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Alignment of the Transmission Line Magnet

in the tunnel.

Vladimir Tsvetkov

Abstract.

Preliminary mechanical analysis of the Transmission Line Magnet (or Low Field Magnet(LFM)) design for VLHC stage-1 was fulfilled. It concerns a problem of the LFM aligning at horizontal and vertical directions and in roll angle. Calculation results and estimations are summarized at this td-note. The td-note is logically connected with my previous td-note TD – 01 – 039 “Transmission Line Magnet Mechanics”. June 2001[3].    
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Introduction

As it is assumed each LFM will be aligned after it installation at the tunnel. The magnet should be aligned at the horizontal, vertical directions and in roll angle. 

The LFM on the stands at the tunnel has some stresses and deformations because of weight load [3]. Any aligning action brings arising of additional stresses and deformations at the LFM structure. Generally speaking, weight and aligning at all noted above directions create very complicated stresses and deformations distributions at the magnet assembly, especially, at areas close to the supports. Unlike most of other projects where magnets are moved as unyielding bodies during aligning procedures, at VLHC  stage 1 magnets case, they will elastically deform due to aligning movements. Therefore, more detail studying and calculations are needed to estimate all mechanical aspects of the LFM aligning then it was done at first stage of mechanical studying of the LFM design.    

At first stage of studying of the LFM alignment it was important to estimate aligning limits in each direction and contribution at stresses and deformations due to aligning movements, define weak places at the LFM design.  

Taking into account complicated LFM design [1,3], numerical 3D calculations with ANSYS code [2] were done to simulate LFM mechanical behavior during aligning procedures. Some results are follow below.

Horizontal alignment  

The horizontal aligning load is applied to the LFM assembly supports. It means, the LFM bending at the horizontal direction will be accompanied with twisting. The LFM assembly mechanical stiffness at horizontal direction(x – direction) is defined with its basic components: the vacuum jacket and the magnet yoke. These components are weakly banded together with steel plates that are welded with defined step at the longitudinal direction. Besides, the LFM magnet yoke consist of two halves that are also banded together with stainless steel spacer and welds. It is comparatively weak joint also. 

All noted above defines very complicated stresses and displacements distributions at the LFM assembly during horizontal aligning. The horizontal aligning is difficult case for simulation. Therefore, only preliminary estimations of the LFM deformations were done for this alignment case at first stage studying. 

To estimate deformations of the LFM during horizontal alignment at the tunnel a finite elements model of 12 meters LFM fixed on the both ends and loaded with horizontal force applied to the central support and distributed weight load were considered. Two limit cases of boundary conditions were considered in order to estimate range of deformations of the magnet during alignment. It corresponds two different positions of the alignment point – close to the magnet end or close to the magnet center. Some results of calculations, then the magnet support was horizontally moved on 4mm, are shown below.  At this case, the magnet block has maximal deformations and most complicated them distribution, if one of end supports is moved at the horizontal directions. Distribution components of displacement for the magnet block section are shown in Fig.1. At this section the properly magnet block has moved on about of 4.25mm at the horizontal direction. The section has rotated around of the longitudinal axis on about 0.4mrad. And it has rotated around of the vertical axis on about 1mrad. So, the horizontal alignment of the current design LFM is accompanied with magnet displacements at the vertical and longitudinal directions. More detail and accurate studying is needed of the magnet behavior during horizontal alignment. May be it reasonable to include at the LFM design an aligning device providing horizontal displacement of the properly magnet block concerning vacuum jacket for fine LFM horizontal aligning.  

The horizontal force needed to move LFM on 1mm depends from the position of the alignment point concerning to the ends of the LFM and changes from 40kgs to 150kgs without taking into account friction force. So as each support brings 3 tonnes of the LFM weight, the friction force may be estimated as about 300kgs. Thus, total horizontal aligning force varies from 350 to 450 kgs.

Difference of relative movement of the iron halves of the properly magnet can reach up to 30(m at the magnet horizontal movement of 1mm.

The maximal additional stresses not exceed 100 MPa during horizontal aligning.
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Fig.1. UX, U Y and UZ distribution.

