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Coil measurements — shimming plan



Measurement in the assembly

3d-measurement arm
- TaCt||e ba” prObe (accuracy

5um; precision 15um)

- La ser scanner (precision 40um)

PolyWorks 3d-metrology
software

06/11/2014 3
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\\cern.ch\dfs\Workspaces\s\shortmod\Develop\labo 927\HFM\DS Dipole
11T\Reference_information\Presentations\MBHSP101-shimming_loading.pptx
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S Measurements on coil 108
Deviation in Y * Gravity is working in X-
axis

coils free form

* Displacement in X is
due to bending from
the fixing points

06/11/2014 5

* DisplacementinY is the
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S Measurements on coil 108
Deviation in X * Gravity is working in X-
axis

coils free form

* Displacement in X is
due to bending from
the fixing points

06/11/2014 6

* DisplacementinY is the
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CERN

Measurements on coil 108

Cross sections 100mm steps
Best-fit with whole point cloud

06/11/2014 7
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Measurements on coil 108

Each cross section is aligned individually

With these cross section the shimming plan can be determined

06/11/2014 8
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06/11/2014

Alignment of the cross sections

* Best fit on loading plate and
outer diameter

e Left and right part are individually
aligned

* Fit quality criteria all cs:

— Outer diameter
*  Stdev<0.05mm
* Dev. min/max < 0.25mm

— Loading plate
* Stdev<0.01lmm
* Dev. min/max < 0.05mm
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06/11/2014

Alignment of the cross sections

* Final result

— Noise on the outer diameter is
from the surface topology of the
coil

— Inner diameter is off centre

— Midplanes in different position

* How to quantify this
misplacement of the midplanes?

WW

|l

10
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C\EfW Measurements —
extracting quantifiable values

e Best fitting squares on the
midplane
— Every 10cm over the whole
length

— Rejecting 5% outliers of the
points
* Position of these squares
represents the oversize of the
midplane

06/11/2014 11
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CERN
SZ/ Using quantifiable values

* Positive values represent a to
small coil

106+ - 107 + -

saxis  106left z-axis  106right z-axis  107left zaxis 107 right e \When the coils get paired 106 left

2000 200 0146 200/ 0208 200/ 024 ] . ) ]

10000288  -100 0146  -1000 0223  -100,  0.269 will be in contact with 107 ﬂght
0 0.104 0 -0.019 0 0185 0 0025

1000 0112 100501206 100 0.093 100 -0.187

200 0.017 2000 -0.174 200 0.045 200 -0.106

300 -0.047 30000171 300 0.024 300 -0.034

400 -0.024 400 -0.159 400  -0.03 400 -0.004

500 -0.036 500 -0.138 500 -0.079 500 -0.089

600 -0.065 600 -0.134 600 -0.092 600- —I e roraton |

700, -0.143 700 =0.166 700 -0.052 700

800 -0.123 8000 =0.162 800 -0.038 800, -0.199

900 -0.143 9000172 900  -0.07 9000 =0:15

1000 -0123 1000,  -0.136 1000 0124 1000  -0.094 - e

1100 -0.108 1100 012 1100 -0113 1100  -0.035 2 2

1200 0097 1200 0452 1200 -0.079 1200  0.002 = 3

1300 -0063 1300, 0477 1300 -0.096 1300  -0.022 8 2

1400 -0.083 1400  -0.128 1400, -0.138 1400  0.004

1500 -0056 1500  -0.041 1500  0.013 1500  0.095

16000000021 1600 0071 1600, 0173 1600  0.138 =

—

107 left !

06/11/2014 12

x3dd 3uipeo| Suiwwiys-TOTdSHAIN\SuUoneuasald\uollewojul aduala)oy\1TT
a1odiag sa\IN4H\Zz6 ogej\dojanag\powioys\s\sadeds)iopn\sip\yd-utad\\



CERN

offset midplane [mm]

0.3

06/11/2014

Using quantifiable values

coil 106&107 midplane offset

lenght (O=lead end key) [mm)]

13

106 left

— — = 106 right
—— 107 left
= = = 107 right

e id qv
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CERN

offset midplane [mm)]

06/11/2014

Using quantifiable values

coil 106&107 midplane offset

e sum left == e= sum right offset left == = offset right

lenght (O=lead end key) [mm]

14

1068&107 left

fixed in rotation

106&107 right

| 107left [J

-
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offset midplane [mm]

