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1. Item Name:  PROPULSION DIESEL ENGINES, SLOW SPEED; REPAIR

2. Scope of Work:
2.1  Location of Work: Ship's machinery space. 

2.2  Identification: One (1) slow speed, single acting, 2-stroke cycle diesel engine. [Specification preparer to insert nameplate data for the engine to be overhauled.] 



Manufacturer:



Serial No.:



Model No.:



Number of Cylinders:



RPM:



BHP(Continuous):



Bore (Diam):



Stroke (L):

2.3  Intent: Completely dismantle, inspect, repair, refurbish, reassemble and test one (1) slow speed, scavenged/turbocharged 2-stroke cycle diesel engine and all engine mounted equipment.

3. Work Description: 
3.1  The Contractor shall provide the services of an authorized technical representative of the diesel engine manufacturer to provide technical supervision and guidance during the disassembly, inspection, repairs, reassembly and testing of the diesel engine. 

3.1.1  The Contractor shall submit a written request to use an "authorized representative" if a manufacturer's representative is either unavailable or if the Contractor decides to use other than the manufacturer's representative. 

CHECK POINT ‑ (COTR Shall Approve Selection Of Engine Manufacturer's Authorized Technical Representative.) 
3.2  Provide all labor and materials to overhaul the diesel engine specified in this work item. The Contractor shall provide all support services including rigging, staging, and removal and reinstallation of any interferences. 

3.2.1  Additional parts required and not specifically mentioned in this item shall be provided by the Contractor. The cost of the replacement parts will be covered by a separate delivery order and verified by invoice. The cost of labor to install these parts, however, shall be included in this item. 

3.3  Prior to commencement of work, the Contractor shall prepare the engine and surrounding area for the work to be carried out. 

3.3.1  Thoroughly clean, de‑grease and wipe down the engine and surrounding area. 

3.3.2  Before men are allowed to enter the crankcase and oil sump areas of the engine, the Contractor shall furnish a marine chemist's certificate indicating these areas are safe for men. The conditions specified in the chemist's certificate shall be maintained and certified daily by a competent person. 

3.3.3  Detach insulation and lagging sufficiently to allow disassembly and present the engine for inspection. Remove and properly dispose of all disturbed asbestos-containing insulation, lagging and insulating blankets. 

3.3.4  Tag out, uncouple, disconnect and remove attached auxiliaries and set off to one side. Provide and install blanks on disturbed piping. Provide, install and activate heaters on electric motors. Provide and install protective covers over opened/removed machinery. 

3.4  The Contractor shall prepare and submit to the COTR serialized "as found" Condition Reports. The Reports shall include a list of all readings taken with the values found stated and parts requiring repair or replacement. The report format of all readings shall be the same form for ease of comparison. Upon disassembly and examination, the Contractor shall enter into the serialized Condition Report the manufacturer's recommended clearances as compared to the clearances found in the engine upon disassembly.

3.5  Using vessel furnished casing/rotor mandrels, spreaders and lifting guides, disassemble the turbocharger housing as necessary and remove the turbocharger rotating elements and auxiliary scavenge air blower from the engine and transport to shop. Install plywood over openings in air induction manifold. Provide padded cradles with which to handle and transport rotating elements. All work on the turbo charger and scavenge air blower will be covered on a separate work order. 

3.6  Before the engine is disassembled, crankshaft deflection readings shall be taken.. Crankshaft deflection readings shall be taken with reciprocating assemblies in place. COTR to witness inspection. Contractor to record and submit "as found" deflection readings. 

CHECK POINT - (Crankshaft Deflection Readings)
3.7  Completely disassemble, clean and examine all components of the engine as outlined in this specification. 

3.7.1  Disconnect and remove all inspection plates on the air intake filter and silencer, the air and exhaust manifolds and the exhaust silencer, and carbon collector. Thoroughly, clean out interiors of all units and inspect for cracks and wasted areas. Record all findings. 

3.7.2  The lubrication system shall be drained and the entire crankcase and sump shall be wiped dry with lint free rags. 

3.7.3  Carry out repairs to the engine lubrication system authorized by COTR and supervised by the manufacturer's technical representative. All worn or defective parts found as a result of this examination shall be replaced with new parts, using only original manufacturer's parts. If these are not available, recommended substitutions shall be submitted to COTR for approval.

