Zy and Z; can be represented as shown in the V= Gy

diagram. e 2z
T Sy
e Note that v, is the open-circuit output voltage. ipi il & Ve Output
e When a load is connected at the output port, the ) B
voltage across the load will be different from

(@)

v, because this is caused by the presence of a
current through Z,
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Loading Effect and Impedance Matching:

e When two electrical components are interconnected,
current (and energy) flows between the two
components and changes the original (unconnected)
conditions. T4is is known as the (electrical) loading R
effect, and it has to be minimized.

e Atthe same time, adequate power and current would be
needed for signal communication, conditioning, display,
and so on.

e Both situations can be accommodated through proper -
matching of impedances when the two components are
connected. Usually, an impedance-matching amplifier (i.e., an impedance transformer)
would be needed between the two components.

From the analysis given in the preceding section:
e The signal-conditioning circuitry should have a considerably large input impedance in
comparison with the output impedance of the sensor-transducer unit to reduce loading

errors. Wigh = H@\'\ = (o) k(ﬂlAZ = low T
‘ ; ——~V\AJU\A’“’-_—“
Sensor T 5'3'1!4 Even hi o 2
é_ll londiti > j o
é.jnnl Mh“"“j
Z T Device

Example: Problem is quite serious in measuring devices such as piezoelectric
sensors, which have very high output impedances. A piezoelectric sensor is a
device that uses the piezoelectric effect, to measure changes in pressure,
acceleration, temperature, strain, or force by converting them to an electrical charge.

I.
' e [nsuch cases, the input impedance of the signal-conditioning unit might be inadequate to reduce
loading effects;

i o Also, the output signal level of these high impedance sensors is quite low for signal transmission,
( processing, actuation, and control.

. o The solution for this problem is to introduce several stages of amplifier circuitry between the

; output of the first hardware unit (e.g, sensor) and the input of the second hardware unit (e.g,

. data acquisition unit).

e The first stage of such an interfacing device is typically an impedance-matching amplifier that
has high input impedance, low output impedance, and almost unity gain.

' o  The last stage is typically a stable high-gain amplifier stage to step up the signal level.

: Impedance-matching amplifiers are, in fact op-amps with feedback.

When connecting a device to a signal source, loading problems can be reduced by making
sure that the device has a high input impedance.

Unfortunately, this will also reduce the level (amplitude, power) of the signal received by
the device. In fact, a high impedance device may reflect back some harmonics of the source
signal. A termination resistance might be connected in parallel with the device to reduce
this problem.
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In many data acquisition systems, output impedance of the output -
amplifier is made equal to the transmission line impedance. When
maximum power amplification is desired, conjugate matching is

recommended. In this case, input and output impedances of the A
matching amplifier are made equal to the complex conjugates of § ‘

the source and load impedances, respectively. + Load
Soure =\
\/ru‘uﬁ.e acwss AR Load i
T . R
o= R =V B
R, +Rs
Power abssvbed is: v = L U,_R._) Vs
2
= L R
r 3
=% \* R.
R +R
<
=4 F> - '\[; o R-L—-
2N
(RL-HZs)
Por Max povu/ef fl_ﬁl;__: o
dR;_ 2L~
2
.4 ) (R ‘r?\,\:} Vs
(_(KS*RL)" 2 R () (% =0
, (R;rk,_\"
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Using Complex Impedance:

Infernal or
oulput impedance

Z= p\‘l’) w L

. 5 ety
' T
\l/-' § +yuce il 1 Z:RL-- Roz -z,
PR SR i or muximum power
Z = - | fromts H Ve
0 JQ%JWC 3 :
. :
. E I
N - E} !
M\ e I/ |
!
R = R,
. Lood resisiance
. Z ef}u\cle on- "
P - L oy __%_B___ d Audio Zg <10
ZD Z L Zl— > < ZD
Speaker

CWR |+ 1
| = |

_ Amplifier A
)

SWR - |
r

(]

Sw R+

Transmitter
output amplifier

| deal - SWR =
\Ayro/ R =1

No Signal Ref lection
SWRE D £ =7, = 23 |

Antenna

R =500

Shwln'wj Wane @a;tfo : i
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Modulation: .

