IMechianicallG e osHhac e,
UtahState
U NIVER S ITY Engrneering

Section 4.1 ;: Introduction to the
Fundamental Tool of Modern
Measurement, The Resistance Bridge

Beckwith Chapter 7
Sections 7.7-7.9
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Resistance and Resistivity (1)

 Electrical resistivity 1s a measure of how strongly a
material opposes the flow of electric current.

* A low resistivity indicates a material that readily allows the
movement of electrical charge.

e The SI unit of electrical resistivity 1s the ohm meter.

» The Resistance of Specimen 1s calculated by

L
R=p- 7 L=length of specimen (m)

o = resistivity of material (2-m)

A = cross sectional area of specimen (m?)
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http://en.wikipedia.org/wiki/Electric_current
http://en.wikipedia.org/wiki/Electrical_charge
http://en.wikipedia.org/wiki/SI
http://en.wikipedia.org/wiki/Ohm
http://en.wikipedia.org/wiki/Meter
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Resistance and Resistivity (2)

* Now consider a device made of a material with a known
Resistivity .... And the design is far more sensitive to
strain in the vertical direction than in the horizontal direction.

& A

~ PRt T * Now stretch the device .... \ ’ T
- = L 2 . L+AL
. ‘JL * Cross section does not change
Much ... but length changes / \ L
significantly

y

L+AL]

[
R=r7 R+AR:p-[

A—AA
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Resistance and Resistivity (3)

* Normalize by R and collect terms

R+AH_[L+AL]A_(L+AL] / I
R  NA=AAJL N\ L JA-AA

1+A—H—(1+ALJ( A j—)
R L N A= AA

A_F/;?:l_(A—AAAjJF(ALLXA—AAAj

A AA
- A— AA - A— A/ For small deflections ~ 0
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Resistance and Resistivity (4)

 Solving for area ratio

. (4) )~ ()= - 22
R \ L JNA-AA A-AA) " 7 R

G ---> Gauge factor

& ---> linear strain q

AR= G&R,

\/

e Strain Gauge ... change in resistance is proportional
To the strain on the sensor
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Strain Gauge (1)

* A strain gauge 1s a sensor used to measure deformation
of an object.

* Most common type of strain gauge consists of an insulating
flexible backing which supports a metallic foil pattern.

» Gauge 1s attached to the object by a suitable
adhesive.

» As object being tested 1s deformed, the foil 1s deformed, causing
its electrical resistance to change .... Which should be sensible
As a change in current thru sensor ...
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http://en.wikipedia.org/wiki/Electrical_insulation
http://en.wikipedia.org/wiki/Electrical_resistance
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Strain Gauge (2)

Tension causes

resistance increase Bonded strain gauge
Gauge insensitive g- Resistance measured
to |ateral forces 1 lf“" between these points

Compression causes
resistance decrease

* After being strained, gauge is designed to “bounce-back’ to original shape
 Given limits imposed by the elastic limits of the gauge material and test

specimen, Resistance changes only a small fraction of a percent (~0.1%)for
full force range of the gauge.
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Strain Gauge (3)

Tension causes

resistance increase Bonded strain gauge

T“‘“‘ Resistance measured
between these points

(Gauge insensitive |
to lateral forces

]

Compression causes
resistance decrease

» Forces great enough to induce greater resistance changes permanently
deform the test specimen and/or gauge.

* In order to use the strain gauge as a practical instrument, must measure very
small changes in resistance with high accuracy.

* Typical strain gauge resistances range from 30 € to 100 Q (unstressed).

AR ~ 0.03 to 0.1 Q2 ... a very difficult task for a multimeter
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Wheatstone Bridge (1)

* Need a device that amplifies the changes in resistance

* Consider the circuit

MAE 3340 INSTRUMENTATION SYSTEMS

* What will voltage
Across the volt

Meter terminals
{D,B} read?

