Technological Process at “Brothers Nobel Shipyard, Ltd.”

1. Company profile

1.1. The Main Activities

The enterprise is supplied with the production facilities and staff to accomplish orders in shipbuilding, ship repair and mechanoprocessing.

The main types of ships produced by the Enterprise are as follows:

· short sea and river oil tankers;

· short sea and river dry cargo vessels for transportation of general cargo, international standard containers, wood, bulked cargo and hazardous cargo;

· dedicated ships including diving ships and hydrographic ships;

· hulls of different types including modern first class yacht hulls.

1.2. The Structure of the Enterprise

At the enterprise there are the following workshops:

1.2.1. WS 1 – slipway and fitting workshop
The area: covered slip dock, open shipway, sloping slipway

The main functions: building of ship hulls, installation of filling (understructures, doors, manholes, etc.), moving, placement and launching / lifting of vessels, repair of hulls. 
1.2.2. WS 2 – hull storage workshop

The area: block of hull workshops (the low and the high parts).

The main functions: storage of sheet and shaped component parts (cutting, bending), manufacturing of sections and blocks up to 20 tons.
1.2.3. WS 3 – mechanical processing workshop
The area: mechanic workshop, section of hull attachments.

The main functions: 

· in the mechanical workshop – mechanical processing of component parts (lathe, milling, drilling, etc.), assembly, repair of machinery;
· in the section of hull attachments – storage of sheet and shaped simple parts (cutting with the test strip cutter, bending), assembly, welding of component parts (doors, covers, understructures, stairs, etc.).
1.2.4. WS 5 – machine fitting workshop

The area: machine fitting workshop, outfitting quay. 
The main functions: manufacturing and installation of pipelines, installation of machinery, propeller-rudder system, installation of insulation, painting, installation of inner equipment, testing of vessels.
2. Working out and concluding of a contract
2.1. Working out of the possibility to construct a vessel

Before the contract is concluded, working out of the possibility to construct a vessel takes place. 

The restricting factors are:

· Dimensions and Launching Weight of the Vessel. The slipway capacity and the sloping slipway of the enterprise allow to build and to launch vessels with length up to 140 m, beam up to 17 m and launching weight up to 2700 t;

· Height and Draught of the Vessel. As a rule, to tow a vessel from the shipyard to St. Petersburg, it should have the height above the water surface up to 15 m and draught up to 3.5 m. Otherwise, a number of special procedures should take place: installation of upper structures after towing to reduce the height, pontoon towing to reduce the draught, – that result in additional expenses and may not be confirmed by the Customer;

· Licenses available (as a rule, for the Navy orders);

· Schedule of the Enterprise – the ability to meet all the requirements of the Contract within the specified period of time.
2.2. Contract Conclusion

After the possibility to construct a vessel concerning the production capacities, self-cost and time schedule is worked out, a contract with the compulsory Attachment – the Technical Specification – is signed. 

The Attachment should contain an accurate Statement of Work being completed by the Enterprise, the Product Specification, the name of the supervising Classification Society, the list of the Customer’s documents for the Enterprise (designs, calculations, etc.) and of the Enterprise’s documents for the Customer (certificates, working documents, final documents, etc.)

3. Pre-production Preparations 
After the Enterprise receives the technical documents, the following operations depending on the sufficiency of documents and statement of work take place:

3.1. Construction of Hulls with Minimal Outfitting     

The Customer’s documents: the preliminary design in paper form, coordinated with the Classification Society and in electronic form (the designs should be in .dwg, .dxf formats; the specifications, the lofting book should be in .doc, .xis, .txt formats).  
The Enterprise’s documents: the hull certificate.

3.1.1. The designs of decomposition of the vessel into blocks and sections are worked out with the note about the allowance for field joints – grooves; succession of cutting and assembling processes reasoning from the production capacities is determined:

· restrictions of section dimensions – up to 6 x 12 m (to allow tilting);

· crane carrying capacity:

in workshop 02 – up to 10 t (as there are two cranes per every aisle, it is possible to construct and transfer sections up to 20 t without tilting);
in the high part of workshop 02 – up to 20 t; 

in workshop 01 – up to 50 t.

