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1.0 [bookmark: _Toc343327774][bookmark: _Toc518745777][bookmark: _Toc325006571][bookmark: _Toc328298189][bookmark: _Toc123110087]INTRODUCTION
Binak oilfield in Bushehr province is a part of the southern oilfields of Iran, is located 20 km northwest of Genaveh city. 
With the aim of increasing production of oil from Binak oilfield, an EPC/EPD Project has been defined by NIOC/NISOC and awarded to Petro Iran Development Company (PEDCO). Also, PEDCO (as General Contractor) has assigned the EPC-packages of the Project to "Hirgan Energy - Design and Inspection" JV.
2.0 [bookmark: _Toc343001687][bookmark: _Toc343327775][bookmark: _Toc123110088]GENERAL DEFINITION
The following terms shall be used in this document.
	CLIENT:	
	National Iranian South Oilfields Company (NISOC) 

	PROJECT:
	Binak Oilfield Development – Supply Of Fire Water Pumps

	EPD/EPC CONTRACTOR (GC):
	Petro Iran Development Company (PEDCO)

	EPC CONTRACTOR/PURCHASER:
	Joint Venture of: Hirgan Energy – Design & Inspection (D&I) Companies

	VENDOR:
	Kalaye Pump Company

	EXECUTOR:	
	Executor is the party which carries out all or part of construction and/or commissioning for the project.

	TPI:
	Third Party Inspector.

	SHALL:
	Is used where a provision is mandatory.

	SHOULD:
	Is used where a provision is advisory only.

	WILL:	
	Is normally used in connection with the action by CLIENT rather than by an EPC/EPD CONTRACTOR, supplier or VENDOR.

	MAY:	
	Is used where	a provision is completely discretionary.


3.0 [bookmark: _Toc343327080][bookmark: _Toc343327777][bookmark: _Toc518745778][bookmark: _Toc123110089][bookmark: _Toc328298191][bookmark: _Toc259347570][bookmark: _Toc292715166][bookmark: _Toc325006574]SCOPE 
The scope of this executive instruction includes all projects of Kalay-E-Pump Company and other common productions.



4.0 [bookmark: _Toc380590541]DESCRIPTION
4.1. [bookmark: _Toc380590542]Introduction
The Kp pump (fig 1-1) is a modular designed centrifugal pump which can be adapted to achieve almost all petrochemical liquid pumping requirements. The pump is manufactured in different sizes for various pumping capacities.

[image: ]
For ease of maintenance, the pump is constructed so that pipe connectors do not have to be disturbed when internal maintenance is required.
The main components of the pump are:
· Pump casing
· Impeller
· Shaft
· Bearing housing and bearing carrier
· Bearings
· Mechanical seal housing
· Mechanical seal

4.1.1. [bookmark: _Toc362861962][bookmark: _Toc362861990][bookmark: _Toc380590543]Pump Casing
The pump casing is designed with a horizontal centreline end inlet and vertical centreline top outlet which makes it self venting. The pressure and temperature of the pump depends upon the material from which the pump and flange have been manufactured.

4.1.2. [bookmark: _Toc362861963][bookmark: _Toc362861991][bookmark: _Toc380590544]Impeller
The impeller is fully closed and assembled to the shaft by the key. The impeller nut tightens the impeller, sealed by a Gasket which situates between them.

4.1.3. [bookmark: _Toc362861964][bookmark: _Toc362861992][bookmark: _Toc380590545]Shaft
Pump shaft mounted on bearings, has a keyed drive end carries the dynamic shaft seals and impeller. Shaft sleeve mounted on the shaft as the seat of shaft seal.
[bookmark: _Toc362861965][bookmark: _Toc362861993][bookmark: _Toc380590546]BEARING HOUSING
The bearing housing carries the pump bearings. The bearing cover is attached to the Bearing housing by 4 Screws, and labirance ring for sealing. Bearing lubricating system is flood   and for oil lubricated bearings a sight glass enables the oil level to be viewed.

[bookmark: _Toc362861966][bookmark: _Toc362861994][bookmark: _Toc380590547]Bearings
The KP  pump is fitted with one cylinder Roller bearing and two ball Bearing witch may configured differently dependent on use, and are oil lubricated.

[bookmark: _Toc362861967][bookmark: _Toc362861995][bookmark: _Toc380590548]Mechanical Seal Housing 
The seal housing has spigots between the pump casing and bearing housing for optimum Concentricity, and is sealed to the pump volute casing face with gasket. The gasket is fully confined.

[bookmark: _Toc380590549]Mechanical Seal
The mechanical seal, attached to the drive shaft, seals the pump leakage from the bearing housing, and the environment. A Mech. Seal includes of two parts, stationary part and rotary witch both of them has polished surface the contact to each other perfectly for sealing.


5.0 [bookmark: _Toc362861969][bookmark: _Toc362861997][bookmark: _Toc380590550]PRESENTATION

[bookmark: _Toc362861970][bookmark: _Toc362861998][bookmark: _Toc380590551]General
The perfect running of our centrifugal pumps cannot be achieved without a strict respect for the advice given in these installation & Maintenance Instructions. Do not use the pump for duties other than those recommended by us in this manual or in the contract documentation.
The regulation instructions and descriptions given in this manual concern the standard operation. It does not cover construction variants or special adaptations.


[bookmark: _Toc362861971][bookmark: _Toc362861999][bookmark: _Toc380590552]Specifications
             The KP pumps are equipped with a nameplate on which is includes:
· Pump model/size
· Pump speed ( rpm) 
· Rated capacity ( m3/hr)
· Rated Head (m)
· Pump Serial number ( Nº )
· Power (kw)
· ...
Here is a schematic of KPCo. name plate. 

	[image: Image-05][image: Arm-Anor]Tel Fax : 0098(21)33914711
                                                      E-mail : info@kalayepump.com
                     Tehran–Iran 
KALAYE PUMP                                                               

	Mfr. Ref. : 
	Purchaser Ref. : 

	Serial No. :
	Pump Type /Size :


	Pumping Temp.(°C) :
	Liquid : 

	Diff. Head(m) : 
	Capacity (m3/h) : 

	Power (kw) : 
	Speed (rpm): 

	Production Date : 
	Hydro Test Press. (bar) : 



[bookmark: _Toc362861972][bookmark: _Toc362862000][bookmark: _Toc380590553]TRANSPORTATION AND STORAGE
[bookmark: _Toc362861973][bookmark: _Toc362862001][bookmark: _Toc380590554]Transport
· The pump, coupling hub, and driver are generally shipped mounted on the base plate. 
· The unit must be carefully packed so that it does not move. Check general condition of all parts on arrival.
· Observe the plant’s safety precautions when lifting heavy components. 
· When transporting with a crane, the rope should be slung round the unit as shown below in Figure 3.1.

[image: ]
 The rope should not be slung around the lugs attached to the motor or around the lugs attached to the pump.  
· A complete pump set on steel base plate must be handled with the aid of apertures in the base plate anticipated for this use as indicated on the figure above.
· To avoid damage, the unit must be transported and handled with care. It should be gently lowered onto an even surface. Pay attention to and indentify the signs marking the points of equilibrium and fastening places for ropes, or the openings for forklift trucks.
[bookmark: _Toc362861974][bookmark: _Toc362862002][bookmark: _Toc380590555]Storage
If the pump is not installed immediately, (within one month after shipping date) it should be safely stored prior to installation in a dry location free of dirt and grit. Furthermore, the pump unit (pump, driver, etc.) should not be subject to sudden temperature changes or vibrations. Observe the following steps:  
1. Remove pump from shipping crate, but do not damage the crate because the unit is to be reboxed. Stored in a sheltered and dry location;
2.  Plug the instrument taps. 
3. Thoroughly dry the pump with hot air.
4.  Any painted surface damaged in shipment should be repainted or sprayed with oil. 
5. Keep the pump moisture-free by the following two means:
a) Spray the pump case, bearing housing with acid-free, moisture-free, protective oil or kerosene. 
b) Place desiccant or humidor bags inside the suction and discharge areas of the pump. 
6. Cover all the openings with plywood or metal covers. Recheck the condition of these covers every month and replace as necessary.  
7.  If the pump’s external parts have protective coatings, periodically inspect and renew the coating as required. 
8.  Rotate the shaft 1 ¼ revolutions every week. Lubricate shaft bearings prior to rotation. 
9.  Check the packaging for damage every month. 
10.  Ensure pump flange covers remain in place. 
11.  Return the unit to the shipping crate. 
12.  When the pump is to be installed, remove all the protective coatings and desiccant or drain all oils.
13. Upon receipt, considering that the oil-lubricated drivers are not shipped oil-filled, fill the reservoir to maximum level with properly selected oil with rust and corrosion inhibitors.
14. If there is a risk of freezing temperatures or if the pump is to remain idle for a long period of time, empty the pump and any auxiliary circuits and close the isolating valves;
15. After prolonged storage, the gland packing may need changing as it will probably have dried out. Before changing however, run the pump for 24 hours with the packing loose,   and gradually tighten down. If significant leakage persists, the packing must be changed.