! A I Cavviev """ “'; |
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X b)Y = x(e) x (&) -

E AM | | ;;’ st HL :~
X)) = a_ Cog (2Tt ) | I3 -
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pan|
M

X{fit’g‘
| LAY .
§ \/ N Time, t ~Fy 0 f, Frequency, !
(a)
| X (1]
2

LN/ TN,

—'f{:“{&, “{: -"f{‘i'gh 0 fd"‘f@ f,; fc.fft,

x{t) = acos 2xf,t |x(f

NAAN L 1A
VARVAR VA

X5 {1} = aa, cos 25t cos 2aft 2

Rl I

ffy by ~ftly O ffy 1, Loty

(e}

(@
FIGURE 2.22
fHustration of the modulation theorem. {a) A transient data signal and #s Fouder spectrum magnitude.
(b Amplitade-modulated sigral and its Fourier spectrum magnitude. (e} A sinusoidal data signal. (d) Ampli-
tude modulation by a sinusoidal signal
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Modulation and De-Modulation:

s
(data) A\ A Multipher Modulated

||
M
Yy
!jx“&muwwx\\ 3 j//~wm:»”\x\
2 ~f o N 2f Froeguency, f
(a)
Modulated signal Multiplier Original signal
% 14 I, S— %iH x{t}
Out Low-pass ,
Carriar filter
2
< Custoff = f;:;

(bl

Consider the modulated signal above:
Sf Sigpal T Mtbhed withe Bnusoidal Canter 2/ cos aif b
<

xitY = aﬁ X, (t) Cos zmf, b
APy Xo(f) = L ap (K (F)+ X (FrR) w e gt (3 a)

RE) =4 = [ Lo {xtafr xi6) + bo L xrent)]

|
2 a,
" X0e - LX(C_» 1 -
P X(£)= X(£)+ 2x<§ £y +3 (p\@c)
L[} $da Bawd Ry A Sde Band-
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Low Pass Filter with a cut-off:

R
Guen o v&a?,@m[aud‘ w = ‘1‘?
R4 2 C Vv
S)qu coWhinuons Wane . 1 Q %97 out
By Rigishor Load. ohuslaw v=Tr O— & —0

Acwss Caradﬁ” Cuvvent L= C?%t :
\éxnsj Cafa,u‘/tv
& Lt v

I:IC M \/t"\: VK_’-VC'
L~ — ~ - =
v .

B el pt ity oy, v

R, dat

oM R R
bl oo bt b=Vl
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What if you applied a Step Function to this filter? |y st

Wendd
Ve L fv-—f ’U’o’ (oo k& l(—kez
*
"iv 1 /
V
t" “

>S’ we waddl o dee how ‘lb'\su* took 'hbﬁe't"f'o

11 v", we ds fhe Jc,nw,;j.

l - ke (TT7)
= ~€ ;‘“é
v[ L 5 2

S 1- t" = _Rc I8 (L)—“-D = 0.637. (ch_
9 Rc 5 LWV-Z»" J7sfc"' KCSIDamds slower
& Rc 3? Shaadly 1 Lasfer.

i

Aduel SZBMJ_ | Ve
/ LPr e

VT— - Z’ .

Page- 12 i ENSC_387 - Electric Circuits-1: Simon Fraser University - Engineering Science



Bridge Circuits:

ﬁSmall i V:

Bridge circuits are used to make a
form of measurement:

e (Change in resistance

e Change in inductance

e (Change in capacitance

e Oscillating frequency

PC Brdge - AW Resistrs 2 vy —

(Constant Wltage)
A{; Bn\vl?e - W
#* Brl}&,b[& Eala,ﬁ\,CLOL %

shaw wo Camrert fon

& when balameed
Ri_Rs Ry

= )
Rz R‘I‘ RL_
4 4 _
ook @ V7=V -V Vi ,
R+, R v x
f T'ref - 3 chc
R+R, R+(¢f

'—‘UQ RekgtRiky — WK3R2\=R«R‘+’R3R?’
T kR (RrRy) ] (RrRX
ASﬁum-e R‘: RL-, R_:,> = RA[_ = K - Bw\dal— (s bq,lawC-eJ (o0 =

Lets werease R by SR, all o @ R
R =2 The (9,\17 Aetime  Shram %a?a

=
-——
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Example:
Suppose that in Figure on the right, at first

R; = R, = R; = R,. Now increase R, by
O0R, decrease R, by 6R. This will represent
two active elements that act in reverse, as
in the case of two strain gage elements
mounted on the top and the bottom
surfaces of a beam in bending. Show that

+

case.

