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Common physical Typical signal
variables variables
* Force * Voltage
* Length * Displacement
*+ Temperature * Current
* Acceleration * Force
* Velocity * Pressure
* Pressure * Light
* Frequency * Frequency

* Capacity
* Resistance
* Time

Characteristics of Instrumentation, R. John Hansman, Jr.
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Two Types of Error )
systematic error random error

% poor accuracy < poor precision s
% definite causes <+ nonspecific causes . i ellas ‘

< reproducible < not reproducible ‘;QL‘J $ B
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(a) Low accuracy (b) Low accuracy (¢) High accuracy (d) High accuracy
Low precision High precision Low precision High precision
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Precision (uncertainty)
also referred to as radom error
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A shaft supplier claims that the true mean diameter of their stainless steel shafts is
31.01 mm. An engineer measures the diameter of these stainless steel shafts selected
at random from a large incoming batch supplied by the above supplier and the
following readings were obtained.

Diameter [mm]
31.2 |31.3 |31.0 [31.
31.4 (309 |31.5 |31.

)

31.5 |309 |3
31.6 |31.1

314 |31.1 |31.1
0.7 130.9

[o R ]
.

1
0.

>
20

Determine the range of valjies in which you would expect 95 % of all
measured values to lie.
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* The rotating speed of a work piece and the feed rate of a tool are
measured in controlling machining operations.

* Displacements and speeds (both angular and translatory) at joints
(revolute and prismatic) of robotic manipulators in controlling
manipulator trajectory.

* In high-speed ground transit vehicles, acceleration and jerk
measurements can be used for active suspension control

www.mech.ubc.ca

5 3> 5 5 03100 (51 9 I JT (5l j guuins

1 yguuiew g9 (0] 5l (2B 1,8

* Angular speed in the control of rotating machinery, such as

turbines, pumps, compressors, motors, and generators in power-
generating plants.

* Proximity sensors and accelerometers are the two most common
types of measuring devices used in machine protection systems
for condition monitoring, fault detection, diagnostic, and on-line
(often real-time) control of large and complex machinery.

* Displacement measurements are used for valve control in process
applications, plate thickness in steel rolling mills.
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Linear Variable Differential Transformer (LVDT):
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Signal Conditioning
163w .1
Carrier .
DC
Frequency [+ .
Power Supply
Generator
Primary
Excitation
Displacement
(Measurand) '?’;‘ ‘Rec!iﬁer DC Low-Pass Measurement
(Eabdddd) Secondary ‘ Circuit Amplifier Filter
Output

*AC output from the LVDT is rectified to obtain a DC signal
*Phase shift of the LVDT output has to be checked separately to determine
the direction of motion
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Signal Conditioning
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v, | excitation voltage

output voltage with
V., core left of null

v, goutput voltage with
core right of null

Moo \\
< magnetic fields
prmary 2 and associated

voltage polarities




1438/01/28

19

.,

ki gl gt s yKun>

:65910L

vglt) C‘D

= Vgsinwt

Vs———,

3 27 3r

D,.D, closed | D,, D, open

D,,Dyopen Dy, D, closed

ki gl gl s yKun>

AVDT i 30 oy JUimms 3 OS] domslono
Ui gy e 5o oSl glall sg2y Juo 4
Slp e 6w (> g50) 69959 JESem b (255
wleo 318 BYMEST ko Canl o3 yg¥pie Slokas plasl

o Dgu
R
Vet Lo joL, R, + j.mLL Kx
L, ¢ | R +joL, | (R +R)+ jo(L, +L)
L
Primary Circuit Secondary Circuit ¢ =90°- tan"' —L 4 tan" (D_L, - tan" M
R, ) R, +R,
Mcas.:lrand

i il gt 5o K

(Demodulation) s;ls esly 2

DC
Power Supply

Carrier
Frequency
Generator

Amplitude

Matching
Displacement
(Measurand)

