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Abstract

The use of permanent magnets for transporting the 8 G

proton beam from the Fermilab Booster the new
Fermilab Main Injectorlacceleratohas been implemente
andthe magnets for a new BeV ring to be installed in
the Main Injector tunnel for increasing theminosity of
pbar/p collisions in the Tevatraareabout to start being
produced. Strontium oxide ferrite was selectedfor the
magnetsdue toit's low cost and satisfactory magnetic
properties for the 1.5 kilogaudilds required inthe 2-
inch gap magnets. Fermilab hesceived96,000 pounds
of ferrite and by working with the Vendor (HITACHI,
Edmore, MI) improved uniformity of Residushduction
(Br) hasreached3905 gausst0.65%. Furtherdetails are
given in the paper. Overcoming the magnefield

variation when the temperature of the magnets change
accomplished by incorporation of approximately 30%
nickel steel alloy. Théderrite changes approximately -

0.2% per degree C, which t®mpensated for bthe 13%
by volume of compensator alloyncorporated in the
magnet. Fourteen thousand (14,000) pounds tto$
material has been received and in ordeolbtain sufficient
uniformity we mixed equal amounts froeachbatchinto
eachmagnet. Results of thiprocessare given in the

paper.

1 INTRODUCTION

Fermilab has added tihe Main Injector Project fixed 8
GeV storage ring called the Recycler. It is toldeated in
the Main Injector tunnel directly abotke Main Injector

magnetsnearthe ceiling of the tunnel. The construction

schedulecalls for the installation of thdRecycler ring
during the completion of the Main Injector. Thisnmde

2 FERRITE
ﬁ"ype 8 Strontium Ferrite was choséased oncost,

davaiIabiIity and stability. There are three major

manufactures ofstrontium Ferrite in theUnited States
eachwith a capacity of severahillion pounds per year.
The Material isused inautomobiles speakersandlifting
devices. Recently it has beesed inpermanent magnet
magnetic imaging applications. #andardorick size was
selected and in order timcorporatethe bricks into the
Recycler magnet designattention was given to
dimensional tolerances. Fig. 1 shows the variation of the
six inch length dimension of a brick in a typical sample
of 40 bricks. Fig. 2 shows the variation in the four inch
width dimension in the same sample of 40 bricks Ritd

S3i£he variation of the one inch thickness dimension.
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Fig. 1 Variation in Brick length for 40 Bricks
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possible by the use gfermanentmagnets. Therimary " 4.04 °0 ®
benefits of the Recycler are: 2 4.02 *’." ”“ B Gk
1) Facilitates the attainment of Tevatron collider goals ° 4 4 ® o g ® : 'S
by relieving the Antiproton Source of the - ®
responsibility for maintaining high stacking rates at 3.98 ®
high stacks. 0 20 40
2) Provides potential for #&actor of two in Tevatron

Luminosity by allowing recovery of unspent
antiprotons at the end of stores.
Since there was veriittle experience inthe use of
permanent magnets at Fermilab it veesided toconvert
the 8 GeV beam transport line from tH&ooster to the
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Fig. 2 Variation in Brick width for 40 Bricks

Main Injector from electro magnets to permanent magnets

similar to those required by the Recycler. Th&&V line

of about 100 magnets required 80,000 pounds of Ferrite.

* Operated by Universities Research Association under contract to the United States Department of Energy
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This then overcomes the inherent variation in Ferrite
magnetic propertiedHowever in order to minimize the
magnitude of the trimming operation it iseneficial to
reducethe Ferrite brickdifferences in Br andHci to the
extent possible. Type 8 Ferrite nominal Br is 3&&fuss
with 3050 Gauss for Hci. Thacceptedolerance on Br is
+5% and+8% on Hci. By restricting the brickrocessing