Solution:

Rlsﬂ‘f’fk /K,.’ R’fﬁ

-

v, = (R+TR)2R - R(R+5E) (RR) I/ref

(2~ ) (2~ )

2 vref °
the bridge output is linear in R in this (Constant Yoltage)

R
= }2#’4{72- \// L se—— V;¢¢ °
V= Vats = [k + 5&) + €1SR) f - e d

(V= 2E+2IR-RRZGD) g

4=

Load
(High)
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Percentage Overshoot

Response Boundary
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Bridge Amplifiers:

e The output signal from a resistance

bridge is usually very small in ‘ o '
comparison to the reference signal, . ! K >
and it has to be amplified to increase - w:/*/ ;
its voltage level to a useful value ' "
(e.g., for use in system monitoring,
data logging, or control). : -
- 0.IpF 11
e This is typically an instrumentation = i
amplifier, which is essentially a ~. =1
sophisticated differential amplifier. il 4 >- »
| treassoy b— Ay =100
o The bridge amplifier is modeled as a T2
simple gain K, which multiplies the e
bridge output. = =5y

Half-Bridge Circuits:

e A half bridge has only two arms.

e OQutput is tapped from the mid-point of these two arms.

e The ends of the two arms are excited by two voltages, one of which is
positive and the other negative.

e Initially, the two arms have equal resistances so that nominally the bridge
output is zero.

o One of the arms has the active element. Its change in resistance results in a
nonzero output voltage.

e It is noted that the half-bridge circuit is somewhat similar to a potentiometer
circuit (a voltage divider).
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The two bridge arms have resistances

R, and R,, and the output amplifier "y .
uses a feedback resistanceR;. By g A —
ey
To get the output equation, we use the | A
two basic facts for an unsaturated op- L j‘*—m—*—“ Cas
amp; the voltages at the two input leads P - ”
are equal (due to high gain), and the
current in either lead is zero (due to s

high input impedance). Hence, voltage
at node A is zero and the current
balance equation at node A is given by:

mc]c ﬂ/\/\f‘f‘ iIn
T " SES -
R, Ra R¢
; . L _L
which moams: V72 Re (778 ) Vg —O®
Assame Initaly R= R,z R 5 Ehange R by §R

: L_ 1
gvo" R-F( R R"'XP‘ (U.-(Cf == D‘\;QP\ ;Q_L E.Qj—-:—o.

SV _ Rg <%SK—7R/ _Re [5Ry
U;d. R R+§ R R 1+ 8 R/

Rifg, s tha Awplifior gains o 10 2B

)

3 Won- Linwfy d{- kp.ﬁ-f Lr\“o(?c s Werse thall fxad
0{: whetslome Iow%
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Impedance Bridges: o

Output
v,

e AC Bridge
e Contains four impedances: Z;,7,,Z3 and Z,

'U”‘&: Carmier + AC S*‘—f'fty

,voj JCMo“thTL

.6no(ﬁ¢ Car lbe uged Fo  mealuve XG/XL. O
\w ﬁCVxSWS ¥ 05@[00\:{’%’ Covirnts as (@) Vo

-F:r-ca‘ S ) gM'fS L/ Ac {AC supply)
s(w)= Zidy —Z.E€3 U:e,f (). ‘Q"T"“‘"?' Acfeuda»—cy
@tfz‘z)ﬁzg‘*z‘w‘)
Igalmu.a\ Conditomn 3 2. o 3
Owen Bridge: . 2y

Ex. of Me««'Sw’u\j €3 ard/oR Ly by k:\lmw.

