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1 Introduction.

The Electromagnetic Micrometer, or EMMI, is a device which measures the position of a wire in an MDT
tube. The EMMI was developed at the Universities of Pavia and Rome in Italy. The principles of operation
are described in ATLAS note ATL-MUON-98-259. The EMMI consists of:

e two V-blocks, each with two coils between which the MDT tube is placed;
e a signal generation board (SG) which sends an oscillating current to the tube wire;

e two readout boards (RO) which read out the signal induced on the coils.

The differential signal between the coils on the sides of a tube end is proportional to the wire position in the
tube. Hence, this signal can be used to determine the wire position within the tube. To cancel any offsets
the tube is rotated in 90° steps and readings are taken at each step. The wire position is determined by the
following formulae:

Z = L (S50 — So) (1)

Y = %E(Sg0 — Sar0)

R=CFvY?2+ 7?2

where

R =wire position (um)

Y, Z = wire offsets in ATLAS Y, Z chamber construction coordinates (explained later)

So, 590, S180, S270 =signal readings (mA) at 0°, 90°, 180°, 270°, respectively.

C =pm/mA conversion factor (always positive)

F = Correction factor from comparison to microscope measurements

(constant factor for a given coil setup), typically about 1.065.

2 Hardware.

The EMMI sits on a cart also housing the leak detector in the MDT wiring room as shown in figure 1. Figure
2 shows the signal generator; figure 3 shows the north end v-block with readout box.



Figure 1. EMMI/Leak Detector Stand.

Figure 2. EMMI Signal Generator.

Figure 3. EMMI North V-block and readout box.



The wiring has already been done, but the directions are included here for completeness.

1.

Connect the RS232 connectors from the SG to each RO board. This cable provides power and 225 H
clock signal to the RO boards.

Connect current source (lemo-SG/ 3) to tube wire. Connect the return line at the other end of the
tube. The central conductor of a lemo cable is used for the signal going to one v-block, and the ground
braid of a lemo going to the other v-block. These cables are spliced together and plugged into the SG
box lemo connector 3. These wires should be routed in a secure manner, since wire movements cause
large changes in the output of the RO circuit.

Connect 0 degree output from each RO (lemo-RO/ 8) to the wire block (E uivalently one could use
the 90 degree output). The wire block connects with a National Instruments 6023E DA  board in
the computer to read the output voltage of the RO boards. The signal wire from the north v-block
connects to pin 68; ground to 3 . For the south v-block signal goes to 65; ground to 31. One can also
use a voltmeter to read the output.

. Connect coil readout wires to each coil. The coils have small banana connectors for the readout cables.

These connectors are numbered and should be plugged into the identically numbered connectors on
the readout box. The two coils are connected with opposite polarity so that the difference of the coil
EMFs is taken by the RO board.

Plug in main power with transformer set to 110/220V as appropriate. Two red LEDs on each SG and
RO board should light, indicating power on.

In between measurements move the toggle switch on the SG box to int (internal shunting) which
turns on the green standby LED to shunt the current while no tube is installed.

The tube is placed in the v-blocks for measurement.

One v-blocks is fixed and one is mounted on a movable stage which permits measurements of tubes of
different lengths.

The bar code end of the tube should be placed in the (geographic) north v-block and the other tube
end in the south v-block. The v-blocks have two coils between which the tube is placed. The precision
surface rests on two ceramic hemispheres on the v-blocks.

The HV cap must be removed and replaced with a threaded brass post. On the north end a plastic
clocking disk should be placed on the endplug before the brass post is installed. The pins on the disk
should be aligned with the screw holes on the endplug, and oriented so that when the bar code is up,
the 0°mark is down. On the south end a plastic spacer is used instead of the disk.

The brass post slides between the two metal tongs to provide an electrical contact to the wire. The metal
tongs are connected to a lemo connector to supply the oscillating current to the wire. It is important
that this current wire not be moved during measurement, because the signal will be affected.

Position the moveable north v-block so that the clocking disk is pushed against the aluminum block
of the v-block on the north end, and the endplug precision surface is centered on ceramic spheres of
the south v-block. The tube should rest s uarely on the precision spheres. No sound should be heard



if the endplugs are tapped. The v-blocks were originally e uipped with a spring-loaded clamp to hold
down the tube. As long as the tube rests s uarely on the spheres this hold down is not needed.

ea ure ent.

Measurement, is uite simple using the EMMI computer program on the ATLEA computer. All EMMI

related items are in directory : and there is an icon shortcut to the program on the desktop.
The computer program is in subdirectory and EMMI data are in directory The data files
are given names where = 2 digit year, month, and date of the start
measurements, and = are the hour and minute of the start of measurements.

Measurement proceeds as follows:

1. Make sure the toggle switch on the SG board is on so that the current is sent through the tube.

2. Double click the EMMI icon on the computer to activate the EMMI program. This displays the panel
shown in figure . Right-clicking on any item in the program gives a short help message.

3. The user name and calibration constants should be entered first. Default values are read from file

. The values can be changed by left-clicking on the item to change which pops up a

dialog box to change the item. These constants can only be changed at the beginning of the program,
before measurements are taken.