· restrictions of work places (the workshop area):

in workshop 02 – it is possible to place 8 flat and 8 solid sections simultaneously;
in the high part of workshop 02 (it is arranged for the aluminium construction and it is possible to produce black metal sections) – 2 flat sections and 2 solid sections; 
in workshop 01 – 2 big blocks (the workshop area is not used for manufacturing simple sections). 
· considering constructive features of the hull.

3.1.2. After that the following procedures take place:

· working out a preliminary (custom-designed) material list; concluding materials delivery contracts;
· in case of need, concluding contracts with contracting organizations – associate contractors (such need emerges in case of the requirement to clean the hull Sa2,5);

· coordinating of disputable points with the Customer;

· concluding contracts with the Classification Society.

3.1.3. Documents for the parallel body and superstructures (in case of simple lines):

· working drawings;

· technological instructions for assembly and welding of sections;

· in case of need, drawings and internal orders for improving of stands to produce parallel body sections;

· section certificate with the note about the clearances (in accordance with legal requirements, the requirements of the Classification Society and the Customer);

· drawings for installing of eyebolts, diagrams for save slinging, tilting and transferring;

· parts geometrics, registration in the data bank and pattern cutting in Tribon format with the control programme generation for cutting with the “Crystal”;

· rough drawings for storage of profile iron;

· rough drawings for welding of plates with the welding machine;

· rough drawings for manufacturing of moulds to bend plates and profiles, plywood moulds;

· work card sheet;

· test articles (shop-to-shop flow list) and the expense list of goods issue to workshops based on the working drawings.  
3.1.4. Working-out of 3D hull surface (except the parallel middle body) and tension brace of shell plates, decks, bulwarks (with the system of 3D ship constructional design Tribon) is ordered from a contracted projector. The initial data for the contractor are the offset sheet, preliminary design for the hull, decomposition of the vessel into blocks and sections, plate dimensions (the most frequently used dimensions of a steel plate are 1600x6000, 2000x6000, 2000x8000). The contractor’s work results in the data base in Tribon format with the surface of the vessel, plate base of casing, decks and bulwarks ready for pattern cutting.

3.1.5. The documents for the rest of the vessel (3.1.3.) are worked out on the basis of the documents in point 3.1.4.

3.1.6. Construction schedules are worked out and confirmed on the basis of the calculated labour coefficient.

3.1.7. The moving and launching diagrams of the vessel are worked out; the transferring scheme of the vessel is worked out and confirmed by the Register Inspection.

3.2. Building of the vessel “turn-key”

The Customer’s documents: the preliminary design in paper form, coordinated with the Classification Society and in electronic form (the designs should be in .dwg, .dxf formats; the specifications, the lofting book should be in .doc, .xis, .txt formats).  

The Enterprise’s documents: the completed vessel certificates, in-line documentation.

3.2.1. By analogy with point 3.1.1. the construction technology of the hull is worked out, the requirements specification for the design organization.

3.2.2. The contract is concluded with the design organization including the step-by-step layout:      
· preliminary outworking: custom-designed list for the main materials and equipment with long terms of delivery;
· output of the working documentation for the hull (ideally with the control programme generation in Tribon format to cut with the “Crystal”) and welded outfitting;

· output of the working documentation for the systems and pipelines, installation of the equipment;

· output of the working documentation for insulation, cladding, interior outfitting, cable works, etc.;

· output of the in-line documentation. 

3.2.3. The contract is concluded with the Classification Society.

3.2.4. On the basis of the worked-out design:

· material and equipment delivery contracts are concluded;

· contracts for cleaning of the hull Sa2,5, painting (in case of foreign paints supplier demanding the license), electric wiring, etc. are concluded with contractors;

· drawings are worked out; inner orders  for manufacturing of rigging and facilities are opened; bids for sufficient equipment purchase are made;

· technological procedures to install the propulsion machinery, the rudder-propeller unit, gears, pipelines and systems are worked out and issued;

· other sufficient documents are issued (3.1.3.);

· construction schedules are worked out and confirmed on the basis of the calculated labour coefficient. 