. — d‘ , Cap: ‘:C_AV
Td: Vo L.._‘-. p: t o
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x . sy _ 31 ‘?,,4.,“_2.,
( g U T oe(s) >+ ¢ Jwe it
. ———-I .2 = Rye Z3= R s T4 4+JNL4’ © freeginiely

\"":l /T2 / Jwiy

P BalMCch Bﬂdjt & _ 43 ﬁ_ﬂ%&'w Zl-Z*—,ZZ-Z—i
2, =247
N ]

". w = Rl(Rs‘rJUCB) ) MOW Equﬁ_'{',% Qul %Iw\ﬁ.@‘{g.

=
af
24

Jwe,
L Ry . Ra
+}6LL+ = @ Rt Re 5 5 B0y Mé“—-——
\)wc chs \ 3
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Wien Bridge Oscillator:

s P Hoes Ctrcwﬁ; we have
R

le_ [ Zz:' RZ— V,
Zy= Ry +- l
U Hs %
-—L. = 1 .'_3 wC, ; Admutfance Cy 5
'24_ R4 <
()
Bridge to be balanced = b

_RL: (Rg*:L >.<'\‘TJL\)C
Ry ch; "4 4

Eq(m.‘h;ﬂ Resl P ar-1s

Ri . R &t
Fi:z. FL¢$ C:.S

Imaﬂ FV\MY Pcw‘('j

0 = wc4k3mi—— (wete J“%)

WC, R,
T w | s SN, S
W e, Ry = era o C ta s
W= —fl e Oscollader Notural 'Frac{w)f
" W Undsrbalanced Eqpuations -

o C\rtwd' Can be used 4o wmeasuve Makrown Resistance C\-: Sﬁt;:)
by ""e“«suf’;ﬂ (4st) —FA‘—‘(W“"‘y CF L:'ra‘o\a,e 4 Reso~ance.
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Response parameters for time-domain specification of performance:

Percentage overshoot

Delay Time: Response boundary

This is usually defined as the time taken "

to reach 50% of the steady-state value for s if f e e
the first time. This parameter is also a \ o) | "
measure of speed of response. '

+=2% ]
oy

{ |
i o~
! Settling time

Peak Time | boundary

The time at the first peak of the device |

response is the peak time. This parameter I ekl

also represents the speed of response of E -
T. ime

the device.

Settling Time

This is the time taken for the device response to settle down within a certain
percentage (typically+2%) of the steady-state value. This parameter is related to
the degree of damping present in the device as well as the degree of stability.

Percentage Overshoot

This is defined as, PO = 100(Mp — 1)%, using the normalized-to-unity step
response curve, where Mp is the peak value. Percentage overshoot (PO) is a
measure of damping or relative stability in the device.

Simple Oscillator Model: .

. Pe,ma‘s Pe,ry[#m»m\a 4 Viardpew obveess

. DOfendA:\a, o U Sl of anpins : Dselldry and Wo -5
behaviowr Ca—~ be m,}or&fenf‘e_d_. Meddel Can be - napendd_ad:

. w: exeifation,

- 2 2
V+ 28wyt Yig- Wralt)) " daeqed Notod £

cfation s STEP FuncTioN with ZERo mitial con )
93[ “ ! -—gl‘)nt y ¢
4= 1— g7 Sin(wutt?)

] 5>
csgp= 8

Far AT@'\SJMC@{T Aesired 1o /\MSMM rise '6*4/ St ,Zeﬁllvst(‘““*
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TABLE 3.1
Time-Domain Performance Parameters Using the Simple Oscillator Model
&
Performance Parameter Lxpression
N T =t _
Rise Time IS withcos d = ¢
ey
Peak Time T o e
! .
Peak Value M, — 1—g "oV
Percentage Overshoot (PO) PO - 100 e F 6V I
. - 1
Tune Constant ¥
Ly,
V00241 =7 A
Settling Time (2%) T . - - =onm e —
Ly (g,

An automobile weighs 1000 kg. The equivalent stiffness at each wheel, including
the suspension system, is appmxlmatel}, 60.0 » 10° N/m. If the \uspcnsmn is designed
for a percentage overshoot of 1%, estimate the damping constant that is needed at
each wheel.

