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1   INTRODUCTION

To achieve the highest possible gradients in Niobium cavities it is required that the Niobium is of high purity (0.9999%) and void of foreign inclusions or mechanical defects. Foreign inclusions such as Tantalum clusters of the order of 10-100 µm or larger can cause premature breakdown of the superconductivity in the cavities. Most critical are inclusions in the bulk of the material that can be uncovered during the etching, which is part of the cavity manufacturing procedure. Surface defects such as pits, holes or scratches that are deeper than ~100 m have to be avoided since they will remain on the cavity surface even after etching. Typically the Niobium for cavities is delivered in the form of ~3 mm thick, rolled sheets, that are degreased and cleaned by chemical etching and annealed for 1-2 hrs at 700-800(C in a vacuum oven at ~10-6 mbar to achieve full re-crystallization and a uniform grain size of ~ 50 µm. 

Currently eddy current scanning is the only method used for the systematic control of the quality of Niobium-sheets for RF cavities. In its simplest form eddy current scanning consists of screening the sheets with an eddy-current probe, which typically is a small solenoid coil with a ferrite core driven with an AC current. The eddy currents induced on the sample surface act back on the exciter coil thereby producing a change in the apparent coil reactance (see Figure 1). The impedance change of the exciter coil is typically measured with a Maxwell-Wien bridge. Variations of the local electrical resistivity of the sample as well as cracks and voids affect the strength of the eddy current response (see Figure 2). Also, a phase change is associated with the particular depth from which the eddy current signal perturbation emanates. 

A sketch in Fig.1 illustrates the principle of eddy current testing described above. The perturbation of the “regular” eddy current pattern in and on the specimen induced by defects produces a very small signal over the background. Often this signal is smaller than the fluctuations of the distance between the probe and the sample. It is therefore crucial for eddy current testing to control the probe distance, optimize the sensing coil(s) configuration(s), the exciter current, signal amplifications as well as the electronics to obtain a defect resolution in the sub-mm range. In industrial applications the required resolution remains often in the mm-range (and the emphasis is more on penetration depth). Figure 3 shows the (classical) Skin depth in Niobium at room temperature. 

[image: image1.png]Coil's
magnetic field

s

Eddy current's

Eddy
magnetic field

currents

Conductive Material




[image: image2.png]



Figure 1: Illustration of the basic principles of eddy-current testing (left), illustration of penetration depth (right).
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Figure 2: Signals obtained by eddy-current scanner passing over cracks of different depth (signal amplitude vs phase).
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Figure 3: Penetration depth in Niobium at room temperature as a function of frequency.

To completely penetrate a sheet of several mm thickness a frequency of the order of 100 kHz needs to be chosen.

DESY adapted the eddy current scanner technology for the particular purpose of checking for defects and inclusions in high purity Niobium discs for the TESLA project in collaboration with the German BAM institute. Figure 4 shows the DESY scanner, which uses a two-coil system (the coil diameter is ~3.5 mm) in the absolute scheme (the differential scheme being optional) at two frequencies, ~100 kHz and ~1 MHz. The penetration depth in Niobium at 100 kHz is ~0.5 mm (see Figure 3). To reduce the effect of distance variations, the probe is levitated above the specimen using a flow of compressed air at ~2 bar emitted by the probe itself while the probe is mounted on a spring. In this system the equilibrium between spring force pushing the probe down and the levitation due to the air-flow determines the probe to sample distance. The Niobium sheet is pressed to the turntable by pumping out the air under the sheet. The sensitivity of the measurement system was explored with implanted defects of know size and type (e.g. Tantalum). Implanted sub-surface Ta defects <100 m could be detected. 

TJNAF purchased an eddy current system of the DESY type (Figure 5) from FER-PA/Germany (a spin-off from the DESY-BAM development project) for the SNS cavity production. An example of a typical result obtained at DESY on “state of the art” Niobium sheets for FNAL cavities is shown in Figure 6. Also shown there is the result obtained on the same disc with the SNS scanner at Fermilab. TJNAF screened over 500 Niobium discs with this device. The SNS/TJNAF scanner was recently delivered to Fermilab for the scanning of the Niobium discs for the Fermilab cavity fabrication.
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Figure 4: X-y (left) and rotating (right) eddy current scanners developed for DESY.
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Figure 5: Turnkey eddy current scanner as purchased by TJNAF from FER-PA GmbH/Germany. This scanner is now at Fermilab.
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Figure 6: Example of eddy current scan performed on a Niobium disc for Fermilab with the DESY scanner (left) and SNS scanner (right).

The following persons were the major contributors to the development/adaptation of the eddy current scanner:

Arne Brinkmann, DESY/Hamburg/Germany (www.desy.de), Tel: ++49-40-8998-4971, email: arne.brinkmann@desy.de; 

Ralf Casperson, BAM/Berlin/Germany (www.bam.de), Tel: ++49-30-8104-3652, email: ralf.casperson@bam.de 

The US representation of Rohmann, the company that provided the eddy-current electronics, has given very good support in the past. They are located in Nashua, NH (north of Boston) and can be contacted via www.rohmann.com or 603-595-4220.

2   SCANNER SETUP

The following photographs show the various components of the SNS eddy-current-scanner and their respective assembly. 

Figure 7 shows the eddy-current scanner. The scanner is contained in an aluminum frame with plexi-glass windows. Its supports allow for a precise adjustment of the turntable flatness. The figure also includes labels for the major components, such as the turntable, the eddy current tester and the compressed air buffer tank. Also shown are the stand-alone PC for data acquisition, printing, storage and analysis. It includes a CD burner for data transfer.
Figure 8 shows the main button panels for the operation of the scanner. The main power switch is on the bottom of the main power panel (left plot). Above the main power switch, which also affects the PC, is the (automatic) valve, regulator and pressure gauge for the incoming compressed air. To activate the scanner the turntable-on and probe-on buttons need to be pushed. The key- operator switch is
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Figure 7: SNS eddy current scanner at Fermilab. 1) turntable with sample, 2) eddy-current tester, 3)  main-power switch, 4) air receiver.
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Figure 8: Left figure: main power switch (bottom), input air pressure gauge (middle), manual/automatic switch, top: turntable on button; Right figure: main operation buttons: vacuum switch, turntable off, probe-on and emergency-off switch.

usually switched to one, such as to circumvent the  scanner door interlock. The scanner door interlock prevents the device from operating when the door is open. The turntable off and Emergency off buttons are self-explanatory.

Figure 10 shows the eddy current probe scanning a sample. The compressed air line for the probe distance regulation and the cables carrying the eddy current signal are clearly visible. Also, in the right picture the vertical micrometer slide can be seen. It allows control of the probe distance with respect to the sample. Ideally the probe should be lowered toward the sample as much as possible. As will be explained later a test of the electrical continuity between the sample-holder and the probe housing with the probe fully retracted (and the compressed air flow) can be used as a way to find the minimum probe to sample distance.

The probe uses a two-coil system (the coil diameter is ~3.5 mm) in the absolute scheme similarly to the probe used in the DESY scanner. Figure 9 shows a photograph of the probe. The probe is supplied with a (commercial) ELOTEST PL.E eddy current module, which provides the probe with input signals, measures the eddy current response of the sample and digitizes the measured signal. The ELOTEST is capable of supplying the probe with two (superimposed) signals. Typically the two channels are operated at 
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Figure 9: Eddy Current Probe EK5TA-5 (manufactured by BAM Berlin). The probe is contained within the protective brass-cylinder. The compressed air flows in the narrow annular space between the probe and the protective cylinder. The spring is also clearly visible in the left picture.

~100 kHz and ~1 MHz frequencies. The supply current in the emitter coil is limited by a series resistor, typically 50  in the 100 kHz and 1k in the 1 MHz channel. For instance at 170 kHz and 50 probe adjust the ouput voltage under load is ~5 V peak-to-peak (at a coil resistance of ~2-3 . It is less than 0.5 V in the high frequency channel.

To reduce the effect of distance variations, the probe is levitated above the specimen using a flow of compressed air at ~2 bar emitted by the probe itself while the probe is mounted on a spring. In this system the equilibrium between spring force pushing the probe down and the levitation due to the air-flow determines the probe to sample distance. The pressure in the air supply to the probe can be varied manually with a valve placed on the backside of the scanner. A rough pressure gauge measures the pressure in the probe air supply. 

