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Abstract

Production quantities ajuadrupoledor the PEP-
Il Low-Energy Ring (LER) have beenfabricated and
measured irChina in collaboration with IHEP (Beijing).
The LER design specification calls for shouadrupoles
(Leff = 430 mm) with a bore radius of 50 mind effect
corrections, using achamfer geometry originally
developed for the ALS quadrupoles at LBNL, weegified
in a prototype magnet prior teelease ofthe design for
production of the 320quadrupoles(including spares)
requiredfor the LER. Rotating coilmeasurementsvere
carried out at IHEP vyielding multipoleerror spectra,
magnetic center distribution and transfer function behavic
for the full production quantity of magnets.Separate
measurements wereade todeterminethe reproducibility
of magnetsconnectedtogether in a series string by
measuring the individuamagnets against aeference
magnet using a bucking magnet. Measurement results of
all the magnetéindicate that the error multipole spectra At the writing of this paper, all the 15 turn
satisfy the field quality requirements, reproducibility magnetsand most of the 58 turn aluminunconductor
requirements fomagnets in gower supply string are magnets have been manufactured, measured and received at
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Fig. 1. PEP Il LER Quadrupole.

satisfied and the spatial distribution of the magnegicter
with respect to the mechanical magoenterfalls within
a radius which is substantially smaller than tfamsverse
alignment tolerance specified for the quadrupoles.

1 INTRODUCTION
LER ring quadrupoles aralivided among four

LBNL. This papersummarizes th@erformance ofsome
of the quadrupoles received from IHEP.

2 MAGNETIC MEASUREMENTS

A compensatedine integral coil waslesigned at
IHEP. Threecoils were fabricated by a vendor i@hina
selected by IHEP. A MetroL&dntegrator and a PGased

different designs. 150 have coils wound with 15 turns Of;omputerwere purchased and a dmﬂquisition system
aluminum conductor per pole. These are connected in tWaas designed andissembled atHEP. Two of the coils
power supply strings QFand QD. In addition to  ere retained at IHEP and the third was deliveredBNL
requirements for field quality, they must satisfy so that measurements can be verified.

reproducibility requirements. The balance of the magnets By r
are connected singly, in pairs, or in series string&h P .
UM turns M turns

contain four magnets. These magnats woundwith 58
— Bar <
Details of the core and coil designs and operating
Fig. 2. Compensated coil schematic.

papers[1,2]. The LER will operate at a positron energy of
3.1 GeV. However, the magndesign parameters and
performance requirements are specifibok energies
ranging from 2.4 to 3.5 GeV.

and 52 turns of either aluminum or copper conductor.
parameters are reviewed irpreviously published
M turns UM turns

No. Required: 316 r,=40.05 mm B.r,=30.05 mm
Bore Rad|us. . 50 mm r,=22.58 mm B,r,=12.63 mm
Effective Length: 430 mm M=342/190 turns HM=684/380 turns
Excitation Range: 0.6 B'<13.91 T/m Coil length 897 mm

*Work supported in part by the U.S. Department of Energy under contract number DE-AC03-76SF00098.
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Magnetic Centers e0s,

The deviation of the magnetaenterwith respect
to the axis of the coil igalculatedusing thedipole field
measured by the rotating coil.

Ax—Dbl . r Ay—Da1 - r
ded,* e,

This measured center is related ttee mechanical
center ofthe quadrupolesince acylinder with the exact
diameter of the rotating coil housing used to define the |
center axis of the quadrupole during fiducialization. Figuregses:
2 illustrates thecenterdistribution for 77 QF magnets. %

