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Transducers	are	devices	that	convert	one	form	of	energy	to	
another	-	we	commonly	use	them	as	real-world	interfaces
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Transducer	Selec8on



When	selec8ng	a	transducer,	you	must	have	a	well	defined	
applica8on	and	consider	a	number	of	variables
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• Range	
• Linearity	
• Sensi8vity	
• Response	Time	
• Stability	
• Accuracy	
• Durability	
• Cost	
• Signal	Condi8oning



Range	is	the	span	of	values	over	which	the	transducer	is	rated	to	
perform	at



Linearity	is	how	much	the	sensor	diverges	from	an	ideal	linear	
sensor	output
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Linearity	is	how	much	the	sensor	diverges	from	an	ideal	linear	
sensor	output
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Sensi8vity	is	the	slope	of	the	output	-	input	curve
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Response	8me	is	how	long	the	transducer	takes	to	register	a	
change	in	the	physical	quan8ty
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Stability	is	how	constant	the	output	of	a	transducer	remains	when	
the	physical	s8mulus	is	sta8c

Image:	Setra



Precision	refers	to	the	reproducibility	of	a	given	measurement

Accuracy	is	the	maximum	difference	between	the	real	and	
indicated	values



Durability	is	how	rugged	the	transducer	is	to	the	measurement	
environment	it	will	be	exposed	to
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Signal	condi8oning	requirements	can	greatly	impact	the	ease	of	
use	and	cost	of	a	given	transducer
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Offset	refers	to	a	DC	bias	is	a	given	transducer’s	output
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Hysteresis	is	the	transducer’s	sensi8vity	to	which	direc8on	(up/
down)	the	physical	quan8ty	is	changing
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Dynamic	linearity	describes	how	well	a	transducer’s	output	can	
follow	a	rapidly	changing	quan8ty
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Temperature





Each	type	of	temperature	sensor	has	a	different	output	curve
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Thermocouples	work	on	a	principle	called	the	Seebeck	effect
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Two	dissimilar	metals	are	joined	to	make	a	transducer
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There	are	many	metal	combina8ons	or	types	of	thermocouples
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The	challenge	is	uninten8onal	junc8ons	in	the	system
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The	challenge	is	uninten8onal	junc8ons	in	the	system
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We	measure	the	temperature	of	the	“cold	junc8on”	and	
compensate	for	it	with	NIST	tables
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Or	use	a	high	order	polynomial	fit
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RTDs	change	resistance	based	on	the	temperature
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Mul8ple	signal	condi8oning	strategies	can	be	used	depending	on	
the	requirements	and	cost	tradeoff
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Thermistors	also	change	their	resistance	with	temperature
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Condi8oning	happens	with	various	resistor	bridge/divider	circuits
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Displacement



Displacement	measurements	can	be	performed	in	absolute	or	
rela8ve	ways	with	a	WIDE	variety	of	transducers



DCDTs/LVDTs	are	a	differen8al	transformer
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DCDTs/LVDTs	are	a	differen8al	transformer
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DCDTs/LVDTs	are	a	differen8al	transformer
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DCDTs	include	all	of	the	necessary	driving/condi8oning	electronics
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Capaci8ve	displacement	sensors	are	very	low	noise	and	high	
resolu8on
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Eddy	current	sensors	are	less	expensive	and	s8ll	rela8vely	low	
noise
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Pressure



Pressure	transducers	come	in	several	types

• Absolute	-	measure	w.r.t.	a	perfect	vacuum	
• Gage	-	measure	w.r.t.	external	(atmospheric)	pressure	
• Vacuum	-	measure	pressures	below	atmospheric	
• Differen8al	-	measure	difference	between	two	points	
• Sealed	-	measure	w.r.t.	a	sealed	fixed	pressure



Housings	can	vary	from	PCB	mount	to	industrial
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Pressure	sensors	are	generally	a	deflec8on	measurement	based	
technology
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Strain



Strain	gages	change	resistance	based	upon	their	stretching/
compression
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Resistance	of	a	material	depends	on	the	area	of	contact,	
resis8vity,	and	length
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So	tension	increases	resistance,	compression	decreases	resistance
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Most	strain	gage	circuits	are	based	on	the	Wheatstone	Bridge
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The	gage	factor	is	the	rela8ve	change	is	resistance	with	strain
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The	quarter	bridge	is	the	least	sensi8ve,	but	only	requires	one	
ac8ve	element
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Half	bridges	require	only	two	ac8ve	elements
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The	full	bridge	is	the	most	sensi8ve	arrangement
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Temperature	plays	a	role	as	well	though
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A	“dummy	gauge”	is	ocen	used	for	temperature	compensa8on
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Careful	wiring	and	crea8ve	placement	are	ocen	necessary
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Ac8vity:	Calculate	the	temperature	measurements	from	the	data	
included	with	the	“Thermistor	Calcula8on”	ac8vity

Due	:	10/20



Assignment:	Find	something	to	affix	strain	gauges	to	for	our	next	
lab	ac8vity

Due	:	10/25


