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Request for calculations on OPAL frames

Justin Greenhalgh, RAL, April 2006

With input from Andrea Astone, Olivier Teller, Andre Riabov.

Revision by O. Teller following 3 may meeting

1 Background

We propose use the frames originally made for the OPAL experiment, to support the Dees during assembly, rotation and installation. This note sets out the work required to demonstrate that the OPAL frames and associated parts are fit for this purpose and may be used safely. Previous work looked at the Dee assemblies based on the assumption that they would be supported via brackets from rigid points. This work extends that study by including the OPAL frame instead of the rigid point supports.

2 Previous work - references

The following recent papers are relevant:

EE317 – Eurocode interpretation for earlier structural calculations

EE377 – load tests of ring flanges includes the latest estimate of weight of Dees

EE358 – reinforcing beam analysis request

EE368 – reinforcing beam manual calculations

EE445 – initial FEA results on reinforcing beam

EE454 – conclusion of FEA work on reinforcing beam

There are drawings and photos of the OPAL frame currently on the web at

http://hepwww.rl.ac.uk/CMSecal/Mechanics/OPAL%20transport%20frame.htm 
3 Model

See figures 1 & 2 which show modelling work already done on this problem. As with all such analyses some judgement is required as to the extent to which the geometry should be simplified.
3.1 The EE End caps

The model from the previous work may be used, see E454.
3.2 The support bars 

Note that towards the end of the previous study it was realised that the reinforcing beams had been modelled with an out-of date dimension. Due to lack of time it was decided to simulate the effects of the change in size by using artificial material properties. For this work, however, the geometry should be corrected to match what is in use.
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The OPAL frames
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See figure 1. Some minor changes are required to correct over-simplified versions of the geometry that had been used.
3.4 Electronics etc

EE/377 had the estimates given in this table

	
	Current estimate
	subtotal

	Backplate
	658
	658

	SC array
	42 * 156 = 6552
	6552

	Pos spacers
	250
	250

	Electronics 
	50
	1035

	Electronics cooling
	180
	

	Cabling
	20 kg
	

	Cooling pipes
	50 kg
	

	FOM system
	20 kg
	

	Neutron shielding
	215
	

	Contingency
	500
	

	Total mass per Dee
	8495
	

	
	
	


The positional spacers are close to the backplates and may be modelled by increasing the density of the backplate. The remaining items total 1035 and should modelled with a mass centre half-way through the electronics region, that is, 338/2 (ref recent emails from DJAC and JAH) or 170mm behind the back of the backplate.
3.5 Support brackets

The existing model may be used. Note that the “final” brackets will be omitted.

3.6 Bolts

The bolts between members in the OPAL frame should be modelled with single nodes, and the forces on the bolts should be extracted and used to calculate stresses.

3.7 Welds

In the first instance, the model should be built without special provision for welds. Once the high stress areas are known, then appropriate extra details in the model or manual processing of the results will be needed.

4 Factors of safety

See appendix 1 for a note from Andrea Astone about factors of safety, and extracts from the relevant FEM standard. 

We should use the following factors of safety in the first instance, revisiting if necessary once the results are known:

4.1 Partial factor for loads:

Factor on loads = 1.5 * 1.6 = 2.4

4.2 Partial factor for material , and material strength:

Factor on material strength = 1.25 (from Eurocode, see also EE317)

4.2.1 Material other than welds

The materials given in the drawing are BS4360 grade 43C for the rolled parts and BS4360 grade 43A for the welded-on plates. The current standard for steels, BS EN 10025: 1993 gives, in the revised table C.1, the cross reference from 43C to the new S275J0 and, in National Annex NA.1, the cross reference from 43A to the new S275. BS EN 10025 also refers to EN10210 part 1: 1994 for structural hollow sections, and that has the following property specifications:
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These are the same as those given in table 5 of BS EN 10025:1990+A1:1993.

The wall thicknesses are all below 40mm so the relevant yield strength is 265 MPa. With the relevant factor of safety, the critical value of stress is 

Stress limit = 265/1.25 = 212 MPa.