3.2.5. The contract with the design organization for technical support of vessel construction.

4. Production

4.1. Production of hull sections and blocks

4.1.1. On the basis of the expense sheet workshop 02 orders the material (sheet and profile metal products, welding materials). The sheets are delivered to the section of thermal cutting; profiles are delivered to the section of profile storage.
4.1.2. Sheet cutting is done by thermal cutters “Crystal ТПл-2,5К” with the help of the control programme issued by the technical department of the enterprise (programmes from other organizations should be also adapted for the machines of the enterprise).

The machines cater for sheet dimensions 2200x8000 mm. For bigger sheets some additional adaptations should be done.

The machine capacity (to provide the sufficient edge) is:

· plasma “Crystal” can cut sheets up to 22 mm thick;

· gas “Crystal” can cut sheets up to 100 mm thick and more.

After cutting edge treatment with manual electric stripping machines and straightening of deformed parts with roll mills is performed.

4.1.3. After that, depending on the type of construction, the parts are delivered to:

· gouging of bevel edges and scarves. Gouging of straight parts up to 22 mm thick is performed with the beveling machine (КСС 7814), the edge of parts with irregular shape or big gauge is planed with the gas cutter followed by stripping or (in case of strict requirements to the geometry and quality of the edge) with the horizontal boring machine in workshop 03.

· bending. Straight bends of the parts up to 16 mm long and up to 3 m thick (flanges at the parts) are performed with the edger (РКХА-250/4000). Parts with complex bending (shell plates, etc.) and up to 12 mm thick are bent with the rolling-and-bending machine (ЛГС-2) and are checked by the plywood pattern. The rest of parts can be bent with the press powered 800 t (ПА-195) (but this requires manufacturing of special rigging).

· in case of necessary welding between flat sheets before the framework (panel) is installed, the parts are delivered to the section of automatic welding to be treated with submerged arc welding by the automatic welding machine “Multitrak A2TE”.

· panel assembling (the panel with fixed framing of the same direction) and then assembling of sections and blocks (or immediately to assembling of sections and blocks), sometimes to the slip-way (berth parts), depending on the technology).

4.1.4. Profile storage. Cleaning in the shot blasting, priming with the pneumatic sprayer and partly with a brush in accordance with the painting sheet takes place at the section of profile storage. After that storage is performed in accordance with the draught:

· cutting of edges – with the gas cutter followed by stripping;

· bending – the bulb section up to № 14 – with the machine “Buldozer”, in case of bigger number – with the press powered 800 t (ПА-195) (but this requires manufacturing of special rigging).              
After that the profile is delivered to assembling of panels, sections and blocks or to the slip-way (depending on the technology).
4.1.5. Assembling of panels and subsections. Panels are placed on the platen, the framework and welding is placed at track weldings where it is possible with the automatic submerged-arc welding machine; where it is impossible to fix the machine – with the semi-automatic welder.

4.1.6. Assembling of sections in workshop 02. A section is assembled from panels, subsections and ready-made parts. In case of possibility to assemble sections on the flat surface laying the keel is performed on the platen without additional templates and plates (for example, assembling of a board section of the parallel body on board).

In case of necessity to assemble sections on the bent surface (for example, a solid section the deck with camber), laying the keel is performed on a special stand (on the frame there are templates cut with the “Crystal” or plates according to the plywood pattern). 

The exemplary technology to assemble a solid section is as follows:

· the deck is paved on the platen and tacked to the templates of the platen;
· the sheer strake, bulkheads, platforms, framework is adjusted;
· after assembly quality control welding of a section and, in case of necessity, weld seam control with non destructive test (ultrasound, x-ray);

· section outfitting is adjusted (scuttles, sleeves, etc.);

· eyebolts are welded, the section is tilted;

· in case of necessity, welding of areas with inhibited access is performed;

· the section is delivered to the slip-way.
Notes:

– during the heavy-duty stages of storage, assembling and welding the product is submitted to Quality Control Department with the note in the ship’s passport – the log of a section;
– the most complicated parts are manufactured on the bushing plate.
4.1.7. Assembling of the hull. The technology of sections assembly resembles this of blocks. The distinguishing feature is that a block is a bigger part of the hull, sections being the components. 

Blocks of more that 20 t are assembled in workshop 01 (the reason being the capacity restrictions of the cranes).
4.2. Shaping of the hull

As a rule, shaping of the hull takes place in the open shipway of workshop 01. It can be restricted by the size of the building, the crane-served area in the workshop.