Distribution plots for the QDandthe 58 turn magnets  Fig.5. Systematic multipoles for 25 QF quadrupoles.
display similar patterns.
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0.04f ——t-—obooo AL d Lo primarily introduced inthe magnet fringe fields. The
e, magnitudes of théunallowed” randommultipole errors
% S S S I U AN (R N have a fairly wide variation from magnet to magnet. The
O I Nl "t e L. N S R “allowed” multipoles are reproduciblewithin a narrow
z Y - A e range for all the magnets. Measuremaarts collected for
i; ° ’”l}’"}L"‘fT“.TJ:L }L J}” }L"’ individual magnets at various levels of excitation.
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0.02 ’**T:**[‘:rr*;i*t*:t**t:ﬁ.17:‘***:r**ﬂ:***‘:r*** GeV LER operation is narrowly specified, measurements
o3} 1 A A were madefor a range of excitatiorbroaderthan the
ooad 4L a4 4 i ] required current. These measurements weadesince the
! N N N S BN N N N individual magnets in the LER ring vary owide ranges
005 -0.04 -003 -002 -001 0 001 002 003 004 005 IN excitation and since performance at different LER

dx (mm) energies (for futureupgrades) must be anticipated.

Fig. 3. Magnetic axis distribution for 77 QF quadrupolesTypically, the magnetenter varied<s+10 pm and the
individual multipoles varied<+3x10° from their average

Integrated error multipole data for all the magnet¥alues over theange of currentvalues for which the

satisfy theregirements. IrFigs. 4 and 5bar graphs are Mmeasurements were performed.

presented for five multipoles measured for a sample of ;

of the QF magnets thusr received. These spectra are %%ansfer Functions

typical of the spectra for the balance of the magnets. Two For the QF magnets, tipowersupply iscycled

different bar graphs are presented. three times to 760 Amps (for conditioning) araanped to

the prescribed currents whetke measurementre made

with increasing current. A final measurement nmade

with the current reduced 865 Amps. Thechange in the

function at 355 Amps is due to the magnet operating on a

different load line due to hysteresis in the iron.
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Fig. 4. Random multipoles for 25 QF quadrupoles. .
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Fig. 6. Transfer function for QFO01.
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The transferfunction data arenot used to determine the Magnet Reproducibility
reproducibility of the collection of magnets since the
measurementsre not sufficiently repeatable. Lack of placing identical coils in a bucking magnand the

stability of electronic componentand environmental eagred magnet connected in opposition and ramping the
factors (temperature variations) contribute to errors in tnﬂagnetsconnected irseries. This nullmeasurement was

measurement greater than the required precision to idemg}fmparedwith the null measurement from m@ference

Magnet reproducibility waseasured atHEP by

magnet repeatability to less than
(=21x10%).

Magnetic Field Reconstruction
Y
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QF001 IHEP Measurement

Units: CM
Current: 355.00A

Err < 1.0E-04

1.0E-04 < Err < 2.0E-04
2.0E-04 < Err < 3.0E-04
3.0E-04 < Err < 4.0E-04
4.0E-04 < Err < 5.0E-04
5.0E-04 < Err < 6.0E-04
6.0E-04 < Err < 8.0E-04
8.0E-04 < Err < 1.0E-03
1.0E-03 < Err < 2.0E-03
Err > 2.0E-03

Pole Radius: 5.00
N__BN/B2 PHI
3 6.28¢-05 346.1
4 167e-04 176.9
5 554e-06 -3.8
6 6.35e-04 04
7 1.74e-06 152.0
8 551e-06 350
9 1.09e-05 1513
10 353e-04 1789
11 6.01e-06 170.9
12 519e-05 177.7
13 1.29e-05 296.0
14 651e-05 1786

Fig. 7. Typical iso-error curve reconstructed from
multipoles.

Ref. Radius: 5.00
N_BN/B2 PHI

A table of multipoleerror amplitudesand their

the specificatiogagnet. The figure compares the reproducibitigta

(trlangles)with mechanical length measurements of the
quadrupoles (squaregjhich are rankedrom shortest to
longest. In general, thequadrupoles satisfy the
requirement of magnet reproducibility:1x10°,
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Fig. 8. QF magnet reproducibility.

3 STATUS

Quadrupole ragnet productiorwill be complete
by theend of June, 1997. Magnetic measurement results
have beenroutinely delivered to LBNL for evaluation
from IHEP as magnets are delivered. All magnets thus far
delivered have met or exceeded the performance
specifications set forth at the beginning of the project.
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the field was developed which maps the field error in spaggaintained and that the craftsmanship evident inetirly

and helps evaluate the quality of the magniiid within
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reconstructing the field error map is simple.
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