SZA Using quantifiable values

coil 106&107 midplane offset ° The sums on both SldeS

sum left e= == sumright offset left == = offset right

are similar over the
length

e Offset might be critical
for field quality
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lenght (O=lead end key) [mm]
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CERN

nnnnnnn
_Z_ FUJI-Prescale HSS
0.15 mm 316L

LHCMBHSP0108

N
\ 0.125 mm Kapton

0.25 mm 316L

Pole lateral

Excess of coil

0.25 mm 316L

0.25 mm 316L

0.125 mm Kapton §

/_T\

0.125 mm Kapton
LHCMBHSP0108
0.25 mm 316L

Top shim

06/11/2014

Shimming plan

No pre stress

0.2 mm 316L
_[ LHCMBHSP0108

0.15 mm 316L
0.125 mm Kapton

0.15 mm 316L
0.125 mm Kapton

0.125 mm Kapton 0.125 mm Kapton

0.15 mm 316L 0.15 mm 316L

_K LHCMBHSPO108
0.2 mm 316L

16

We use the data from the
300mm in the middle of the
coil to determine our
shimming

For MBHSP101 it is 0.25mm,
on average, to much on the
midplane

The shims were adapted
accordingly to MBHSM101

coil excess+ pole lateral+ pole
top*tan(18.387°)=
azimuthal displacement

no pre stress:
0.15+0.125+0.2*tan(18.387°)=
0.3414mm

MBHSP101:
0.25/2+0.25+0.125+0.25*tan(18.387°)=
0.5831mm
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CE/RW
\

Assembly and FEM comparison



CERN

Instrumentation MBHSP101

6 Collars instrumented for

\\cern.ch\dfs\Workspaces\s\shortmod\Develop\labo 927\HFM\DS Dipole
11T\Reference_information\Presentations\MBHSP101-shimming_loading.pptx
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Both side equipped
with strain gauges

120mm length

EN/MME Philippe Grosclaude

18

06/11/2014

<philippe.grosclaude@cern.ch>



2x Strain
Gauges at 90°;
half bridge

Capacitive Gauge 9 | Capacitive Gauge 10

N\ f =
Ny 3
s WL 2

06/11/2014 19 EN/MME Philippe Grosclaude

<philippe.grosclaude@cern.ch>
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7 Instrumentation MBHSP101

Shell:

e 8 pairs of strain gauges on the
inner and outer shell

* Quarter bridges with
compensator

Position strain gauges

06/11/2014 20
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06/11/2014

21

Heads:

Instrumented bullets
pressing on the loading
plates

Bullets are compressed by
SCrews

Instrumentation is on the
bullets
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CERN

A ANSYS Setup - contacts

. Bonded - 1001_1002_C Loading plate - Coil To 1001_1002_T Loading plate - Cail

. Bonded - 1003_1004_C Loading plate - Ground insulation To L003_1004_T Loading plate - Ground insulation
. Frictionless - 1007_1008_C Pole Shim - Central post To 1007_1008_T Pale Shim - Central post

. Frictionless - 1009_1010_C Insulation - Collaring shoe To 1009_1010_T Insulation - Collaring shoe

. Frictionless - 1011_1012_C Collar pack 1 - Collaring Shoe To 1011_1012_T Collar pack 1- Collaring Shoe

. Frictionless - 1013_1014_C Collar pack 2 - Collaring shoe To 1013_1014 T Collar pack 2 - Collaring shoe

. Frictionless - 1019_1020_C Callars long short 1 To 1009_1020_T Collars long short 1

. Bonded - 1031_1032_C Collar long weld To 1033_1034_T Collar Long weld

coil, wedges — bonded

06/11/2014

22
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CERN

A ANSYS Setup - contacts

. Frictionless - Long Collar To Multiple

. Frictionless - Lang Collar Ta Multiple

. Frictionless - L069_L1070_C Shell Yoke To 1069_1070_T Shell Yoke

. Frictionless - 107 1_1072_C %oke ¥oke To 10711072 T Yake Yoke

. Frictionless - 10T3_1074_C Cradel - Shell To 1073_1074_T Cradel - Shell

06/11/2014 23
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ANSYS Setup - shimming_step 1

* Before the first step the model is
stress free

* The midplane gets displaced to
simulate the geometrical excess

* Contacts between loading_pole
and collar/loading_plate increase
according to shimming plan

24
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06/11/2014

ANSYS Setup -

collaring_step 2

* Displacement of
0.05mm per collar
towards the midplane

e Free in X-axis

25
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CERN
2 ANSYS Setup - welding_step 3-6