[bookmark: _Toc380590556][bookmark: _Toc362861975][bookmark: _Toc362862003]Conservation
All exposed, machined, working surfaces (flanges, seals, surfaces supporting the motor), shaft ends, unpainted couplings and the like have been cleaned and treated with anticorrosive agents. After being cleaned, all parts inside the pump housing have been sprayed with anticorrosive agents.
The period of protection offered by these conservation measures is approximately 18 months if stored in a dry place. If stored under unfavorable climatic conditions, this protective period may be considerably reduced. Should the anticorrosive layer become damaged, it can be repaired by repainting or respraying.
The anticorrosive layer applied to the exposed parts does not need to be removed before putting the pump into operation.

[bookmark: _Toc380590557]INSTALLATION
Correct and orderly installation/assembly is necessary for trouble-free operation of the unit. KALAYE PUMP does not assume any liability for damage resulting from inadequate installation/assembly. The chosen location for installation must offer enough space for maintenance activities. Consult also API Recommended Practice 686 to ensure proper installation in your facility.

[bookmark: _Toc380590558]Concrete Foundation Preparation 
1. Choose a solid ground location for foundation; check that the bearing capacity of the soil is at least one third higher than both static and dynamic loads together.
  
2. The effects of vibrating equipment on the surrounding area should be investigated and the isolation required for the foundation should be considered. It is important to consider that the driver and the driven machinery must be supported from a common foundation.  

3. A minimum compressive strength of 4061 psi (28 MPa) for the concrete is to be reached after 30 days. Check with your supplier the strength and time of setting. 

4. All foundation materials shall be selected to prevent deterioration due to exposure to an aggressive environment; the use of a protective coating should be considered. 

5. The mass of the concrete foundation should be five (5) to ten (10) times the mass of the supported equipment.

6. Imaginary lines extended downward 30 degrees to either side of a vertical line through the pump shaft should pass through the bottom of the foundation and not the sides, as shown in Figure 4.1.  
[image: ]Figure 4.1 Imaginary lines.
7. Build foundation approximately 3 inches (76 mm) larger overall than the pump baseplate for machines up to 500 horsepower (372 kW), and 6 inches (152 mm) larger for machines greater than 500 horsepower (372 kW) to provide ample anchorage for the foundation bolts.

8. Since water can accidentally flow in the floor, a height for the surface of the foundation of 4 inches (100 mm) at least above floor level is recommended.

9. Use a template to accurately locate foundation bolts according to the General Arrangement.

10. Choose foundation bolts of size specified in general arrangement. they should be long enough to allow a minimum of two threads above the nuts.

11. Provide pipe enclosures for the bolts, which are three or four diameters larger than the bolts.

12. Protect area around the bolts from contact with the concrete. 

13. Pour the concrete and provide a chamfer at all corners.

14. Allow concrete to cure completely (at least seven days) before preparing the surface for grout preparation. 

[bookmark: _Toc380590559]Leveling Base plate
Before leveling the unit onto the foundation, the following preparations must be made: 
1. Chip away all damaged concrete with a hammer and chisel, eliminating about one inch of the surface of the foundation. After surface chipping is done, the foundation shall be thoroughly cleaned free of debris. Clean the anchor holes.

2. Check that the placement and dimensions of the foundation and the anchor holes correspond to the assembly plan. 

The foundation must be kept free of all contamination after it has been prepared for grouting. To continue with the leveling procedure: 

1. Remove the pump and driver from the base to facilitate the leveling procedure.

2. Remove base plate from wooden skid.

3. Attach lifting rig hooks to lifting lugs of base plate.

4. Guide base plate to position above foundation bolts and lower baseplate into position over foundation bolts; be sure to respect the above-mentioned clearance between concrete and base plate.
5. There should be a minimum annular clearance of 1/8 inch (3 mm) between anchor bolt holes and the anchor bolts to allow for field alignments.

6. Using a precision level across base plate pads, adjust jacking bolts as necessary to ensure that base plate is level in all directions (See Figure 4.2), within 0.002 in/ft (0.2 mm/m).
  
[image: ]

Figure 4.2 Base plate leveling planes.
7. The alignment of the base plate is effected only with the help of adjusting screws. Wedges may not be used for this purpose. 

NOTE: Each jacking bolt should have a mounting pad, to distribute the stresses evenly.
 
NOTE: The base plate should be mounted without distortion. Under no circumstances should the driver be higher than the pump. 

8. When base plate is level, 'snug' the foundation bolt nuts, but do not tighten completely.


[bookmark: _Toc380590560]Grouting 
[bookmark: _Toc380590561]Equipment/Material Required 
· Grout Mix: Non Shrink Type 
· Sufficient lumber for foundation template and grout trough. 
· Risers or funnels for guiding grout. 
· Sufficient oil paint for grout protective covering. 
· Dial indicator. 
· One bracket, suitably stiff having an arm length of sufficient length to extend from the driver coupling hub to the pump coupling hub. 

[bookmark: _Toc380590562]Grouting Precautions 
During all the grouting process, the involved personnel must follow these safety precautions: 
· Wear goggles or face shields, aprons, and protective gloves at all times. 
· Wear dust masks if in contact with the dry aggregates. 
· Wash hands regularly with soap and water.
· Some epoxy grouts have highly exothermic reactive properties; they should be handled with care. They may become extremely hot and cause severe burns. 

[bookmark: _Toc380590563]Grouting Procedure 
a) Verify that anchored bolt sleeves are clean and dry. Fill them with a nonbonding moldable material to prevent them from being grouted.

b) The anchor bolt threads should be protected with tape before grouting.

c) Provide a form around the baseplate to contain the grout. The form should be chamfered at all corners.
· Grout forms should be attached with drilled anchors. Do not power nail. 
· Apply three coats of paste wax to the inside surfaces of the forms in order to prevent adherence. Do not use oil or liquid wax. 
· Prevent grout leakage, as leaks will not self-seal. 
· Apply the grout, starting at one end of the form and advancing toward the other end. The use of push tools to get rid of trapped air is allowed if done in long strokes. 
· Do not vibrate or violently ram the grout (it may cause the aggregates to separate). 
· Do not plug any baseplate fill or vent holes until the grout has set to avoid base plate distortion. 
· Check with the supplier of the grout the preferred thickness for your installation.
 
d) Tap base plate to eliminate air pockets.
· It is imperative to get rid of all trapped air before the grout hardens. 
·  Check frequently for grout leaks. 
· Leaks will not self-seal and may cause voids. 

e) Remove jackscrews and grout-forms once the grout has completely hardened (takes around 3 days).

f) Do not use grout to fill the jackscrew’s holes; use a sealant material instead. 

g) Tighten the foundation bolts.

h) Apply oil paint to exposed grout to protect from air and moisture.

i) Use a lifting rig to position the pump and driver on their baseplate so that the mounting feet line up with their respective tapped holes.

j) Fasten the pump and driver hold down bolts, attach all auxiliary piping and wiring. 