The micrometer precision slide allows moving the probe closer or further away from the sample at any time. The micrometer precision slide is attached to the scanner frame. The probe was mounted to the slide in such a way such that its bottom surface is parallel with the turntable. Four setscrews on the flat portion of the probe-holder allow 
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Figure 10: Left figure: sample-holder with sample and eddy-current probe. Right figure: eddy current probe with micrometer slide, compressed air supply tube and signal cable. 

its 3D adjustment in space. Also, the center of the probe-holder was centered with respect to the turntable. A special brass tool (Figure 15) was fabricated for the probe alignment and centering. This tool is inserted into the probe-holder instead of the probe.
Figure 11 shows the ELOTEST PL.E, i.e. the device that sends and measures the eddy current signal. The digital output of the scanner is then routed through the cable box (Figure 13) to the computer. Note that the ELOTEST also communicates with the computer through the RS232 line (to send the scanner parameters). This communication line is yet not entirely debugged, however. Therefore the scanner parameters are not reported in the NIOBSCAN output sheet. The function keys on the ELOTEST allow switching between the main menus to access the different measurement parameters. Among the most important menus are: -1- the home menu in which the measurements are conducted, -2- the main menu in which the major parameters (see Table 1) for the eddy current scanning are defined, as well as –3- the gate menu in which the probe adjust parameter is set and  -4 the display menu in which some of the parameters related to the display of the eddy current signal on the ELOTEST screen are defined. 

Figure 12 shows the back-view of the ELOTEST such as to allow future reconstruction of the connection scheme. Note that the two channels 
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Figure 11: ELOTEST eddy current scanner.
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Figure 12: Back view of ELOTEST.

are supplied in series. It therefore doesn’t matter which connector is plugged into channel 1 or 2. 

Detailed operating instructions for the ELOTEST exist. They can be consulted for further details. Appendix C discusses the reset procedure after battery replacement. Batteries need to be replaced every few years.

Table 1 gives the parameter settings that should be displayed on the ELOTEST HOME panel. These parameters are usually set in the MAIN panel (F8 button in HOME). Some parameters, such as the frequency, 

Table 1: Settings of the Rohmann ELOTEST device (MAIN menu).

	Parameter
	Channel 1
	Channel 2

	Frequency
	170 kHz
	1.2 MHz

	Probe Adjust
	50 Ohm
	1 kOhm

	Probe current
	~333 mA
	~10 mA

	Phase
	~210 deg
	~210 deg

	Pre-amplifier
	20 dB
	30 dB

	Total gain
	~45/65 dB
	45/65 dB

	X/Y spread
	0/20 dB
	0/20 dB

	Highpass filter
	static
	static

	Lowpass filter
	0.5-2 kHz
	0.5-2 kHz

	BW limit
	off
	off


can be changed by pushing the “frequency” button (blue button with wave symbol) and adjusting the frequency parameter with the turn-knob. Other such parameters are the phase, the amplification (“dB” button) and the filter. The frequencies, however, are rarely changed. Pushing one of these buttons automatically activates the MAIN menu. The x (signal) and y (signal) gains are changed together, except when a y- or x-spread is set. This setting automatically maintains a fixed gain difference between them. In our case the y-spread is typically set to the maximum of 20 dB, meaning that the y-gain is always 20 dB higher than the x-gain. All these settings are saved as FNAL.Ch1 and FNAL.Ch2 and can be reloaded from the SETTINGS menu. Sometimes the Enter button needs to be pushed several times on the ELOTEST in order to switch it from “remote” to local in which settings can be changed manually.

The other relevant parameters are: 

-1- the SAD address (set in SETTINGS menu) for both channels is 2 (the master is the computer – set to 1); 

-2- the Scaling in DISPLAY is usually set to I; the thresholds (GATE menu) for all channels is usually set to the maximum of 60 dB; 

-3- the display mode is to be X/Y in the Settings menu; 

-4- also it is usually of advantage to show the threshold circles and to activate the “lines between dots” feature, both in SETTINGS);

-5- Finally the dot-position (MAIN) should be 0/0, but this does not need particular action since the red Z-button, which is commonly used to set up a measurement, also resets the dot-position to zero;

All other parameters are of no relevance to the particular task discussed here. Note that the access key on the front panel of the ELOTEST is always turned to position 3, in which the operator has the  privilege to change all parameters.

The electronic-box, which directs the electrical signals from the ELOTEST to a broadband digital computer port is shown in Figure 13. Also routed via this box are the signal cables for the various motors and interlocks.

The turntable and sample-holder are mounted on a heavy plate as can be seen in Figure 12. Also clearly visible in Figure 12 is the motor that turns the turntable via a belt-drive and the linear step motor that provides the radial displacement of the sample with respect to the probe. The turntable rotates the sample under the probe while a step motor slowly pulls the table along a linear track such as to provide the radial position change. The radial positions are varied between two bounds given by the operator in the Setup menu of the NIOBSCAN software. Typically the outermost and in the central 5 mm 
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Figure 13: Cabling box.

[image: image22.jpg]



Figure 14: Turntable with motors for rotation (belt-drive) and radial translation (front).

of the sample are not screened, since these regions will be removed in subsequent cavity half-cell fabrication steps. Another important parameter is the turntable center coordinate. In the typical setting (i.e. in which the zero is defined as the point furthest away from the  operator) the turntable center is at 277.5 mm. This is an important parameter for the Cartesian to polar coordinate transformation, which is part of the data analysis. The (operator side) end of the range of the turntable is at 320 mm. When performing a reference run, the linear drive takes the turntable to the point furthest away from the operator and sets itself to zero (such reference runs are sometimes necessary when the program loses the settings).      

Figure 15 shows the system with which the sample-holder can be centered on the turntable to ~100 m. A centering pin is used to obtain rough centering of the sample-holder. For more precise alignment a micro-gauge, attached to a rigid arm, is pressed against the edge of sample-holder. While slowly turning the sample-holder the gauge can be read and adjustments can be made to center the disc. The sample-holder is then held in place on the turntable with three aluminum brackets. These allow the sample-holder to keep the alignment when it is pulled down by the suction. Also shown in Figure 14 is the tooling that is used to align the probe with the sample. It consists of a brass cylinder that is inserted into the probe-holder       

[image: image23.jpg]


 [image: image24.jpg]



Figure 15: Left: sample-holder alignment arm with micro-gauge; Right: sample-holder alignment pin in center; probe alignment tooling (brass cylinder); three sample-holder alignment brackets.

instead of the probe. The set-crews on the probe-holder-fixture can then be used to make the bottom brass surface parallel to the sample-holder surface. A pin can be inserted into the bottom of the brass cylinder to allow centering of the probe-holder with respect to the sample-holder and turntable.

An important component of the eddy current scanner is the pneumatic circuit that provides vacuum for the turntable vacuum clamping mechanism (through a Venturi) and the pneumatic probe distance control system. Figure 16 shows the compressed air system supply side. The air is cleaned in filters and routed to the different systems (probe, Venturi). The top gauge in Figure 16 reads to the supply pressure to the probe.

Figure 17 shows the air buffer tank, which separates the scanner from the air compressor. This buffer tank serves to smoothen the pressure variations in the compressed air line. The buffer tank is typically at ~150 psi. The regulator between the buffer tank and the scanner is set to ~100 psi, which suffices for the scanner operation. The minimum pressure setting for the scanner is 90 psi.
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Figure 16: Left: Compressed air filters (left); Top right: supply valve for eddy current probe (manual valve and gauge); Bottom right: supply line for the Venturi;
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Figure 17: Air buffer tank (left); Air pressure regulator and oil trap (right);

Figure 18 shows the main power panel. A special key is provided to access it. The details on the powering circuits are given in the documentation of the scanner provided by FER-PA. Not discussed further here are the several interlock circuits for safe operation of the turntable.
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Figure 18: Main power panel. Several breakers are in this box. In the left bottom corner is the interpolator.

3   SAMPLE-HOLDER

To accommodate the smaller samples for the Fermilab 3.9 GHz cavity program on the SNS scanner, which was designed to hold much larger Nb sheets, special sample-holders had to be fabricated. These sample-holders consist of an Al base-plate with a Nb ring affixed to it. The base-plate diameter is large enough to cover the inner of the two O-rings. The suction holes outside the inner O-ring are simply blocked with plastic plugs. The base-plate directs the suction to the sample placed on it. For that purpose there are holes through the base-plate which connect the downside vacuum channels with the two circular up-side vacuum channels. These channels are within the O-ring channels on both sides to allow suction to pull the sample and the sample-holder toward the turntable.

