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MECHANICAL ANALYSIS AND OPTIMISATION
OF CABLE DRUM ASSEMBLY

FEA report

Abstract

The purpose of this calculation is to check the maximum magnets displacement on the Cable
Drum Assembly. Maximum magnets displacement should not be greater than 0.3mm according
to defined project and working requirements. An analysis using finite element method (FEM)
was performed to optimize the Cable Drum design.
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1. INTRODUCTION

The purpose of this calculation is to check the maximum magnets displacement on the Cable
Drum Assembly and to strengthen the Cable Drum construction if it is necessary. Maximum
magnets displacement should not be greater than 0.3mm according to defined project and
working requirements.

Gantry construction is set to Front Roller Assembly from front side, and to Rear Roller Assembly
from back side. Front and Rear Roller Assemblies allows rotation of the whole Gantry
construction. The influence of the magnets weight it’s critical to deflection of the Cable Drum
Assembly. This influence is different in different Rotational positions, so the calculations should
be done for several positions.
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1.1. Cable Drum FEA Requirements

External leads:

Quadropole Magnet and Brackets = 700 kg
45 degrees Dipole Magnet = 8t

Weight of Weldment

Gravity

Weight of cables and Energy Chain
e 100 pounds / foot (149kg/m)
Length of Cables and Energy Chain
e 8425 mm
Cable Drum will be Evaluated at following Rotational Positions:

0 degrees
+45 degrees
+90 degrees
+135 degrees
+180 degrees
-45 degrees
-90 degrees
-135 degrees

Constrains on Cable Drum

e Face where cable
drum is attached to
remainder of ganty

e Areas where ring
makes contact to
rollers

45 degrees Dipole Magnet

Quadropole Magnet
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2. GEOMETRY AND MATERIAL PROPERTIES

2.1. Simplifications

The geometry of the Cable Drum and simplifications for the purpose of calculations are shown
at the below picture. Touch faces between Cable Drum Assembly and Rear Roller Assembly are
fixed in this study. The influence of the Gantry assembly masses are accounted as distributed
masses or forces to the touch faces between Cable Drum and MGirder-MAG Assembly.

The brackets for magnets are removed for simplification purposes and are represented as rigid
bars connected at split faces that are made from contact surfaces of removed brackets. The
magnet assemblies with brackets are checked in separate studies and according to given results
we can consider brackets in calculations as rigid bars.

Small features and parts that are not caring load are removed for clarity and to reduce
computational requirements.

Missing components are accounted as distributed masses or forces.

2.2. Design changes

During the previous studies we could not get satisfying results regarding magnet
displacement. After several iterations and design changes we have managed to get satisfactory
results.

Old Design New Design
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Drum is reinforced with additional ribs

2.3. Material Properties

The same material was used for all components in the Cable Drum Assembly. The material
properties are listed in following table:

Material Name: 1.0037 (S235JR)
Elastic modulus (N/mm?) 2.1e+011
Poisson's ratio 0.28
Shear modulus (N/mm?) 7.9e+010
Mass density (kg/m?3) 7800
Tensile strength (N/mm?) 3.5e+008
Yield strength (N/mm?) 2.75e+008
Thermal expansion coefficient (K) 1.1e-005
Thermal conductivity ( W/mK) 14
Specific heat (J/kg.K) 440




MECHANICAL ANALYSIS AND OPTIMISATION OF CABLE DRUM ASSEMBLY

3. 3D MODELING WITH FINITE ELEMENTS

Simplified 3D model of the Cable Drum Assembly was used as a basis for a mash creation,
because that is the best way for getting the most accurate results regarding magnets
displacement.

Mashed 3D model

The mash information is listed in following table:

Mesh Type: Solid Mesh
Mesher Used: Standard mesh
Jacobian Check: 4 Points
Element Size: 50 mm
Tolerance: 1.5mm
Quality: High
Number of elements: 222873
Number of nodes: 445798
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4. DISPLACEMENT AND STRESS ANALYSIS

4.1. ANALYSIS OF 0 DEGREES POSITION

Model rame: SW-1728
Study name: 0 degrees
Plot type: Static displacement Displacement1
Deformaticn scale: 306583

URES (mm)
0128

l 0118
L0107

. 00961

. 00855

Max: 0.128
. 00748

H 00841
~ | o534
| 00427

. 0032

00214
an1o7
1e-0B0

J| Mode 72569 (76.5
fl =00557 mm

" “——_\\
“. Node 43 (0.0253,1.62+003 785 mm)Ll
=0.0905 _mm 1
Node 20881 (-172,1.622+003,1 .48e+003 mm)|
=0119 _mm

¥ Node 20577 (395,1.082+003,1 482+ 003 mm)
= 0117 mm

0 degrees magnet displacement (Maximum magnet displacement is 0.119 mm < 0.3mm)
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0 degrees - Strain

von Mises (Nin‘2)

197311620
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4.2. ANALYSIS OF 45 DEGREES POSITION

Model name: SW-1728
Study name: 45 deg
Plot type: Static displacement Displacement!