[bookmark: _Toc362861976][bookmark: _Toc362862004][bookmark: _Toc380590564]PIPING AND ALIGNMENT

The pump and motor shaft MUST be perfectly aligned to ensure a long trouble-free life for the bearing and coupling. The shafts are aligned before dispatch but the settings may be disturbed during transport. Furthermore, the base is flexible to a certain extent, and will distort slightly if it bolted to a foundation that it not flat. The resulting misalignment would cause:
· Rapid wear to the coupling parts.
· Overheating and rapid wear to the pump and motor bearings.
· Vibration
To avoid these problems, it is important to install the machine correctly, according to the following procedure. First, attentively examine the machine to see that the components have not moved on the base during transport, and that the shaft ends are not out of fire. 
a) The foundation must be rigid, level and flat. The holes for the anchor bolts must have a chamfer cut in the edge, emerging beyond the edge of the base plate, for pouring in the grout.
b) Fit the machine on the foundation with the anchor bolts while placing steel shims under the base plate. Shims must be at least 10 mm thick and placed close to the bolts, on either side, and in the middle of the base plate. Ensure that the shims are in intimate contact with foundation by smoothing out the seating areas carefully.

[image: ]
Fig. 5.1. Anchor bolts configuration

· Do not grout in the holding down bolts until all the pipe work to the pump has been permanently assembled.
· The connection of the piping must be carried out with utmost care; otherwise, the pumping medium can escape during operation, which can seriously endanger the operating personnel.
· Do not start the piping and alignment procedures until grouting, preliminary alignment (as seen in the previous sections of this manual) and on site welding have been performed.
· In a new installation, great care should be taken to prevent dirt, scale, welding beads, and other items from entering the pump. The suction system should be thoroughly flushed before installing the suction strainer and suction piping.  
· Suction and discharge piping should be of ample size, be installed in direct runs with minimum bends.
· Short radius elbows shall be avoided near the suction nozzle. If an elbow is necessary, it should be of the long radius type.
· Suction and discharge piping configurations should be in accordance with the Hydraulic Institute Standards.
· Suction and discharge piping, fittings, and valves must be adequately supported and anchored close to the pump flanges to eliminate strains imposed on the pump casing, prevent excessive nozzle loads, maintain pump/driver alignment, and avoid pipe-induced vibration.

[bookmark: _Toc380590565]External nozzle forces and moments
Steel and alloy-steel horizontal pumps and their baseplates, vertical in-line pumps with supports anchored to the foundation, and vertically suspended pumps shall be designed for satisfactory performance if subjected to the forces and moments in Table 5.1 applied simultaneously to both suction and discharge nozzles in the worst-case combination for the pump in question. For horizontal pumps, two effects of nozzle loads are considered: distortion of the pump casing and misalignment of the pump and driver shafts. (API 610)

[image: ]
[bookmark: _Toc362861977][bookmark: _Toc362862005]
Table 5.1. Nozzle Loads
[bookmark: _Toc380590566]Piping the System
The pipe work must never apply any strain to the pump flanges, since it might lead to internal and external deformations on the pump and misalignment of the pump-motor shafts.

THE PUMP MUST NEVER BEAR THE WEIGHT OF THE PIPWORK

To avoid air pockets and resulting risk of running dry, the suction pipe must be inclined upwards unit it meets the pump. If the suction pipe bore is larger than the pump inlet diameter, the reduction connection must have its top line horizontal. Fit vents to high points on discharge piping as required. It is recommended that (if applicable) the valve should be downstream of the check valve.
All pip work, especially the suction pipe, must be free from leaks and air–tight. Also check that foot valve (if fitted) if free from leaks.

1. Check whether the piping is loosely laid, so that no strain is placed on the pump.
Note: Piping layout and installation shall provide adequate maintenance and operation accessibility. Field installed auxiliary equipment shall not interfere with removal of the machine or driver.

2. Remove the covers of the pump flanges.

3. Check whether the seals are correctly mounted.

4. Install a check valve and a gate valve in the discharge pipe. When the pump is stopped, the check valve will protect the pump against excessive back-flow pressure and will prevent the pump from running backward.
Note: The check valve should be installed between the gate valve and discharge flange in order to permit its inspection.

5. A spool piece should be installed in suction line so that the suction strainer may be installed and removed with a pressure gauge between the strainer and pump. 
 
6. The suction strainer should be installed between 5 to 20 pipe diameters upstream from the suction flange.

7. Cone type strainers (otherwise known as “witches –hat” strainers) should be mounted as recommended within the Hydraulic Institute, with the cone pointing upstream away from the pump, into the oncoming flow. As the strainer gradually gathers particles from the liquid and blocks up, this direction will result in the lowest turbulence impact onto the liquid flow entering the pump.

8. Disconnect the piping from the pump if you heat one side of the pipe to align the pipe to the pump.

9. Pump and pipe flanges must be parallel; they should mate together without effort, and with the bolt holes properly in line.

10. Check the fine alignment by clocking or using a Dial Type Indicator (DTI) on the coupling. Check the operating instruction for the coupling.

11. Connect and tighten the suction pipe and compare the alignment with the values of the fine alignment. In the case of deviations, warm the pipe so that the values of the fine alignment are reached.

12. When heating takes place close to the flange, there is a danger that the flange seal will become rippled and leaky. No more welding work can be carried out on the piping when it is screwed to the pump.

13. Proceed in the same way with the discharge pipe. 

14. Make sure that there are isolation block valves at the pump for each type of auxiliary piping.

15. Consider a slope in the suction piping to avoid high points.

16. In horizontal suction lines, reducers should be eccentric (with the flat side of the reducer on top).

17. No obstruction within at least five pipe diameters of the suction flange should be fitted.

18. Do not install unsupported piping on the pump.

19. Make sure electrical connections do not impose any stress on the pump unit.

20. Remember that the pump must not be moved once the base plate has been set: the piping (both suction and discharge) is the one aligned to the pump.

21. When aligning, all the elements to be aligned (including the pipes) should be at the same temperature (ambient).

22. It is important to confirm that the pump can be moved out from the base plate without cutting or welding (only by adjusting connections and flanges).  

23. Do not use drifts or cheater bars to force alignment of bolt holes – serious damage to the pump will result.

[bookmark: _Toc362861978][bookmark: _Toc362862006][bookmark: _Toc380590567]Alignment
	In the following pages, alignment procedures are explained with dial indicators. Laser alignment is also possible. The specific method in laser alignment will depend on the manufacturer’s instructions; however, the basic principles and rotation of the shafts apply, as in the Reverse Indicator Alignment Method. Therefore, for laser alignment, you may follow the steps detailed on the next pages, mounting a laser bracket with a measurement device on each shaft and then proceed with the rotation of the shafts to obtain the readings to determine the misalignment and correct it.
NOTE: The pump case has centerline support feet integrally cast with the case for equal thermal expansion or contraction. This minimizes alignment problems caused by case movement due to temperature conditions between operating and ambient conditions and thus negates the need for “hot” alignment, except for the highest operating temperatures.  

[bookmark: _Toc380590568]Alignment of Equipment 
	Correct alignment is mandatory for the successful operation of rotating equipment. A flexible coupling is no excuse for misalignment. The relationship between shaft centerlines can easily be determined by 1) two step dial indicator method, 2) reverse indicator alignment, 3) across the disc pack alignment. These can all be solved by a graphical approach. This procedure will discuss methods 2 and 3. Method 1 is covered in Rexnord's Manual MT-SS-04-001, "Two Step Dial Indicator Method". Before we get into this alignment procedure, several items should be considered at this point.

1. Indicator Set-Up 
	No matter what arrangement you use, indicator sag must be determined. This can easily be determined by clamping the set-up onto a rigid piece of pipe, rolling the indicator from top to bottom, and reading the difference. Once the indicator sag set-up has been determined, this number can be algebraically subtracted from the alignment readings obtain at the bottom. There is no need to be concerned about the side to side readings as the sag is equal on both sides.  

2. Taking Alignment Readings 
	It is suggested that the dial indicator be zeroed at the top. For convenience, you should mark your coupling at 0°, 90°, 180°, and 270° with a reference mark on the case so that you can be sure to turn the unit exactly 90°. Both shafts should be turned an equal amount if the coupling is not put together. Now rotate the coupling in 90° increments recording all readings. It is important to keep your side to side readings straight. A suggestion is to show compass orientation so that you know which reading to use. After you have made your four position check and have returned back to the top, it is absolutely necessary that the indicator return to zero where it started. If it did not, repeat your readings. It is also advisable to check the readings several times to make sure that they are repeatable.  

3. Thermal Growth 
	If there are thermal growth considerations on the piece of equipment, it is a good idea to get these numbers so that they can be added to or subtracted from the graphical solution before the equipment move is made, this is known as “Hot alignment”. 