... Oh Boy ...
... this will be fun ...
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Wheatstone Bridge (1)

Engineering

* Need a device that amplifies the changes in resistance

» Consider the circuit

REDRAW CIRCUIT AS PAIR OF

VOLTAGE DIVIDERS

A

.
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Wheatstone Bridge (2)

* What 1s Voltage Drop from B fo C?
Ry
ANV ia
— %
Looks like _I: V, :%ZR"I Vab
Voltage
Divide Circuit
Lb
R
V, =V a
V. =V R, " (R+R)
BC — Vex R
T+ A,
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Wheatstone Bridge (2)

Ry

AW a

0

» What is Voltage Drop from B to C?
Vi

] Dol B _ —

+
AW
<

z;oks like E_ V. ab
R ? C R, .Dlj?f’ti‘tllieCircuit
. Yb
Ve = Vi A, =V R Ry
A+ A,
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Wheatstone Bridge (3)

* What 1s Voltage Drop from D to C?
Ry

AW ia
— %

Looks like _I: V, :%ZR"I Vab
Voltage

Divide Circuit
Lb
R V=T
,/DC — '/6')( 2 ” (Ra+ Rb)
A+ h
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Wheatstone Brldge (3)
A
« What is Voltage Drop from D to C?
RI & 'V\N\N\ :a
B
v —>
(=) DHMI4B T +
Lookslike =\, :%:“a Vay
Voltage
R R, ? Divide Circuit
C
9
“b
R,
VDC = l/b’X Rz Vab= g (Ra+ Rb)
A+ A
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* What 1s Voltage Drop from B fo

D? (across meter)

*  Assume Impedance of M is Very Large
> M thus negligible current flows
across meter

Vap = Ve + Vo = Vo = Vo =
Vex( R R \_ VBXH?X(/?1 +R)-R(R+R)
B+R R+R) T (R+RYR+R) |

¥ RA, - R A,
a (Rl + Rz)(/% n RX)
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* What is Voltage Drop from B fo
] R ? & § D? (across meter)
» Assume Impedance of M is Very Large

@ D‘E—C B > MQ, thus negligible current flows

across meter
R, R,
C
L 2

Vap = Ve + Vip = VBC_ Voc:

‘& R R(AR+R)-R(A+R))
'/”U?3+RX_R+RJ' "”’( (R+AYA+R) )
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If the Voltage across the meter {D,B}=0 + Currents at nodes {D,B}

... bridge is said to be “balanced.” [, =1,

=0~ | =1,
* Voltage drops in Loops
{ABD)}, {BCD)}

| IR +1,R, — IR =0

NB LA~ LR~ 1yRy=0

IR, IR /
IR LA /
/=1,

NE
/7:/2 R4 F’Jz 13
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Balanced Bridge (2)
from previous.... e a ﬂ ) £
3753 7 11T H3 T 1
R/
ILR,=1LR —> Rj = /;‘

/=1,

« Sum currents at Node ¢ ...

/=~

14
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R Balanced Bridge (3) o
from previous.... R
SRES S
R I,
AN B
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Balanced Bridge (4)
Conditions for Balanced Bridge ....
A,

A_Al|A_R
Rz H4 3 4

oy

/ /
<.|. D / / 3N B . Ratio of resistances of any two
- Adjacent arms must equal ratio Of
4 Rz\ resistance of remaining two Arms

MS 16
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Balancing Techniques (1)

* Good way to sense
An unknown resistance

e Solve for unknown resistance

* Adjust R; until /,,= 0

LR =1A (/%/2)(/?3/3) (RR\( 11,

R — _ 1 Thih 213 11|
IR=0R "R, R N7
fy=1, (RR)
/3 _ — | R, = ;?U R, variable resistance
2 ! “rheostat”
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Balancing Techniques (2)

If we make R; a calibrated [ —
variable resistor, then we
simply dial it until Meter
current = 0.

3 -
-
B s

r

If a change in the
measured

condition causes a change
in R, we determine the
new value by re-nulling

the bridge. . «“Null Method”
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Balancing Techniques (2)

Arrangements used to balance dc resistance bridges

i
1 o L
T \_/ H
{a) Series balance (b) Differential series
balance
{c) Shunt balance (d} Differential shunt 19

balance
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Resistance Bridge Summary
e .. Infinite Meter Impedance

) T RR -RR Fn =0
A /[ =0 I/ = I/ex 1'% 275
R1 R3 Y I/ ! (R1+R2)(R3+RX) P_R|: l/ex :|2
_ ex | |
C_’)D @ B /1_(R1+R2) l/l_ . Hl (Rl-l_/%)
R2 (H + R) 12
LI A 1 - i p_ R{ Vor
v 1 2 _ -2
/ - al H _ l/ex
3 (R3+R4) ,/3:%)((33:34) fi=A (R3+R4)
% | i
/4 — éx H — |/ 2
R+AR V.=V, - _ ex
R N DR
Current thru Voltage drop Power dissipated
resistor Cross resistor by resistor
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