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BS Summary

= 2D Mechanical modelling of CD1 dipole with ANSYS
= Design’s objectives

= Baseline Design (+ excursus on CD2)

= Nominal Design vs. Material Properties

= Mechanical tolerances

= Parametric Study

= Conclusions
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BS Summary

= 2D Mechanical modelling of CD1 dipole with ANSYS
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The simulation is divided in 5 load steps:

E

1.

5 2D Mechanical modelling
Setup of the numerical simulations (ANSYS)

Horizontal and vertical keys Steel Pads

Vertical bladders inflation (max 40 MPa pressure)
and vertical keys insertion

Vertical bladders deflation and horizontal bladder
inflation (max 40 MPa pressure) with horizontal
keys insertion Coil Pack
Horizontal bladders deflation-> assembly at room
temperature

Al Shell

Cool down of the assembly to 1.9 K horizontal and vertical bladders

Iron Yoke
Operation->Lorenz forces acting on the conductor
according to short sample limit (1.9 K, 12 T)
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B5 Summary

= Design’s objectives
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(F= Design’s Objectives

= What we care the most
* Limit the maximum stress on the conductor
* Keep the maximum stress of the mandrel below 0.2% vyield stress

Material Stress limit (MPa)

293K 4.2 K
Coil 130 130
Al-Bronze 250 400

* Guarantee:
i. pad/pad contact interface
ii. Extra margins for steel pads configuration (using in the simulations Lorenz force maps
associated to ultimate load (12 T, I..=20 kA at 1.9 K))

[

= For the other materials of the assembly
* Aluminum for external and coil assembly shells (Al 7075)
* Ferromagnetic Iron yoke
 Steel for the pads (316LN)

Material Stress limit (MPa)
293 K 4.2 K

Al 7075 480 690

Ferromagnetic Iron 180 720

Austenitic steel 316LN 350 1050
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= Baseline Design
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w( )= The Magnet
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Room temp. steps

E

Vertical bladder operation (293 K)

—
E The Magnet
o
Vert. bladder operation
ANSYS
NODAT, SOLUTION R17.0
STEP=1 Academic
SUB =1 JUN 14 2017
TIME=1 16:16:35
SEQV (AVG)
DMX =.167E-03
SMN =168072
SMX =.193E+09
NFOR
RFOR
168072 .429E+08 .857E+08 _128E+0G .171E+09
.215E+08 .643E+08 .107E+09 .150E+09 .193E+09
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Room temp. steps

B

The Magnet

Hor. bladder operation

ANSYS
NODAT SOTUTTON R17.0
STEP=1 Academic
SUB =1 JUN 14 2017
TIME=2 16:17:11
SEQV (AVG)
DMX =.421E-03
SMN =244470
SMX =.116E409
NFOR
RFOR
244470 _260E+08 .518E+08 _716E+08 .103E+09
.131E+08 .389E+08 .647E+08 .905E+08 .116E+09

Horizontal bladder operation (293 K)
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Room temp. steps

E

The Magnet

Assembly - room temp.

NODAL SOLUTION

STEP=1
SUB =1
TIME=3
SEQV (BVG)
DMX =.252E-03
SMN =109970
SMX =.169E+09
NFOR
RFOR

109970

.189E+08
Room Temperature

.377TE+08

.566E+08

734E+08

.942E+08

.113E+09

.132E+089

ANSYS

R17.0

Academic

JUN 14 2017
l6:17:32

.151E+09

.169E+09
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1.9 K steps

E

The Magnet

Cool down 1.9 K

ANSYS
NODAL SOLUTION R17.0
STEP=1 Academic
SUB =1 JUN 14 2017
TIME=4 16:18:34
SEQV (AVG)
DMX =.664E-03
SMN =374435
SMX =.576E+089
NFOR
RFOR
374435 .128E+00 .256E+09 _384E+00 .512E+09
.320E+0% .448E+09 .576E+09