Solution: (4,5;»-3 A S““"‘f/( os&_www’t‘;—‘;‘;‘z/{ oﬂ, (fu..fuv«—-
my +by + ky= K“—Ct) m= n\aSS—zro b= JWW
-7(@-«[&4 5'{"«“% 6o X lo 'Vm.

250 ¥+ B; +hy= Ru(t) displace mad -excitation @ ensh wheel

F-O: 'A )
goby v byo(k)w
k- W > }.’?

Frem T’VLL aﬁ,ﬂz (for poresit O varshoot - P.0)
-n€ a fo 7,
| - loo = L= 0-83,substifele
e )

bA3 =

- 643% 10 N/n/&_c.

2\/70% [65y 250
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Active Transducer:

External power is required to operate active sensors/transducers, and they do
not depend on their own power conversion characteristics for operation.

A good example for an active device is a resistive transducer, such as a
potentiometer, which depends on its power dissipation through a resistor to
generate the output signal.

Note that an active transducer requires a separate power source (power
supply) for operation,

Passive transducer:

Draws its power from a measured signal (measurand).

Since passive transducers derive their energy almost entirely from the
measurand, they generally tend to distort (or load) the measured signal to a
greater extent than an active transducer would. Precautions can be taken to
reduce such loading effects.

On the other hand, passive transducers are generally simple in design, more
reliable, and less costly.

For example, a piezoelectric charge generation is a passive process. But, a
charge amplifier, which uses an auxiliary power source, would be needed by
a piezoelectric device in order to condition the generated charge.

Error Analysis:

Error = (instrument reading) — (true value)

Measurement Accuracy: Determines the closeness of the measured value to
the true value

Instrument Accuracy: Related to the worst accuracy obtainable within the
dynamic range of the instrument in a specific operating environment
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More discussion on Active and Passive Sensors:

e An active sensor is a sensing device that requires an external source of
power to operate; active sensors contrast with passive sensors, which simply
detect and respond to some type of input from the physical environment.

e In the context of remote sensing, an active sensor is a device with a
transmitter that sends out a signal, light wavelength or electrons to be
bounced off a target, with data gathered by the sensor upon their reflection.

e Active sensors are also widely used in manufacturing and networking
environments for example to monitor industrial machines or data center
infrastructure so anomalies can be detected and components can be repaired
or replaced before they break and shut everything down.

o Examples of other active sensor-based technologies include: scanning
electron microscopes, radar, GPS, x-ray, sonar, infrared and seismic.
However, as can be the case with some sensors, seismic and infrared light
sensors exist in both active and passive forms.

o A passive sensor is a device that detects and responds to some type of input
from the physical environment.

e Passive sensor technologies gather target data through the detection of
vibrations, light, radiation, heat or other phenomena occurring in the
subject’s environment.

e They contrast with active sensors, which include transmitters that send out a
signal, a light wavelength or electrons to be bounced off the target, with data
gathered by the sensor upon their reflection.

e Sensors can also be used in harsh environments and places inaccessible to
people.

o Examples of passive sensor-based technologies include: Photographic,
thermal, electric field sensing, chemical, infrared and seismic. However, as
can be the case with some sensors, seismic and infrared light sensors exist in
both active and passive forms.
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Linearizing Devices:
e Nonlinearity is present in any physical device, to varying levels.
o I[fthe level of nonlinearity in a system (component, device, or equipment)
can be neglected without exceeding the error tolerance, then the system can

be assumed linear.

o Linear system is one that can be expressed as one or more linear differential
equations.

e Note that the principle of superposition holds for linear systems.

|

N\, 1____———?———'—’_
alu.‘+a2_u.1 L | a',til + A, 32

Nonlinearities in a system can appear in two forms:

¢ 1. Dynamic manifestation of nonlinearities
e 2. Static manifestation of nonlinearities

Cases:

e The useful operating region of a system can exceed the frequency range
where the frequency response function is flat. The operating response of
such a system is said to be dynamic.

o Examples include a typical control system (e.g., automobile, aircraft,
milling machine, robot), actuator (e.g., hydraulic motor), and
controller (e.g., proportional-integral-derivative or PID control
circuitry).

o Nonlinearities of such systems can manifest themselves in a dynamic form
such as the jump phenomenon (also known as the fold catastrophe), limit
cycles, and frequency creation.
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Solutions for dynamic manifestations of nonlinearity:
o Design changes, extensive adjustments, or reduction of the operating signal
levels and bandwidths would be necessary in general, to reduce or eliminate.