Figure 19 shows the sample-holders for the CKM discs (we currently use two types of discs with 4.6” diameter and ~0.06” and 0.087” thickness). Not shown is the Nb ring, which gets bolted to the Al-base (the bolt-holes can be seen, however). This ring brings the sample-holder up to the level of the sample. The difference between the two sample-holders is essentially the step-height of the center pedestal (0.087” in the former, 0.063” in the latter case) such as to adapt to the difference in disc thickness. In both cases the upper surface of the sample-disc is flush with the upper surface of the Nb ring. 

Originally the Nb-ring was intended to serve as “calibration” section. For that reason it was made from the same high purity niobium from which the discs are made. In addition the attempt was made to implant defects. These defects, however, consist of 6 holes with, the smallest having a diameter of ~0.01”. They are therefore much larger than the sensitivity limit of the device. The scan was intended to include the outer Nb ring and thus a measurement of the calibration points, such as to make sure that the scanner was always functional. It turned out, however, that the transition gap between the sample-holder and the sample could not be crossed by the scanner without causing the scanner to trip off. This approach was therefore abandoned and the scanning now only encompasses the sample itself.
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Figure 19: Aluminum bases of the sample-holders for CKM and 3rd harmonic cavity discs at Fermilab. Upper: CKM 1.6 mm (0.06”) thickness, diameter 4.63”; Middle: 2.2 mm (0.087”) thickness, diameter 4.63”; Lower: 3rd harmonic disc 2.8 mm (0.011”) thickness, diameter 3.93”; Not shown is the outer Nb ring (ID~4.63”). The sample-holders differ in the step-height of the center pedestal (0.087” in the upper, 0.063” in the middle and 0.04” in the lower case) as well as the diameter of the Nb ring. The design is such that the upper surface of the disc is always flush with the upper surface of the Nb ring. The Nb ring is not shown in the plots.

4   SCANNING DISCS

Switching on the scanner:

1. Switch on main power (inverse LOTO procedure) ~0.5 hrs in advance of scanning to provide the necessary warm-up and stabilization time for the scanner electronics. Sometimes a breaker trips inside the scanner power distribution box at start-up. The box (see Figure 18) can be opened with a special key.

2. Open compressed air supply valve on buffer tank and connect scanner compressed air line (inverse LOTO procedure). The regulator on the output of the compressed air tank is set to 100 psi. Check input pressure gauge on the front (bottom left) of the machine (should be 100 psi ~ 7 bar). The typical line-pressure in IB3 is ~150 psi (see gauge on buffer tank). The compressed air tank serves the purpose of protecting the scanner from line-pressure variations. If the line-pressure goes below 6 bar the scanner automatically stops operating. This is part of the safety mechanism that is needed to protect the scanner from loss of air pressure.

3. Switch on computer (login ID – eddyscan; password – eddyscan). If the computer asks you to define a new password redefine it as eddyscan. Note that the computer is on the same electrical circuit as the scanner. Therefore always shut down the computer before switching off the main power. 

4. Set key-operator switch to 1. This allows the scanner to operate with the door open. This feature will be required during the initial set-up steps. During the series scanning of the discs, however, the door should remain closed.

5. Start NIOBSCAN version 3.7 software (icon on upper left corner of PC desktop);

Placing sample disc into scanner:

6. Center the sample-holder on the turntable with the centering-pin (rough) before placing the disc in the holder. The centering pin centers the holder to ~0.01”. A better alignment (~0.005”) can be achieved if using the dial-indicator mounted on the vertical arm left to the turntable. The indicator should be directed onto the outer edge of the aluminum sample-holder plate and the variation of the indicator reading during a rotation of the turntable minimized by carefully tapping the holder in place. The turntable can be rotated manually as soon as power is on. Note that this needs to be done before placing the sample disc (using gloves!) inside the holder. The mark on the disc (if there is none, place mark on outer rim of disc) needs to be aligned with the mark on the sample-holder and the zero-mark on the turntable. The zero mark on the turntable corresponds to the 12:00 position in the representation of the scanning results on the computer screen. Position the three aluminum mounting brackets snuggly against the sample-holder and bolt them to the turntable. They guarantee that the sample-holder maintains the alignment while being pulled down by the suction. 

7. Once the sample disc is in place activate the sample-vacuum (Vacuum SS1 switch turned to the right) that will send compressed air flow through the Venturi (hissing sound from bleeder) to provide suction under the sample-holder. The sample-holder is pulled down toward the turntable and the sample is now firmly held in place. Make sure that the sample-holder and sample are firmly pressed against the turntable. If the compressed air flow does not result in the above, check if the 2 orange plastic cones are covering the two un-used turntable suction holes outside the sample-holder. Another possible problem is that the sample O-ring was omitted. Prevent prolonged suction of lab air into the system!
8. Check with the dial indicator if the aluminum holder outer ring is still aligned to within 0.005”. Use the feeler gage to roughly measure the sample surface flatness. Find out where the high and low spots on the sample disc are. Knowing where the high spots of the disc are not only allows to check the measurement result (with the right settings the x-data are representative of the sample long-range surface topology), but it also allows to eliminate discs with excessive thickness variations. Discs with thickness variations of more than ~0.005” should be specially marked. After vacuum activation the sample should not stick out from the sample-holder by more than ~0.004”.  

Adjusting the probe to sample distance:

9. After making sure that the system is switched to automatic (switch above main power switch), push the “Turntable-on” (green) and “Probe5S2” (white) buttons to release the turntable and probe safety lock. The “Key operating” switch should be turned to the “1” position at this point, because the following probe calibration steps will require that the door interlock is deactivated. For the following steps, in which the turntable will be repositioned, it is important to make sure that there is no obstacle in the way of the probe-holder. The probe, for instance needs to be in the retracted position. Make sure that the turntable can freely move beneath the probe-holder. It is important to prevent hitting the turntable or sample-holder with the probe. The device is not protected against such incidents! Accidents in which the turntable is driven against the probe have to be prevented!! In the case of an emergency push the red emergency off button.
10. Open the Scanner coordinates menu in “EXTRAS/SCANNER -COORDINATES” in the NIOBSCAN software. This menu allows to activate the turntable translation stage, drive out the probe and to rotate the turntable. Make sure nothing is in the way and click the “Move to reference” button. This will send the turn table to start of the travel-range away from the operator end. When hitting the end-of-range switch the scanner sets the position counter to 0 mm. The zero therefore is at the end of the transport range on the opposite side to the operator side. The operator side end of the travel is at 320 mm.

11. Now move the turntable to the opposite end (position ~15 mm) using the scroll-bar. Avoid going to zero because it appears the limit switch on operator end of the track does not function properly. Travel in small increments to give yourself the time to react to problems. The smallest possible step width is 0.004”. In this position (the table almost fully toward the operator) the probe is not over the turntable anymore. Make sure nothing is in the way of the probe and click “Probe-down” in NIOBSCAN/ EXTRAS/SCANNER-COORDINATES. The compressed air flow is now directed to the probe and the probe is pushed out of the holder. If this doesn’t work verify that the “Probe5S2” (white) button is activated. Another possible malfunction is that the small manual valve on the air supply tube just above the probe is closed.  The nominal probe pressure is ~28 psi / 2 bar (this can be verified with the probe supply pressure gauge on the back-side of the scanner behind the main power box). As can be observed on the line pressure gauge, the pressure drops strongly as the probe is activated. Sometimes, especially in the presence of other compressed air users, the line pressure drops below 90psi/6bar and the system shuts off (to prevent the consequences of a loss of suction under the sample-holder during rotation). This can also happen in the middle of a measurement run. Increase the regulator output pressure if this happens often. Test the system by letting the probe go up and down several times clicking the “Probe-down” button in the NIOBSCAN software. The probe should stick out of the sample-holder by approximately 0.25”. It is important to verify that the probe comes out all the way. One indication is that the probe comes out always by the same amount. If not, the probe is (partially) stuck, in which case the probe needs to be taken apart and cleaned. It is also possible that the probe supply pressure is too low.