4. Soft Foot 
	The fact that your equipment could have a soft foot can affect the alignment readings that you obtain. The soft foot should be checked first and eliminated. This can easily be done by mounting a dial indicator on the base plate indicating off the top of foot on the machine to be checked. Each foot in rotation is then checked by loosening only the bolt with the rest of the bolts being tight. A soft foot check should be carried out when the unit is stationary for safety reasons, and should be carried out on whole drive train. It should never be necessary to shim under the pump mounting feet. Soft foot issues could indicate excessive piping loads transmitted to the pump, or that the baseplate has been twisted, and is not grouted and mounted flat.
[bookmark: _Toc380590569]Reverse Indicator Alignment Graphical Analysis
	On a sheet of graph paper, lay out the equipment that you are trying to align. You should use a scale that is convenient to the size of the graph paper. The distances that are critical are: 
1. Distance from where the first indicator rides on the pump hub to where the second indicator rides on the motor hub. In the example shown below, this is 10-1/2 inches (266.7 mm). 
2. Distance from where the second indicator rides on the motor hub to the center of the front motor feet. In the example below, this is 2-1/2 inches (63.5 mm). 
3. Distance from the center of the motor front feet to the center of the motor back feet. In the example shown below, this is 5-1/4 inches (133.4 mm). 

[image: ]

Figure5.2. Example for reverse indicator graphical analysis

	
	The next step is to determine indicator sag. Set up your bracket arrangement on a pipe. Set the indicator at '0' on top. Roll set up until indicator is at the bottom of pipe. It will read negative. In this example, it is found to be -0.005 inch (-0.127 mm).

[image: ]

Fig 5.3.  Indicator sag
With the indicator bracket attached to the motor hub reading off the pump hub, rotate unit in 90° increments and take readings. 
Bottom reading is then corrected for indicator sag. Indicator sag in the example was determined to be 0.005 inch (0.127 mm). The -0.005 inch (-0.127 mm) was subtracted from the -0.025 inch (-0.639 mm) indicator reading to give an actual -0.020 inch (-0.508 mm) reading.  
As this is a TIR (Total Indicator Readout) it is two times the actual shaft to shaft rotation 0.020 inch (0.508 mm)/ 2 inch (50.8 mm) or 0.010 inch (0.254 mm) is used to show where the motor shaft extension is relative to the pump shaft center line at the hub. Minus at the bottom indicated motor shaft extension is low compared to the pump. Using a scale of one small division on the graph equals 0.001 inch (0.0254 mm); plot this point as show in the example.  

[image: ]
Fig 5.4.  Motor shaft extension relative to the pump shaft center line.

Now with the indicator bracket attached to the pump hub reading off the motor hub, rotate unit again in 90° increments.
NOTE: If you can set up both indicators at once, both sets of readings can be taken at one time.  
Bottom reading is then corrected for indicator sag. The -0.005 inch (-0.127 mm) was subtracted from the +0.005 inch (+0.127 mm) indicator reading to give an actual +0.010 inch (+0.254 mm) reading.  
The +0.010 inch (+0.254 mm) is divided by two to give +0.005 inch (+0.127 mm) which is the actual shaft extension to shaft relationship.  
In this case, a plus reading at the bottom indicates the motor shaft is low compared to the pump shaft extension. Plot this point as shown in the example.

[image: ]
Fig 5.5. T.I.R. second reading
We have now located the motor shaft theoretical extension in two places: 
 
A. In the plane of the pump hub.  
B. In the plane of the motor hub.

Drawing a straight line through these two points crossing the plane of the two motor feet. The shim adjustment can now be read directly off the graph. In this example, 0.004 inch (0.102 mm) should be added to the front foot and 0.001 inch (0.025 mm) should be added to the back foot.  
This solution can also be done by the use of pre-programmed, hand calculators for faster results.  
For the horizontal (side to side) results, the same procedure is used. Algebraically subtract the side to side readings. Indicator sag can be ignored as it cancels out. Plot these readings and the results can be read off the graph plot. 

[image: ]

Figure 5.6 Final graph plot for reverse indicator alignment graphical analysis.

[bookmark: _Toc380590570]Reverse Indicator Alignment More Than Two Units Graphical Analysis  
	This method lends itself very well in solving alignment problems of three or more pieces of equipment in a line.  
To solve this problem, follow the steps already outlined for each coupling in the train. Plot the shaft to shaft relationship of each set of shafts. Look at the total picture. In this example, a line was drawn through the average of all points plotted. The units were then aligned to this mean line. 

[image: ]

Figure 5.7 Reverse indicator alignment of more than two units.
[bookmark: _Toc380590571]Across the Disk Pack Alignment Graphical Analysis 
	When the distance between disc packs is long where it is not practical to try to span the distance with indicator bracketry, the 'across the disc pack method' can be used.  
On a sheet of graph paper, lay out the equipment that you are trying to align. You should use a scale that is convenient to the size of the graph paper. The distances that are critical are:  

1. Distance from centerline of one disc pack to the centerline of the other disc pack. In the example, it is 9-1/2 inches (241.3 mm).  
2. Distance from centerline of motor disc pack to center of front motor foot. In this example, it is 3 inches (76.2 mm).
  3. Distance from the center of the motor front feet to the center of the motor back feet. In this example, it is 5-1/4 inches (133.4 mm).
  4. Distance from disc pack to dial indicator on center member. In this example, the distance is 8 inches (203.2 mm).  

[image: ]
Figure 5.8 Across the disc pack alignment graphical analysis example.

The next step is to determine indicator sag. Set up your bracket arrangement on a pipe. Set the indicator at '0' on top. Roll set up until indicator is at the bottom of pipe. It will read negative. In this example, it was found to be -0.004 inch (-0.102 mm). 

[image: ]

Figure 5.9 Indicator sag in across the disc pack alignment analysis example.
With the indicator bracket attached to the pump hub, reading out the center member a convenient distance, (in this example 8 inches [203.2 mm] was used) rotate the unit in 90° increments and take readings.
Bottom reading is then corrected for indicator sag. The indicator sag in the example was determined to be -0.004 inch (-0.102 mm). The -0.004 inch (-0.102 mm) was subtracted from -0.025 inch (-0.635 mm) indicator reading to give an actual of -0.020 inch (-0.508 mm) reading.  
As this is a TIR (Total Indicator Reading) it is two times the actual center member center line location relative to the pump shaft extension or -0.020 inch (-0.508 mm) / 2 inches (50.8 mm) = -0.010 inch (0.254 mm). (What we are trying to do here is to determine the angle the center member makes with respect to the pump shaft.)  
A plus reading at the bottom indicates that the center member tips down as it extends away from the pump. Using a scale of one small division on the graph equals 0.001 inch (0.0254 mm); plot the 0.010 inch (0.254 mm) as shown in the example.

[image: ]

Figure 5.10 Plot of the plus reading in the across the disc pack alignment analysis example
Now with the indicator bracket attached to the motor hub reading out on the center member, rotate the unit in 90° increments and take readings.  
Bottom reading is corrected for indicator sag: ±0.008 inch (±0.203 mm) -0.004 inch (0.102 mm) = +0.012 inch (+0.309 mm). This is TIR so actual is +0.006 inch (+0.152 mm). (What we are trying to do here is determine the angle the center member makes with respect to the motor shaft.)  
The minus reading on the bottom indicates that the center member tips up as it extends away from the motor. Using a scale of one small division on the graph equals 0.001 inch (0.025 mm), plot the 0.006 inch (0.192 mm) as shown on the example.  
The motor shaft can now be drawn in because two points along it have been defined: 1. Center of the flex element. 2. The point just plotted 0.006 inch (0.152 mm) below center member. The shimming requirements can now be read off the plot where the motor shaft intersects the planes of the motor feet.  

[image: ]

Figure 5.11 Plotting the motor in the across the disc pack alignment analysis example.