Is that a good Solution?
e In many instances, such changes would not be practical, and we may have to
somehow cope with the presence of these nonlinearities under dynamic
conditions.

e Design changes might involve:
o Replacing conventional gear drives by devices such as harmonic
drives to reduce backlash.

o Replacing nonlinear actuators by linear actuators, and

o Using components that have negligible Coulomb friction and that
make small motion excursions.

What is Coulomb Friction?

e Coulomb friction is a simplified quantification of the friction force that
exists between two dry surfaces in contact with each other.

e All friction calculations are approximations, and this measurement is
dependent only on the fundamental principles of motion.

e It assumes that the contact surfaces are fairly uniform and that the
coefficient of friction that must be overcome for motion to begin is well-
established for the materials in contact.
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about Static Manifestations:

Making design changes and adjustments, as in the case of dynamic devices.

Since the response is static, and since we normally deal with an available
device (fixed design) whose internal hardware cannot be modified,

We should consider ways of linearizing the input/output characteristic by
modifying the output itself.

o Linearization using digital software
o Linearization using digital (logic) hardware
o Linearization using analog circuitry

In the software approach to linearization:
o Output of the device is read into a digital processor with software-
programmable memory
o And the output is modified according to the program instructions.

In the hardware approach:
o Output is read by a device with fixed logic circuitry for processing
(modifying) the data.

In the analog approach:
o A linearizing circuit is directly Oupat.
connected at the output of the device,

so that the output of the linearizing
circuit is proportional to the input to

the original device.

Chitput. v

CDMPOI'\ZAT w.d Convexl
C['\amcjfe Wshc.s nld Linear
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Software based linearization:

Assuming that the nonlinear relationship between the input and the output of a
nonlinear device is known, the input can be computed for a known value of the
output.

In the software approach of linearization, a processor and memory that can be
programmed using software (i.e., a digital computer) is used to compute the input
using output data.

nonr - Linear Chavatn's ?’VM 1’)’

_ . Adevice mpul
Y= £(W) 43 e

)%’35244,.)7 2ol — Ot /‘?e/a?‘;m/ I nvese %/am"
Analysis: U= 7€‘(“)

o Flexible - Linearization algorithm can be modified (e.g., improved, changed)
simply by modifying the program stored in the RAM.

¢ Highly complex nonlinearities can be handled by the software method.

e Relatively slow.

Linearization by Hardware Logic:

e Hardware logic method:
o Linearization algorithm is permanently implemented in the IC form
using appropriate digital logic circuitry for data processing and
memory elements (e.g., flip-flops).

e However, algorithm and numerical values of parameters (except input
values) cannot be modified without redesigning the IC chip, because a
hardware device typically does not have programmable memory.

e Difficult to implement very complex linearization algorithms —-Mass chip
production, initial chip development cost? Testing for our needs only?

e Lack of Flexibility - A digital linearizing unit with a processor and a read-
only memory (ROM), whose program cannot be modified, also lacks the
flexibility of a programmable software device.

Table Look wp: F-ast Accurmce o< Ameud o;l ,3724_-4_444:22. i
Mehmy I‘nfcnsrrc/-, TIncveased Accuracy |, f/—uo( ¥ fz:?'"’y s .
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Analog Linearizing Circuitry

Three types of analog linearizing circuitry can be identified.

e Offsetting circuitry
e Circuitry that provides a proportional output
e Curve shapers

Offsetting circuitry:

e An offset is a nonlinearity that can be easily removed using an analog
device.
e Adding a dc offset of equal value to the response, in the opposite direction.
Deliberate addition of an offset in this manner is known as offsetting.
e The associated removal of original offset is known as offset compensation.
e Example:
o Results of ADC and DAC can be removed by analog offsetting.
o Constant (dc) error components, such as steady-state errors in
dynamic systems due to load changes, gain changes, and other

disturbances, can be eliminated by offsetting.
F will a[t“"’ |
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V f_~Fn,,,~a(~es offsetting Up lage (Goriale) U 3 {“"5 R 7™
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: | Fhle (D nke@
Sumee V= Vg op-mf we can ubstitiTe ()
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Proportional-Output Circuitry: Acive

element
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Curve Shaping Circuitry:

Sasistance swishing
e Sort of like an amplifier with adjustable =
gain. ’ J M
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Phase Shifters:

Output
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Motion Transducers:

e Potentiometers (resistively coupled)

Variable inductance (electromagnetically coupled)
Variable capacitance

Eddy current

Piezoelectric

Potentiometer:

e Uniform coil of wire or a
film of high resistive
material- Carbon, platinum,
or conductive plastic.
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Resistive
element

Loading Nonlinearity:

¥

e What is the significance of the electrical loading
nonlinearity error caused by a purely resistive
load connected to the pot?
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Example:
A high-precision mobile robot uses a potentiometer attached to the drive wheel to record

its travel during autonomous navigation. The required resolution for robot motion is
1 mm, and the diameter of the drive wheel of the robot is 20 cm. Examine the design
considerations for a standard (single-coil) rotatory potentiometer to be used in this

application.
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Optical Potentiometer: ooticad Resistive Light

The optical potentiometer, shown is a N ek ,a,};e‘ Protbres et )
displacement sensor. A layer of photo- PJen L e
resistive material is sandwiched between £~__‘ 7 77 :
a layer of ordinary resistive material and Supply 1 7 ;/” “ } Output

a layer of conductive material. L | - — i
e aiodu o, 8ok s, T
FM ok B ortput of PoT Egmnﬁd‘ Creit X= %/

—_— WRe  (1-wAc
& Cuvrvent ﬂ\wu-ﬁl\ Load (UZAL

»’WV'V}/‘NV’WV
_/rl'
2R %HLE
« X=X Frﬂc+naml Posiion T |
L ‘9§ ‘.tﬂH’ ﬁfof
w3 C“Wﬂd— ba,lamcg @ J&,\dﬁm'

1;0 ro T H T H T
" 0.91 “Ise_ A./R, =01
@ 08l \“\\"\-M RC,"F?)':OAi
e = [(-0 ke 4 RIY B Lokt eTE o) S cS e
A g 7 S~ . 4 R/R,=07
A Re R Rp. 3 .08 | it
3205 Feifip=1 1
Can be Te- Wy lhen as: g "o4
=B V., 1
v (e Lol Ea
—= & Be . 1 Re l__(l ) Re ] 1 2 o2 [I—_{ﬁ—ﬂ
9§ RL=>Re ) RC/ =0 00010203040506070809 1.0
_ Rl_ Normalized displacement x/L
- | .
e )
’V}ejt X . KC + |
T RP

(U-° na ‘\\\
OY« H\.‘V{ E?Mf/m\ 10 W"ﬁ 'U}‘_.F 08

Value o4 MW g

0.2

01

: i : i e,
0.0 o 0.2 03 0.4 0.5 06 07 0.8 0g 1.0

X/ Normalized displacemsnt x. L

Page- 41 § ENSC_387 - Electric Circuits-L: Simon Fraser University - Engineering Science



Variable Inductance Transducers:

o When the flux linkage (defined as magnetic flux density times the number of
turns in the conductor) through an electrical conductor changes, a voltage in
proportion to the rate of change of flux is induced in the conductor.

Coil .,
Former . S oo
a9 = - = - Former T
Arm \ \ \ \ \ s it
= { 1 1 1 1\ 1\ ] o fE
8 — - I‘# L L YEL
T | e 1
inear .
e Soft iron 0
| core

www.InstrumentationToday.com

e This voltage in turn, generates a magnetic field, which opposes the original
(primary) field. Hence, a mechanical force is necessary to sustain the change
of flux linkage.

e Ifthe change in flux linkage is brought about by a relative motion, the
associated mechanical energy is directly converted (induced) into electrical
energy.

o This is the basis of electromagnetic induction, and it is the principle of
operation of electrical generators and variable-inductance transducers.

e The induced voltage or change in inductance may be used as a measure of
the motion.

