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Overview	absolute	linear	encoders	
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•  InducBve	Linear	Encoder	TURCK	Li-Q25L	 	(SSI)	
•  InducBve	encoder	TWK 	 	 	(SSI)	
•  LVDT 	 	 	 	 	 	(Analog)	
•  Magnetolinear	RLS 	 	 	 	(SSI,	BissC)	
•  InducBve+magneBc	NEWALL	 	 	 	(SSI)	



TURCK	contactless	encoder	Ri-QR24	/	Li-Q25L	
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•  Turck	inducBve	encoder	Ri/Li	are	using	basically	the	same	technology	than	
Zealex	IncOder™	or	LINTRAN™	models.	

•  Supplier	is	Turck	GmbH,	Mühlheim,	Germany,	hap://www.turck.com/	
•  Truly	single	turn	(360°)	+	pseudo	mulBturn	absolute	measurement	of	

angular	and	linear	displacements.	
•  Encoders	come	with	build-in	electronics	for	signal	condiBoning	and	digital	

SSI	or	analog	0-10V/4-20mA	signal	interfaces.	



Absolute	InducBve	Encoders	–	Turck	Li-Q25L	
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•  Coil	geometry	with	low-precision	(m)	and	high	precision	(n)	system	(m	<	n).	
•  Measuring	ranges	from	25	to	1000mm	
•  Highly	sealed	housings,	permanent	protecBon	to	IP67/IP69K.		
•  Distance	target	to	encoder	0	to	4	mm	
•  Highest	resoluBon	1μm,	repeatability	18/36	μm	for	500/1000mm	range	

More	details	on	Turck	
Ri/Li	encoder	in	talk	
MCA	#	39	”InducBve	

Encoder”	



Turck	Ri/Li	-	ConstrucBon	
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The	sensor	system	consists	of	a	powered	stator	with	
emiaer	and	receiver	coil	systems	that	are	
manufactured	as	printed	circuit	coils	and	a	passive	
target	(resonator).	The	measuring	process	is	
completely	contactless	and	wear-free.	
The	electronics	are	implemented	on	two	board	levels.	
The	PCB	on	which	the	sensor	element	is	posiBoned	is	
located	directly	under	the	acBve	face;	the	electronic	
circuit	for	the	signal	evaluaBon	on	the	other	hand,	is	
housed	one	level	below	it.		

A	special	coil	arrangement	
ensures	that	stable	resonance	
coupling	is	implemented	in	a	
defined	distance	range,	and	
that	the	sensor	signal	does	not	
change	if	there	is	any	lateral	
movement	or	a	change	in	
distance.		



InducTurck	Ri/Li	-	Measuring	Principle	
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The	measuring	principle	of	the	
new	encoders	is	based	on	an	
inducBve	resonance	coupling	
circuit.	The	emiaer	coils	are	
excited	with	a	high-frequency	AC	
field	and	form	with	the	posiBoning	
element	(resonator)	an	inducBve	
resonance	coupling	circuit.		
	
The	geometry	of	the	receiver	coils	
is	designed	so	that	different	
voltages	are	induced	in	the	coils	
depending	on	the	posiBon	of	the	
posiBoning	element,	and	thus	
determine	the	sensor	signal.	
	
The	sensor	is	provided	with	a	low-
precision	and	a	high-precision	
receiver	coil	system	in	order	to	
increase	its	measuring	speed	and	
accuracy.	
	



Turck	Li-Q25L	–	Data	Sheet	
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•  Pros:		
–  High	resoluBon,	high	repeaBbility		
–  MulBturn	capability	(Ri)	
–  Flexible	fixing	on	different	shar	sizes	(Ri)	
–  Short	blind	zones	on	both	ends	of	the	encoder	(Li)	
–  High	EMC	immunity	
–  Only	passive	target,	all	electronics	in	the	stator	
–  Good	for	classical	harsh	environment	(shock,	vibraBon,	EMC,	dust,	oil	etc.),	

IP67	per	default	
–  Large	mounBng	tolerances	for	gap	between	stator	and	rotor	(0	to	1.5/4mm)	
–  Standard	industrial	interfaces	(SSI	etc.)	