to the more uniform temperature portion of the Ildbring

the Sintering operation the variation in Br has besgluced

to £0.65%. Of interest is the tracking studies that Fermilab
has carriedout from batch to batch of Ferriteeceived.
Fig.'s 4 and 5 summarize magnetic tgmgformed by the
Vendor on a randomlgelectedbrick from each400 bricks
shipped. Five shipmentgre shown. The twoearliest
Table | presentsthis data in comparison with the consisted of 10 tests from a total of 4000 bricks each. The
specification. Inorder to achievethe smallest possible three latest shipmentontaineds000 bricks with 15 tests
dimensional variation a three cavity die was constructed bych.
the successful Vendor, HITACHI METALS(Edmore, M)
andall of the Strontium Ferrite bricks for Fermilab are
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Fig, 3 Variation in Brick thickness for 40 Bricks

producedwith this die. Of interest to note is that the 0 4050 ®
production ratewith this three cavitydie is three bricks £ 4000 ¢
every two minutes and 15 seconds. This yields about 1600 § 3950 @ o oo
bricks per 20 hour day. < 3900 + gy
N . 3850 ™ ol
Table 1: Specification vs. Measurements 0 ‘ ‘
Brick Dimensions in inches 3800 ‘ ‘
7/16/910/24/2/1/975/12/9
Specifications 6 96 7
Length 6.000| +.090 Delivery Date
-.090
Width 4.000] +.060 Fig. 4 Trend Analysis of Ferrite Bricks Received by
-.060 Fermilab (Br)
Thickness 1.000| +.005
-.005 " 3050 ® PR
% 3000 14
40 Brick Measurements O 2950 -
Length 6.000| +.070 £ 2900 mE
- 000 5 2850 m
Width 4.000| +.030 2800 1 |
-.015 7/16/10/24 2/1/95/12/
Thickness 1.000| +.002 96 /96 7 97
-.002 Delivery Date

One note of caution in using the tightmierances as  Fig. 5 Trend Analysis of Ferrite Bricks Received by
determined from the 40 brick data should be expressed. This Fermilab (Hci)

restrictedset of bricksdid not include the entirerange of

possible dimensions over the production run76f000 3 COMPENSATOR
bricks so it may not correspond to the maximum variatign . . ,
one might encounter. However the important conclusion& ercoming the Recyclemagnetschange in_magnetic
that it is probably nonecessary taise therange of the fi€ld due to unavoidabletunnel temperature changes ~
generallyacceptedspecification if a singlelie is used and 2ccomplished by incorporating 13% by volume of 30%

by measuring the totaknge ofbrick dimensions a tighterg%‘;raﬁ}ﬁ’:l cozlljf(i)giéntR;C?R:eem:;;;rggqegztasrritembritchlfs
tolerance can be used for the permanent magnet design.

P g g showed -0.187%,0.184%and -0.189% per degree C.
Recyclermagnetsare required tohave an integratefield Thereforesqme .Of the magpetlbeld ch{;\nge can come
strength accuracy that can only be achieved by adjustingf‘fﬁe1 variation in the Ferrite properties. Compensator
amount of Ferrite ineachmagnetafter it is constructed. 210y measurements supplied by tiendor (TELCON,
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Crawley, England) show a variation®B/AT of 61 to 78
Gauss/degree CThese measurementge at 50Gauss.
Recent measurements at 1500 Gauss,fidhe that the
Recyclermagnetsoperate at weraimilar. Thevariation
seems to depend on the wdrardeningthat occurs after a
final heat treatment. We hawxoidedthe complication of
the need tahangethe percentage o€ompensator ireach
magnet by mixing compensator batches. timixing
included mixing different melts of materialand also

The Recycler permanentagnetsare primarily combined
function magnets, that is they combine a dipole field and a
qguadrupole field by using tapered pole tips. The
compensator is incorporated as two imgle by six inch
long stripseach 50mils thick. Per four inch brickhere

are ten compensator strips. Since thepackets of
compensatorare assembledinto the magnet as it is
constructed it isimportant to nothave to adjust the

mixing compensator from the ends and middle of a roll gfumber of strips. To do so requires the magnet to be taken
material. For instance some measurements from the t@part. Investigationsire continuing to be sure that our

ends of aroll are identical while in other cases the
measurement from the two ends of a roll vary by 10%.

mixing procedureavoids this complicationeven though
during the last stages of 8GeV beafine magnet
production no magnets had to be redone.
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