
= 0.027 W
=27 mW
Now, using eq. (13-3),
r!_‘.}-] i [ﬂ :]{:-ﬂ'
| =

3.24°C nise due to self-heat

We must next determine what the iemperature appears to be based on the 129.78 0

measurement. Because of the linear charactenistics of an RTD., we can make a
proporticnal ratio based on the
temperaiure. That is,

_ simple
supplied manufacturer's data to determine this apparent

206.660  129.78 Q0

280.0°C x
. _ (129.78 0)(280.0°C)
: 206.66 O
= 175.84°C

“ec;us: this is 2 temperature that includes the self-heat of the RTD; in other words
this 1s @ temperature obtained with data (the RTD’s measured resistance) influenced

hx self-heat. We can now compensate for this effect by performing the following step.
We subtract the temperature amount calculated with eq. (13-5) from our apparent
emperature: That is, -

actual temperature = apparent lemperature ~ 7y (13-6)
Therzfore,

actual temperature = 175 B4°C — 3.24°C
172.60°C

Il

13-3.7 Practical Applications

Because of the compactness furnished by modern solid-state crcuitry, ithas recently

been possible to construct hand-held RTD transducers complete with signal condi-

tioning and digital temperature readout displays. These devices employ three- and

four-wire balanced bridge circuitry for excellent lemperature reading accuracy.

Figure 13-8 shows a complete hand-held RTD thermometer using a platinum sensor
and having a temperature range from —220 to 630°C. This is a remarkable feat when
monitoring and controlling temperature in a hydraulic press used for molding plas-
tics. Certain plastics require a particular curing temperature and curing rate. By
implanting RTDs into the press” platens (Figure 13-9) it becomes possible to monitor
and control these temperatures. Each RTD is located in a separately controlled
heating zone so that each zone is controlled by that particular RTD.

e
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Figure 137 Time-response curve for o plitizem wize RTD  (REFRODUCED WITH TH
PERMISSION OF OMEGA ENUINEERING, INC

you compare this device to a typical RTD setup of, say, 13 vears ago. At that time
the instrumentation needed would have covered the area of roughly 4 ft* and its bulk
would have weighed in excess of 30'1b or so.

RIDs have found their way into many laboratory applications where extreme
temperature accuracy is needed along with their very linear, durable, and high-
temperature-range charactenstics. In industry 2 typical application would be in

Figure 134 Hanc-maxsRTD
ihermemeicr, (REFRODLUTED WiTH
THE PERMISSION OF OMEGA
EHGIHEERIHG. INC |
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DEVICES

- Two-Wire, Linearized RTD
Temperature Transmitter

MODEL 2B38 |

FEATURES
Platinum RTD Input
- Lineanzed 4-20mA Output
High Accuracy: =0.1%
g Low Drift =0.01°C/°C Max
RF] Immunity
& Low Cast
FM Approved

APPLICATIONS

RTD Temperature Transmission in:
Process Control
Factory Automation
Energy Manapement

ibe model 2 3

Tansmutier designed 10 2ccept a plaanum RTD (Resistance
Femperature Detector) input and produce a proporuonal
sanZard $-20mA output, The RTD signal is internally line-
arnzed to provide an ourput which 15 inear with trmp::r;rur:.
Four precalibrated ranges are availabie for RTD measurements
from ~100 C 10+3500°C

The 2B58 features high accuracy of 0.1%, low drift of
=0.01"C/"C, high noise rejection and RFI immunity. Both
TROo-wIre and three-wire 10082 sensors may be used. Lead wire
compensauon s provided for three-wire RTDs. The 2B58 is
spproved by Factory Murnual for intrinsically safe use in|
nazardous locatons.

Arugged mewal enclosure, suitable for field mounting, offers
environmental protecoon and screw rerminal tnput and ourput
conncctions. This cnclosure may be either surface or standard
relay track mounted.

APPLICATIONS

Thc £B58 has bezn specifically designed to provide high-
PEriormance two-ware transmussion of measured te

mpecranures
using RTD scnsors. P

Two-ware current transmission PENMUE femote moun

ong of
th¢ transmi B

LIEr near e sensor 1o minmmize the effects of
Aoise and signal degradation w which low level SENS0T outpuls
are suscepnble. Transmission of the proporuonal current our-
purmay be accomplished by mezne of INEXPENSIVE COPper
wires. These factors make the 2B5E ideally susted for applica-

nons where accuracy, stability, and low cost installarion are
Sesired.

DESIGN FEATURES AND USER BENEFITS

High Accuracy: The 2B58 offers high calibration accuracy.
lincanzed output and conformity with the standard DIN
43760 (a = 0.00385) RTD sensors,

Low Cost: The 2B58 combines low price with a rwo-
transmussion, lowenng torai installation cost

Wwire

High Noise Rejecdon: The transmitrer features internal
filrenng Circuitry £o assure protection against RFI and line
requency pickup.

Suu'fdud Loop Compadbility: The rwo-wire OUTPUTSITUCTUre
conforms to the [SA Standzrd S50.1 "Comparibility of Ana-
tog Signals for Electronic Industrial Process Instruments”

Wide Operating Temperawre Range: The 2858 has been

designed to operate over-30°C 1o +85°C ambient Iempera-
fure range,

TEMPERATURE TRANSDUCERS & SIGNAL CONDITIONERS VOL. Il, 9-61

SPEC'FICATIONS (typical @ +25°C and V§ - +24V de unless otherwise notad)

Model =t
INPUT SPECIFICATIONS
il Platioum, 100f1'& 0" C o = 0.003 4%

Normal Mode Rejecuon

2 or 3 Wre
5648 ® 60HL

Sensor Excitation Current 0.5mA

Zero and Span Adjustment Range 15% of Spin
QUTPUT SPECIFICATIONS

Ourput Span 4-10mA

Minimum Ourput Current Y. SmA, typ

Maximum Ourput Current $0mA. typ

Lozd Resisrance Range Equanon Ry max ={*Vg =16V )/10mA

@ =24V Supply 0 to 40041

Crurput Protcetion 260V
ACCURACY -

Total Gurput Ermor® 10.1%

Stability vs. Ambient Temperatute

Zero, Measurement Range 01 through 03?
Meassrement Range 047

Span :

Subility vi Time®

Lead Resistange Effecs, 1o 40(] per Lend
Span Errar

Warm-Up Time to Rated Perdformance

£0.01°C/°C max (20005 C°C 1yp)
£0,01"¢c/C

+0,005%/°C

250ppm/Manth

£0.5%
3 Minures

INTRINSICALLY SAFE OPERATION
Use tn Class |, Dvasion 1,
Groups A, B.C,and D Hazardour Locatuons

FM Approved

HESPONSE TIME
To 20% of Span

0.4 ¢

POWER SUFPLY
Voltage, OUperanng Range
Supply Change Effect. % ol Span

»16V to +50V dc

on fera £0,005%/V
on Span 0.0 1%V
ENVIROSNMENTAL

Temperature Range, Rated Perlonmance
Storage Temperanure Range
Humudiry, Effect

-10'C o +85"C
-55"Cro+l125 C

Erior £0.6% of Span
RFi Effcct (SW @ 470MHz & § fc)
Errar 20.5% of Span
FHYSICAL : . :
Casc S1ze & oN8. 25 W12S
Weight Boz(227 g
NOTES

Y protected (or revene polarity and [or wny lnputfouput conaecton comlimunon
14 ceuriey b ipecidied v pereent of ourpur pan (16mA L. Acourady mpec _n:u:h-dﬂ
combined effecty of munsmutter repentabiliny, hystereas wad oot e asnan

cooformmury. Docs nat incliade senadr ermor,

' Sor ordering snformution [or measirement temperarure ranges 01 throogh Ok

" Fer MIL-STD- 202E Muthed 1018,
Sprcificamons mbject to dhanje witkaul nooee

CVE 0010
132 203}

ORDERING INFORMATION

Example Model 2B58A - 1 - 1 - 01
I f A f
Enter Model
JRSBA

Enter Housing
1-Srandard Enclosure

Enter Sensor Type
1-100%) Platinum, a = 0.003 85

Enter Temperarure Range
01 Through 04

Range in"C (°F) No.

=100 1o +100 0l
(-148 ro +212)

0 to +100 02

0 o =200 03

0 10 #4000 04

STANDARD RELAY TRACK MOUNTING

%.’— |

5? = = S Ja

Dimendons thown in inzhes and { mm).

s ECI) 2858 & L

i
LB ZERD cSFan AT

M =1 3
Yy 2 X 4 5 '8 (B2
| r= - = |
(A |
*% - 12 SCREWS |
375:003
1553 0.8

OUTLINE DIMENSIONS (MAX)

4018 ummﬂ

e Y

| la—ar23

(#32 1o +212)
(+32 10 #392)

(=32 tao *752)

6™ X I MOLES 'R C l

VoL Il 9-62 TEMPERATURE TRANSDUCERS & SIGNAL CONDITIONERS

—fair

Model 2B5B may be convenienty
mounted in 2 standard relay mounting
channel (3.25" wide) such as Reed
Devices Inc. (RDI) model 3TK2-6 or
cquivalent

) —
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13-4 THERMISTOR

We now look at another thermoresistive sensor, the thermistor. This device h

a5

entirely different characteristics compared to the RTD. For one thing, the thermistor
is made from a human-made substance rather than being produced from naturally
Occurnng materials, as in the case of the RTD. This human-made substance Is called

a semiconductor. Second, the thermistor'

S behavior with respect to tiemperature js

entirely different from that of the RTD. These and other characteristics are discussed

extensively in the sections that follow,
13-4.1 Theory of Operation

To unde

temperatures rather than at higher lemperature

matenals. In metals these electrons EXperience very

and, consequently, have little difficulty in being di

F1G. 188.—End connections of a three-phase
single-layer winding.

they can break their bond

s and travel on to simi]
show this type of behavi

or are called semiconductors.

rstand how thermistors operate, we must first understand wh
ductor is. Recalling our discussion concerning why

at a semicon-

metals conduct better at lower

S, there are certain types of materials
that conduct very little, if any at all, at extremely low

this is because of the degree of bonding of the outer electrons in the shells of these

little attraction from the nucleus
slodged from the parent atom.

t€mperatures. The reason for

AN IMPORTAANT USE OF
THERMISTORS |'S
IMPLAMNTATION [ATO
SCIM LuiabDiIng-S ~ol?
USE 1IN OUEre

TEMPERATURE
PREUVEATIOA.

the bonding is much greater, and
 the bonding is so high that no free
ratures. Only through the addition
ough because of their vibrating that
arlyionized atoms, Compounds that

|

13:4.2 Characteristics of the Thermistor

Because a semiconductor’s resistance decreases wit
which is a behavior pattern Opposite to that of met
POSSESS a neganive temperature co
VEISUS lemperature curve for a
observing this curve that a ther
when compared to the RTD curve also shown in Figu
are only typical curves, Thermistors can be manufactur
values can be formulated to oceur
values can range from 100 Q to
resistance versus lemperature ¢
alongside the one in Figure 13-10
the one shown in Figure 13-10.

h an in¢rease in iemperature,
als, semiconductors are said to
efficient. Figure 13-10 depicts a typical re
thermistor semiconductor. You
MIStor is not considere

Sislance
€an conclude from
d a linear device, especially
re 13-10. Both curves shown
ed so that different resistance
ata particular temperature, say atOor 25°C. These

as high as 1 M) for these temperatures. If the
urves of these other thermistors were plotied
» YOu would observe a tamily of curves paralleling

1400 _
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n
= 1000 —
=
L BO0 —.
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—
f_'_f 500 —
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Ll
(0
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Figure 13-10 Temperature versus resistance curve far a thermistor,

Because the thermistor is a semiconducting material, the temperature range
of this type of sensor is somewhat limited. Semiconductors can rarely withstand

temperatures above about 300°C before melting. However, at this temperature the

thermistor conducts current very well, approaching the conduction qualities of a

poor conductor. In addition, the slope of the response curve approaches zero,
meaning that the thermistor's sensitivity becomes almost nonexistent. The thermis-
tor loses its effectiveness as a sensing device at this point.

Below —=50°C the thermistor's resistance approaches that of a poor insulagnr.
Resistances of several megohms are likely to be found, At -IWC‘IhE p_ra,ct:cgl
sensing limit of a thermistor is probably reached. However, again noting the shape
of a thermisior's curve, you ean see that the thermistor is maost linear in the cold
region of operation, say below (0°C. Also, Its sensitivity is highest in this region.




asinive sensor than the RTD. Since the

- . : i - "Or: e
The thermistor is generally a more sens :
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- eiry e reflected in the amount of the slope inits plotted response curve: In other
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-

ng .
L} e

of the thermistor's response curve).
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Using the slope information shown in Figure 13-10, compare the sensitivities of the
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Solution; The seasinivity amount for the thermistor obtained from the slope informa-
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13-4 3 Typical Construction

Thermistors come in & variety of physical sizes and shapes. The various types of
following: (1) beads, (2) disks, and (3) rods or probes. There
yles, but the ones listed above are probably the most common.
shows an illustration of each example.

the thermastor s coated wath 3 protective substance. usually

£lass, 10 prevent oxidation of the solid-state material used in the thermistor's con-
struction. The g

. 1he glass furnishes a hermetic seal that wards off oxidation and corrosion

lue the thermistor's environment. Another purpose of the coating

bond the leads of the thermistor more firmly to the thermistor's body. thus
ACUng &8s a stram relief for the leads |

glass-coated beads on thermistors range in size from approximately 0.1 to

2_ mm in diameter. On the other hand. the disk-type thermistors typically have

110 3 mm and are often not coated. These are ofter cheaper

1 cost. Duning manufacturing, the thermistors are easily adjusted to the desired

resisiance by gninding away a portion of the thermistor's disk. Thermistor rods are
ivpically manufactured in diameters of about 0.5 mm to as much as 50 mm

:ﬁzc most common application for thermistors ‘is for thermomeétry (Fig-

ure 13-12). Because of the wade vanery of shapes available, it is possible to find a

thermometer probe that can fitinto the ughtest of temperature-measuring physical

resiactions. This i discussed further in the next SeCuon concerning apphcati@ns
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GENERAL PURPOSE i

iyl bpped, most fugged proba U<zead

5 ¢
1o shod-term water and sub-soil readings. Waterproof con- L s —
SIrUCtion Now standard : I( L —
—~1 % Max L%“'n
SM Fl x = | I \-! D f .'_.-_.,. B
SsMALL FLEXIBLE Vinyl sheath and lip i i o=
Cuvalla lemperatures. General purpose measurement = [L'— / 7 __'-:_I____L_._...--"
p——
GE"IEF‘AL FURFOSE -‘fﬂﬁ*trﬁﬂgrﬁgnlgl epoxy lipped probe 'l":-'l
Can be pcileg in place. Prabe is suilable ftar empergture T'_"
measurements on surtaces =
Ll | =& 1

"BANJO” SURFACE TEMPERATURE. Skin oral, axillars

I Il Fom
waler bath, air, surace temperatures. Stainless stee) = & s
- L | t |
ATTACHABLE SURFACE TEMPERATURE. Stainiess ciza {'F"'*'k
R, EDOXxy Dacked E-"ii' o 12pe on fiat ‘.urf"-"et “.::.- = I\.,_._..-'
e = et . k1 [ =i & L ‘ = =
Neal loss or compression elfwiency study of pioing ———— = _____j____,._.;,"-
YT SlinEa SuE = ' o< '
Su-‘.‘uL :_‘LJ?"IE‘."-.EE TE.'JP‘EF,:I.TUR: C\.-'-.."-f”'i', waler bath Sl > W | - |
leal and other suriaces. 24" Tellon-covered Hexible wire L = ——
L - ' H . = f ﬂ"r——l—'————'—*
Stainlass stzel disc with gpoxy back . - .
— -3
—_— = \'1;."

AlR TEMPERATURE
noms. incubalors
slreams, eic

Slainless stpel prode suilahle

i or tass — | Poet—
emale avw readints momlonng of cas — —
= - - £

J

s D 5

" i . | o~ gr— w 2|
TUBULAR, Stainlass sieel probe for rugges duly. Ohen —_— - . —
used lor liquid immersion. Probe is immearsible only fo cap ; ¥ - R

. . s 'a _—
TUBULAR.GLASS f-:-I'LE.-'!"-.K,‘;&L':'I inert for BQuid immerson usa —
Thermametric titration Freezng poin! delerminaban Pyrax & — o
i. Ie'-'".:" " ~
TUBULAR WITH FITTING. Rugged, stainless sies) prone N2 WHPTS -
_nrth pepe fitting. Suilasie for laing readings in pipss’ or C “_-'._- :
inside closed vessals, 3 i 1 55 =1

Figure 13-11 Vanous forms of thermistors. (REPRODUCED WITH THE PERMISSION
OF OMEGA ENGINEERING, INC )




13-4.4 Thermistor Self-Heat

Like the RTD the thermistor is susceptible to the problem of ~.¢-H-f|u;rn. l_{!lzlllltk:I::-I:;
RID, however, the thermistor {s placed into a potential HL_-II"'U"”GL[H‘L m'; 'I- L” rual
sell-heat becomes excessive. That is. as the thcrmhln.r becomes x?-.n{nul, 1_I- r.rl:, nf“.
I.'t"iT'JEJI_IIL'I_' becomes lowered, ;lﬂlnl.'ll’l}’. an I“,{_“:mr o L.”r“:”f ”1-}“- W'HL I ; o -‘lj
additonal heat, and so on, It is especially eritical to limit the current flow through
i thermustor 1o prevent this situation from happening

13-4.5 Linearizing Thermistors

Because of the nonlinear charactenstic ol Lhermistors, various
been devised to make the thermistor behave in
is shown in !'Ii:."LH‘L' 1313

cireult schemes have
d linear fashion, One such scheme
Two thermistors of identical response are 50 wired th
I& paraliel 1o another having a resistor in series with H.IThrnugh u:m-.ich:r';ihh:
expenmentaton 1t 15 found that this particular clr-;un_.'idnr:wrt. u[ least a 10-fold
decrease in the amount of temperature deviating from linearity, For |nal;m_rr'c:., for a
lemperature range of, say, 0 to 100°C, a maximum deviation of unl}' D 15°C fre
linearity is achieved, whereas normally, asingle thermistor system yields an amount
of 1.5°C. By adding the additional matching parallel thermistor with its
resistor, a dramatic .jIIIL‘dH‘IE:IIfJn tor the entire sysiem can be obtained.

dl one

T
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13-4.6 Practical Applications

Thermistors are usually associated with thermom

Ciry-type instrumentation, that is.
Instrumentation used solely for the reading of temperature Figure 13-12 in Sec-
tion 13-4,3 is 4 goad example. Despite their nonline
still enjoy widespread use. The reason for this
anotherwise nonlinear

ar characteristics, thermistors
18 due to the rélative ease in lincanzing

sensor through the use of lookup tables that have been storecd
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in firmware, Many lhwrmr.lnr-::qmppc{.! electronic thermometers
that can convert o thermistor's nonlinear output inio

mextremely aceurate Qutput data. The lemperature probe containing the thermistor
15 also made so that it i replaceable in cage it js damaged.
There are at least rwo mdjor forms of signal-condir
ocanverting a thermistor's resistance change to a
digital or analog readout. One form Uses a re
Wheatstone bridge
o Figure 13-5). In this eireuit &, is
indicator, Instead of calibrating R,
the thermistor, it i calibrated in y

contain I1C chips
averylinear response, resulting

1aning circuitry that are used
signal that eventually drives g
5ialancc=mr:aﬁuring Circuit such as
o determine the lemperat
adjusted for a nul according 1o the center-leg
In ohms to read the resistance of Ky, in this caxe
nits of temperature insteqd.

a
ire (refer

A less sophisticate
cireult (Figure 13-14), T dCross resistance
Kivw, produces the Necessary voltage signal for creating the desired lemperature
( reading.
H'."'Il'
(YW

d rr:?.im::mu:-mc:u-;uring

circuit employs a b
his is where the volt

45IC ohimmetsr
age drop Occurring

T WWe— 5
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/ = CIHD INTHEA ok
|
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Figure 1314 Wiing » vimple ohmmerer ehrouir 1o FEMT & Iharmndetars resisinr s

The second tYpe of circuit used for thermo
Figure 13:15, In this example we see a the
controls the freq uency of oscill
The autput of this iystem is
The frequency of this wave ¢
dture display. In this circuit
change in resistance of Ky,

MEIry purposes is illustragad in
rmistor, Ry, whose v

ation of an Oscillator (the 555 timer 1C. R, and C)
In the form of a square wave with varying frequency
n then be measured and easily converted 1o 4 lemper-
the frequency of os inversely with the

Arying resistance

scillation varjes

Example 13.5

(n Flgure 1315 the frequency of oscillation of the cireuit shown is determined by

().722
- (13-7
" / (Rey + R)C A347)
: .ﬂ..';auminr,: that capa
determine the valuye

citor C has a value of 0,005 wF

and resistor K & value of 1200 {1
s of f for the following three v

alues of Ry 750 £, 1500 11, and
100 Ll
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Flghire 151§ Uidag » hermililod iy sontiol the fre '
Heboey dmipat uf ux L NIRRT .
Heosard by Barkla, T 11 ﬂwutp;ﬂmum Srdicabani BT Ol 1904, e Mg pannigy
by ot riwialin o 8 wathay ]
Solution;

Placing the values of C, R, and 'the values of Rointo eq (13:7), we ge!
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In addition to being used In thermometry, t_hergﬂstprs are _aisc-_ ofen qufig ti:
temperature control applications. A typical app_]rcatrmn IS seen 1n Figure 13-16.
this circuit we see a controller being used to maintain a desired water temperature
e f:;?:-ET-?CESSiEE system. The operator adjusts the temperature controller to the

1:1 i _ - = L -
desired temperature, while the thermistor detector senses the water's temperature.