•  Cons:		
–  No	separaBon	of	electronics	possible	(for	potenBal	use	in	radiaBon	and	high	

temperature	areas)	
–  Performance	in	very	high	DC	magneBc	fields	needs	to	be	tested.	

Absolute	InducBve	Encoders	–	Turck	Ri/Li	



Linear	DifferenBal	Inductance	Transducer	(LDIT)		
-	InducBve	Half	Bridge	
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The	Half	Bridge	transducer	
forms	half	of	a	Wheatstone	
bridge	circuit	(2),	which	
enables	change	from	null	to	
be	readily	determined.	The	
other	half	of	the	bridge	(3)	is	
built	into	the	amplifier	(1).	
When	the	core	is	in	a	central	
posiBon,	the	two	signals	VA	
and	VB	are	equal.	As	the	
core	is	displaced,	the	
relaBve	inductance	of	the	
two	windings	changes	
producing	a	complimentary	
change	in	VA	and	VB.		

VA	

VB	



LDIT-	TWK	IE-25	series	
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Technical Properties 
-  Encoder heads with 2 to 120mm measuring range (series IW10, IW 120) 

-  Separate electronics with signal processing and absolute encoder interface 

-  12bit resolution, linearity 0.25% or 0.5% FSO 

-  SSI-interface (125 kHz, 13bit), binary coding 

+ 



LDIT–	Messotron	WLH/WLG-series	
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Technical Properties 
-  2 to 500 mm measuring range 

-  Separate electronics with signal processing and 
absolute encoder interface 

-  For carrier frequency 2 to 10 kHz 

-  Linearity 0.1 to 0.5% FS 

-  Analog output (2 – 10V, 4 – 20mA) 

+ 

q.bloxx A106  



LVDT	

•  An	LVDT,	or	Linear	Variable	DifferenBal	Transformer,	is	an	absolute	displacement	
transducer	based	on	the	difference-inducBve	principle.		

•  It	converts	a	linear	displacement	or	posiBon	from	a	mechanical	reference	(or	
zero)	posiBon	in	the	middle	of	the	travel	range	into	a	proporBonal	electrical	
signal	containing	phase	(for	direcBon)	and	amplitude	informaBon	(for	distance).		



Difference-inducBve	sensor	principle	
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In	a	difference-inducBve	or	differenBal	transformer	sensor	the	coupling	between	
primary	and	secondary	coils	is	modulated	by	a	moving	ferromagneBc	or	electrically	
conducBng	object.	The	primary	coil	of	the	transformer	generates	an	AC	magneBc	
field.	The	two	secondary	coils	are	arranged	and	wired	in	a	differenBal	configuraBon	
that	is	perfectly	symmetric	with	respect	to	the	primary	coil.	
The	field	generated	of	the	primary	coil	induces	in	each	of	the	secondary	coils	a	
voltage.	When	the	symmetry	of	the	magneBc	field	is	not	disturbed,	the	voltage	in	
each	of	the	secondary	coils	Va,	Vb	is	the	same,	(Va-Vb)	=	0.	

Direction 1 

Direction 2 



Difference-inducBve	sensor	principle	
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Dir	1	max.	

Va	

-Vb	

Va-Vb	

Dir	1	 Zero	 Dir	2	 Dir	2	max.	

Coupling	between	the	coils	and	the	induced	voltages	Va,	Vb	in	the	secondary	coils	is	
changing	symmetrical	according	to	the	posiBon	of	the	ferromagneBc	object.	The	
resulBng	differenBal	signal	(Va-Vb)	is	modulated	in	amplitude	(=	distance	from	zero)	and	
phase	(with	respect	to	the	excitaBon	voltage)	poinBng	into	direcBon	1	(0°)	or	2	(180°).	
Advantages:	Only	one	signal	condiBoning	channel,	noise	picked	up	in	both	coils	will	not	
compromise	the	measuring	result	
	
	



LVDT	+	Messotron	amplifier	
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Specification for LVDTs: 
-  max. travel range: 200 to 500mm 
-  no integrated electronics 
-  separate connections for both sec. coils (a total of 
6 wires) 
-  harsh environment (vacuum, radiation, high 
temperature) 
-  guided version?, non guided version? 