. Most of the time the default calibrations constants can be used. Section describes the procedure for
doing calibrations.

5. Read the tube bar code with the bar code reader or enter it by hand in the Tube ID box.

6. Orient the clocking disk so that the slot at 0°lines up with the hole in the aluminum block and the bar
code on the tube is up.

7. The Angle 0 label is shown in green indicating that the 0°measurement will be done first. Click
Read EMMI button. This reads the output voltage of both ends of the EMMI with the DA  board
and writes it in the boxes below Angle 0 . North and south ends are read simulteneously.

8. The 90 label is now shown in green indicating that 90°is the next measurement to do. Rotate the
tube to 90°and take another reading.

9. Repeat measurements for 180°and 270°orientations of the tube. After the 270°measurement is made,
the wire offsets will automatically be calculated and displayed. If the offset is more than 25 ym an error
message is given. Repeat measurements of tubes with offsets pm to confirm the measurement.

10. Individual angle measurements can be repeated by clicking on the angle label above the measurement
boxes (which changes the color of the label to green), and clicking Read EMMI again.

11. To save measurements to a file, write a comment in the comment box, if desired, and click Save Data, .
This writes the data to a file, and clears the data.

12. If you want to see a list of previous measurements hit the History button which pops up a window
showing previous measurements made in this session. This is handy if you measure a tube multiple
times and want to compare measurements.



13. Measurements can be made with a voltmeter instead of using the ADC card. In this case click the
ADC mode label which changes the label to Manual mode . The voltage measurements must now
be entered by hand in the voltage boxes.

1 . Hit the uit button to uit the program.



ATLAS chamber room, the axis points from south to north, the Y axis points up, and the Z axis points
from west to east. E uation (1) gives the values of Y and Z for the ATLAS coordinate system from EMMI
measurements.

Figure 5. EMMI geometry.

a1l ration

The EMMI needs to be calibrated periodically to determine the mV/um conversion factors. This can be
done easily with the program. To do so hit the Calibration button when the program is started. This
creates the panel shown in figure 5. Do the calibrations as follows:

1. Insert a tube into the EMMI v-blocks.

2. Use the knobs on the coil stands to ad ust the position of the coils relative to the tube. Read the
position of the coils using the micrometer on the coil stand. oth N and S v-blocks can be ad usted at
the same time. Turning the knobs clockwise causes the micrometer needle to move clockwise and moves
the coils in the positive Y direction. E uivilently, the tubes are moved in the negative Y direction.



3. Take an EMMI reading at each position by hitting the Read EMMI button on the calibration panel.
The default positions are listed on the panel as 0, 10, 20 um, etc but other positions can be entered
by hand. The best fit line and new calibration constants are calculated when each new point is read.

. Take at least 10 points of data, covering a range of at least 100 um. If the calibration looks good
(i.e. error is small), then hit Save Data to save the new calibration constants. The calibration data
is saved to directory : to files named . Again

is a date and time stamp. Click Done when done with calibrations.

5. The calibration constants are always saved as positive numbers since the EMMI voltage increases when
the tube is moved in the positive Y direction. The calibration procedure may indicate a negative slope
depending on which direction the micrometer was moved.



The 50 H feeds into ip ops SG-1-U :A, which clocks out at 225 H and feed into rotary switch
SG-1-RS 1. The rotary switch permits selection of signal phase at 90 degree intervals (0, 90, 180, 270
degrees). A 225 H signal is used since 225 H is a multiple of neither the US or European standard
power fre uencies of 50/60 H , respectively.

The 225 H clock signal is sent in 2 different phases (0, 90) to the readout module via the front panel
RS232 connector. The RO board uses these clock signals in the demodulation of the coils signals,
discussed later.

The 225 H clock signal is also fed to connector SG-1- 1, a front panel lemo connector, to allow easy
access to the clock signal for display on an oscilloscope.

The signal then goes through a 225 H bandpass filter (SG-1-U6) where the s uare wave clock signal
is changed into a sine wave.

The signal then goes through unity amplifier SG-1-U2: which permits a continuous ad ustment of the
phase of the signal via trimpot SG-1-VR3 (on front panel).

The signal then goes through amplifier SG-2-U2:A which permits an amplitude ad ustment of the signal
via trimpot SG-2-VR  (on front panel)

The signal at this point can easily be monitored via connector SG-2- 2, a front panel lemo connector,
readout via emitter-follower SG-2-U7:A.

The signal then passes through SG-2-U7: which is an offset null circuit to remove an DC component
of the current signal. This ad ustment is done via trimpot SG-2-VR6 during board manufacture and
should not normally need to be reset.

The signal then goes to current generator SG-2-U8 which generates a constant current to input to the
tube wire.

The output of the current generator has a toggle switch to allow shunting of the current when there
is no tube installed to prevent the current source from overheating.  hen the shunt is on (toggle to
left) the green LED on the front panel is illuminated. The current source is output to lemo connector
SG-2- 3 on the front panel. The current source is connected to the tube wire to provide a signal for
the coils surrounding the tubes.