The sensed temperature is then compared to the desired temperature. Any differ-

i,* .

-nce in the two values (this difference is called the error signal) causes _{he gas valve,
e or to open depending on the arithmetic sign of this difference.

L84 &34

Fe=v 317 T o Demf S 1 2 vml-momytay gover

Itis the self-heat characteristic of thermistors that has created this next appli-
cauon. Thermistors are often used as level-indicating alarms, as depicted in Fig-
ure 13-17. A thermustor is adjusted for a particular height in 2 liquid-filled container
at 1s bzing filled. The thermistor’s height represents the maximum liquid height
at is desirable. Since the thermistor is suspended in air. out of the liquid, its
self-heat is sufficient enough to create a current flow in a current-sensing network
to keep 2 holding coil energized on an alarm system. The alarm is off in this position.
Should the liguid cover the thermistor, the self-heat will become dissipated within
the hquid, causing the thermistor to cool, thereby increasing its resistance and
lowening the current flow through it. This lower current 1s not enough to keep the
holding coil to the alarm system energized; therefore, the relay opens, tnggering the
alarm circuit. The alarm circuit may also be wired to a control valve that opens a
dump walve to the container so thar the liquid will partially drain, causing the

thermistor once again to become “self-heated."” causing the alarm’s relay coil to close
Once again,
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W orrser Orientation
i; i Temperature Measurement Components

ADSBOL :\7 -
- I "2.5"!" 5 - .
M E ag__,ﬂg ,E O TEMF o ' P 1Bk The AD590 and AD592 arc two-terminal integrated circuit error budget for the circuit, assessing the contnbutions of
DTO 1007C A2 TR ioaes temperature transducers which produce an output curreat cach of the elements (Table 1). Errors will be expressed in
—] 0. 0o proportional to absolute temperature. The AD590 and degrees Celsius,
| ’ AD592 have a standard 14A/K output current which is ; _
A e .\ ,_\’ = S W‘ 51 =0T RE 983 inherently linear, therefore, no linearization is required. ADS90 regulation. If the AD590 is excited by 2
AD SOG. t:f e Y Y s - ; g ; voltage source of berween § and 10V, the typical
N A \JJ\J ;"‘\_"" TRIM O°C Attention to all the detail 15 the key to success in most inter- regulation is 0.2pAV (0.2°C/V). With 1% %
—_— — - face criteria. The following applicaton is provided to illustrate 3 g : RIS -
[ - A4 3 5 e : regulanon, this conmburtion will be 0.01°C
| % ADS21L the problems involved in designing circuits which measure my e
Al R3 Lﬂ -~ €0 physical pheonomenon. ADSS0 lineanty ervor. Toral error for ADS90),
T 1%} . 2 _ - over the 0 1o 100° 1 ' i
il.f_ M E_ '.E MPER A r;:n: ETO In this applicanion, there s a need to measure \t2mperatures 0.3°C. Thos mmlc,.:;]ni':::h o tzm;f' S
CURRENT TRANSDUCER. | ——AAN——4 from 0 to +100°C, to within 1.0°C, ac low cost, at a remote crint (oF the B e e S
ADSS0 IC IS AVAILABLE INPROBE [ R - locanon several hundred feet from the instrumentanon. The T r.‘ll'_'l;.r o ADSEIuL : l.f:ﬂ'[';u'jg -;rt:::ns.nr
AS AC2e2%0 ; ; "l 0.1% ambient temperature in the vicinity of the instrumentaton is EOTTER L Errre ;;‘DSECIL = Eii-' e d;“_
: INSTRUMENTATION expected to be 25°C £15°, A number of possible rransducers ADS90]'s czlii}tinun cn; HECCaRANEE -
LOw TCRH AMPLIFIER, will operate over the specified range, bur the requirement for B
METERING GAIN QF 10, 1 remote measurement suggests the use of the cumrent-output R1 temperature coefficient. Since R1 is responsible
: R ? SISTOR . 0.00v TO 1.00 FS two-wire AD590 or AD592 semiconductor temperarure tor the canversion of the AD590's currenr tw volr-
mV/uA = ImV/k 10mV /C r sensor, because the current is unaffected by voltage drops age, high absolute accuracy is imporrant. Conse-
and induced voltages. quﬁnﬂ}",ﬁwt would expect 1o Use a device having
: . ‘ 10ppm/ C or less in thi £15°
: - - Consulting the “Accuracies of the AD590"" we find that the miinum e 31 :fﬁo; ::.E?IHJE .f';?f
] s = - L - i : =
F;pure 7. 2 herm{)merer C,\'rCU; f ADS90], with two external trims, would be suitable; its 0.061A .3
: o : o i . Q.06 C
maximum error over the 0 to 100 Crange 1s 0.3 . This per-
mits an allowance of 0,7 for all other errors. If & tighter {rypical 20 287C asd ried epply voitage unken myted atherwse)
tolerance were r:quu’tlrd. it wouﬁld be worthwhile to Cﬂﬂiid:: o o S yecificiSon
using the AD5S50M wath two trims, for an error below 0.05 C. ADYBSL 28V VOLTACE REFEREANCE
Since AD550 measures absolute temperanire (ios nominal out- Quiput.valage Vg = s13V dA3OV mia L3S0V man
18 1HAK), th be offset by 273.2uA in ord IABSL Vel e oprinng e TV e
put is 1uA K). the output must be offset by +2uA in order i tepvivi ol TVEN e IEY Sav iy
| to read out in degrees Celsius The ourput of the AD590 flows Tompenmre wasicmyy  Ors 10°C CimV mu Mppal C g
. e . ; Noue 0.1 1 1042 RV, pe
through a 1k£1 resistance, developing a voluge of 1mV /K Kb (Al wiih tene) | sy v IVRIY (9.035)
(Figure 1). The ourpur of an ADS5SB0 2.5volt reference s 2ot moss 115V (10ppm=)
divided down by resistors to provide 3 273.2ZmV offser, which ADI20) 14V TEMPERATURE TRANSDUCER
15 submracted from the voltage across the 1kE1 resistor by an Ourpat curren; Nomad e 23 CUITRI0 29h.22A
it ADS21 wmsoumentaoon amplificr. The AD521 provides a pag e W adia S e
) Calibration eror b S e LY td Oy
gnnﬁql' 10,0, o that the cutput range, corresponding to 0 to Lncxney erroe Tas g, 050 100" Crasge ) Cmax
100°C, is 0 to 1.00V (10mV/°C). Repaanabilin pef monch 81" Cmis
Lang-ters 2nly 0.1 Cpman
“ oOIELY Nooe speceral desire STp AL
] ¥ EFIKLNCY Fowtrmpply mxseen AT R Glmany
i Cperauag rasge -§A"C e -1 10"C
e w i - AD321L DIFFERENTIAL INSTRUMENTATION AMPLIFIER
1R8d pau'c Gun egaation (valosvalt] | Somisnsd G=Rg/Reo
; —jc: m Erroe from eguanos Unremssed (125 - o0l
I * . e MHeonlinesnsy TV oumpet £ 1% mas
I—n Cus ue=pes O ta10'c s tiGmees C
o T TR A T iz Veiugr offici Ingut 1 0=V imax
CORRANT :mﬂ:: A 1 Crapps 109V max
A 0 A A LA A PECE E - Velnge olfw L {rpss Dz Ya'c B FC e
S AL 6@ s —J I TAUMENT ATE0n OQuipat, 032 T0'C b PV ST
| e Caim ol Voliage atfwt v mpply. input i
I 1k L 5o 1o 108 I3 Durpet anirm=sd® Bimvs
I EnVRER.~ S We=XTE Biu current 35'C = s
[ . . _ Hiir current vemipeo O TI0°C §0pAlC _
' = Figure 1. Thermometer Cireult beput impodunc Commas mads 88 10'Pm Lopd
Coormarmade rrpenies e DL & 0 $0H:, .
1 ; ' - WD oerch anbdlands Fhlh m=ip
The desired system accuracy is to within 1.0 C;_u noted, all TV a— G » 19, 0.1Kx 10 18H:
criors ather than that of ﬂ;: AD5 %0 must contnbute the P9 RTO 3ETp¥
cquwdtnr of less than 0.77. It will be hclpful to assemble an T B e cof B Mty D et B s
Table |. Device Specifications Pertinent 10 the Andlys:s
"Accuracics of the ADS20 Application Notc, Analog Devices. inthe Texp
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ADSE0 temperature coefficient. The pecified
tempco for the ADSBOL is 25ppm/ C rypical
(61ppm/"C max over the range 0 to 70°C).

Since operation is OVEr 3 narrow range, the rypical
value s most useful, unless the ADSE0 has a
cnncal effect on the overall error, 25 X 109/°C %
273mV X 15" = 0.1mV

Resistree drowder sempeo. The absolute values of
RZ and R3 are of considerably less Importance

than thewr abiliry 1o track. 10ppm/°C is 2 reasonable

value for racking tempeo, 10°35/°C X 273mV X
15" = 0.04mV

Common-modr error. At a gain of 10, the minmum

common-mode error of the AD5S21L amplifier is
P4dB, one part in 20,000 of the common-mode
voltage (273mV), or SpV (negligible)

ADS21 temperarire coefficient. The specified
nput offser tempeo for the ADS21L is wvic
Max, and the ourput offser tempeo is 75uV/C
max l'?‘ﬁ,;;"'-r'.ﬁﬂq, referred ro the inpur), for a

0tal of 25UV CR.TL 9.54VAC X 15° = 1430y

ADSZ] buss-current lempco. The maximum bias-
Current change is 500pA~C X 10° (range) = 15nA

The equivalent afiscr-voleage change is 15nA X
1) = 15,V

AD3I21 gein tempco. The circuir will be calibrated
for correct ourpur at 100°C by imming of the
gan ol the AD521 g1 3 25°%C ambicnt temperature.
Varianon of gain will cause ourpurerrors The
specified pamn empco at 2 gain of 10 for the
ADS21L 15 3.5ppmiC typical. If max is arbitrarily
ds5Umed 10 be ten Omes warse. and the resistors
conmbute 15ppm/°C additional, the maximum
crorwillbe 50 X 10757°C % 100° % 15° = 0,075

VOL | 8-12 TEMPERATURE MEASUREMENT

1 i

0.10°C

o

0.04°C

0.0°C

0.14°C

0.02°c

0.0

75°C

COMPONENTS

ADS21 nonlineanry, The 0.1% nonlineanry specifi-

cauon applies for 2 29V ourpur swing; for 3 1V

full-scale swing, it may be reasonable ro expecta

tenfold improvement, or 2 1mV lineanty error,

equivalent to 0.1°C -

Total error (worst case)

This mcans thar, once the circuir has been cali
o <
and 100°C (25°C ambient), the maximum €fror at any com-

binagon of measured and ambient ICMperatures can reason-
ably be expected to be less than 1°C.

brated ar 0°C

If the susmmation were root-sum-of-squares, instead of worst-
case, the error would come 1o less than 0.4°. This SUEFesrs
thar the design is quite conscrvave, since the probability of
Tomtxase crror is low; also (with some risk), ic suggests thart
ifan AD5S90M were used in the same design, temperatu re
could be measired to within 0.25°C over the range. Namrally, -
every precaution should be taken to avoid addirional errors
annbutable to either Murphy's or Narural Law. Aside from
cmors attnbutable to ambien: Iemperature varianons, this
ample interface will require some form of protection from
€xtrancous signals. Shielding and grounding should fallow
the practice suggested earlicr in this book. In addition,
Capacitance across Rl will help reduce the effects of any ac
currents induced in the twisted pair. Power supplies musc be
chosen 1o minimize error due to sensibvity of any of the

clements to power-ay Pply voltage changes, 1nd Dypassed to

minimize coupling of interfercnce through the power-
upply leads.

— e —

ADLITIONAL INFORMA T o)

COLD JUNTION COMPEMSATION AMPLIEIER — AD 594 /4p595

MONOLITHIC THERMOCOUPLE AMPLIFIER WITH
COLD JUNCTION COMPENSATION

The AD5S94/ADS595 is a complete instrumentation amplificr
and thermacouple cold junction COMpPENSAtor on a2 mono-
lithic chip. It combines an ice-point reference with 2 pre-
calibrated amplifier 1o produce a high level (10mV/C)
output directly from a thermocouple signal. Pin-strapping
oprions allow it to be used as a linear amplifiercompensatar
or 3s a switched ourput set-point controller using either
fixed or remote set-point control. It can be used to amplify
1ts compensation voltage directly, thereby CORVErting it to

a stand-alone Celsius transducer with a low-impedanee
voltage output.

The AD596 is 2 low cost instrumentation amplifier and
thermocouple cold junction compensator for set-point
control applications. The AD596 is packaged in a rugged
hermetic 10 pin TO-100 metal can and its cold Junction
compensation circuit is trimmed 5o that it will remain

. dccurate over a wide ambient temperature range, internal

architecture.

It is commonly known that the characteristics of bipolar
JUnction transistors are temperature sensitive, and i is 2
usual object of lincar design to suppress this sensitivity. In
the case of the AD594/ADS595, however, certain well be-
haved and repeatable temperature dependent parameters
are exploited to produce the cold junction compensation
voltage. When two transistors are operated at different
emitter current densities, the difference in their base-
cmitter voltages will be proportional 1o absolute remperatwie
or FTAT. The base-emitter voltages of a single transistor
falls with rising temperature in 2 way that can be extra-
polated ro a known voltage at absolute zero. This voltage
complements 3 PTAT voltage with respect to the known
bandgap voltage and is referred to 2s CTAT.

Although these two voltages are predictably related to
ibsolute temperarure, their difference can be related to
Celsius temperature as shown here,

Vot

WL TAOE
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TrL e

TR T

fee-Point Compensation from the Difference of a PTAT and
¢ CTAT Voltage

‘Two temperature sensitive valtages can be denved from the
uansistor basc-emirter charactenstics which e1n be scaled
so that their difference approximares the outpur of an ice
referenced thermocouple measunng the IC rem
This difference is 2270 at zero Celsius 3nd INCTE1se s more-or-
less lincarly with temperarure. Thess voltages are produced
by four transistors in the AD594/AD595 A CUrTENT MurTar
15 used to foree 3 pair of wries conpeseed transistors (Qs.
Qx.in the fygure below) o operate af the ame current 1s
another series connected pair (Q. Q3). Three of these
transistors arc the same size and therefore Dperate at cqual
current denainics. Consequently, they have the same bases
emitter voltage. The fourth ransistor is larger than the
others %o that at the same current it gperates at lower cur-
rent density. This implies that it has 3 lower base<emitter
voltage. The baseemitter juncuons of the four transistors
connectin 2 loop which is completed by a resstor. Two of
the voltages are connected 1o subtract from the others 50
that the net voltage across the resistor is just the difference

berween the basecmitter volrage of the differently sized
transistors.

perarure

As noted before, this voltage will be PTAT and is scaled 1o
the proper magnitude by a thin film necwork in the
ADS34/ADS95, It is also possible to extract the sum of the
two bascemitter voltages from ths loop. This sum s CTAT
and when properly scaled makes up the ather Temperarure
sensitive voltage for the lee-Point Compensation
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A Cross-Connected Transistor Quad Provides CTAT Voltage
in the Form of 2VgEeS and FTAT Valtage from the
Difference of Vge$s
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ANALOG
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Two-Terminal IC
Temperature Transducer

AD290"

= FEATURES

- Linear Curremt Output: TuAJK

Wide Range: -55°C 10 +150°C

Probe Compatible Ceramic Sensor Package

Two-Terminal Davics: Voltege In/Current Out

Laser Trimmed to 20.5°C Calibration Accuracy (ADSS0M)
Excellent Linearity: +0.3°C Over Full Range (AD520M)

Wide Power Supply Range: +4V to +30V
Sensor olation from Case

FRODLICT DESCRIPTION

The ADS®0 is 3 two-terminal INTEErated circuit temperature

ransducer which produces an QuUIpUL current proportional ro
absolute tzmperature For supply voltages betwesn +4V and
=30V the device acts a5 3 nigh impedance, CORSTtEnt currene

regulator passing 1paA/K, Laser trimming of the chip's thin film
FESISTONS 15 Us2d 1o calibrare the deviee 1o 298.2UA outpur ar
29B 2K (=25°C)

e ———————

[ " ]

The ADS90 should be used un any
uon below +150°C 1a which £o

fUre sensom ac currenely employed. The inherent low cost of
a monalithic integrated circuir combined with the
OF suppar circuitry makes the AD590 an attractive alternative
for mzny femperature measurement Situations. Linearization
Clrcuitry, precision voltage amplifiees, resstance messy nng
circuitry znd cold junction tempensation are not needed in
ipplying the ADS90
Inaddinion 1o lemperature me
Ismiperature compensation or

[Emperature =nang applics-
nventional electrical tempera-

climinacion

'

dsurement, applications include 3
of discrere COMmpo-
mperature, flow rate

nof fluids and inemometry. The

¢ e chip form making it suitable for hybrid
SIERINE Angd fasy eemperature Measurements in protected on-
Vilfonmenrts

The ADSS0 is partic
tont The device iy nEnstive to
duc 10 its hgh impedance current
bwisted pair s sufficient for opera

the szcemving Circuitey. The putput charicterisnics also make
the ADS 90 easy 1o multiplex. the current can be switched by
# EMOS muluplexer or the upp :

Iy voltage can be surtched by
2 logee gate QuUIpLL,

"Covered by Petent No. 4121498

CoImection
Bends, biaang proporsonal o absolute te
measurement. level detectin
ADS90 iz avzilab!

plardy uselul'in remore $Cnsng apolics

voltage drops over long lines
eurput. Any well-insulared
too hundreds of feet from

. The h

ADS90 FUNCTIONAL BLOCK DIAGRAM

+

CAN

TO-52
BOTTOM VIEW

PRODUCT HIGHLIGHTS

I, The ADS90 is a calibrated two terminal temperature sensor

requining only 3 de velrage supply («4V 1o =30V). Costly

transmutters, filters, lead wire compenstation and linearizz-

uen circuits are all unnecessary in applying the device

Statc-of-the-art laser irmming at the wafer lev

clin conjunc-
fion with extensive final tesring ansures that ADS90 units
4fe casily interchangeable,

Superior interference TEjection resuis from the ourpur
being a current rather than a voluge. In addition, power
Fequirements are low (1.5mW's @ 5V @ «25°C). These
feactures make the AD590 €35y to apply 3% 3 remore sensor.

igh'outpur impedance (>10MQ) provides excellenr
fejection of supply voltage dnft and ripple. For instance.
changing the power supply from §V

10 IOV results in anly
3 1UA maximum SUFIENL ¢

hange, or 1°C cquivalent error
The ADSP0 s electrically durable;
forward ¥oitage 'up to
Hence, supply |
the Sevice

it will withstand a
4V dnd 2 reverse voitage of 20V

fregularinies or-pin teversal will not damzge

SPECIFICATIONS

+ 25°C and \';=5'I" et otherwiss roted)

