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1 Introduction / Document Purpose 
 
The purpose of the document is to discuss ways to obtain a tilt position feedback for the turret of the Cross-
Disperser mechanism. The goal of the study is to identify the most practical and economical way to control the 
position of the turret within the accuracy imposed by the mechanism’s requirements. In particular, two types of 
sensors will be compared: hall-effect sensors versus eddy current sensors. 
 
 
2 Cross Disperser Tilt Positioning Requirements: 
 
(See MathCAD worksheet: “XDM_TiltPositioning.xmcd”) 

 

 
 
 

In order to place the beam onto the detector with an accuracy of less than a pixel (18m) in the cross-dispersion 
direction, it is necessary to be able to control the cross-disperser turret tilt within less than 3.7 arcsec. In order to 
cover the whole range of tilt (+/-3.85°) with that accuracy, a minimum of 7427 discrete positions are needed. 
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3 Hall Effect Sensor: F.W. Bell FH-301-040 
 
First we will consider the Hall-effect sensor from F.W. Bell (FH-301-040) which was previously used for the 
spectrograph detector focus stage of SpeX. In the stage, the sensor is translating in head-on mode between 2 
cylindrical SMCO magnets oriented with opposite poles. For the Cross-Disperser mechanism, the same 
configuration can be used with the difference that the front face of the sensor will go towards the front face of the 
magnet with an angle equal to the tilt of the turret (between 0 and 3.85deg). Note that the non-linearity introduced 
by the angle can be calibrated out.  
One limitation of this configuration is that the sensing range (defined by the size of the magnets) will govern the 
maximum distance between the sensor and the tilt axis. For example, considering the same setup (sensor + magnets) 
as in SpeX, the range is +/- 2mm. So with that range, the maximum distance between the sensor and the tilt axis 
would be 2 / tan (3.85) = 29.7mm. Such a small distance limits the design options for the cross-disperser 
mechanism.  
The other mode to consider is the slide-by mode. This mode would be easier to implement with a tilt, however the 
voltage response curve is symmetrical which introduces a lot of uncertainty when the magnet is close to the sensor. 
(See picture below) 
It is important to note that many other sensors could be considered, but they would have to be rated for cryogenics 
or qualified in-house.  

 
Fig.1: Sensing Modes 

 
3.1 Technical Data: 
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(Also see Appendix C for Distance versus Voltage data collected in a lab test. Different curves were obtained 
depending on the control current used.) 
 
3.2 Pros / Cons 
 
Pros Cons 

‐ Price 
‐ Already implemented in SpeX 
‐ Passive Sensing. Can be used simultaneously 

with Detector Readout.  
 

‐ Unknown Accuracy
 Too much effort needed to quantify at the 

level of accuracy required.  
‐ Range is limited.  “Physical range reduction 

trick” isn’t applicable. (See 5.3) 
‐ No package or mount included. 
‐ Potential irregular magnetization 
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4 Eddy Current Sensor: Kaman DIT-5200L / 20N 
 
Inductive / Eddy Current Technology linear displacement sensors rely on inductive techniques to induce current 
flow in a conductive 'target' without physical contact. The term 'eddy current' refers to the fact that induced current 
flows in a circular pattern. 
For a system with better resolution, in the case of the cross-disperser mechanism, it would be best to implement a 
differential system (with 2 sensors). In an eddy current differential system, the two coils in the inductive bridge are 
housed in two separate sensors. Rather than one active coil and one reference coil, both sensors contain active coils 
as in figure 3. These two sensors are usually placed on opposite sides of a target or opposite sides of a target pivot 
point, as in figure 2. 
 
 
 
 
 
 
 
 
The main difference with Hall-effect sensors is that Eddy Current sensors are “active” and generate their own 
magnetic field. This is why the targets for Eddy Current sensors don’t have to be magnetic but only conductive.  
 
4.1 Technical Data 
 

 
 

 

 
Fig.3: Differential System Block Diagram 

 
Fig.2: Differential Target Configuration 
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4.2 Pros / Cons 
 
Pros Cons 

‐ Known accuracy. 
‐ Comes as a set: Sensors + Electronics. 
‐ Extremely Linear. 
‐ Range can be tuned using a “Physical range 

reduction trick”. (See 5.3) 
‐ Easier to implement 

 

‐ Price.
‐ Needs Coax cables. 
‐ Active sensor: can perturb detector readout.   
‐ Needs 10/15 minutes to warm up and give 

reliable data after turning it on => RF switch 
needed.  
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5 Choice of a Sensor and Implementation 
 
5.1 Choice of a Sensor 
 
Considering ease of implementation, cost, risks and performances, the choice of going with the Kaman is largely 
preferred.  
Ease of implementation because the “physical range reduction trick” can be used (See 5.3) but also because the 
sensor package is threaded for easy mounting. (Unlike the Hall-effect sensor that needs to be epoxied).  
As for the other criteria, it is important to note that no data is available in regards to the Hall-effect sensor accuracy. 
Since the accuracy needed for the Cross-Disperser mechanism is much higher than the focus stage in SpeX, the 
stage mechanism cannot be used as a benchmark. In order to make sure that the Hall-effect sensor’s performance is 
sufficient, it would then be necessary to “verify in the lab”. However, due to the very high accuracy, it would be 
very costly to implement such a test setup. Since the accuracy data is available for the Kaman sensor and exceeds 
the requirements with a comfortable safety factor, it is clear that the difference of retail cost of the sensor is no 
longer an argument. 
 
 
5.2 Implementation 
 
(See MathCAD worksheet: “XDM_TiltPositioning.xmcd”) 
 

 
 
 

See Appendix A
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5.3 Physical Range Reduction 
 
 

 
 

 
 

Fig.4: “Physical Range Reduction” in the Cross-Disperser Mechanism 
 
Thanks to the fact that Eddy Current sensors don’t need to use magnetic targets but only conductive ones, basically 
only the minimum distance between the sensor and the target is being sensed. In the case of a Hall-effect sensor, 
what is sensed is the magnetic field of the target. And since the magnetic field isn’t homogeneous, it is necessary for 
the center of the target to be aligned with the center of the sensor. Because of that fact, it would be pretty much 
impossible to implement the system as described in Fig. 4.   

  
Target 

Sensors 
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6 Appendix A: Kaman Sensor Accuracy Calculation 
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7 Appendix B: XDM Tilt Drive Calculations 
 
(See MathCAD worksheet: “XDM_TiltPositioning.xmcd”) 
 
 

 
 
 
  



XDM: Tilt Positioning Sensor   
Created by Morgan Bonnet 

 
 

Page 12 of 12 
` 

 

 
8 Appendix C: Hall Effect Measurements & Theoretical Values 
 

 

(See EXCEL worksheet: “HallEffect.xlsx”)


