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Comparison: Opera vs. COMSOL BRODKHEATEN

« Comparing FEA codes: usually not a good idea
— Opera might be an exception...

* Opera 3D: solves for magnetic scalar potential
— Field intensity H=H_+H_ (H,: reduced potential)

J xR

IR

vuwﬁ—w(j dQ,) =0

— Advantage: only scalar ® unknown, reduces
variables in finite element model

— Potential errors if H, and H are quite different

— Solution: introduce total magnetic scalar potential
(no current in magnetic materials): H =—-VY

« COMSOL: Vx(u'VxA) =1
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Simulation Detalls

* |dentical geometry
— MICE Step IV
-Idenﬁcalgon
configuration
— 200 MeV, flip mode
* |ldentical material
ties
proper
— AISI 1010 (VF)

14 November 2012

RS
S

i
AN
v

R

o eeck
Avp.v‘s(%:gﬂan‘mim»‘“ 2
SRR

BROOKHFAEN

Y
NATIONAL LABORATOR

-
.uv.v.uv.ummwnmuv.um\vm'l'e'g':':'e' ',":Zel&#X%X#Zﬂ%Z#:%3""'"""""‘“" g
(5 A NN VAVIA'A\'A'A'A'. AVAVAVARLY,Y,

OO

I XA i

X

)

oy, eI AN vy oviy, "%'¢'#'%:¢L.¢Z¢:¢I¢m:¢?' gg&,‘m.

o ‘.uv‘v.mv.uv‘-a.v.v.v&.%&v.vmunvmvﬂv*v.v RO .\‘v&ﬁv‘\'ﬂamweu' e

% R A ATAVATAY Y Yy, OAAAAK oy

V‘VA‘A‘A’A‘AVA‘A‘AVAVAVAVA avLY RS UA'AVAVA'AVAVA'AVA KT

A R S T

; RO A e A BAAAHN A5

Sl Ay O 2 R oddon e RN

DR e 0 PR R0y pEleda SRRe OO R &

R % R, T OO0 ATAVAVAYLY Y AYAAvAYL v, VAV AVAY.(Y ATAVAVANL VY "AVATAYAY

SRR RO S e e R T

R LY SRROORD v‘vAvm\muv‘v‘vmvmw.uvammﬂnvm\.vmv. RAOEARRE ey
SRR AR SRR VA‘A\A'A'A'A"A‘A'AVAVAVA'A'A‘NA'&VAVA‘AVAVA‘A'AVA‘A'\ R ERX

R e LEOCOAIAN O %:%:ﬁﬁ*:%X\‘yX5x#:%I*E.%.#.3&3‘345.#.ﬁmmv.vmv.vAvm\-AmAv.v.vmm.'.vmnv.vmnv RV
R SRR e 2 : S ; X

SRR
R

F
EL
E O b
R

AVATaYey
SRR
DO

SRR
S

S SR
SREEAREN

SSESsss AR R :c::sm;ssi%'.wm::s::::a
vnm-.-‘~Gg&-fv&SSBA-uvms.wmiv-vm*manm#mnwm&su;pﬂe;‘s-‘:g‘sg:‘m
.w.V...‘A-...m..n*m.n...m-...w.‘m‘..‘.....-....-,. SEESSIr SRS
RS AR, SSSSESEE
REAR SSSERSSRS AR SRSSSNSSS, SRR
SESSES R
Tava Sy S SN LR
wﬂ-\m«v‘u\nmmmmuw.mmv.vmvm"v.‘uv\v.'

SRS EIN e s e

RO Vb R RO
PR, ERRRENEN
Rl

%
i
s

i
v

G

SR : SRS
Y AT iert O A TRy i,

CSERORRG .é.é.%.e.a%.e.e,s;;.e.e.#...e.uv.. S ZERRD 2R

OAERROEORAL AT SRRl D0 D)