. 644E+08

Cooldown (1.9 K)

.192E+09
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1.9 K steps

E

The Magnet

Operation at short sample limit (1.9K, 12 T)

ANSYS
NODAT, SOLUTION R17.0
STEP=1 Academic
SUB =1 JUN 14 2017
TIME=5 16:19:16
SEQV (AVG)
DMX =.729E-03
SMN =142427
SMX =.476E+09
F
NFOR
RFOR
142427 .212E+06 S317E+09 L423E+09

.264FE+09 .370E+09 L4T6E+09

Short Sample (12 T,
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The Coil

Vert. bladder operation

Hor. bladder operation

ANSYS
Rt

Assembly - room temp.

ANSYS
Rt

ssssssss
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Cable oy = [- 46.4, 25.7] MPa
Cable o,"2* = 45.6 MPa

Cable 0g=[-12.1,1.1] MPa
Cable o,"2* = 11.6 MPa

Cable o4 = [-21.5, 10.5] MPa
Cable o,"*=19.8 MPa

Operation at short sample limit

Cool down 1.9 K (1.9K, 12 7T)

Cable oy = [-55.7, 57.7] MPa
Cable 0, ™* = 66.4.5 MPa

ANSY:
mn
Acgpe
i
w =
Q ©
c v c
2 I
=]
O - c g
T ¢ 0 .=
o © <
(o) -,
Q
(@) -4 b@
o =
— — — — — — o
— — —_— e
coldown (1.9 K) short Sample (12 T, 1.9 K}

Cable oy = [-87.1, 94.6] MPa
Cable o0 /™ = 101 MPa
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BsiE The Former

Vert. bladder operation Hor. bladder operation Assembly - room temp.

ANSYS
NODAL SOLUTION Ri7 BGDAL SOLUTION w7 MODAL SOLUTION Rt

JuN 21 2017 JuN 21 2017
08:02:40 09:03:16

SiTiEsn CR2EeE =~ ATE08 TREE “HLIE1R S HESE S 20580 SEhZE D -CAESEels - AT — 13000 HBUES0T
2eaE 08 0TRe00 _821Re07 1os8e08 3038607 ST T 30ERR  IBROR o a0pm? 1370

LSR8

Vertical bladder operation (293 K) Horizontal bladder operation (293 K) Room Temperature

Former cy=[-110.6, 105.0] MPa Former o4 = [- 53.4, 3.0] MPa Former oy = [-66.2, 13.7] MPa
Former c,™#* =110.6 MPa Former c,™#* = 53.4 MPa Former c,™#* = 65.9 MPa

Room temp. steps
(og - Azimuthal)

Operation at short sample limit
Cool down 1.9 K (1.9K,12T)

ANSYS ANSYS|
NODAL SGLUTIOH ) NODAL SQLUTIOH )
STEP=1 L=r STEP=1 L
— suB =1 JuN 21 2017 sus =1 N 21 2017
(7] W 03:01:36 09:05:18
© oK =, 337E-03 E-03
: m -: M =, 185E+09 MM =, 224E+09
Pard MK =, 106E+03 SMX =.273E40%
C ¢c 0 .=
_o ©c = N
: 1
o =
— — — - — —
sy o sy e ) T SEIEN
T azepan O joemean _aeskens suzmion 520818 a6zEean 1m0
Cooldown (1.9 K) Short Sample {12 T, 1.% K)

Former o, = [-185.2, 108]MPa Former o4 = [-224.0, 273.0]MPa
Former o, ™* = 184.8 MPa Former o, ™* =271.6 MPa Page 15



Room temp. steps
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Vert. bladder operation

The Protective Coil

Hor. bladder operation

Raw
JUN 14 2017
12:24:00

ANSYS)
R
o
2017
o
49008 5338808
torizental bladder operat

Prot. Shell o, ™?* = 27.4 MPa

Prot. Shell 6,™?* = 14.6 MPa
Operation at short sample limit

Cool down 1.9 K

Cool down
and
operation steps

5378408

nn e
JUN 14 2007
12:25:30

Prot. Shell o0 ™3 =91.0 MPa

Pack Shell

Assembly - room temp.