12. After retracting the probe, move the turntable to the center (click the “move to Center” button). Be careful, however, to prevent hitting the turntable or sample-holder with the probe. The device is not protected against such incidents! Accidents in which the turntable is driven against the probe have to be prevented!! When activated the probe will have to extend further than the distance between the probe edge and the sample. The reason for that will be explained later. Therefore the sample and turntable have to be brought into position before activating the probe. Typically the lower edge of the probe holder (with the probe retracted) should be slightly less than 0.3” above the sample disc. After making sure that the probe-holder lower edge will not collide with the sample, click the “Move-to-center” button in NIOBSCAN/EXTRAS/SCANNER-COORDINATES. The turntable will move such as to place the center of the sample under the eddy current probe. If this doesn’t work verify that the green turntable button is activated. In the scanner coordinate system in which the beginning (zero) of the radial (y) travel of the turntable is on the side opposite to the operator, the center of rotation of the turntable is at 277.5 mm. The end of the range of the turntable on the operator side is 320 mm.

13. When the probe is placed above the center of the disc, use a sheet of paper and place it between the sample and the probe. Click “Probe-down” in NIOBSCAN/EXTRAS/SCANNER COORDINATES. The compressed air flow is now directed to the probe and the probe is pushed out of the holder. If this doesn’t work verify if the white probe-down button is activated. The nominal probe pressure is ~28 psi / 2 bar (this can be verified with the probe supply pressure gauge on the back-side of the scanner). Try removing the paper while the probe is down. Some resistance should be felt when removing the sheet of paper, the probe should not leave any imprints or marks on the paper. This process insures that the probe spring and aircushion pressure are more or less in equilibrium. If the probe leaves marks the probe needs to be moved upwards. Use the micrometer screw on the precision slide to move the probe in micro-meter steps. Note that there is a blocking screw on the left side of the slide that needs to be released. Also, the slide needs to be lifted since the spring is too weak for the probe weight attached. If there is no resistance to the movement of the paper under the probe, the probe needs to be lowered with the micro-meter screw on top of the slide.   

14. If possible, procedure 13 should be repeated at the high spot of the sample. This, however, requires that step 8 was performed. After retracting the probe move the turntable radially (with the scroll-bar on the left of the scanner position window in NIOBSCAN/EXTRAS/SCANNER-COORDINATES) and azimuthally (rotating the turntable by hand) to place the probe approximately above the formerly identified high spots of the sample. The sheet of paper should be placed between sample and probe. Push the “Probe-Down” button and check if the paper can still be removed from underneath the probe without excessive force. Use the micro-meter screw to adjust the height of the probe. As explained before the probe will be pushed against the sample and, ideally there should be equilibrium between the air pressure and the probe spring force, such that the sample is maintained at a short distance from the sample, therefore preventing scratches.

15. If the paper test was passed successfully, remove the paper and, with the extended probe, rotate the turn–table manually. Listen, feel and watch if the probe touches the sample. Perform an electrical continuity test, e.g. with a handheld Fluke. Continuity between the probe housing and the sample-holder indicates mechanical contact. In this case the measurement cannot proceed and the vertical height of the probe needs to be increased with the micro-meter screw. The probe position can also be adjusted slightly by varying the probe pressure with the supply regulation valve on the back-side of the scanner. Make sure, however, that the pressure does not go below ~28 psi. Do not use the course manual on/off valve above the measurement head for this purpose.

16. Retract the probe again, activate the turn-table and bring the probe down again. In the rotating condition additional forces oppose the spring-force and the probe can be brought down even further. Use the electrical continuity test to assess whether the minimum distance has been reached while lowering the probe in steps of 0.001” with the micro-slide. Don’t get hurt by the alignment brackets which cannot be seen well when rotating. Also prevent the cables from the FLUKE electro-meter device to get caught in the rotating table. Once the minimum is found, block the set-screw on the micro-slide.

Setting up the Probe Parameters:

17. To adjust the limiting radial coordinates of the translation stage for the measurement, open the MEASUREMENT/SETUP menu. During preparation of the measurement the probe should always be retracted when moving the turntable! The circular mode in which only the radial bounds of the measurement region can be set should be the default option.  Set the lower (edge) and upper (center) radial limit of the turntable travel (e.g. 274.9 mm upper and 235 mm lower field for a 3rd harmonic disc). These radial limits represent the edge (smaller number) and the center (larger number) of the disc.  They can be found without too much hassle with trial and error (probe should be retracted of course!), moving the probe to different locations and checking whether the radial points are consistent with the regions to be scanned. The probe can be moved across the sample using the mouse-activated cursor in the SETUP window. This should be done to verify of the radial bounds of the scanning area given are reasonable (the position to which the turn-table is moving is indicated in a window in the center of the SETUP menu). Note that the probe cannot be operated when partially above the gap between the sample and the sample-holder. The gap produces a pressure fluctuation, which triggers the emergency abort. The center and outer rim of the discs usually do not need to be scanned since they will be removed in subsequent production stages. The scan is performed from the outside toward the center. Note that the zero of the turntable stroke is on the side away from the operator. In case the disc scanned before had the same dimensions this procedure does not need to be repeated.

18. Table 1 gives the parameter settings that should be displayed on the Elotest main panel. These settings are saved as FNAL.Ch1 and FNAL.Ch2. The SAD address for both channels is 2 (the master is the computer – set to 1). The frequency can be changed by pushing the “frequency” button (blue button with wave symbol) and adjusting the frequency parameter with the turn-knob. The frequencies, however, are rarely changed. The gain can be changed by pushing the “dB” button (blue button saying dB) and adjusting the gain with the turn-knob. The x (signal) and y (signal) gains are changed together, except that a fixed y- or x-spread setting automatically maintains a fixed gain difference between them. Typically the y-spread is set to the maximum of 20 dB, meaning that the y-gain is always 20 dB higher than the x-gain. The phase setup described above allows to separate probe-sample distance variations (which are recorded on the x-channel if the phase is set up as described above) from defects such as cracks, scratches (which mostly give a y-signal). Sometimes the Enter button needs to be pushed several times on the ELOTEST in order to switch it from “remote” to local in which settings can be changed manually.

19. Next the eddy-current signal phase needs to be adjusted. Open the EXTRAS/SCANNER-COORDINATES menu. Bring the  probe over a chosen (more on this choice later) region on the disc using the scroll-bar in the EXTRAS/SCANNER-COORDINATES menu. Often this point is the center region – so the “move-to-center” button is most convenient. The probe should be retracted when the turntable travels. The region were the phase adjust is done should possibly be defect free and possibly a high spot of the disc. In case such regions cannot be identified, the probe should be moved to the center of the disc. The probe is brought down clicking the “Probe-down” button. The following needs a minimum of knowledge of the operation of the ELOTEST device, which is the apparatus that does the actual eddy current scanning signal generation and acquisition and which is placed above the turntable. A channel is chosen by pushing the channel button on the ELOTEST (for this purpose the door of the scanner needs to be open, although the probe is activated, thus requiring the key operator switch to be on “1”). The probe reading is zeroed with the probe down using the red button (“Z”) on the ELOTEST panel. Then the phase button (blue button with the angle symbol) is pushed. This brings the cursor on the ELOTEST display to the phase parameter of the chosen channel. Then the probe is brought up and down several times clicking the “Probe-down” button several times in the NIOBSCAN/SCANNER-COORDINATES window. The phase has to be set with the rotating knob, such that the measurement signal on the screen moves straight to the left when the probe is lifted. Typically the phase needs to be at ~200-220 degrees. Make sure that the signal comes back to zero when the probe is brought back down (if not this could be a sign of the probe being stuck). This phase-setting ensures that probe-disc distance variations (and that includes thickness variations of the disc) are plotted on the x-axis and thus separated from the defect-signals on the y axis. Repeat the zeroing and phase setting for the other channel as well. Also, the frequency and gains need to be chosen before the phase adjustment.

20. Once the phase is set, the gains need to be adjusted. For that purpose bring the probe down (e.g. in the center position) and push “Drive-on” in the SCANNER-COORDINATES menu. The turntable now starts rotating and a signal is displayed on the ELOTEST screen. Select the gain button on the ELOTEST (button with dB symbol) and reduce/increase the gain until the signal on both channels remains within the confines of the screen and the threshold warning lights on the upper left corner of the ELOTEST do not come on. Ideally this gain setup should be performed on a radial track, which includes a defect. In this way it is guaranteed that the defect signals will not saturate the pre-amplifiers. Since it is usually not possible to know in advance where the defect is it is advisable to choose a gain setting that produces signals that are well within the confines of the ELOTEST screen (e.g. going half-way). Note that the x- or y-spread parameter settings are the reason why the x and y gains move simultaneously. Typically the y results are of interest and the y gain spread is set to a maximum of 20 dB, such that the y channel gain is 20 dB larger than the x-channel gain. It is not important to raise the strength of the signals at any cost, because what counts is the contrast. If the background signal is also raised due to strong amplification and the defect signals are masked by saturation resolution is actually lost rather than gained. Make sure that the phase settings are still correct, i.e. the measurement point moves straight to the left when the probe is lifted. Typical total gain settings are in the range 63-68 dB for the y-signal. Note that the goal is not necessarily to set the highest gain possible, since the strong gain also amplifies the back-ground. More important than total gain is contrast between the defect and the back-ground.

