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Abstract To fulfill this mission in high qualityand speed

There are eight types of precisionquadrupole professionally, IHEP machine shop set ugraduction
magnets, total 320 for the PEP-Il Low EnerByng line andlaid down atechnological process which was
(LER) of SLAC Bfactory project. For this jobJHEP  approved by LBNL; meticulously designed and fabricated a
utilized some special technical measurfekyicated more variety of tooling; set up a Quality Contrahd Quality
than 40 types (about 70 sets) of precisi@echnical Assurance system according to ISO 9000 standard.
equipment, fixturesand specially tooling. A high-
precision die-set has beenmade which punched 560 2 TOOLING
thousand of laminations successfully. By the end of April
of 1997 309 qualified quadrupolemagnets havebeen
completed.

To assure the production quality and consistency, 40
types (about 70 sets) of precision technical equipment,
fixtures and tooling were designadd fabricatedncluding
punching die-set for core laminations, core lamination
stacking fixtures, coil epoxy potting moldgnd-pack

A total of 320 PEP-II LERquadrupolemagnets stacking & curing fixtures, pole tighamfermachining
which aredesigned byLBNL in collaboration with IHEP fixtures, end plate machining fixture, drilling fixtures,
are being fabricated bythe IHEP machine-shop. Thewelding fixtures, bussing bending fixtures, lifting tooling
fabrication began in Decembér994, and the prototype for core handlingand soon. The production practice
magnet was finished in July 1995. Currently, 308hows that all these tooling components plegry
quadrupolemagnets have been completed; 261 of theimportant roles in QAandQC. It is worth mentioning
have been shipped from IHEP to LBNL. The magnetithat the punchinglie set has a high precisicand long
measurement of all magnetsdarriedout by IHEP, and life. The total 560,000 laminations for the 320 magnets
some measuremendse repeated by BNL. The results have been punched with one set of puncldiegset. All
show that all magnets satisfy the prescribed specificationge laminations satisfy the uniformityequirement0.02

The LER Quadrupoles are divided among eight typégm andthe burrrequiremen.03 mm (Fig.1). This is

(Table 1): they have the same contour Size_the first time for IHEP tohave made this kind of

461mmx646mmx617 mmand the weight of each is punching die set that has such a long life in practice.

about 1,200kg. 3 CORE FABRICATION
Table 1. Quantity of Each Type of Magnet

1 INTRODUCTION

The shuffling process is a very importgrbgram

Type oTY | OF ob| Al B c| b to assure the reproducibility of magnets. The method we

adopt is to distribute the laminationspunched from
Q43-15-Al-1 150 77 73| 77| 73

different packets of steel sheet wittlifferent magnetic

Q43-58-Al-1 4 2 2 2| 2 properties to each half core and to distribute the
Q43-58-Al-2 16 6 10 4| 8 4 laminations punched early and late to each half core.
Q43-58-Al-4 87 44 | 43| 3| 1| 70| 13 Stacking is a key process. We control the baié
Q43-58-Cu-2 13 8 5 13 weight difference among magnets in theange not to
Q43-58-Cu-4 | 18 7 1 18| exceedhe weight of one laminatior=(500g). Stacking

pressure is more theBkg/cn?. Stackingfactor is more
Q43-52-Al-4 12 120 12 . :

than 97.5%. The geometrical sizesevkryhalf core are
Q43-52-AL-8 | 20 8 12 20 | controlled strictly. For instance, the flatness of yoke and
TOTAL 320 164 | 156 | 80| 80| 80| 80 pole is less than 0.03 mm (thdesign requirement is

0.05mm). The length deviation of haibre iswithin the

The fabrication precision requirements are very higr?ange of +0.25mm to -0.13mm (tiesign requirement is
The gaprequirement betweethe adjacentpole tips is +/- 0.50 mm)

34.88+/-0.05mm; thedeviation of the magneticenter

with respect tothe mechanical centemust be lesghan Welding the core is the last key process for bk
0.05 mm; the dispersion of theffective length between core fabrication. We adopt a reasonable weldtagdard,
magnets must be less than or equal to 1% IDetails of and the welding deformation is less than 0.02mm.

the quadrupolemagnetsdesignare reviewed in an earlier

paper [1].
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Quadrupole Lamination Reproducibility (IHEP CMM )

Until now, among the 638 haltores (for 319 T
magnets) the rate of finished products is 100%. 0s .
4 COIL FABRICATION o] .