RN s Q‘#‘Q‘,“é‘*‘g‘e}%‘lﬂ%@u 't.s%vev*vgg‘vmﬂa“ 7 gg‘t‘g@uﬂh@'ﬂn‘t’g-::1"
KRR o s R =
AN PR ETY RO R AR

o ODTTR
G
5 X

Ao
B
AT R SRR 2 -"3'.';
SRRy PR o
O At VRO £
R R ooy ol

T g
2 A

ey

mvlnuvmu-.v.nuv R

RO
X l‘:;\'g"‘A:¢zA'Avmvmn\-.u\mvu.nnv‘
SO0

OO
TATAV Y
20

= OO oy, =
0 ey
S v"ﬂ‘e'e“""\'A'A'A'A'A'-Vm'mu-.v.ﬁ%.vﬁﬁé‘.%.%ﬂﬁ%’# TS 2T
RSO RS \v.v.m.v.v.v.vm\v.-...nv.m RO A RN 200
ey el SO \‘A‘A'gx*'g';'gmmv.uw.m.v.v.m.v.ué e
RIS e G RO
o oy S A ) OO
SRR O S R
R '-"
REORRRAK 5
5 LK .v.%.%.%.%.%.%a!%&!ﬁvf SRR

AVvuy AVAVA'A'AVAVA AvS
0 oy OO0 gA'A‘A'A'AVl\‘AVAVA" <}
R mw,%wen..ﬁe:e.e.'exe.‘ﬁ*‘v:‘.ef""
m.-.nv.vmm.-‘-. T RO R s R
R0 e RROOOAAAA AVAV(‘A'AV\'AV‘?A‘(‘A‘\\AVA‘A'A'A AV 0 ""“"““ e
Avnnhuv.hu‘.h\u SRR 2 ‘4‘ SO0 ““"""““""ﬂ'lﬂﬁ\h‘m SN 200 O a AR
...W.............‘-M..y......A.A......a:.@.e.e:e:qeze'ﬂ“*ev L &

T T I
2 ORI
Ay A

AR T

20
2 A0
AR

O

AR
SRR e
LOCE0R mv.v.v.v.v.3&.#55'.%}%}*!\‘{%{3!’%%3‘."

AVAVA'AVAVA'A' AVAViYvares AVAVAV.Y vy AT T AV AYAAY)
'AVAVAVAVAVAVA%AVA“VA‘E’A%AVA%AVA%A" PO 0
“ssswf:;g:mmmwmww-:anw SO
e

AVAVAVAVAVA’JAVA AVAVA‘VAVAWMVAVA“'AW TAVAY
YAVAYAVAVS, Anuuvﬂhmu'&v‘vﬂhv AT AVAY AV AR
SR S

S = SEsanatles SESESSSTSSL m-m:.m»:: S SSaDiests S5
AR SRSREESE s S SN NN RS AT NS ANV s SESARN
& RS R S R = s S A, CERRSDOSNS;
SRR SR TRRSRRA SRRARES ‘» S ﬁggﬁg‘:&@m“* AT Eﬂgﬁwmv:;\;wmsw.wmms
AR Ny N R S A RE
RN t‘""ﬁg@i‘;‘g", AR £A SaENavity N ““ﬁ:;s:wmvﬁw‘g N SEnG s,
i PSR SRR RO R E ggmmgmvmv R S
AR iy ‘A'A\va ORISR Ry AU AN, Avmvng;‘““‘m e
R g BT LA OO K
i \ - S B RC S O

4A'AVAVAV‘EAVA'AVAVAVA'AWAV V'AVAVAVA'VAYVVA'V T
S TRy s st Y mmwmma%%{ff‘“'““v‘:m
SSResE SaeaaEs S eSS e =
am.~m~s::-;“ss‘i%§§$ss‘=“:“=§?§?:‘...:*-:swi““““‘“"“““w-wii‘tw‘t‘st:ssssstl“‘“‘“‘ s;*sssk:::s::smmms‘:"“' SRR
RaTeE a::sas‘mwmmsgws SSNESL ‘“"‘*‘*1%}%%‘5‘.%1' SSSESSSSSSN NSNS IS SO S Se SERSERER
mn_mm.-m,.mmam& ‘Hm‘vvw%“ N ST P
5 nhvan,nmm\'nuuwmimuwmu SRS R oS
AN IR A A S SN AN SV
SRR SRRAE RN iy RSARRARICRR TN, Vv, NSRS
X
Ny gﬁv‘n!‘g%w%v‘véym\‘%\:‘v&sim&“th‘ M,....é.g{gﬁ%‘é{e}g@"&ﬁ;”g%g&:‘%iggﬂg B Aﬂhvu\:é"uvm\vv\v‘
SN raTdYe O SR gAY
> poL2 bl e %Yess:.....ememww