21. Other settings on the ELOTEST that can be varied are mostly the filter settings. Fir instance the low pass can be varied between 500 Hz and 2 kHz. The main signals are carried on a frequency given by the rotational speed of the disc and the number of points per rotation, which is typically below 1 kHz. The low-pass serves to filter high frequency noise. The lower the low-pass the more the measurement signals are also filtered. The BW filter serves to filter RF noise. It is usually switched off.

22. Other parameters in the MEASURMENTS/SETUP menu, that usually are not varied, include (in the circular scanning mode) the radial distance between tracks (here 50 microns), the azimuthal increment between points (here 0.225 degrees), the speed at which the translation stage moves between steps (30 mm/sec).  The rotational speed of the disc cannot be changed (170 turns/min). The number of channels should be set to 2. 

Measurement and Result Analysis:

23. Ideally the scanner should be tested prior to every measurement run on a set of calibrated defects. The sample-holder design (as described in section 3) includes a high purity niobium ring in which such defects could be implanted. Only preliminary work was done in this direction, however, and therefore the in situ calibration is mot operational (one of the problems os that the scanner trips when passing the gap between the sample and the outer calibration ring). An alternate solution is to measure a disc with a known defect structure from time to time and especially at the start of a new scanning campaign. In the case of the first batch of FNAL third harmonic discs, for instance, disc number 22 is such a case. This discs should be scanned first in order to optimize the scanner parameters.

24. Now the device is ready for a measurement run. The door of the scanner should be closed. The current NIOBSCAN window should also be closed and a fresh NIOBSCAN window opened. A new file should be created with a name that contains the type of material (vendor, project,..), the batch number, the disc number and the side number. The file-name should also include a numbering parameter in case several scans are performed on one disc (side). An example is Project_batch#_disc#_side_measurement#. The files are usually stored in MyComputer\C:\Documentsand Settings\eddyscan\My Documents. There is also a shortcut on the desktop.  Then go to the MEASUREMENTS menu and hit RUN (verify that the vacuum, turntable and probe switches are all on and that all there are no loose objects on the turntable). The program automatically performs the following routine: The probe is moved to a position in between the center and the edge boundary of the scanning range. Other options can be set in MEASUREMENTS/OPTIONS. In this particular point the probe is lowered and each channel is offset corrected (zero setting). Then the turntable starts spinning and the probe moves to the smaller radial parameter of the scanning range (the outer edge of the disc) and starts the data acquisition. The screen shows the progress of the scanning process with a yellow area being replaced by measurements points. The points are displayed according to the last view setting used. Since the AUTORANGE feature does not work in this mode, the signal appearance is usually faint. The NIOBSCAN command line also indicates the number of track being screened (at each moment), the total screening time and the time remaining until the end of the scan. There are many possible issues occurring during a measurement, such as loss of pressure or overload signal triggering an abort or unexpected contact between the probe and the sample (look out for scratching marks and unusual noises) which warrant the presence of the operator during the scan. In case of a problem the measurement can be interrupted at any time with the Escape key, followed by a Y (for yes), Another, faster possibility is the EMERGENCY OFF button. In principle, however, the scan process is fully automatic and does not require operator assistance. At the end of the scan the probe is lifted and the turntable moves to the end of the translations range (operator side).  

25. Once the turntable was parked at the end-position, the result can be viewed. Since the measurements are first displayed in polar coordinates it is customary to transform the data into cartesian coordinates. This can be done clicking the COORDINATE TRANSFORMATION option in the EVALUATION menu. The results consist of the x,y and magnitude (Sqrt(x2+y2)) for the two channels. The data on the screen show the scanned portion of the disc with the disc sector closest to the zero-mark on the turntable being displayed on the top. Although this can be changed with the software (EXTRAS/COLORS) the results are displayed in black and white per default. The most interesting data set is the y-set on channel 1 because it contains the defect structure. The x-set of channel 1, however, is also of interest because it holds information on the disc height profile. Note, however, that the profiles are attenuated or distorted as a result of the pneumatic distance control system. Sometimes defects also show up in the x-signal. The magnitude signal represents a combination of the x and y signals. The channel 2 data however, do not seem to contain any useful information. It is possible that the channel does not record data properly. As a first step, however, it is necessary to choose a range for the data representation. Go into VIEW/RANGE and choose either AUTORANGE or 10%. These are usually the ranges displaying the data with the strongest contrast. Another possibility is to select a region drawing a rectangle around it with the mouse and with the right click mouse function apply the auto-range feature. This technique uses the data in the selected rectangle to define the color-bins according to which the data are plotted. Sometimes this technique brings out a defect more clearly. The LOGHARITHMIC function is usually not of interest. View the channel 1 data (x, y and magnitude) with different ranges and study in particular the y-signal. Get different opinions on the possible meaning of scan results from co-workers.

26. There are more sophisticated algorithms that can be used to refine the data. Among them is the channel mix menu in EVALUATION/CHANNEL MIX, which allows to make linear combinations (including phase transformations). This software technique can be used to better suppress the background for example. Another option in EVALUATION is filtering (NOISE FILTER) in which Gaussian and Rectangular filtering can be applied to the data. Such fine-tuning of the data, however, should be done offline at a later stage. There are a few characteristic patterns that hint at certain setting errors, however. Concentric Circles around the center of the disc (without any visible evidence of circular scratch marks), for instance, indicate that the pressure in the probe is too low (or the probe stuck) such that probe to sample variations do not get corrected properly. Very dark pictures (with the AUTORANGE setting) are indicative of too high gains with the signals exceeding the saturation threshold of the pre-amplifier. If the gain setting is clearly not the culprit the cause can be a stuck probe also. In this case the probe needs to be disassembled and cleaned. Lightly gray pictures (even in the 10% range setting) indicate that the probe distance is too large. Very smooth y-signal plots with little granularity indicate a phase setting error. With the right phase setting the x-signal should be smooth and wide range and the y-signal should be very granular. 

27. Print out the channel 1 y-signal in the most revealing view setting with the Laser printer and note the scan parameters on the printout (the automatic parameter print-out is not functional because of problems with the transfer from the ELOTEST to the PC). If several scans are made with varying parameters retain only the best result for the printed report. Since the printout includes the filename the files required for the electronic report can easily be extracted later. Note the most important scanner parameters for channel 1 (phase, frequency, pre- and total amplifier, low and high pass) on the print-out. Save the best looking representation as a bitmap (same filename).

28. Do an optical analysis of the disc and mention any further observations on the measurement report.

29. Fill out the access traveler (see description below).

30. At the end of a measurement campaign transfer the data via a CD. Use the Direct CD formatting (allows direct drag and drop transfer in explorer/file-manager) in the Easy CD creator.

5   TRAVELER

A MS Access database has been generated in order to archive the data acquired with the ECS and organize the measurement results. Upon opening the application, the main menu window appears (Figure 20).

[image: image34.emf]


Figure 20: Main menu of ECS-Access database.

The application allows for three options:

· Add information (input Form)

· Print information (Print Report)

· Exit

INPUT FORM

By clicking on “Input Form” the following window pop up allowing the operator to insert the data.

The form is organized in four different areas:

· Operator

· Disk Data

· Measurement Parameters

· Check list

[image: image35.emf]

 

Figure 21: Input form for the ECS Access data-base.

The operator must fill up all the fields and press the arrow button to save the data. After pressing the arrow button, all the filling fields are blanked out and new data can be inserted. Press the STOP button to exit the form. When the STOP button is pressed, the data currently present in the fields of the form are NOT saved; in order to perform a save, the arrow button must be clicked.

PRINT REPORT

By clicking “Print Report” a summary table automatically is generated and formatted to be printed using the standard print command under the File menu.

EXIT

In order to quit the application, the EXIT option in the main menu must be clicked. MS Access still remains opened and must be manually closed using the standard windows procedure.