ANSYS|
Ri7
.. RS
JUN 14 2017
12:20:28
o
— —
o 1078408 Z13E408 320807 SAZTEA0S
5338408 \L60E0% 2678408 JETE-H) 4808408
Room Temperature

Prot. Shell 6,™?* = 16.0 MPa

(1.9K,12T)

ANSY:
w7
s

Prot. Shell o M2 =133.5 MPa
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Room temp. steps
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Vert. bladder operation

The Steel Pads

Hor. bladder operation

SYS)
s

o

.38
vertical bladder

Assembly - room temp.

ANSYS
Riry

0

LIL1E+08 o TIBES08 LL56ES0%
728408 3508408 .389E408 1178408 124840

PREECCER. S3L1E+0%
93 K) Room Temperatur

3a8E408 2122408 3508408
Horizontal bladder oper

Pads IR 6,™** = 165.5 MPa

Cool down 1.9 K

Pads IR 6,m2* = 48.0 MPa Pads IR 6,™2* = 80.6 MPa

Operation at short sample limit
(1.9K,12T)

Cool down
and
operation steps

Pads IR 6,m2* = 316.3 MPa

Pads IR 0,m** = 161.0 MPa page 17



Room temp. steps
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Vert. bladder operation Hor. bladder operation Assembly - room temp.

ANSYS|
[

The Iron Yoke

Cool down

Operation at short sample limit
Cool down 1.9 K (1.9K,12T)

and
operation steps
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Room temp. steps
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Vert. bladder operation

The Support Shell

Hor. bladder operation

o

—
e

107E408
.533E+08 . 160E09
Vertical bladder operation (253 K)

320807
08 373

ANSYS
Rir
v
JUN 14 2017
12:23:28
S
AZIEADS o 107E40%
408 .480E+08 .533E+08 1608409
Horizental bladder cperation (293 K)

LZ13ES0F

TE09

3z0Ee0g SAZTEA0S
3738408

Assembly - room temp.

ANSYS/ ANSYS/
Rir HODAL SCLUTION Rir
A A
JUN 14 2017 JUN 14 2017
12:24:00 12:24:28
— —
o 1078408 Z13E408 3z0Ee0g SAZTEA0S
4808408 5338408 \L60E0% 2678408 3738408 4308
Room Temperature

Shell 6,™** = 23.9 MPa

Cool down
and
operation steps

Shell 6,™* = 116.3 MPa

Cool down 1.9 K

ANSYS/

HODAL SCLUTION Rir
nn e

1 JUN 14 2017

12:25:30

o 1538408 307ES08 Te0Ee0g S 6138409
L T67E+08 \Z30E409 .3B3E409 5378408 -680E408
Cooldown (1.9 K)

Shell 6, ,™2* = 179.0 MPa

Shell o,m* = 69.8 MPa

Operation at short sample limit

(1.9K,12T)

0 1538408
L T67E+08 \Z30E409
Short Sample (12 T, 1.9 K)

LI0TES08
.383E408

TT0EN0T
L5376

JuN 14

12:2

g "ELIENR

ANSYS)
Ry
s
2017
6:15

6908408

Shell 6,™** = 208.0 MPa
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Radial displacement difference of the former between
cool down and short sample load steps

ANSYS

ELEMENT SOLUTION &R§%°
STEP-1 JUN 15 2017
SUB =1 11:02:32
TIME=4
DELTA UX (NOAVG)
DMX =.337E-03
SMN =-.184E-03
SMX —.144E-03

<=

—
-.184E-03  -.111E-03  -.3B3E-04 .346E-04 .107E-03
-.147E-03  -.747E-04  -.185E-05 .710E-04  .144E-03

Cooldown (1.9 K)

B5 Former Displacement

The arrow indicates the radial movement
direction from cool down to operation on
X and Y axes

Along Y axes the coil pack squeeze of
roughly of 180 um

Along X axes the coil pack expand of
roughly of ~ 140 um
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(+Excursus on CD2)
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—e

E

The CD2 design:
1. Same Layer-2 OD =122 mm of CD1
2. Inclined cable channels
3. Same Bladder and Key structure of CD1
4. 2D Simulations -> 5 steps (as for CD1)and

same B&K config.

