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S content

e Current design (25.11.14)
* Goals for analysis

* Pushing unit
— structural strength - pushing unit
— uniformity of stress in the bullets -> affects instrumentation quality

e -distribution of stress in the bullets caused by the
deflection of the end plate

* End plate 2inl

— structural strength - end plate
— deflection - end plate
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Current design

* Two bullets per coil on one
pushing plate

 Torsion free bullet

* Ball notch for compensation for
angular mismatch

strain gauges
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SZ/ Goals for analysis
Aspects: Boundaries:
e Structural strength * Force:
— Pushing unit — Theory 400kN per coil per

— End plate
* Deflection of end plate

 |nfluence of deflection on
instrumentation

21/04/2015

side
— Measured 153kN at 11.8kA
— For analysis 200kN

Pre stress in the bullets
20MPa

Max. angle 1 degree

Uniform temperature
condition
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* model

— Simplified

— No groove for wire
* boundary

— Frictionless contacts
— Fixed screw

 |oad

— 50kN on bullet gauge
130% of measured

— uniaxial

21/04/2015

Locking pad

Bullet gauge
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CERN

Screw - Y - normal stress

ANSYS

H: Copy of 2inl pushing unit - single / simple

Figure 3 R15.0
Type: Mormal Stress(y Auxis)
Unit: MPa Academic

Global Coordinate Systern
Time: 0.5
21/04/2015 08:40

[2.961e-002 3

200
800

640.01 Max

400

266,67
133.33
0

21/04/2015

Structural strength — pushing unit

Screw - stress concentration

T 7 NSYS

| |
640.01 Max  -163.64 30041

-818.18 -1145.5 -1472.7 -1800 R15.0

i -327.27 -654.55 98182 -1309.1 -1636.4 -299.9 Min
H: Copy of 2inl pushing unit - single / simple Academic
Figure 3
Type: Normal Stressiy Sus)
Unit: bPa
Global Coordinate System
Tirne: 0.5

2170472015 08:54
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CERN
SZA Structural strength — pushing unit

Locking pad / bullet side - Y - Locking pad / bullet side - Y -
normal stress normal stress

H: Copy of 2inl pushing unit - single / simple A N SYS _ [ ] J_ [ [ [ [ [ [
Figure 3 R15.0 400 454,48 Max 0 -266.67 -533.33 400
Type: Mormal Stress(y Axis) 800 66,67 400 133.33 -133.33 -400 -666,67 -1
Unit: hPa Academic H: Copy of 2inl pushing unit - single  simple
Global Coordinate Systern Figure 3
Tirne: 0.5 Type: Marmal Stressiy fxis)
210442015 08:57 Unit: bPa
‘ Glabal Coordinate System
Tirne: 0.5

200
I 800 21/04/2015 08:58
fifif, 67

— 454.48 Max

— 266,67
= 13332
= 0

— -133.33
1 -266.67

-333.33
-B66.67

-&00
-1514.5 Min
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CERN

Locking pad / screw side - Y -
normal stress

H: Copy of 2inl pushing unit - single / simple A N SYS

Figure 3 R15.0
Type: Mormal Stress(y Auxis)

Unit: MPa
Global Coordinate Systern
Time: 0.5

21/04/2015 08:59

200
I 800
fifif, 67

— 454.48 Max

Academic

— 266,67

EITED ETIRD:

= 13332

. 0
-133.33

— -266.67
— -400

-333.33
-B66.67

-&00
-1514.5 Min
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Structural strength — pushing unit

Locking pad / screw side - Y -
normal stress

B T T 77 [ T T T T 1
400 454,48 Max 1 -266.67 -533.33 -800
ili] 666,67 400 133.33 -133.33 -400 -G66,67
H: Copy of 2inl pushing unit - single § simple
Figure 3
Type: Mormal Stressy Sxis)
Unit: kP a
Glabal Coordinate System
Tirme: 0.5