3.8  All cylinder heads shall be disconnected from the engine and rigged to the Contractor's shop. Completely disassemble and examine all parts including exhaust valves, valve seats, valve springs, guide bushings, injector cages, indicator cock, air starting check valve and relief valve. Clean all parts and examine for wear and defects. Check all clearances and record findings. On final assembly, replace with new all copper head gaskets and all cooling water piping gaskets and fastening materials. Measure and adjust piston and head clearances for all cylinders. 

3.8.1  The dismantled heads shall be dipped in a solution that will clean all internal passages free of scale and sediment. When clean, re‑dip heads in a neutralizer and flush with fresh water. All chemicals shall be obtained from the same manufacturer as the vessel’s cooling water treatment chemicals, to ensure compatibility.

3.8.2  Using the most appropriate means of non‑destructive testing as agreed with the COTR, thoroughly examine the cylinder heads for cracks and surface defects. Record findings. COTR to witness NDT inspection of cylinder heads. 

CHECK POINT - (NDT Inspection of Cylinder Heads)
3.8.3  Blank off and hydrostatically test the cylinder heads cooling jacket water passages to 150 lbs/sq. in. (10 bar) and prove tight. COTR to witness hydrostatic tests. 

CHECK POINT - (Hydrostatic test of cylinder heads jacket cooling passages)
3.8.4  Grind in and lap all valves to obtain a gas tight seal with the existing seats. When directed, assemble valves and test with compressed air and prove all valves gas tight. Use all new ferrules, gaskets and seals. 

3.9  Thoroughly clean all piston crowns and examine for cracks and stress defects. Before attempting to remove the pistons, the carbon accumulations above the area of ring travel must be removed from the liner. 

3.10  Release all piston rods from the crossheads and remove pistons and rod assemblies from the cylinders. Disconnect and remove all crossheads from the slipper assemblies. After reciprocating assemblies are removed from the engine, measure crank pin diameters at 90 degree intervals and record all readings.

3.11  Disassemble and thoroughly clean all pistons, piston rods, piston pins and snap rings, connecting rods, wrist pin bushings, connecting rod bearings, crosshead, slipper and guide assemblies. Replace all piston rings with new, original equipment manufacturer rings. Adjust end gaps and measure side clearance. NOTE: Where end plugs are installed, all piston measurements must be taken with end plugs in place. 

3.12  Thoroughly clean and examine all piston rod nuts and bolts. Bolts which show any defects or signs of over tightening, must be replaced. Magnetic particle NDT all piston rods and rod bearing bolts. Check all rods for parallelism. Preload bolts as recommended in the technical manual upon reassembly. NOTE: All bolts must be replaced in their original locations. The COTR shall witness NDT inspection. 

CHECK POINT - (NDT Inspection of Connecting Rods) 

3.13  When directed, reassemble and/or tag all reciprocating parts and store in a clean, dry location until ready to install in the engine. 

3.14  Remove all cylinder liners. Check wear of each cylinder liner at upper and lower range of ring travel in locations recommended in technical manual. Record readings. 

3.14.1  Remove all carbon and sludge from cylinder liner scavenging and exhaust ports and wipe down all cylinder liner machined surfaces. Carefully examine all areas for cracks, signs of overheating and score marks. Magnetic particle NDT upper flange of liners in way of head landings to check for cracks and signs of fatigue failure. The COTR shall witness NDT inspection. 

CHECK POINT - (NDT Inspection of Liners)
3.14.2  If the liner is found suitable for further use, remove the ring wear ridge and hone liners to remove all cylinder glaze. 

3.14.3  Grind and lap in seating flange on all cylinder liners until a tight metal‑to‑metal joint is obtained. Use all new seal rings when replacing liners. 

3.15  Check all main bearing clearances by use of feeler gauges at both ends of the bearings. Roll out lower halves of each main bearing and note condition of all bearings and journals. Record all findings. NOTE: Lower halves of main bearings shall be rolled out and replaced one at a time. 

3.15.1  Disconnect oil lines and remove main bearing caps and top shells. Roll out the lower bearing shells using procedures described in technical manual. Clean and examine bearings and crankshaft journals. Remove rough spots and scratches as required by careful use of a fine oil stone. 

3.15.2  Adjust crankshaft alignment to conform to limits specified in technical manual. 

3.15.3  Measure and adjust thrust bearing clearance as recommended by manufacturer of engine. 

3.15.4  Adjust bearing clearances after alignment work is completed. Blow and prove clear all lube oil headers and piping. 