In this example, the motor should be shimmed up 0.013 inch (0.330 mm) under front feet and shimmed up 0.016 inch (0.406 mm) under back feet.  
This solution can also be done by use of a pre-programmed, calculator for faster results.  
For the horizontal (side to side) results, the same procedure is used. Algebraically subtract the side to side readings. Indicator sag can be ignored as it cancels out. Plot these readings and the results can be read off the graph. 
[bookmark: _Toc380590572]Installation of the Transmission Unit

[image: ]

Figure 5.12

	Reference
	Description
	Reference
	Description

	1
	Transmission Units
	5
	Guard Ring

	2
	Standard Hub – External location [sizes 0013-0230]
	6
	Membrane Pack

	2A
	Standard Hub – Internal location [sizes 0350-1400]
	7
	Drive Bolt Assembly

	2B
	Large-bore Hub
	8
	Spacer

	3
	Hub Bolt
	
	



Table 5.2. Coupling Part List

1. Check spigot and recess locations on the hubs and transmission unit for damage.

Note: The transmission unit must be adequately supported during installation to avoid accidental damage should it slip.

2. It may be necessary to compress the transmission unit whilst sliding it between the hubs. Lever slots are provided in the hub flanges to make this easier. Also the spacer flanges are drilled to allow hub bolts to be threaded into the guard ring. Tightening evenly will compress the transmission unit until clearance between the hub spigots and length of the transmission unit is achieved, allowing installation. (See Figure 5.12). Minimum gap of X should not be less than the values shown in Table 1, unless indicated otherwise on the general arrangement drawing.

Note: Always remove the compression bolts as soon as the transmission unit is in position, before fully tightening the hub bolts.

3. Align the hub/transmission unit flanges if they have been match marked.

4. It the hub bolts and tighten these evenly to locate the transmission unit, ensuring the spigots enter their recesses squarely. Bolt-threads should be lubricated with oil and tightened in a "diametrically opposite" sequence to the torque values shown in Table 5.1.

5. Measure dimension 'A (see Figure 5.11) on the transmission unit. Check against the minimum and maximum value in Table 5.2.

6. Rotate the machinery two or three times slowly to ensure it moves freely.
 [image: ]

Table 5.3. Maximum Misalignment


[bookmark: _Toc380590573]Transmission Unit Refurbishment
Metastream flexible power transmission couplings are designed and selected to give an unlimited service if used within the conditions for which they were specified. Failures are rare and can generally be attributed to excessive misalignment, severe overload, or a combination of both. In all cases of coupling failure it is advisable that the cause of failure is first identified and corrected. Failure of the coupling will generally be failure of a membrane assembly. Except for some special and large couplings, these cannot be reconditioned and should be replaced.

NOTE: For balanced TSK spacer couplings, the transmission unit is usually supplied as a factory assembled unit which should not be dismantled. However, when used at low or medium speeds, the transmission unit can be reconditioned but will require rebalancing.  Membrane assemblies should be replaced in pairs, failure of one will usually result in damage to the other. To replace the transmission unit, first remove the hub bolts (3) then withdraw the transmission unit, using the lever slots in the hubs or jacking holes in the spacer flanges.

[bookmark: _Toc380590574]Membrane Unit Replacement
Remove the drive bolts (8B) and nuts (8N), and remove the membrane assemblies from the spacer piece (6), Do not attempt to dismantle the membrane assembly any further. Push washers (8S) from the holes in the spacer piece. Identify the fasteners on the new membrane assembly which attach to the spacer flanges.  Remove the loosely assembled nuts (8N). With the bolts (8B) in position, carefully press on the bolt heads to push the new sleeves (8S) into the holes in the spacer flange. Take care not to over-strain the flexible discs.
Place a small amount of thread locking compound on the protruding bolt threads and then assemble the nuts (8N).  Holding the bolts firmly, turn the spacer nuts evenly to the correct tightening torque value given in Table 2. Complete the refurbishment of the transmission unit by replacing the second membrane assembly.
[image: ]
[image: ]Table 5.4. Tightening Torque Spacer Nuts



            Figure 5.13. Spacer
[bookmark: _Toc380590575]LUBRICATION

[bookmark: _Toc380590576]Oil Lubricating

[bookmark: _Toc380590577]Recommended Lubricant
	The recommended bearing housing oil is Industrial Gear Oil 150. Turbine quality oil is preferred. This oil may be used during break-in and normal operation.

[bookmark: _Toc380590578]Method of Application
	Customer must fill before start up. The bearing bracket is supplied with a sight glass. Fill the bearing housing with oil according to the quantities specified in next section.
Start pouring oil into the bearing housing through the breather connection located at the top of the bearing housing. Place the breather back on its position. The correct level is observed between the low and high marks on oil sight glass.
Adjust the oil in accordance with directions enclosed within the oiler glass to maintain the oil at the sight glass level mark.

Note 1: Oil level should be determined by using sight glass in bearing housing. 
Note 2: KALAYE PUMP takes every precaution during our assembly process and subsequent final assembly audits to ensure no Bearing Housing oil leaks exist prior to shipment. Oil can leak past the labyrinth seal in an “overfill” condition. Refer to the filling instructions for additional information.

[bookmark: _Toc380590579]Quantity
	The combined quantity of initial fill for bearing housing and oiler is:

	Row
	Pump Model
	Nozzle Size
	Bearing Housing Size
	Quantity (liter)

	1
	32 16
	2" x 1 1/2"
	25
	1.2

	2
	32 20
	2" x 1 1/2"
	
	

	3
	32 26
	2" x 1 1/2"
	
	

	4
	40 16
	3" x 2"
	
	

	5
	40 20
	3" x 2"
	
	

	6
	40 26
	3" x 2"
	
	

	7
	50 26
	3" x 2"
	
	

	8
	50 32
	3" x 2"
	
	

	9
	65 20
	4" x 3"
	
	

	10
	65 26
	4" x 3"
	35
	1.5

	11
	80 25
	4" x 3"
	
	

	12
	80 26
	6" x 4"
	
	

	13
	80 32
	6" x 4"
	
	

	14
	100 26
	6" x 4"
	45
	2

	15
	100 40
	6" x 4"
	
	

	16
	125 32
	6" x 4"
	
	

	17
	150 32
	8" x 6"
	55
	3



Additional oil consumption, under normal operating conditions, is replenished by oil in sight glass. 

[bookmark: _Toc380590580]Maintenance
	Once every eight hours of pump operation, perform visual inspection of oil and oil level. Oil replenishment should not be required between changes. Oil in bearing housing should be changed every six months.
1. Drain bearing housing through drain location.
2. Flush bearing housing with clean lightweight oil (e.g. ATF).
3. Reinstall drain plug and refill bearing housing.
Note: If it is suspected that bearings have been exposed to dirt or moisture, thoroughly clean the bearings and housing with a solvent and air-dry the parts before adding lubricant.
[bookmark: _Toc380590581]Oil Change
	The first oil change should be carried out three weeks after commissioning; all further oil changes take place every six months.
Note: Only change the oil when the machine is switched off.
Note: The drained oil is hot, and can cause severe burns.
The oil change should be carried out as follows:  
1. Switch the drive motor off.  
2. Drain the oil out and clean the bearing housing with a suitable cleaning liquid. Flushing the bearing housing with clean lightweight oil is possible (e.g. ATF).
3. Remove the breather connection located at the top of the bearing housing and pour the oil, Place the breather connection back on its position.
4. The level at the oil sight glass should be between the low and high level marks. 

[bookmark: _Toc380590582]Grease Lubricating
[bookmark: _Toc380590583]Grease Selection
When studying the grease lubrication strategy, a good starting point is selecting the right grease. Simply choosing the best-quality grease is not as important as picking the correct grease for a given application. Too often, grease selection is oversimplified and the key properties overlooked. Grease selection is more complicated than lubricating oil selection. Due to the lack of specificity in most grease recommendations, it is important to learn how to properly select greases for certain applications. Proper grease specification involves all of the components of lubricating oil specification including base oil viscosity, additive requirements and base oil type, as well as other considerations including thickener type and concentration, consistency, dropping point and operating temperature range. While most users acknowledge grease quality, many don’t stop to make sure the right lubricant is being used.

[bookmark: _Toc380590584]Recommended Grease
Recommended bearing grease is Grease EP-2 (Lithium Base).