6   APPENDIX A

SHORT OPERATING PROCEDURE (to be used only by experienced operators for the second and higher sample in series-scans)

1)
switch on system 0.5 hrs before testing (run a “calibration” disc first to convince yourself that the scanner is ready);

2)
start NIOBSCAN software, open Scanner coordinates menu;

3)
inspect sample (using gloves) under magnifying glass (and/or microscope?) and note any observation concerning scratches, etch-pits, dis-colorations,..etc;

4)
mount sample (using gloves) and switch on suction (carefully to prevent de-centering - possibly check with micro-gauge whether sample-holder is still centered);

5)
make sure that the probe-holder to sample distance is more or less typical (~0.3”, probe in retracted position);

6)
move probe (retracted) over center of sample with move to center button in Scanner coordinates menu (be careful that probe does not hit sample-holder while traveling! – Emergency-off button can be used to prevent an accident);

7)
bring probe down (without turning the turn-table) – green and white buttons need to be pushed;

8)
move probe with micro-slide up or down, such that there is just not electrical continuity between sample-holder and probe-holder (use hand-held Fluke for the measurement of electrical continuity); note that to move the probe the blocking-screw on the side needs to be loosened and that to move up the probe it is not sufficient to turn the set-screw, the probe-holder also needs to be lifted; (probe is too heavy for restoring springs);

9)
zero signal and set amplification and phase (signal needs to go straight to the left when lifting the probe (hit “Probe-down” button in Scanner Coordinates); note that it is mostly channel 1 that is of interest;

10)
close “Scanner-coordinates” menu, re-launch NIOBSCAN and enter new file (filename convention: project_batch#_disc#_disc-side_#ofrun) and start measurement (if new disc size or different scanning range for some reason change scanning range in Setup menu);

11)
observe measurement – check electrical continuity while operating when in doubt about probe touching the sample; Should the probe touch the sample, the probe should be lifted slightly with the micro-slide (don’t forget to loosen blocking-screw and to lift probe-holder after turning set-screw);

12)
when measurement is done, coordinate transform, look at result (channel 1, y-signal, autorange); play with autoscale function (define rectangle in plot and click right mouse-key to activate autoscale);

13)
print best picture (note scanner parameters on print-out) and export result as bitmap in special folder; 

14)
remove sample and check with magnifying glass once again – in cases defects were found try to see them; 

15)
fill out measurement traveler for Access database, including visual inspection results and scanner parameters (into ‘remarks’ section);

7   APPENDIX B

NIOBSCAN 3.6.2 manual; 

Courtesy of R. Casperson, BAM-Berlin, Germany
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8   APPENDIX C

Reset procedure for the ELOTEST PLE (e.g. after battery exchange);

1) Disconnect probe entirely from the back panel plug of the PLE.

2) Remove top cover of PLE.

3) Identify the CPU extension plate (10th long board from the left, 1st of the long boards from the right).

4) On upper front corner of the board is a red switch box with 4 (numbered) switches. Move switch #4 toward the front.

5) Switch on/off PLE quickly.

6) Switch on PLE. The following statement should appear on the screen: “INIT RAM!”.

7) Hit YES (F5) – The statement “DIPSW!” should appear on the screen. This indicates that the CPU has recognized that the dip-switch is switched and that therefore the CPU is working properly.

8) Switch-off PLE and reset dip switch 4 to original position.

This procedure should have tested the CPU and reset its memory. Now the ELOTEST should work properly (check with Autotest function).
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NiobScan 3.6 Installation

1 Installation

1.1 NiobScan

To install NiobScan run “setup.exe” on disk 1 or “NiobScan v3.60 en.exe” on cd-rom,
respectively.

Three different modes of installation are available:

e Typical: NiobScan and device drivers for measurements and evaluation.
e Minimum: NiobScan without device drivers for data evaluation only.
e Custom: Individual selection of options to be installed.

A remote progress monitoring program and documentation of the
file format and registry entries are available at custom installation.

Setup copies files to hard disk, creates the program group “NiobScan” and registers the
file types.

If the Isel IMK1 device driver has been selected, setup subsequently runs the installa-
tion of the “DriverLINX port i/o driver”. Choose custom setup and deselect all options
except “System Files” to install minimum required components.

Next the hardware must be configured as described in 1.2 and Fehler! Verweisquelle
konnte nicht gefunden werden., except NiobScan is used for data evaluation only.

1.2 Device Drivers

First drivers supplied with the hardware must be installed. Read hardware manuals for
more information.

In order to finish the hardware installation, run “NiobScan” and call “Extras” = “Hard-
ware ...”. The hardware dialog shown below appears:

Miob5Scan - Hardware | x|

Caomputer Add .. |
gy DataTrans.dr

]l — —

l% Rokmann PL.E Propattics |

o fm Eddy cument probe Sl

Select |

oK |

Help |

Fig. 1. “Extras” = “Hardware ...”
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NiobScan 3.6 Installation

The measurement hardware is shown as a three level tree structure. The first level is
the computer, the second level lists the device drivers located at the program directory
and the third level visualizes the hardware components.

Hardware used for measurements is marked by a green snag, faulty components are
marked by a red cross. At example Fig. 1 the Data Translation driver does not work,
because the driver supplied with the hardware was not yet installed.

Select each item at the tree view and set up the properties’. If a driver supports multiple
configurations, like the “Isel Microstep Controller IMK1”, at least one configuration must
be added. Select the hardware components at the third tree level to be used for
measurements. The corresponding device drivers at second level are selected, other
components of same type are deselected automatically.

1.3 Coordinate System

The software must know the position of the part under test on the scanning device.
Therefore two reference points must be set up: the upper left corner and the center of
the chuck. The upper left corner is used as reference for Cartesian coordinates, the
center is used for polar coordinates.

To set the reference points call the dialog “Extras” = “Scanner coordinates ...".

& Scomer coondimates g |
jl —&ctual Position
[1275 | 600
-
JI ¢ — Upper Left Caorner
475 50.0
@ ove to comer | Probe down |
Set corner | Dirive an |
— Center
[1275 130,0
M ove to center | (] |
J_|__| | |
Move to Beference | Help |

Fig. 2: “Extras” = “Scanner coordinates ...

! “Computer” and “Data Translation Open Layers” can be skipped, because there is nothing to set up.
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NiobScan 3.6 Installation

e First move to reference to make sure, that scanning device and device driver are
synchronized.

¢ Next move to upper left corner and center position using the scroll bars and set the
reference points. The reference points must fit the center of the eddy current probe.

e Last move to the reference points to verify them.

The image on the left displays the moving area of the scanner (light gray), the position
of the part under inspection (white), the position of the eddy current probe (X1) and the
reference points (@). If only the y axis is available, the horizontal scroll bar is disabled,
the corresponding input fields are grayed and the part under inspection is assumed to
be square.

The center point must be set as precisely as possible, otherwise the eddy current image
is distorted at transformation from polar to Cartesian coordinates (see 4.1).
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NiobScan 3.6 Program Start

2 Program Start

Only one instance of NiobScan can run on a computer at a time. If a second instance is
started, it closes itself immediately after bringing the first instance to top. Filenames
applied to a second instance are forwarded to the first one.

The user is asked for his/her name, if the command line parameter “/n” is omitted (see
2.1). If the input dialog is canceled without typing in a name, measurements are dis-
abled but data evaluation remains possible.

2.1 Command Line Parameters

Following command line parameters are available:

/n Name®: Name of inspector is set to login name of the user.
/n:"’Name” Name®: Name of inspector is set to the applied name.

Is Setup: File types .nsd .nsx and .nsm are assigned to NiobScan.
/u Uninstall: Program entries are removed from registry.

Iq Quit: NiobScan is closed after evaluation of the command line.

Only useful in conjunction with the parameters /s and /u.
Filename Parameter not prefixed by a slash are interpreted as file to be opened.

Parameters must be separated by spaces. If a parameter value contains space charac-
ters, it must be enclosed in quotation marks (e.g. /n:"Tim Taylor”).
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NiobScan 3.6 Measurement

3 Measurement

Before starting a measurement, the area to be scanned, distance of data points and
eddy current parameters must be set up (see 3.1). Some additional options for experts
only are also available (see 3.2). This setup remains valid for subsequent measure-
ments even if the program was exited and started again.

Next open a new file, choose how to display the data during measurement and then
start the measurement process (see 3.3).

3.1 Setup

Call “Measurement” = “Setup ... F8” to specify measurement field and parameters.

