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– FlyForce –
Capteur de force de contact à trois degrés-de-liberté

insensible aux vitesses et accélérations linéaires et angulaires
Enoncé du projet effectué en groupes de 5 ou 6 étudiant·es durant le semestre de printemps 2025

CONTEXTE

Après la fabrication de pièces mécaniques, le contrôle de leur conformité avec leurs specifications
requiert souvent un palpage par contact mécanique en divers points de mesure via un stylet. Afin
d’augmenter la fiabilité et la rapidité de ces étapes d’inspection réalisées par exemple avec des machines
à mesurer tridimensionnelles, il est nécessaire de disposer de têtes de palpage dont la force de contact
peut être contrôlée avec une grande précision pour éviter de déformer les pièces ou d’endommager leur
surface. D’autre part, l’augmentation des cadences de palpage en mode point-par-point, ainsi que les
modes de palpage continu (déplacement du stylet le long d’une ligne en restant continuellement en
contact avec la pièce) requièrent que la force mesurée par la tête de palplage ne soit pas perturbée
par les forces inertielles (aussi appelées “pseudo-forces” ou “fictitious forces” en anglais) induites par
les mouvements du capteur, ainsi que par la gravité. En effet, les accélérations linéaires et angulaires
de la tête de palpage, ainsi ses vitesses angulaires, induisent des forces d’inerties sur les parties mobile
massives du palpeur qui peuvent être confondues avec les forces de contact à mesurer, ce qui induit
des erreurs de mesure.
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   Catalogue   Laser Tracker   Stylets / Accessoires   Stylets   Stylet à bille en rubis - d=6 mm - M5

DESCRIPTION

SPECIFICATION



$96.00
Les prix ne sont valables que pour les
commandes passées via la boutique en
ligne

Stock goods

Vue d'ensemble sommaire
Stylet à filetage M5, bille en rubis Ø 6
mm. Pour l’utilisation avec Leica T-
Probe.

Stylet à bille en rubis -
d=6 mm - M5
SKU: 576221

Le stylet est un élément important du système de mesure. Pendant la mesure, il est
en contact direct avec la pièce.

Le rubis est le matériau le plus répandu pour les pointes de stylet. Grâce à son bas
prix et à sa haute qualité, c'est le choix standard pour la plupart des applications. Ce
matériau extrêmement dur se caractérise par un haut degré de résistance à la
compression mécanique et une force de compression élevée, ainsi que par une
surface exceptionnellement lisse.

Compatibilité : AT960, AT403

      Stylets Bridages MMT Laser Tracker Absolute Arm Logiciel

Fig. 1. Gauche : Palpeur tactile 3 axes dont le stylet est en contact avec une pièce mécanique. Centre : cotes d’encom-
brement. Droite : exemple de stylet avec tige en fibre de carbone et sphère en saphir.

OBJET DU PROJET

Le but de ce projet est de concevoir un capteur force dédié à la mesure de la force de contact entre
l’extrémité sphérique d’un stylet et une pièce mécanique, selon toutes les directions, qui soit insensible
à la direction de la gravité, insensible aux accélérations en translation et en rotation de sa base, et si
possible insensible aux vitesses angulaires de sa base. Ceci requiert de concevoir un corps d’épreuve
déformable élastiquement selon 3 degrés-de-libertés qui soit équilibré en force, équilibré en moment et
si possible invariant inertiellement. Connaissant les rigidités du corps d’épreuve selon ses 3 degrés-de-
liberté, la mesure de ses déformations au moyen de 3 capteurs de déplacement capacitifs (sans contact
mécanique) permet de determiner la force de contact.
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CAHIER DES CHARGES

Données

— Stylet axial avec tige en fibre de carbone et sphère en saphire (Fig. 1) : L = 200 mm, dt = 3 mm,
d = 6 mm, masse du stylet 100 g, filetage M3.

— Accélération maximale en translation dans toutes le directions durant le palpage : 6 m/s2 ;
— Vitesse maximale en translation dans toutes le directions durant le palpage : 1 m/s ;
— Accélérations maximales en rotation durant le palpage autour de tous les axes passant par le

centre du capteur : 30 rad/s2 ;
— Vitesse maximale en rotation dans toutes le directions durant le palpage autour de tous les axes

passant par le centre du capteur : 5 rad/s ;
— La mesure des déformations du corps d’épreuve du capteur de force selon ses 3 degrés-de-liberté

se fait au moyen de 3 capteurs capacitifs à choisir parmi la game Micro-Epsilon décrite dans le
catalogue en annexe (capaNCDT, Capacitive displacement sensors and systems).

— Le capteur de force est monté sur un système de protection contre les surcharges (monture
isostatique déboîtable) qui est hors du domaine de couverture du présent projet.

Critères à respecter pour la conception du capteur de force

Les points avec ⋆ sont déterminants pour la conception. Les autres sont indicatifs, c’est-à-dire qu’ils
ne doivent pas nécessairement être pris en compte dans les calculs de dimensionnement, en raison du
temps limité pour ce projet. Il s’agit de critères idéaux que votre mécanisme ne pourra certainement
pas tous remplir de manière exacte. Les points de non-conformité seront à discuter et justifier dans le
rapport.

1. ⋆ Encombrement cylindrique maximal (sans stylet) (Fig. 1) : H = 191 mm ; D = 84 mm ; le
stylet se monte axialement au centre de l’une des surfaces du cylindre ; la face opposée sert de
base au capteur de force (cette base est attachée au mécanisme de protection contre les surchages
qui est lui-même installé installé sur machine de mesure).

2. ⋆ Masse maximale du capteur (sans stylet) : 1 kg ;
3. ⋆ Plage de mesure de la force de contact selon les 3 axes supérieure à ±5 N ;
4. ⋆ Plage de mesure de déplacement selon les 3 axes supérieure à ±1 mm ;
5. ⋆ Rigidité du capteur selon les trois axes mesurée au niveau de la sphère du stylet : 5±0.5 N/mm ;
6. ⋆ Résolution de mesure de la force de contact meilleure que 1.5 mN ;
7. ⋆ Erreur de mesure induite par les forces d’inertie inférieure à 15 mN ;
8. ⋆ Corps d’épreuve à 3 degrés-de-liberté basé sur les guidages flexibles (aucun frottement solide

ou contact intermittent entre les pièces mobiles n’est autorisé) ;
9. ⋆ Corps d’épreuve équilibré en force (insensibilité à l’orientation de la gravité et aux accéléra-

tions en translation de la base) ;
10. ⋆ Corps d’épreuve équilibré en moment (insensibilité aux accélérations en rotation de la base) ;
11. Corps d’épreuve invariant inertiellement (insensibilité aux vitesses angulaires de la base) ;
12. Corps d’épreuve pouvant supporter des forces appliquées à l’extrémité du stylet dans toutes les

direction pouvant atteindre ±15 N sans endommagement (prévoir des butées mécaniques).
13. Durée de vie du mécanisme supérieure à 10 ans pour des cadences de palpage de 2 Hz sur des

durées journalières de 4 heures par jour (estimer le nombre de cycles des guidages flexibles et
choisir leur contrainte admissible en prenant en compte la fatigue des matériaux) ;

14. Température de fonctionnement : Tfonc = 23± 5 ◦C ; (le calcul des effets de la température sur
le fonctionnement ne sont pas requis).

15. Coût de fabrication du mécanisme produit en moyenne séries (≃ 1000 par année) inférieur à
300 CHF (information indicative : aucun calcul de coût de fabrication n’est requis).
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Critères d’optimisation

— Gamme dynamique : maximiser la gamme dynamique selon chacun des 3 axes (Note : pour
chaque axe, la gamme dynamique est définie comme le quotient entre la plage totale de mesure
de force et la résolution de mesure de force) ;

— Equilibrage : minimiser les erreurs de mesure de force induites par les forces d’inertie ;
— Isotropie de rigidité : minimiser les défauts d’isotropie de rigidité selon les 3 axes ;
— Encombrement et masse : réduire l’encombrement et la masse du capteur ;
— Haute dynamique : réduire la masse réduite du mécanisme au niveau du stylet pour en

augmenter les fréquences propres et permettre de faire du palpage continu à haute vitesse sans
risques de décollement.

DIMENSIONNEMENT

1. Calculer la valeur maximale des contraintes dans toutes les articulations flexibles lorsque la force
de contact atteint la valeur maximale de la plage de mesure dans toutes les directions ;

2. Calculer les déplacements des cibles des trois capteurs capacitifs lorsque la force de contact atteint
sa valeur maximale dans toutes les directions ;

3. Calculer la résolution de mesure de force selon les trois axes en fonction de la résolution de mesure
des capteurs de position choisis ;

4. Calculer les gammes dynamique de la mesure de force selon les trois axes ;
5. Calculer la résolution de mesure de déplacement de la sphère du stylet selon les trois axes (utili-

sation du capteur comme palpeur de position) ;
6. Calculer la masse réduite de l’ensemble du mécanisme au niveau de l’extrémité du stylet selon

les 3 axes ;
7. Discuter l’erreur de mesure de force induites par les changement d’orientation de la gravité dans

le pire cas ;
8. Discuter l’erreur de mesure de force induite par les accélérations en translation dans le pire cas ;
9. Discuter l’erreur de mesure de force induite par les accélérations en rotation dans le pire cas ;

10. Discuter l’erreur de mesure de force induite par les vitesses angulaires dans le pire cas.
11. Discuter les erreurs de mesure de force induites par les non-linéarités du corps d’épreuve.

LIVRABLE 1 : CONCEPTION PRELIMINAIRE

Planches Chaque groupe de 5 (respectivement 6) étudiant·es élabore un catalogue de 4 (resp. 5)
solutions de capteurs bien distinctes. Chaque solution est présentée sur une feuille A3 (recto)
séparée en deux parties : une partie A qui décrit l’architecture cinématique représentée avec des
guidages idéaux en montrant le principe de fonctionnement de la solution, ainsi que les sources
d’inspiration qui y ont mené ; une partie B qui montre une vue d’artiste de la solution avec
son implémentation avec guidages flexibles. Tous les dessins sont effectués à main levée et en
couleur. La 5e (resp. 6e) planche met en exergue la solution retenue en explicitant les raisons du
choix.

Vidéos Les 5 (resp. 6) étudiant·es se répartissent les 5 (resp. 6) planches, et chacun·e réalise une vidéo
de 3 minutes (plan séquence, sans montage) présentant oralement la planche.