[bookmark: _Toc380590585]Method of Application
There are several different methods for applying grease. Grease can be applied through centralized application systems, single-point auto application systems, hand packing and, the more common, manual grease gun. A compelling argument can be made for the superiority of continuous application systems, but unfortunately, they are impractical for most applications. Therefore, the manual grease gun is the most common application method. Manual grease application, when performed correctly, is an effective method and provides certain advantages over automatic systems.
One requirement of manual application is for the technician to be in close proximity to the lubricated component. This allows for inspections to be made in conjunction with relubrication. In addition to sensory observations such as sight, smell and sound - instrument inspections, such as ultrasonic monitoring and temperature readings, may be used to provide component condition information and to fine-tune the lubrication activity. The addition of ultrasonic monitoring to an already developed greasing strategy will help take the lubrication program to a world-class level.
[bookmark: _Toc380590586]Grease Lubrication Quantity
One of the more important and frequently botched components of the greasing strategy is relubrication volume. There are many acceptable methods for estimating the appropriate relubrication volume. A common method is recommended by SKF, where grease replenishment volume is defined by the following equation: 
Gp = 0.005 * D * B 
where
Gp=grease replenishment amount(gm), D = bearing outside diameter (mm), B = total bearing width (mm) 
This method generally provides positive results.
[bookmark: _Toc380590587]Application Frequency
The component of the greasing strategy that holds the most variability is the frequency of relubrication. Many factors must be considered to be even reasonably precise in determining the best application frequency. Such factors as operating temperature, seal type and condition, particle contamination, moisture, vibration and grease type all play a role in determining reapplication frequency. Although there are several methods for calculating frequency, some of which take many of these factors into consideration, they can still generate different values. Figure 5.1 charts correction factors from SKF - a common method used to calculate frequency.
[image: D:\Desktop\Lubrication\Backup_200607_From-the-Field---Figure-2.jpg]
Figure 6.1. Frequency Calculation (Courtesy of SKF)
Once again, to be precise, feedback is needed from the lubricated components to verify the proper frequency has been chosen. A conservative approach is to use a frequency generation method as a starting point, and continuously refine that value based on feedback from the ultrasonic equipment or other physical observations.
[bookmark: _Toc362861979][bookmark: _Toc362862007][bookmark: _Toc380590588]STARTING-UP
[bookmark: _Toc362861980][bookmark: _Toc362862008][bookmark: _Toc380590589][bookmark: _Toc362861981][bookmark: _Toc362862009]Preliminary operations and checks
· Flushing out of pipe work: The pipe work must be free from all foreign matter liable to have been drawn into the pump. It might be advisable to fit a screen on the pump suction end when starting for the first time, to trap any solids.
 
· [bookmark: _Toc362861982][bookmark: _Toc362862010]Filling of pump: The pump must be primed before starting. Close discharge valve, fill pump and suction pipe through filling port. If there is a head on the discharge pipe and there is a by-pass valve on the check valve, open slightly the discharge valve and by-pass of the check valve and leave the filling port open to act as an air vent.

· Pumps handling hot (>500 °F, >260 °C) fluids must be gradually preheated to operating temperature. The most common method used for warming a pump, or maintaining a standby pump in a warm condition, is the use of a warming line and orifice, thus circulating the hot pumpage through the idle pump.

Note: It is recommended that the pump be warmed at the rate of 100 °F (55 °C) rise per hour for normal warming, or 268 °F (149 °C) rise per hour for emergency warming.
 
Note: It recommended that the idle pump temperature be maintained within 36 °F (20 °C) of the system operating temperature. 
 
· Circulation can be easily accomplished by guiding a small amount of flow from the discharge side of the system beyond the check valve via a multiple breakdown orifice into the bottom of the pump case. The hot liquid will then pass through the case and out the suction and return to some low pressure point in the system. In many cases, the pump drain line is used for the warming connection.

· Once the suction line and pump casing are full, turn the pump shaft over by hand two or three turns (in the proper direction). When all air has been removed from the system, close the filling port, check valve, bypass and discharge valve.

[bookmark: _Toc362861983][bookmark: _Toc362862011][bookmark: _Toc380590590]Start Up
· Every time before the pump is started up the safety devices must be mounted and fastened.
· In order to avoid risks of injury or damage, all pump units must be equipped with emergency-stop devices.
· For operation of electrical drives, control systems and their cable routes, the safety instructions issued by their manufacturers must be observed.

The start up procedure is as follows:
1. Before starting the pump, check the security of all bolting, piping, and wiring.
2. Check all gauges, valves and instruments for proper working order.
3. Check all equipment for proper lubrication and correct rotation.
4. Check the oil level in oil housing via sight glass.
5. Verify that the discharge valve is closed.
6. Open the suction valve.
7. Open discharge valve and allow pump to fill with fluid (pump is self-venting).  
8. Keep the valves open approximately 60 seconds to ensure that pump is completely full of fluid. 
9. Close discharge valve.
10. Uncouple the driver and the pump.
11. Start, and IMMEDIATELY STOP, the driver and observe the rotation of the shaft.
12. Correct rotation should be in direction of rotation arrow.
13. Priming accomplished and correct shaft rotation established, the pump is ready for continued operation.
14. Securely couple the driver and the pump, and ensure the discharge valve is open to approximately ¼ fully open.
15. Start driver again, and completely open the discharge valve IMMEDIATELY when the operating speed has been reached.
Danger: Do not allow discharge valve to remain closed for any length of time. Pumped fluid temperature will rise excessively causing damage to pump.

A MECHANICAL SEAL MUST NEVER RUN DRY, EVEN FOR A BRIEF INSTANT.

[bookmark: _Toc380590591][bookmark: _Toc362861984][bookmark: _Toc362862012]Operating Check
	During the initial operating hours, the pump should be monitored constantly. It is thus possible to detect irregularities immediately and to take appropriate measures for their elimination. To monitor flow, pressure, temperature, and lubrication, regular visual inspection and monitoring is advisable and/or necessary during operation.
KALAYE PUMP recommends checking the pump constantly at regular intervals in order to detect problems early, in case they arise. The operational check routine must include minimum the following points:
· Beware of freely rotating parts, when the pump is in operation there is a high risk of injury.
· Check at regular intervals that the safety equipment is sound and is arranged and fastened according to the regulations, and energized where applicable.
· Check the security of all bolting, piping, and wiring.
· Check all gauges, valves and instruments for proper working order.
· Check all equipment for proper lubrication and correct rotation.
· Check the oil level and validate that the correct oil grade is installed.
· Check the oil level in oil housing via sight glass.
· Check the temperature of the bearing housing surface. It should not exceed 185 °F (85 °C).
· Check that the pumping unit is running quietly and without vibrating.
· Unusual or too loud noises point towards a possible fault.
· Monitor the power consumption of the drive motor. Low or excessive power consumption indicates a possible fault.
· Check the sealing system:
a) Refer to the seal manufacturer for his estimate of maximum acceptable leakage rate, as this will depend on application, design, location and the sealed liquid characteristics.
b) If leakage excessive, switch the pump off as quickly as possible, isolate the pump by closing the discharge and suction valves or using some other approved method designated as safe for your system, and check the rotating seal ring and the stationary seal ring.
· If the sealing system of the mechanical seal fails, the pump must be taken out of operation immediately. 
· The pump may only be operated under the minimum operating range for short periods. The minimum pump flow is given in the characteristic line.
  
[bookmark: _Toc380590592]Doweling
	When the pump has reached operating temperature and pressure,
1. Stop pump.
2. Check alignment and reset the equipment, if required.  
3. Dowel the pump.
4. Dowel the driver.
5. Start the pump as defined in section "START UP".  

[bookmark: _Toc380590593]Stopping
1. Throttle pump discharge to minimum flow.

Note: Warning: do not close suction valve, this will cause the pump to run dry.
 
2. Turn the power off to the driver.
3. Close the pump discharge valve.
4. Observe the run - down of the pump until full stop.

Note: If the rotor is jerky or suddenly stops, there is a danger that the rotor has become blocked. The pump must be opened and all running clearances checked.

5. Close the suction valve when the pump shaft stops rotating as the pump must be isolated before examination and made safe.

Note: Do not close the suction valve until the pump has come to a full stop, as it may cause the pump to run dry.
6. Ensure the drive motor cannot be unintentionally turned on.
7. Ensure the shut-off devices in the suction and pressure pipes cannot be unintentionally opened.
8. Drain the pump and the auxiliary piping.

Note: If the outside temperature is below 32 °F (0 °C), all cooling chambers must be emptied, and all seal system cooling coils must be drained.