D: DS11T_2D _straight section

Total Deformation : ; AN SYS D: DSL1T_2D _straight section AN SYS

Type: Total Defarmation R15.0 Tatal Deformation

Units mm Type: Total Deformation R15.0
Uit rrrr
Tirme: 4 .
M 0.29351 Time: 5
Win: 0 Mas 0.50964
Win:
I L 080364
12608
071368
022629
 oson
| 0.10568
q) — 0.53976
0.16306 e]0]
I © 04438
113045 I
"4 035884
| o.0a7a3s C
o— | 0.25088
0.065225 —
’ c 0.17982
n3zeLs ()] (V5]
008386
5 00
! > c ]
m - —
3 $ T
L S 4]
iy o 2
.
¥
¥
L]
&
%

50.00
50.00

Closing press Welding of the shell

06/11/2014 26
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CERN

\ ANSYS Setup - cool down_step 7;
powering_step 8

D: DS11T_2D_straight section E: DS11T_2D _verl.l

Total Deformation ANSYS Badly Force Densiy

Type: Tatal Defarmation R15.0 Unit: Mfmm?

Unit: mm Max: 65,1839

Tirmne: 7 Min: 0.18041

Max: LOSGE

Min: 0 .,1859
L0566 55186
0.93023 48513
0.82183 4,184
0.70442 35168
0.58702 2.4405

Body Force O

0.46962 2.1822
0.35221 L515
0.23481 0.84768
0.1174 0.18041

0.00 100,00 {mm)

50,00

Cool down

06/11/2014 27

powering
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Collaring MBHSP101

* Principle

— The mechanical stoppers
serve as a spring

— Stoppers need to be
compressed by 0.2mm
to insert the keys

(0.2mm over compression of the assembly)

— This requires a force of
34MN (measured)

28
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CERN

\

Nl

collaring

von mises stress

E: DS11T_2D_verl.l AN SYS '50

Equivalent Stress -
Type: Equivalent fvon

Unit: MPa
Tirme: 2
05/11/2014 14:34

1692.2 Max

0.010101 Min

coll

R15.0

Academic

-100

-150

Stress [MPa]

-200

-250

-300

06/11/2014 29

collaring

release

—e—Collar 1 Trac
Collar 3 Trac

—e—Collar 5 Trac

—FEM_collar-nose

—e—Collar 2 Trac
—e—Collar 4 Trac
Collar 6 Trac
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CERN

SZA collaring

azimuthal stress

E: DS11T 2D verl.1 AN SYS
azimuthal_stress-cail_black R15.0
Type: Marmal Stress (¥ Sxiz)
Unit: MPa Academic
Cylindrical system
Tirne: 2
05/11/2014 16:17

-37.01 Max

-46.026

-54.543

-63.059

-71575

-80.081

-88.607

-97.123

-105.64

-114.18

-122.87

-13118

-138.7

-148.22

-156.74 Min

A

20,00 {rnmy}

Lo.00

06/11/2014

Stress [MPa]
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a0
o

=
o
=}

N
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o

-200

-250

-300

collaring

release

/

+ 1 stdev

—e— Average Collars_nose

——azimuthal stress coil_block - max
azimuthal stress coil_block - min

e FEM_collar-nose
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CERN

\

Nl

Collared coil - room temperature

von mises stress

E: DS11T 2D verl.1

Equivalent Stress -
Type: Equivalent fvon

Unit: MPa
Tirme: 3
05/11/2014 15:53

13415 Max

014235 Min

coll

06/11/2014

ANSYS

R15.0

Academic

-50

-100

-150

Stress [MPa]

-200

-250

-300

31

Collaring [F]

Release

—e—Collar 1 Trac
Collar 3 Trac

—e—Collar 5 Trac

—FEM_collar-nose

—e—Collar 2 Trac
—e—Collar 4 Trac
Collar 6 Trac
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CERN

S Collared coil - room temperature

azimuthal stress

E: DS11T 2D verl.1 AN SYS
azimuthal_stress-cail_black R15.0
Type: Marmal Stress (¥ Sxiz) e
Unit: MPa Academic

Cylindrical system
Tirne: 3

0571172014 16:18
-32.918 Max
36,73
-40,542
-44,354
-48,166

-51.078
-55.79

-28.602
-63.415
-67.227
-71.03%
-14.851
-78.663
-582.475

-86.287 Min

A

20,00 {rnmy}

Lo.00

06/11/2014

Stress [MPa]

32

_
o
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_
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o

-200

-250

-300

Collaring[F]

Release

—e— Average Collars_nose
——azimuthal stress coil_block - max

azimuthal stress coil_block - min
e FEM_collar-nose
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SZ Yoking — Shell welding

* Steps
— Closing of the welding
press
— Welding of seven passes

— Opening of the welding
press
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— Shell welding