AD550] ADAw) = ADSSGK
Min Trp Masx Mia Trp Max s Ty Maz Uoa
ABSOLUTE MAXIMUM RATINGS -
Forward Veluge(E+ 10E ) “ &4 -4 .f.; -.r._‘-“
Roverse Voluge [E+ o E— ) -3 - 20 ~ 3 :.-,_m
Beeakdown Voluage (Casc 10 E+ or E= | = 300 =100 =100 Vediy
Rundem:u-cTrn:p-:nturtﬂwf' =55 - | 50 - 44 - |53 = - 1:.1 :;';
Storege Temperarure Fanpe! - &4 - 155 - 44 -i:a': -4 = {45 ©
Lexd Tenpersture (Soldening, 10 sec) + 300 s U - W10 -
POWERSUPPLY . B - "
Orperaung Volugs Range 4 - . wi
OUTPUT - - - .
Nominal Current Cutput & = 25°C (288 2K) 15782 fﬂ 2 4 -
Nomic Tem perature Coeflicies; | i . ¢ = _E K
Calibration Error (@ + 25°C =10 =50 — =3
Absolute Error (aver rated performance
lemm peratiire rangs ) . .
Without External Calibraon Adjoumen) = =10 o F C
With + 25°C Calibravon Errer 5ot (o 2210 =51 =18 ::. T:
Nenlincinuy ::}.? f:‘- _.:- : 1’:
Repestabibiy” =0.1 S | =44 =
Long Term Drift! . =0.1 . =6.1 n = S
Current Norse & )
Power Supply Rejecting - * ¥
- AVEV 5 o 1Y 0.5 o ¥ e
e SV=Vez + 15V 0.2 a2 ” 5y
f” + 15V=Vis + 30V 0 Iu o . L :
Case Isolavon 1o Either Lead 10 u?_ £ L
Effective Shuni Capacitance 1)) 1II.-1 e -
Electrical Tom:-On Time 0 10 E
Reverse Biny Leakage Currene® . & .
(Reverse Voliage = 10V) (0 T :
3 oM . e
?&f'lhiiﬁfrTﬂ -7 | ADSSOIH A DS'E*I‘JL! !: :g::‘::
"F Package: FlarPack(F2A) ADSRCIF ADSMIr ADI¥0
NOTES ¢ | A
I = ad = 20000 for ehiart peraads *Lesiagr surrend dsubics vvery 107
L}:;?:i:::: :tﬂh :::h;bﬂll{::u:: 1o the dence. However, Hee Sextica 1% [ packuge verline =lormaiae
ke absobaie erron specificd apply 1o only the mied pedarmasce Speoifications hert 0 chispr wilhoot sacir
lempeTInise runge Speaificiness shows i3 Soltface e coud sa all pstamas ‘.f..:t“u I':I.j
“Muxionim deriucn berwern = 25°C raading st empens. ghectrical trat Aetadts from (Bose e are wed 1o aloses scipang geality
fare cycliog berween =330 and « 150°C; puanateed s raird leveln Al mis and mus rpenficsioe are poimeired, Uihooh coly thee
'Caadinonx: commn =3V, constant = 125°C; puarustred, Whown in boldlacy Are imated 2a all prodecoss szt
sl jesied.
" - T I 17 gy l':i
-r_: o o - Wl - 300" L,

gl
E1fTITEITETR

TEMPERATURE SCALE CONVERSION EQUATIONS

[ ] 5 o

C= = ("F-32) K="C+27315

EF'

9
_:'_Iic*lz EH‘—'gF"‘sg.?
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Understanding the ADS90 Specifications

A Y |

Frure 7A. Two Temperature Trim

B - S
Exure 78. Typical Two-Trim Accuracy

VOLTAGE AND THERMAL ENVIRONMENT EFFECTS

The power supply rejection speaificanons show the maximum
cxpeoted chahge in OLIDUT cCurrent versus mputvoltage cha nges.
Ths msenanvity of the OuIput 20 nput voltage allows the e
of unregulated supplies. Ir 2lso mcans thar bendreds of ohms

of resstance (mich as 2 CMOS multiplexer) can be tolerited
M seT¥cs wath the device.,

Iz 15 impartant to nore thy

toung 2 supply voleage other than
SV does ast thange the PTAT nature of the ADS90. In
words, this change 15 cquivalenr o a calibr

2t removed by the scale factor

other
ation error and can
rum (see previous pPage).

The ADS90 smecifications arc guaranteed for usc in 2 low
hermal resstance environment with SV across the sensor
Large changes in the thermal resstance of the sensor's envic

roament will change the amouns of seli-heanng and resuly
m changes in the outpur which are predictable bug noL neces-
anly desirable

Toe thermal eraTonment in which the AD590
TINES TWa mparant chara

NG the response of the senzor with tame.

15 used deter-

fIenisues: the effect of self hearing

‘Moter ras d

The time esponse of the ADS590 163 sTe
turz (s determined by the thermal
Capacitics of the chip, Gy 2nd the case. Ce- Gey 1s abour
0.03 wart-scc/ C for the ADSHQ

medium since it ancludes ans
fact with the case. In most ca
ponential curve of Figure 915 suffic
response, Tic), Table | shows the ef
far several media

o
Flwrimayyag

TEMPERATURE MEASUREMENT COMPONENTS

Ll - P, OC 24 a L] - T P r—pes

26° Crware 8ca 15 the thermal resistance berween the case a.nd
its surroandings and 1s determined by the chanacrersoes of
the thermal connection: Power source P represents the power
dissipatcd on the chap. The nise of the junction lemperature,
15, above the ambient temperature Ta 15

Ty =TA =P (B + 6c,) Eq. 1
Table I gives the sum of €jc and 8¢y for sevenl common
thermal media for both the "H' and “F packages. The heat-
sink ussd was 2 common clipon Using Equartion 1,
iture nsc ofan ADS90 "HY Packageina stiryed bath ar +25°C
when dnoven with a 5V supply, will be 0.06 C However. for
the same conditions in still 2ir the tefiperarture rise is 0.72°C
Fora given supply voltage, the temperature rise varies with
the current and is PTAT. Therefore. if an application circuit

is tmmmed with the sensor in the same thermal environment
m which it will be used, the scale facto

rnm compensates far
this effect over the entire temperacure range.
MEDIUM

C;h:"-f’,i:.:lt':i:"“'ii_f; I {sec) (Mo 3]
H F H F

Aleminom Block i0 10 0.6 Ol
Stirred 04l 42 60 1.4 0.6
Moving Alr’

With Hear Sink 45 - >0 -

Withour Hear Sink 115 190 [3:5 10,0
Sull Ax

With Hear Sink 191 - 108 —

Without Hear Sink 280 S50 GO A0

cpendent upoa velosiny

ol oll: sverage of several velocides
lsted above,

YAir velocity x 9ftfses

The ime congsnt o defined i thoumcrequired 1o resch 31,08 of

IR InIntineous temperature change

Table !. Thermal HResistances

p changein tempera:
fesistances and the thermal

b G varies with the measured
"thing that ss.in direct thermal con
5 the SINgle IMme constant cx:
iENI o describe the nime
fective time constant. T

MEnNiED

"
L g%

LE ¥l

Figura 8. Time Resoonse Curve

VOL, |. 5-15

Wi stal Fr-Ta =YL =N

the temper-

GENERAL APPLICATIONS

; [

OFESET
- & [« [ Y ﬂALIHHATiﬂh
ADSS0
- AD2040 4 o GAIN SCALING
5 2 ——COFFSET SCALING
. j
GND

Figure 10. Variable Scale Display

Figure 10 demonstrates the use of 3 low-cost Digital Panel
Meter for the display of temperature on either the Kelvin,
| Celsius or Fahrenheit scales. For Kelvi

in temperature Pins 9,
% and 2 wre grounded; and for Fahrenheir temperature Pins 4
and 2 are left open.

The above configuration yields 1 3 digic display with 1°Cor

f‘- 1"F resolurion, in addition to an absolute decuracy of £2.0°C
over the -55°C 1o +125°C temperature range if 2 one-temper.
ature calibration is performed on an AD3S90K, L, or M,

F'fgure 11 Series & Parallal Connecrion

Connecting several ADS90 Units in Series 15 shown in Figure
11 allows the minimum of 1ll the sensed temperanures to be

indicated In cancease, using the sensors in parallel vields the
. average of the senscd ICMmperatures.

The eircuit of Figure 12 demonstrates one method by which
differential remperature measurements can be made, Ry and

Ry can be used to tnm the ourput of the ap amp to indicare

VOL. L 8-20 TEMPERATURE MEASUREMENT COMPONENTS

AT = TA0mV AT

Frgure 12 Differentia) Measurements

i desired temperarure differenc=. Eor example, the inherent
offset berween the two devices <an be tnummed in. (f V» 3nd
V= are radically different, then the difference in internal diss
pation will cause a differential internal temperature nse, This
cffect ean be used 1o measure the ambient thermal resistances

scen by the sensors in applications such 3s fluid level derec-
L0 or anemometry.

15v
I REFEAENCE BN
+1. JuncTion ”L
A5G ~ ’;?:/urrin‘l'nﬁ
< . /
T ),
: WEZIURING
+« I JUNCTION

HMETER

RESISTORS ARE 1% Socem”

H

Figure 13. Cold Junction Compensatian Circurt for
Type J Thermocouple

Figure 13 15an example of 4 cold junction COMPEnLAtOn CIrcuiE
for 2 Type J Thermocoupie using the ADS90 ta monitor the
reference junction temperature. This cireu itreplacesanice-bath
as the thermocouple reference for ambiens femperdrures
between «15°C and #35°G. The cireuit is calibrated by adjuse
ing Ry for 2 proper metes readiag with the measunng ]ﬂ_f_lt:&l-_ﬂn
ata known reference temperature and the sircuie hear <25 €
Using components with the T.C 's'as specifiedin Figure 13,
compensation accuracy will bewithin 20.5°C for cireuir
temperanires berween =15 C anﬂ_ﬂ'ﬁ"{;‘__ Other thermocouple
types €an be accommaodated with different resistor values
Note that the T.C 's of the voltage reference and the resistorns
are the primany contributors to error




Applying the AD580

Fliat ¥ RATUS | asryl ST FCanT o— L]

DL TEJST MG -

OUTPUT LD - TIlwrfaaTUST RELOw SET SO T

¥ L
d I 1682
}
-

-I T . —
V-
1= n
- - - ' -?-
Figure 14 & 1o 20m& Current Tranwmirier 1
Figare 14 © an example of a current transmattes desgned 1o be Figure 16. DAC Ser Point Fjgu.rg 73 oo Miieaienes

used with S0V, Tkl gyetemse: if uees 111 full Furreng ringe of

- - : ruculsr qircuit from O (all ir I 51°
4mA 1o 20mA for 2 narrow span of measured temperatures. parucular cuuit operates trom 0 (all inputs high) o +51 C

. L thas example the | pASK ootpur of the AD5S90 is amplified (J_-'“ snputs law) in ?',zdc stcps. The comparater 15 shown with ﬁ CMOS Analog M“mF’l‘"‘:“:m also be ased 1o wwanch ADE*.T:E'
w0 1A/ C and oifter w0 that 4mA 15 equivalento 17 C and 1 C bysteresis which = usually necessary to guard-band for . current. Due o t]:u:. ADS90's curzent :r.adi_ the :.:r-r.u-.:c of
20mA is equivalent 10 337 C. R 15 trummed for proper reading cXuincous noise: omitung the 5.1IMLY resistor results in such switches is unimporiant as long as 4V is mamnamed
at an intermedate reference temperature, With 2 suitable no hysteresis across the ransducer, Figure 18 shows a cucait which combinzs

the principal demonstrated in Figure 17 with an B chunnel
CMOS Muldplexer. The resulting curcust can seizciopc of
cighty sensors over only 18 wires with 2 7 bt Binasry word The
] ' D': inhibit input on the multiplexer turns all sensess off for miat
A ‘ mum dissipation while idhing

choice of 1oHslors, any (emperanre ringe within the operating S5V
Limits of the ADS%0 may be chosen l

Voo e

LA T D: . l B R e e L LN "
ELimEnTs CATES [: ;) = . ’

LU I R S —— |

y E '|
i I* - 1 ]
= Tefl (2%} X é

Figure 15 Simple Temperature Contre! Circuit

;
I
I3
i

- I L. -
FF:EhI 5% an example of 2 vanable wemperiture control cir- | rhn-:r:‘lr:gt“
ozt i - : tEL) © r . T T
e SIGSIAL) wsng the ADSP0. Ry and R, are selectzd 1o Figure 17. AD5S%0 Driven from CHOS Logie — ,I Jl
se1 (e hrli_} and fow lemins for Rgeq Bepy could be 2 gimple ' PPt F
pot.a uu:{r:ﬁ:d Ruitgerm pot or 3 switched resstive divider Fhe voltage compliance and the reverse Blocking characterstic S il
E‘;ﬁf the ADS90 from the 10V reference isalates the of the ADS90 allows it to be powered dicectly fram 5V CMOS ' -
520 from sopply vananions while manta logic. This permits easy rriul :
% s : ning a reasonable S peomits easy multiplexing, switehing or pulsing for
voitage (~TV) l-ﬂfﬂ 1 Capacitar £y o often niceded to filter minimem internial heat dissipation. In Figure 17 any ADS90 Figure 18, 8:Channel Multpleaes
:.'Lram:gm fioise Lo Temofe senisors. By s determined by connected toa logic high wall pass a mgnal current l.hrﬂugh the D590
the fi.of the PReTr Lranfustor and the curtent rEquifements uf turrent measurning circuitry while thowe connecred 1o 2 h';-gpr Figure 19 demonstrates a meihod of maltiplening ﬂ'if o4
the joad 1e7o will pass insgnificant current The outputy uged te dnive in the rwo-trim mode (Figure 7), Additional ADS90s and theu
Figure 16 sk 4 the ADSO0's mav be employed for athet purposes, but the associted cesistors can be added to multiplex kp 2. 8 SRASRES
bt DA 0/ ore = ':' AD370 can be configured with an 8- dcdianal capacitance duc o the Ah‘?&r should '-n,. caken of 20.5°C absolute accuracy over the lemperinire range of -
- 10 produce a dgitally controlled sex pownt. Thie into dccount ‘ e -55°C to +125°C The high temperature resisicnon of <125°C

i due to the output range of the op amps, s put 1o 150°C
can be achieved by using 3 +20V supply foz the op amp

VOL. | 822 TEMPERATURE MEASUREMENT COMPONENTS
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DEVICES

Integrated Circuit

Precision Instrumentation Amplifier

|

==

AD521 |

FEATURES

Programmable Gains from 0.1 to 1000

Differeatial Inputs

High CMRR: 110dB min

Low Drifr: 2uV/°C max (L)
Complete Input Pratection. Power ON and Power OFF

Functionally Complets with the Addition of Two Resistors

Intarnally Compensated

Gain Bandwidth Product: 40MH2
Outout Current Limited: 25mA
Very Low Noise: 05

PRODUCT DESCRIPTION
The AD521is 2 second E€hcranion, low cost, monolithic |C
mRmenation amplifier developed by Analog Devices.
UC I nsTTumenTition amplier,
sifferennal inputs and zn iccurately pr
2uTput Fain relanionship

The AD521 (C isiumentanion amplifier should not be con-
fused with an Opsranonal amplifier, although several manu-
2CTUeeTs (incleding Analog Devices) of

o< used as building bl

implifier circuirs

Ogrammable inpue/

¢ksin van
Op amps are
w=hich, wihen used with precisio

£an

able g2in instry mentation

Eeneral-purpose Components
n-matihed external TESIstors.

tat:on amplifier funcoon
AL InStrementanan amp!

Lficricz
*£C EAIn device optimized for Opcration in 3 real world enyi-
renment, and i inrended 18 be used wherever acquisition of

Uselul signal 1= difficy (s It 15 charzcrerized by high inout ym-
pesance, balanced differcnaal Inputs, low bias

PETIOrm the mstromen

precision differennial vale-

i

currents and
hgh CMR.

283 complete instrumentation amplificr, the AD32) requires
enly swo resistors 1o set IS FN 10 any value Berween 0.1 and
1000

The ratip marching of thess
kgt CMRR {Up to 120dB) o1

10753} of the ADS2) Furthe
emplifier-based instrumen
Flatecred spasnay
supplics

The ADS21 1C inss
diffesen: versions of acenrze

fS31tors docs nor affect the
the high inpup impedance (3 X
rmore, unlke most operational
Lation amiplificrs; the NpUTs are
S¥ervoliages up g 215 volts beviund the

inge.
| 3 w drilt "K' grade. and the
#mn-E; danifs, higher limearity "L grade are specified from 4 1o
*70°C The

: lees perivrmance to specification
OVET the extended temperzrure FAMEE: =35 C1o «) 25°¢

Ve, 0.1Hzto 10Hz RTI @ G = 1000

AL a2
the AD521 153 gain block with

ferop amps which can

ADS521 FUNCTIONAL BLOCK DIAGRAM

e INPUT I 1
H -
GaAIN | =
“INFUT ‘ | —']
OFFSET
ThIM | 4
E 8
L B / 19 SCALE

OFFSEY -
TRIM | & 3 | COMF
outruT | 3 n v

TO-116

PRODUCT HIGHLIG HTS

Pl

ds

6. Offser nulling can

-
!

1. The AD521 is 2 true
circwit torm, offerin
many modularinstrum
the cast
The ADs23
(Z2uViCfor L d
applications.

CWo resistors. Gain can be presecfrom 0.1 1o more than
1000

The AD521 ¢ fully
beyond the Supp
Inputs

Inteenally compensaited for 4il
the bser the prows

The AD521 offers superior dy

Barn-bandwidth product of +0MH:
100kiiz lindependens of

fa'D }o

Instrumentation amplifier in integrated

g the user performance comparable

catationamplifiers ava fraciion of

s ]

hes low guarantecd (NpuUt offser voltage drift

grade) and low naise for Precision, high gpain

ADS21 is functionally complete with the add;tion of

pratected for inpus levels up o 15\
IV Voltages and 30V differential at the

£dins. 1he D331 also.affers
iop for limiting'bandwidth

be achieved with an apiional trmm poj

flamic pertormance wirh 3

full peyk esponse nf

E3R) and 3 settling time of S)is
sofa LoV SIep

SPECIFICATIONS ..c.