Echéance : Mercredi 2 avril 2025 à 19h00. Chaque étudiant-e uploade sa planche sur Moodle
et uploade une seconde fois sa planche sur GoogleDrive cette fois accompagnée de la vidéo
de 3 minutes.
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LIVRABLE 2 : CONCEPTION DETAILLEE

Dessin d’ensemble CAD du capteur Le dessin d’ensemble comporte les cotes fonctionnelles, les
cotes d’encombrement, les ajustements, le cartouche complet avec la liste de toutes les pièces
et leurs matériaux indiqués selon ISO. Faire toutes les coupes et vues nécessaires à la compré-
hension et au contrôle du fonctionnement du mécanisme. L’échelle des dessins (normalisée) sera
choisie pour rendre leur lecture aisée ; les ajustements et tolérances seront explicités. Exemple :
Ø 4 H7 +0.012

0 g6 −0.004
−0.012. Pour des raisons pratiques et de coût, on se limitera autant que possible

aux formats A4 à A2.
Un dessin de détail (uniquement pour les groupes de 6) prêt pour l’envoi à l’atelier de fabri-

cation de la pièce de votre mécanisme qui joue le rôle de châssis. Note : les dessins de détail des
autres pièces du mécanisme ne sont pas requis.

Rapport Un rapport de 15 à 25 pages basé sur la table des matières proposée en annexe. Le rapport
présente la conception détaillée du mécanisme avec des explications claires et concises de son
fonctionnement, en faisant appel au maximum aux schémas. Donner les indications et explications
nécessaires au suivi et à la compréhension de la démarche (hypothèses, simplifications choisies,
dimensions considérées, valeurs utilisées pour le calcul, sources, etc.). Lister, justifier et discuter
l’impact des éventuelles non-conformités avec le cahier des charges.

Echéance 1 : Vendredi 16 mai 2025 à 19h00, rendu conception détaillée. Une personne du
groupe uploade le rapport, y compris le plan d’ensemble (et, pour les groupes de 6, éga-
lement le plan de détail) une fois sur Moodle et une fois sur GoogleDrive.

Echéance 2 : Mercredi 21 mai 2025 de 10h15 à 14h, soutenance finale publique. Présentation
finale de tout le groupe devant les assistants et une partie le classe. L’horaire de passage, ainsi
que la durée et autres modalités de la défense seront communiquées via Moodle une semaine
avant la soutenance.

Pondération

Calcul de la note N du cours Conception de mécanismes II : N = 0,3 · I + 0,7 · F où I est la note
obtenue au rendu intermédiaire et F est la note obtenue au rendu final du projet.

Contact logistique du cours : M. Célestin Vallat, celestin.vallat@epfl.ch.
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Table des matières du rapport (15 à 25 pages)

1. Introduction
2. Conception générale

2.1. Explication du principe de fonctionnement
2.1.1 Principe de guidage du stylet à 3 degrés-de-liberté
2.1.2 Principes d’équilibrage en force, moment et, optionnellement, inertiel
2.1.3 Principe de mesure des déformations du corps d’épreuve
2.1.4 Mise en évidence des concepts originaux

2.2. Schéma cinématique du corps d’épreuve représenté avec des articulations idéales
2.3. Calcul de la mobilité selon la méthode de Grübler et discussion des éventuels hyperstatismes
2.4. Implémentation de la cinématique du corps d’épreuve en guidages flexibles

3. Dimensionnement détaillé : suivre point par point la section Dimensionnement ci-dessus.
4. Discussion : Listes de non-conformités avec le cahier des charges, justifications et impacts
5. Construction

5.1. Argumentation des choix de construction (procédé d’usinage et assemblages, etc.)
5.2. Argumentation des choix des matériaux

6. Conclusion
7. Annexes : Dessin de construction avec liste de toutes les pièces
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N° du groupe :
Etudiant.e  1:
Etudiant.e  2:
Etudiant.e  3:
Etudiant.e  4:
Etudiant.e  5:

Etudiant.e  6 (si applicable):
Assistant principal: 

Assistant secondaire:

Critères Points Max Points Remarques

Concepts cinématiques corps d'épreuve à 3 DDL 10

Concepts cinématiques d'équilibrage du corps d'épreuve 20

Schémas cinématique à articulations idéales 10

Calcul des mobilités selon Grübler et discussion des hypersatismes 10

Implémentation cinématique en guidages flexibles 10

Richesse du catalogue, créativité 10

Pertinence du choix de la solution retenue pour le projet (arguments, réflexion) 10

Qualité des planches 10

Clarté de la présentation orale sur la vidéo 10

Bonus pour maquettes, animations vidéo ou autres artefacts de communication 10

Total (plafonné à 100) 110 0

Points individuels  par rapport au groupe Points max Points Note sur 100 (plafonnée à 100)
Etudiant.e  1: +/- 30 0 0
Etudiant.e  2: +/- 30 0 0
Etudiant.e  3: +/- 30 0 0
Etudiant.e  4: +/- 30 0 0
Etudiant.e  5: +/- 30 0 0
Etudiant.e  6: +/- 30 0 0

Barème projet FLYLFORCE, Livrable 1 , Conception de mécanismes II, printemps 2025, Version préliminaire du 16/2/2025



N° du groupe :
Etudiant.e  1:
Etudiant.e  2:
Etudiant.e  3:
Etudiant.e  4:
Etudiant.e  5:

Etudiant.e  6 (si applicable):
Assistant principal: 

Assistant secondaire: 

Critères Points max Poitnts Remarques

Présentation orale et réponse aux questions
- Clarté, pertinence et concision de la présentation
- Connaissance générale du problème
- Réponse aux questions
- Bonne coordination du groupe

15

Maquettes explicatives et animations (bonus) 10

Rapport: conception générale
- Concept cinématique à guidages idéaux
- Principe de l'équilibrage (force, moment, inertie)
- Schéma cinématique représenté avec des articulations idéales
- Calcul de la mobilité selon la méthode de Grübler 
- Discussion des éventuels hyperstatismes
- Implémentation de la cinématique en guidages flexibles
- Discussion qualitative de la non-linéarité de rigidité et d'inertie.
- Discussion qualitative des défaut d'équilibrage résiduels
- Mise en évidence des concepts originaux et explications spécifiques à la solution retenue

25

Rapport : Dimensionnement détaillé
1. Calculer la valeur maximale des contraintes dans toutes les articulations flexibles lorsque la force de 
contact atteint la valeur maximale de la plage de mesure dans toutes les directions;
2.Calculer les déplacements des cibles des trois capteurs capacitifs lorsque la force de contact atteint 
sa valeur maximale dans toutes les directions;
3. Calculer la résolution de mesure de force selon les trois axes en fonction de la résolution de mesure 
des capteurs de position choisis;
4. Calculer les gammes dynamique de la mesure de force selon les trois axes;
5. Calculer la résolution de mesure de déplacement de la sphère du stylet selon les trois axes 
(utilisation du capteur comme palpeur de position);
6.Calculer la masse réduite de l'ensemble du mécanisme au niveau de l'extrémité du stylet selon 
chaque axe;
7. Discuter l'erreur de mesure de force induites par les changement d'orientation de la gravité  dans le 
pire cas;
8. Discuter l'erreur de mesure de force induite par les accélérations en translation dans le pire cas;
9. Discuter l'erreur de mesure de force induite par les accélérations en rotation dans le pire cas;
10. Discuter l'erreur de mesure de force induite par les vitesses angulaires dans le pire cas.

35

Performance de la solution développée et discussion 
1. Gamme dynamique: maximiser la gamme dynamique selon chacun des 3 axes (Note: pour chaque 
axe, la gamme dynamique est définie comme le quotient entre la plage totale de mesure de force et la 
résolution de mesure de force);
2. Equilibrage: minimiser les erreurs de mesure de force induites par les forces d'inertie;
3. Isotropie de rigidité: minimiser les défauts d'isotropie de rigidité selon les 3 axes;
4. Encombrement et masse:  réduire l'encombrement et la masse du capteur;
5. Haute dynamique: }réduire la  masse réduite du mécanisme au niveau du stylet pour en augmenter 
les fréquences propres et permettre de faire du palpage continu à haute vitesse sans risques de 
décollement.

10

Dessin d'ensemble CAD 
Construction détaillée du capteur de force ;
Remarque: Le dessin d’ensemble comporte les cotes fonctionnelles, les cotes d’encombrement, les 
ajustements, le cartouche complet avec la liste de toutes les pièces et leurs matériaux indiqués selon 
ISO. Faire toutes les coupes et vues nécessaires à la compréhension et au contrôle du fonctionnement 
du mécanisme. L’échelle des dessins (normalisée) sera choisie pour rendre leur lecture aisée; les 
ajustements et tolérances seront explicités. 
Dessin de détail CAD (uniquement pour le groupes de 6)

15

Originalité (bonus)
Idées originales intéressantes ou/et résolution particulièrement élégante ou/et dimensionnement 
particulièrement poussé

15

Note du projet sur 100 (plafonée à 100) 125 0

Points individuels  par rapport au groupe Points max Points Note sur 100 (plafonnée à 100)
Etudiant.e  1: +/- 30 0 0
Etudiant.e  2: +/- 30 0 0
Etudiant.e  3: +/- 30 0 0
Etudiant.e  5: +/- 30 0 0
Etudiant.e  4: +/- 30 0 0
Etudiant.e  6: +/- 30 0 0

Barème projet FLYFORCE, Livrable 2, Conception de mécanismes II, printemps 2025, Version préliminaire du 16/2/2025



capaNCDT // Capacitive displacement sensors and systems

More Precision



Measuring principle
The principle of capacitive displacement mea-
surement using the capaNCDT (capacitive 
Non-Contact Displacement Transducer) sys-
tem is based on how an ideal plate-type ca-
pacitor operates. The two plate electrodes are 
represented by the sensor and the opposing 
measurement object. If a constant alternating 
current flows through the sensor capacitor, 
the amplitude of the alternating voltage on the 
sensor is proportional to the distance between 
the capacitor electrodes. The alternating cur-
rent is demodulated and output as, for examp-
le, an analog signal.

Use of capacitive sensors
The sensors measure against all electrically 
conductive materials, and with appropriate 
electronic circuitry even against insulators. Ca-
pacitive sensors are applied for displacement, 
position and thickness measurement.