Yoking

CERN
S

\\cern.ch\dfs\Workspaces\s\shortmod\Develop\labo 927\HFM\DS Dipole
11T\Reference_information\Presentations\MBHSP101-shimming_loading.pptx

Q o
© ©
— —
[
— o~
o o
< <
(%] (%]
H N

H Shell 1 Bend
m Shell 2 Bend
1 Shell 3 Bend
H Shell 4 Bend

m Shell 3 Trac
m Shell 4 Trac

After
released
pressure

Bottom Shell - Traction Stresses (MPa)
Bottom Shell - Bending Stresses (MPa)

After 1 pass After 2 pass After 3 pass After 4 pass After 5 pass After 6 pass After 7 pass

Before
welding

3gggsggsgRre 3°883833

-350

34
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CERN

. Weldin opening press
closing press [F] g P &P cool down [T] 11.85kA [A]
[passes] [t]
800
700
600
500
g
z 400
c
Rel
2 300
[}
-
200
100
0
3
-100
load steps
—@— FEM outer shell —@— FEM inner shell
—@ - FEM average ——@— Strain gauges outer shell
—@— Strain gauges inner shell ——@ - Strain gauges average

06/11/2014 35
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CERN

\

Nl

Yoking — press closed

von mises stress

E: DS11T 2D verl.1

Equivalent Stress -
Type: Equivalent fvon

Unit: MPa
Tirne: 4
05/11/2014 16:09

1177.9 Max

015752 Min

coll

06/11/2014

ANSYS

R15.0

Academic

-50

-100

-150

Stress [MPa]

-200

-250

-300

36

Collaring release [t]

closing press [T]

2.5

—e—Collar 1 Trac
—eo—Collar 3 Trac
—e—Collar 5 Trac
—FEM_collar-nose

3.5

—e—Collar 2 Trac
—e—Collar 4 Trac
Collar 6 Trac
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CERN

SZA Yoking — press closed

azimuthal stress

E: DS11T 2D verl.1 AN SYS
azimuthal_stress-cail_black R15.0
Type: Marmal Stress (¥ Sxiz)
Unit: MPa Academic
Cylindrical system
Tirme: 4
05/11/2014 16:18

-34.835 Max

-38.832

-44.828

-48.825

-54.822

-58.818

-64.815

-69.812

-74.808

-19.805

-84.802

-89.798

-94.795

-99.792

-104.79 Min

A

20,00 {rnmy}

Lo.00

06/11/2014

Stress [MPa]

37

50

_
o
=}

_
U1
o

-200

-250

-300

Collaring release [t]

closing press [F]

2.5

3.5

—e— Average Collars_nose
——azimuthal stress coil_block - max
azimuthal stress coil_block - min

e FEM_collar-nose
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CERN

\

Nl

Yoking — welding

von mises stress

E: DS11T 2D _verl.

Equivalent Stress -
Type: Equivalent fvol

Unit: MPa
Tirme: 5
05/11/2014 16:10
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Yoking — welding

azimuthal stress

E: DS11T 2D verl.1
azimuthal_stress-cail_black
Type: Marmal Stress (¥ Sxiz)
Unit: MPa

Cylindrical system
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SZA Yoking — press open

VON mises stress Welding [passes] press open [t]
0
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Yoking — press open

azimuthal stress

E: DS11T 2D verl.1
azimuthal_stress-cail_black
Type: Marmal Stress (¥ Sxiz)
Unit: MPa

Cylindrical system

Tirne: &
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von mises stress

E: DS11T 2D verl.1l

Equivalent Stress -
Type: Equivalent fvol

Unit: MPa
Tirme: ¥
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S7 Cool down

azimuthal stress

E: DS11T 2D verl.1 AN SYS
azimuthal_stress-cail_black R15.0
Type: Marmal Stress (¥ Sxiz)

Unit: MPa Academic

Cylindrical system

Tirne: 7
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von mises stress

E: DS11T 2D verl.1l
Equivalent Stress - ¢
Type: Equivalent fvol
Unit: MPa
Tirne: &

05/11/2014 16:14

1661.1 Max

06/11/2014

Powering 11.85kA

Cool down [T]

11.85KkA [A]

6 6.5

ANSYS -50

R15.0

Academic

-100
‘©
o
2
- -150
g
&
-200
-250
-300
—e—Collar 1 Trac
Collar 3 Trac
—e—Collar 5 Trac
—FEM_collar-nose
44

7.5

—e—Collar 2 Trac
—e—Collar 4 Trac

Collar 6 Trac

x3dd 3uipeo| Suiwwiys-TOTdSHAIN\SuUoneuasald\uollewojul aduala)oy\1TT

a1odiag sa\IN4H\Zz6 ogej\dojanag\powioys\s\sadeds)iopn\sip\yd-utad\\
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E: DS11T 2D verl.1
azimuthal_stress-cail_black
Type: Marmal Stress (¥ Sxiz)