§ =215V, R = 2k§2and TA = 25°C unless otherwise specified)
MODEL ADIINjD ADITILD ADYIILD ADY1iED
LALLM
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C= 100 Tdkiiy . ' :
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10mV of Fapdd Vilee ) ihare 45
G o= 100 $ey a
Commmpn bloss SIrp Recowery 1OV B St s i ks
10V of Fimal Valged (Waep 8 | .
‘\ l:p L[] p'\_.:_ i -
| ¥ ] rzllzd) : I -.
‘. QIL-:I::E{'.*E:?:FE::L:( ll'::: 1 ImV max (ImV ypl i _=:-1-_=-_u HImY 1‘-;' - |._-.-- =as (sl el T
tﬂ Temperarice ' 1YV C max (Tavc ypl a5 C = i SpVFEC sl VU Cman E
A Supal, V% : s R L= = e et
O it O B Valiage iVpg ) LO0mY mad 100V 1yp) d00nY mur | !C:ﬂ- n d 1\ e =
wi. Temperirure 2 SV EC max {504V Cnypl 1500V S T s 10V Chryp SHA Cmin
o Supply (Mere o) 0005V oy, e -
ISPUT.CURRENTS . o
InpaiBon Cufrrnt feitkes Py | B0rA muy A s ! -
7 Temaerarare InA"C LT LO0a T =y : y
i Supgely L VAT ¥ - =
Iy Dliuet Curren J0EA rmus I0aA —au < J -
o Tempeea arr 2800 A C man 12§paC =5
INTFLT T x . -
Differestad Inpan imsedince | Ko 20 Ve LO" R M F - :
Common Mode [5pu1 =pedamee | Nl i) §a 10" (liiOeF =
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Applylng the AD521 APPLICATION NOTES FOR THE ADS21 2

These noves ensure the ADS521 will achicve che high level of
| performance necessary for many diversified (A applications

: y er than 0.5V s applied to the i. Gans below ] and above 1000 are realized by adpisting
MmN MOCE SRl EToatey than v " b ! .
NOTES ﬁ e i clamps are activated which drop the excessive | the gain seming resistors as shown in Figure 2 (the resistor,
s Juc nd above 100K are realizeg by mmply ad 2y : I*'Ii age across intermal input renstors. Power dissipated Rg between pins 10 and 13 should remaig 100kl £15%
F § L — Loy e i Inpul VOILIES FCross 1f ! - -, il e Fw
ning the gain sctaing resistors. For best resulo, volaage 2 :-Ip;h;:.; resistors causes remperature gradients and a correspon scc application oore 3). For best resulis. the IOpUT ¥oltage
dg d be restnceed to 210V for gans equal ¢ ell a3 an added thermal time should be restricted to 210V especally for gain equal to
ethier ispurshould be cd = ' ding change in offscr voltage, as well a5 an added thermal time I' Ty .
R 1 . : - . - oricEs than
S e AR LS ] constant, bur will not Camage the cevice. )
fmed 33 the rzi0 01 (he devation Irom c = a e . g - . . T}
2. NopltneanT s dc - duregls .r . ': nec i!. 6, Output Offset Voltage versus Power Supply Change s a 1. Frovide 2 return path to ground for INput bas currents. The
= g T e ne Throagn 2 (ol sCiic au:_:“-l- ra e - - " o Ffrm=vy ™ i ¥ 3 T T - i -_: T lari
the “hett wrag - B =L E10 voli Bearon: constant 0.005 nimes the unnulled ourpur offscr per percent ADSZ1 15 :rﬁm;.rum:n.:uon amplifier, not an E*:*e;_mcvn .
*Q volss. With 3 combimapon of bugh gainand 2 : 2.8 hangc in cither power supply. If the olrpur offser is nulled, amplilicr. When using a thermocouple or other floating
: = 1" chnansEe i | 1 ] o L r _ ! -
g CISEOrTion Mis) IIEIEC 10 43 MUY X512 = &I offset change versus supply change s substannally source, this return path may be provided directly 1o ground
e outpuat ofiset cha U3 7 el . -
5 Response 6 the frequency below which 3 tvpice m; " u = or indirectly through a resistor to ground from pins | and/
3. FEll Pcas =50 £ O IFegucticy DL - duosd ' ,
) sduse Tull ouzpat swing e ' or J, as shown in Figure 3. If the rerum path is not pro-
Imoler FroLuce e+ i L - o . v < e impedance berween the
: e Differentaal Input Impedance s the impedance berw vided, bias currents will causc the output to samurace. The
¢. Drfferentai Ovrrioas Recovery '}T” v iaae ':"]i.';'.'b” WO inpuLs ¥ value of the resistor may be determined by dividing the
ey T e e - 2 10V d renil anpur w1ehn 13 % : - -
T Y ’ r{t Ellfu.‘;: gl The _—— on Mode Input Impedance i the impedance from maximum allowable common mode voltage for the appli-
. e T e spnly ;0 wizhin 10m ral value. - LOOUTORN MeLc inpul impeoance i i = ' | ; - W
AR ESION TROOE MnUESy A0 9 S8 3 s T en oL 7] S irinlies catwon by the buas current of che nstrumentation amplifier
SRoanpul s a 30V, I polsc ata 1kHz rare, (When a difier UDFr ANpUL [0 LREC poOwer Supplics
: x V is souls oW e inpats oy ; et -
eatial sgmal of greaser than 11V as 3ppicd between ”.. il 9. Maxmmum [npur Valtage (differential or at eitherinpuch s i
rzngsior clamps are acuvared which drop the excess input I0V when using =15V supplies. A more general speaification u T  GamutRiM
wicors. If 2 conninmous overload - . =2
Al n i FHCITL MpHl resstors. if 2 condnuous over = . ed sither suoply (even when \
REAELC 3 i TS mp that neither Inpulmiy cxXcect Clneyr IMPRIY LE Agcaly 1Rz 5 =
digsizared in these resslors ciuse nper- ' Etiakes N ‘ o = : bl. Thermocougie, Direce Rarurn
i mamimed, power dunpaied o these --.:mﬂ-; CIUess temy Ve =0) by more than {5V and thar chie difference berween the et ' 1; A =W
Ay N i =T VO 4 = - - & ¢
$TUFT ErICIINLE ANS 1 Corresponding chirge in offset voltage, tWo inputs must not exceed 30OV (See also Notes 4 and 5. e —l 'L =
r ACSec thermal tme comstant, but will not damage _ 7
1 -1 :._ - 10. U142 to 10H2 Peak-1o0-Peak Voliage Noigs s defined as F F i3
. .‘ _ Mad= Ster Becovery o the time it takes th= amo- the maximum peak-to-peak volrage noite observed curing 2 I < Roim m"'r’- il
LOTTmon aoGs Ales ReCovery 8 the Tum B i e ~ Je i fEeT cir of \
e * ’ f 3 s2parate 10 second OGS WiIth ThNe [eST Circul of FE“ | |
et Lo recorer from a 30V common mode mput with zerc ol # EPSLiNGIS LLbeR P —
pirs of defierennil signal to within 10mV of final value. The REC S AN O—t GUTPUT
’ sesT ingeris 30 =3 polse &t 3 1kHz nate. (When a3 com- é‘a-f:‘-‘-.
! | | GAN | vALUE OF Re :
rgure a2 samplificd schemanc of che ADS21. A dfferennal gr. . 15 T;,“ . i 1:“{,__. — = 4
. e e A Y T : ) 1 00 y
S|puT woitage, Wy, 3ppoars 2o B causing ai :mt}a.a--tf i ] -- - H " 4 160 n0 c). AC Couplez Indicecr Returr
e cumen throupgh y and Qs Af=Vo, G- Inar enbzlance e\ L -‘I' B a fr——-—-ﬂ-' A= el o
- [T1 & . i » 5 ¥ L s
W = foreed to [low m B Secavse the collector currents of 0 = [ _ Figure 3. Ground Retums for Floating™ Transducers
= n : | (RN S n . = u -
ind Oy are copnriined 1o &e equal by their basing (currens ~L % 21 - § Figure 2. Operating Connections for ADS521
e ) e i . S e i“'—' :“I:" "L
TarDs ), These cunditions can only be wtfied if the differe= Y > Wi ol | Wi _ .
. 1 & » : ; okt of | = =) Ge T N 3. Thie resistors berween pins 10 and 13, {Rscaie) muss equal
U] woitars acrens Re (and henze the output soltage ihe s e : : _ : .
) O A - 1_ 554 . 4 o 1 ! | deriewa 100kE) 215% [Figure 2). If Rgay £ is too low (below BSk D)) & ’
FUATIN s equrl co LI X R, The feedback amplificr L /'|!f_'l —oies ! the outpur swing of the ADS21 is reduced. At values below Vs (L)
Vis - 2 —— . . “\oS
performs that fencnion. Therelore, VouT = — ¥ Rz ot = | '-.. F IeI v B0kIL and above 120k5] the stabilicy of the ADS21 may be T"
. B .. — - =3 BAMEL
Yourr  Fe - | . | impaired
= = =
LY L

;I 5 ! 8. Un not exceed the allowable inpur signal range. The line-

-
I j o oot | arity of the ADS21 decreases if the inputs are driven within -
T e | § volts of che supply ralls, particularly when the device Vo @
i iy, I I P _ used at 2 gan less than | To avaid this possibility, stten- I
i r?f : =] E_u- R uare the input signal through a TERsTIVE divider nerwork and 1 i R h e e Y e
| _ 1 dse dic ADSZY as a buffer, as shown in Figure 4, The resis ORIOEN AE THO=L £ RICUCLD i
S : S tor B/2 matches the impedance s=en by both ADS21 in- 2 mﬁﬁﬂhm&. OB, ¥ YO8N TAGE LIVEL
Figure T. Simphiliead ADS21 Schemalic

puts o that the voltage offset caused by bus currenss will

be.minimized. Figure 4. Ogerating Conditeons far VinsVg= 10V
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Where offset errors sre critical, 3 resistor equal 1o the paralicl
combination of Ry and Rj should be placed between pin 11
and Vpep. Theminimizes the offset errors resulung from the
input current flowing in Ry and Ry ar the sense terminal Nore
% Usc the compensanon pin (pin 9) and the 2ppiicablc com: cTOs INa tWo caregorics, Those errors which stmply add 1o thar gain changes mtmduf‘fd by changing lh_t Ry/R3 HEC_':-'-H'
: L-h- --I;L i WARH At :m Litep s Tequiced [adrive s the eurpur signal and are umaffecred by the gain can be classi: tor will have 3 minimum effect on outpur offser if the affser

f:'i::;;:"‘f 'h-”'[ \:‘IT‘ "”I‘L‘ ’:“f‘rr':‘“;"ﬁ that coaxsal cabics fied as ourpur errors. Those which ALK as if they are associated s carefully nulled ar the hghes Bain serting

an imnsably © provide such capacitance since man popu: with the input signal, such that their ;Efr:ct it the outpur 15

A coaxial cables display capacitance in the vicinity of J0pF proportional ro the gain, can be classified 15 input errors

per ool

When a predetermined autpur offser is desired, VREF can be

placed in series with pin 1 1. This affset is then multiplied by
A$ an tlustration, a eypical AD52) MIght havea +30mV output the gain factor 1 + R3/Ry as shown in the equaton of

this compensation {bandwidth control) feanure permics the offset and 2 0.7mV inpur offset. n'2 unity gain configuration, Figure 6 allows remote referencing of ground potential. Differences in

wier 10 fit the response of the ADS21 to the partcular appli the zoral output of fset would be 29 3ImV or the sum of the ground potentrals ace stenuarsd by the high CMRAR of the

cation as tlluszated by Figure S. In cases of extremely high two. Ara pain of 100 the ourput offser would be S0mV or AD521

‘oad capacitance the compensaton circuir may be changed HmV = 100(0,7mV) = 40mV

Figure 7. Ground facp efiminatian. The reference input, Pin 11

11 foliows

By separating these errors. one can evalate the totl error
Rediee 68082 10 2402 independent of the gain SCIUINgs used, similar 1o the situation

¢ Redure 3300 r0 7.50 with the input offser specifications on.gn op amp. In a given

i Increase 1000pF 1o 0.1 uF Fiin conliguration, borth errors can be combined 10 give 3 toral m .

% -3¢t Cy 10 1000pF if no tOmpeniaton was originally errorrefemred to the input (R T.1) o GHIpEE (R.T.0) by the - Aian ST
used. Ctherwise, do not alter the original value tollowing formula : |

Thy allows srable operanon for load Capacitances up ro Total Errer R.T 1

='Nput csror = foutoul Efror/gaind
I F, bur limirs she slew fate to approximarely 0,16 V/us

;
Toal Emor R.TIO) = (Gain x INPUT error) » outpur crror
Signals having frequency components above the Instrumen-
ation Amplifier’'s ourpur amplifier closed-loop bandwideh
vill be transmirted from V- 10 the output with littde or o
itrenuanion. Therefore, it is advisablc 10 decouple the V-

SUPRIY line to the outpur common or topin 1]

IThe offset mim ddjusument(pins $ and 6 Figure 2} 15 assoc;-
atzd pnmaniy with che SutpLt offser. At anv gain it can be
uged 1o 1nroduce an output-offser equal and Gpposite roithe
input offser volrage muluplied by the gsin As 3 resule, the
toral ourpur offiet can be reduced 1o zero

AS shoWn in Figure 6, the Eim range on the ADS 2! can be
extended considerably by adding an sttenuator in the sonse

ferminal feedback p;:h {as well'as m;m-:.n; the ragio Rgi F.,_; | Figure 8. Test circuit for MeaRining pEak T0 paak Nass in m_eb
Since thie sense rerminal 1 ERe inverting input ro the Qurput bandwidth O0.1Hz ta 10H:z. Typ c&*meaa.-re-ﬂffm a: found =
amplifier; the addituonal EAIN 10 the outpur it controlled by reading the maximum peak to peak voltage WT,; e :;:':ﬂ-,
Ry and R Thisgain factors | « R3/R; under test (D.U.T.) for 3 obsenvaticn perroas of 10 seca '

H
T when fp ix the desiced Bandwidith

¥

r
HyanhHz, Cy inyFE)

Figure 5, Optiona! Compensation Circuir

INPUT OFFSET AND OUTPUT OFFSET AT o
When specifying offscts and athier errors in an operational

amplificr, 11 18 often convenient 1o refer these errors o the

MpuRs This enables the wser to calculate the maximum error

fic would gee at the CSUTpUL with any gain or circunt configura: Figure 6. Cireyi
Hen. An op amp wirh I mV of thput offses voltage, for ADED]
£rample, would produce 1V of offser at the OUtpLLan 3 gain
ol 000 tonlgutanon

)(v, ‘J (B0 m ]

A |

tfor utilizing sarme of e uniqué features of the
Nore thar 22N ehanges introduced By changing R anc
HZ will have 3 MaImum elfect on altput affser /f the offser is
carelully nulled ar the Nighest gain sETiNg

i the eaze of an Histrumentation amplifier, where the Eain s

contralied in the amplifies i1 is MOLE convenicnt to scparage

“For furthes Seabls refor 1o “An 1O User's Curde to Deg aupling
ﬂmuad&n;_.urd Makiog Thiaps Co Faght lor a Chasge.” by A
Fivi Brokaw This applicavon roie iy svallable from Abnalog Des,co

LATION AMPLIFIERS
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FEATURES ADSEO FUNCTIONAL BLOCK DIAGRAM LINE REGULATION = » ! I —— - —1 it
Laser Trimmed to Migher Accurscy: 2500V A%, Improved TVEY g5 MY 04 i i " ] " | g
. o i =
from £1.0% (ADSE0M) AL it LA LIS ' I
3-Tarminal Devica: Voltags In/Voltags Out AUV LATION :
. Al = |l f
Exzellent Tamparature Subility: 10ppm/’ C {ADESOM, U) : ' L e 1] ' s
UUIESCENT CUMER ) i 0 2
Excallent Loog Tarm Stability: 260UV (Z5uV Manth) il L L - ' LI L. . L 3 | mA
i L] W ¥
Low Quiescent Carrem 1.5mA max NOISE. | Hr s 104) i &) s I £ . a | s
Senall, Hermetic IC Packige: TOS2 Can ALY I
Lamg Torm 148 14 r] S 154 W
Far Maosah I3 i 5 1 F'-
TEMPERATURE PERFORMANCE 1
Lpmaif gl ] M g - ¥ A ] i ta -
Creruiing }i ® 11 i » L 1 141 1 = L T
ek ngr L5 ® i1 ! T4 &% a T « 1M L
FACEAGE OFTION' - T0.5] ADIOIH ADIMIEN ADLICLH A DA i
v
Fro-52 Afyiacs ADARST | AL [
BEOTTOM VIEW [ H.Ll__ Trp bas L] T.-:I'_‘F May Mo Ty i . LT
CUTFUT VOLTAGE TOLERANCE
FRODUCT DESCRIFTION PRODUCT HIGHLIGHTS 2207 Troem Homivd 1.5 Vals Outpar) L. - L =
The ADSBU 15 an unproved threeterminal, low cost. tempers I Laser trimming che ehin-dilm resistors bas teduced the iir*ifl"f‘l.fTI'-'UI.TJUJ.':IM!H;.!- 5
- i 1 ii il v
e H.rmp!.'f-:ﬂf-'f_ hnrll‘:gl{.a H—f_}l“‘lt:r relference which [r;.';wd!.'.". r".f_Jﬂn”:'-!l‘.';ru-r Error. For -:r.'...rn[_llf__ ALDSAOL ourpur < == LT I A -:-:-'*'
b lixed 25V ourput {or inputs between 4.5V and 10v A tolefance s now 2 1OmV, unproved from £50m LINEREGULATION ’
nique cominration of advanced eireunt design and laser Z The threeterminal voltage in/voltage aut operation of the IV 6 Vo & BV I F : | _x
raler-tnmmed thin-fikm reslicors prowide the ADSBO with 4n ADSEO provides regulated outpur voltage withour any LIVEY STV 4 ) ! | -
nproved anital tolerance of 20 4% 4 temperature stability of externil camponen s LOAUREGULATION [
A Al = | CmmiA, [ is ' | ¢
£iter than 10ppm/ " C and long term |uhsL-r:,.- of better than 3. The ADSERO provides » stable 2 5V ourpur voltage for I i : -
- ] ; CNESCEWT CURAR I'n i3 I8 [ 3 K
20V In addition, the low quiescent current drain of 1.5 mA Nput voltiges between 4 5V and 30V, The capabiliey 1o J RRENT ! 19 | =A
. g WOLER£h Lo | & ) A j ) s
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THEORY OF OPERATION
Most precuion IC eeferences use co omplex m 3
designs bazed on expensive tempe:r rature~compensited 2enes
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= 4
=
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o
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diodes. Others are monolichic with th onchup zeoer diodes: thes
often require more thin one powzr sapply and, with the zoner

breakdown occunng near 6.3 vols. will not operate from a
low voluge logic sapply.
r-:: AD580 family (AD580, ADS8], ADS84, ADSE9) wses
"bandgap” concept ro produce a stable, low-temperanure
fo;.c“.... voitage reference suitable for high accuracy dars-
Scquiipon componens and systems. The device muakes use
{ the 4“......11:15 rl'_. s nature of a silicon cransistar base-
SrutTer voitage in the forward-bizsed operaung region. All
Rech transsion have approximartely 3 -2mV7°C tem Iperature
coefficient unsuitable for pge directly 25 2 low TC reference.
nowrver, extrapolanos of the temperature charactericris of
any cnc of these devices 1o absalute zero (with emitter cur-
Fent proporoonal o absolure tempersture) reveals thar j1 wil
ES 02 Vge of 1.205 volts OK, a5 shown in Figure 1. Thus,
g 3 voltage GLF"' be developed with an OpPposSing temperature
cocificient 1o sum with Ves to tota! 1.205 volrs, 2 zero-TC
reference would result .Lr*c.-pc'n_.m from i single, low-voluge
uppiy would be posy; h ¢. The ADSB) circuir provides such a
::J"'phnu angvoltage, Vy in F:g:..:r <. by driving two transis-
o913 at different current deasities and ar amplifying the resulun;

o e I&
VBE diffesence (AVgs — which now his 2 positve TC); the

sam (Vg ) is then buffered zad amplified up 1o 2.5 volis to pro-

vide 2 ussble reference cwolcape oupur Fagure 3 15 the :-1‘:-
MAUs diagram of the ADSED

The ADSEQ Op<Tites a5 2 three-tzmrnuinal relerence, thae
MCIrs tat no addigong) COmponents are required for buising

Or curreni setong. The connection dizgram, Figure 4 i3 quite
smmpls
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VOLTAGE VARIATION Vs TEMPERATURE
=ome confusion exists in the 1res of -‘-J-rlr.:r; and sp -".-:.mg
reicrence vollage error over tEmperarure H:::,_.-.;.:' ¥. refer
£NCCE e charecterzed UHNE 2 maximum deviation per degree
Hagracc. e, 10ppmi C. Howevér. because of the ingon-
sGlent nonlineanties o zener references (Bure erfly or *'S"
YPe Chazactensnes), most manufactures use s mAXimum
it error band Aipproxch to characterize their teferences

FRue measures the ourpur ¥Oltage ar J 1o 5 different
\mperatures and gusrantees thit the outout Vaitage deviation
L fall within the Euarantecd error band at thess diser e
emperarures, Thas approach, CUTSs, MakEE N0 Mention or
guiranize of perdormance 3t any -'_'.:'r.fr IEmperature wathin the
DpCraung .Lcn*.;rr;-:'-.'r’: range of ithe €evice

§ ]
€l ADSEO 15 thown an Figure 5. Note thar the Charactensic
Quasi-parabolic, not the posiible 5" rype characrensiicsy of
clarsical zener rrfcr nces. This parabolic charazrensnic PErmits
& Maximum output devianion "."rt.:.llt.ih';ri" overthe deviee'y
i« (CTpeErature range, rathes thin juit a3 o §

£
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VOLTAGE REFERENCES VGL )o2-2
I TAGE RECFBENGES Airs e

peiature perlarmance of a Py

¢ ADSEOM puzrantces 3 maximum deviaeon of 175V

ez

overthe U wo +70 C iemperanire range. This can be thown 1o

be equivalent to 10ppm/ C ay CIEZC martum; 1o |
1.75mV mas ¥ 1

70°C 2.5\
The ADS580 rypically exhibiss 2 vanase o of 1.5mV over the
power supply range of 7 to 30 voins. F :g* ref aplorof
ADSBO bine rejecnon versus frequency.