21/04/2015 09:01
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CERN

Bullet - Y normal stress

H: Copy of 2inl pushing unit - single f simple A N SYS

Figure 2 R15.0
Type: Mormal Stress (Y Auxis)

Unit: MPa Academic
Global Coordinate System

Time: 0.5
20/04/2015 12:22

400
400
6667

414.09 Max
266.67
133.33

0

-133.33
-266.67

-400

-333.33
-666.67

-800
-875.29 Min
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Structural strength — pushing unit

Bullet - Y normal stress

0.6378 3

BT =5
aars )

[-208.7 7
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SZA Structural strength — pushing unit

conclusion Cross-section - Y - normal Stress

* The contact area should be

Y Ais - Mormal Stress
. d I d I t . T}-'[.Jl?: Mormal Stress (Unaveraged)(y Quxis)
I n C re a S e to eXC u e p a S I C grolEa[\ldg;mdinate Systern
Time: 0.5

deformation i
* These results are without 2

safety margin and simplified

geometry / boundaries 1

21/04/2015 10
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SZA Structural deflection — pushing unit

* model
- F U I I m O d e I Wit h Ca b I e E;ii:inpgtllmr;?u::i:e- single - F angle influence AN SYS
g rO Ove ?u:%eat:éusls 1401 -
[A Fixed Support
[BY Force: Le+005 M
* boundary

— Frictionless contacts
— Fixed screw

 |oad

— 50kN on bullet gauge
130% of measured

— Uniaxial // angle 1
degree
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tructural deflection — pushing unit - Uniaxial

Pushing unit — Eq - Stress

D: Zinl pushing unit - single
Equivalent Stress

Type: Equivalent {von-Mises) Stress
Unit: MPa

Tirne: 0,25
210442015 08:21

1778.2 Max
300

276,92
253,85
230,37
207.69
184.62
16154
138.46
115.38
92312
69,235
46,159
23.082
0.0055654 Min

21/04/2015

ANSYS

R15.0

Academic

Bullet— Eq - Stress

ANSYS

D: Zinl pushing unit - single

Equivalent (van-hises) Stress - bullet_gauge R15.0
Type: Equivalent {von-Mises) Stress
Unit: MPa Academic

Tirme: 0,25
210472015 09:25

1778.2 Max
a00

461.54
423.09
384,63
146,17
30772
260.26
230.8
192,35
153.84
115.43
16,977
.52
0.0637,
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CERN

tructural deflection — pushing unit - Uniaxial

Pushing unit - X - normal stress

ANSYS

D: Zinl pushing unit - single

¥ Bxis - Mormal Stress - bullet_gauge 3 R15.0
Type: Mormal Stress(X Awis)
Uniit: MPa Academic

Coordinate Systern
Tirne: 0,25
21/04/2015 09:26

-534.38 Min

21/04/2015

Pushing unit - Z - normal stress

ANSYS

D: Zinl pushing unit - single

¥ Axis - Mormal Stress - bullet_gauge 3 R15.0
Type: Mormal Stress{Z Axis)
Uniit: MPa Academic

Coordinate Systern
Tirne: 0,25
21/04/2015 09:35

621.24 Max

-33333
-4n0
-563.17 Min

13

sisAjeue [ednjonJis

pue udisap uaaun) - sa3ned 19||ng

-TuIz 0ZY0ST



CERN

tructural deflection — pushing unit - Uniaxial

Pushing unit - Y - normal stress

D: Zinl pushing unit - single

¥ Bxis - Mormal Stress - bullet_gauge 3
Type: Mormal Stress(y Awis)
Unit: MPa
Coordinate Systern
Tirne: 0,25
21/04/2015 08:38

400

ANSYS

R15.0

Academic

356.96 Max

283,71
228.57
17142
114.29
57.143
1]
-66.667
-133.33
=200
-266.67
-333.33
-400
-1697.7 Min