The slipway simultaneously allows the number of hulls: two across the width in two rows up to 26 m wide (13 + 13, 17 + 9, etc.), one or two along the length with total length up to 144 m in the northern aisle and up to 120 m in the southern aisle taking into account the scaffolding installation.       
Slip stands are mounted under the hull (the slip is picked up), scaffolding for safe access is fixed, the industrial equipment – ventilation in closed sections, lighting – is provided, fire-fighting facilities – fire extinguishers – are installed.   
Sections are delivered with the crane of 50 t, fixed with buckles and jib-sticks. On controlling of assembly quality, welding with semi-automatic welder and stripping of joints from sparks take place. 
Hull outfitting is mounted.

On welding, tanks and rooms are tested for impermeability / leaks with the following methods: boost air charging and soap solution bubble test, oil and chalk test, flooding test.

4.3. Manufacturing and installation of pipelines

4.3.1. On the basis of the expense sheet workshop 05 orders the material (pipes, shop-bought bends, screw-bolts, welding materials, etc.). As a rule, flanges and fitting adapters are manufactured at the enterprise in workshop 03.  

4.3.2. Pipes in workshop 05 (cutting to length, bending) are stored according to sketchbooks, designs (most of the pipes) and displaced moulds ().
Cutting is performed with the hacksaw plant 8Б72.

Bending is performed: for the pipes up to 57 mm – with the machine СТГ-1С, up to 78 mm – with the machine СТГ-2С, up to 159 mm – with the pipe-bending plant with high-frequency current warming СТГВ-1. There is also a pipe-bending machine with NPC (numerical programme control) СТГ-2САФ-Н2 to bend the pipes up to 108 mm mechanically.

Pipes of big diameters and wall thickness are welded from sectors or using shop-bought bypasses.

4.3.3. After storage flanges / fitting connection are welded to the pipes with perpendicularity control. 
4.3.4. Then the pipes are water tested at the workshop stand, the testing pressure being 1,5 of the working pressure of the system, the pipe belongs to (it should be shown in the design). In heavy-duty systems (as the design requires) the quality of weld seams is checked (with ultrasound, X-ray).

4.3.5. After that, depending on the draught requirements and the confirmed technology, the pipes are delivered to:

· cleaning (for the pipes of the 1st category cleaning is performed by the subcontracted enterprise);

· galvanizing (this operation is performed by the subcontracted enterprises) followed by delivering to be mounted to the vessel;

· panel assembly (a number of pipes from different systems are mounted on the common angle and fixed with suspension brackets) followed by delivering of the panels to the vessel to be mounted;

· the vessel to assemble the system.

4.3.6. Pads from paronite and rubber are manufactured in workshop 05, from brass – in workshop 03.

4.3.7. In case of thoroughly specified coordinates of socket installing in the diagramme of welded outfitting the sockets are fixed and welded by workshop 02 while assembling the section or by workshop 01 at the shaped vessel; otherwise they are mounted by workshop 05 according to the system design and welded by workshop 01. 

4.3.8. The pipes are mounted on board the ship and fixed with suspension brackets; pumps, fittings, etc. are installed.

After assembling of the system leak testing is performed (depending on the system application and the draught requirements):

· flood test with 1,25 of the working pressure;

· air test with 0,1 of the working pressure, but not less than 2 kg/sm2;

· for intended purpose with the working pressure.
Tooling of reduction safety valves is performed.

4.4. Manufacturing of miscellaneous hardware articles
4.4.1. On the basis of the expense sheet workshop 03 and section 03/1 orders the material. 

4.4.2. Workshop 03 (the section of hull attachments included) can manufacture the following articles:

· for pipelines: flanges, fitting connections, suspension brackets, brass pads, etc.;
· understructures, trays, lids, doors, hatches, etc.;

· pipes of big diameters made from plates (with the roll mills);

· assembling of units and mechanisms can also be performed.

