Cargo Pumps 
Each cargo tank shall include two equally sized submerged electric cargo pumps. The pumps shall be designed to meet the performance requirements set. Pumps in all cargo tanks are generally identical in manufacturer, model and capacity. The pumps should be designed with inducers and bell mouths to give minimum NPSH requirements and to be fully hydraulically thrust balanced in normal service over a wide capacity range (i.e. the pump thrust bearings should carry no thrust during steady state operation). The suction bell mouths shall be fitted with a strainer. 

The cargo pumps, pipeline system and starters shall be designed to minimise liquid hammer during starting. In this regard, the cargo pump non-return valves shall be installed in the cargo tank immediately above the pump and consideration can be given to incorporating frequency controlled or soft starters.

All the pumps should be test run at duty point and to establish NPSH in liquefied gas before delivery. For the first pump of the batch, full performance tests should be conducted, such tests being carried out using LNG of similar composition to that which will be encountered in actual service. If the results are satisfactory, this performance test need not be repeated for subsequent identical pumps for the ship or series of ships. 
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The Following are extracts from the Manual of LNGC DISHA, a 137,000 m3 LNG Carrier, owned by Petroship
General Description

The ship is fitted with submerged, electric, single-stage (the tripping/spray pumps are two-stage), centrifugal cargo pumps manufactured by Shinko Ind. Ltd . They are installed at the bottom of each tank.

Two sizes of pump, main cargo and stripping/spray pumps are installed as fixed units, i.e. two main cargo pumps and one stripping/spray pump per tank. In addition, provision is made at each tank to introduce an emergency cargo pump in case of total cargo pump failure. One emergency pump is available on each ship.

Operation

The cargo pumps are started and stopped from the Cargo Control Room (CCR) mainly via the IAS Schematic display and the associated Group displays. These are also accessed through the loading and unloading plans and monitor Schematic Displays. They will also be automatically stopped in the event of various shut down trips being activated both in relation to the cargo system and the pumps themselves.

Each cargo pump electric motor is protected from:

Overload (over current)

Low-current (no load operation)

Imbalance between phases (single-phasing)

Too long starting

Under normal condition, the start method of the cargo pump is soft starting. If soft starting is not available, DOL (Direct On Line) starting can be used with selector switch, soft – direct, on each cargo pump panel of 6.6 kV CSBD.

The power supply to the cargo pump motors is made available via cargo switchboards which are arranged in two independent sections that are normally operated as coupled, via bus-tie connection, or independently. The No.1 cargo switchboard supplies the No.1 pumps in all four tanks, while The No.2 cargo switchboard supplies the No.2 cargo pumps.

Each the cargo switchboards can be supplied by either, or both, of the main switchboards.

Due to high electrical load imposed on the cargo switchboards by the running of main cargo pumps, there is a limitation on the number of pumps that can be run depending on the electrical power management system (start block).

The pumps should be started individually and sequentially, as required, with the discharge valve open (approximately 25%).
Main Cargo Pumps
Specification

Pump

Manufacturer: 





Shinko Ind. Ltd.

Pump model:





SM350

Number of stages: 




1

Operating temperature: 




-163°C

Capacity rated flow: 




1,650 m3/h

Total head: 






177 m

Power rated: 





497 kW (Motor rated at

560 kW)

Efficiency: 






80 %

Rotational speed: 





1,800 rpm

Minimum starting level: 




1.9 m

Minimum restarting level:



0.7 m

NPSHR/Pump down level:

At rated flow: 





1.0 / 0.4 m

At minimum flow: 




0.5 / 0.2 m

Minimum flow: 





650 m3/h

Motor

Type: 







Vertical Submerged

3-Phase Induction

Rated Output 





560 kW

Synchronous Speed 




1800 rpm

Electric Power Source 




AC 6600V / 60Hz

Rated Current 





68 A

Starting Current 





400 A

Each main cargo pump is rated to discharge 1,650 m3/h at 177 m head of LNG. For optimum discharge results, bulk discharge will be carried out with 8 pumps running in parallel.

The pump discharge valves will be throttled to ensure optimum performance indicated by the pump performance graph.

During the course of discharge, changes in flow rate and tank levels will alter these readings and the discharge valve will have to be readjusted accordingly.

Under normal conditions it should be possible to maintain the full discharge rate until the tank level approaches approximately 1.9 m, at which time the pump will start to cavitate and lose suction as indicated by fluctuations in the discharge pressure and ammeter readings.

The discharge valves should be throttled to stabilize conditions and one pump stopped if necessary. The remaining pump should be progressively throttled to maintain suction and prevent the operation of the low discharge pressure trip, until a level of 0.369m.

By trimming the vessel 1 meter or more by the stern, it should be possible to reduce the amount of liquid remaining in the tanks to a minimum, if requested.

The cargo pumps may be run in closed circuit on their own tanks by opening the loading valve. This may be required if the discharge is temporarily halted when the tanks are at low level, thereby avoiding the problems of restarting with low level and low discharge pressure.

The pump shall be tested before arrival discharge port on calm sea condition, and during loading when the tank level is about 4~5 m subject to terminal’s acceptance.

The cargo pumps will be automatically stopped should any of the following occur:

1) Cargo tank pressure below, or equal to, primary insulation space pressure plus 0.5 kPag (ESDS: Cargo Tank Protection).

2) Vapour header pressure below or equal to atmospheric pressure plus 0.3 kPag.

3) Extreme high level in cargo tank (99% volume).

4) Activation of emergency shut down trip:

(10 push buttons and 12 fusible elements) (ESDS: Stage 1)

5) Activation of ship/shore pneumatic, fibre-optic or electrical shutdown

(ESDS: Stage 1).

6) Motor single-phasing.

7) Low motor current.

8) High motor current (electrical overload).

9) Low discharge pressure with time delay at starting.

10) Cargo Control Room stop.

11) Activation of ESDS stage 2.

12) Cargo tank level low.

ESDS signifies that all cargo plant is shut down in addition to the pump(s) on the tank(s) in question.

Note !

An insulation test of all pumps is to be carried out after leaving the loading port to establish that all pumps are operational and to allow time for the installation of the emergency cargo pump should it be necessary. Disconnect the earth line of insulation monitor before carrying out this test.

Note !

The pump should not be started or operated against closed discharge valve due to potential damage which may result to insufficient cooling and lubrication for motor and bearing and excessive vibration levels associated with zero flow conditions.

The restart of pumps in normal operation is restricted depending on the liquid level above the submerged electric motor. Pumps may not be restarted when the tank liquid level is below 700 mm.

1) For tank liquid level 1.9m or more from tank bottom - The motor may be started and stopped by inching continuously twice. The third starting should be carried out after more than 15 minutes have passed after the second stopping. - “Inching” means that the operating time is less than 5 minutes.

2) For tank liquid level less than 1.9m from tank bottom. - The second starting should be carried out after more than 30 minutes have passed after the first stopping.
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