NOISE PERFORMANCE

Figure 7 represents the peak- lo-peak nv-n.:-.: of the ADSE0
from 1Hz (3dB point) to 2 3dB high cad shown on the
horzontal axx. Peak-to-peak nowse t'r-am 1Hz to IMHz &=
approxamarely 6004V

THE ADSE0 AS A CURRENT LIMITER

The ADS80 represents an excellent altermative o current
lumiter diodes which reguire facrory<election to achicve 2
desired cumrent. This approach often resules n temperatre
coefficients of 1%/°C. The ADSED approach is not [raied

= 10ppm/ C max averags
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D 1 specusily selec factory st currenrionic i Ca= =2 res
i 2
Fammed from { o 10mA with e insernon of 2 33ngle ox-
lemal resstor. The ooroxonae ICMpersture cocfficiens of
Surent ot for the ADSE0 used =y chug modesQ 13%°C
= g - a

fer 11 = ImA and 0.01%. Cler Ipoag = 13mn ¢ see Fregrs o
Figure 8 doplays the b I8 cutput impedance of thi .-t:'}'-f-f-
Qs=s 2t 3 current (omiter for | o =1, 3.1 % S
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Figure 8. A Two-ComponensPracizian Current Lormirer

THE ADSED AS A LOW POWER. LOW YOLTAGE PRE-
CISION REFERENCE FOR DATA CONV ERTERS

The ADSB0 kas 2 oumber of feamure S TR make 13 odex
suited for ose with AUD and D/A ditz converte= y3rd =
complex microprocessar-based tvster
500 volr cutput minim et user o TEPAISTIC RS An
Liows oprranion from a single low voitigs supaly Low
Fower conmmpoon ( ImA suisscent carrens) 15 oo
mensunate wnth that of CMOS-oype devicer, whufe the o
o3t and srall package complerment the desrcasing sast and
size of the atest comverten

Fgure 10 shows the ADSS0 wsed 35 3 refecer ee for the
A.E"--" 2 12-5ar C.HD‘» D‘LC -t :c,:. p!e TSTORTOCT DS

operate from 3 s::‘:gic S wolc t.'_:lp.'\ thuy elimunatet the naad
e prowids 3 = 15 volt power 2:0ply for the sale purposs of
opcnnng a reference, The AD 7542 intludes three
regsters, & 12-but DAC regseer, and 3ddress decodis g = s

it may s be interfaced directly to 24- 8- ar 165

Only 8mA of quiescent curren: from the sis ngie =5 volt mipply
9 requuec o operate the ADT$42 which i packaged in 3
snall 16-pin DIP. The ADSS3 ocrper amphifiee is also low
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powsr, requinng enly 2.5mA quiexestourcenr In faser
immed offse: voliage presemves the =1/2LSE Lneariny of
the AD7ES2KN withods uter 1rims 2nd it Vpikady SEiess
10 212 LS8 w lews thas Jus I wnll provide the O 1o =28
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AoCurale lampersmre measunng circuit.

‘ Accurate temperature Measunng circuit.

ADS0

¢ ADS21
name the type of device |

, name the type of device
state the following :-

state the following :-
]
the output characteristic, }

| supply voltages
-  WypeofV
yvpe of V/1 | CMRR
" : \d'._ N I.
Impedance offset voltage drift

= oulput figures

gain bandwidth product
temperalure sensing range |

output current
linearity - .

A range of gain settings
power supply range,

settling time for stepped input
- normal supply (state conditions)

| . : : :
- max forward voltage relationship of gain to the two

required external resistors

|
T | .
| ¢
- max reverse voltage differential input impedance
. i
power consumption, (state common mode input impedance
conditions)
. output impedance
regulation of output for varying : :
supply voltage, (state conditions) what is the efTect of not providing a
. return path for input bias currents?
how remote can the device be placed
from the measuring amplifier ?

state the value of R; for a gain of 0.1
- explain why

calculate the value of R; and R; for the
gains of ; 5, 25, 250, & 500.

what operation during production gives
the ADS90 its accuracy ?

if the input offset of the IA was ImV,
state the devices uses in fluid what is the effect on the output ?
measurement

if the output offset voltage is 0.7mV at a
statetheoutput at;  -55°C gain of 100, what effect is it at a gain of

25°C | ® o2

+150°C




Accurate amperature Mmeasunng circuit

ADS80

pame the type of device

state the following :-

fype of reference technology

output voltage

oulput voltage accuracy

- output error inmYV

temperature stability

long term stability

-  and per month

quiescent current

input voltage range

describe how the temperature stability is
achieved

Accurate lemperature measuriog circuit

"‘

With regard to the complete circuit for

dccurate temperature measurement using
the AD590, AD 521, and ADS580,

. list the areas for consideration in
performance error assessment,

2. State the maximum error value for
each area.

3. Calculate the total measuring
accuracy of the circuit.
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GENERAL

Infrared fhermumeters measur
€n object vathoyt
2aility io

e the lemperatlure of

requiring physical contacl
accomplish this is Base

ECery orject emils radiz
iahen 1s 2 funclion ol ils

lollowing SEclions represent
presentalion of the Iundamental
upon  which
Pyromelry are based
2pplying
methods of
discussed.

8 qualitative
S of radialion physics
lhermnmelr:.r or radiation
Several of the m

fundamentals
lemperalyre measure

d on the J1act that

the inlensity of
lEmperature.

At energy and

dny ways of
the practical
ment  will be

RADIANT EMISSION
WITH TEMPERATURE

m

vE8ryone obsernves that a sutficienlly hot object will
emit light or visible radiation. A light bulb filament a
smoldenng ember and a billet of "'red hot * cleel are
all obwicus examples of this phenomenon Further-
more. {1 is readlly observed that the holter the object
the brighter and whiter its color and one can gstimale
the temperalure of an object in this way, Experienc-
ed workers in the sleel industry do this regularly.

12!

ot as widely recognized is the fact that each of
these incandescenl objects is emitling a tremendous
2amount of “invisible" infrared radiation. For example,
a Sleel billet al 1500°F radiates 100,000 times
more energy in tne infrared than it does in the visible
The intensity of this infrared radiation/is a iunctlion of
ine billet's temperature.

The general relationship belween the intensity of
ragdiation as a funclion of wavelength and
iemperalure of a perfect emitter is shown in Fig: 1.
Observe that only a liny fraction of the energy
radizied s visible, Below about 10092 F the intensi-
Iy Of visible radiation is so small that we can't sea il.
» However, lhere is slill copidus emission of infrared.
Note lhat the radiant intensity at every wavelengthin-
€rezses wilh increasing temperature and the deler-
minahon of the radiaat intensily. al any wavelength
can serve to eslablish the emiller's tempearature

NATURE OF RADIATION

The difference behvween infrared radiation and visinle

radiztion s the vwavelength of the glectromagnelic

wave. Hed light has a longer wavelength than blye
light and infrared radiat

20 has Jonger wavelengths
than S5th in

el other respacls these radiations
benave similarty. Al can be considerad {0 b2 come
posed of elementary packels of energy called
photons. All phatans travel in_straight lines at the
“speed of light". They all can be reflectad by ap-
propriate mirrors and their paths can be ben! and
focused by the proper refractive elamenls or lensas.

All photans will dissipate their energy as hesal on be-
Ing 2bsorbed by an appropriate absorber The only
fundzmental difference batween a blus phaton, ared
phaton or a 2 micron infrared photon is ona of its
wavelanglh and the amount of energy it cammies. The

energy of a photon is inversely proportional 0 its
wavelzngth
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ELEMENTS OF AN INFRARED
THERMOMETER

A simple analysis of the eye, one lorm ol radiation
inermometler, clearly reveals the basic components
used in any prachcal inlrared thermomeler. The gye
contains & fens which locuses the pholen flux from
the emifter onito the retina or radiation detector of the
hurnan system. The relina is sbmulated by the inci-
dent racielion and produces a signal that is transmil
tec 10 the brain. The brain serves as the indicalor of
recorder which measures he radiani intensity of the
emiller and. i propery calibrated by experience.
relates this radiant intensity. to iemperature

ne same Dasic elements comprise an induslrial in-
irared Inermometer. These include the collecling
OpuCs, Ihe radiation deteclor and some form ofl'in
dicator. It s the remarkable capabilities of avaiable

HADIATION DETECTORS

Radiation delectors take many forms but all serve tha
same purpose of converling an incident photon flux
into an electrical signal. The two main typas are the
thermal detector and the quantum deteclor.! The
thermal detector assorbs the incident flux, and the
power dissipaled increases Ils temparature to
change some measurable physical property (for ex-
ample, ils resistance). This type of deleclor general-
ly has a completely black receiving surface so that it
IS sensitive to all wavelengths. Depending as it daes
on ils own temperature rise it has an inherently siow
response.

deleclors that resull in the apparently magical
C2pabiites ol present day inlrared thermometers.
1
The response characteristics of several inlrared detectors e
shovin in ligure 2
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The quantum delector senses radiation in a dilleren|
way. Qne'lorm of quanium deteclor, and the lype
generally employved consists of a semiconductor
ierystal, The incident photon interacts with a bound
gleciron within the cryslal Iattice. The pholon’s
energy. Il sulliciently large is translerred 1o lhe elec-
tren to free it from its immobile state permitting it 1o
move Whrough the crysial During the time It is Iree it
€an proguce a signal voltage in the delector. After a
snarl interval it will return to its bound stale. Thaese
Inlervals are generally far shorter than the thermal
time canstants ol thermal deleclors

The guantum delector is a pholon counter which is
equelly sensilive lo all pholons having the minimum
energy necessary 0 Iree a bound electron. Each
delector of this type will exhibt 2 fairly uniform
response [o all photons up 1o a particular wavelength
PRoions beyond this wavelangth will not have enough
energy o oerale electrons 16 produce a signal

The great practical advaniage ol these delectors ies in
iRewr abiity 1o produce electncal signals which faithiully
mezsuré the incident ghoton fiux completely withou!
human altendance. This of course permits a method of
Coninuous lemperalure measurement and conlrol
without conlaclt Where the eye s Gimited Io
Memperalure measurements above 1000°F, present
d2y infrared thermometers extend the measurement
fance down o zero degrees.

OPTICAL ELEMENTS

Tne ceollecting oplics of the radiation thermometer
afe chosen to be compatible with the speclral
response of the deleclor employed Mirrors are
sutable for use over wide spectral regions. Lenses
are restricted lo those regions where the materials
amployec maintain good lransmission properlies.
Certain cesign charactenstics strangly favor the use
of lenses for mos! praclical systems Fig. 3 shows
the spectral transmission properlies ol several in-
Irared lens materials. These same malerials are alsa
employed as windows in those applications where
tns Rrgel 15 siluated in a8 sealed chamber.

OUTPUT

The radiation thermomeler provides an eleclrical
vollage outpul wnich can be used lor simple
ieEmperalure ingication or any ol the many lorms ol
closed loop lemperature control 2

q

CHOICE OF SPECTRAL REGION

Al tirs! glance it would appear thal the radiation ther
momeler should ulifize the entire specirum or at leas!
3 broad enough portion of the spectrum to capture
mos! of the radiant emission of the larget in its par-
licular temperalure range. There are several reasons
why this 13 ol generally advaniagecus

RADIANT EMISSION VS, WAVELENGTH

One reason relates to the rate at which the radizan!

emission increaseas with lemperature. An inspeclicn

ol Fig. 1 will show that the radian! emssion at 2

microns mcreases lar more rapidly with temperatyrs
than it does at (say) 6 microns. The rate of change of
radiant emission with temperalure is alwavs greatar
at shorter wavelengths. It is clear that the greater
this rate of change the more precise the temperature
measurement and the tighter the temperature con-
trol. On the other hand this can't be carried 1o ex-
iremes because al a given short wavelength there 15
2 lower Imit o the lemperature that can be
measured, For example, the eye becomes useless
below about TO0O®F. For these reasons a2lone wa
can ungersland the general rule that the spectral
range of the appropriate infrared thermomeler shifts
lo longer wavelengths as the process temperature
decrezses

EMITTANCE, REFLECTANCE
AND TRANSMITTANCE

Another important reason for the use ol different
speciral regions refates lo the specilic emission
characleristics ol particular targe! malenals. The
curves of Fig 1 show the emission characieristics of
the ideal emitter or “blackbody’. No material can
emil more strongly than a blackbody at a2 given
lemperature. Many malernals, hawever. can and do
emit less than a blackbody al the sams temperaturs
in various portions of the spectrum. The ratio of the
radiant emittance al wavelength i of 2 matenal to that
of a blackboay at the same lemperalure is called tha
speclral emittance (ex). The value of £ for the
subslance can range between 0 and 1 and this valus
may vary with wavelenglh

She dalaclor i SohE mifared thermomelers o2y pronde.
voltages high eénough to derie malers ahd recordérs avecily
Oliher inirared tharmomelers. Parc Uty those Covenng \ne lowes
leinpérature ranges. require builln amplifsrs 1o prande plopa:

oulpul levels




The emittance o! a2 substance depends on ils de-
taded wlerachon with radialion. A stream ol radation
mcident on tha surface ol a substance can suffer cne
of three fales. A porbon may be rellected. Another
porttan may be lransmitted through the substance
The remainder will be absorbed and degraded 1o
neal The sum of the frachon reflectad (r). the frac-

n ransmelled (D and the fraction absorbed (2) will
02 egual 10 the loital amount incden! on the
Furthermore, ths emittance (¢) of a
€ IS wenlical 1o the ebsorptance (3) and we

t=a2=1—10=r

An example of this case is oxidized steel in tha visible
and near infrared where the transmittance is 0, the
reflectance is 0.20 and the emiltance is 0.80. A
good example of a matenal whose emitlance
characlenstics change radically with wavelength is
glass. Fig. 4 shows the overall transmission of
several specmens of soda-ime-glass. Tha reflec-
ance of the glass s abou! 3.03 or less through most
of the speclral region shown. Al wavelengths below
about 2.6 microns the glass is very highly
transparent and the emittance is essentially zero.
Beyond 2.6 microns the glass become increasingly
Opaque. From this it is seen that beyond 4 microns
glass is completely opague and the emittance is

This exzmpiz of glass clearly fiysirales how tha

geiadec charactenstics ol the maledal can dictate

ihe chowcz of the speciral region of measuremeant.
ff “or example. consider the problem of measuring and
-onlrolling tne lemperature of this glass shes| duting
manufaciure at a poin! where its temparature is
“600°F, The rule that sugges!s 3 short wavelength
infrared thermomeier, because of the high
lemperaiure. obviously fails. To use the region
argund 1 micron would be useless because the emit-
fance 15 ciose 10 0. Furthermore, since the alass is
highly transparent the radiation thermomeler wil
"see through” the glass and can give faise indica-

ATMOSPHERIC TRANSMISSION

A therd 'mportant Corsderation affe:ﬁng the choica of
speciral region s thal of tha ransmission of the al-
mosphere betweaen the erget substance znd the
radiahon thermomster The narmal almosphere
alviays contains a small Hyt definite amount pf carbaon
dioxide and a varabis amount o waler vapor. Carpan
dioxide strongly absorbs radation between 4.2 ang
4.4 microns and the water ¥apor 2bsorbs strongly
beiween 5.6 a2nd 8.0 micrors and 2lso somewnal in
the region 2.6 1o 2.9 microns (sea Fig. 5). Itis ob-

vious [hat thess speciral regions should be avoided

Btk o Py o T =~ & flas! - above 0.93 .
O the DiaCckbody the transmiltance and refieclance lons s=czuse of a hot wall behind the giass. One parbcularly in the region of the water bands. If thisis
E'i 2ero and the emittance 1s unity. For any opague can receanize that glass can be used as an effective  not done the temperature calibration will vary with path
sudsiance the trensmitiance is zero and “window  with z short waveiength radiation ther- Iength and also with humic ty- If the air temeprature is
r= {1 —r mometer. By employing the spectral region belween Comparable to or higher than the large! temperature
3.and = microns tne internal lemperature of the gless the mnproperly gesigned infrared thermometer could
can be elfectively measured and controlied By Provide iemperature measuremeants strongly miluenc-
Cperalmg oul a2l 5 or more microns the surface ed Oy 2 lemperatures.
temperaturs ol the glass is measured. Each of these
Cases represents 2 practical application of infrared
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FRACTICAL APPLICATIONS

Infrared thermomelers are currently used in a wide practical working process. Many processes now I meedure fﬂr uSillg an Optiﬂal I yl OIREtEI‘

range of iaboratory and industrial temperature control conlrolied manually can be converled into con.

appications. A few low temperature examples in linuous, automated systems r‘"

Clude extrusion, lamination and drying of plastics,

paper and rubber — curing of resins, adhesives angd* Most probably your specific application has not been 4 L ng:;;?e lmema] reference lamp onto your eye with the eyeplece
paints — cold rolling and forming of melals coverea in his discussion. The statf al IRCON, INC. ' '

' IS avallable to consider your particular problem and '

Some high lemperature examples include forming, will promplly provide recommendations for its soly- |

tempering end annealing of glass — smelting tion. It is asked only that your request be accom. | 2. Focus the object whose temperature is being measured using the
Casting, roling, forging and heat treating of metals — paniec with as detailed informalion as possible in- il '!I}II)ijﬂ'.‘:l:i‘ir"i.’-'r lens adjustmant ! g
caicining and finng of ceramics and cement cluding such information as target material and

dimensions, surface condition. \emperalure range,

In shorl. the infrared thermometler can be used in working distance, ambient conditions and a simple

|
almost any application in the range O to 6500°F sketch of the actual instaliation. Naturally, thereis no || 3. Ea_m;ltlarise %uurselfwith the controls, Ch&“ge the mfemﬂfﬁ' Iﬂmp
where its unique capabilities can turn a seemingly im- obligation for this service righiness a 0“_':' and below that of the object to accustomise your
possible measurement and control problem into a eye. (NOTEF it is less lil'illg to keep both your eyes open while
: taking readings).

4 a) Foreach reading, match the reference lamp brightness to the

object brightness first by beginning with reference lamp too
cold, and then too hot.

b)  The mean of these two readings is taken as the actual
temperature for that operation.
| It is important that the ‘up’ and 'down’ readings are taken
fl « consecutively so that the mean can be established.

| c) Approach the match in a continuous motion without stops or
! reversals.
|

’ d)  Ifat all possible have someone else take the pyrometer scale
readings so that you can concentrate on the process of

obtaining the readings and obtaining the most consistent
matches.

e) If the pyrometer has a ‘standardisation’ adjustment,

(emissivity), it is very important that this be correctly set to
suit the material whose temperature is being taken.

: 5. Take at least four readings (i.e. four pairs of observations), and
record them in a table.

6. When calibrating a pyrometer, against a standard ‘blackbody’ or
‘standard-lamp’, it is advisable to include in the results the date,
| ® equipment type and equipment readings, that may be relevant

| when looking for 'long-term’ trends of the pyrometers stability
| and accuracy.
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S00 to 1000°F blown film cooling, blow melding, thermo-

1:: m forming, film laminating and printing. YOUR CHOICE OF SIX SPECTRAL RANGES

15010 500°C . ~ it

!

Ot 200°F 8 to 14 microns ideally suited to all types of very low temperature
Oto S00°F applications such as print drying, food, wood, ™
0 to 1000°F paper and textile processing, vacuum forming and

0to 100°C infrared heating. *For low temperature food

Do 250°C applications from -50 to 200°F (-50 to 100°C)

0o 800°C consult factory for availability. B 3 s0-
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B 111

300 to 80O°C general applications involving medium temperatures , ) | ' ™ : | - ! = '1 i : P
300 to 1300°C and can look through glass and quartz windows -' | I SRS TR T L SR D s j

Ch“l to m F ' Wavelength in Microns Atmaspheric Absomption Band L

YOUR CHOICE OF SIX SENSOR SERIES TO MATCH YOUR
TEMPERATURE REQUIREMENTS, APPLICATION NEEDS AND COST

0°F 1000 1250 1500 IO 2000 2230 2500

20010 1000°F . 48l 52microns  Measures glass : |
500 to 1500°F temperature in such

Bt v _- . ; I8 |
=00 to 2500°F mmmmwmfﬁi?m

2350 30 150

100t 600°C heating. : X [
300to BOO°C :
300 to 1300°C
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48 Ot 600°F 7.5 8.5 microns Ideauvsuﬂedfmminﬁmxufphstimsuchns
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- 2‘»00* wmdmmugmicmteﬁals.Aisofmpmc&ssas
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300t 800°C maiding '
"aing, , glass tempering, adhesive
300 to 1300°C Curing, blow molding, laminating and cnzting.
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FRESSURE SENSORS.

- [ ¢ siiding coni:
Ballows Calibrated sphing Sliding contact
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curmen!
= ransmiutier
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Glurput
Resietance ciomal

a) A bellows—resistance pressure sensor

' Excianon
f\' 3 \J’T : LVDT
— P ﬁ;{rArAL l ” demodulator
ToSsuUmne
TTVVTT G G
) X ;\_f-\_'J Signal '
* :
Be ?:Inu ; Chutput
signal
0} A bellows—inductance pressure sensor
Insulator | _’
=
: o o
~ Lonvener
9 9
|
|
Qurpur
signal

€) A disphragm—capacitance pressure sensor

Figure 10,12 Examples of deflection-type pressure sensors.