Red LED indicate that power is on when illuminated.

The coil signals are fed into the RO board via connectors RO-1- 1 RO-1- 2. It is important that
the coils signals are wired in an opposite way so that a differential signal is input so that signal is
proportional to wire position.

The coil signals then enter differential amplifier RO-1-U with gain 100. The output of the differential
amplifier is typically uite noisy due to the small si e of the coil signals.

The signal is then put through the three stage bandpass filter RO-2-U1, RO-2-U2, RO-2-U3 to extract
the 225 H signal.

The signal is then passed through amplifier RO-2-U6:A which permits phase and gain ad ustment via
front panel trimpots RO-2-VR6 and RO-2-VR3, respectively.



e The signal is then amplifier by 10 by amplifier RO-2-U7.

e There are also 2 standalone emitter-follower readout circuits (RO-2-U5:A, ) which are accessible via
front panel inputs RO-2- 5 RO-2- 6 and outputs RO-2- 3 RO-2- respectively. These are not
used in the circuit, but can be used in circuit debugging to readout signals which are routed through
these circuits via umpers. The emitter-follower gives better impedance matching to examine signals
on an oscilloscope.

e The signal then goes to two different demodulator circuits, one for 0 degree phase and one for 90 degree
phase. These circuits are identical so only the 0 degree phase will be discussed. oth 0 and 90 degree
demodulation has been provided to allow the use of a phase-lock amplifier, however, this techni ue has
been found to have no greater sensitivity than ust the straight signal readout. Therefore, only one
phase need be read out, and the other ust provided a redundant signal.

e The demodulator circuit RO-3-U10 combines the clock signal and the coil signal to produce a demod-
ulated output. The demodulator has a gain of 1 when the clock signal is positive, and a gain of -1
when the clock signal is negative. If the clock signal and coil signal are in phase then the demodulator
acts like a rectifier. However, the phase between the clock and coil signals can be ad usted to allow
for cancellation of the constant term in the output signal as is explained in section EMMI Phase
Cancellation Calibration below.

e The demodulator output goes through a 2 stage low pass filter RO-3-U8 R0-3-U9 which effectively
integrates the demodulated signal. Hence, a DC output is obtained which is proportional to wire
displacement.

e The output signal combined with a DC offset via sumer amplifier RO-3-U16:A which sums the signals
from the coils with a constant offset between -5 and 5 V provided by RO-3-U11: and controlled with
front panel trimpot RO-3-VR7. The offset ad ustment is provided to match the output range of the
EMMI to the input ranges of a DA device such as a scaling ADC.

e The output signal is available on front panel lemo connector SG-3- 8 (0 degree), and SG- - 9 (90
degree).

e Red LED indicate that power is on when illuminated.

e Note that both the SG and RO boards are e uipped with a number of umpers which permit discon-
necting parts of the circuit from each other for the circuit testing/calibration. The boards also have
a few disconnected circuits which are used during testing/calibration to ad ust amplifier gains, etc.
These parts of the circuit are only used during construction and calibration.

efore the EMMI can be used the system must have the phase ad usted to cancel the constant term in the
signal. This is done once at manufacture

1. Set the demodulator to self-reference by ad usting umper RO-3-S1. This change causes the demod-
ulator to use the input signal as the modulation reference, resulting in a output of the demodulator
which is ust the rectified input signal.

2. Next ad ust the position of the coils to minimi e the output signal from the coils. At minimi ation the
tube wire is at the electrical ero between the two coils. The electrical ero is not necessarily the
exact physical middle of the coils due to small differences between the coils. The exact position of the



ero is not important since the computation of the wire displacement is found by taking the difference
of signals at 180 degrees offset in orientation, so the center position cancels out.

. After the electrical ero position is found switch the demodulator to external reference by ad usting
umper RO/S1.

. Make sure the output signal has no offset introduced by RO-3-VR7 (0 degree output) or RO- -VR8
(90 degree output) set the umpers RO-3- P20 RO-3- P21 to short the input to Summer chip U16
to ground. Now the output will read ust the DC offset. Zero DC offset with RO-3-VR7 (0 degree
output) or RO- -VR8 (90 degree output) and replace the umper at RO/ P20 and RO/ P21. ) Now
ad ust the phase of the wire current which eros the output signal. The phase can be ad usted in three
different locations: (i) rotary switch SG-1-RS 1 this ad usted the phase in 90 degree steps: 0, 90, 180,
270 ; (ii) trimpot SG-1-VR3 continuous ad ustment ; (iii) trimpot RO-2-VR6 continuous ad ustment .
Locations (i) and (ii) ad ust the wire current phase, and thus affect the phase for both readout boards,
whereas RO-2-VR6 ad usts the phase on signal readout, and thus is separately ad usted for both RO
boards. In general, it is more convenient to use (iii) so as to easily accommodate a separate phase for
each RO board.

. Once the phase is ad usted the trimpot should be locked into position. Now the EMMI should give
linear readout based on the wire position. Maintaining the coils at the exact electrical ero position is
not critical since there is a wide region of linearity about the electrical ero position.
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