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Summary 

Sextupole magnets of 4 inch aperture, 
2 kG/in' strength have been designed for use 
in the NAL Meson Area beam line. Pole shapes 
have been determined by conformal mapping to 
give continuous contours which are approxi- 
mated by short straight line segments to 
facilitate machining. The resulting field 
quality is within .17 percent of a pure sextu- 
pole over a 3 inch "Good Field Width". The 
excitation is provided by a monolithic coil 
on each pole wound from .230 inch solid square 
copper. Four water-cooled flattened tubes 
provide heat sinks for conduction cooling with 
a maximum temperature rise of 20° C in the 
winding. Magnetic field measurements are 
presented. 

Introduction 

The Meson Area is one of the major 
research facilities which has recently been 
built for use in the 200-500 GeV proton 
synchrotron of the National Accelerator Labor- 
atory. When the protons are used for experi- 
ments in the Meson Area, extracted proton beam 
is deflected to the left, and is bent up to 
the Meson Target Area. At the target, six 
secondary particle beams are produced. These 
beams are semi-fixed installations for repeat- 
ed use by experimenters. The beams are defin- 
ed in size by a system of collimators and are 
transported with use of beam-transport magnets 
1400 ft to the Meson Detector Building which 
houses the experiments. The sextupole magnet 
described in this paper will be used in the 
Yl and >16 beam lines. Pairs of sextupoies 
are used in the above lines to correct for 
chromatic aberrations. Beam line Ml is pro- 
duced at 3.5 mrad with respect to the incident 
proton beam and it is designed to have High 
------~-Hlgf? Tr.+en-- -i ..,“iC -A c.i i-77 beam. Beam line M6, 
produced at 2.5 mrad! is a High Energy-High 
Momentum Resolution. / 

A prototype sextupole n;aqnet has been 
constructed at 1lAL. The six coils -were wound 
and potted at the KAL Magnet Facility and the 
raqnet core 'c/as fabricated at the Village 
Iv!achinc Shop . A total of six sextupoles are 
required. 

DesisTn 

Sextupole magnets may be designed uainq 
z~ntin.;o:~iy contoured profiles by a method 
pr*y:iously outlined.* However , in order to 
r+-,;c;< !!-.,,.hi ni 72 ~Q!$f,S; _-_.-._-i tlic prcscnt maqnct 

has been designed using only straight line 
machining cuts. The design of sextupoles 
with linearly segmented profiles may be 
accomplished through the use of complex vari- 
able transformations as in the case of con- 
tinuously contoured profiles. The parameters 
in the transformation are determined by a 
computer code LSPSEXT from input values of 
aperture, good field width, and percentage 
deviation of the sextupole strength over the 
good field region. Since there is one extra 
unknown in the transformation sequence chosen, 
one is permitted to design to a pre-assigned 
coil slot width. 

Table 1 lists the design parameters 
chosen. Actually, a tolerance of t.5 percent 
in B"/B", was chosen. This resulted in the 
tolerance indicated for &B/B. 

Table 1. Sextupole Design Parameters 

Sextupole Strength (B") 2.0 kG/in' 
Aperture 4.0 in 
Width of Good Field Region 3.3 in 
Field Tolerance (aB/B at e . 17 8 

Good Field Limit) 
Coil Slot Width 1.0 in 
Magnet Dimension 16 in diameter 
Magnet Length 30 in 
Conductor (solid square) 
Coil Turns Per Pole 54' 

230 in 

Conductor Current 
Current Density in 

Conductor 
Power 
Inner-Fin Cooling Tube 

Dimensions 
Water Flow for 100 psi 

Pressure Drop 

I.00 A 
1898 A/in2 

3.5 kW 
. 200 in x 1 7/64 
. 233 in x 1 15132 
2 GP&l 

Maximum Temperature Zise 200 c 
of Coil 

Figure 1 shows the resulting pole tip 
profile in relation to the exciiation coils 
dnd tile r~tsrn yoke. ::ote t::at cc: profile 
which gives a constant slot width of 1 inch 
is interrupted some tiistacce into 'ihe slot 
where2 , for t-e design strcngt;: indicated, 2.t 
is possible to undercut t:le pole tip to pro- 
vide more space for the (coil wizhodt prcduc- 
ing excessive fields in the ircn. 

'Table 2. Pole Profile Corners Coordinat*Y 

X(in) Y(in) X(inj Y(in) X (in) Y(inj 

l.E:i .7GO 1.594 1.240 7- 
:;,; 

2.000 
2.019 .7EO 1. GG9 1.368 2.129 
2.162 .5!l3 1.519 1.G26 .645 2.ii9 

*OpcrJte,-l ‘z:’ University Research t":ssociation 
1ncorpor‘lteLl, ~rlcl~~r Contract with the U. S. 
,'.~to:.:ic Zn.zr<-rl COmrLiss2.0n 
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Cooling is provided by conduction with 
four water-cooled copper tubes inserted be- 
tween the solid conductors. The flattened 
copper tubing is made from inner-fin tubes. 
These were made by flattening inner fin tubes 
until the fins touch each other. The inner 
fins are spiralled so when the tube is flat- 
ened, opposite fins cross each other to form 
good compression members. The location of 
the cooling tubes was calculated to give 
symmetrical temperature rise. 