by H ‘V
7 &

-'Awnmwm‘v.w- g o v v b
v A e i A A a, X AN, it
iy LACEDA R Am‘ﬂamumv,mv R e vV A, . 7
Loy ﬁmﬁ-#""A'A'A'A'A'Atr.mr.v.mne“”t EOE it it Z
T A (R mwm-mv.-..p#“""‘m"'tmnv.vmv.ﬁ e i) A A A gl
.ﬁz%%sguﬁ%%'%ﬁ%a&“'A}é’g}g@ﬂ%ﬁ%ﬁ%&&l%ﬁﬂ"ﬁ%’%&%ﬁé%%n&%ﬂﬂhmuﬁﬁ%%v
Oy o ek oAy et A A¥ ] ¥ ATz
gggmuﬁ%‘ﬁﬂ%ﬂ%@a%%Xi'é’%é%’#é’»:’é’eﬁﬁ:ﬁﬂ'ﬂ"

Tavay ‘vgvmvk“"”‘,‘"“wg‘ gegxaex{ )

o
Vi

o
i,

= 'Avnmnnvqrvvw
4Mﬁmv‘m" T zaray Az,
Az - avaravy A AWWAHMV VA
umaa'eza'ewaamﬁﬁ%:ez%w pEnd "X”Mﬁvmwvém XA e
E%I%X%Xe“‘uv‘miﬂ%'se'mmn%h SIS e, mmt%‘m?*'e'%‘"’nahﬁ%mé}%
Av»‘uv‘“‘“"” AAA'(AVAVAVAVV .4A4-Auv4w=>vv P AN S
AVA‘VEA‘m‘g‘“tmm“yvviAﬂqhvﬁ ATAY)
Avaaam““eAmmwmuv CROSEROS SORR,
R Avav e "A'AVA‘:mvvv Ve v
X 4&“‘%&&uﬂ¢&%%%§%



No Iron - Opera
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Map contours: BMOD
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Peak: 550 Gauss at r=1.5m

Average: ~ 300 Gauss

MICE Step IV 200 MeV Flip



No Iron - Comso| BROOKHAVEN

Surface: Magnetic flux density norm (T)
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COMSOL Geometry BROOKHRUEN

Shield: r=1.2m
t=10cm

Exploit Symmetry: half of -
problem modelled S o =
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Magnetization In Shield - Opera N%%%ffﬁé%'ﬁy

iy B i S 7 Wall thickness: 10 cm
1.400000E+00 “_r2 r=1.2m

1.200000E +00

—— 1.000000E+00

|| 8.000000E-01 -
f@— 6.000000E-01

—— 4.000000E-01

2.000000E-01

9.390179E-03

14 November 2012 7



Magnetization In Shield - BROOKHEUEN
COMSOL NATIONAL LABORATORY
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Shielding Efficiency - Opera JREOMMEIEN

31/Jul/2012 17:37:41

Map contours: BMOD Y
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Shielding Efficiency COMSOL "“"P""/"'E"

Longitudinal direction: good field region smaller?
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Geometry 2 ot e

Caused by flux leakage between shield and Virostek plate?

|Idea from Alain Blondel: connect Virostek plate and shield
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Shielding Efficiency COMSOL BROOKHAUEN

Surface: Magnetic flux density norm (T)

&l Caused by saturation effects ¥ 3.348x10
(Iron: B~1.6T)
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Comparison COMSOL e

0.06

R=15m — Nolron
== With Iron

0.05f — With Iron|]

14 November 2012 13



Summary L o It

 MICE Step IV, 200 MeV flip mode
— Comparison between COMSOL and Opera 3D
— Different implementation

— Performance
* Opera: 4GB RAM / 45 min (single core)
« COMSOL: 40GB RAM / 45 min (12 cores)

* |n general good agreement
— Major improvement on initial situation
— Comparable shielding efficiency
 Differences

— Good field region can be extended by connecting
shield and Virostek plate

— Simulations seem to indicate that shield could be
thicker
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