[bookmark: _Toc380590594]Short Term Shut Down
	If the pump has switched off correctly and has not suddenly come to a halt, it may be re-started without the need to take any special measures. If the pump comes to a sudden halt, or if the pump was switched off because of a possible danger, it must be checked for damage.

[bookmark: _Toc380590595]Long Term Shut Down
1. Follow the stopping procedure described in SECTION 7.5 - STOPPING.
2. Disconnect the vent filter and seal openings on the bearing housing to lessen the exchange of air.
3. While the unit is idle:
a) If the plant is in an operational state, warm up and start the unit at monthly intervals (see SECTION 7.2 - STARTUP for details).
b) If the plant is not in an operational state, turn the unit over by hand a couple of times at monthly intervals, ensuring the shaft is not returned to the same position, to allow the bearings to rest in a different position every time.
4. If there is danger of freezing, drain the pump, drain the oil from the pump bearings and all the auxiliary piping.  
5. Change the oil before recommencing operation, ensuring the correct grade and the correct volume has been installed in the bearing housing (see SECTION SIX - LUBRICATION for details).

[bookmark: _Toc362861985][bookmark: _Toc362862013][bookmark: _Toc380590596]MAINTENANCE
	Before initiating maintenance procedures disconnect all power sources to the equipment and discharge any parts which may retain an electric charge. Use proper locks to avoid accidental start-up of the pump system. Failure to comply may result in severe personal injury. When performing the maintenance of the pump, use the safety equipment appropriate for the pumped fluid, materials, and location of the equipment, such as gloves, safety glasses, harnesses and other equipment regarded as mandatory by the plant’s safety instructions.
[bookmark: _Toc380590597]Disassembly
1. Stop the pump. See SECTION 7.5 - STOPPING.
2. Drain all possible fluids from the pump case and bearing housing.  
3. Disconnect any auxiliary piping and wiring that could interfere with disassembly.  
4. Disconnect the driver-to-pump coupling and remove coupling spacer.  
5. When disassembling the pump, match mark, tag or otherwise identify all parts, and provide separate containers for small parts.
6. To separate pump cover from pump case, first remove the stud nuts, then use back-off screws in the taps provided to break the cover-to-case gasket joint.  
7. Remove the pump cover-bearing bracket assembly by providing a chain or sling support for the assembly. 

Note: Avoid bumping the impeller or the pump half coupling. 

8. After removal, place the pump cover-bearing bracket safely on suitable horizontal supports.  
9. To remove the impeller, first free and remove the cover-to-case gasket, then remove the impeller nut, set screw and nut, impeller, and key.

Note: Do not heat the impeller.  
Note: Impeller nut is a right hand thread.  

10. Exercise care and remove mechanical seal as follows:  
a) If seal has an outside drive collar, engage seal setter, then loosen setscrews prior to removal of assembly.  
b) Remove bearing bracket-to-cover cap screws.  
c) Slide pump cover, with seal attached, off pump shaft. Place the cover, with seal flange facing upward, on worktable.  
d) Apply protective wrap and store seal components. Refer to seal manufacturer's literature for disassembly, inspection, cleaning, and reassembly of the mechanical seal. 
11. Disassemble the bearing housing as follows:  
a) Remove pump half coupling and key. Application of heat is required for the removal and replacement of pump half coupling. Use a puller tool to remove the pump half coupling.  

Note: Use a safe heating method and provide protection for personnel handling the heated half coupling. 

b) For fan cooled bearings only, remove self-tapping screws and remove the fan housing from bearing housing.
c) Before removing the outboard cover/Bearing Isolator assembly, file or deburr keyway if there are sharp corners or nicks. This is to avoid damaging the o-ring in the Bearing Isolator. Remove outboard cover cap screws and slide out the cover/Bearing Isolator assembly and gaskets.
d) Pump shaft can only be removed in one direction. Press pump shaft from impeller end through the bearing bracket. Remove radial bearing from shaft. Remove locknut and lock washer and remove thrust bearings from shaft.

[bookmark: _Toc380590598]Inspection and Cleaning
1. Thoroughly clean all parts with kerosene or equivalent and dry all parts with compressed air or a clean, lint free cloth.
2. Inspect all components for corrosion, erosion, pitting, and scoring. If required, replace with KALAYE PUMP O.E.M. genuine replacement parts.
3. Visual check all individual parts for any damage.
4. Check the casing for wear.
5. Check the impeller for wear.
6. To remove wear rings, first remove screw pins (if not welded), then either machine the wear rings off, or remove by segmenting with a diamond pointed chisel tool. Replacement wear rings are installed by a light shrink fit (see SECTION 8.3 - REASSEMBLY).
7. Check the radial clearance for wear.
8. Check the antifriction bearings.
9. Check all auxiliary piping.
10. Check for transmission elements of the coupling.
11. Set pump shaft between lathe centers and indicate shaft run out. Shaft run out should not exceed 0.001 inch (0.0254 mm).

[bookmark: _Toc380590599]Reassembly
Reassemble as follows:  
Note: Mounting of bearings should be carried out in a dry, dust free area away from metal working or other machines producing shavings and dust to avoid contamination of bearings. 
Note: The bearings should remain in their original packaging. Once they are to be assembled in the shaft, they must be removed from their packaging, and the preservative in the outside diameter and the bore must be wiped out.
1. Place and heat the two thrust bearings in an induction heater. Turn on the heater. Continuously measure the temperature of the inner race, looking to reach 230 °F (110 °C). 

Note: Measure the temperature continuously with an infrared thermometer, pointing to the inner race of the bearings. 

[image: ]
Figure 8.1 Heating the thrust bearings.
2. Position the shaft vertically (with the coupling side upward) in a press.  

Note: Cover the jaws of the press with soft material to prevent damaging the shaft. 

3. Put oil in the shaft to lubricate for bearing installation and parts preservation. 

[image: ]
Figure 8.2 Lubricating the shaft.


4. As soon as the bearings have reached the temperature of 230 °F (110 °C), place the bearings on the shaft in a back to back arrangement.

[image: ][image: ]
Figure 8.3 Positioning the thrust bearings.


Note: Wear sufficient hand protection to avoid personal injury. 

5. With the locknut, but not the lock washer, tighten with a spanner wrench until snug, to ensure that there is no gap between both thrust bearings.  
 
Important: wait until both bearings have cooled down to room temperature before starting the next step. This cooling period is critical to ensure the final contraction of both bearings before the next adjustments. 
6. Now, remove the locknut and position the lock washer so that it is in contact with the thrust bearings on the coupling side. The tab on the lock washer inner diameter must be bent to fit into the small keyway recess cut into shaft threads, to prevent rotation of the bearing locknut. 
[image: ]
Figure 8.4 Positioning the lock washer.

7. Position the locknut with the taper towards the side of the lock washer at full-stop. 
[image: ]
Figure 8.5 Positioning the locknut.

8. Tighten the bearing locknut as tight as possible by hand using a spanner wrench. Now, with the help of a hammer and the spanner wrench, advance the locknut at least one-eighth (1/8) and up to one-quarter (1/4) turn, to firmly snug the assembly, ensuring, at the end of the tightening process, that one of the lock washer tabs lines up with the slots in the locknut.  

[image: ]
Figure 8.6 Tightening the locknut.
9. The tab that aligns with one of the slots is bent into the slot so it works as a lock and the locknut cannot be loosened. Use a screwdriver and a hammer. 

 [image: ]
Figure 8.7 Bending a tab of the lock washer in the locknut.

 
Inspection point: Inspect that the bearings are adjacent to each other, and that both are assembled seated against the shaft shoulder. The thrust bearings must be able to run in opposite directions; if one or the other cannot rotate, there is a problem with the assembly. 

10. Now take the shaft out of the press and turn it over 180°, place it back in the press to reassemble the radial bearing. 
11. There are two possible options depending on the type of radial bearing of your pump. Choose either (a) or (b) accordingly. 
a) In case of radial ball bearing, place the bearing in the induction heater. Turn on the heater. Continuously measure the temperature of the inner race, looking to reach 230 °F (110 °C). 
 
Note: Measure the temperature continuously with an infrared thermometer, pointing to the inner race of the bearing. 