Measurement Setup |

— Drata Field 0K |
= 5 [905  =fmm 7 ki I
I LCancel
J Help |
M I 0.0 mim
I 0.0 ﬁ i _ I 0o ﬁ i
| ¥ | B0.0 i | Center |
Beference |
2| w0 Hm 9
Bl |

;I _*I Cloze chuck, |
Drrive on |

~Circurnferential direction —Radial direction
diztance of data I 02500 " vI track diztance I 2000 pra "I Prabe down |
SFIEEd I ED,D ﬁ LI."IITIII"I SFIEEI:I I 2':'_,':' ﬂ MM Eﬂmpenﬂatiﬂn |
— Scanning kMode — Part Under [nepection I 2 Channels j
l_»I :j, O {+ sheet Eddy cument |

— | = Cbe B[00 = mm
[~ Enable Joystick
|E|:||:|_I,I current; ok |.-‘-‘-.na|u:|g io; ok, |S|:anner: k. |.-'-‘-.ir presure; ok,

Fig. 3: “Measurement” = “Setup ... F8”

The upper section of the dialog labeled “Data Field” specifies the area to be scanned.
The two sections below set up the distance of data points, track distance and scanning
speed. At next the scanning mode can be chosen. Finally, depending on the scanning
mode, some additional information about the part under inspection must be entered.
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NiobScan 3.6 Measurement

Data Field

The two fields “x:” and “y:” in the center of the data field section display the current
position of the eddy current probe. Use the scroll bars or a joystick to move the probe.

At rectangular scanning modes, the area to be scanned is set up by the left, right, upper
and lower boundary positions of the eddy current probe. At rotational scanning mode,
the horizontal x axis is fixed at center line and the area is set up by the upper and lower
radial boundaries.

Each of the four boundary input fields consists of an edit control, an up-down control
and a button below. You can type in a value, change the value stepwise using the up-
down control or apply the current position by pressing the button.

Clicking on an arrow at one end of a scroll bar the probe is moved in the desired direc-
tion by 1 mm, clicking on the gap between arrow and thumb it is moved by 10 mm. If the
thumb is dragged, the displayed position changes without moving. As soon as the
thumb is released, the probe will move to this position.

Use “R7, “&” “»” and “&” to position the probe at a corner, “4” at the center of the area
to be scanned. “&” moves to home position for free access to the chuck.

If you want to use a joystick, it must be enabled by checking the little box on the right.
Fire button 1 of the joystick changes the focus between the boundary buttons, “OK” and
“Cancel’. Fire button 2 executes the focused dialog button.

Temperature drift can cause unintentional movements. Disable the joystick if not in use!

Distance of Data Points and Scanning Speed

Below the data field are two sections located for setup of the distance of data points and
the scanning speed. The left one is responsible for the data points inside a track, the
right one is responsible for track feed.

Scanning Mode

NiobScan supports three different scanning modes: bi-directional “S”, unidirectional “3”
and rotational “U”.

Use unidirectional mode to scan a rectangular area of a sheet in parallel tracks. Use
rotational mode to scan a round area of a sheet in concentric tracks or the surface of a
tube in parallel circumferential tracks. On sheets the rotational mode is faster and pro-
duces less mechanical noise than rectangular mode. Therefore rotational mode is
recommended, whenever testing of the edges is not necessary. Bi-directional mode
exists for historic reasons only and should not be used any longer, because neighboring
tracks are displaced by an direction dependent offset.

At rotational mode, the x axis is positioned at center line, if available. The x axis cannot
be moved any longer, until another mode is selected.

Depending on scanning hardware, not all scanning modes may be available.
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NiobScan 3.6 Measurement

Part Under Inspection

NiobScan must know the type of part under inspection for true to scale imaging of the
eddy current data.

Testing tubes, the tube diameter must be entered for converting angle of rotation to
circumferencial position.

Special Controls on the Right

e “Center” moves the eddy current probe to the center of the part under inspection.
This position is identical to the center of rotation for rotational scanning mode.

e “Reference” synchronizes the scanning hardware and its device driver by a move to
the reference position.

Do a move to reference whenever in doubt about synchronism of driver and hardware!

e “Close chuck” controls an automatic chuck. The chuck is closed fixing the part under
inspection, when the button is down, and open releasing the part, when up.

e “Drive on” switches the drive of the rotational axis on and off, respectively.

e “Probe down” controls the position of the eddy current probe holder. The probe
holder is lowered attaching the probe to the part under inspection, when the button is
down.

Moving the probe while attached, a safety circuit is activated. This safety circuit moni-
tors the eddy current signal and lifts the probe holder, when the probe leaves the part
under inspection. To avoid false alarm, compensate the eddy current device.

e “Compensation” zero-balances the eddy current device.

e “x Channels” selects how many eddy current channels (frequencies) are to be used.

e “Eddy current” displays a dialog for setup of the eddy current parameter.
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NiobScan 3.6 Measurement

3.2 Options

Call “Measurement” = “Options ... Shift-F8” to change advanced measurement options
or “Extras” = “Options ...” to select the directory for data storage and enable remote
monitoring.

& Options for Measurement Ed |

— Begin of Measurement

¥ sutomatic compensation

ak.
¥ center of data field Cancel |

™ start pozition

[ Move to center at speed up

—End of Meazurement

¥ tove to home position

[V Open chuck

— Track Feed and Frobe Returm

" diagonal ¥ right angle
Help |

Fig. 4. “Measurement” = “Options ... Shift F8”

Begin of Measurement

The eddy current device should be zero-balanced at start of each measurement. In
order to do this automatically, check the option “Automatic compensation” and choose
the position of the eddy current probe while compensating.

With weak motorization of the rotational axis it is recommended to check the option
“Move to center at speed up”. In this way the torque is reduced, so that the speed up
time is decreased.

End of Measurement

Check both options “Move to home position” and “Open Chuck” to make unloading of
the tested part more easy.

Track Feed and Probe Return

Select how to move the eddy current probe to begin of next track at unidirectional scan-
ning mode: Do track feed and probe return simultaneous on the shortest “diagonal” way
or do track feed first and then the probe return on a “right angle” way. The more favor-
able method depends on the mechanical behavior of the scanner. The diagonal mode is
normally somewhat faster, on the other hand the right angle mode is in accordance with
lower mechanical noise.
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NiobScan 3.6 Measurement

&" NiobScan - Dptions

— Directanes

Data: |C: My Documents J

Free disk zpace: 15.93 GB

— Remate kanitaring

[T Send status to: I" J

oK | Cancel Help |

Fig. 5: “Extras” = “Options ...”

Directories

Enter the directory for data storage during measurement or browse for an existing direc-
tory by pressing “...". If the entered directory does not exist, it is created automatically.
Default directory is “C:\My Documents”. The available disk space is displayed below.

Remote Monitoring

If this option is checked, NiobScan sends status information about measurement pro-
gress to another computer over a LAN. Enter the name of the remote computer or press
“...” to browse for it. The name of a workgroup or an asterisk for the entire network can
be entered too.

3.3 Execution

In order to execute a measurement a new file must be created first. Call “File” = “New
... F2” and type in the name of the part under inspection. This part name is also used as
filename for data storage.

Next select how to display the eddy current image during measurement. See chapter 0
for more information. This options cannot be changed while measurement is running!

Call “Measurement” = “Setup ... F8” and press “Reference” whenever in doubt about
synchronism of the actual position of scanner device driver and scanning hardware!

Start the measurement with “Measurement” = “Run! F9”.

To abort a measurement press “Esc” and confirm with “y”.

It is recommended to close all other data windows before starting a measurement to
avoid virtual memory swapping.
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4 Data Evaluation

4.1 Eddy Current Imaging

Eddy current data is displayed true to scale as a two-dimensional image. Each eddy
current signal amplitude is assigned a certain color value. By default, a gray scale is
used, whose density is proportional to the magnitude. Areas without sampled data' are
colored in yellow, values that exceed the input range of the analog digital converter are
colored in red. This color scale can be changed at “Extras” = “Colors ...” (see 4.3).

Sheets sampled by rotational mode are displayed in polar coordinates, i.e. the horizon-
tal axis is scaled by angel of rotation and vertical axis is scaled by radius. Use
“‘Evaluation” = “Coordinate transformation” to convert to Cartesian coordinates. The
transformed image is displayed at a separate window, so original and transformed co-
ordinate system can be viewed simultaneously.

Only one component of the complex multi-channel data can be shown at one time.
Select the eddy current channel and the complex component (real part x, imaginary part
y or magnitude |x+yi|) at the “View”- menu.

