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parts and assemblies. Finally, the analysis results are compared to magnetic ominal systeémalic Tractional mullipole errors and allowable rms values

measurements of a R&D sextupole magnet. for random fractional multipole errors for sextupoles at 10 mm radius
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FEA MAGNETIC ANALYSES MECHANICAL TOLERANCE ANALYSES SIMULATION RESULTS
»Pole tip surface profile errors » Monte Carlo Method 8 Pole tip profile error ~Octupole
——Decapole
Pﬂle tip radius R14 "~5 i j ! . . x
[ RN » Virtually made, assembled, and measured in the same 5 e
& manner as IN real world 5 s ~16-pole
/ 1.?:3 e AL dmer E 4 —--18 pole
Reference radius R10 1-|I : = 1 : — o — E‘ 3 —-Skew Octupole
| | = g , —-Skew Decapole
| ; %%E?Eiﬁ - 5 : —-Skew Dodecapole
. S %%::jm = 0 50 100 150 ~Skew 16-pole
T"n Sy E::’TM ;;;; 5 Profile Tolerance (um) —-Skew 18-pole
AT ’ | B
 Profileerror L~ -7 \ HE T > Pole tip profile need X shift
outer boundary f'..LlJlJIsl.lJ:EI “Ei%:m;‘;’; "1 1=-=-n-:e-u - - be < 25 um o
» Top half offset horizontally R | S o g
"“:m“?ﬁﬂ“’” B » Yoke and pole tip e /
» Top half offset vertically e machining error need § 1 S0 " ° "
s I -~ be <25 Hm %L_m —-Skew Deca;; B,
» Top and bottom half relative rotation - N O . o |atingse
TELIILEY » Mating surface flatness £

. —-Skew 18-pole
and coplanarity need

be <20 um

Tolerance (pm)

»Pole tip misalignment

Y shift

» Pole tip misalignment _ -

Y Top half .
bo c
X | - b1 need be <20 um 2 o
— — £ 0 100
- 30- ﬁ S s
- oa » Difficult to achieve 2,
ShiftinY | - bs using conventional )
= - :'g .E b6 h . o h d > 1
Rotate EE 0- b7 MacC |n|ng metho ,_?, . |~ Decapole
< > e = Pyl ¢ .5 =7 10- b8 g 14-pole
— —_ N a2 e, SR e b9 eie . )
Shlﬁ In x ... 3 .uf o - - > 3 | 4 -20- b10 > REpEtItIVIty need be = Tolerance (um)
---- _. y — G G P _
4 _ JBRole tip misalignment HESSHER T ¢ e Y = b12 addressed
| ' ': "‘: s 00 3 4 5o e 7o 8 %o 100 1o 1o | P13 1900% Pole tip misalignment —-Octupole
| 1 y S s e e ) currentMainStart(A) bl4
. .. Ny, S ’ (units) ——Decapole
Bottom half . S
Prototype sextupole measured compare with simulated sextupole

A LA JAAAAA] 2t A= A A A

Pole tip a: 1000% —-Dodecapole
40- a
Coil 2. a2 2 500% 14-pole
900 35 a3 % —-16-pole
&0 3 —Sext 20 a4 o) o
= simulated as g 600% —--18 pole
Measurement - 2 iy " o : +Skew Octupole
ﬁsoo L2 g +|nteg‘rat8d 5% n—%ﬁﬁﬁﬁ a7 i 400%
matches = HE Do 89 a8 & __—_, —=Skew Decapole
= 400 1 m -10- S /
: : - R diff % ad oc 200% > —— ——Skew Dodecapole
-8 S|mU|at|On 200 05 -20- al0 /://: /—— P
| "o > Two-halve ” 200 0 30- all » —F . . , —=-Skew 14-pole
100 -0.5 (o} et
deSign ve ry we 0 £ £} - S NN IS i N e usa N Iessn hesunaman aE 0 20 40 60 80 100 ~*-Skew 16-pole
0O 20 40 60 80 100 120 140 20 30 40 50 60 70 80 90 100 110 120 a Pole ti isali | —eSk 18-pol
Srrentlis currentMainStart(A) ald ole tip misalignment Tolerance (um) ew 18-pole

» Wire EDM pole
tips assembled

> Tgper dO\_/veI CONCLUS'ONS REFERENCES

pins to align top

and bottom » Machining and assembly precision need be better [1]. M. Borland, V. Sajaev, Y. Sun, A. Xiao,

L > Metal filled than 25 um. It is expensive to achieve using Hybrid Seven-Bend-Achromat Lattice for the
epoxy keys for . | fabricat g ol thod Advc'_:mced Photon Source Upgrade , 61 Int.
high repetitivity conventonal rabrication and assemply metnoads Particle Accelerator Conf. Richmond, USA,

- May 2015, paper TUPJEOQG3, pp. 1776 —
> R ble sid : : : :
et borom > Wire EDM the pole tips in an assembled state is 1779.
pads for center needed [2] M. Jaski, J. Liu, A. Jain, C. Spataro, D.
location control Harding, V. Kashikhin, “Magnet Designs for
> Robust and > Taper dowel pin and metal filled epoxy keys are the Multi-Bend Achromat Lattice at the
modular water

Advanced Photon Source”, 6th Int. Particle
_ Accelerator Conf. Richmond, USA, May
of pole tips and yokes 2015, paper WEPTY003, pp. 3260 — 3263.

and power developed to achieve good alignment repeatability
system design

232 U.S. DEPARTMENT OF
Argonne National Laboratory is a U.S. Department of Energy laboratory managed by UChicago Argonne, LLC.

The Advanced Photon Source is a U.S. Department of Energy Office of Science User Facility operated for the Ar O n n e °
U.S. Department of Energy Office of Science by Argonne National Laboratory under Contract No. DE-ACO02-

Office of Science 06CH11357. NATIONAL LABORATORY




	FIELD QUALITY FROM TOLERANCE ANALYSES IN TWO-HALF SEXTUPOLE MAGNET