— Operation->Lorenz forces acting on the
conductor according to test condition
(4.2 K, 10.5 T), limited by the test
station | ,,,=22 kA

CD2 mechanical structure

Steel Pads

Horizontal and vertical keys

Coil Pack
CD2

Al Shell

horizontal and vertical bladders

Iron Yoke
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a(HJ= CD2 Magnet
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Room temp. steps

E

CD2 Magnet

Vert. bladder operation

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SEQV (BAVG)
DMX =.153E-03
SMN =63473.9
SMX =.200E+009

NFOR
RFOR

63473.9

.223E+08

.445E+08
.667TE+08

Vertical bladder operation (293 K)

.889E+08

.111E+09

.133E+09

.155E+09

ANSYS

R17.0

Academic

JUN 22 2017
11:18:30

.178E+09

.200E+09
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Room temp. steps

B

CD2 Magnet

Hor. bladder operation

ANSYS
NODAL SOLUTION R17.0
STEP=1 Academic
SUB =1 JUN 22 2017
TIME=2 11:19:06
SEQV (AVG)
DMX =.420FE-03
SMN =196814
SMX =.116E+09
NFOR
RFOR
196814 .259E+08 .517E+08 _T714E+08 .103E+09
.131E+08 .388E+08 .646E+08 .903E+08 .116E+09

Horizontal bladder operation (293 K)
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Room temp. steps

E

CD2 Magnet

Assembly - room temp.

NODAL SOLUTION

STEP=1
SUB =1
TIME=3
SEQV (BAVG)
DMX =.258E-03
SMN =136541
SMX =.162E+009
NFOR
RFOR

136541

.181E+08

Room Temperature

.360E+08

.540E+08

. 719E+08

.899E+08

.108E+09

.126E+09

ANSYS

R17.0

Academic

JUN 22 2017
11:19:26

.144E+09

.162E+09
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4.2 K steps

E

CD2 Magnet

Cool down 4.2 K

NODAL SOLUTION

STEP=1

SUB =1

TIME=4

SEQV (AVG)
DMX =.664E-03
SMN =406019
SMX =.575E+09

NFOR
RFOR

406019

.643E+08

Cooldown (4.2 K)

.128E+09

.192E+09

.256E+09

.320E+09

.384E+09

.447E+09

ANSYS

R17.0

Academic

JUN 22 2017
13:27:14

.511E+09

.575E+09
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4.2 K steps

E

CD2 Magnet

Operation (4.2 K, 10.5T)

NODAL SOLUTION

STEP=1

SUB =1

TIME=5

SEQV (AVG)
DMX =.703E-03
SMN =178226

SMX =.520E+09
F
NEFOR
RFOR
178226

Operation @ 22 kA (10.5 T,

.579E+08

.116E+09
.173E+09

4.2 K)

.231E+09

.289E+09

.347E+09

.404E+09

ANSYS

R17.0

Academic

JUN 22 2017
13:28:04

.462E+09

.520E+09
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Vert. bladder operation

CD2- The Coil

Hor. bladder operation

Assembly - room temp.