A vanable resistance pressure sensor is il
spring is displaced by an amou
shiding contact causes & change
the transmitter. The transmitte
resistance value.

strated in Figure 10.12a. The calibrated
nt proportional to the pressure in the bellows. The
in the resistance betwezn the two leads connected to

I, In turn, produces an electrical signal based on the

15 illustrated in Figure 10.12b. The LVDT
produces a lineardc voltage signal propor-
tional to the displacement of the core from & central null position. As the core moves
in one direction from oull, a positive voltage is produced. Movement in the other
direction produces a neganve voltage. A major advantage of the LVDT is the fact
that it does not touch the internal bore of the transf

: ormer. This eliminates problems
of mccham:al Wear, errors due to friction, and electrical noise due to a rubbing

r is illustrated in Figure 10,12¢. The
O plates of the capacitor. The displace-

| 1 -d ween the two plates, thereby increasing
the S2pacitance. The mgna! conditoner pProduces an electrical signal based on the
Sapaatance value of the pnmary element

s

]

Linear Variahle DifTerential Transformers

A linear variable differential transformer (LVDT) is a transformer that consists of
a primary winding and two identical secondary windings positioned symmetrically
on both sides of the primary. The prnmary and the Secondaries are wound on a
hollow plastic or ceramic tube, into which a ferrous cylinder {core) can be placed.
The core may be threaded to screw into the tube. or it may be smooth, to slide in

he two secondary windings

Input
AC source
Secondary 9 Primary secondan
winding | winding winding 2
8.9.9.9.9.0) XYYy ! '8.9.9.0.9.a
(=N
i L
il LA LLY LU
2 OO T T /
ceramic or
plastic tube l T—

Oe—— Ourput voltage ——=-3

FIGURE 7-35

Structure of an LVDT (From Berlin and Getz.
and Measurement. Merrill. 1988.)

Principles of Electronic Instrumenrtation

Series Opposing
he voltage outputs from both sécond-

LVDT is zero. The factor that atfects the
secondary output is the amount of magnetic flux that is coupled from the primary

(0 the secondary by the core. If the core is positioned so that both of the second-
aries are equally coupled, the secondanes will produce identical outputs, 1807 out
of phase, resulting in an output of 0 V. If, however, the core moves 1o a position
that results in more magnetic flux coupled through one of the secondaries. that
particular secondary winding will produce a larger output than the other. This
difference will result in a measurable output from the LVDT. Since the second-
aries produce outputs that are 180° out of phase, the dominating secondary deter-
mines the phase of the LVDT output. The amount of displacement of the core
delermines the amplitude of the output, Oftenumes this oulput is rectified in such
# Way that the DC voltage indicates the amount of displacement, and the polarity
of this DC voltage indicates the direction of the displacement,

aries are equal, the net output from the




1.2 FLOW BATE MEASLREMES
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Vortex Shedding Flow Metery

A vortex '-I?*'fm-'ﬂ_f; flirw méter uses an unstresmiined omtruchion in the flow stieam
L Caiiie I‘Jfﬂ' ltions in the Aoé Ths ;.*.5'_1:“-'-!’. Y cedd wWhen yottiees (or eddiesy
ale éii"’f“tisf’.l:r lormed and 1 0 aned on one sl i i I raCt (e 2nid 1hes ith 1he
other side of the obstruetion The resuihng pulsahions are sensed Yy z piezoslectr

crystal. The fl’-"-’,"j*:fi'.j of the :;'H:f,'. s direcaly I OopGriadndl W e Nusd veloe 1y, thius
f'}{lf‘-’”ljr: ”If'. nasls of 2 .-"‘..JFH[JI:';';' vy meter. ¥ igLfe iz alsirsles = v erfley x) "-‘J.l:lrra:,f
Row mneter

The frequency (/) of the vorter shedding i propartional o the

velocily f'»_,‘__.' and inversely propartional to the widith of the obs

erpressiun f'ﬁ;’i_,' s called the Strouhal number. The Strouhal niismner

aver many ranges of Reynolds riumber. The relationg in ftiween the mass

(W) and the vortex frequency () s given e [ollowing equatior

where A = cross-sectionsl area of the pipe, meter”
f II“I{!J‘JH’-J' of the vyories shedding. herny
W= mase Now fale rr:'f.f,u:‘:nh. sECond
w == widih of the obsiruction, meLes
density of the fud, kllogram/meter”

Strouhal number
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Figure 105 In ¥ voriex Bow meeter, varikes are aleinalely formed and shed on nne sifte of an shdrie
ficm and then on the other sde The rauliing poliaiiong sre sensed by o prerogsteciricsl grystul and the

(requency o the pulses bs direetly proputiianal 15 the sotumetng Biow 1its

Desirable leatures of the vortex shedding meter include & linesr digtal ourput
wgnal, good accuracy over a wide range of llow, no moving or weanng parts, and low
installed cost. Less desirable features include decressing rangsatnlity with increasing
viscosity, and practical considerations limit the size to & dlameter range of | Lo 8 in




Magnetic Flow Meters

The magnetic flow meter has no moving parts and offers no obstructions (o the flowing
qui 25 InCH at a voltage is induced in 3 conductor Moving
Turbine Flow Meters ' EquLc. L Operates onithe pnn!‘:lplﬂ e s in Fig 109 The sadd|
| llustrated in Figure 10.7. A small permanent magnet is em- = in a magnetic field. A magnetic flow meter is illustrated in igure 109 The sadd|e-
A rurbine flow meter 1s 1 UsirALc L - ) e e rateE § Ise each \
. - -~ - . ELI“:LTH-.LS 3. pu ] = =
P » of the e blades. T'he magnetic sensing coil g
pedaded tn one of the turbine

shaped coils placed around the flow tube produce a magnetic field at n'ght_anglcs to
the direction of flow. The flowing fluid is the conductor, and the flow of _th: fuid
provides the movement of the conductor. The induced voltage is perpendicular to
both the magnetic field and the direction of motion of the canductpr. Two cI:ctr'ndvl:s
are used to detect the induced voltage, which is directly proportional to the liquid

tme the magnel passes by. The number of pulacs_ IS rﬁ.:llatcd?_ta;'f the :»-oit:in_t :)rfwhrq::ﬂ
passing through the meter by the following cqulatmn: } - KN, 1.'.'!14:.11'(3 : tSj LE LThd
volume of iquid, K the volume of liguid per puise, a_nd_ ‘~. the n.umbn.r of pu F-C::l je
average flow rate, g,,., is equal to the total volume V divided by the time interval Ar.

a ‘-_-I—__' . -

: N I flow rate. The magnetic .ﬂnw transmitter converls th_t mducciij ac voltage into a dc
davg = l = l electric current signal suitable for use by an ﬁlec_tmmc controller. |
s = & \ Desirable features of magnetic flow meters include no obstruction to the fuid

a flow, no moving parts, low electric power requirements, excellent for slurpies. and
1 ) - I
‘ very low flow capabilities. Less desirable features include the fact that the fluid must
Computer Digital

have a minimum electrical conductivity, the large size and high_ cost of a magnetic
flow meter, and the fact that periodic zero flow checks are required.

interface computer

Magnzuic sensing

(sl b

|

_~Spider and bearing

[ '}-"—f- oo
Fiow | ; | - Magnetic—= _?ulp..ﬁ
—=1 i i e ot st
' ' || trinsmitter | 9. 0o
2N - s, Induced uc
= — =—— voltuge
> AC
= ' electromudgnet
lurbine whee! I N
Shult | ’ f N Z)
t' k‘-—__—d:/l
Figure 10.7 A turbine Rou meler produces an accurate linear, digital Aow signal. Turbine melers are 'y STHERE } '[
! 4 L€ peirochemical and othe oroad rangs ications, : :
t=ed 15 the petrochemical and oth r industries for a broad range of applications . Flow | l tot i@ ' i l }
|_. II;MHH;}\
But N/Ar is the number of pulses per unit time (e, the pulse frequency f). Thus H
g=Kf (10.2) Il

The pulse output of the turbine flow meter is
control techniques Digital blending contro] Sy
\0 provide accurate control of the blending

. 1 3 (=
Figure 10.9 A magnetic low meter has a completely unobstructed fow path, a decided advantag
meters are also used to provide flow rate measurements for input to a digital com- - e
puier, as shown in Figure 10.7.

for slurnies and food products.

Mugnetic figld

Example 102

A turbine flow meter has a K value o

bguid transferred for each of th
mine the flow

Solution

122 cm® per pulse. Determine the volume of .'

€se pulse counts: (a) 220 (b) 1200; (c) 470. Also deter-
rate, if each of the pulse counts above ocours during a period of 140 s.

I'I — K}'\r
4. For 220 pulses in 140 s.

b. For 1200 pulses in 140 ¢

L

€. For 470 pulses in 140 s,




casy 1o fabricate, ha
can be used without regard lo
standard, A less desirable [e
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Figure 106 A difiecential pressure flow ransmi|tey
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the balanced

I5 proportional to both the pressure drop and the

((]}

\AC current 1s used as the output signal of

ransmitier
ential pressure signal,

Into & proportional electric current signal.
in Figure 10.6¢

ce plaie Force “
iransducer 1
20—

flow line 1n sucl

sides of the ¢

rangement converts the pressure difference across the orifice into
of a lorce |

numbalance of |

Differential Pressure Flow Meters

' rate on the principle that a restriction placed in

Differential pressure flow meters apcraic on the principic inat a | [ ¢ :j At

| Juces & pressure drop proportional to the flow rate squared. A dif-

a flow line produces 4 press I VR ) SR e

lerential pressure transmitier is used 1o measure the pressure drop | : p ¢ j

the resiniction. The flow rate () is proportional to the square root of the measures

i ¥ LR L

pressure drop

g=KJh (10.1)

The restniction most often used for flow measurement is the orifice plate—a plate

with a small hole, which is illustrated in Figure 10.6a. The orifice is installed in the

' @ way that all the flowing fluid must pass through the small he

e
see Figure 10.6b)

Special pasgages transfer the fluid pressure on each side of the orifice to opposite
diaphragm unit in a differential pressure transmitter. The diaphragm ar-

a force on one end

* beam. A lorce transducer on the other end of the beam produces an eéxact
unterbalancing force. A displacement detecior senses dny motion resulting from
he lorces on the force arm. The amplifier converts this displacement
into an adjustment of the current tnput to the foree transducer that restores
condition The counterbalancing force produced by the force transducer

input current (f), Thus the current
drop across the orifice (7). This same elec-
the differential pressure transducer

orifice is the primary element, and the differential
s Lhe secondary element. The orifice con

s directly proportional to the pressure

In Figure 106 the pressure
verts the flow rate into a differ-
4nd the transmitter converts the differéntial pressure signal

A typical calibration curve is \lustrated

Desirable features of the orifice flow meter include the fact that I35 simple and

g parts, that a single differential pressure transmitter
PIpe size or flow rate, and that it is a widel
ature 1s that an orifice does not work well wi

2 NG movin
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th slurries
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104 LIQUID LEVEL MEASUREMENT

Sensing Methods

The measurement of the level or wei
encountered in industrial processes.
directly by foliowing the liquid surfa
lated to the liquid level. The direct
with external indicators. Although s
modified to provide a control
level control signals,

Many indirect methods employ
some point in the liquid. These meth

is proportional to the liquid densit
measurement.

ght of material stored in a

vessel is [requently
Liquid level measurement m

ay be accomplished

\ Uring some variable re-
methods include sight glasses and various Hoats

imple and reliable, direct methods are not easily
signal. Consequently, indirect methods provide mosi

SOmE means of measuring the stat
ods are based on the fact that
y bmes the height of lig

ic pressure al
the static pressure
uid above the point of

p = pgh (10.4)

where p = static pressure, pascal

£ = liquid density, kilogram/cubic meter

h = height of liquid above the measurement point, meter

g = 9.81 meter/second? (acceleration due to gravity)

Thus any static pressure measurement ¢an be calibrated as a liquid level measure-

ment. If the vessel is closed at the 'op, the differential pressure between the bottom
and the top of the vessel must be used as the level measurement.

The following are cxamples of some of the other indirect methods used to mea-
sure liquid level,

L. The displacement float method 15 based o

d stationary float is proportional to the |
The capacitance probe method is based

Iween a stationary probe and the vesse] w
the probe.

3. The gamma-ray system is
that penetrate a layer of [

0 the fact that the buoyant force on
1quid level around the float,

on the fact that the capacitance be-
all depends on the liquid leve] around

b

based on the fact that the number of gamma rays
quid depends on the thickness of the layer.




Displacement Float Level Sensors

Satic Pressure Level Semsors _ ‘ : 'lﬂ;;_:r:?f-*“f*—' l:;:,i, '—x:‘r.:far 13 IH'!JET:'E'T'?i In F_-.gr_m: |r;]3,_ The float applies 2

sownward loree on the force beam equal to the weight of the float minus the buoyan

PESKIIE JEVE sensors use 1he stalic pressure st some point in the liquid as a loree of the liguid around the float. The force on the beam is gven by the loflowing

are ol Lhe level Ihey are based on the [z<1 that the stalic ] proportional equation -
e hquid above the ¢ ! of measurement. The relation v

he equation e [ = Mg — pgAh (10.5)

nere [ = net foree, newton
i 1 . :
'f,”.-h M = mass of the float. i']]r)g;gm

- Ic pressure, | g = 281 m/s* (gravity)
U d den iy, kilogram /culn e ler o = Jl‘:{'Uf"j ":5;'5'31!:1, kllf)gfﬂm_icutﬂﬁ meier
height of bquid above the measurement poinl. meter | A = honzontal cross-sectional area of the float, square meter
1Bl m/y’ I n = length of the float below the liquid surface, meter
|
| Bonded sirain
I gz fcad ce
!,F: gz bearn - ! .
: D pedoemien .'r, Pryot ’J
:_.-.___- T-:-:_-_‘\_ ___- - - ._-- : __: : | 1 i f j Ilr.
"___‘_‘:- _--_ g, __-_ [] I{
X ::-_'__ - :__ = — = ) — L Wheitston=
= e . | | oridge and Outpus
e e TR / | ampiifier HEna
e e S === ==
e | v fon s » (] et I s
e e e ———— . ]
e 4 Vsl | e e e d =1
= e e e =
e S S ] =
) ek B ety B
e o e A e
o '__._- ' Figare 10,13 A ozt and 3 foree or displacement sensor use the buoyant foroe on the ficat 2 2 mes-
I | vare of the Liguid level
|
Ouipu Equalion (10.5) shows that the force, [, bears a linear relationship (o the liquid
i level,
Ff]‘ﬂ'l ”:i_]l A slalie =TT Thﬂ l d 3 L i b.-l - f 3 r - i- I
FISSIOIT 00T wiey (Be sertiire e . e load cell applies 2 balancing force on the force beam that i1s proportiona
e bgwd level pESIEEE Rear the Bottom of the ank as 3 Measure ¢ -

lo f and, consequently, bears a linear relationship with the liguid level. The load czll
5 2 strain gage force transducer that varies iis resistance in proportion to the applied
force. A signal conditioner converts the load cell resistance into a usable elecincal

if the 10p of the

lank it open 10 almosp

L -

: ETIC prt'.‘;ul'c, darl 'I"jrdl = - SIind]
: e the Pressure a1 & nary pressure gage

j LG g Ure the «f

4 omie point in the liquid. A vanety ol methonds
i e I8 = pressure. One method is iHustrated in Figure 10.14
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of the irans
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Example 103

A bellows pressure element similar to Figure 10.12b has the following values

Effective area of bellows = 12.9 ¢m?
Spring rate of the spring = 80 N/em
Spring rate of the bellows = 6 N/em

Differential pressure What is the pressure range of the sensor if the motion of the bellows s limited to
transducer .5 ¢cm?

Displacement Solution

detecior

The total spring rate is + = N/cm. The force required to defiect the Spring

= - l a distance of 1.5 cm is ( em)x( N/fem)= N. The pressure required to pro-
Dﬁj‘ duce this force is ( N)/( cm®) =  N/em?. The range 15 0'to N/em?®. or 0
i — Amplifier

to KN/m?.

Example 10.4
The displacement float level sensor in Figure 10.13 has the following data

= Mass of the float, M = 2.0 kg

JSuiput

5|[.'5£J| Cross-sectional area of float, 4 = 20 em?
i =9MmA) Length of the float, L = 25 m

Frgure 10L15 A differential Pressure sensor can be used to measure liquid level in a closed tank that : | Liquid in the vessel, kerosene
= under high pressure

Determine the minimum and maximum values of the force, . apphed to the force
beam by the float.

Solution
creased by the pressure n

abave the point of measure : - : _ From Table 3 in Appendix A, the density (g) of kerosene is 800 kg/m*, The foree, £,

he top of the tank. A different Is given by Equation (10.5)

15 required. Figure 1015 ilustrates the yee of a di .
: ifferenti = M7 — nis
measure the level in a closed tank. i : J'=Mg = pgAh

The minimum force ocours when hh = L

fmin e

The maximum force accurs when h =0

.rmu = =\ )N )
= N

The force applied by the float on the force beam ranges from 19.62 N when the vessel
s empty to — 19,63 N when the vessel is full.




Example 10.5

Water 15 to be stored in an open vessel. The static pressure measurement point is lo-
caled 2m below the top of the tank. A pressure transducer is selected 1o measyre
the liquid level. Determine the range of the pressure transducer for 1007, output
when the tank is full

Solution

Equation (10.4) gives the desired relationship, The density of water is oblained from
Table 3 in Appendix A
I Kg/m*
p = pgh
Prss = ( ) "
Pa

1 S ¥ Pa

- —— - e ——

10.7 A differential Pressure flow meter is used as the sensor in 2 liquid flow
control system. A technician obt

‘ained the following data in 2 series of
Calibration 1ests. Each (est cansisted of measuring the time required to
f () ’ ; . :

1l 2 0.5-gal container. The tesls were conducted at controller settings of

25, 50, 75, and 100,

e e o — — e e
- -

Controller
Setting (%)

T —

Time 1o Fill &
0.5gal Container (min)

25 661
50) 478
75 195
10X) 3.44

Determine the average flow rate in #al/min for each controller setting
by dividing 0.5 g4l by the time in minutes. Then construct a calibration
Curve Irom your ealeulated results

108 The flow control system in Exercise 10,7 i described by the equation

q = Ky/sp
where g = flow ra \e, gallon/minyte
K = congtant

ap = controller SeLting, percent

f_.alnu‘Iatc the vgluc of K for each of the four calibration test results in
Exercise 10,7, Find the average of the four K values and U
express the relationship between the flow rale
the controlier setting, sp.

8¢ this value o
« 4, and the quare raot of

s e —————
S = —

e ow

109 A turbine flow meter has a K value of 34 | cmy?
volume of liquid transferred for each of th

5 8200

10.10 Determine the flow rate for cach pulse coun

PEr pulse. Determine the
e following pulse counts

b, 32060 € 630

“ounis occur during a 210-s time interval

in Exercise 169 f (ke pulse

10,11 A bellows pressure element similar 1o Figure 10.12a has the lollowing

values

What is the pressure range of the transducer if the

Effective area of the bellows = 21 cm
Spring rate of the spring = 200 N/em

Spring rate of the bellows = 10 Nfcm

15 imited to 2 em?

1012 A bellows press

values,

What stroke of the bell
1013 A displacement float level transducer

Determine the minimum and maximum values of the I,

motion of the bellows

ure element similar to Figure 10,12b has the following

Effective area of the oellows = & cm?