Benefits of the measuring principle
	�Wear-free and non-contact measurement
	� �Distance and thickness measurements on 
conductive and non-conductive objects
	� Unmatched accuracy and stability
	� High bandwidth for fast measurements
	� �Ideal for industrial environments, magnetic 
fields and vacuum

Unmatched precision
Practice shows that capaNCDT measuring 
systems achieve excellent results in terms of 
linearity, repeatability and resolution. While 
sub-micrometer precision is reached in indus-
trial environments, high-precision sub-nano-
meter measurements are carried out in clean 
environments. 

Modern and user-friendly controller  
technology 
Modern capaNCDT controllers are the ideal 
basis for different fields of applications. Vari-
ous interfaces and ease of use via web inter-
face allow for a fast integration into the res-
pective application environment.

Measuring principle

Guard ring

Measuring spot

Housing

Field lines

Capacitor

2 Measuring principle capaNCDT



Unmatched precision
	� Resolution from 0.0375nm
	� Linearity from 0.1µm
	� Repeatability from 0.0003% FSO

High stability
	� �Temperature stability 5 ppm  
(temperature range -270°C to +200°C, 
higher temperatures on request)
	� Long-term stability ±0.002 % FSO / month

Comprehensive portfolio of sensors
	� �More than 30 standard sensors with 
measuring ranges from 0.05mm to 10mm
	� �Controller operated via web browser, 
calculation functions, analog interface, 
Ethernet and EtherCAT

Triaxial sensor design with active sensor cable
The completely triaxial sensor design is unique for capaNCDT sensors. The guard ring electrode, 
the grounding and the measurement electrode are located on the front edge of the sensor. The 
guard ring electrode ensure a homogenous measuring field which is why precise measurements 
can be achieved with highest signal stability. The sensor cable, which is extremely low noise, 
enables an impermeable electrical shield. Due to the triaxial design, the sensors are insensitive 
to magnetic interference fields and can be mounted flush in conductive materials. The sensors 
can also come into contact with each other in the case of multi-channel measurements. 

Sensor and controller exchange without calibration
The capacitive measuring principle specially developed by Micro-Epsilon enables the sim-
ple change of a sensor in just a few seconds. This simplified replacement of sensors with 
different measuring ranges and the interchange of different capaNCDT controllers can be easily 
carried out without any recalibration. A sensor replacement normally takes around 5 seconds, 
unlike conventional systems, which have to be subjected to time-consuming calibration and 
linearization.

Non-contact target grounding
Unlike conventional systems, the target for synchronization of two capaNCDT devices does not 
necessarily have to be grounded. However, maximum signal quality is only achieved when the 
measurement object is correctly grounded. 

Sensors for customer-specific applications and OEM
For special requirements that are not met by standard models, the capacitive sensors can 
be suitably modified. Changes often requested include for example modified designs, target 
coordination, mounting options, individual cable lengths, modified measuring ranges or sensors 
with integrated controller.

Capacitive sensors 	 Page 04 - 11 

Cylindrical sensors, flat sensors 

High resolution measuring system 	 Page 12 - 15 

capaNCDT 6500

Modular multi-channel measuring system	 Page 16 - 19 

capaNCDT 6200

Sensor system for thickness measurement	 Page 22 - 23 

combiSENSOR

Compact single channel system	 Page 20 - 21 

capaNCDT 6110

Accessories / Technical Information	 Page 24 - 31

measuring electrode

guard ring electrode

ground
ground

measuring electrode

homogeneous
measuring field

erratic
measuring field

guard field

capaNCDT sensor with triaxial designCommon capacitive sensor (coaxial) 

measuring electrode

guard ring electrode

ground
ground

measuring electrode

homogeneous
measuring field

erratic
measuring field

guard field

capaNCDT sensor with triaxial designCommon capacitive sensor (coaxial) 
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4 Cylindrical sensors with female connector capaNCDT

Sensor type CS005 CS02 CS05 CSE05 CS08

Article No. 6610083 6610051 6610053 6610102 6610080

Measuring range

reduced 0.025 mm 0.1 mm 0.25 mm 0.25 mm 0.4 mm

nominal 0.05 mm 0.2 mm 0.5 mm 0.5 mm 0.8 mm

extended 0.1 mm 0.4 mm 1 mm 1 mm 1.6 mm

Linearity 1)
≤ ±0.15 µm ≤ ±0.4 µm ≤ ±0.15 µm ≤ ±0.5 µm ≤ ±0.4 µm

≤ ±0.3 % FSO ≤ ±0.2 % FSO ≤ ±0.03 % FSO ≤ ±0.1 % FSO ≤ ±0.2 % FSO

Resolution 1) 2)
static 2 Hz 0.0375 nm 0.15 nm 0.375 nm 0.375 nm 0.6 nm

dynamic 8.5 kHz 1 nm 4 nm 10 nm 10 nm 16 nm

Temperature stability
Zero 5) -60 nm/K -60 nm/K -60 nm/K -60 nm/K -60 nm/K

Sensitivity -0.5 nm/K -2 nm/K -5 nm/K -5 nm/K -8 nm/K

Temperature range
Operation -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C

Storage -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C

Humidity 3) 0 % … 95 % r.H. 0 % … 95 % r.H. 0 % … 95 % r.H. 0 % … 95 % r.H. 0 % … 95 % r.H.

Dimensions Ø6 × 12 mm Ø6 × 12 mm Ø8 × 12 mm Ø6 × 12 mm Ø10 × 15 mm

Active measuring area  Ø1.3 mm Ø2.3 mm Ø3.9 mm Ø3.9 mm Ø4.9 mm

Guard ring width 0.8 mm 1 mm 1.4 mm 0.8 mm 1.6 mm

Minimum target diameter Ø3 mm Ø5 mm Ø7 mm Ø6 mm Ø9 mm

Weight 2 g 2 g 4 g 2 g 7 g

Material Housing NiFe 4) (magn.) NiFe (magn.) NiFe (magn.) NiFe (magn.) NiFe (magn.)

Connection type C type C type C type C type C

Mounting clamping clamping clamping clamping clamping

FSO = Full Scale Output
1) Valid with reference controller, relates to standard measuring range
2) RMS value of the signal noise
3) Non condensing
4) Titanium version available
5) Sensor mounted in the mid of clamping area

Sensors
The sensors are designed as guard ring capacitors. They are connected to the 
signal conditioning electronics with a triaxial cable. The sensor cable is con-
nected to the sensor using a high quality connector. All standard sensors can 
be used within a maximum deviation of 0.3 % without recalibration. Individually 
matched special sensors are produced on request.

Measuring range expansion / reduction
The capaNCDT controller can optionally be configured so that the standard 
measuring ranges of the sensors are reduced by half or expanded by the 
factor of 2. The reduction increases the accuracy while the measuring range 
expansion reduces the accuracy.
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Sensor type CS1 CS1HP CSE1 CSE1,25 CS2 CSE2

Article No. 6610054 6610074 6610103 6610161 6610052 6610104

Measuring range

reduced 0.5 mm 0.5 mm 0.5 mm 0.625 mm 1 mm 1 mm

nominal 1 mm 1 mm 1 mm 1.25 mm 2 mm 2 mm

extended 2 mm 2 mm 2 mm 2.5 mm 4 mm 4 mm

Linearity 1)
≤ ±1.5 µm ≤ ±1.5 µm ≤ ±1 µm ≤ ±1.25 μm ≤ ±1 µm ≤ ±2 µm

≤ ±0.15 % FSO ≤ ±0.15 % FSO ≤ ±0.1 % FSO ≤ ±0.1 % FSO ≤ ±0.05 % FSO ≤ ±0.1 % FSO

Resolution 1) 2)
static 2 Hz 0.75 nm 0.75 nm 0.75 nm 0.9 nm 1.5 nm 1.5 nm

dynamic 8.5 kHz 20 nm 20 nm 20 nm 25 nm 40 nm 40 nm

Temperature stability
Zero 5) -170 nm/K -60 nm/K -60 nm/K -65 nm/K -170 nm/K -170 nm/K

Sensitivity -32 nm/K -10 nm/K -10 nm/K -50 nm/K -64 nm/K -64 nm/K

Temperature range
Operation -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C

Storage -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C

Humidity 3) 0 % … 95 % r.H. 0 % … 95 % r.H. 0 % … 95 % r.H. 0 % … 95 % r.H. 0 % … 95 % r.H. 0 % … 95 % r.H.

Dimensions Ø10 × 21 mm Ø10 × 20 mm Ø8 × 12 mm Ø10 x 22 mm Ø20 × 24 mm Ø14 × 22 mm

Active measuring area Ø5.7 mm Ø5.7 mm Ø5.7 mm Ø6.5 mm Ø7.9 mm Ø8.0 mm

Guard ring width 1.5 mm 1.5 mm 0.9 mm 1.6 mm 4.4 mm 2.7 mm

Minimum target diameter Ø9 mm Ø9 mm Ø8 mm Ø10 mm Ø17 mm Ø14 mm

Weight 8 g 8 g 3.5 g 8.2 g 50 g 20 g

Material Housing 1.4404 4) (non-magn.) NiFe (magn.) NiFe (magn.) 1.4404 (non-magn.) 1.4404 4) (non-magn.) 1.4404 (non-magn.)

Connection type B type B type C type B type B type B

Mounting clamping clamping clamping clamping clamping clamping

FSO = Full Scale Output
1) Valid with reference controller, relates to standard measuring range
2) RMS value of the signal noise
3) Non condensing
4) Titanium version available
5) Sensor mounted in the mid of clamping area
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Connector type B/90Connector type B Mounting with colletMounting with set screw (plastic)

Mounting cylindrical sensors
All sensors can be installed as both freestanding and flush units. 
The sensors can be clamped or fastened using a collet.
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6 Cylindrical sensors with female connector capaNCDT

Sensor type CS3 CSE3 CS5 CS10

Article No. 6610055 6610170 6610056 6610057

Measuring range

reduced 1.5 mm 1.5 mm 2.5 mm 5 mm

nominal 3 mm 3 mm 5 mm 10 mm

extended 6 mm 6 mm 10 mm 20 mm

Linearity 1)
≤ ±0.9 µm ≤ ±3 μm ≤ ±2.5 µm ≤ ±15 µm

≤ ±0.03 % FSO ≤ ±0.1 % FSO ≤ ±0.05 % FSO ≤ ±0.15 % FSO

Resolution 1) 2)
static 2 Hz 2.25 nm 2.25 nm 3.75 nm 7.5 nm

dynamic 8.5 kHz 60 nm 60 nm 100 nm 200 nm

Temperature stability
Zero 5) -170 nm/K -95 nm/K -170 nm/K -170 nm/K

Sensitivity -96 nm/K -85 nm/K -160 nm/K -320 nm/K

Temperature range
Operation -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C

Storage -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C

Humidity 3) 0 % … 95 % r.H. 0 % … 95 % r.H. 0 % … 95 % r.H. 0 % … 95 % r.H.