Fabrication 

A prototype sextupole magnet has been 
constructed. A cross section of the magnet 
is shown in Figure 2. The magnet core is 
made up from a 16 inch diameter, 1.437 inch 
wall, low carbon steel pipe. To minimize 
close tolerances, a mandrel was made in the 
shape of a hexagon to hold the six poles in 
the true position during machining. The man- 
drel was machined within i.001 of a true hex- 
agon and keys were put in to simulate the keys 
in the pole tips. This same mandrel will be 
.ased to make up the remaining six sextupoles. 
The poles were made up of a low carbon steel, 
1018. Each pole was faced and bolted onto 
the mandrel. Xatching keys were put in on 
faces of the poles to align the pole tips. 
The back face was machined on the lathe. A 
slip fit clearance was left between the out- 
side diameter of the poles' back faces and 
tile machined inside diameter of the pipe. 
With the poles bolted on the mandrel, the 
whole assembly was then inserted,inside the 
pipe for the drilling of the pin holes on the 
side of the pipe. This was done in a horizon- 
tal boring mill; . 001 inch shims were placed 
between the pole pieces and the pipe to pre- 
cisely center the mandrel assembly to the 
pipe. The pins accurately transferred the 
pole location from the mandrel to the perma- 
nent pipe yoke. The relative location of the 
pins did not matter because both the pipe and 
the corresponding pole were machined in one 
operation. Each pole was numbered to be re- 
placed in the same location. Two one-half 
z.nch bolts were used to clamp each pole tip, 
with the pole to the yoke. The poles were 
located within lt.005" of their true position. 

ml., ,?-; ,^ ,I -..i --A~2 'GCiYZ mWOi;;id Xiiri -+2 ydiige syudre 
copper cond-actor. Ken-certified, oxygen-free, 
hiqli cond-uctivity copper $102 was used in the 
dead soft condition. The conductor was speci- 
fioc to be coated with a fully cured "Heavy" 
film layer of polyimide film. With the ins,ul- 
aclon 2ilc.l , the ovcraii nominal dimension was 
.P30 inch sqluarc. Ti-e coil was ‘riound on a 
~zertical t;rn table. Spacers were ilsed in 
t!le hiniinr;' fi:<turt2 to provide room: for tbjaA 
:.;ij---reea c,Goli--- tubes. AA'; 

i?iJL;re 3 shows ‘3 crciss sec:ion of ti:e 
coil. 3nly half coil is shown becaiise of its 
.j i': ,:“,:> t r y . ;Iftcr the coil was wound, the cool- 
ir.,j- t;bps -;?ere inserted -ATith .028 inch,-s of 
"5-13 ins,lation epoxyed on each side. The 
,'": 7: 1 -,. -. ,_ r. ..a C'lrr .,..- -p-.-l _I.LA. "..uyp--" r*rk2; i-,-i -- .,;it:: .007 i;:cil 
;ia;s tape, half lappc-i, qi,:ing a total .028 
I.liJ‘l ,.;rri-r;c.i ins-zlaticri. EL!caus~ of the: cool- 
iT?rr 
,;r,T-, 

CJl,:S dit CilCii coil Cnd, the wrapping was 

II' 1 
:‘:il,lc in tti; :;I;rai,;ht section of thi! coil. 

A., : CGil was '-l-r-- pl.:ccG in kll'- potl;1,1g ii;;- iA1 ..A‘ 
t'JrC ;in~ T.',:i 12 8, 1 . ..a ~lipregn~~ed with epox 
5klli ILlOCC ir. a '.'acIIcrl JCL&;. 

fixture showed to be full of epoxy, the tank 
was set to atmospheric pressure and heated up 
to 220° F for curing of the epoxy. The epoxy 
mix was made-up from: 

22.0 % Araldite 6005 
19.7 8 Nadic Methyl Anhydride 
55.0 % Alumina Powder 

3.3 % DMP 30 (for accelerating 
the curing time) 

After each step the coil was tested for 
turn-to-turn shorts and also for possible 
short with the grounded cooling tubes. 

It takes an average of 10 hours for the 
epoxy to cure at the above temperature. Six 
coils were made for the prototype magnet. 

Results 

The effective length of the magnet and 
the excitation curve were measured using a 
Rawson-Lush rotating coil Gaussmeter. The 
integrated gradient was measured using a pair 
of long gradient coils. In addition to the 
results shown in Figure 7, the excitation 
curve indicated a residual sextupole strength 
of B" = .02 kG/in2 and an AYPFAC = 1.025 at 
100 A. Assembly errors and absolute calibra- 
tion errors could well account for the re- 
maining 4 percent difference between the 
design strength of 2.0 kG/in' and the measured 
strength of 1.872 kG/in'. 
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r- 16” DIA.-i WATER COOLED FLATTENED 
FORGE-FIN TUBE 

-TYPICAL 

23o’SO. OFHC COPPER 
CONDUCTOR WITH 
FOLYIMIDE COATIffi 

.OZ.S GROUND INSUATIW 
(2J LAYERS 007 HALF- 
LAPPED GLASS TAPE 

Figure 3. Half Coil Cross Section show- 
ing Conduction Cooling and Electrical 
Insulation 

Figure 2. Sextupole Magnet Cross Section 
showing Typical Alignment and Assembly 

Figure 5. Sextupole Maynet on Align- 
ment Stand 

Figure 4. Sextupole Coils after removed 
from Potting Fixture 

Figure: 6. Cn& Tjiew of Maignct :;llowin~; 
Locling tiatcr :<aniioid 
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