NSYS|
S 15 S p— o e s
sTER= o sTEP=1 S —
sun w22 2017 oIB = Jum 2 22 2017
i 13 Time=2 1 1aas0ate
el e JAREMN  WMEENN., 00 || s
" E -
e . ’\
v =
—
""m ©
. = 2
o *
v .= l \
£ S \ /]
—
© — e ———— — I e L — —
o b Vertical bladder operation (293 K) | |pesoanes bladd pe:
I S

Cable oy =[-33.8,9.8] MPa

Cable o,"2* = 33.0 MPa
Operation at short sample limit

Cable oy = [- 45.2, 22.3] MPa

Cable o,"2* = 46.2 MPa Cable o,"2* = 20.8 MPa

Cool down 1.9 K

Cable o4 = [-109.0, 50.3] MPa

Cable o0, m2x = 102.0 MPa

(1.9K,12T)

S g S '
- A s i
a5 =
c v c -
-
S )
>
O - € £
T ¢ 0 .=
— © ": N
o c <
() -,
(@) ()]
Q g
o =
Operation @ 22 kA (s11] :

Cable oy = [-70.5, 44.9] MPa

Cable o max=72.4 MPa
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BsiE CD2-The Former

Vert. bladder operation Hor. bladder operation Assembly - room temp.

NODAL SGLUTIGH Ri7g| NODAL SOLUTION

Room temp. steps
(og - Azimuthal)

"
der operation (293 K)

Former o,=[-185.0, 52.5] MPa Former o4 = [- 107.0, 12.5] MPa Former oy = [-164.0, 50.5] MPa

1528408
ladder operation (283 K)

Former o,™* = 185 MPa Former o,2* = 100 MPa Former o,m2* = 158 MPa
Operation at short sample limit
Cool down 1.9 K (19K, 12T)
0 =
©
c Y c
3 w "5 é
O o £ g L s =
T c O =
- ® 5 S
o =
o o < N
o TR
S L

Former o4 = [-355.0, 248.0]MPa Former o4 = [-174.0, 167.0]MPa
Former o, ™2* = 340 MPa Former o, ™* =175.0 MPa Page 30
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= Nominal Design vs. Material Properties
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Von Mises (0,) maximum stresses

cable and former for the 5 load steps

Pads: Steel vs. Iron

140

I |[O-SteelPads|' -~~~ ~~~======°=~
120 =& Iron Pads I 23 MPa
T 100
= --- cable limit
o = 80
T
0L 60
R
£ 40
20
0
B & Q ‘:\o @
& F & S &
4‘3“' \\é' (5) o""\ €~°’
QO < o
L)
400 4)
-0~Steel Pads ’
={ Iron Pads J I 104 MPa
300 ’

---room temp. limit
*cold (1.9 K) limit

Former
max(oy )} (MPa)
N
(=]

o

-
(=3
o

o}

Why steel instead of iron
- Thermal contraction of steel higher than iron

- Thermal contraction of steel much closer to the
one for the coil pack

- For the iron pads, after cool down the differential
thermal contraction gives a smaller value of pre-
stress leading to higher maximum stress at
operating conditions
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Von Mises (0,) maximum stresses

cable and former for the 5 load steps

140
120 =0~Cond. Prop. 1
—_ =-Cond. Prop. 2
é_u 100 Cond. Prop. 3
=
% = 80F .._cablelimit
o R
oL 60
8
£ 40
20
0
. . o e
\06 & & o &
) @ ¥ &
& S & & o®
+® N & & &
< SN
)
400 |
=0~Cond. Prop. 1
— 300 ~0—Cond. Prop. 2
E Cond. Prop. 3
yE [Tt %
g L:A 2001 ___room temp. limit
L ‘%‘ ~cold (1.9 K) limit
E 100’\
~g-
0
& & & & 3
& <° & ¥ &
& v"v o 0"’\ béb
< Ky [ é,‘\co

Conductor’s
Mechanical Properties

Mechanical Properties for comparison

Used for simulations

Cond. Prop. 1 Cond. Prop. 2 Cond. Prop. 3
E (GPa) E (GPa) E (GPa)

293 K 4.2K 293 K 4.2K 293 K 4.2K
EX=33 EX=30 EX=54 EX=54 EX=14 EX=14
EY=27.5 EY25 EY=44 EY=44 EY=7.74 | EY=7.74
GXY=21 | GXY=21 GXY=21 | GXY=21 GXY=21 | GXY=21