Dimensions Ø30 × 24 mm Ø20 x 24 mm Ø40 × 24 mm Ø60 × 24 mm

Active measuring area Ø9.8 mm Ø10 mm Ø12.6 mm Ø17.8 mm

Guard ring width 8 mm 4.6 mm 11.6 mm 19 mm

Minimum target diameter Ø27 mm Ø20 mm Ø37 mm Ø57 mm

Weight 70 g 50 g 95 g 180 g

Material Housing 1.4404 (non-magn.) 1.4404 (non-magn.) 1.4404 4) (non-magn.) 1.4404 4) (non-magn.)

Connection type B type B type B type B

Mounting clamping clamping clamping clamping

FSO = Full Scale Output
1) Valid with reference controller, relates to standard measuring range
2) RMS value of the signal noise
3) Non condensing
4) Titanium version available
5) Sensor mounted in the mid of clamping area
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7Cylindrical sensors with thread and socket

Sensor type CSE05/M8 CSE1,25/M12 CSE2/M16 CSE3/M24

Article No. 6610172 6610160 6610167 6610171

Measuring range

reduced 0.25 mm 0.625 mm 1 mm 1.5 mm

nominal 0.5 mm 1.25 mm 2 mm 3 mm

extended 1 mm 2.5 mm 4 mm 6 mm

Linearity 1)
≤ ±0.5 µm ≤ ±1.25 µm ≤ ±2 µm ≤ ±3 µm

≤ ±0.1 % FSO ≤ ±0.1 % FSO ≤ ±0.1% FSO ≤ ±0.1 % FSO

Resolution 1) 2)
static, 2 Hz approx. 0.375 nm approx. 0.95 nm approx. 1.5 nm approx. 2.25 nm

dynamic, 8.5 kHz approx. 10 nm approx. 25 nm approx. 40 nm approx. 60 nm

Temperature 
stability 3)

Zero 4) -10 nm/K -65 nm/K -65 nm/K -75 nm/K

Sensitivity -5 nm/K -50 nm/K -80 nm/K -85 nm/K

Temperature range
Operation -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C

Storage -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C

Humidity 5) 0 … 95 % r.H. 0 … 95 % r.H. 0 … 95 % r.H. 0 … 95 % r.H.

Dimensions Ø8 x 17 mm Ø12 x 22 mm Ø16 x 22 mm Ø24 x 30 mm

Active measuring area Ø 3.9 mm Ø 6.3 mm Ø 8.0 mm Ø 9.8 mm

Guard ring width 0.8 mm 1.6 mm 2.7 mm 4.6 mm

Minimum target diameter Ø6 mm Ø10 mm Ø14 mm Ø20 mm

Weight 3.5 g 11.5 g 35 g 80 g

Material Housing NiFe (magn.) 1.4404 (non-magn.) 1.4404 (non-magn.) 1.4404 (non-magn.)

Connection type C type B type B type B

Mounting Thread M8x0.5 Thread M12x1 Thread M16x1 Thread M24x1.5

Distance from the sensor surface for the  
recommended mounting option

3.6 mm 4.4 mm 4.4 mm 5.4 mm

FSO = Full Scale Output
1) Valid with reference controller, relates to standard measuring range 
2) RMS value of the signal noise
3) from more than +140°C: non-linear signal drift
4) with recommended mounting option 
5) non-condensing
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Installing thread sensors
Please refer to the operating instructions for the tightening torque.



Sensor type CSH02-CAm1,4 CSH05-CAm1,4 CSH1-CAm1,4 CSH1,2-CAm1,4 CSH2-CAm1,4

Article No. 6610086 6610087 6610088 6610089 6610107

Measuring range 

reduced 0.1 mm 0.25 mm 0.5 mm 0.6 mm 1 mm

nominal 0.2 mm 0.5 mm 1 mm 1.2 mm 2 mm

extended 0.4 mm 1 mm 2 mm 2.4 mm 4 mm

Linearity 1)
≤ ±0.054 µm ≤ ±0.13 µm ≤ ±0.13 µm ≤ ±0.84 µm ≤ ±0.5 µm

≤ ±0.027 % FSO ≤ ±0.026 % FSO ≤ ±0.013 % FSO ≤ ±0.07 % FSO ≤ ±0.025 % FSO

Resolution 1) 2)
static 2 Hz 0.15 nm 0.38 nm 0.75 nm 0.9 nm 1.5 nm

dynamic 8.5 kHz 4 nm 10 nm 20 nm 24 nm 40 nm

Temperature 
stability

Zero 5) -19 nm/K -19 nm/K -19 nm/K -19 nm/K -19 nm/K

Sensitivity -2.4 nm/K -6 nm/K -12 nm/K -14.4 nm/K -24 nm/K

Temperature range
Operation -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C

Storage -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C -50 … +200 °C

Humidity 3) 0 % … 95 % r.H. 0 % … 95 % r.H. 0 % … 95 % r.H. 0 % … 95 % r.H. 0 % … 95 % r.H.

Dimensions 4) Ø8 × 14 mm Ø8 × 14 mm Ø12 × 14 mm Ø12 × 14 mm Ø20 × 14 mm

Active measuring area Ø2.6 mm Ø4.1 mm Ø5.7 mm Ø6.3 mm Ø8.1 mm

Guard ring width 1.9 mm 1.2 mm 2.4 mm 2.1 mm 4.4 mm

Minimum target diameter Ø7 mm Ø7 mm Ø11 mm Ø11 mm Ø17 mm

Weight (incl. cable and connector) 30 g 30 g 33 g 33 g 38 g

Material Housing 1.4104 (magn.) 1.4104 (magn.) 1.4104 (magn.) 1.4104 (magn.) 1.4104 (magn.)

Connection Cable integrated Ø2.1 mm×1.4 m axial Ø2.1 mm×1.4 m axial Ø2.1 mm×1.4 m axial Ø2.1 mm×1.4 m axial Ø2.1 mm×1.4 m axial

Mounting clamping clamping clamping clamping clamping

FSO = Full Scale Output     CSH Sensors are matched to controller with standard cable length 
1) Valid with reference controller, relates to standard measuring range
2) RMS value of the signal noise
3) Non condensing
4) Without cable, bend protection and crimp
5) In the case of a sensor mounting 2 mm behind front surface

Mounting cylindrical sensors
All sensors can be installed as both freestanding and flush units. 
The sensors can be clamped or fastened using a collet.

Important!

All Micro-Epsilon sensors are short circuit proof. 

Unlike other systems the pre-amplifier will not 

get damaged, if the front face of the sensor gets 

shorted by touching the conductive target. 
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Sensor type CSG0,50-CAm2,0 CSG1,00-CAm2,0

Article No. 6610112 6610111

Measuring range Standard 0.5 mm 1 mm

Gap width 1) 0.9 … 1.9 mm 0.9 … 2.9 mm

Linearity 2) ≤ ±0.5 µm ≤ ±1 µm

Resolution 2) 3)
static 2 Hz 4 nm 8 nm

dynamic 8.5 kHz 90 nm 180 nm

Temperature stability
Zero -50 nm/K -50 nm/K

Sensitivity -20 nm/K -40 nm/K

Temperature range
Operation -50 … +100 °C -50 … +100 °C

Storage -50 … +100 °C -50 … +100 °C

Humidity 3) 0 … 95 % 0 … 95 % 

Dimensions (without housing) 200 x 15 x 0.9 mm 200 x 15 x 0.9 mm

Active measuring area 3 x 4.3 mm 4.2 x 5.1 mm

Guard ring width 2.7 mm 2.2 mm

Minimum target diameter approx. 7 x 8 mm approx. 8 x 9 mm

Weight 77 g 77 g

Material
Housing 1.4301 1.4301

Sensor FR4 FR4

Connection Cable integrated 2 m 2 m
1) Sensor width + measuring range on both sides
2) RMS value of the signal noise
3) Valid with controller DT6530
4) Non condensing
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Sensor type CSH02FL-CRm1,4 CSH05FL-CRm1,4 CSH1FL-CRm1,4

Article No. 6610075 6610085 6610072

Measuring range

reduced 0.1 mm 0.25 mm 0.5 mm

nominal 0.2 mm 0.5 mm 1 mm

extended 0.4 mm 1 mm 2 mm

Linearity 1)
≤ ±0.05 µm ≤ ±0.09 µm ≤ ±0.2 µm

≤ ±0.025 % FSO ≤ ±0.018 % FSO ≤ ±0.02 % FSO

Resolution 1) 2)
static 2 Hz 0.15 nm 0.38 nm 0.75 nm

dynamic 8.5 kHz 4 nm 10 nm 20 nm

Temperature stability
Zero 5) -37.6 or 2.4 nm/°C -37.6 or 2.4 nm/°C -37.6 or 2.4 nm/°C

Sensitivity -2.4 nm/K -6 nm/K -12 nm/K

Temperature range
Operation -50… +200 °C -50… +200 °C -50… +200 °C

Storage -50… +200 °C -50… +200 °C -50… +200 °C

Humidity 3) 0 % … 95 % r.H. 0 % … 95 % r.H. 0 % … 95 % r.H.

Dimensions 4) 10.5 × 8 × 4 mm 10.5 × 8 × 4 mm 17 × 12 × 4 mm

Active measuring area Ø2.6 mm Ø4.1 mm Ø5.7 mm

Guard ring width 1.9 mm 1.2 mm 2.4 mm

Minimum target diameter Ø7 mm Ø7 mm Ø11 mm

Weight (incl. cable and connector) 28 g 28 g 30 g

Material Housing 1.4104 (magn.) 1.4104 (magn.) 1.4104 (magn.)