+ 

q.bloxx A106  



LVDT	suppliers	
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•  ASM	
•  EddyLab	
•  Kavlico	
•  MacroSensors	(=TE)	
•  Measurement	SpecialBes	(MEAS)	(=TE)	
•  Messotron	
•  Micro-Epsilon	
•  Moog	
•  Penny+Giles	
•  Schaevitz	(=TE)	
•  Sensonics	
•  Solartron	
•  Stellar	Technology	Inc	(STI)	(=LORD)	



LVDT	–	Schaevitz	(CERN	customized)	

•  Challenging	Environmental	Specifica8ons		
•  PT-100	Resistance	Temperature	Detector	

(RTD)	inside	each	LVDT	
•  50	Mgray	radiaBon	resistance	
•  High	EMI	immune	
•  RaBometric	design	&	tesBng,	corrosion-proof		
•  Temperature	coefficient	of	sensiBvity	<50	

ppm	per	°C		
•  Linearity	ranging	from	0.1	to	0.04%		
•  Must	operate	with	varying	cable	lengths	from	

50	to	750	meters	
•  ±40	mm	stroke	in	a	200	mm	long	package	
•  Integral	1-meter	shielded	cable	
•  SensiBvity	>	15	mV/V/mm,	(in	the	differenBal	

mode)		



LVDT	-	ASM	

100.000	Mrad	=	1Ggy	!!,	or	is	it	
100.000	krad	=	1Mgy?	
to	be	confirmed	!!	



LVDT	-	ASM	



LVDT	-	TE	



LVDT	-	TE	



Magnetolinear	Encoders	
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•  Magnetolinear	encoders	(LinACE™)	are	based	on	reading	a	structure	with	
different	magneBc	permeability	in	a	rod.	

•  Supplier	RLS,	Slovenia	
•  Absolute	measurement	of	linear	displacements	
•  Magnetolinear	encoders	come	with	build-in	electronics	for	signal	

condiBoning	and	digital	signal	interfaces	like	SSI,	BiSS-C	or	CAN.	



Magnetolinear	-	ConstrucBon	

23	

The	LinACE™	encoder	
consists	of	a	sliding	encoder	
readhead	module	and	a	solid	
steel	encoder	shar	which	
eliminates	the	need	for	a	
separate	measurement	
system	in	moBon	
applicaBons;	
with	numerous	implicaBons	
for	design,	complexity,	cost-
effecBveness	and	even	
feasibility	of	moBon	systems	
requiring	accurate	absolute	
posiBon	encoding.		



Magnetolinear	–	Measuring	Principle	
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The	LinACE™	technology	is	
based	on	absolute	code	
wriaen	into	an	informaBon	
carrier	in	the	form	of	
regions	with	different	
magneBc	permeability	
represenBng	a	pseudo-
random	binary	sequence	
(PRBS	absolute	code).		
The	structure	is	then	read	
by	an	array	of	Hall	sensors	
integrated	in	a	single	silicon	
die.	



Magnetolinear	-	Measuring	Principle	
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Coding	structure	is	
applied	as	grooves	in	
the	carbon	solid	steel	
shar	with	high	
relaBve	permeability.		
Grooves	may	be	filled	
with	hard	chrome,	
copper	or	any	other	
material	with	low	
permeability	by	
galvanic	or	thermal	
spraying	process.		



Magnetolinear	-	Signal	CondiBoning	
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Using	a	bias	magnet,	
differences	in	magneBc	
permeability	modulate	
magneBc	field	density,	
which	is	detected	and	
converted	to	electrical	
signals	by	a	Hall	sensors	
array	integrated	in	a	single-
silicon-die	ASIC.		
Generated	electrical	signals	
are	processed	using	
algorithms	including	Fourier	
transform	to	calculate	
posiBon	based	on	
millimeter-scale	bit	length	
down	to	sub-micrometer	
resoluBons.		
	



Magnetolinear	–	Data	Sheet	
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RLS	LinACE	



InducBve	&	MagneBc	Linear	Encoders	
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•  Newall	linear	encoders	SHG	are	combining	a	high	resoluBon	inducBve	
incremental	reading	with	a	magneBc	absolute	reading	based	on	a	pseudo-
random	code.	Both	inducBve	and	magneBc	targets	are	incorporated	in	the	rod.	