Spring rate of the spring = 400 N/cm
Spring rate of the bellows = 25 N/em

Mass of the float. M = 6.5 kg
Area of the float, A = 50 om?
Length of the float, L = 4.0 m
Liquid in the vessel water

the force beam by the floar

10.14 Gasoline is to be stored in a vented vessel. The static-pressure measure-
ment point is & m below the top of the vessel A pressure sensor s 1o be

used as the level sensor Determine the ran

10075 output when the tank is fillad

TABLE-3

Properties of Liguida

OWE 15 required for a range of 0 10 50 N/em

has the following data

orce, F, applied 10

ge of the pressure sensor for

A bsobute Tharma! Hear

Dhemaity Viscosity Comdusti vigs Capacily
kilogram watt porabs

Ligquid trveter ' pascal wecend oefer kadvin hg helvim
Ethy! alcoinl 500 0.001) 08 f.:ﬂl:
Ciavaline 740 LRy O] 04 :E
Ketowane LI e 015 20%0
Meteury | L4600 00014 £0 a0
0l ki 0160 0% 1;g

1 tin M OO0 s 0.1 i

*uE ! Lo (WA e 1w







Potentiometers . Pi:_rl-::nlmmt:crs are subject to an error whenever a current passes through the
A potentiometer consists of a resistance element with a sliding contact that can be lead wire connected to the sliding contact. T

his error is called a loading error because
moved from one end to the other. Potentiomelers are used to measure both linear and

it 1s'caused by the load resistor connected

| . between the sliding contact and the refer
angular displacement, as illustrated in Figure 9.3. The resistance element produces a J b ::I?EE PF":“- "': Pf‘im“}mﬂ"{r With a load resistor is illustrated in Figure 9.4 If R, s
uniform drop in the applied voltage, E,, along its length. As a result, the voltage of r | : e resis !ahnc\, oRt € potentiometer and 4 15 the_ proportionate position of the sliding
the sliding contact is directly proportional to its distance from the reference end. cantact, then ak,, is the resistance E_*f the portion of the potentiometer between the
: ‘ 5|Id‘"_2 contact and the reference point. The load resistor, Ry, is connected in paral-
Figure 93  Tub types of poten- Ey | [Iiti ;P;IITF? rci;ﬂﬁﬂ‘:ﬁ HRP. L equivalent resistance of this parallel combination is
Lhometnc displacement a:.".,uzl-ra il } cha ,,]f'[ ‘L + ERF], - _ |
(4] tinear; (5) 2ngular. In both [ypes ' The resistance of the remaining portion of the potentiometeris equal ta () — a)R .
E._ isa measure of the position of ! and the equivalent total resistance is the sum of the last two values.
the shding contact i
| Req= (1 —a)R, + R"R}RP
|I s &R#
£ | The output voltage, E,_., may be obtained by voltage division as follows:
Resistance,” / |
elemem” /

[ |l g J aRR./(R, + aR,)
Sliding contact’ il E . = . : E,
: | (I'—a)R, + aR,"R;[RLTaRrL
A lingar displacement polentiometer ' a \
\ Edul = 2 )EI
Al 1 + ar — a°r
'I_.l
E, R,
Resistance Slidine where pi= —~.
element ; Ri
S AR coniact
S % The loading error is the difference between the loaded output voliage (E.. ) znd the
m\ 2 ! unloaded output voltage (aEq),
=3
| =] [ cﬂ 3
5:!,. f g -4 S
= '~\’; ,,/ 3 ( .I' ‘u Loading error = aEs —E,,
% ]|V & | 1 _
e 7 - HES — (‘_ > )Ej
| A+ ar—a’r
o .
~a-r(l — a)
E J _‘# ! = - E_S '1'0][5
1l +ar—ar
£ Emt . —

b} An angular displacement polentiomeler

Figure 9.4 A loading error is pro-
duced in a polentiomeler when a
Ioad resistor is connected between
- | the sliding contact and the referencs T
. [, '
Linear potentiometer: EMI = ( E) E. { terminzl J
H F q___: -
X R Rug i == T E
g . le y
Angular potentiometer: Eoi= _) E, 1 - @R n
! HL | g Ri £
V‘-'hfn the resistive element is wirewound, the resolution of the potentiometer is |
determined by the voltage slep between adjacent loops in the element. If there are N
turns in the element, the voltage step beiween successive turns is E; = Eg/N, where | s y :
Es 1s the full-scale voltage. Expressed as a percentage of the full-scale output, the ' afins -
percentage resolution is given by the following relationship. lll The loading is usually expressed as a percentage of the full-scale range, Es.
100E,  100(E /N ! | % 2l =) (9.2)
Resolution (%) = r _ L(E/N) | . Loading error (%) = 100 ETEG .
Es E5 ﬁj I|

or

Resolution (%) = lﬂ_ﬂ

(9.1)



Resolvers

lollowing.

When a resolver s used asa
in Figure 0.11.

Equations (9.7) and (9.8) define the out
output is reasonably linear for v
voltage, E,, is a sinusoidal v

A resolver is a rotary transformer that produces an output signal that is a function
of the rotor position. Fi

(WO rotor couls are placed 90° apart. The two
Either pair of coils can be used as the primary with the other
secondary. The [ollowing equations define the secondary
primary voltages when the rotor coils are us

gure 9.10 shows the position of the coils in a resolver. The
stator coils are also placed 90° apart.
pair forming the

voltages in terms of the
ed as the primary.

E, = K(E; cos 8 — E_ sin )

(5.3)
E;=K(E; cos 0 + E, sin §)

(9.6)

sensor, one of the rotor windings is shorted as shown
If E, is the shorted coil Equations (9.5) and (9.6) simplify to the

E, = KE, cos 8

(9.7)
E: - .K.Ej Slﬂ 8

(5.8)

put of the resolver shown in Figure 9.11. This
alues of @ over a range of +35° The excitation
oltage that can be represented as follows:

Figure 9.10 A resolver is a

‘ lransfonn:r-:;,pc SEnsor that pro-

£; duces a signal that is a Ngonometric
lunction of shaft position, 6. The two
rolor coils are placed 9¢° apart The

tW0 slator coils are also 9
0

E; = Asin o

0° apart.

£,
o 9 -
E- KE, sin @ 5 |
000000 7 - | Toa
csolver I l /
(o digigal : "h. 4
//_'\\\\ ( encoder h\!——v'f "
— | E,
£y =Asmnw KEycos B | \ 5
(excitation E, [_‘Q ) 0o
mpui) I——B—'\

, Figure 9.11 A resolver used as a sensor hds one of its rolor coils shorted. An ac voliage is applied 10
the other rotor coil. The two

Ouipul voltages, E, and E,. are Irigonometric functions of IS .
\ ment angle 0. i 2 E unclions ol the displace

g

—_—

Ouéput voltage, f.-_?,, 13 Essentially a sinusoidal voltage whose amplitude varies ac-

acosriul:sgﬂfsajthe T&mc ubf th_e angular position of the rotor. Output vol tage, E,. is also
Hisoldal voltage, but jis amplitude varjes acecordi ‘ ’

positinn ol the L2 Ng to the sine of the angular
The resolver positi

INg circuit that ¢an con-
esenting the position of

—

Optical Encoders

gital output in response to a linear or angular
displacement. The resolver and digital converter discussed in the preceding section is

an angular encoder. In this section we describe another type of encoder, the optical
enceder,

S€s are produced when a beam of light passes
¢k has its own light beam:
ee light sources and thres light sensors.
three tracks. Each track has a seres of
ue disk. The inside track has only one hole.

Figure 9.12 illustrates an optical encoder with
equally spaced holes in an otherwise opag

— Three:unin lighs
/' SEnsor assembly

Three-unit fighy
£0urce assembly

Outer track

Middle track

Innes track
¢
-
Time
Figure 9.12  The ificreméntal encoder has three tracks. The

inner (rack provides a reference signal 1o
lon about the direction of rowation. In one
direction, the middle track leads the out-

locate the home position. The middle track provides informat

direction, the middle track lags the outside track: in the other
side 1rack,




the width of a hole. The purpose of the offset is to provide directional information.
The diagram of the track pulses in Figure 9.12 was made with the disk rotating in
the cour;ter.:h}ci:ms.r: direction. Notice that the pulses from the outer track lead the
pulses from the inner track by one-half the pulse width. If the direction is reversed
to a clockwise direction, the pulses from the m:ddle track will lead the puises from
the outer track by the same one-half of the pulse width

The primary -!‘uncrmns of the signal conditioner for an incremental encoder are
to determine the direction of rotation and count pulses to determine the angular
displacement of the code disk. The pulse count is a digital signal, so an analog-1o-
digital converter is not required for an encoder.

An angular, incremental encoder can be used to measure a linear distance by
coupling the encoder shaft 1o & tracking wheel as shown in Figure 9.13. The wheel
rolls along the surface to be measured, and the signal conditioner counts rthe pulses
The total displacement that can be measured in this manner s limited only by the
pacity of the counter in the signal conditioner. The wnctemental encoder simply
S 35 many times as the application requires. The measured displacement is ob-
‘ained from the total pulse count as given by the following equation

Rd ."li.?

where  x = measured displacement, meter
d = diameter of the tracking wheel, meter
Nz = total pulse count

Nz = number of pulses in one revolution

AN absolute encoder produces a binary number

| : that uniquely identifies each
POsition on the code djsk Absolute encoders

may have from 6 1o 20 tracks. Each
ceording to the code thar i< established

E = qbu the hcr‘h: Patlem in the code mgl} Figure 9.14 shows an absolute encoder with
(ex SS¥ED tracks that form the natural binary fepresentation of 128 Unigque positions on
s the code disk. The number of ug

k.- | ‘qUe positions on the code disk is rejated (o the
number of bits in the binary number (which is equal to the number of tracks on the

code f_ils.l;_l. This also establishes the resolution of the éncoder according 1o the following
equations: ]

Number of positions = 24 (9.10)

Resolution = | part in 2% (9.11)

where N = number of tracks — number of bits ip the number

Angular Incremental
encoder —

which 1s used to locate the “home™ position on the code disk. The other two tracks
have a senies of equally spaced holes that g0 completely around the ¢ode disk. The
holes m the middle track are offset from the holes in the outside track by one-hall

- ——

—

There are a number of binary codes that could be used 0 2n encoder. The thres

s are the natural bj

The Gray code is a popular code for c
time the count increases by one.

(=)

nary code, the Gray code, and the BCD code.
Figure 9.15 shows the pattern for these three codes for the numbers from 0 to 10

ounters because only one bit changes each

Coded digk

Light sensor

Light source assembly

Heading line

(=]

Figure 9.14  Absolute optical encoder (a) typical code disk; (b) encoder elements. [From H. Noron.
Sensor and Analyzer Handbook (Englewood Cliffs, NJ: Preatice-Hall, Inc, 1982), Fig 143, p 107]
(Natural) Binary Gray [Binary) ‘ Sinary Coded Decimal [BCD)
Digital _ o oaroe | ’Jigur.l'..:'rber Cods pattem
Arabie || 0umb2e onde pa Digital | Tens | Units TE“-fI = -s :.
number || 84 21 22 22 2' 2 | number GyG,G,G, | 8421|8221 |2 A2 2
o 000D 0000 Q000 | DoDO
1 0001 00071 t |ooo;
2 0010 g011 0c10
3 0011 0010 0011
4 0100 0110 0108
S 0101 G 0101
g 0110 0101 0110
7 0111 G100 , 0111
E 1000 1100 + | 1000
9 1001 1101 0000|1001
109/a)l| 1010 1111 0001 [dooo
gl 1o11 111D Cool
13e)l 11oo 1010 oolo
_:—3{1}) ol o1 coll
I4EY 1 110 1 ool o100
S 1000 ool
Figure 915  Digital code structure for absolule encoders.
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VELOCITY MEASUREM ENT

Sensing Methods

Velocity is the rate of change of displacement or distance. Itis me
length per unit time, Velocity is a vector quantity that has
and direction. A change in velocity may cons
direction, or botl;

Angular velocity is the rate
terms ol radians per unit time
sirement Js more

asured in units of
Both magnitude (speed)
Htute & change in speed, 4 change in
of change of angular displacement
Or revolutions
cummon in control systems th
linear velocity i measured, 1t i§ often conve
sured with an angular velocity transducer.
velocity are considered in this section:
tachometers,

s measured in
PEC UNIt time, Angular velocity mea.

an linear velocity measurement When
rled into an angular veloeity and mes-
Three methods of MeEasuring angulir
de tachometers, ac tachometers, and optical

DC Tuchometers

A tachometer is an electric penerator used to measure angular velocity, A Orushsrype

de tachometer s illustrated in Figure 9,17, The ¢oil is mounted on a metal eyhinder
called the armature. The armature is [ree 1o rotate in the magnetic field produced by
the two permianent-magnet field poles. The two ends of the coll are connected to GIAE
posite halves of a segmented connection ring called the commutator, There are two
segments on the commutator for each coil on the armature (only one s shown in
Figure 9.17). For example, an armature with 11 coils would have a commultator
with: 22 segments,

Fhe two carbon brushes connect the e
I'he brushes and commurtator act as a re
nection ance for each 180 rotation of the armature. This switching action converts
the ac voltage induced in the rotating coil into a de voltage. In other waords, the
commutalor and brush constitute an ae-to-de converter.

The tachometer produces a de voltage that is directly proportional to the angular
velocity of the armature. This voltage is based on the following fact: A voltage is
induced in a conductor when it moves through a transverse magngtic field, If the

ad wires to the commutator segments
versing swilch that reverses the coil con-

Figure 9,17  Tachomeler generalor Field
pale

Muagnetic Field
Neld [h"h.'

Ratating
coil

Brush sk

Commulutas
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Example 9.1

The potentiometer in Figure 9.4 has a resistance of 10,000 © and a total of 1000 turns

D ] rr I

Example 93

An incremental encoder is used w

: ith a tracking wh : :
Solution as shown in Figure 9.13. The tra g wheel to measure linear displacement

cking wheel diameter is 591 cm, and the code disk

e has 180 holes in the outside track : '
The resalution is given by E : _ _ rack and 180 holes in the middle track. Determine th
£ Y Equation (2.1). | lm:jf d’fplﬁﬁemﬂnt per pulse and the displacement measured by each of the fﬂllui'ir;
RESGIU“DH - ]D,D;hr = IU’D;"IGOD _ I:]'_I":!'G o PU S5€ counts.
The loading error is given by E ' 2 8. Ny =700
£ Y Equation (9.2). | b. Ny = 2220
Loading error = IDO[I a’r(l —aj ] i Solution
+ ar{'l — a) - .
'.l;he linear displacement per pulse can be determined by dividing Equation (9.9) by
= 100[ ] ir: : '
|‘I
» a wd
= Displacement per pulse = —
Ng

I

| Total displacement = meter
d. NT = 70‘0
| !
| ey
@
b. Ny =2220
X =
|
Example 9.4

An absolute encoder is to be used for measurements that require a resolution of at
least 1 minute of arc. Determine the number of bits required to meet the specified
resolution.

| Solution

First determine the number of minutes in a full circle.

I.I N —

Next find the smallest power of 2 that is larger than 21,600.

The encoder must have 15 bits to have a resolution of at least 1 minute of arc.




. —

Example 9.5

A e tachometer has the following specifications;

R=00tm
B=02Wbm’
N = 220
L=0ISm

Determine K, and the output voltage at each of the following speeds

S = 1K), 2500, and 3250 rpm
Solution

_ 2nRBNL
60

For 8= 1000 rpm,
For § = 2500 rpm,

Far § = 3250 rpm,

Example 9.0

An ineremental encoder has 2000 pulses per shalt revolution

A Determine the count produced by & shafy speed of 1200 cpmiif the timer count
interval is § ms

b Determine the speed that produced a count of 224 for o timer count interval
of S ms,

Solution

o Equation (9.15) applies:

C=

b Equation (9.14) applies:

e

H————_—____________-_—____
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PROPORTIONAL control produces a change in the controller output that is
proportional to the error signal. There is a fixed linear relationship between

the controlled variable and the position of the final control element.

Proportional control is used on processes with a small capacitance and fast

moving load changes where the gain can be made large enough to reduce the
offset to an acceptable level. This implies a process with a capacitance which
is too small to permit the use of two position or floating control.

Temperature

sensor
/ e +— (C0ld water

/

et

Steam 1N ——im

—= Warm water

Motor driven valve’

. — e —

1.1.1-\
\\\\ Required action

 ‘/3lve opening for desired temperature

e LT
20%

Dl o T e SRl 8 S

Percentage of controlier range

4

Water
temperature

Offset

'y

|
] e
Open Valve position




ﬁm: mugﬁﬂudh antl durat'lﬂn d eliminates the proportional offsat. pr control {s used on pr

load changes when the proportional ‘mod '
offset to an acceptable level. e alone is not ‘tﬁﬁﬂﬂn

. and the output of the c trol !- PROPORTIONAL plus INTEGRAL (PI) mode provides an automatic
ad

The integral mode provides the rest action which eliminates the ’ﬂm

offset. i
|

Duplication
ol proporiional response

by 1atceral mode

intcgral
Proportional

response
response

I

. Proporttonal
L]

Proportional- ' Tesponse

mode response
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Output, V
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INTEGRAL-MODE RESPONSE TO AN ERROR SIGNAL
STEP RESPONSE OF A PROPORTIONAL-PLUS-INTEGRAL CONTROLLER

AN ELECTRONIC INTEGRAL CONTROLLER e= ket =[O+

T = Rfcl-* K=R,|'Rl

AN ELECTRONIC PROPORTIONAL-PLUS-INTEGRAL CONTROLLER




FROPORTIONAL plus DERIVATIVE (PD) control provides a change In the contre
QUEpUt which 1e proportional to the srrof slgnal and the der |UHI'TU;1 ]

Provides an additional change 1n the cantro) laf output which
to the rate of change of errar

future value of tLhe oerror
Accordingly.

Iy

{0 Moty

. v Proport (e

signal. The derivative mode antie 5ataa 'T:'
Ll

signal and changes the controller OUtput

\"V{ [ IH=1_P

|
3 ‘ I
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AND CONTROLLER CQUTIUT GrAarns
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AN ELECTRO
NIC PROPON TIONAL PLUSDERIVAT] VE CONTROLLER

PROPORTIONAL plus INTEGRAL plus DERIVATIVE (PID) 18 refsrred to a8 A thrae

mode contrallar, The PID control mode 1s used on processos with suddan, large

lond changes when one or two mode contrel Is not e | .
within accaptable 1imits, capable of keeping the error

The derivative mode produces an anticipatory sction which reducss the maximum
arror produced by sudden load changss, The integral mods provides a raset
action which aliminates the proportional offuet,
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CONTROL MODE SUMMARY

Control Process reac o __——-;M\-\
ey FProcess reaction Transier lag De et o
gelay (minimum) ' S : e
(Maximum) (maxim AT i
On-01l I Lon J iy (maximum) (m o
: £ crn!}.u:znna: Very short Vv —
be shor) RS ol
Slow
Proportiona! only = ]
) Lon
: £ or moderate Moderare M
cannot be 1oo ik 2l
short) : -
Proportiona) ’
| plus :
integral o v
‘ Vioderage Moderar
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An ]
Proportional plus Lo y 2
it RE Or moderate Moder
et bt erate Moderate
(e Small Any
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integral plus F i
denvative ) 4
1 y Any
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I
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CONTROL SIGMALS

The signals in a control system can be divided into two genesral categories

Analog or Digital.

ANALOG CONTROL

Analog signals vary in a continuous manner and ma
] - y take on an
some minimum and maximum Tlimits. y value between

signals within the system.

Cumming r
juncrion

Orertoral
armplileet

LA

Pagitian
ol walilge
ouipal

Analog control systems do not use digital

Speed red et T '}__,r Eriot el Comrolics |j!!!p.i-.t¢!" I Y Sxatae [
arnd losd et IR

- salispe saliEfe ke

- ol

Potims Mot Soees Iorcue

seaer i" "F: [ Fevivan et

e Lemsr Lead and
L) el e

b Bleck dagn=

2l Sehermuaie dugram

DIGITAL CONTROL

Digital signals can

a maximum set of possible values. The values will depend on the number of bits

to be used to repre

Digital systems can use

wired controllers.

In any digital system there must be interface circuits

input signals to a
output may need to

only be represented in a form that has fixed values within

sent the original analog value.
computers, microprocessors, pla's, rom logic or hard

to convert the analog

digital representation for processing, while the digital

be converted to an analog output.
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SOLENOIDS
The mos
The sm:mmw o I:n 1s;telmr1cgl Sctustor used in industry is the solen OC RELAYS
force. The motion produced :::tt:: 3:;»:1::;0?“1;19 & straight line ﬂlﬂchan?‘_' The dc relay consists of an electromagnetic coil with s mechanical lever that
cases the operation of R SoTannls 13 e ntE;f!f’ﬂ, valves and ‘lncks, in :f opens or closes one or more sets of electrical contacts when s supply voltage
fentiy a two position device. ' is applied to the coil. Since the supply voltage 1s dc (constant) the
s N e~ | electromagnetic field is aliso constant and the armaturs (core) of the <oil
== w J .
o IS l] i11 remain energised while the supply voltage is connected -
£ = & o T de a diff 1 sap for on/off ] : 4
b — B \ Relays and contactors provide a differential gap for on/off control because o
: =1 e rm—iﬁ' < the hysteresis effect inherent in their operation. If the armature of a relay
: “ ..a!h “ { v UeH : _—— is to energise, the coil current must reach a specified minimum value, this is
i | | b - !-"-":':“."':ﬁ:‘ = - .
i f [ FORCE et 1Ck C.Ul"l'ﬁnt . -
J._-"—-—'!'h_ --_..r i} —<~olenoid Coil IJ |' f:‘..,“:_;n_::;:; known as the p P y *y
ﬁ- e S Once the relay has energised, the coil current must be reduced Delow a
@ % Vaive Stem - = specified maximum current “drop out current” to allow the armature to return L
NA— | and Plug to its normal position. it
‘ '
— Seat The value of current above the drop out current is known as the “hold in at®
current”. -
h‘ai'ﬂ'e Bgdy 1 f - .s-‘
i ided by the upper value o !
The hysteresis effect is therefore prov
curren:*{pil‘:k up current) and the lower value of current, (drop out current). * =
These differences are due to the magnetic circuit when de-energised and the
' ia of the armature.
RELAYS AND CONTACTORS inertia o <
When ele L ‘-_ -
final COWi::;fn;u;:f:t 1; the Eanipu]ﬂted variable e A.C RELAYS d
Ce 1s often a relay or contactor 8 control system the If a dc relay has its coil connected to an ac supply voltage the relay Tauld
The relay uses the mechanical continually pull in and drop out,(chatter). This happens when the ac vo tage
one or more electrical cqntact:u:;nn oL \Bver that 1S Connected passes through zero, the magnetic field will also be zero. 'rr:: iron core must -
_ M9 Operated by a solenoig. S0'a. Set:of be laminated and a method to prevent chattering must be adopted. -
F=ce \ relay to
M'L-zﬁ_.__c;! oo There are three methods of modifying th? construction of the basic dc Yy
= *a?;" r_,_fm:‘_;_ﬂ-mr enable its operation on an ac supply voltage.