Connection Cable integrated Ø2.1 mm×1.4 m radial Ø2.1 mm×1.4 m radial Ø2.1 mm×1.4 m radial

Mounting 2x thread M2 2x thread M2 2x screw M2 DIN 84A

FSO = Full Scale Output     CSH Sensors are matched to controller with standard cable length 
1) Valid with reference controller, relates to standard measuring range
2) RMS value of the signal noise
3) Non condensing
4) Without cable, bend protection and crimp
5) In the case of a sensor mounting on the top or underside
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Mounting flat sensors
The flat sensors are attached using a threaded bore for M2 (for the sensors 
CSH02FL and CSH05FL) or using a through-hole for M2 bolts. The sensors 
can be bolted on top or below.
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Sensor type CSH1,2FL-CRm1,4 CSH2FL-CRm1,4 CSH3FL-CRm1,4

Article No. 6610077 6610094 6610140

Measuring range

reduced 0.6 mm 1 mm 1.5 mm

nominal 1.2 mm 2 mm 3 mm

extended 2.4 mm 4 mm 6 mm

Linearity 1)
0.84 µm 0.32 µm ≤ ±0.9 µm

0.07 % FSO 0.016 % FSO ≤ ±0.03 % FSO

Resolution 1) 2)
static 2 Hz 0.9 nm 1.5 nm 2.25 nm

dynamic 8.5 kHz 24 nm 40 nm 60 nm

Temperature stability
Zero 5) -37.6 or 2.4 nm/°C -47 or 4 nm/K -50 nm/K

Sensitivity -14.4 nm/K -24 nm/K -40 nm/K

Temperature range
Operation -50…+200 °C -50…+200 °C -50…+200 °C

Storage -50…+200 °C -50…+200 °C -50…+200 °C

Humidity 3) 0 … 95 % r.H. 0 … 95 % r.H. 0 … 95 % r.H.

Dimensions 4) 17 × 12 × 4 mm 20 × 20 × 5 mm 25 × 25 × 5 mm

Active measuring area Ø6.3 mm Ø8.1 mm Ø10 mm

Guard ring width 2.1 mm 4.4 mm 7.8 mm

Minimum target diameter Ø11 mm Ø17 mm Ø24 mm

Weight (incl. cable and connector) 30 g 36 g 37 g

Material Housing 1.4104 (magn.) 1.4104 (magn.) 1.4104 (magn.)

Connection Cable integrated Ø2.1 mm×1.4 m radial Ø2.1 mm×1.4 m radial Ø2.1 mm×1.4 m radial

Mounting 2x screw M2 DIN 84A 4x screw M2 DIN 84A 4x screw M2 DIN 84A

FSO = Full Scale Output     CSH Sensors are matched to controller with standard cable length 
1) Valid with reference controller, relates to standard measuring range
2) RMS value of the signal noise
3) Non condensing
4) Without cable, bend protection and crimp
5) In the case of a sensor mounting on the top or underside
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capaNCDT 6500

System design
The capaNCDT 6500 can be used for multi-channel operation and is modular in its design. Up 
to eight sensors can be connected to the signal conditioning electronics (Euro-size cards) via a 
preamplifier module.
For the DL6530 version, the pre-amplifier is integrated in the housing and is used for cable 
lengths up to 4 m (with CC cable) or 8 m (with CCg cable). For longer cable lengths, the external 
preamplifiers CP6001 or CPM6011 are used. 

A measuring system with n measurement channels consists of:
1. controller DT6530 with power supply, display, Ethernet, oscillator and analog output
2. n x demodulator modules DL6510 (DL6530 with integral pre-amplifier)
3. n x pre-amplifier connecting cables
4. n x pre-amplifier modules CP6001
5. n x sensor cables
6. n x sensors
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DL6510: One item of position 2 to 6 is needed 
for each channel.
DL6530: One item of position 2, 5 and 6 is 
needed for each channel. 

12 High resolution measuring system capaNCDT 6500

- �Multi-channel system with sub- 
nanometer precision resolution

- Virtually independent of temperature

- Also measures against insulators

- �As benchtop unit and as card carrier  
for a 19-inch format

- �Integrated calculation function for  
thickness measurements

- �Numerous filters, averaging, trigger  
functions, measured value storage,   
digital linearization



System configuration 
 
System capaNCDT 6500  
(with integral pre-amplifier):

	� DT6530 / DT6530C Rack
	� Demodulator DL6530 
	� Sensor cable
	� Sensor

System capaNCDT 6510  
(with external pre-amplifier):
	� DT6530 / DT6530C Rack
	� Demodulator DL6510
	� Sensor cable
	� Sensor
	� Pre-amplifier CPM6011 / CP6001
	� Pre-amplifier cable

Web interface
The web interface for controller configuration opens via Ethernet. 
Up to 8 channels can be visualized and linked arithmetically.

CP6001 
External pre-amplifier for high  
precision measurements

CPM6011 
External pre-amplifier for  
standard measurements

DT6530C 2 channel rack DT6530 8 channel rack

13

- �Multi-channel system with sub- 
nanometer precision resolution

- Virtually independent of temperature

- Also measures against insulators

- �As benchtop unit and as card carrier  
for a 19-inch format

- �Integrated calculation function for  
thickness measurements

- �Numerous filters, averaging, trigger  
functions, measured value storage,   
digital linearization



DL6530/6510 front cover

DL6510:
connector CP6001

LED: offset

LED: status

BNC: analog output

DL 6530:
connector sensor

LED: range

Poti: gain

Poti: lin

Poti: offset

Controller DT6530 8-channel rack Controller DT6530C 2-channel rack
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CP6001 capacitive pre-amplifier

CPM6011 capacitive pre-amplifier

Mounting adapter CP6001

Pre-amplifier cable CA5 / CAx
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14 High resolution measuring system capaNCDT 6500



Controller type DT6530 DT6530 with pre-amplifier CPM6011

Resolution static 1) 0.000075 % FSO 0.0006 % FSO

Resolution dynamic 1) 0.002 % FSO (8.5 kHz) 0.015 % FSO (8.5kHz)

Data rate analog output 8.5 kHz (-3 dB) 8.5 kHz (-3 dB)

Bandwidth (switchable) 20 Hz; 1 kHz; 8.5 kHz 20 Hz; 1 kHz; 8.5 kHz

Data rate digital output 4 x 7.8 kSa/s; 8 x 3.9 kSa/s 4 x 7.8 kSa/s; 8 x 3.9 kSa/s

Linearity (typ.) ≤ ±0.025 % FSO ≤ ±0.05 % FSO

Max. sensitivity deviation ≤ ±0.05 % FSO ≤ ±0.1 % FSO

Repeatability 0.0003 % FSO 0.001 % FSO

Long-term stability ±0.002 % FSO / month ±0.02 % FSO / month

Synchronous operation yes yes

Insulator measurement yes no

Temperature stability ±digital: 5 ppm/°C analog: 10 ppm/°C 80 ppm

Temperature range (during operation)
Sensor -50 ... + 200 °C -50 ... + 200 °C

Controller +10 ... +60 °C +10 ... +60 °C

Temperature range (storage) -10 ... +75 °C -10 ... +75 °C

Supply 230 VAC 230 VAC

Output

0 ... 10 V (max. 10 mA short circuit proof); 0 ... 10 V (max. 10 mA short circuit proof);

4 ... 20 mA (load max. 500 Ω) 4 ... 20 mA (load max. 500 Ω)

optional: 0 ... 20 mA (load max. 500 Ω) optional: 0 ... 20 mA (load max. 500 Ω)

Ethernet 24 Bit; EtherCAT Ethernet 24 Bit; EtherCAT

Sensors suitable for all sensors suitable for all sensors

Sensor cable standard
CC cable ≤ 1 m
CCm cable = 1.4 m
CCg cable = 2 m

CC cable ≤ 1 m
CCm cable = 1.4 m
CCg cable = 2 m

Sensor cable (special tuning) double / triple / quadruple standard cable length double / triple / quadruple standard cable length

Trigger TTL, 5 V TTL, 5 V

No. of channels max. 8 max. 8

FSO = Full Scale Output
1) RMS noise related to mid of measuring range

Options

Article number Description Description

�2982011 EMR2 CP6001 extended measuring range (factor: 2) in combination with DL6510

�2982013 RMR 1/2 CP6001 reduced measuring range (factor: 1/2) in combination with DL6510

�2982015 ECL2 CP6001 special tuning for double standard cable length in combination with DL6510

�2982017 ECL3 CP6001 special tuning for triple standard cable length in combination with DL6510

�2982026 ECL4 CP6001 special tuning for quadruple standard cable length in combination with DL6510

�2982028 ECL2 CPM6011 special tuning for 2 m sensor cable in combination with DL6510

�2982019 EMR2 DL65x0 extended measuring range (factor: 2)

�2982020 RMR 1/2 DL65x0 reduced measuring range (factor: 1/2)

�2982021 ECL2 DL65x0 special tuning for double standard cable length 

�2982023 ECL3 DL65x0 special tuning for triple standard cable length

�2982025 ECL4 DL65x0 special tuning for 4 m sensor cable

�2982033 EMR2 CPM6011 extended measuring range (factor: 2)
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A measuring system consists of:
	� Control unit DT62xx
	� Demodulator DL62xx
	� Sensor
	� Sensor cable
	� Power supply cable
	� Ethernet cable EtherCAT cable
	� Signal output cable

Accessories:
	� Signal output cable
	� Power supply cable
	� DIN rail brackets
	� mounting plates for wall mounting

Block diagram

DT62xx DL62xx DL62xx
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Voltage 
conditioning

Power supply
12...36 V

Sync in
(only DT6230)

Sync out
(only DT6230)

PreamplifierSignal conditioning
· Demodulation

· Analog filter adjustable

· Zero point adjustable

· A/D converter

PreamplifierSignal conditioning
· Demodulation

· Analog filter adjustable

· Zero point adjustable

· A/D converter

System design
The new capaNCDT 6200 is a modular measuring system that offers excellent performance 
at a very attractive price. A modular design enables the system to be expanded at any time 
by up to four measuring channels. The measuring system includes a control unit and a 
demodulator for each sensor. The Ethernet interface integrated in the controller enables fast, 
easy configuration via web browser. The DT6240-PROFINET is parameterized directly via the 
Industrial Ethernet interface. This is how the full sensor performance is directly integrated into 
the PLC via PROFINET without additional interface modules. The DL6230 demodulator provides 
high resolution measurements. The capaNCDT 6222 is used for high speed measurements up 
to 20 kHz.
The compact controller can be used as a benchtop unit, wall-mounted unit or DIN rail-mounted 
via an adapter. The capaNCDT 6200 is compatible with all sensor models from Micro-Epsilon.

