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Tooling design description for module assembly

Tooling for module assembly consists of the base, face brackets and horizontal platforms

(Fig.'s 1, 2, 3).

The base (Fig. 4) is welded using I-beams 240 mm in height, two structural channels 140

mm in height and sti�ening ribs 6 mm thick, and support plates 20 mm thick. After welding,

the base has to be annealed to remove the internal stresses. The bottom and top supporting

surfaces of the plates are milled. The center top support plates have 27 mm diameter holes

used to attach to the girder when the module is assembled. The outer top support plates

have 18 mm diameter holes with which to �x the face brackets.

The face brackets (Fig. 5) are welded from 10 to 30 mm thick plates and after that they

have to be annealed.

The datum surfaces of the brackets are machined. The allowed nonperpendicularity of

these surfaces is 0.12 mm.

The left face bracket (Fig. 1 and 2) is installed against the girder. The right face bracket

is installed with 40 mm clearance. This positioning of the bracket is suitable for installing
the �nal, 19-th, submodule. The right face bracket (Fig. 5) uses M12 bolts (two bolts are
on the top and two on the bottom) for adjusting the submodule along Z-axis.

Left and right face brackets have 22 holes in the middle of vertical wall to allow the
possibility for inserting 6 mm diameter studs (tubes) into the module without moving the
brackets.

The horizontal platforms P1, P2 are attached to the side surfaces of the brackets. These
platforms are welded using structural channels 120 mm in height. The surfaces of these
platforms are covered with checkered steel plates. These platform edges have brackets for

attaching to the face brackets.
The platforms are supported at their center with columns. The platform supports have

special bolts (Fig. 6) for adjusting the �-angle of the submodule's position. The position of
these bolts (Fig. 2) is adjacent to the center of each submodule.

The platforms are used as supporting area by the assembly personnel.

Annealing of these platforms after welding is not required.

The weight of tooling is about 3 tons.

Module assembly technology

In Dubna the module assembly is carried out in a building equiped with a bridge crane

of 30t and 100t load-carrying capacity. Assembly site is 8 � 10 m2 in area.

An area beside the module assembly will also be used for temporary storage of submodules
(before module assembly) and of assembled modules.

The assembly tooling (Fig.'s 1, 2, 3) is positioned on a steel oor and will be used for

the module assembly. The assembly tooling consists of the base, two face brackets, and two

platforms (Fig.'s 1, 2, 3).
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The girder will be positioned on the assembly tooling base and connected using M24

bolts. The top surface of the girder is leveled horizontally to � 0.5 mm precision on the

5638 mm length and to � 0.1 mm precision in the transverse direction. The face brackets

will be mounted on the assembly tooling base (Fig. 1). They are located perpendicular to

the top surface of the girder's projection by using a precision square.

The left face bracket is mounted against the left end of the girder. The right face bracket

is mounted 40 mm away from the right end of the girder. The �rst submodule is mounted

on the girder against the left face bracket. The submodule vertical position relative to the

vertical plane is checked with a level gauge. For this operation a special plate is inserted in

the 125 mm wide small end key way. The upper end of the control rule is placed against the

edge of the special plate. The bottom of the rule rests against the edge of the 181 mm wide

girder projection.

On this control ruler the level gauge is placed and with its help the vertical axis is

controlled.

The submodule is joined to the girder using six M20 bolts. After the bolts were tighthened

the submodule's vertical position is again checked.

If it is necessary to adjust the module vertical position shims will be inserted between
the girder and the submodule bar.

After �rst submodule is installed the next 16 submodules are mounted in the same way.
The bolts which connect these submodules to the girder are inserted but are not tighthe-

ned. Since every submodule has the length tolerance of +0:00

�0:25 mm the maximum gap between
adjoining modules will be no more than 0.25 � 2 = 0.5 mm and the sum of all gaps between

modules will be no more than 0.25 � 19 = 5 mm. Now the 18th submodule is mounted in
the same way as the �rst one. All the bolts are tighthened and the 18th submodule vertical
position is checked using the level gauge. If necessary the adjusting shims will be inserted.
After this the 19th submodule is mounted. The bolts which �x this submodule to the girder
are not tighthened. The two platforms of the assembly tooling are then installed. The key

way straightness of the module small end is then checked. The reference surfaces for checking
are the two lateral surfaces of the key ways of the �rst and of the eighteenth submodules.

The vertical position of the submodules can be corrected by using adjusting bolts on the

platform suppotrt.
The module's length at the small end is checked. The di�erence between this length and

girder's length can be no more than � 0.5 mm. The plate with 10�125 mm2 cross-section
and 5660 mm length is inserted in the key way. In the module's left end this strip projects

from the �rst submodule by 20 mm to accommodate the end-plate.

After the end plate is mounted all bolts, which �x the submodules to the girder are
tighthened. The straightness of the � surfaces module, which is formed by master plates,

at the small end is checked. The tolerance on the module surface straightnees is 0.4 mm.
This tolerance can be achieved by using of the correcting shims between the submodules

and the girder if necessary. The tubes and 6 mm diameter, 5650 mm long studs are then
inserted in the module. After that the inner radius plate is welded to the �rst submodule.

To prevent the plate deformation in the horizontal plane the welding is done alternately on

opposite sides with weld length of no more than 50 mm. When the plate is welded to the �rst

submodule, it must be cooled to the room temperature. Then welding has to be executed

with every other submodule at the same way.
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After welding is �nished on the whole plate length, the straightness of the upper module

has to be checked again. The straightness can be corrected by means of additional welding

if necessary.

Then the platforms and face brackets are taken o� the base of the assembly tooling. The

end plates are attached to the module by means of welding to the plate at the small end and

by the bolts and pins to the girder at the bottom.

At the right end of the module the plate is cut ush with the end plate.

The bolts, which connect the girder and the base of the assembly tooling are removed.

Module inspection is then executed: geometric dimensions and weld quality are checked.

Then the plate and small end of module is painted for anticorrosive protection.

The module is now ready for further assembly, tiles installation, �bers and electronic

equipment.

Proposal anticorrosive protection for submodules and module

Steel corrosion is very small in the dry, clean air at constant temperature.
Corrosion is an electrochemical process in a electrolyte. The electrolyte is the thin �lm of

moisture, which absorbs from the air sulfuride gas and chloride salts. The quantity of these
components in our case is small and the working condition for module is "good". Modules'
plates can be stored for long period of time without corrosion, therefore corrosion protection
can be provided by painting with the primer paint and folloving colour painting the external

submodules' surfaces.
Before painting the outside submodule's surfaces have to be degreased with an organic

solvent (petrol, white-spirit). The inside submodule's surfaces have to be degreased before
assembly and before application of the glue.

The priming is carried out by immersing the submodule into tub of primer paint with

submodule's plates in vertical position.
The primer paint is then allowed to air dry of room tempeatue.
The surfaces of the small end key way sould be masked prior to priming to protect them

to be welded. (All submodule holes must be protected from priming too.) These surfaces
are primered suplementary after mask deleting, welding and module assembly. After that

all external submodule's surfaces are painted with identical choosen for all submodules'
producers colour paint.

Thus:

� For the submodule's and module corrosion protection painting with the paint and

following external surfaces coulor paint is su�cient.

� The phosphatization is unnecessary because it has not enough reason and it is too

expensive and timeconsuming.
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Figure 6:
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