
5.8.1

(5.51)

(5.52)

(5.53)

1

Strain Gages

Fractional change in resistance
Fractional change in resistivity
Fractional change in length/area

5.52

5.51,

5.52
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Conductor	
ribbons

Direction	of	sensitivity

Figure	5.36

δR
R
= Ss ε

From

for	<ixed	gage	size,	a	“serpentine”	
resistive	element	increases	R,	
which	increases	δR,	for	the	same	ε.

⇒ δR = R Ss ε
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Many applications, for example:

Figure	5.35
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The four gages are identical and symmetrically located, so   

    RA = R + δR   RB = R + δR   RC = R − δR   RD = R − δR     

As a consequence of the placement of the four gages in the 
bridge circuit, 

    

δvo

vref

=
δRA +δRB−δRC−δRD

4R
=
δR +δR−(−δR)−(−δR)

4R
=
δR
R

So for the complete system

   

δvo

vref

= Ss ε

Gage factor (a.k.a. gage sensitivity)
Each of the strain gages satisfies 

   
δR
R

= Ss ε
Strain



6

e.g.,	a	change	in	
the	ambient	
temperature

Figure	5.37



5.46,

(5.66)

5.9.1

7

Torque Sensors

Figure	5.46
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Torque Sensors

With	identical	gages:

R1	=	R	+	δR				R2	=	R	−	δR	
	R3	=	R	−	δR				R4	=	R	+	δR

!!  
ε =

r
2G J T!!  

δR
R

= SS ε (1)(2)

where	SS	is	the	gage	factor	
(sensitivity)	of	the	gage	
and	ε	is	the	strain	seen	by	
the	gage.

For	each	strain	gage:

Figure	5.46

Figure	5.47



Figure	5.47
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Torque Sensors

With	identical	gages:

R1	=	R	+	δR				R2	=	R	−	δR	
	R3	=	R	−	δR				R4	=	R	+	δR

and

!  

δvo
vref

=
δR
R

!!  
ε =

r
2G J T (1)

(3)

From	(1),	(2)	and	(3):

!!  
δvo
vref

= SS
r
2G J T

For	each	strain	gage:

!!  
δR
R

= SS ε (2)

where	SS	is	the	gage	factor	
(sensitivity)	of	the	gage	
and	ε	is	the	strain	seen	by	
the	gage.

Factor of sensitivity 
increase compared to 
when just one active 
strain gain is used.

Figure	5.46



Loading Effect
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Compliances	sum	in	series	and	the	compliance	of	a	spring	with	stiffness	K	is	1/K,	so	the	
stiffness,	Knew ,	of	the	Motor,	Torque	Sensing	Element,	and	Load	in	series	satis<ies:

!! 
1

Knew
=

1
Km

+
1
Ks

+
1
KL

To	minimize	the	loading	effect	we	want

1
Ks
≪

1
Km
+

1
KL

⇒ Ks ≫
Km KL
Km + KL

But	to	maximize	the	sensitivity	of	the	Torque	Sensing	Element	we	want	KS	to	be	small.

Figure	5.48



Loading Effect
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The	torsional	stiffness	of	the	torque	sensing	element	is	shown,	in	Sec.	5.9.2.4,	to	be

where	G	is	the	shear	modulus	of	the	material,	J	is	the	polar	moment	of	area	of	the	
cross-section,	and	L	is	the	length.

can	be	used	to	show	that,	for	the	same	KS ,	the	sensitivity	of	the	torque	sensing	element	
can	be	increased	via	use,	for	the	torque	sensing	element,	of	a	large	diameter,	thin-walled	
tube.	This,	however,	gives	rise	to	other	issues,	e.g.,	a	tendency	to	buckle	under	radial	loads.	

KS =
G J
L

The	above	expression	for	KS	and	

ε =
r
2G J T

Figure	5.48