16

- �Modular, expandable for  
up to 4 channels

- Ethernet / EtherCAT / PROFINET interface

- �Easy configuration using  
the web browser

- Resolution up to 0.0005 % FSO 

- Bandwidth: up to 20 kHz

- Digital data rate: 4 x 3.9 kSa/s

- Trigger feature

- Synchronous operation supported

Modular multi-channel measuring system capaNCDT 6200

Web interface

The web interface for controller configuration opens via 

Ethernet. Up to 4 channels can be visualized and linked 

arithmetically.
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- �Modular, expandable for  
up to 4 channels

- Ethernet / EtherCAT / PROFINET interface

- �Easy configuration using  
the web browser

- Resolution up to 0.0005 % FSO 

- Bandwidth: up to 20 kHz

- Digital data rate: 4 x 3.9 kSa/s

- Trigger feature

- Synchronous operation supported

Controller type DT62x0 Demodulator DL6220 Demodulator DL6230

Resolution static 1) 0.004 % FSO 0.0005 % FSO

Resolution dynamic 1) 0.02 % FSO (5 kHz) 0.005 % FSO (5 kHz)

Bandwidth 5 kHz (-3 dB) 5 kHz (-3 dB)

Bandwidth (switchable) 5 kHz, 20 Hz 5 kHz, 20 Hz

Data rate digital output max. 3.906 kSa/s max. 3.906 kSa/s

Linearity (typ.) ≤ ±0.05 % FSO ≤ ±0.025 % FSO

Sensitivity deviation ≤ ±0.1 % FSO ≤ ±0.1 % FSO

Long-term stability ≤ 0.02 % FSO / month ≤ 0.02 % FSO / month

Synchronous operation supported

DT6220 yes (only internal) yes (only internal)

DT6230 yes yes

DT6240 yes yes

Insulator measurement no no

Temperature stability 200 ppm 200 ppm

Temperature range (during operation)
Sensor -50 ... + 200 °C -50 ... + 200 °C

Controller +10 ... +60 °C +10 ... +60 °C

Temperature range (storage) -10 … +75 °C -10 … +75 °C

Supply

DT6220 24 VDC (12 ... 36 VDC) 24 VDC (15 ... 36 VDC)

DT6230 24 VDC (15 ... 36 VDC) 24 VDC (15 ... 36 VDC)

DT6240 24 VDC (15 ... 36 VDC) 24 VDC (15 ... 36 VDC)

Power consumption

per DL62x0 1.8 W (typ.); 2.0 W (max.) 1.9 W (typ.); 2.2 W (max.)

DT6220 3.1 W (typ.) 3.1 W (typ.)

DT6230 3.8 W (typ.) 3.8 W (typ.)

DT6240 3.9 W (typ.) 3.9 W (typ.)

Analog output
0 ... 10 V (short circuit proof) 0 ... 10 V (short circuit proof)

4 ... 20 mA (load max. 500 Ohm) 4 ... 20 mA (load max. 500 Ohm)

Digital interface

DT6220 Ethernet Ethernet

DT6230 Ethernet + EtherCAT Ethernet + EtherCAT

DT6240 PROFINET PROFINET

Sensors suitable for all sensors suitable for all sensors

Sensor cable standard
CC cable ≤ 1 m
CCm cable = 1.4 m
CCg cable = 2 m

CC cable ≤ 1 m
CCm cable = 1.4 m
CCg cable = 2 m

Sensor cable (special tuning) double / triple standard cable length double / triple standard cable length

Trigger TTL, 5 V TTL, 5 V

No. of channels max. 4 max. 4

FSO = Full Scale Output
1) RMS noise related to mid of measuring range



18 Modular multi-channel system capaNCDT 6200

Controller type DT6222 Demodulator DL6222 Demodulator DL6222/ECL2

Resolution static 1) 0.004 % FSO 0.004 % FSO

Resolution dynamic 1) 0.05 % FSO (20 kHz) 0.1 % FSO (20 kHz)

Bandwidth 20 kHz (-3 dB) 20 kHz (-3 dB)

Bandwidth (switchable) 20 kHz, 20 Hz 20 kHz, 20 Hz

Data rate digital output max. 3.906 kSa/s max. 3.906 kSa/s

Linearity (typ.) ≤ ±0.1 % FSO ≤ ±0.2 % FSO

Sensitivity deviation ≤ ±0.1 % FSO ≤ ±0.1 % FSO

Long-term stability ≤ 0.02 % FSO / month ≤ 0.02 % FSO / month

Synchronous operation supported (multiple controllers) no no

Insulator measurement no no

Temperature stability 200 ppm 200 ppm

Temperature range  
(during operation)

Sensor -20 ... +200 °C -20 ... +200 °C

Controller +10 ... +60 °C +10 ... +60 °C

Temperature range (storage) -10 ... +75 °C -10 ... +75 °C

Supply 24 VDC (12 ... 36 VDC) 24 VDC (12 ... 36 VDC)

Power consumption
DT6222 2.8 W (typ.) 2.8 W (typ.)

per DL6222 1.2 W (typ.); 1.4 W (max.) 1.2 W (typ.); 1.4 W (max.)

Analog output
0 ... 10 V (short circuit proof) 0 ... 10 V (short circuit proof)

4 ... 20 mA (load max. 500 Ω) 4 ... 20 mA (load max. 500Ω)

Digital interface Ethernet Ethernet

Sensors suitable for all sensors suitable for all sensors

Sensor cable standard CCm1,4x; CCg2,0x CCm2,8x; CCg4,0x

Sensor cable (special tuning) ≤ 2.8 m (with CCmxx)  ≤ 4.0 m (with CCgxx) ≤ 2.8 m (with CCmxx)  ≤ 4.0 m (with CCgxx)

Trigger TTL, 5 V TTL, 5 V

No. of channels max. 4 max. 4

FSO = Full Scale Output
1) RMS noise related to mid of measuring range
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Options

Art. No. Description  Description

Suitable for articles

2303018 
DL6220

2303022 
DL6220/ECL2

2303023 
DL6220/ECL3

2303029 
DL6220/LC

2982044 LC DL62x0 digital special calibration of linearity on digital output ○ ○ ○ •

2982045 LC DL62x0 analog special calibration of linearity on analog output ○ ○ ○ •

2982046 ECL2 DL6220
special tuning for double standard cable length  
(CC =2 m / CCm =2.8 m / CCg =4 m) - • - •

2982047 ECL3 DL6220
special tuning for triple standard cable length  
(CC =3 m / CCm =4.2 m / CCg =6 m) - - • •

2982048 EMR2 DL6220
extended measuring range (factor: 2)  
contains LC DL62x0 digital and LC DL62x0 analog ○ ○ ○ •

2982049 RMR1/2 DL6220
reduced measuring range (factor: 1/2) 
contains LC DL62x0 digital and LC DL62x0 analog ○ ○ ○ •

Art. No. Description  Description

Suitable for articles

2303019 
DL6230

2303024 
DL6230/ECL2

2303025 
DL6230/ECL3

2303030 
DL6230/LC

2982044 LC DL62x0 digital special calibration of linearity on digital output ○ ○ ○ •

2982045 LC DL62x0 analog special calibration of linearity on analog output ○ ○ ○ •

2982054 ECL2 DL6230
special tuning for double standard cable length  
(CC =2 m / CCm =2.8 m / CCg =4 m) - • - •

2982055 ECL3 DL6230
special tuning for triple standard cable length  
(CC =3 m / CCm =4.2 m / CCg =6 m) - - • •

2982051 EMR2 DL6230
extended measuring range (factor: 2)  
contains LC DL62x0 digital and LC DL62x0 analog ○ ○ ○ •

2982052 EMR3 DL6230
extended measuring range (factor: 3)  
contains LC DL62x0 digital and LC DL62x0 analog ○ ○ ○ •

2982053 RMR1/2 DL6230
reduced measuring range (factor: 1/2) 
contains LC DL62x0 digital and LC DL62x0 analog ○ ○ ○ •

Art. No. Description  Description

Suitable for articles

2303035 
DL6222

2303036 
DL6222/ECL2

2303038 
DL6222/LC

2982045 LC DL62x0 analog special calibration of linearity on analog output ○ ○ •
2982059 ECL2 DL6222 special tuning for double standard cable length - • •
2982061 EMR2 DL6222 extended measuring range (factor: 2) ○ ○ •
2982062 RMR1/2 DL6220 reduced measuring range (factor: 1/2) ○ ○ •

• Articles already contain the option
○ Option available
-  No option available
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System design
The capaNCDT 6110 single channel capacitive electronics is compatible with all Micro-Epsilon 
capacitive sensor ranges. The analog measuring system stands out due to its compact design 
together with high performance. Due to the miniaturized design and its ease of use, the 
capaNCDT 6120 is ideally suited to integration in machines and facilities. The flexible 9-36 V 
power supply, enables the capaNCDT 6110 series to also be used in mobile applications. 
The capaNCDT 6110 stands out due to its excellent price/performance ratio, which makes it 
particularly suitable for high volume applications. 