3.16  Remove and disassemble all valve levers and brackets, rocker arms, valve lifter units, valve rollers and pins, valve stem caps, push rods, and push rod lifters rollers. Remove all inspection plates on gear train and note condition of gear teeth. 

3.16.1  Clean and examine the camshaft, the large cluster gear, governor drive gear, small cluster gear, thrust washers and retainers, and camshaft drive gear faces and teeth for wear or defects. Measure backlash of each gear including cam shaft differential drive gear. Measure bushing and pin clearances using feeler gauges. Check thrust and lash clearances. Clean and examine camshaft cams, bearings, bearing journals and bushings for wear and defects. 

3.16.2  Check all clearances in accordance with the manufacturer's instruction book. Record findings. Measure and adjust bearing clearances including camshaft thrust bearing clearance. 

3.16.3  If camshaft, camshaft gear or cam replacement is required, it shall be the subject of a separate delivery order.

3.17  Inspect engine frame and engine bed for cracks, using dye penetrant or other NDT method agreed with COTR. Prepare and submit condition report to COTR.

3.18  Check and inspect condition of engine hold-down bolts and chocks. Re-torque all hold-down bolts to original specifications. If engine is equipped with vibration isolators, inspect these for cracking or failure. Prepare and submit Condition Report to COTR.

3.19  All parts forming the attached fuel system of the engine shall be disassembled for cleaning and examination, including the duplex strainer and filter unit, fuel oil booster pump, fuel oil priming pump, by pass relief valve, pressure equalizer and associated valves, piping and fittings. 

3.19.1  The fuel pumps and fuel injectors shall be removed and overhauled as specified in the manufacturer's maintenance manual by a factory authorized injector service facility. 

CHECK POINT - (Deliver Fuel Injectors to Service Facility)
3.19.2  Blow out and prove clear all fuel lines, headers, and tracer lines. 

3.19.3  When injectors and fuel pumps are returned after overhaul, replace on engine and adjust timing and duration for correct fuel injection to each cylinder. Check and adjust cam timing on each fuel pump for proper fuel pump delivery to the injection valves. Check timing and stroke of cam shaft reversing position.

3.19.4  Adjust booster pump discharge pressure by setting by‑pass relief valve at correct pressures. 

3.20  Remove the governor from the engine and convey to the governor manufacturer's authorized repair facility, and perform a complete overhaul of the unit. 

CHECK POINT - (Deliver Governor to Service Facility)
3.20.1  Clean and carefully examine all control linkages, springs, bearings and ball joints and shafting. Lubricate and adjust all parts for correct operation in conjunction with fuel valve rack settings, overspeed governor and overspeed trip mechanisms. Torque pre‑loading torsion spring as specified in maintenance manual. 

3.20.2  Return the overhauled governor to the vessel. Reinstall the governor on the engine and adjust for correct operation in conjunction with the remote control air regulator mechanism, for all speed and load ratings as specified in the instruction manual. 

3.21  The Contractor shall fill the engine "day tank" with clean fuel in accordance with the engine manufacturer's recommendation. Clean samples of the diesel fuel shall be drawn from the day tank, bottled, labeled and stored in the ship's fuel oil test cabinet. The day tank shall be topped off as necessary until the overhauled engine is accepted by the COTR. 

3.22  All parts forming the air starting system attached to the engine shall be disassembled for cleaning and examination, including the air reducing valve, main stop valve, quick opening valve, cylinder check valves, starting air distributor and drain valves.

3.22.1  Grind and lap all air starting valves to a gas tight seat. 

3.22.2  Upon reassembly, lubricate and adjust all parts for proper operation. Press up all starting air tanks to working pressure using ship's compressors. Prove all valves and piping tight and satisfactory under full working pressure. COTR to witness final tests of air starting components. 

CHECK POINT - (Starting Air System Tests)
3.23  All attached parts forming the lubricating system of the engine shall be disassembled for cleaning and examination, including the duplex strainer and filter unit, attached and motor driven lube oil pumps, pressure regulators and by‑pass relief valve, and associated valves piping and fittings. 

3.23.1  Blow out and prove clear all lube oil lines and headers. 

3.23.2  Open attached lube oil pumps for inspection and renew all O‑rings, gaskets and seals. All parts requiring replacement shall be listed and brought to the attention of the COTR. 

3.23.3  Adjust lube oil pressure by setting pressure regulator. Set by‑pass relief valve at correct pressure. 

3.23.4  The Contractor is to furnish new lubricating oil as recommended by the engine manufacturer sufficient to fill sump to operating level. Clean samples of the new lube oil shall be drawn, bottled, labeled and stored in the ship's lube oil test cabinet. 