Data range, zoom factor, offset compensation or logarithmic scaling can be chosen at
“View”-menu. The view mode is displayed at the status line. Most options can also be
changed by clicking on the corresponding status field with the right mouse button.

For quantitative data analysis are the cursor position, impedance change of the eddy
current probe and digitized signal value shown at status line.

A region of interest can be marked by dragging the mouse over the data field while left
mouse button is down. Size and location of this region are displayed at status line to
determine the lateral size. If the right mouse button is pressed within the marked area, a
menu pops up, containing an “Autorange” function. This function determines the data
range of the marked area and applies this range to the color scale of the entire image.

Call “File” = “Print ...” to print out the eddy current image true to scale? including a list
of the measurement parameters. If the image does not fit on a page, it is printed on
multiple pages with fitting marks.

The eddy current image can be saved as enhanced metafile (.emf) or bitmap (.bmp) at
“File” = “Export ...”. The bitmap contains only the two-dimensional image. The metafile
contains the image surrounded by horizontal and vertical millimeter scales.

' Center and edges at rotational scanning or un-scanned area when measurement aborted by user.

% At polar coordinates the circumferential axis is scaled by one degree per millimeter.
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4.2 XY-Display

To view eddy current data as same as on screen of the eddy current device, the scope
window shown below is available at “View” = “XY-Display”.

=r-Dizplay - DESY2

LIS s g J

——
I 2192 DigiteDiv — i
Track 93 |

Fig. 6: XY-Display

In contrast to the two-dimensional image all eddy current channels are displayed simul-
taneously in different colors. Click on the screen using the right mouse button to
(de)select eddy current channels. Press “Ch” to toggle the on screen display of channel
numbers and test frequencies on and off.

The scaling of the grid can be changed at the up-down control, the origin can be moved
by mouse holding the left button down.

On default, the eddy current signals of an entire track are shown. The track is marked at
the eddy current image by a dashed line. Vice versa, if a region is marked at the image,
the signal loops of this region are shown at the xy-display. Use the scroll bar on the right
to change the track.

If “<” is down, the impedance change of the eddy current probe is calculated automati-
cally by determination of the zero-bias and the end of the signal loop. A marked track at
the eddy current image should be at least three times longer then the indication of inter-
est, otherwise the zero-bias cannot be determined. At weak signal to noise ratio, the
algorithm is not able to find the end of the signal loop. Look at the plotted vector to verify
the calculated impedance change.

To print the xy-display, choose “Print ...” from the menu, that pops up by a right click on
the screen, to save the display as enhanced metafile or bitmap, choose “Export ...”. The
printout includes a list of the measurement parameters and a reduced view of the two-
dimensional eddy current image. The metafile contains the title, grid, signal loops and
legend. It is available as colored metafile using different colors for each eddy current
channel or as black and white version using different line width. The bitmap is just a
copy of the screen.
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4.3 Noise Filter

Signal to noise ratio can be improved by a low pass filter averaging adjacent data val-
ues. Because the lateral size of eddy current signals is larger or equal than the effective
probe width, but stochastic noise is limited to single data points, the noise is reduced by
averaging without significant change of the eddy current signals, if the width of the filter
is smaller then the effective probe width. Call “Evaluation” = “Noise filter ...” to set up
and apply the filter.

Moize Filter |

— Eddy Current Prabe

M ame: ||

SAM: |

Probe width; I 1.0 mm

LlL |

k. Cancel | Help |

Fig. 7: “Evaluation” = “Noise filter ...”

In the upper section of the filter dialog the name and serial number of the probe are
shown, if available. Enter the effective width of that probe. This value is used as averag-
ing width of the noise filter.

If the entered probe with is to large, eddy current signals of small defects are filtered out!

Two filter types with different weighting of the coefficients are available: A sharp rectan-
gular filter B and a smooth Gaussian filter b.. Both filters can be applied one-
dimensional track by track or two-dimensional at adjacent tracks &l The one-
dimensional mode is faster, but two-dimensional filtering gives better results.

The filtered eddy current image is displayed at a separate window, so original and fil-
tered data can be viewed simultaneously.

Filtering at local domain is a time consuming operation witch takes several minutes
even on fast Plll systems.
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4.4 Channel Mix

At multi-channel measurements, each two eddy current channels can be mixed by data
fusion. Call “Evaluation” = “Channel mix ...” to set up and apply data fusion.

&¥ Channel Mix B

] = B[ farAfey] 5 fbeBlxy] ]
— Channel & ----emeeeeeev Mix Mode & - Channel B
& charinel 1 & sum " channel 1
" channel 2 i+ difference * channel 2
™ channel 3 ™ multiplication  © channel 3
" channel 4 ™ masimum i~ channel 4
Correction Factor fa
armplitude: |1,|:IIIII:IIIII:I ™ | automatic
phaze: I 0.00 ™ | automatic
Carrection Factar fb
amplitude: I'I,EIEIEIEIEI I™ | autamatic
phase: I 0,00 I™ | autamatic
0K
Carrection Factar fu
ampliude: | 1.00000 W automatic
phaze: I 0.00 ¥ automatic
Help |

Fig. 8: “Evaluation” = “Channel mix ...”

The data fusion is done by the equation Y(x,y) = fy:[ fa-A(x,y) & fb-B(x,y) ]. Thereby is
(x,y) the two-dimensional index of a data point, A(x,y) and B(x,y) are the complex values
at point (x,y) of the two channels to be mixed and Y(x,y) is the result at (x,y). The “=”
sign is a placeholder for the fusion operator +, -, x or max. The complex correction
factors fa and fb are provided for adaptation of the eddy current channels by magnitude
and phase. The factor fy is used to scale the result to the original data range.

For a first attempt determine the data ranges of both channels. Set fa to its default
1.0£0° and fb to the range of channel A divided by the range of channel B.

The recommended value of fy depends on the fusion operator. Set fy = 1.0£0° for op-
erator “-*, fy = 0.520° for “+” and “max” and fy = 27"° = 0.00003 for “x” to preserve the
original data range. If “automatic” is checked, this is done by the software.

The fused image is displayed at a separate window, so original and fused data can be
viewed simultaneously.
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4.5 Color scale

The color scales can be set up separately for screen and printer at “Extras” = “Colors

sﬁ-‘ Data Colors |

Walles Screen Prirter

A color scale is defined by three colors for the minimum, zero and maximum value.
Intermediate values are calculated by interpolation. Two additional colors are defined for
overload of the analog digital converter and missing data values.

Overload:

b airnan:

Zern

kdinirnm:

Mizzing:

Default colors;

B .
[ L
E |

LN
== [N

ok | Cancel | Help

Fig. 9: “Extras” = “Colors ...”

Press one of the colored buttons to change the color or choose a default color scale
from the buttons below.

Changing the color scale effects the active and subsequently opened data windows

only. Activate a data window, call this dialog and confirm by “OK” to apply the scale to
already open windows.
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5 Appendix

5.1 Status line

The information displayed at status line depends on the active data window. At Fig. 10
information displayed for all data windows are labeled in black, information only avail-
able at data evaluation are labeled in green and information available during
measurements are labeled in red. If no data window is opened, the status line is empty.

Size and position of a marked area

Progress information and error messages

Cursor position
Track number
Impedance change
Elapsed time
Data value in digits
Remaining time
Zoom factor
Displayed component
Eddy current channel
Range in digits
Scaling mode (LIN or LOG)

\258.?mm,233.2mm |58,?4mWA,-1T?1“ -12665 -6437i Digits 50% . Im |Ch1 16762 |LIN
Fig. 10: Status line

Zoom factor, displayed component, eddy current channel, range and scaling mode can
be changed at status line by a click on the corresponding status field with the right
mouse button. The unit of the cursor position can be toggled between millimeters and
pixels using the left mouse button.
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NiobScan 3.6 Appendix
5.2 Keyboard assignment
Key Shift Alt Ctrl
F1 online manual info about
F2 file new
F3 file open
F4 windows overlapped exit program
F5 windows tiled horizontal
F6 windows tiled vertical
F7
F8 measurement setup measurement options
F9 measurement start
F10
F11
F12
range 10% channel 1
range 25% channel 2
channel 3
channel 4
range 50%
range 75%
range  100%
autorange

logarithmic scale

magnitude

offset compensation

xy-display (scope)

X-component

y-component

N<XXS<CHWAOIVOZErX-—IOTMMUODD|lconNOORWN=

Num + zoom in
Num - zoom out
Num * zoom all
Num /
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