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Introduction

As we all know the Barrel modules and Ext. Barrel modules are very gentle manufactured articles.  The modules have 64 differ positions in the assembled Barrel. The main stiffened element of module is girder. The girder has position on one long side of module. So we have possibility to join all module manipulation tools to girder only. This fact determines the needing to have different kind of tool.

Presented below the detailed instruction for module manipulation tools using is not Barrel and Ext. Barrel pre-assembly scenario. It can be part of this scenario only.

Module manipulation tool list

The total quantity of module manipulation tool is presented on Fig.1. Each unit of these tools has different status;

a – traverse for module lifting in the vertical position, 2 pieces are necessary (1 for Bld.185, other one for Bld.175), 2 pieces are ready;

b – U-profile beam, 1 piece is necessary; 7 pieces we have (from Dubna transport supports;

c – angle brackets with accompanying details; 2 pieces in different variants of assembly; angle brackets need in modification;  accompanying details need in manufacturing; shop drawings for all this work are ready;

d – turn over device (or manipulator); 1 piece is necessary; production status;

e – support beam, 2 pieces are necessary; need in manufacturing, we have draft only;

f – short traverse for lifting module in the position 12 o’clock or nearest, 2 pieces are necessary; need in manufacturing, we have draft only;

g – support for module installation module in the position 1 o’clock, 2 pieces are necessary; need in manufacturing, we have draft only;

h – short steel support for module installation in the position 6 o’clock, 2 pieces are necessary , 2 pieces are ready;

i – concrete blocks set; 10 standard blocks are necessary: Type 884 (800x800x400, mm) – 8 pieces, Type 888 (800x800x800, mm)– 2 pieces; it is possible to order at CERN. 
Module manipulation tools using

Module preparing to assembly

During Barrel assembly we will take modules from the floor in the Bld.185 (see Fig.2) or we will receive modules from Bld.175 on transport platform (see Fig.2). For safety work time we manufactured 2 lifting traverse: 1 from them we will use in the Bld.175, other one – in the Bld.185 in same time.

Next technology steps of module manipulation tools using are presented in the figures 3-27:

Fig.3: module installation on the concrete blocks; pointed positions and dimensions of blocks (here and on the next figures) are strongly recommended;

Fig.4: angle brackets mounting on Barrel module; there are 2 variants: a – angle brackets with L-plate for the modules ##1-32 (up to LAr installation) and b – angle brackets with short plates and additional 2 supports beams for the modules ##33-64 (after LAr installation); it is necessary to have 2 additional concrete supports in the middle region of module;

Fig.5: angle bracket mounting on Ext. Barrel module; there are 2 variants: a – angle brackets with L-plate for the modules ##1-24 (up to LAr installation) and b – angle brackets with short plates and additional 2 supports beams for the modules ##25-64 (after LAr installation); it is necessary to have 2 additional concrete supports near previous ones;

Fig.6: module installation with using angle brackets with L-plates on two others supports (concrete block + steel support) for cross-bars installation; the module has contact with supports and hangs on the crane hook in same time for safety; it is possible to mount 4 cross-bars in one row for Barrel module and 2 cross-bars for Ext. Barrel module; it is necessary take into account different cases for different modules:

· mounting double set of cross-bars (2 rows) for first module (Barrel and Ext. Barrel);

· mounting 1 row of cross-bars from angle brackets side for Barrel modules ## 2-10, 15-30 and for Ext. Barrel modules ## 2-10, 15-22;

· Barrel modules ## 11-12, 31-32 and Ext. Barrel modules ## 11-12 and 23-24 go to assembly without cross-bars and this step for that modules does not necessary;

Fig.7: double cross-bars mounting on modules ## 13-14; mounting technology is in the following way:

· it is necessary mount U-profile beam on the narrow part of module before angle brackets with L-plate mounting;

· lift module with using turn over device (it is necessary to use turn over device each time for lifting module with angle brackets);

· turn module on 90 degrees and put on 2 supports (as pointed in the Fig.7);

· dismount angle brackets;

· mount double cross-bar(s), transfer plate, angle bracket with L-plate again; 

Fig.8: turn module on 45 degrees (previous operations see Fig.5); dismount two short beams; turn module in the horizontal position and hang above support as pointed in the Fig.8; mount cross-bars to the module; lift module and move to the assembly.

Fig.9: preparing of modules ## 62-64 to installation: turn module in the middle position between12 o’clock and 1 o’clock; put module on 2 steel supports; 

Fig.10: dismount angle brackets; mount short traverses;

Fig.11: short traverses position on the module and steel supports position on the floor; join turn over device, lift module and move to assembly.

Main Barrel and Extended Barrels assemblies steps description

Fig.12: module # 1 with 2 sets of cross-bars installation on the cradles;

Fig.12-a: cradles position for the Barrel; it needs to have additional supports for the internal saddles;

Fig.12-b: Barrel module on turn over device (manipulator);

Fig.13: modules ## 2-10 with cross-bars installation on the cradles; cross-bars mounted from angle bracket side, each next module uses cross-bars from previous module as limit support in the radial direction;

Fig.14: modules ## 11-12 without cross-bars installation;

Fig.15: modules ## 13-14 with double cross-bars installation; U-profile beam was dismount on the concrete supports;

Fig.16: saddles installation;

Fig.17: Extended Barrel modules ## 15-22 and Barrel modules ## 15-30 with cross-bars installation; cross-bars mounted from angle bracket side, each next module uses cross-bars from previous module as limit support in the radial direction;

Fig.18: relative positions of saddles, angle brackets, double cross-bars, transfer plates for the Barrel;

Fig.19: Extended Barrel modules ## 23-24 without cross-bars installation; same situation will be for Barrel modules ## 31-32;

Fig.20: LAr is installed for the Extended Barrel; angle brackets are with short plate; cross-bars mounted from free module side; each next module uses girder from previous module as limit support in the radial direction; module will have never contact with LAr; Extended Barrel modules ## 25-61 installation;

Fig.21: : LAr is installed for the Barrel; angle brackets are with short plate; cross-bars mounted from free module side; each next module uses girder from previous module as limit support in the radial direction; module will have never contact with LAr; Barrel modules ## 33-61 installation;

Fig.22: module # 55 installation;

Fig.23: module # 60 installation;

Fig.24: module # 61 installation;

Fig.25: module # 62 installation;

Fig.26: module # 63 installation;

Fig.27: module # 64 installation;

Fig.28: last row of cross-bars mounting.

Conclusions:

· described above set of module manipulation tools let us to carry out full Barrel and Extended Barrel assembly on the surface;

· described technology of module manipulation tools must be included in the Barrel and Extended Barrel pre-assembly scenario;

· possible solution of tools (position e, f and g on Fig.1) manufacturing presented in the JINR report “Module manipulation tools – alternative variant”.
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