•  Supplier	Newall,	Leicester,	UK	
•  Absolute	measurement	of	linear	displacements	
•  Encoders	come	with	build-in	electronics	for	signal	condiBoning	and	digital	

signal	interfaces	like	SSI	or	asynchron	RS232.	



InducBve	incremental	sensor	-	ConstrucBon	
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Newall’s	SHG	linear	encoder	are	made	up	of	two	main	assemblies;	the	reader	head	
and	the	scale.		
The	scale	is	a	stainless	steel	tube,	housing	a	column	of	precision	nickel	chrome	
elements	(12.7	mm	balls)	represenBng	the	encoders	pitch.	The	reader	head,	which	
fits	around	the	scale,	moves	in	a	linear	moBon	along	the	scale	length,	comprising	
an	assembly	of	drive	and	pick-up	coils	and	electronics.		



InducBve	incremental	sensor	–	Measuring	
Principle	
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There	are	six	sets	of	pick-up	coils	with	four	idenBcal	windings	A	to	D	that	are	
spaced	at	intervals	of	one	pitch.	As	a	result	of	this	spacing	each	coil	in	a	set	is	
posiBoned	over	an	idenBcal	part	of	an	adjacent	element.	Coils	with	the	same	leaer	
designaBon	are	connected	together	in	series	to	enhance	the	inducBon	amplitude.	
Over	the	pick-up	coils	is	the	drive	coil	excited	with	frequencies	of	1	to	10	kHz.	The	
elements	within	the	scale	cause	the	permeability	of	the	scale	to	vary	periodically	
over	a	pitch.	The	voltages	induced	in	each	of	the	sets	of	pick-up	coils	vary	
according	to	the	relevant	posiBons	of	the	coils	to	the	underlying	elements.		

The	amount	of	Cr-Ni	
in	the	core	is	

determining	the	
permeability	(and	
thus	the	voltage	in	
the	pick-up	coil)	



InducBve	incremental	sensor	–	Signal	
condiBoning	
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The	amplitude	of	the	induced	
signals	varies	with	displacement	
along	the	scale	(Figure	2a).	The	
coils	are	spaced	such	that	when	
one	set	of	coils	is	at	a	maximum,	
(e.g.	set	A)	another	set	spaced	one	
half	an	element	pitch	away	(set	C)	
will	be	at	a	minimum.	These	coil	
pairs	are	combined	differenBally	
to	produce	standardised	Sin/Cos	
signals	that	vary	with	
displacement	(Figure	2b).		
Arer	demodulaBon	the	output	
voltage	of	the	signal	is	indicaBng	
an	absolute	displacement	within	
one	pitch	of	12.7mm.	
	



InducBve	&	MagneBc	–	Absolute	Measuring	
Principle	
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Uniquely	coded	inserts	are	placed	between	the	Ni-Cr	elements	in	the	scale.	The	
inserts	are	locked	in	posiBon	as	part	of	the	manufacturing	process.	They	contain	a	
small	magneBc	target	that	can	be	detected	by	a	series	of	hall	sensors	contained	
within	the	reader	head.	The	inserts	represent	a	3n	code	unique	for	each	12.7mm	
pitch	of	the	incremental	scale	thus	defining	the	pitch	number.	



InducBve	&	MagneBc	–	Combined	Signal	
CondiBoning	
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Being	a	Digital	Sound	Processor	(DSP)	based	absolute	system	capable	of	a	high	
level	of	processing,	the	encoders	are	error	mapped	during	manufacturing	
against	a	laser	interferometer.	This	error	map	is	stored	in	FLASH	memory	
allowing	it	to	be	applied	in	real-Bme	thus	resulBng	in	a	highly	accurate	system.		
	
	

The	signal	condiBoning	unit	in	the	encoder	is	combining	the	interpolated	sin/
cos	signal	of	the	incremental	unit	with	the	pitch	no.	resulBng	in	a	high	
resoluBon	absolute	value.		
	
	



InducBve	&	MagneBc	–	Data	Sheet	
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RLS	LinACE	