21/04/2015

Pushing unit - Y - normal stress

D: Zinl pushing unit - single
Figure 3

Type: Mormal Stress{y Awis)
Unit: MPa

Coordinate Systern

Tirne: 0,25

21/04/2015 09:46

ANSYS

R15.0

Academic

356.96 Max
-130

-13167
-133.33

-135

-136.67
-138.33

-140

-14L67
-143.33

-145

-146.67
-148.33

-150
-1697.7 Min

8mm

Measured in MBHSP101
100MPa
x30%=130MPa

14
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SZA Structural deflection — pushing unit - angle

* model
— Full model with cable ANSYS
STORYE
* boundary Bt ¥
— Frictionless contacts if
— Fixed screw <_n
* |oad w ;;
— 50kN on bullet gauge m
130% of measured ocking pad

— Uniaxial // angle 1
degree

21/04/2015 15
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SZA Structural deflection — pushing unit - angle

Max. angle in pushing unit 0.1 degree at 200kN from one aperture

21/04/2015 16
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CERN
o, Structural deflection — pushing unit - angle

Pushing unit - Y - normal stress Pushing unit - Y - normal stress

ANSYS G: 2inl pushing unit - single - F angle influence L_);J ANSYS

G: 2inl pushing unit - single - F angle influence

Figure 2 R15.0 Figure 3 R15.0
Type: Normal Stress(y Axis) Type: Mormal Stress(y Axis) m

Unit: MPa Academic Unit: MPa Tiak Academic
Coordinate System Coordinate Systern

Tirme: L3 Tirme: L3

217042015 12:25

40
E 363.95 Max

2170442015 12:28

363.95 Max
. -130
27602 3130002 3 A -13L67
- 21538 -133.33
I 153.85 -135
""l
—{ 92308 -136.67 ‘!» I
L 20.763 -138.33 "l
— -30.769 -140 am
1 -92.308 -141.67
- -153.83 -143.33 [
[-136.4 4 1377 7
-115.38 -145
-176.92 -146.67
-338.46 -148.33
-400 -150
-1608.8 Min -1608.8 Min

Measured in MBHSP101
100MPa
x30%=130MPa

21/04/2015 17
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SZA Structural deflection — pushing unit

Conclusion

* Bullets are suitable for e - %
instrumentation — - ;

* maximum difference in :E
the location of the :“
instrumentation 10MPa 5
under 1 degree load B

5dUg

21/04/2015 18



C
\

w

Wl

Structural deflection — pushing unit

model

— Full model with cable
groove

boundary

— Frictionless contacts
— Fixed end plate
load

— 100kN on coil
130% of measured

— Coil only one DOF

21/04/2015

C: 2inl pushing unit + end plate fixed
Equivalent (von-Mises) Stress - pushing unit
Type: Equivalent (van-kises) Stress

Unit: MPa
Tirme: 0.3
210472015 11:13

2017.8 Max
400

350

300

250

200

150

100

50
0.014776 Min
1]
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CERN

Bullet contact - Ball notch

ANSYS

C: 2inl pushing unit + end plate fixed

Figure 3 R15.0
Type: Pressure

Unit: MPa Academic
Tirme: 0.3

2170472015 11:25

1649.1 Max
ann
73846
76,92
715,38
553,83
492,31
430,77
369,23
307.60
246,13
184.62
123.08
1,538
0 Min

21/04/2015

Structural deflection — pushing unit

Bullet contact — norm

ANSYS

C: 2inl pushing unit + end plate fixed

Figure 2 R15.0
Type: Pressure

Unit: MPa Academic
Tirne: 0.5

21/04/2015 11:23

1649.1 Max
ann
73046
76,92
15,38
553,83
402,31
430,77
369,23
307.69
246,13
184.62
123.08
61,538
0 Min

20
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Structural deflection — pushing unit