Deformation scale: 4000 URES (mm)

0132

I 0121

Lo
. 00988

. 00879

. 00769
00659
H 00549
. 00439

. 00328

0022
oo
1e-60

hax: 0.132

45 degrees displacement

3
.9 B> MNode 23823 (191,1.76e+003,286 mm) Max: 0.132
=00612 mm

8 d Node 10847 (0.0032,1 62e+003,1.482+003 mim)
’ =0124 _mm

Node 10334 (-161,1 53e+003,785 mm

=0.0394 mm
Node 20781 (-19.1,1 05e+003,1.48e+003 mm)|
=0121 _mm

3

45 degrees magnet displacement (Maximum magnet displacement is 0.124 mm < 0.3mm)

10
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Model name: S¥-1728

Study name: 45 deg

Plot type: Static nodd stress Stresst
Deformation scale: 1

Element Ydume = 830 %

von Mises (N'm*2)
49.944.456,0
45.7582.424,0

. 4162038,0
. 37.4583%,0
. 33296.32,0
. 291342830
- 24.9722%,0
. 20810.22,0
. 16.648.183,0

. 124861550

83241215
41620880
546

Model name: SA-1728

Study name: 45 deg

Plat type: Static strain Strain1

Deformation scale: 3904.86

Element Yolume = 15.51 %
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45 degrees - Strain
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4.3. ANALYSIS OF 90 DEGREES POSITION

Model name: SW-1728

Study name: 90 deg

Flot type: Static dsplaczment Displacement1
Deformation scake: 600

LRES (mm)

0.208
l 0192
. 0174

. 0157

. 044
L0422
04105

0.0872

. 00698
00523
00349

0.0174

1e030

90 degrees displacement

otee 0o |
=0.0646 mm
Node 42 (34.5,1 62e+003,785 mm
=011 mm 1032,1.62e+003,1.48e+003 mm)

90 degrees magnet displacement (Maximum magnet displacement is 0.13 mm < 0.3mm)
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Model name; SW-1728

Study name: 90 deg

Plot type: Static noddl stress Stress1

Deformation scale: 1

Element Volume =2102%

vonMises (Nin2)
459435480
21149200

. 3B.2862960

. H.45THEE0
. M0.6290420
. 268004140
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L 191431620
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. 114859080

7.657 820
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Model name: SW-1728

Stucly name: 90 deg

Plot type: Static strain Strain2

Deformation scale: 1

Element Volume = 14.75 % ESTRN
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90 degrees — Strain
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4.4. ANALYSIS OF 135 DEGREES POSITION

Model name: SW-1728
Study name: 135 deg

Plot type: Static displacement Displacementt
Deformation scale: 1687.99

URES (mm)

0.232

I0.213
. 0183

. 0474
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0118

0.0867

— L om7s
0058
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135 degrees displacement

Max: 0.232
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=013 mm

Node 41 (65 9,1 62e+003,785 mm

20105, min 47 (0.0032,1 6 22+003,1.48e+003 mm
Node 56018 (-203,1.77+003,272 mm)l bk 00
=0.0662 mm 3

135 degrees magnet displacement (Maximum magnet displacement is 0.134 mm < 0.3mm)
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Model name: SW-1728

Study name: 135 deg

Plot type: Static nodal stress Stress1
Deformation scale: 1

Element Yolume = 25.96 %

vonMises (Nn”2)
4 7875400
l 3B/.AD52480
. 348228600

. 31.340868,0

. 278583760
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135 degrees — Stress

Model name: SW-1728

Study name: 135 deg

Plot type: Static strain Strain2
Deformation scale: 1

Element Yolume = 25.96 %
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2.830e-005
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135 degrees — Strain
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4.5. ANALYSIS OF 180 DEGREES POSITION

Model name: SW-1728
Study name: 180 deg
Plat type: Static displacement Displacemert1
Deformation scale: 4000

URES (mm)
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»»»»» Node 72628 (-211,1.79e+003,267 mm
= 00611 _mm

[Nacle 72424 (-95.7 2.17e+003,-651 mm;
=0.0405 _mm

180 degrees magnet displacement (Maximum magnet displacement is 0.131 mm < 0.3mm)
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Model name: SW-1728

Study name: 180 deg von Mises (Nn‘2)
Plot type: Static nodal stress Stresst
Deformation scale: 1 27079230

Element Yolume = 18.10 %
24 4322720
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180 degrees — Stress

Model name: SW¥W-1728

Study name: 180 deg

Plot type: Static strain Stran2
Deformation scale: 1

Element Yalume = 730%
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180 degrees — Strain
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4.6. ANALYSIS OF -45, -90, -135, -180 DEGREES POSITIONS

Displacement and stress results for rotational positions of -45, -90, -135 and -180 degrees
positions are approximately same with positions of 45, 90, 135 and 180 degrees, because they
are symmetrical positions, so it is not necessary to consider them separately.

5. CONCLUSIONS

On the basis of the results obtained by means of the finite element method (FEM), the
following conclusions can be made:

e Strain and stress results from pictures above were taken in consideration when we
deciding where to put additional ribs and where to make design changes.

o Deformed results of displacements were also very important in making conclusions
which areas of the Cable Drum should be stiffen to reduce deformations and
consequently magnet displacement.

e Results shown in this report are obtained after several iterations and they are represent
final results of FEM analysis and Cable Drum assembly which is applicable to satisfied
basic requirement that maximal allowed magnets displacement should not be greater
than 0.3mm.

e The maximal calculated magnet displacement is 0.134mm for the rotational position of
135 degrees. The calculated displacement is twice time lower from maximal allowed
displacement of 0.3mm. In the following table will be summarized magnets
displacement for all calculated rotational positions:

Rotational position Max. Displacement Max. Allowed
(degrees) (mm) Displacement (mm)
0 0.119
45 0.124
90 0.13 0.3
135 0.134
180 0.131

e According to results shown in the previous table we can conclude that Cable Drum
Assembly can fully satisfy operating and project requirements.

18