The only remarkable differences are

« 7.7 MPa higher peak stress for Cond.
Prop.2 on the cable at short sample
operating condition

« 85 MPa higher peak stress for Cond.
Prop.3 on the former at short sample
operating condition
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= Mechanical tolerances
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Use ANSYS contact technology

PAUL SCHERRER INSTITUT

PS5 Mechanical Tolerances

Horizontal and vertical keys
Tolerances of interest:

- Mismatch between radii of coil and pads
assemblies (OR1-IR2) # O (coil/pad radial)

- Horizontal key tolerance (hor. key)
- Vertical key tolerance (vert. key)

- Pad/pad interface contact (pad/pad cont.)

(coillpad radial) < 0 — gap

(c0|llpad radlal) > 0 — compression ] horizontal and vertical bladders
(hor. or vert. key) < 0 — undersize key Coil pack

(hor. or vert. key) > 0 — oversize key
(pad/pad cont.) < 0 — undersize pads

(pad/pad cont.) > 0 — oversize pads

Page 35
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= Parametric Study
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RS Parametric study and design’s objective

= Usea* 100 um tolerance on the parameters of interest with a 50 um step (five values
for each parameter, reasonable computation time)

= Nominal values of the parameters
* coil/pad radial gap equals to 0.0 mm
* hor. key interference of 0.3 mm
» vert. key interference of 0.0 mm

* pad/pad contact gap equal to 0.0 mm

* For any combination of the parameters tolerances:

e  Maximum stress on the conductor below 130 MPa

*  Maximum stress on the former below 250 MPa at room temp and 400 MPa. at 1.9 K
 The pad/pad interface has to be in contact during all the operating conditions.

* If any of the maximum allowed stresses on the conductor and on the former are
exceeded, the parameters combination is considered to be harmful for the magnet
operation

* A pad/pad interface not in contact during all the steps

Page 37
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Cable
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ciol/pad radial

__ 150
© —#— collipad radial=-0.1 mm
o —5— collipad radial=-0.05 mm
E —— collipad radial=0 mm — ¥
~ 100 coilipad radial=0.05 mm 7%5
"‘} collipad radial=0.1 mm
s}
S E
5 50
5
£
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>
[1+]
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:0 :O \ \b 2
& o & o Al
K\ AN & & o{‘-
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vert. key
__ 150
[ wvert. key=-0.1 mm
o wvert. key=-0.05 mm ]
E —— vert. key=0 mm
—— 1 DD —E— vert. key=0.05 mm
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Cable

Cable

Sensitivity to Parameters
One-factor-at-the-time

One-factor-at-the-time (quick check of important parameters)
* Average the stress values over all the simulations runs for a given param. value and load step
* Display the average as a function of the load step and param. value
* Color map identify the spread on the results

hor. key
__ 150
o hor. key=0.2 mm
% —=— hor. key=0.25 mm r ]
= —— hor. key=0.3 mm o
~— 4100 | | & hor. key=0.35 mm 7
""} hor. key=0.4 mm : /
] g
3
>
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0
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3 @ R
F & e &
&S &S 4
K o & & 0{“
< oS
)
pad/pad cont.
_ 150
o padipad cont.=-0.1 mm |
% padipad cont.=-0.05 mm ;
= —#— pad/pad cont.=0 mm
- '1 00 —&— padipad cont.=0.05 mm
Ah Ae*pad.rpad cont.=0.1 mm
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>
E 50
I
-
o
0
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£ A o &£ &
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Former

Former

coil/pad radial

60O
@ —#— collipad radial=-0.1 mm
o —S— collipad radial=-0.05 mm
E —— coilipad radial=0 mm
— 400 coilipad radial=0.05 mm ~
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<
E
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£
o
>
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& AN 00 00 Oé.
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L)
vert. key
400 |
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B
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o
>
o
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AN G}\O