A measuring system consists of:
	� Capacitive displacement sensor
	� Sensor cable
	� Controller
	� Supply and signal output cable

Accessories:
	� Power supply

5-pin connector

Signal

fOSC 31kHz9...36V

Oscillator

Demodulator Preamplifier

SensorSensor
cable

Voltage
conditioning

20 Compact, capacitive single-channel system capaNCDT 6110

- Compact and robust construction

- High temperature stability

- Nanometer repeatability

- Suitable for all conductive materials

- �24 V (9 – 36 V) standard power supply  
for industrial applications

- Ideal for OEM applications

- Suitable for practically all sensors



Controller type DT6110 DT6110/ECL2 DT6112

Resolution static 1) 0.01 % FSO 0.01 % FSO 0.01 % FSO

Resolution dynamic 1) 0.015 % FSO (1 kHz) 0.015 % FSO (1 kHz) 0.03 % FSO (20 kHz)

Bandwidth 1 kHz (-3 dB) 1 kHz (-3 dB) 20 kHz (-3 dB)

Linearity (typ.) ≤ ±0.05 % FSO ≤ ±0.05 % FSO ≤ ±0.1 % FSO

Sensitivity deviation ≤ ±0.1 % FSO ≤ ±0.1 % FSO ≤ ±0.1 % FSO

Long-term stability < 0.05 % FSO/month < 0.05 % FSO/month < 0.05 % FSO/month

Synchronous operation no no no

Insulator measurement no no no

Temperature stability 200 ppm 200 ppm 200 ppm

Temperature range  
(during operation)

Sensor -50 ... +200 °C -50 ... +200 °C -50 ... +200 °C

Controller +10 ... +60 °C +10 ... +60 °C +10 ... +60 °C

Temperature range (storage) -10 ... +75 °C -10 ... +75 °C -10 ... +75 °C

Supply 24 VDC/55 mA (9 - 36 V) 24 VDC/55 mA (9 - 36 V) 24 VDC/55 mA (9 - 36 V)

Output
0 … 10 V (short-circuit-proof),  
optional: ±5 V, 10 … 0 V

0 … 10 V (short-circuit-proof),  
optional: ±5 V, 10 … 0 V

0 … 10 V (short-circuit-proof),  
optional: ±5 V, 10 … 0 V

Sensors suitable for all sensors suitable for all sensors suitable for all sensors

Sensor cable
CC cable ≤ 1 m
CCm cable = 1.4 m
CCg cable = 2 m

CC cable ≤ 2 m
CCm cable = 2.8 m
CCg cable = 4 m

CC cable ≤ 1 m
CCm cable = 1.4 m
CCg cable = 2 m

FSO = Full Scale Output
1) RMS noise related to mid of measuring range
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- Compact and robust construction

- High temperature stability

- Nanometer repeatability

- Suitable for all conductive materials

- �24 V (9 – 36 V) standard power supply  
for industrial applications

- Ideal for OEM applications

- Suitable for practically all sensors



Measuring principle
The construction of the eddy current measurement coil and the 
capacitive measurement electrodes is concentric. Both sensors 
measure against the same spot. The signal of the capacitive displace-
ment sensor is a function of the working distance, the thickness of the 
insulator (D) and the dielectric constant of the insulator material (εr). 
At the same time the eddy current displacement sensor measures 
the distance to the ground electrode (e.g. metal sheet or metal roller 
positioned behind the film). The controller outputs both single signals 
as well as the difference between capacitive sensor and eddy current 
sensor. Also the dielectric constant can be calculated with known 
thickness and working distance. 

In its sensor housing, the combiSENSOR combines an eddy current 
displacement sensor and a capacitive displacement sensor. This 
unique sensor concept enables one-sided thickness measurement 
of electrically non-conductive materials on metallic objects. Its field 
of application is the absolute thickness measurement of plastic film 
or of plastic coating on metal plates. Connected to the sensor via a 
cable, the controller processes and calculates the signals in order to 
put them out via interfaces. Calculation of the two sensor signals pro-
vides compensation of mechanical changes such as thermal expansi-
on, deflections or eccentricity in the measurement device. Due to the 
redundancy of this combined sensor principle, the measured thickness 
value remains unaffected by any changes in the measurement setup. 
Due to the high temperature stability, the combiSENSOR provides high 
measurement accuracy even with fluctuating temperatures.

Fields of application
	� �Non-contact thickness measurement of plastic films
	� �Non-contact thickness measurement of coated metals
	� Measurement of the applied adhesive
	� Lateral profile due to a traversing axis

Web interface
The web interface for sensor and 
controller configuration opens via 
Ethernet. 

Working 
distance

KSH
Sensor

Metallic ground electrode

Insulator (εr)D D<A

A

Thickness measurement:
If the dielectric constant εr and the working 
distance from the ground electrode are 
known, the controller calculates the insulator 
thickness D from the sensor signals.

Calculation of the dielectric constant: 
If the thickness of the Insulator D and the 
working distance from the ground electrode 
are known, the controller calculates the 
dielectric constant of the insulator.

22 Sensor system for thickness measurement of plastics combiSENSOR

- �One-sided thickness measurement  
in one axis

- �Integrated temperature measurement

�- �Special plug for fast sensor connection

- �Thickness measurement based on r

- �Determination of r with known thickness

- �Ease of use via web interface
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- �One-sided thickness measurement  
in one axis

- �Integrated temperature measurement

�- �Special plug for fast sensor connection

- �Thickness measurement based on r

- �Determination of r with known thickness

- �Ease of use via web interface

Controller

ø30 ø45

26 26

37 37

KSH5 sensor KSH10 sensor

Sensor cable

SCAC3/5 connector
Signal output (5-pole plug)

75 125

90

Scope of supply:
	� KSH sensor
	� Sensor cable 1m
	� Controller
	� PC6200 3/4 supply and trigger cable (3m)

Accessories:
	� SCAC3/5 signal output cable analog (3m)
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Controller type KSS6420 KSS6430 KSS6420(01) KSS6430(01)

Sensor KSH5(01) KSH10

Target thickness (insulator thickness) 1) 40 µm ... 3 mm 40 µm ... 6 mm

Working distance 2 mm ... 5 mm 4 mm ... 10 mm

Min. diameter measurement surface 45 mm 65 mm

Resolution 2) 3)
static, 100 Hz 0.0018 % FSO 0.0004 % FSO 0.0030 % FSO 0.0006 % FSO

dynamic, 3.9 kHz 0.0075 % FSO 0.0015 % FSO 0.0120 % FSO 0.0025 % FSO

Bandwidth analog: 1 kHz (3 dB) 4), digital: 2.6 … 3900 Sa/s (adjustable)

Linearity ≤ ±0.05 % FSO

Temperature stability
Sensor (+10 … +50 °C) ±50 ppm

Controller (+10  ... +50 °C) ±50 ppm ±50 ppm ±50 ppm ±70 ppm

Temperature range
Operation controller: +10  ... +60 °C;  sensor: -10  ... +85 °C;  sensor cable: -10  ... +125 °C

Storage sensor, cable: -10  ... +100 °C; controller: 0  ... +75 °C

Supply 12 ... 36 VDC (5.5 W)

Output

Analog capacitive, eddy current and differential signal: 0 ... 10 V (short circuit proof);  
internal sensor temperature signal (not scaled)

Ethernet capacitive, eddy current, differential and internal temperature signal: 24 Bit

EtherCAT capacitive, eddy current, differential and internal temperature signal: float

Trigger TTL, 5 V

Target geometry straight surface or min. diameter 200 mm 5)

Protection class sensor: IP54, controller: IP40

Weight sensor: 80 g; controller: 750 g

FSO = Full Scale Output   
1) Insulator thickness below 40 µm on request; 2) RMS noise related to mid of measuring range
3) Difference signal of the digital output, measured with working distance = 50 % FSO
4) only valid when sampling rate = 3900 Sa/s
5) �Reference material ground electrode: VA steel (1.4571) or aluminum. Changes of the ground electrode (material or geometry)  

require a recalibration of sensor and controller by the manufacturer.
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Cable with connector type C
for sensors CS005 / CS02 / CS05 / CSE05 / CS08 / CSE1

Cable with connector type B 
for sensors CS1 / CS1HP / CSE1,25 / CS2 / CSE2 / CS3 / CSE3 / CS5 / CS10

Design 2 x straight connector 1 x straight / 1 x 90° connector 2 x straight connector 1 x straight / 1 x 90° connector

Model CCx,xC CCmx,xC CCgx,xC CCx,xC/90 CCmx,xC/90 CCgx,xC/90 CCx,xB CCmx,xB CCgx,xB CCx,xB/90 CCmx,xB/90 CCgx,xB/90

Standard 1 m • • • • • • • •
1.4 m • • • •

2 m • • • • • • • •
2.8 m • • • •

3 m • • • •
4 m • • • •

4.2 m • • • •
6 m • • • •
8 m • • • •

Accessories capaNCDT 6110 6200 6500

MC2.5 Micrometer for sensor calibration, range 0 - 2.5 mm, Resolution 0.1 µm. Suitable for sensors CS005 to CS2 • • •
MC25D Digital micrometer for sensor calibration, range 0 - 25 mm, adjustable offset (zero). Suitable for all sensors. • • •
HV/B Vacuum feed through triaxial • • •
UHV/B Vacuum feed through triaxial for ultra-high vacuum • • •
PC6200-3/4 Power-/trigger cable, 4 pin, 3 m •
SCAC3/4 Signal output cable, (necessary for multi-channel applications), 4 pin, 3 m •
SCAC3/5 Signal output cable, analog, 5 pin, 3 m •
SC6000-1,0 Synchronization cable, 5 pin, 1 m • •
CA5 Preamplifier cable 5 pin, 5 m •
PS2020 Power supply for DIN rail mounting; Input 230 VAC (115 VAC); Output 24 VDC / 2.5 A; L/W/H 120x120x40 mm • •

Sensor cable Cable CCx,x / CCx,x/90 Cable CCmx,x / CCmx,x/90 Cable CCgx,x / CCgx,x/90

Description Low-outgassing cable up to 4 m length,  
for applications in clean rooms 

Low-outgassing cable up to 4.2 m length,  
for applications in clean rooms, UHV and EUV

Robust cable up to 8 m length,  
for industrial applications

Temperature  
stability

-100 °C to +200 °C -100 °C to +200 °C -20 °C to +80 °C (permanent)
-20 °C to +100 °C (10;000 h)

Outer diameter 3.1 mm ±0.1 mm 2.1 mm ±0.1 mm 3.1 mm ±0.1 mm

Bending radius 3x cable diameter during installation; 7x cable diameter for movement; 12x cable diameter recommend at continuous movement
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Standard length 1m

Sensor cable with connector type C
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Ø7Ø9
.5

Standard length 1m

37
27 20

.5  

30
.5

25

Ø7 

Ø10 

16

13
,18

16
,9

Ø6 
Ø5,4 

Ø4

Ø7
  

Ø9
.5

37

27

Ø3.1 ±0.1 (CC/ CCg)
Ø2.1 ±0.1 (CCm )

Ø3.1 ±0.1 (CC/ CCg)
Ø2.1 ±0.1 (CCm )

Sensor cable with connector type B Connector type B/90
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Ø3.1 ±0.1 (CC/ CCg)
Ø2.1 ±0.1 (CCm )

Sensor cable with connector type B Connector type B/90
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Max. leak rate 1x10e-7 mbar · l s-1, compatible with connector type B

W
S1

2

34

9

2

Ø8
.8

Ø1
4

M10x0.75

max. 17

HV/B Vacuum feed through (Art.-no. 0323050)

Max. leak rate 1x10e-9 mbar · l s-1, compatible with connector type B
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Measurement on narrow targets
The influence of the target width on the measurement signal is shown using the  
example of a CS05 sensor. A target extended in the y-axis, narrowed in the x-axis  
has been varied in different parameters:
	� target-sensor distance (z-axis): 0.25mm (measuring range center)
	� width of the target in the x-axis: 3 ... 8mm (21 values)
	� �displacement of the target in the x-axis (vertical to the sensor axis): 0 ... 3mm (13 values)

Example illustration of the influence using the CS02 sensor as an example, consideration 
of a tilt angle of max. 1° for different sensor distances.
In the case of 10% distance in the sensor axis, there is already contact between sensor housing 
and target at 0.38°; in the case of 20% distance, the contact is at 0.76°. The simulation can be 
performed for all sensors and installation conditions; tilt angles around a decentralized tilt point 
can also be calculated.