C: 2inl pushing unit + ¢
Figure 2
Type: Mormal Stressiy &
Unit: MPa
Global Coordinate Syste
Time: 0.5

2170442015 13:05

476.5 Max
-1
-Ta.167
-88.333
075
-106.67
-115.83

-2315.1 Min

21/04/2015

21

ANSYS

R15.0

Academic

(1533 3

R
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SZA Structural deflection — pushing unit

Conclusion

* Deformation caused by .o ok
ball notch shifts the o
stress concentration " ' locking pad

* Line contact in ball s o
notch is under high
stress

21/04/2015 22
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SZA Structural analysis — end plate 2inl

* model
_ Fu I I mOdeI Of end plate B: 2in1 pushing unit + end plate ANSYS
. . . Static Structural R15.0
W I t h p u S h I n g u n It ;Tnit:/zz'nsﬁ 13:21 Academic
. Fixed Support- shell
Bl M- Forces Ze«005 N
* boundary B o

— Frictionless contacts

— Shell fixed

— Symmetry condition
* |oad

— 100kN on coil “%
130% of measured

— Coil only one DOF

21/04/2015 23
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CERN

Weld — Y — norm Stress

Structural analysis — end plate 2inl

B: 2inl pushing unit + end plate
W Axis - Moremal Stress - wveld 55
Type: Morrmal Stress(r duxis)

Unit: MPa

Global Coordinate Systern

Tirne: 2
2140442015 13:32

12737 Max

21/04/2015

Weld - Equ. Stress

A N SYS B: 2in1 pushing unit + end plate A N SYS

R15 0 Equivalent (von-Mises) Stress - weld 5x3 R15.0
. Type: Equivalent fvon-hMises) Stress
Academic Unit: MPa Academic
Tirne: 2

210472015 13:34

360.78 Max
335.57
310.36
285.16
258.45
13474
208.53
184,33
158.12
13301
108.71
43,409

Full theoretical EM force 200kN

24
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CERN
SZA Structural analysis — end plate 2inl

End Plate — Y — norm Stress End Plate — Equ. Stress

B: 2inl pushing unit + end plate A N SYS B: 2in1 pushing unit + end plate A N SYS

W Bxis - Morrmal Stress - end_plate Rls_o Equivalent (von-Mises) Stress - end_plate R15.0
Type: Morrmal Stress(r duxis) Type: Equivalent fvon-Mises) Stress

Unit: MPa Academic Unit: MPa Academic
Global Coordinate System ___ Tirme: 2 T
Time: 2 217042015 13:39

2140472015 13:38

893.79 Max
419.41 Max 520,95

3633 T66.11

307,17 102.21

5104 §30.43

194,01 5746

138,78 51076

82,649 44602

26518 393,08
-29614 310,24
85745 3363 000 & 755.4

14188 191,56

198,01 73050003 5 12173
254,14 £3.888

31027 0.049573 Min
-366.4 Min

Full theoretical EM force 200kN

21/04/2015 25
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S Structural analysis — end plate 2inl

End Plate — Equ. Stress End Plate — Equ. Stress

Full theoretical EM force 200kN

21/04/2015 26
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Structural analysis — end plate 2inl

End Plate — Y- Defo

End Plate — Y- Deformation

B: 2in1 pushing unit + end plate
Y Bxis - Directional Deformation
Type: Directional Deformationdy &uxis)

Unit: mrm

Global Coordinate Systern

Tirne: 1.5
217042015 1401

0.35727 Max
0.31697
0.27668
0.23638

0. 19609
015579
0.1155
0.075202
0.034907

-0.0053881 Min

e 50kN =0.15mm
ANSYS
e ® 100kN=0.35mm
e 150kN=0.5mm
e 200kN=0.73mm

EM force 100kN

21/04/2015 27
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SZA Structural analysis — end plate 2inl

Conclusion

* Structural strengthon s AN
narrow geometries not e N
guaranteed |

e Deformation of 0.35mm
at expected load
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