* Coil/pad radial mismatch has the larger influence on maximum stresses
* Horizontal and vertical keys tolerances have a minor influence

* Pad/pad contact tolerance can play a rule
We can restrict ourselves to the interactions between two parameters

Former

Former

hor. key
. 400
n‘? + hor. key=0.2 mm
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Sensitivity to Parameters
Two Parameters Analysis

Varying two parameters while keeping the others at their nominal value:

% 0.1 ® ] . d§ e o
g ® d o :n <]
 Pad/pad interface T 0---o
* Stresses values exceeded _;%_Uj
S 01 0 01
coil/pad radial
* FIRST ROW
1. % 100 um tolerance on the coil/pad

radial mismatch can not be accepted
(required below 50 um);

A £ 50 um tolerance on the hor. and
vert. key must be considered

Better to leave a small gap between
coil and pad (£ 50 um)

« 20, 3rdand 4th ROWS

1.

Any combination of the other
parameters gives a safe scenario
Using tighter tolerances help to
guarantee pad/pad contact

041 0 ) 01

vert. key

pad/pad cont.

“0.1 101 01
I
o
01; ', o
| 1o
0 Y
.|:
0.1 i
01 '0r 0.4

pad/pad cont.
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(1= A Glance to the Overall Results

Results from full parametric study

* Within the requested limits

* Pad/pad interface contact not guaranteed (at room temp.)
* Stresses values exceeded the design limits

*  Nominal design

200
--- cable limit 600 | ---room temp. limit
= cold (1.9 K) limit
< 150 =
= T I S A o
o= 5=
2 = 1004 £
S S
s 8
£ £
0
O b3 Q & 3®
A A A
& < ,‘o°® & & €

Need to verify that tolerances from two parameters analysis allow to stay within the
stress limits!
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Defining Tolerances

Results from parametric study
with target tolerances

140 140
120 120
Target tolerances (according to the 100 100
procurement of mechanical parts) i =
o= 80 80
o A}.
» coil/pad radial — [-40, 0] um O w0 60
E
40 40
* hor. key — £ 50 ym
20
» vert. key — £ 50 um 0
,Q\'bb. ‘o\'bb. @@Q' o & @Q\a 0 NZD 8:40 ZGD
« pad/pad contact — + 25 pm & & F um- Sim. 2
BN
4 simulations runs above limit -by a small 500 500
amount- out of 625 simulations (5 values per
400 ;400
tolerance): _
. % 300 300
coil/pad radial (um) hor. Key (um) vert.key (um) pad/pad contact{um) Cable (Mpa) Former (Mpa) g =
-40 25 25 25 130.46 5 s S
-40 25 50 13 130.115 x§ 200 200
-40 27.5 50 13 407.85 E
-40 27.5 50 25 131.23 402.36 100 ‘ 100
THIS IS NOT GOING TO BE A :,. % 50
PROBLEM: WE HAVE EXTRA MARGINS! & Num. Sim. (2)
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= Conclusions
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PAUL SCHERRER INSTITUT

S Conclusions

= A parametric study on the 2D model of CD1 magnet is carried
out
= Critical tolerances a parameter sensitivity is investigated

= Tolerances for technical design are defined

= Numerical Results from 2D simulations show the feasibility of the
CD1 design
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o= CD1 - The Coil
Radial Stress

Vert. bladder operation Hor. bladder operation Assembly - room temp.

(7]
Q.
()
)
(7]
a —
E ©
U T
= ©
£
o ! — — I I E—
g 3 Vexti(‘ajl- hladde:":;::a:inn (29;‘):;““ S e ) ’ ' Ho1 e o ooy s s
Cable o, = [- 46.6, 29.0] MPa Cable o, =[-10.7, 16.6] MPa Cable o, =[-21.1, 5.3] MPa
Operation at short sample limit
Cooldown 1.9 K (1.9K,12T)
" Wi g,

c £= SN

; ,:;; E \, 44,/,//}

o c ©

- & .