The coil fabrication is very complicated. Among
the proceduresthe vacuum impregnatioprocedures are
the most importantand key ones. For the LER | # ,i .
Quadrupoles, we adofite pottingproceduresvhich were
used for BEPC project in 1980’s. The productpactice
shows that theprocedurescan satisfy the requirements
well. The maindifference oftheseproceduredrom the
procedureswvhich were used byLBNL, is the different
potting mold design. Our moldesign uses themold e Qrsa
itself as the vacuum sealing containeBNL's mold was | = sAS4 P skt

placed separately into a big vacuum tank. e 17 jg F e perfct Sacing %K% 42

34.91

Average Standard Dat
>

Figure 1: Quadrupole Lamination CMM Data

Gap Values of QF-15AI-A001-to-A077

There are four kinds of coils; they are as follows:

34.89

34.88

Gap (mm)

x
3a.87 % 3¢

Material |Cross Sec. W Channel Turng W Circuits

34.86

(inch) (ID inch)
Al 0.5x0.5 0.25 15 1
Al .25x.25 0.124 58 1,2,4
Al .25x.25 0.124 52 4,8
Cu .25x.25 0.124 58 2,4 Figure 2: Gap Values of 77 Quadrupoles
During the fabrication of coils, some caitacking Sroup B 90 TEA Quadupele Mech L Xier & Repeat Comparien
occurred. After we founthe causes we have solved the| ] [ rmae .
problem. There are severahain causeghat made some =
coils crack. b e TRV '_x_’,au‘l‘.,.
1. The thickness of epoxy at the root of the ¢eal | . . .-";' b s om0ty L S e Wi .
is too thick. \Wen we open the moldfter potting and | © |#& &ty iEEer mpimAT T o tla, Tk
curing, the outeforce makes the thick epoxy at thead e TR I R i
root crack. ooy X E O m =
2. The contour size of the wound coil is too big, an| .. | 1

it caused difficulty in putting the coil into mold. After we : gt 10N
forcedthe C0i| into the m0|d, the Coﬂccumulate$ome Figure 3: Mechanical |_ength7 Transfer Function &
stress. \Wen the potted coil was taken out of the mold, Reproducibility Comparison of 69 B Group Quadrupoles
the stress releases caused the epoxy to crack.

QF 15AI Mech L, Xfer & Repeat Comparison

Total 75 Magnets
Core L-Aveg L of 75)/Aveg L of 75
Funct-Aveg TF of 75)/Aveg TF of 75

1.00E-03

5 MAGNET ASSEMBLY R‘Ep e T e veg T Dov of 7 R . -
The gaps between the pole tips of upper baié and ' et "._-m.._:..‘.f-‘...;-":" '
low half core are adjustable with shims. ocoseon | & xf o, ._,::...---0:0---;: X! “ i
h: Afames A“ A a a 4
When we carry out the pre-assembly, we chose tv 5o _,--‘"‘“‘ a4y s .
half cores which havesimilar lengths, adjust thgaps x ‘
within the tolerance (+/- 0.04 mmndensurethe clamp T
torque of the two half cores is identical with others. asoe0a®
Last, we assemble all the parts including ftixer 200203 | i
coils, bussingwaterhose,and soon, andremeasure the

gaps precision as mentioned above.
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Magnet ID NO.

So far, all thequadruple magnets weproduced

. e . Figure 4: Mechanical Length, Transfer Function &
satisfy the specifications [ see Figure 2, 3, 4 and 5]. g g

Reproducibility Comparison of 75 Quadrupoles
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Off Set of Magnetic Center for QF-15A-A Group Magnets
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Fig. 5 A Group Quadrupole Magnetic Center Off Set
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