3.23.5  Disassemble and inspect the pre-lubrication system including pre-lube pump, check valves, piping and pressure switches. Prepare and submit Condition Report to the COTR. When directed, reassemble and test the pre-lube system.

3.24  Remove, dismantle, clean, inspect, reassemble and test the crank case explosion preventers, i.e., relief valve and/or explosion doors. Renew all gaskets and seals. 

3.25  Disconnect, and remove all inspection plates and cleanout ports located on the scavenging air manifolds and silencer. Clean out all carbon and oil deposits and wipe down entire scavenging air manifold.

3.25.1  Clean and inspect scavenging trunk manometer and crankcase manometer. Calibrate and adjust both units for proper operation. Clean and prove clear crankcase ventilation suction line. Open up, inspect, clean and reclose oil separator and drain lines.

3.25.2  Disconnect and remove all air pump suction and discharge valve assemblies and all scavenging box valve assemblies, including scavenging one-way valve. Remove to shop and disassemble all valves for cleaning and inspection. Machine, grind and lap in valve seats to make air tight seat with valve plates. Reassemble and return valve assemblies to ship and reinstall on engine.

3.26  All units attached to the engine which are parts of the water cooling system shall be opened up, cleaned and examined including fresh and salt water pumps, heat exchangers, piping, valves, fresh water tanks, surge tanks and temperature regulating valve.

3.26.1  Drain and properly dispose of all cooling system liquids.

3.26.2  Remove inspection covers from cylinder cooling water jackets. Examine water sides. Blank off openings as required and chemically clean all water passages until all scale is removed. Neutralize the blocks with alkaline solution and then flush with fresh water. Follow instructions of the cleaning compound manufacturer carefully when using scaling compounds. 

3.26.3  Chemically clean attached engine heat exchangers, as listed. [Specification preparer to insert number and data for engine mounted heat exchangers] Blank off and chemically clean the heat exchanger on both shell and tube sides. After cleaning, hydrostatically test cooler. Prepare Condition Report on cooler and submit to COTR. When directed by COTR, plug off all leaking tubes and record findings. If heat exchanger uses sea water cooling medium, replace with new all zinc anodes. COTR to witness hydrostatic test.

CHECK POINT - (Hydrostatic Test of Heat Exchangers)
3.26.4  Grind in and repack all stop valves located in cooling system piping. When directed, reassemble all piping, pumps and coolers using new gaskets, O‑rings and seals. Close up system and leave ready for service.

3.26.5  The fresh water tanks and the surge tanks shall be cleaned and examined. All loose scale and sludge accumulations shall be removed. COTR to witness final cleanliness inspection prior to closing tanks.

CHECK POINT - (Tank Inspection)
3.26.6  Immediately prior to engine start up, the Contractor is to furnish the services of a chemist to properly fill and titrate the fresh cooling water tanks and the expansion tanks. 

3.27  The main instrument panel, associated instruments, engine controls and pertinent rods and linkages shall be cleaned and carefully examined for wear, defects and operating adjustment. Tachometers, pyrometers, gauges and thermometers shall be removed, cleaned and examined for worn or defective parts. Calibrate all gauges, meters and tachometers, and reinstall. Instrument panel wiring, tubing, control cocks and valves shall be cleaned and checked for abrasion, leakage and securement. All sensors for monitoring, alarms and automatic shutdowns shall be removed, cleaned, calibrated, reinstalled and tested and adjusted for correct operation.

3.28  Completely reassemble the engine. Where tie rods are installed, tighten to proper tension. Record all final torque readings for each tie rod. At any time during final assembly of major components, the COTR and regulatory bodies shall be allowed to examine the individual parts. Irregularities shall be brought to their attention. During assembly of the engine, the Contractor shall continue to record all measurements and clearances in the serialized Condition Report. 

3.29  After assembly, but before the engine is started on post overhaul test run, crankshaft deflection readings shall be taken, and compared to pre-overhaul readings. Contractor to record and submit deflection readings. COTR to witness inspection. 

CHECK POINT - (Crankshaft Deflection Readings)
3.30  Provide USCG licensed and certified personnel to test operate the overhauled engine during dock and sea trials, and prove engine satisfactory.

3.31  Provide adequate mooring lines and tug assistance for dock trials of main engine.

CHECK POINT - (Mooring Arrangements for Dock Trials)
3.32  Carry out preliminary tests and dock trials of engine.