S c ' 27, TE

S &8 DUy WS

5] ffﬁ?g Q@*\
Cable o, =[-63.7, 54.6] MPa Cable o, =[-104.0, 36.2] MPa
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BsiE CD1 - The Former
Radial Stress

Vert. bladder operation Hor. bladder operation Assembly - room temp.

ANSYS| ANSYS] ANSYS|
HODAL SOLUTION R17. MNODAL SOLUTION 17 MNODAL SOLUTION Ri7.
Seameme T
STEP=1 i STEP=1 Acagenic
Jun 21 2017 suB =1 JUN 21 2017 B =1 JUN 21 2017
09:02:39 TIME= 05:03:16 TIME=3 05:03:38
(AvG) (AvG)
Re¥s=1 Re¥s=1
DMX =.1BBE-04 DMX =.4BBE-04
17,) SMH =C.2D2E+08 SMH =T, 163E+08
SMX =, 306ER08 SMX =, 2B8E+08
.
Q =
—
E -
! —
P — — — —
- B — EEL T — L. L — SR o Sltaea0n T STIEAT T SIS0E0s Sleseaon 237406
) - . - R - 1a6ke0e JE— Loamaor T e T a0eeds T T T )
° b Vertical bladder operation (293 K) Horizontal bladder operation (293 K) Room Temperature
xr <

Former o,=[-50.2, 102.0] MPa Former o, = [- 20.2, 30.6] MPa Former o, = [-16.9, 28.8] MPa

Operation at short sample limit
Cool down 1.9 K (1.9K,12T)

NODAL SOLUTION AN?,‘S ANSYS|

e HODAL SOLUTIGN g
STEP=1 e STEP=1 e
s =1 Ju 21 2017 s S 21 200
TTTTTT 05:04:36 fto S
m REYS-1 (AVG) X (RVG)
oM =.3378-03 o
o sMu = B64E+0E oo o
— e 1875408 SMN =-.204E+09
c T — ¢ = 1798403
; V) =
2
—
° O
[ 1
o =
Q —
—— o oo T SRS E — e m— —
- canee0s —aameds O ssape vaomean U g b2 R — e
Cooldown (1.9 K) Short Sample (12 T, 1.9 K

Former o, = [-86.4, 78.7]MPa Former o, =[-204.0, 174.0]MPa
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o= CD2 - The Coil
Radial Stress

Vert. bladder operation Hor. bladder operation Assembly room temp

g UJ \M
gm 4
fi EM
Cable o, =[-26.5, 24.7] MPa Cableo, = [- 20.5, 10.2] MPa Cable o, =[-22.2, 8.7] MPa

Operation at short sample limit

Cool down 4.2 K (4.2K,10.5T)
e s = e —
a_ - Tl Es @iy,
s i3 wm
O - € T
T c o 8
G-
(o) - -
o o b ﬂ m
¥ ‘&\
Cable o, =[-76.5,43.6] MPa Cableo, = [-79.0, 47.3] MPa
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BsiE CD2 - The Former
Radial Stress

Vert. bladder operation Hor. bladder operation Assembly - room temp.
ANSYS T — AN — ANSYS

" B,
o
2 =
8 = R S
£ & >
v T
= @©
£
o ! — e ——— e — ™ e
g 3\.@ ntal bladder operatien (203 | |poom Temperature

Cable o, =[-57.7, 66.0] MPa Cable o, = [- 36.3, 40.8] MPa Cable o, =[-32.2, 44.6] MPa

Operation at short sample limit
Cool down 4.2 K (4.2K,10.5T)

Cool down
and
operation steps
(o, - Radial)
|
27N

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
nnnnnnnnnnnnnnnnnnnnnnn

uuuuuu

Cable o, =[-95.9, 143.0] MPa Cable o, =[-169.0, 62.6] MPa
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