Three primary types can be identified as:
o Mutual-induction transducers
o Self-induction transducers
o Permanent-magnet transducers.
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Mutual-induction transducers:
e Arrangement of a mutual-induction transducer

constitutes two coils, the primary winding and
the secondary winding. One of the coils (primary
winding) carries an alternating-current (ac)
excitation, which induces a steady ac voltage in
the other coil (secondary winding).

ciecuitry

The level (amplitude, rms-value, etc.) of the induced voltage depends on the

flux linkage between the coils.

None of these transducers employ contact sliders or slip-rings and brushes as
do resistively coupled transducers (potentiometer) which results in increased

design life and low mechanical loading.

In mutual-induction transducers, a change in the flux linkage is effected by

one of two common techniques.

o One technique is to move an object made of ferromagnetic material
within the flux path between the primary coil and the secondary coil.
o The other common way to change the flux linkage is to move one

coil with respect to the other.

o Motion can be measured by using the secondary signal (i.e., induced

voltage in the secondary coil).

Linear-Variable Differential Transformer (LVDT)

As the core moves, the reluctance of the flux path between the
primary and the secondary coils changes.

The degree of flux linkage depends on the axial position of
the core.

Since the two secondary coils are connected in series
opposition, so that the potentials induced in the two secondary
coil segments oppose each other, it is seen that the net induced
voltage is zero when the core is centered between the two
secondary winding segments. This is known as the null
position. When the core is displaced from this position, a
nonzero induced voltage is generated. At steady state, the
amplitude V oc Core displacement x in the linear

(operating) region. Consequently, Vo may be used as a
measure of the displacement.

Note that because of opposed secondary windings, the

LVDT provides the direction as well as the magnitude of
displacement.

Secondary
oot

Core

Primary
coil

tevel

Voltage

U Displacement &

Linear
rangs
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Linear-Variable Differential Transformer (LVDT) Equivalent Circuit.
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Signal Conditioning:

e Signal Amplification — increase signal strength so we ca interpret it.

e Filtering — need exactly the signals we require for interpreting it properly.

e Improving SNR - filter out unwanted so actual signal quality is better and
Noise (unwanted) signal is suppresses.

Example:
Figure shows a schematic diagram of a simplified signal-conditioning system for
an LVDT. Vz.z K Yy
Py
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See LVDT Example for more details.
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Mutual Induction Proximity Sensor:

[.v___
A
il
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g 3 >
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> q*’“’ Vief i 5
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ol \ Ferromagnetic 3

\\\ target obj ect

(measwanc (b) Proximity

(a)
e Displacement transducer also operates on the mutual-induction principle.

e The insulating E-shaped core carries the primary winding in its middle limb.
The two end limbs carry secondary windings, which are connected in series.
Unlike the LVDT and the RVDT, the two voltages induced in the secondary
winding segments are additive in this case.

e Proximity sensors are used in a wide variety of applications pertaining to non-
contacting displacement sensing and dimensional gaging. Few applications
are:

o Measurement and control of the gap between a robotic welding torch
head and the work surface.

o Gaging the thickness of metal plates in manufacturing operations
(e.g., rolling and forming).

o Angular speed measurement at steady state, by counting the number
of rotations per unit time

o Level detection (e.g., in the filling, bottling, and chemical process
industries)
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Resolver: This mutual-induction transducer is widely
used for measuring angular displacements.

e Rotor contains the primary coil & It consists of
a single two-pole winding element energized
by an ac supply voltage V;..r

e Rotor is directly attached to the object whose
rotation is measured.

e Stator consists of two sets of windings placed
90° apart.

Output
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o [fthe angular position of the rotor with respect to one pair of stator windings

is denoted by 6, the induced voltage in this pair of windings is given by:
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Demodulation

e As for differential transformers (i.e., LVDT and RVDT) transient
displacement signals of a resolver can be extracted by demodulating its
(modulated) outputs.

e This is accomplished by filtering out the carrier signal, thereby extracting
the modulating signal.
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Synchro Transformer:

The “‘synchro’’ is somewhat similar in operation to the resolver. The main
differences are that the synchro employs two identical rotor—stator pairs, and each
stator has three sets of windings, which are placed 120" apart around the rotor
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