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Tension causes

resistance increase Bonded strain gauge

T“‘“ Resistance measured
between these points

Gauge insensitive
to lateral forces —_—

].—

Compression causes
resistance decrease

A thin plastic base supports thin ribbons of
metal, joined in a zig-zag to form one long
electrically conductive strip. The entire device
is typically 10 mm long, with 16 or more
parallel metal bands.



Quarter-bridge strain gauge circuit

1 ) e= 4V/ Ek
— E \Ej ﬁrain gauge
D ARE
POWEREN.IR

« the rheostat arm of the bridge (R2 in the diagram) is set
at a value equal to the strain gauge resistance with no force applied.

* The two ratio arms of the bridge (R1 and R3) are set equal to each other
- Swith no force applied to the strain gauge, the bridge will be
symmetrically balanced and the voltmeter will indicate zero volts,
representing zero force on the strain gauge.
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Quarter-bridge strain gauge circuit
with temperature compensation

strain gauge
(unstressed)

N

S

strain gauge
(stressed)

‘Resistors R1 and R3 are of equal resistance value,
-and the strain gauges are identical to one another.

*With no applied force, the bridge should be in a perfectly balanced
condition and the voltmeter should register 0 volts.

‘Both gauges are bonded to the same test specimen, but only one is placed in a po
and orientation so as to be exposed to physical strain (the active gauge).

‘The other gauge is isolated from all mechanical stress, and acts merely

as a temperature compensation device (the dummy”gauge).

- If the temperature changes, both gauge resistances will change by the same perc
and the bridge's state of balance will remain unaffected.

Only a differential resistance (difference of resistance between the two strain gaut
produced by physical force on the test specimen can alter the balance of the bridg
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Ve

/’; Half-bridge strain gauge circuit

7

7 strain gauge

; (stressed)
Strain gauge #1 —

//; 0 0 R, \-;:

7 \ g @

/// Strain gauge #2 -

/ (-) l R, —

/"; Bridge unbalanced me—

1 strain gauge

1 (stressed)

e

However, if we were to take the upper strain gauge and position it so that it is expo:
the opposite force as the lower gauge (i.e. when the upper gauge is compressed,
the lower gauge will be stretched, and visa-versa), we will have both gauges respon
to strain, and the bridge will be more responsive to applied force. This utilization is
as a half-bridge. Since both strain gauges will either increase or decrease resistance
the same proportion in response to changes in temperature, the effects of tempere
change remain canceled and the circuit will suffer minimal temperature-induced
measurement error:



Full-bridge strain gauge circuit

strain gauge strain gauge
F (stressed) (stressed)
R R3 ——m ==
; A T TN N SR RTINS
-1' K ‘?'7.}‘"1:",\0 ,“éf-.r’;mv,'-!f K ‘37.}‘"13\0 ,“;{-.r"«&v,'-!f ®e )
R o Ay g DB e T b L R T ) g R b LR b \Y)
> ey ~;‘fy.‘|.-, Ny ey, T B L N
| || T
R, Ra R Rs =R=—m 1
B >
=—* =i
N G l)Y..T \‘.b: A SR " .
;{.’fx\' :*f \{7';;’ g ’f_;f} strain gauge strain gauge
e i 5 A e L e (stressed) (stressed)
||
R, R4

When possible, the full-bridge configuration is the best to use. This is true not only
because it is more sensitive than the others, but because it is /inear

while the others are not. Quarter-bridge and half-bridge circuits provide an

output (imbalance) signal that is only approximately proportional to applied

strain gauge force. Linearity, or proportionality, of these bridge circuits is best whe
the amount of resistance change due to applied force is very small compared to
the nominal resistance of the gauge(s). With a full-bridge, however, the output voli:
is directly proportional to applied force, with no approximation (provided that the ¢
in resistance caused by the applied force is equal for all four strain gauges!).



S oyl 51 eslasiwl jyb




s i O S e o

RS> U)S Olpuei g Coglio Wlypul (w aal,
Aaob

\WALE

WL glel ol 35 9 65 ol Crasd

2l @S ol pyz 9 (552528 8511

OS5 4> OLAI i skl hoa U 3l iy Slhsil
Joloc 4 yiaS Cuwluns.33)5 Cund dekd (69 i
o> Jio (slaumo

Saoliss g Suiliml (g5 851001 (2Ulgs

S Blaww 9 (939 k> YU (g)10L



).3) HUind g 955 aslisd aacyw j1 (DU (louls (655 651051 by -
75,1 b
o gS)alo Juadl ng“b (,‘Logho);ahc)l‘w .
(pg)%)dh)bgnghobw)‘lmwgm —
<l 4l (g9 uas
ol Juail 9 g eaw Slel S a2 yaltio aoglie
ele 5= 9 Oy (shS Cuwl gSwe i Juall sy
CaS5)> 63930 °
yio sl 1000 5 5 0 b5 —
(a2, 20000 ) ;95 60 s azy> 101 (Sihga b >SS —
0“”0'935:‘&93*7{'-?@‘@5]u-?9)5°93b€&‘):?“34?)5‘ )
39w (50 bl (5393 (SRS e (louls Ginvliel b &5 b
j U (glas Al S Caoglio %10 d9d (plouls jl (b o lii.o)fl —
IR ? 9 9 A=) oW 9
% 5/1 3935 (4393 SaS jué
%12 3935 (lauls yiSlas o —



e gl (Wi gl g5

wlyusi(wirewound) saib ;2w eaw £95 )5
Canl (gl Ay )00 43 81552 CSy> 5l (AL Caoglis
(A=) 199 43 )93 G &5)9)
Cuwl yiog)Sue 1 40 (yiglgj) yiSla> —

9 Saolyw bolixo (cermet C‘Jw)S) iy Y £95,
392 9 Ssiwolly (935) bolixe) (g3l Sty b 9(§
(g yo ) Nisaud> Calgl (52 (o9l 1> oMol —
51 HlaiSlw (3392 uSlgiSy 4y (S -
A5 Jozi ) 3bj ()92 sl il (05 -

> €9
93,2 bljo -
& 2w (59) 2 (S Sy jl (gl 4y -



potentiometer shaft moved
by physical motion of an object

— +  yoltmeter indicates

position of that object

Wiper
or movable
contact

Displacement
-

[

!
2

Moveable arm of
pressure element

R, R, %
T
1
Measurement
proportional to 2

pressure 5
Resistance-measuring
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Differential capacitive transducers
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