





Old laser CCD-camera system

About 820 pieces of magnets were measured for mag-
netic field centres before installation in 1995, including
480 quadrupoles and 336 sextupoles.

A laser CCD camera system [2] was used for the mag-
net fiducialization. The beam of He-Ne laser was expand-
ed to 3-mm in diameter. Resolution of the CCD was 736
X480 pixels and 8 X5 mm? in dimension. In the meas-
urement the camera was moved manually among meas-

urement points (fig. 5).
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Figure 5: Old laser CCD-camera system used in magnet
fiducialization.

Measurement of the eWAS in MFMD

After setting magnet on the stage of the MFMD, the
wire and four sensor-embedded balls are set up on two
reference points and two measurement points. The posi-
tions of magnet fiducials are measured continuously. To
measure wire eigenfrequencies, the wire is pulled and
then freed with hand. Forced vibration is measured with a
laser displacement sensor (KEYENCE) and an oscillo-
scope (KEYSIGHT). Maximum sag at the middle of the
wire is calculated with eq. 3. Consequently, curve of pa-
rabola of eq. 4 is obtained and used to compensate the sag
of wire.

Owing to the precise measurement of the eWAS, we
found some facts we didn’t know before.

For examples, figure 7 shows that there exist a relative
positon movement between magnet and reference poles,
about 5 um (p-p) a day. It is considered coming from their
different thermal expansions because of different thermal
capacities. Figure 8 shows that during magnetic field

measurement of the sextupole, the fiducial points drifted
about 2 um. It is because of the extension of a pole which
has a coil driving motor inside.
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Figure 7: Without power on, the magnet is observed a
daily change of height relative to reference poles.
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Figure 8: Magnetic measurement drifts in relation to
the temperature of one of the poles.

Problem remained

The straightness of carbon wire still remained a prob-
lem. It is found that changing the wires or shifting the
position of wire along longitudinal direction will lead a
little difference in measurement. It is about 10um. Other
experiment [3] convinces that the nonlinearity of carbon
wire is not good comparing to Cu-Be metal wire.

CONCLUSION

We have been developing an eigenfrequency wire
alignment system (eWAS) for the MFMD. It is tested a
very simple and accurate system. Measurement stability is
about 1 pm/day and centre repeatability is ~0.5 pm. Wire
sag is compensated by measuring the eigenfrequency of
the wire and resolution is estimated better than 0.1 pm.
Further work should be done about the straightness of the
wire.
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