4.2.2 Welds

For the welds, we must refer to the FEM code (see appendix 1). We are in case 1, no wind and not an exceptional load. The material type are given as A.37 (FE360), A.42  and A.52 (FE510). Table C.1 of EN 10025:1993 lists equivalents:

FE360 corresponds to S235

FE 510 corresponds to S355

Frustratingly the table in FEM does not give an FExxx number for A.42, which is probably FE430 corresponding to S275. To be conservative, take the lowest number in the table – A.37 (FE360).

The allowable stress depends on stress type and direction, but to make thing simple and conservative take the lowest figure. So the maximum stress in a weld must not exceed 115 MPa. Since the model does not include any welds, look for these stresses at the joints. Assume in the first instance that the thickness of the weld material is equal to the thickness of the local wall – once critical areas are identified they may be examined to check this assumption.
4.2.3 Interpretation of FEA results

There will be small areas in the model where geometric near-singularities give stress peaks dependant on element size. These are not important in this ductile material; the maximum stress value we should take from the FEA is one which is present for a significant fraction of the relevant cross-section. In that case, it might be legitimate to average it over the cross-section concerned, depending on the nature of the stresses and the possible failure routes.

To simplify the interpretation of the results, at least in the first instance, we should use the Von Mises equivalent stress.

4.2.4 Summary

Apply a factor of 2.4 to the loads, and look for Von Mises stresses that exceed 115MPa/212 MPa in welded/non-welded regions, in a zone of significant size compared to the local cross-section.

Conservative assumptions which may need to be revisited are:

Crane speed (factor 1.6 vs 1.15)

Type of weld material (113 vs 124 MPa)

Type of stress (113 vs 140 or 160 MPa)
5 Loadcases

The loadcases are detailed in table 1.

The FEA analysis will be performed with the nominal loads. The safety factor will be calculated from the division between the 115MPa/212 MPa in welded/non-welded regions and the calculated stress. For lifting configuration this factor has to be higher than 2.4.

The stress in the screws will also be determined by the FEA analysis.

	Table 1 – loadcases. 

	Case
	Gx
	Gy
	Gz
	Name
	Model features

	
	m/sec2
	
	

	1 Nominal situation on the ground
	10
	
	
	
	Support bar

No turning beams

Support from feet

	2 Lifting onto truck
	10
	
	
	Lifting
	Support bar

No turning beams

Support from ??

	3 On truck - braking
	15
	10
	
	
	Support bar

No turning beams

Support from feet

	4 Prepare to turn and lift
	10
	
	
	Lifting
	Support bar

Turning beams

Support from ??

	5 place on stand
	10
	
	
	Lifting
	Support bar

Turning beams

Support from trunions and ??

	6 45 degree through turn
	10 / 
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	Lifting
	Support bar

Turning beams

Support from trunions and ??

	7 Lift off turning frame
	
	10
	
	Lifting
	Support bar

Turning beams

Support from ??



	8 fit to CMS
	
	10
	
	Lifting
	No support bar

No lifting beams



	9 fit to CMS
	
	10
	
	
	No turning beam

No stiffening beam

Support from 4 jacks


6 Results required and questions

Note that we are looking at the lifting frame here, not the Dees. Do not consider stresses/deflections in the Dees themselves – the factors of safety on load are inappropriately high for them.

· What is the maximum stress in the structure, especially around the welds, and how does it compare to the allowable stresses?

· What is the maximum stress in the bolts?

· Where is the centre of gravity, and what is the total weight to be lifted, in each loading configuration?

· A note of any simplifications used in the modelling
7 Appendix 1 – note from Andrea Astone, CERN TIS

Dear all,

Referring to the meeting we had, hereafter the information needed:

1. The applicable standard according to CERN safety code D1 is the F.E.M. standard ("Federation Europeenne de la Manutention" available on EDMS 629937) 

2. Safety factors: 1.5 for materials yield stress PLUS a dynamic coefficient depending on the lifting speed (1.15->1.6) see plot on F.E.M. 2.2.2.1.1 

3. Concerning any kind of connection see F.E.M. 3.2.2

Best regards

Andrea Astone

7.1 Figure 2.2.2.1.1
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7.2 Contents of section 3.2.2
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7.3 Key table 3.2.2.3
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Further Comments from Andrea:

Dear Justin

“Contrainte de comparaison” was actually the admissible stress value to be compared with the value resulting from analytical calculation or FEA of welds.

Concerning the different cases take a look to 2.3. There you will figure out how to interpret the nomenclature used.