4.4.3. The main operations performed, the equipment of workshop 03 and section of hull attachments 03/1, accuracy:

· cutting of the parts up to 250 mm with the cutting radial saw machine;

· turning with the machine 16к25 accuracy to ± 0,03 mm;
· treatment of the parts up to 3 m with the all-purpose turning-and-boring machine accuracy to ± 0,5 mm;

· turning of the parts up to 900 mm, up to 4,5 m long with the machines М-165, М-64, М-63 accuracy to ± 0,05 mm;

· treatment of the parts with the high-speed, end, pin and disk milling cutter accuracy to ± 0,1 mm;

· drilling of holes up to 70 mm accuracy to ± 0,3 mm; bigger holes – with the boring machine; 
· burnishing of the parts up to 150 mm and up to 800 mm long;
· thread rolling up to M20 with the semi-automatic machine 5993;
· treatment of the shafts up to 200 mm and up to 10 m long with the machine М-63;
· welding on shafts shopfloor,  inert-gas-shielded solid-section wire welding of spindles;

· cutting of sheet metal up to S12 with the test strip cutter; cutting of the parts with bigger thickness and complicated structure with the thermal cutting machine “Crystal” in workshop 02;

· bending of part edges up to S16 with the scantlings up to 2,5 m;

· forge rolling of the parts (pipes, pipe shells) from metal sheet up to S20 thick, up to 3 m long with the roll mills.

The completed units, articles and mechanisms are delivered to be mounted according to the shop-to-shop flow sheet (to workshop 01, 02 or 05).

4.5. Painting

As a rule, in case of requirements (of the paints manufacturer, the customer) to perform cleaning to S2,5 a third party with the appropriate license and equipment is contracted.

In case of milder requirements the hull is constructed from grounded metal sheets (cleaning of the sheets to S2,5 to be performed by the contracted organization), structural iron is cleaned and primed in workshop 02 (4.1.4.), is painted in workshop 05 with the paint sprayer “King”.

Cleaning and painting of the hull is performed as a whole or section per section (according to the technology).

4.6. Mounting of mechanisms and arrangements

The articles are delivered to workshop 05 according to the shop-to-shop flow sheet (from the storehouse if the article is shop-bought or from workshop 03 if it is manufactured / assembled at the enterprise). 

Mounting of the articles is performed in accordance with the technological instructions worked out at the enterprise (the instructions are coordinated with Classification Societies: Russian River or Sea Register, Germanischer Lloyd or others).

4.7. Mounting of electric vessels, electric equipment

As a rule, it is performed by a contracted organization (“ERA”).

4.8. Outfitting
On mounting of the mechanisms and systems, on installing of the arrangements the following procedures take place:

· insulation and cladding of the areas;

· providing of the furniture and equipping of the areas (sanitary equipment, etc.);
· providing of the vessel outfitting (recovery stores, fire-fighting hoses, etc.);

· placing of STD (spare parts, tools and devices), etc.
4.9. Moving and launching of the vessel

Workshop 01 rolls out the constructed vessel to the launching stand with the help of slipway trucks.

After that the vessel is fixed on the launching trolleys and launched.

The vessel is towed to the moorage wall where centre adjustment of the shaft line, adjustment of the equipment and mooring trials take place.
4.10. Testing of the vessel
On launching of the vessel the following tests are performed:

· mooring tests at the moorage wall (dropping of the anchor, starting of the engines, testing of the systems in action, etc.);

· performance trials, as a rule, in the Rybinsk water basin (measuring of the actual draught, actual speed, hull vibration in action, defining of the maneuvering data, etc.);

· in case of state orders acceptance trials (equalling the performance ones but in the presence of the state commission).

4.11. Delivery and acceptance of the vessel

The vessel is towed or transmitted in self-propelled mode to the contracted port very often it is the port of St. Petersburg) to be accepted by the customer.

In this case the enterprise works out the vessel transmit design including all the necessary safety measures, coordinates the design with the Register Inspection, performs all the necessary safety measures (sometimes dismantling of extensions of the vessel takes place to allow going through the wicket and under bridges), gets a transmit license of the Register.  
On delivering of the vessel to the port dismantled parts are reinstalled in case of necessity, the rest of tests are performed, all the necessary documents are drawn up (certificates, registration documents, etc.).

The completed and tested vessel is accepted by the customer, Contract Closing Acts are drawn up. 