L ss Measurement
—>
Filter

www.mech.ubc.ca

0 ©ygo Jol> Zge Bi> g er¥ g (60 Cldes a2 0 JUSw b (29,5 JUScmw duuy Lo
0310 ygue A5 (puly yild 51 g oulh Lo gl odliwl gl A Conl e (bl Jolo a0 5
Dga (o0

i il it 5o K

W8S (g0 LS 1y (LVDT) (Lol Joo G JUSmw (5310 32 (5132 0L slre 4 5 JSC
(Mplod b po 295 JUKmms 56 BB 1) iy Lod Sk [ a2 <3221

o—d
Carrier
Signal

WSl

o—t

LVDT Amplifier = Multiplier Low-pass Filter




20

1438/01/28

ki gl gt s yKun>
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Output

k= ARL;—Ri =amplifier gain
1

L

LVDT

v =v,rx(f)sinat

Amplifier Multiplier Low-pass Filter

v, =0, rk x(H) sin @ f 2

v, =——x(1) [1-cos2w 1]
v, = vtk x(t) sin’ ot *
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Carrier R+ Rl
Signal Output k =—1_——2 =amplifier gain
WpSine,t N R,
R, +
R
. Rl
LVDT Amplifier = Multiplier Low-pass Filter
2
U= ”T x(t) [1—cos2wm 1]
v, v . dv v, _ Kk
f—+§2+Cvo=0 T—2+7p =——t

kO=R/R1

T=RC=filter time constant

i S gl s K>
Carrier
Signal Ouput k= ALR ;R‘l =amplifier gain
WpSine,t . 1
R, +
R
= Ry
LVDT Amplifier Multiplier Low-pass Filter
v
v, = —"—2 x(1) [1-cos2w ] § 3
) v, = > x(t)
v k
o . R . .
= - Filter magnitude =
v, (l+Tjw) & N+t
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= Rotor has the primary winding and is energized by the
supply voltage
= Stator has two sets of windings placed 90°apart

Supply voltage  Vyr =V, SIn@*
Induced Voltages v, = av,, cos@ Voy =V, siN6

The induced quadrate signals are

Vy1 = av, cos@sin or v,, = av,sin@sinor

8 1> (5.5 0310 819 F ST S guios

v’ Resolver

&l ald g guo W ygo & acgozo (29,5 Fb GWilS 18 AC SO i 5l eoliswl 4 az i b
Multiply each quadrature signal by v, to get

1
S S N e :
Y = VoV = v, cOsOsin’ or = —av, cos@[1—cos 2]

vy 26 Gein? o = L w2 <
Vimz = VorVyer = aV,” sinGsin o =—av, sin 6[1 - cos 2|

"m2

Low pass filter to obtain

1 3 LI
Vo =Sav, cos@ Ve =Y, s 6

www.ubc.com
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Resolver Applications:
1. Permanent Magnet (PM) Motor Commutation and Speed Control
2. AC & DC Servo Motor Commutation and Speed Control
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Advantages:

1. Fine resolution and high accuracy
2. Low output impedance

3.  Small size (10mm diameter)

Limitations:

1. Nonlinear output signals

2. Bandwidth limited by supply frequency

3. Slip rings and brushes would be necessary if multiple rotations to be measured
(a brushless resolver can eliminate this)
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Self-Induction Transducers

induction coil

oscillator (generates
(gencrates AC) changing .
magnetic ‘4——~> magnetic field

field) (metal sensing region)

+
DC supply {

DC output ;——~_
(NO or NC avail.)
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current sensor
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Self-Induction Transducers

Surface: Magnatic fux density, norm [T]  Contour Magnetic potential, 2 component [Wh/m] Arrow. Magnetic flux density [T]
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incich Vertical Postion
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Inductive proximity sensor used to detect a foil
seasoning bag inside of a cardboard container.

Ferrous selective inductive proximity sensor used to
sort ferrous and can tops.

Food Industry

Stainless Steel Sheet Welder
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Eddy Current Transducer

O Size: about 2 to 75 mm (0.079 to 3 in) in diameter, 20 to 40 mm (0.79 to 1.58 in) long
O Range: 0.25 to 30 mm (0.0098 to 1.2 in)

O Resolution: Up to 0.1 pm (3.9 pin)

QO Bridge Circuit Frequency: 50 kHz to 10 MHz
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