ﬁ%/ D . Large armature mass being held in position by 1Ls own inertia.
SFPOET ocx

l !L , Using a second winding that is out of phase with the other.
—— 2 CoroucTve _
' : ‘ - f##h':““’ﬂq ‘ e
e / d . Using a shading band to generate an out of phase fie
-JISHHE \WI*““
CoMIEY oy
The only ¢ Snplifiad Relsy
1ntarruy 1ffﬂr'nca bet n




BELAY CONTACTS

ha reliny OF coniacial will gaually have one Or SGre sots of contesty.

It Lypse of ralsy conlactia availahie are

Changs pver (e, o)
Multiple

Warma | 1y open (N, 0)
Narma !l ly cloasd (K. 0)

In turn these gontacts can b froak bolfore make
Make ltfore break,

MELAY cxrriiFpiYE

(MM LY R PELAY SFERATRL

= 1

L

!
i
d

{

. a2 ’
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CONTACT PHAGES OF OPESATION

Thare are three phases of oparstion that 8 ralay contact must go through 1in
thw control of current flow,

. Making the losd.
Carrying the load,
, Breaking the load,

The conditions that exist during easch of Lthe phases will depend on the type of
load to be controlled,

Ranigtive or Inductive, and the type of current uses by the losd, le. AC or
oo,

CONTACT MAKING AND CARRYING OF A.C REGISTIVE LOAGS

When 8 contnct makes for an inductive load eg. motor, the resulting inrush of
start curtent can be up Lo 500% of the losd running current,

The inrush current for a tungstan lamp, including the change of resistance due
Lo the temperaturs, is about 10 times the normal current while slectromagnetic
loads such as relays and contactors the inrush current 1s up Lo 5 times
greaatar.,

traneformers that retain some remnant magnetisam after switch of f and are then
switched on can draw an inrush current of 1000% for several cycles, 1f the
sWwitching ocours when the supply voltage 13 st the zero cross over point and
the Increasing supoly voltage 18 of the same polarity as the remnant magnetism
the resulting inrush may be as high as 3000%. In this case, zero voltage
switching 16 not baneficial.

CONTACT BREAKING OF A.C RESIGTIVE AND INDUCTIVE LOADS

when alternating current 18 being controlled, and arc formed by the breaxing
of the contacts will be extinguished when the a.c cycle passes through zero.

CONTACT BREAKING OF D.C RESISTIVE LOADS

Whan a dc resistive current 1s interrupted there will be heavy arcing that
will persist for some pericd of time. The arcing will csuse metal transfer
from one contact Lo the other and 1s increased for an increasa in voltage.

The contact rating for de current 1 therefora significantly reduced from the
normally rated ac current carrying valus, it is also advisable to use suitable
quanching or suppression to protect tha contacts.

CONTACT BREAKING OF D.C INDUCTIVE LOADS

Whan & de inductivae load 1s broken (also relay or coll) the collapsing fleld
will induce reverse emf that will be much greater than the supply voltage lﬂ?
this will cause arching across the contacts or could damage relay or coi

sleactronic interfacs circultry.

contacts and coils must be protected using suitable quenching or suppression.

The exampls below indicates how the allowable release currant changes for
resistive and inductive loads. “NOM® 1s the nominal dc rating not the ac
rating which s higher,

29




There are three ®main types of contact protection -

. Er::ngu:shfns'lethaﬂ
« ADsorption method
- Multiple CONLact method

EI'TIMH:JISHTHE METHOD

magnetic blowout coils,
Aasannrnav:ﬁnmuw

: De greatly exten
Combination BCross the
&nd across the con

ded by conn
load for Tow vol
ges,

ecting a
tage (

‘48y) Circuits

uf per amperg Switcheg with & 400VW rati
Y 100k par 2 Watts of load.

RELAY CONTACTS IN DIGITAL AMD COUNTING CIRCUITS

- from one
. . the ':.ransnwﬂ:
uire several milliseconds to mig!&iﬁntact bounce” and can
PORS rETa}f {:qto the other, this is knﬂvnr;_;j limit switching spseds.
contact sta z switched signal and seve
distort the
seriously

- that 1'51
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PRCTECTING INTE=FALE CIRCUTTHY

The circuitry thst interfasces an inductive load such 2s a reley or cofi .
system via ejectronic components could be damaged Dy the bDack eaf produces,

the colizssing Field when the inductive load is switched off.

The m=gnitude of the back ea¥ dJdepends on Lhe icad and rate of Change .
S ' i1 be many times the vaive of the s

For example, a 12 volt relay coil] would produce a back emf of at Teacs =
vaits, while & 2¢ wolt telephone relzy could produce 2z back e=f up to I
wits, = |

=
e

" i o

A=

—

= aSwarlages of Cilode protection sre -
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'here are a wide range of relays availzble, some of these ars --

Differentizl Electrostatic - Electrostrictive

High speed High woitage . HOL whire

LEDUise - Linear expansion Low Tevel

Magnetlic latching . Magnetostrictive Polarised

Mechanical lztching . Mercury plunger . PCB

Phase seguence sclid state =
& general description of these relays can be found in an article 5y Colivn
Rivers, ET1 Feb. B4 )

Feed reiays use reed switches, these consist of 2t Teast two set=z1 rs=ds
sezled in a giass tube filled with inert gas. The reed reiay cperates oy
placing the reed swilch in the proximity of 2 ric field.

1 spring force i1s used to separate the cantacts when the ool
is ge—ensrgised, the arcing on cootact closure can weld the contacts fogether.
The cortacts must be protected by suppression anc oniy ussd . : _

|
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ADVANTAGES AND DISADVANTASES OF RELAYS

Adventages - . Yery good electrical isoiation.
. Nore than one output svaiiable.
¥Wide range of contact coofigurztions.

Disadrantages :— , Wechanica) wesr anc tsar oo mowing parts.

. Contact weer. .
May mesd costly sainlsnance.

-




RELAY DATA SHEETS

. e

Information that
characteristics a

The relay charactartst1c5 nc lude

MUSt be determined ¢
re determined.

« Co1l type - ac/dc
Pick up volt '
. Operat1ng / release Lime,

Temperature range of use

Contact arrangement :- NO, NC, DP, sP

» Lontact current rating :- ac. or dc for

b

voitage current
. and resistanc
99€. e3. X of homina) value, -

1nGUct1vExr&srst1rﬂ

rom relay data sheets when tha Part |
Culy

load.
T
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BIPOLAR SWITCHING TRANSISTORS

The 1deal switch has the following characteristics -

Infinite off state resistance.
LOrQ on state resistance.
. dero switching time (on - off) & (off - on).
. Low actuation level,

TRANSISTOR CHARACTERISTICS

BVeno = The roverse breakdown voltage batwean the base and eaitter with the
collactor opan circuit, This can ba Increased by the addition of & forvard
biased series diode in the base emitter clirculit,

The continuous de¢ current and the peak
current drawn by the load must determined,

CURRENT RATING .

PONER REQUIRENENTS :~ The powar dissipation must be detearmined
for the on-off dc and tranalent conditions,

The ON = OFF conditions have a power dissipation of ==

MONER OFF = VCC x lee . PONER ON = VCE sat x I¢ max

The on-off (dc) power dissipation 18 directly related to the bfasing of the
transistor, that is, the transistor must be driven into saturation for tha on
state to reduce Voo (sat) and completely cut off whan in the on state.

. 4 . is eithar switching
The “transient” power 1s dissipated when the trnnnintnr.
from (on-off) or (off-on) and 18 directly related to the switching time of the

transistor.

The maximum transient power dissipation occurs at the mid point of the load
1ine.
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VESIGN OF TRANSISTOR DRIVE CIRCUITS
The trensisct
-TENS CF needs to be overdr
- : L - 4 1"'E'n .-C -
SChiew 3 - - - - & .]n]mTE
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DC OUTPUT MODULES

Modules using discrete circuitry can be commarcizliy cbtained or constructed

for a specific control system.

Examples of discrete dc output modules are shown below -

-

. Normally closed dc output moduie.
. Normally open dc output module.

= | I
r '_aut:|— 1 -1
o oyl I ! - j i cilm
Lo _1_1
l o Tlln’
- - I 1

DC output module to be used with dc a2 commutating motor.

L= 4

37




AC OUTPUT MODULES

Modules usin
9 discrete circui
for a8 specific contro] 5!r‘51:.\a||n-j1tﬁfr €an be commercially obtained
: Or constr
UCtey

c

loads js Shins
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POWER FET'S

____—-_'—"-""__

ADVANTAGES OF USING FET's

. High input impedance :- allows direct interfacing to CMOS and

TTL.
. Nanosecond switching times.

. No thermal runaway.
. Low on-state voltage.
. Simple to use.

- DISADVANTAGES

—

when compared to bipolar transistors the on state voltage drop of these
mosfet's can be up to 2 volts and exhibit 2 greater power loss when used in

low valtage circuits.

care must be taken in the handling of these devices due 1o the possibility of
damage from electrostatic discharge (ESD).

For the following sample of a MO0OS data sheet, note the following
characteristics :- vds, Id and Rds.

Ve —a LI Ter 221 (2 2Es v 2 R 23
v L HUZ. o/ A BUZ. o A DUz Ly A BUZ 1! A
[ sg «| 0.0 21 13.0
0.2 7IA 130
0.10 7L 1240
0.04 11 g0 R B 14 330 17 320
0.04 1A 5.0
0.03 | M7 §£.0 15 | 450 18 370 i
Al 0.04 1152 0o | i | : ] l |
[ 4] 02 71 100
025 T1A 8.0
0.20 0 120 r 5 | 100
0 085 21 210 25 21,0
0.6 348 N0 L 320 z | st
00, 0,40 7 7.0
0.60 TIA 58
0,20 3 125 3 1L 37 13.0
nan h s 95 3 59
iz 150 us | & | T 33 120
400 1.80 76 10 i
1.50 TEA 1k
1.00 &0 55 &) <9
1.50 &00 4.5
n.A4n asi 115 2] 115 &7 34
0.5 " | 95
S0 1,00 74 | 1 1
4,00 TdA 2.0
1 A0 41A 45
2.m 43 d.u
0.50 a5y 10
u.s 45 95 43 TE
0.0 Jx0 §5 . i
0.5 45A £ FLEN &5
0.30 N Ev
&00 50 77 1.9 1 |
10 &0 L)
3 WA 35
09 .
3o
16
53
&0
2.5
b5}
i
45

w
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USING POWER FET's

Mosfet's prove extremely versatile in thair spplications and 51h AN e
inputs are voltage driven, with virtually zero current, thair yoo mu::emtn, APPLIED INDUSTRIAL ELECTRONICS e
Circuits are 1deal. i o T Py
! YEAR 2 : INDUSTRIAL CONTROL (6016K) by I Eggleton, Har.1991 :
I THEORY ASS8IGNWENT : WEEK 3
+16¥ « Question 1 - .
gketch & circuit using an opn transistor to interface a 12 volt, 300 Ohm dc
J relay to & circuit having an output ranging from 0 to Z volts. sl
| :
Criving vMos from TT(
% y ‘
For the AC output sodule below describe the function of = 7
- |
¢ (12’ . D1
l",r.. ; \ = " *,
Uriving VMos from o/e T . Q1 & R2
Y Lamp driver 161
ﬂ . R3
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MOTOR DRIVEN VALVES

ive is toc control high fluid pressure,
chanical linkage to operate the cpening and closing.

y a unidirectional sglit
ving outpul shaft

a mator must te

when & large vé
connected to a me

Most two position vailves of this type are operated D
phase motor. The motor is geared down to provide 2 siow B

speed with high torque.

s from 0° to 180°

for the linkage to OpED the vale, the
ge for the vale to

The out shaft rotate
be clozed.

shaft must be rotated from 180° to 36
ince the valve,

to 4 minutes and S .
d prnaﬁrt15nai

& motors are up
s between on-off an

The travel time for thes
§ control fall

moves slowly this type ©

control, ie. floating control.
For ﬁrnportiuna1 control the positioning of the control vale will be n an
intermediate position.
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ELECTRDPHEUH#TIC VALVES
not practical therefore the valve must

lectric motor is _
i ic or hydraulic pressure.

e yales the .
Far flaeg ction with pneumat

be operated in conjun




ELECTRONYDRAULIC VALVES

SINGLE PHASE MOTOFRS

The electrohydraulic system s gsed when the valve is massive, difficy’
NO'S 1P position or sav become sStuck

I J .-g '.":I'm
- . [=1% — ‘Ig E-
in any posits -

i
L

e © oLoT < 2 lacst
rars arse two Basic forms of corgtruction for s4ingle pRase o*ors, ONne ; oz
= - = - - i & i - r—'.r' f" 1 5
sanmtical to that of the three phsse finduction motor whiile the ORRE
s xS farm cimilar to that of the 6.C series motor.
e —
- ’ - - Fa” bl & ol i - " r-_m ,-1'”5 7_-."'__
L = Lr— The rotating f g‘lj in & El'?-tﬂ Drses Rt 1o Lo ecurs by S -
"‘-f'-—-. "‘—'.--l—r"_'_ + — - - :
: . | ] = effects of 2 two phase mOLOr.
‘ ‘I - - - -— -
— - ¢ ——a .
g = i
£ - ' T ﬂ‘ - "-_' ,,:: E £
= .. - =% Pagys Tl rrprti ad_-_ 3 ?._:ql"'-'f'f"" =t e ILe 23 -
—. | —— e —, i T 21ngie :'1:..‘:- acrtd [, gl AyE Lo e s by 1 ?"::* o= ﬁ-‘;hrer'
- - _— o - - - L s = o :
= :_,_-‘-"_ — ‘:E‘:-r| :-_FE,F_ = aw - 2 = "IF -_.r-TEE -1'..-- T‘E g'." :FE ' ‘.ﬁ..-.‘._,‘
e — : - £ s - 4 = - - g
____.—-""':- L A . g ol - or o =,H_-: 'E 2 ,:_a..a\:. r .
s
— L™ . - - o - g - E
- - -_____..-—-" — - . : e . - E J-J-q_#?-; E:eeﬂigr_ 5-‘ :r_& - f.: -"5- -E
- — ¥ A Grarp TYRe E:-‘_:r 1""__- rJha.*-.‘j =T -4 =
' | 4 = 2 3 4315 - 1rl
- - disconnected and the BOLOF Wil continue
. —_ — —
= — e —

-
i

- i . j J &= - 2 3' = -
I :‘:l z J-‘ = o w ﬂrr? [ ?E'
e .}'-I - -;. v = I -
= - = '.-..J ..—-s_..,_.a \,.c Pl .,JI -IE J ] ' 'G'
- r 2 k M ""'F:"t-ﬁm- F:

- - - F—‘ -
T ne s the oiier S =
vre three phase induction motlor witIS a
‘:Ei‘- il 2 - = - - ':- .ﬁril L
Z PR S e E - ‘I'__-",E -'5 o - ot | @
form similar 1o YAeL © es B0
Floig fiow

g EIG:‘:T-’- T"-""E..E-" b'_;"’

i rez)] systems the flow
SVETCmE Ihis protles by u=ing

- =% 1 --rg tﬂg

exse §nducti sctor coours Dy simsiac
he rotzting fieig 1n 3 3‘"""31& P - S .l
- . c*"&ra::. ' t TF r'
= ‘re rest of the Piping system. [e=io
VETYying the shzpe of the valve olua.

- - .= : - -
haye Lwo currsais 2T 20 seoroprizte phase angis =
The =ingie pHas ool BISY o 0 CUrrea<sS
g -y : - E -

cher

: " ~F different
ctie ran be achieved Dy RaViRg e :J;T‘G'H"gi-ﬂ-: ’3;

~F her. this Cah W= S : Lok = the wINAIN3S-
&avrﬂirﬁ or by sdding capacitor In series with onE OF =
*ri‘ﬂl,..ri.i--n '-__ ot - -

1 indiongs can OF
e rotzting 3T & suitzhie speed, oO0F of the winG)ags

] - - - § el - F L .‘-' S o
Aisconnected and ThE sotor will contings to roiate

f and this
s yibrztion of swicea the 1W f requenCy
The single phase SGIOT has

e
noe ) comnected BCTUSS
<o1it phese sotor has windings (S%a7- 4 Hil speed only the run
e %’A’:?-:?n;f?'; start, but "nen the motor s Up %
supply during ine S=E0Es

winding 15 useds.




ERHAHEHTLY SPLIT PHASE MOTOR
The i ' con rmanently
r also both windings nected pe
fi tates at a speed determined by the supply frequency and the permanent 1y split phase moto
star‘t\?r 1u1: r*inn a winding. The direction of rotation 1s 1n the same The
number of poles u

r in series with one of them.
across the supply, with a capacito
direction as that of the magnetic field.

120 x f speed (rpm) USES

lowers and dampers for
oD by TEequency .aht applications with a low starting torgue as fans, b

f poles L19 :

i B regulating air flow.

iHn o mn

SHADED POLE MOTOR

T b2 : g
orty—=r=—=rro

i in the stator. On
ith salient poles 1n bt
r has a cage rotor wi i roduces a flux tha
. The shaded pole mﬂtﬁe a shading ring is embedded which p
_'ilr'—'-_--—p.*;'nl ' the Eide Df Each pﬂ

opposes the main flux.

USES

q E 5-
USES

Split phase motors have only moderate starting torgue so they are limited to
such typical uses as washing machines, blowers,buffing machines, grinders and
machine tools.

il it can effectively
T:: is known as the universal motor because it
jes motor 1S 5 4
Lperifg on d.c and a.c¢ supplies
THE CAPACITOR START MOT

> = 150na
_ teristic up to
able speed charac
or it has a vari
To increase the phase angle and

Like a d.c series mot
produce improved
15 connected in series

characteristics a capacitaor P
with the start winding.

bo . ing at
the motor is runnin
tors the load should not be removed when
For large mo
Revarsal of tion is achieved by reversin
th) windin

iction and windage
: rm osses such as fr
put in small motors 2? l?ﬁﬁ -

. . speed DU! peed to a safe value.

9 connections of either (but not : jmit the s

g. This is the same method as for the split phase motor. will |

USES

machines,
] 5 such a&s Saws and drills, sewing
RS portable appliance

food mixers and

capacitor connected i

N series with each
as the main and auxij)

lary windings,

Reversal of rotation is similar to spiit phase motor.




DIRECT CURRENT MACHINES

THREE PHASE INDUCTION MOTORS

A d.c machine can be a d.c generator or d.c motor,the construction of either
Three phase induction motors consist of a laminated stator with thraa is similar, that is, a d .c motor can be used as a generator and a d . ¢
identical windings. The laminated rotor generally has single turn conductors generator can be used as a motor.
within the slots and shorts circuited at each end. The motor derives its Name
from the fact that the currents flowing 1n the rotor are induced and draun
directly from the supply.

CarE—— g F F [ e v—

Rotors with bars in slots rather than windings are known as squirrel cage
rotors and have a lower starting torque than the wound rotor.

The wound rotor has each of the three phase windings connected

| in star an
terminated at three slip rings. :

o i e e oonnectsd 0. the'axtarmit The armature is electrically connected to the ocutside world by the use of
commutator and brushes.

Circuit using brushes, these motors are known as slip ring motors.

Sousrrml-cage rorgs ine an T on s pder

The rotating magnetic fleld is establi
shed by three phase supp]
is therefore related to the number of poles and the line frezse:c:nd i

Bovan gear paurmoiy 21 A ¢ T =aghey

The commutator by its nature of operation will rectify the A.C voltage as the
armature rotates.

D.C motors can use permanent magnets for their fields, these are usually
limited to toys using batteries such trains or radio controlled planes.

For larger motors such as those used in furnace drives and steel mills, ﬁ1ﬂ1=ﬂ
magnets are used, and speed control is usually achieved by varying the voltage
applied to the armature.

The wound field version of the separately excited motor has no size
limitations, speed control is usually by means of controlling field current.