Unit: MPa

Cylindrical system

Tirne: &
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-50

-100

-150

-200

-250

-300

. closing Welding opening cool 11.85kA
el | press [F] [passes] press [t] down [T] [A]
| /
/
\ /
/
1/
\\
/ N\
J / \
A/I \
] [/ N\
/74 \
y/ AW \ P ana
yd \ <
o \__yp<
\ I/
¥

=@®—Collar 1 Trac ==Collar 2 Trac ==#=Collar 3 Trac ==¢=Collar 4 Trac ==#=Collar 5 Trac ==@=Collar 6 Trac e====FEM_collar-nose

06/11/2014

46

x3dd-3uipeo|  Sulwwiys-TOTdSHAIN\SUOI1BIUSSDId\UOI1BWIOUI 92UJR9Y\LTT

9jodig SA\IW4H\,Z6 0ge|\doj[aA@\Pow1ioys\s\sa2eds3IoM\sip\Yd uiad\\



CERN

Stress [MPa]

-100

-150

-200

-250

-300

h
cool down [T] 11.85KkA [A] }nc
D 6i5 /15 / 815
AN
X'
i L//
~ AN N
N B 4 N, ‘i\\
/ \
‘\ \
\\ — 1 \
N : 1.9K, Relaxation
N 1 after quench #4?
\\ |
/ =
>

=@®—Collar 1 Trac ==Collar 2 Trac ==#=Collar 3 Trac ==¢=Collar 4 Trac ==#=Collar 5 Trac ==@=Collar 6 Trac e====FEM_collar-nose

06/11/2014

47

x3dd-3uipeo|  Sulwwiys-TOTdSHAIN\SUOI1BIUSSDId\UOI1BWIOUI 92UJR9Y\LTT

9jodig SA\IW4H\,Z6 0ge|\doj[aA@\Pow1ioys\s\sa2eds3IoM\sip\Yd uiad\\



CERN

50

KN
o
o

Stress [MPa]
KN
(0]
o

-200

-250

-300

Collaring [F]

closing
press [F]

Welding
[passes]

opening
press [t]

cool
down [T]

11.85kA
[A]

== Average Collars_nose

06/11/2014

e 3zimuthal stress coil_block - max

48

azimuthal stress coil_block - min

e FEM_collar-nose

x3dd 3uipeo| Suiwwiys-TOTdSHAIN\SuUoneuasald\uollewojul aduala)oy\1TT

a1odiag sa\IN4H\Zz6 ogej\dojanag\powioys\s\sadeds)iopn\sip\yd-utad\\



CERN

Loading bullet gauges

\\cern.ch\dfs\Workspaces\s\shortmod\Develop\labo 927\HFM\DS Dipole
11T\Reference_information\Presentations\MBHSP101-shimming_loading.pptx

tresses (MPa).______

pression s

|
|
|
4

m Bullet 1
H Bullet 2
= Bullet 3

10.4kA

Initial

H Bullet 4

| | |
| | |
|

|
|
4

60 - End plate Connection Side - Com

(edN) ssanis

A0 A

---r-———"r-———-Tv-———-T7—-—-—

H Bullet 5
1 Bullet 6
M Bullet 7
m Bullet 8

10.4kA

[N St U |

Loading

B Bt ittt il ittt ettt ool

e e

B

Initial

| | | |
| |

|
4

100 - End plate Non Connection Side - Compression stresses (MPa) .

1
1
:
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
m
o

0 +-------=—=======——--

80 f------mmmmmmmmmmoe-
4

0
20 Fom e

(oV]

(ed) ssans

/g

EN/MME Philippe Grosclaude

49

06/11/2014

<philippe.grosclaude@cern.ch>



CERN

\ Loading bullet gauges
— delta during powering

11T7-2 Compression Stresses on the Bullet_Quench at 1.9K at 10.4kA
+ Bullet 5 off + Bullet 6 off + Bullet 7 off Bullet 8 off + Bullet 1 off + Bullet 2 off + Bullet 3 off
+ Bullet 4 off

88.1kN due to powering
per side

[(MPa]

06/11/2014 50 EN/MME Philippe Grosclaude
<philippe.grosclaude@cern.ch>
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Cap. G
auge - loading pole
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Max. Prin. Stress [MPa]
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Interference between 105 & 101
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ﬁ@oke cavity with proportional vectors — laser
scanner
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End spacer laser scanner
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