3.32.1  The procedures for "Starting Engine After Partial or Complete Overhaul" in the manufacturer's instruction manual shall be submitted and followed. COTR to witness all start up preparations. 

CHECK POINT - (Pre Start-Up Inspection) 

3.32.2  Cut off fuel supply to the engine. Rotate the engine for a few seconds on air, with the gas inspection cocks first open, and then closed. Ascertain that there are no abnormal noises, or leaks from fuel oil, air, water or lube oil lines.

3.32.3  Start the engine, and run the engine under no load until all pressures and temperatures fall within normal range as specified in the instruction manual. Run-in engine in accordance with manufacturer’s instructions. Take indicator cards of all cylinders.

3.32.4  Demonstrate all engine safety devices, alarms and controls to the satisfaction of the COTR and regulatory bodies. 

3.32.5  Investigate and correct all water, lube oil, fuel and air leaks which may develop during test runs and investigate and correct all abnormal conditions. Take and record compression and firing pressures for all cylinders.

3.32.6  Upon satisfactory completion of all preliminary testing, COTR shall authorize commencement of sea trials. 

CHECK POINT - (Sea Trial Authorization)
3.33  Replace all disturbed asbestos insulation and lagging with environmentally safe, non‑carcinogenic insulation, lagging and insulating blankets. Reuse, if practical, all non‑asbestos lagging and insulation, including reusable blankets and covers. Red tinted adhesive sealer shall be applied to all asbestos‑free insulation prior to final painting. 

3.34  Prepare, prime and coat all new and disturbed surfaces in accordance with Marad coating guidelines. Top coats shall match surrounding areas. 

3.35  When directed, conduct sea trials. Specific dock and sea trial responsibilities, agenda, requirements, and manning will be covered on a separate work order. 

3.36  Provide a final Condition Report which shall combine all readings, measurements, comments and clearances taken during the engine overhaul plus all data from preliminary testing, dock and sea trials. 

CHECK POINT - (Final Condition Report) 
4. Performance Criteria/Deliverables:
4.1  Review certification of Manufacturer's Technical Representative.

4.2  Witness and receipt of written report of crankshaft deflection readings. 

4.3  Witmess NDT inspection of cylinder heads.

4.4  Witness hydrostatic test of cylinder heads.

4.5  Witness NDT inspection of connecting rods.

4.6  Witness NDT inspection of cylinder liners.

4.7  Confirmation of delivery of fuel injectors to service facility.

4.8  Confirmation of delivery of governor to service facility.

4.9  Witness starting air system tests.

4.10  Witness hydrostatic test of heat exchangers.

4.11  Witness cooling water tank inspection.

4.12  Witness/Receipt of written report of crankshaft deflection readings. 

4.13  Witness/Receipt of written report of engine start up preparations. 

4.14  Contractor to submit request for COTR authorization of dock trials.

4.15  Receipt of final Condition Report which shall combine all readings, measurements, comments and clearances taken during the engine overhaul plus all data from preliminary testing, dock and sea trials. 

5. References:
5.1  Manufacturer's technical manuals and parts books for the engine and attached equipment.

6. Notes:
6.1  COTR will furnish the contractor with copies of the following data, technical manuals (instruction books) and drawings, for the contractor’s use in preparing for and carrying out the specified work. [Specification preparer to insert list of available data, technical manuals and drawings.] This is the entire extent of information to be provided by the COTR. It shall be the contractor's responsibility to review the data, technical manuals and drawings provided, and to obtain any additional or missing information which the contractor may desire. One copy of any such supplemental information obtained by the contractor shall be given to the COTR.

6.2  COTR will make available the following existing shipboard special tools and equipment for servicing the equipment item. [Specification preparer to insert list of special tools and equipment (e.g., disassembly jigs, special gauges).] This is the entire extent of special tools to be provided by the COTR. It shall be the contractor's responsibility to review the equipment manufacturer’s technical manuals and to obtain any additional special tools or equipment required to properly carry out the specified work.

6.3  Disposal of all scrap and debris to be in accordance with federal, state and local regulations. 

6.4  COTR and regulatory bodies shall be notified, in writing, at least 24 hours prior to each check point. 

6.5  During all phases of engine overhaul the area surrounding the engine shall be policed daily to ensure that there is no build up of moisture, grease or debris. Floor plates which have been removed to gain access shall be stacked flat and out of the way.
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