Kind regards

Andrea Astone
7.4 Section 2.3 – meaning of CAS I, II, III
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CAS DE SOLLICITATIONS

On envisage dans les calculs 3 cas de sollicitations :

J. - le cas du service normal sans vent,
L. - le cas du service normal avec vent limite de service,

m - le cas des sollicitations exceptionnelles.

Les diverses sollicitations étan&ﬁermi@es comme il est indiqué au paragraphe 2.2,
| Forrrent compte d'une certaine probabilité de “Gepasser 1a contrainte calculee,
ﬂinhérente aux imperfections du calcul et aux imprévus, par 1'application d'un
.g,coafﬁcieﬂt de majoration Y, dépendant du groupe dans lequel est classé 1'appareil.

Les valeurs de ce coefficient Y, sont indiquées & 1'article 2.3.4.
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CAS 1 : APPAREIL EN SERVICE SANS VENT

0n considére les sollicitations statigues dues au poids propre Sg, les sollicita-
tions dues 4 la charge de servicé}ultlpliées par le coefficient dynamique ¥
et les deux effets horizontaux 165 plus déravmbles@ami ceux définis &
1'article 2.2.3. & 1'exclusion des effets de tamponnement.

Ltensenble de ces sollicitations doit &tre multiplid par le coefficient de majora-
tion Yo visé 4 l'article 2.3.4., soit : 2T
Yo S SU pagertE
~ Yo (Sg+¥SL+S)
Dans le cas o0 la translation est un mouvement de mise en place de 1'appareil qui
n'est pas normalement utilisé pour les déplacements des charges, on ne combine
pas 1'effet de ce mouvement avec un autre mouvement horizontal. C'est le cas,

par exemple, d'une grue de port ol 1'appareil étant mis en place, une série de
manutentions s'effectue & point fixe.

CAS II : APPAREIL EN SERVICE AVEC VENT

On prend les sollicitations du cas I, auxquelles on ajoute les effets du vent
linite de service Sy défini au paragraphe 2.2.4.1.2.1. (tableau T.2.2.4.1.2.1.)
et, le cas échéant, la sollicitation de variation de température, soit :

Yo (Sg+ ¥ S+ Sw) + Sy
Remarque - Les effets dynamiques d'accélération et de décélération n'ont pas les
mémes valeurs dans le cas I et dans le cas I car, lorsque le vent

souffle, les temps de démarrage ou de freinage ne sont pas les mémes
que par temps calme.

CAS IIT :
APPAREIL SOUMIS A DES SOLLICITATIONS EXCEPTIONNELLES

Les sollicitations exceptionnelles concemnent les cas suivants :
- appareil hors service avec vent maximal,

- appareil en service sous 1'effet d'un tamponnement, - &2 o

r 10t
_ apparell sounis aux essais prévus au cahier 8. S E€- 21E hae
7 apparell soumls A o e e T

T e

On prend en considération la plus élevée des combinaisons suivantes :

a) sollicitation Sg due au poids propre augnentée de celle Symax e au vent
maxinal visé & 1'article 2.2.4.1.2.2. (y compris les réactions aux ancrages).

b) sollicitation Sg due au poids propre et S due d la charge de service auxquelles
on ajoute le plus élevé des effets de tamponnement St prévus & 1'article 2.2.3.4.

©) sollicitation Sg due au poids propre augnentée de la plus élevée des 2 sollicita-
tions ¥ ) S_ et 0p S, Py et B étant les coefficients de majoration de la
charge nominale prévus aux essais dynamique (p)) et statique (pp) définis en
8.1.1. et 8.1.2.
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Remarque 1 - Il convient de noter que les vérifications prévues en (c) ne sont
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ontraintes de sens opposé & celle résultant du

seule, provogue des Cf
w—*} poids propre dans la mesure o0 la charge dlessai statique imposée
ne dépasse pas 1,5 fois la charge nominale.

Remarque 2 - Dans le cas d'emploi de dispositifs de ralentissement préalable avant
1le choc sur le tampon dans les conditions prévues & 1'article 2.2.3.4.1.
on prend pour St la plus élevée des sollicitations résultant, soit de
1a décélération provoquée préalablement par le ralentisseur, soit de
celle imposée finalement par le tampon.




Figures 1 and 2 – existing FEA model
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