Vertical alignment

Vertical alignment range is only limited with additional stresses in the LFM assembly. Numerical calculations show that allowable vertical alignment range of the LFM for each support is about of ( 4mm.

The calculations were done for 12 meters LFM pattern placed on three supports. The central support is moved on 4mm at vertical direction. 

For this loading case, the stresses and displacements distributions are shown in Fig.2,3. As it may be visible in Fig.4, the dangerous stresses up to 200 MPa arise at the welds and plates connecting the properly magnet block and vacuum jacket. 
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Fig.2.Von-Mises stress distribution.
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Fig.3. Displacements distribution.
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Fig.4.Stresses at welded plates.

Magnet roll

The LFM adjusting in roll angle is provided with two vertical adjusting jacks with its different vertical leads. A distance between the jacks was chosen equal of 250mm.

The LFM aligning in roll angle is also complicated aligning procedure because we need to align in roll angle the LFM apertures with an adjusting mechanism which is placed on the LFM support – far enough from the apertures. 

Range of numerical calculations was fulfilled with Ansys code. A finite element model simulated a 6 meters fragment of the LFM between two supports under weight load. One of the supports was rolled, another was fixed.

Goals of these calculations were to study stresses and displacements during aligning in roll angle and to define limits of adjusting in roll angle.

The main conclusions of the studying are next:

The LFM mechanical design allows maximal magnet support roll on about  (16mrad. Another  words  the allowable difference between vertical jacks leads is about 4 mm. Then, apertures at the adjusting cross section will roll on about of ( 12mrad. The jacks should develop force about 2 tonnes to get it.

The apertures angle of roll is changes at the longitudinal direction. 

Fig.5 – 11 illustrate displacements of the LFM during it adjusting in roll angle of 16mrad. Von-Mises stresses are shown in fig.12 – 16 for this case.

Distributions of the UX displacements are shown in fig.5-7 for LFM assembly and for end cross sections.

Distributions of the UY displacements are shown in fig.8-11 for LFM assembly for both sides and for end cross sections.

Common distribution of the von-Mises stresses from different point of view is shown in fig.12-14.

Local distribution of the von-Mises stresses at the welded plates closest to the support is shown in fig.15,16.    
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 Fig.5-7.
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Fig.8-11.
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Fig.12-14
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Fig.15-16.

The LFM moving along an arc way.

The LFM has the straight axis. When it is transported along the arc way the LFM is deformed and axis accepts the arc shape.(We can except it at a first approaching)

There is simple analytical decision for arc deformed beam:

1/R = M/(EJ);

R  

 – arc radius;

E 

 – elastic modulus;

J 

 – beam moment of inertia;

M 

 – bending moment.

The analytical decision shows the minimal radius of the LFM bending with allowable stresses is less then 1km.

Unfortunately, LFM has a complicated composed design. And giving correct decision totally, the analytical estimation can not to take into account local stresses. Therefore, we need to use numerical simulation to get information about local stresses.


As an example, such simulations were done for a case when the first transporter of the LFM transportation system are on the arc with R = 1000meters, the rest are on the straight way. At this case, a difference between straight line of the LFM and arc with the distance 6 meters is 0.018m. Another words, it means one support of the magnet is vertically moved on 1.8cm.      

Numerical 3D simulations with Ansys code show that equivalent stresses locally exceed 200 MPa at this case. It should be noted it is result static calculations. So as dynamic factor is about 2 we can get unallowable stresses if arc way will have radius about 1000m.  The maximal stresses are at the closest to the supports plates and welds that connect the properly magnet block and vacuum jacket. Also large stresses more then 100 MPa are at the vacuum jacket at the area closest to the supports. Taking into account that the welds are stresses concentrators we may conclude we need to decrease stresses at least at 4 times. It means that arc transportation way should have minimal radius about 4000m. The bigger the better because most of LFMs will have transportation deformations only one time. 

Stresses concentrators(bolts, welds) at the LFM design will require more accurate studying and more calculations. 
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