Influence of tilting the capacitive sensor
In the case of tilting of the capacitive sensor, 
a measurement error must be assumed as 
the geometric conditions of the field for the 
target change. In fact, the average distance 
of the sensor remains constant; however, 
the edge areas move closer or further away 
from the target. This results in field distortions, 
which affect the capacity C according to the 
following model:

In each case, the capacity between electrode 
and target and its reciprocal (this is proportio-
nal to the sensor signal of the controller) were 
calculated. The diagram shows the deviations 
from the capacity values for a flat target (large 
opposite sensor in x and y axes) depending 
on the target width and displacement. The 
smaller the distance between sensor and 
target, the narrower the target can be. In the 
example, a centrally placed target with a width 
of 5mm is sufficient to achieve a stable sig-
nal in the center of the measuring range. This 
proves that the field does not spread beyond 
the sensor diameter.

Results are based on internal simulations and 
calculations. Please ask for detailed information.
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Results are based on internal simulations and 
calculations. Please ask for detailed information.
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Force effects on the target
The capacitive measuring principle is reactionless. In specific cases, the force can be calculated 
with the following formula:

Using the example of a CS1 sensor, which is operated using the DT6230/DT6500 system, a force 
of approx. 0.23µN is produced. The force however is dependent on the selection of sensor and 
electronics,  not on the sensor’s position over the measuring range. The DT6110/6220 systems 
operate using lower measuring currents, whereby the electrical field and the electrical voltage 
are lower so that the force is only 0.01µN and so measurement without feedback is assumed.

Measurements on spheres and shafts
In practice, it is often necessary to measure curved surfaces. A classic example is shaft runout 
measurements, where a cylindrical target is measured. Compared to a flat target, there are either 
more or less significant measured value deviations depending on the bending radius in doing 
so. This is caused by various effects, e.g. concentration of the field lines at the highest point or a 
capacity increase due to a larger measuring spot. 

In reality, it can be assumed that the bending radius results in a virtual zero point, i.e., the sensor 
value 0 can no longer be achieved. Due to the integrating function of the capacitive senor over 
the measurement surface, the virtual, average measuring plane lies behind the surface line. For 
example, this means that with a 200µm sensor and a roller with an external diameter of 30mm 
and a gap clearance of 20µm, almost 5% more is indicated, i.e. approx. 30µm. As this effect 
can be calculated, corresponding characteristics can be calibrated in the evaluation electronics. 
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Results are based on internal simulations and 
calculations. Please ask for detailed information.
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Consideration of the conductivity requirements
In order to achieve a linear output signal across the complete measuring range, certain require-
ments for the target or the counter electrode must be complied with.
The impedance in the ideal plate capacitor can be shown in the equivalent circuit diagram by a 
capacitor and a resistor connected in parallel. For measurement against metals, the Ohm part 
can be disregarded; the impedance is only determined by the capacitive part.
Conversely, only the Ohm part is considered for measurements against insulators. In between, 
there is the large range of semiconductors. Most semiconductors can be measured very well as 
electrical conductors. The requirement is that the capacitive part of the total impedance is still 
significantly larger (>10x) than the ohmic part. This is almost always the case for silicon wafers 
irrespective of the endowment. 
Nevertheless, semiconductors with poor conductivity (e.g. GaAs) can  also be measured as 
conductors under certain circumstances. However, various adjustments are required for this, 
e.g. reduction of the operating frequency or a temporary, partial increase of the conductivity. 
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Electrical conductor as target
The capaNCDT system measures the re-
actance Xc of the capacitor, which changes 
proportionally with distance. The high line-
arity of the signal is achieved without further 
electronic circuitry. This particularly applies to 
measurements against electrically conductive 
materials (metals). Changes of the conductivi-
ty have no influence on linearity or sensitivity. 
All conductive or semi-conductive targets are 
measured without any loss in measurement 
performance.

No penetration of the fields  
for electric conductors
As the measurement principle operates  
without penetration of the fields in the target, 
even the thinnest targets, e.g. 10 µm electri-
cally conductive paint, can be measured.
The capacitive measuring process operates 
with currents in the µA range. This means 
even the smallest electrical charges are suf-
ficient to make measurements possible. Even 
very thin metallic objects can guarantee the 
charge carrier displacement. A target thick-
ness of a few micrometers is sufficient here. 
The electrical field develops between sensor 
electrode and target surface; the distance de-
termines the reactance.

Electrical conductor

Thickness measurement of insulators
The capaNCDT system can also be used 
for the linear thickness measurement of 
insulators. The field lines penetrate the in-
sulator and join with the electrical con-
ductor. If the thickness of the insulator 
changes, this influences the reactance Xc 
of the sensor. The distance to the electri-
cal conductor must therefore be constant. 

d	 Target thickness
s	 Measuring gap
ε1	 Permittivity air
ε2	 Permittivity insulator

Thickness measurement of metals
Two-sided thickness measurement of metals 
is made possible by installing the sensors op-
posite each other. Strip thicknesses in the µm 
range can be measured using this method. 
Each sensor generates a linear output signal 
dependent on the distance between sen-
sor surface and target surface. If the sensor  
distance is known, the thickness of the target 
can be determined easily.Due to the capaciti-
ve principle, the measurement is only perfor-
med against the surface without penetrating 
the target. If the measuring points are syn-
chronized, measurement against non-groun-
ded targets is possible.

Electrical conductor

Insulator

s
d: ≤1/2
Measuring  
range

Insulators as target
The capaNCDT system can also measure 
insulating materials. This linear behavior for 
these target groups is achieved by applying 
special electronic circuitry. The reactance Xc 
depends on the distance between sensor 
and insulator. Therefore a constant thickness 
and permittivity of the insulator is necessary. 
In this case resolution and accuracy are re-
duced. Factory calibration/compensation is 
strongly recommended.

Thickness = Distance - (Sensor 1 + Sensor 2)

Sensor 1

Sensor 2

Thickness

Di
st

an
ce

Metal
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Specific sensors for OEM applications
Application examples are often found where the standard versions of the sensors and the con-
troller are performing at their limits. For these special tasks, we modify the measuring systems 
exclusively according to your individual requirements. Changes requested include, for examp-
le, modified designs, target calibration, mounting options, individual cable lengths, modified 
measuring ranges or sensors with integrated controller.

Customized sensor body Customized modification for a specific environment Special OEM design

Dual sensor with 2 capacitive sensors
in one housing

Measuring device to check the inner diameter 
of extruder bore holes (2 sensors in one axis)

Special OEM electronic design

Dimensions, dimensional 
tolerances, sorting, parts 
recognition

Displacement, distance, 
position, elongation

Thickness measurement 
of insulating materials

Vibration, amplitude, 
clearance, run-out

Deflection, deformation, 
waviness, tilt

Stroke, deformation,  
axial shaft oscillation

Two-sided thickness 
measurement

In-process inspection, 
dimensional inspection

30 Applications capaNCDT
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Thickness measurement of dies for optical data carriers
Previously, the data was transferred to a master system using a laser to repro-
duce CDs, DVDs, HD-DVDs or Blu-ray discs by pressing. A thin layer of nickel is 
applied using galvanization to the silicon or glass carrier (substrate). The absolute 
thickness values of the nickel layer are required in order for the exact control of the 
galvanization bath. Capacitive sensors from Micro-Epsilon are used to measure 
the thickness and profile. A sensor is positioned above and below the die, which 
is then moved between the sensors during measurements. Using the two units for 
distance information, the thickness is determined very precisely using the differen-
tial method. 

Modular measuring system for the profile measurement of blown films
The measuring of the film profile already on the film bubble provides important data 
for extrusion control. In order to make the process as efficient as possible, a modu-
lar blown film measuring system was designed by Micro-Epsilon, which is installed 
immediately after the calibration cage. The system is available with contact and 
non-contact sensors. The sensor system used for profile measurement is based 
on the capacitive measuring principle, which reliably and accurately ascertains the 
profile of the film. The capacitive sensors used can be distinguished by their extre-
me precision and signal quality. 

Sensor Sensor

Contacting sensor Non-contact sensor

Measurements on wafers and semiconductors
Extreme accuracies are required in the semiconductor industry in order to design 
processes and products efficiently. Capacitive sensors from Micro-Epsilon are 
used, among other things, for the positioning, displacement measurement and 
thickness measurement in the semiconductors area.

Wafer thickness measurement with two capacitive sensors Capacitive displacement sensors are used for adjustment with nanometer precision of lenses in optical 
systems for wafer exposure. 

Wafer thickness measurement with 3 tracks
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MICRO-EPSILON USA

8120 Brownleigh Dr. · Raleigh, NC 27617 / USA

Phone +1/919/787-9707 · Fax +1/919/787-9706

me-usa@micro-epsilon.com · www.micro-epsilon.com

Sensors and Systems from Micro-Epsilon

Sensors and systems for displacement, 
distance and position

Sensors and measurement devices for
non-contact temperature measurement

3D measurement technology for 
dimensional testing and surface inspection

Optical micrometers and fiber optics,
measuring and test amplifiers

Color recognition sensors, LED analyzers 
and inline color spectrometers

Measuring and inspection systems for  
metal strips, plastics and rubber


