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Risk analysis

Impact/contact

Untightening screws

Contamination/humidity

Leak

Shock

Vibration

Inclination/support

Fatigue

Temperature

Misalignment

Magnetic/electrical

Air pressure (na)

Loss of equipment during transport

Loss of traceability Sensitive,

long lead items
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Risk analysis
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Risk analysis

«Living document»

Some examples not related to shocks or vibrations:

Contact: Tuner motor directly supported on cavity, 

mitigation: blockage or cover

Contamination: bellows and clean room preparation

«Inverted bellows» of tuner and FPC, small parts may fall in

Contact/impact Loss of fiducials

mitigation: protection cover, redundancy ?

Untightening screws: use locking devices, technical specification of tightening torque

Block shear motion, model contacts

Look for contacts with limited number of screws

Certification or Junker tests
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Analysis shocks and random vibration
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Shock 10g, 20 ms, 1% damping

Input acceleration

• Shock response spectrum

• Transient analysis: 

time consuming

Eduardo Cano-Pleite

Qualitative analysis for design

Just for comparison



logo

area

Random vibration
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3. Response spectrum analysis

• PSD of the random signal

• Analysis of the response of the model

• A Response PSD is calculated for every node at each frequency.

• A RMS value (1,2 or 3 sigma) for the entire frequency range is calculated for every

node

INPUT – ASTM 4169 – Truck PSD

Displacement, 3 sigma

Stress, 3 sigma

Only for illustration
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Model validation + component testing

• Comparison with transient analysis

• Shock and random testing on 

mock up

• With shaker

• Drop test

• Component testing possible

• Larger assemblies with analytical

models with modal reduction

At CERN EP/DT
Planned next week



logo

area
CERN 9

Cavity support

Transport restraints

• ASTM 4169 random excitation longitudinal 

No restraints

Preliminary

with restraints

Duarte Cartaxo Dos Santos
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No restraints (Hz) Refined Mesh 

Model

Staggered restraints (Hz) Refined Mesh 

Model

1 Cavity Longitudinal and Lateral 23 51 1 Cavity Longitudinal

2 Cavity Lateral 25

3 Cavity Rotation Z 40

5 FPC Hook Longitudinal 61 61 3 FPC Hook Longitudinal

6 FPC Hook Lateral 62 61 4 FPC Hook Lateral

4 Frame Rotation Y 60 57 2 Frame Rotation Y

7 Motor Lateral 66 66 5 Motor Lateral

8 Motor Longitudinal 76 77 6 Motor Longitudinal

10 Cavity Rotation X and Y 100

9 Frame Rotation X 98 98 7 Frame Rotation X

11 Frame Rotation Y 2 107 147 14 Frame Rotation 2 X

12 Cavity Rotation X 111 114 9 Cavity Rotation X

128 11 Frame Diagonal and cavity Rotation X

13 Frame mode diagonal 128 127 10 Frame Diagonal

14 Frame + outer tube Longitudinal 134 106 8 Frame + Outer tube

15 Blades 145 143 - 146 13 + 14 + 15 Blades

134 12 Frame Rotation X 2

Cavity support modes Preliminary
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Transport norms and resources
• ASTM D4169-14 Standard practice for performance testing of shipping 

containers and systems: Truck update 2016

• MIL-STD-810G Annex : Vibration exposure definition transport

• CTU code

• Consulting agency

• PNNL Nuclear transport

• ESO Transport conditions

• ELI NP Module transport

• Recent TTC

• CERN data

• …

Type of info: Drop 

test heights, PSD, 

Intensity acceleration

(integrated R.M.S.),

«quasistatic», ….

Longit. Lat. Vert.

CTU 0.8 0.5 1

Magnuson 2.8 (20 ms) 2.3 (19 ms) 7.0 (77 ms)

NASA 3.5 2.0 6.0

ESO 1 0.6 1.5

Road transport (g)

Consulting agency: 1.2 g road, 4 g train, 0.8 – 1 g boat, 3 g air

Place your bets… or measure it yourself
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Source Tom Nicol talk TTC, shipping of LHC magnets
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Talk Edward Jordan



logo

area

Thank you for your attention!

CERN 14
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Spare slides

CERN 15
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Ad-Hoc Measurements

Intl. Review CC System - M. Garlaschè (CERN) 16
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NASA
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Response Spectrum Analysis vs. Static Structural

Response Spectrum Analysis

• 10G shock, 20ms and 1% damping 

(Y Direction)

Static Structural

• 10G acceleration (Y Direction)
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