[image: ]
Figure 8.8 Heating the radial ball bearing.


b) In case of radial roller bearing, place only the inner race of the radial bearing in an induction heater. Turn on the heater and continuously measure the temperature of the inner race, looking to reach 230 °F (110 °C). 
Note: Measure the temperature continuously with an infrared thermometer. 
[image: ]
Figure 8.9 Heating the inner race of the radial roller bearing.

12. Put some oil to lubricate the shaft’s radial-bearing area for bearing installation and parts preservation. 
[image: ]
Figure 8.10 Lubrication of the shaft.

13. In this step, the procedure is also different depending on the type of radial bearing of your pump. 

a) In case of radial ball bearing . As soon as the bearing reaches the 230 °F (110 °C) temperature, it is manually positioned in the shaft (with the serial number visible from the outside). The bearing is maintained in position until it cools down enough to stay in place (to room temperature). 
[image: ]
Figure 8.11 Positioning the radial ball bearing.
b) In case of radial roller bearing, as soon as the bearing’s inner race reaches the 230 °F (110 °C) temperature, it is manually positioned in the shaft. The bearing’s inner race is maintained in position until it cools down enough to stay in place (to room temperature). 
[image: ]
Figure 8.12 Positioning the radial roller bearing’s inner race.
  
Note: Wear sufficient hand protection to avoid personal injury. 

Inspection point: Now that both thrust bearings and the radial bearing/radial bearing’s inner race have been reassembled in the shaft, make sure that there is no gap between both thrust bearings, by holding them and trying to move them. 
 
Note: Protect the bearings with oil and cling wrap plastic if you are not going to continue the assembling process immediately. When resuming the assembling process, remove this protection 
[image: ]
Figure 8.13 Protecting the bearings if making a pause.

14. To insert the labyrinth seals into the covers, follow these steps: 
a) Lubricate the outside ring of the labyrinth seal.
[image: ]
Figure 8.14 Lubricating the labyrinth seal.
b) Position the labyrinth seal at the bearing cover in its correct position.
c) Ensure the labyrinth seal is perpendicular to bore before insertion.  
d) Using a sleeve and a flat surface (hard plastic) with the help of an arbor press, insert the labyrinth seal. 

[image: ]
Figure 8.15 Inserting the labyrinth seal.

 Note: Do not use a hydraulic press, since the seal can be broken. 

e) Perform this procedure on both covers. 

15. This step applies only for pumps with a radial roller bearing. You will need a hard plastic block. After oiling the bearing races and the bracket, position the outer race of the radial bearing (this must be aligned to ensure a correct assembly). Now, with a rubber mallet, hit (softly) the hard plastic block to insert the outer race all the way in (ensure the sleeve or block dimensions are similar to the outer race of the bearing). 

[image: ]
Figure 8.16 Inserting radial roller bearing.


Note: Check visually that the outer race of the radial bearing has reached its limit within the housing. 
16. Position the radial gasket at the cover, taking care of not covering the oil returns and ensuring all the slots match. Position manually the cover on the bearing housing, ensuring the cover is rotated in the correct position. 

[image: ]
Figure 6.17 Positioning the radial gasket.

17. Position the bolts by hand (previously treated with anti seize).  

[image: ]
Figure 8.18 Positioning the bolts manually.

18. Now tighten these bolts diagonally (crosswise) to ensure correct reassembly, using the torque values of the next table.

[image: ]
Figure 8.19 Tightening the bolts.

[image: ]

Note: Make sure that the gasket has not moved out or is not pinched during the process since this can cause an oil leak. 

19. To position the radial cover at the bearing bracket, first put some lubricant in the inner diameter of the radial labyrinth seal.

20. Position the rotor assembly on the bearing housing until thrust bearing seat against shoulder.
[image: ]
Figure 8.20 Positioning the rotor assembly on the bearing bracket.

21. Hit (softly) the shaft in the coupling side to ensure the correct assembly. 

[image: ]
Figure 8.21 Hitting softly the coupling side of the shaft.

 
Inspection point: Check that the bearings enter evenly in the housing; the bearing should rest against the wall of the bearing housing. After this assembly, the shaft must be able to rotate by hand; however, there is some resistance to make it turn due to the action of the labyrinth seals. 

22. End float between thrust bearings and cover. This dimension is already calculated with a non-asbestos gasket (thickness 1/32 inch [0.79 mm]). The end float would be between 0.001 inches (0.0254 mm) and 0.012 inches (0.3048 mm).  
a) Use one or several hard plastic flat surfaces to hit (softly) with a rubber mallet, to ensure that the bearings are completely in contact with the shoulder of the bearing bracket.
 
[image: ]
Figure 8.22 Ensuring bearings are in contact with the shoulder of the bearing housing.

23. To position the thrust cover at the bearing housing, first position the thrust gasket on the bearing housing, ensuring all the slots match. 

[image: ]
 
Figure 8.23 Positioning the thrust gasket in the bearing housing.
 
Note: Do not cover the oil returns and check that all features at the bracket match. 

24. Lubricate the internal diameter of the labyrinth seal.
25. Slide cover onto the shaft, ensuring cover is rotated to the correct position (do not use a hammer). 
26. Position the bolts manually, but first protect them with anti seize protection. Tighten these bolts diagonally (crosswise) to ensure correct reassembly, using the torque values of the next table.

[image: ]

Note: Make sure that the gasket has not moved out or is not pinched during the process since this can cause an oil leakage.

27. Position all features and plugs in the bearing bracket. Use the proper wrench to install sight glass, oiler, breather, and any other plug necessary.
[image: ]
Figure 8.24 Identifying the plugs in the bearing bracket.

28. To insert the wear ring into the casing cover, follow these steps: 
a) Place the wear ring in the freezer for 3 hours, to shrink it and facilitate the reassembly of the casing cover. 
b) Insert the wear ring completely to the shoulder on the casing cover using a rubber mallet. 

[image: ]
Figure 8.25 Positioning the wear ring.
 
Note: Insert the ring so that the shoulder rests towards the inside of the casing cover.
 
[image: ]
Figure 8.26 Verifying the position of the shoulder of the ring.
29. In the inner diameter of the casing cover, the wear ring that works with the shaft (throat bushing) is positioned. To do this, insert the throat bushing with the rubber mallet to the limit (it is installed by the outer side of the casing cover). 
[image: ]
Figure 8.27 Positioning holes at 180°.

Inspection point: Check visually that the rings are assembled to their corresponding limits in the casing cover. 

30. To place the wear ring that works with the casing, follow these steps: 
a) Place the wear ring in the freezer for 3 hours, to shrink it and facilitate the reassembly of the casing cover. 
b) Insert it in its position (to the limit) with a rubber mallet. 

[image: ]
Figure 8.28 Positioning the wear ring.

 
Note: Insert the ring so that the shoulder rests towards the inside of the casing cover. 
[image: ]
Figure 8.29 Verifying the position of the shoulder of the ring.
Inspection point: Check visually that the ring is assembled to the limit of the casing. 

31. To position the wear rings of the impeller, follow these steps: 
a) Each of the wear rings of the impeller (two, one for each side) is inserted into its position (to the limit where it stops) with the rubber mallet. 
[image: ]
Figure 8.30 Positioning the wear rings of the impeller.

Inspection point: Check visually that each of the rings is assembled to its corresponding limit on each side of the impeller.

32. To place the mechanical seal in the casing cover, first check the drawing of the mechanical seal, to be sure of assembling the seal at its correct position.  
[image: ]
Figure 8.31 Verifying the drawing of the mechanical seal.

Now: 
a) Install the mechanical seal in the casing cover with the four studs and nuts. 
[image: ]
Figure 8.32 Placing the mechanical seal at the casing cover.
b) Tighten these bolts diagonally (crosswise) to ensure correct assembly. The torque values are indicated in the next table.
[image: ]

Inspection point: The shaft must be able to rotate without problems. 


33. To assemble the bearing bracket with the casing cover, follow these steps: 
a) Lay casing cover down with bracket mounting surface up.
b) Lift the assembly of the bearing bracket and position it over the casing cover shoulder.

[image: ]
Figure 8.33 Positioning the bearing bracket assembly on the casing cover.

c) Position the bolts (previously protected with anti seize) by hand.
d) Tighten these bolts diagonally (crosswise) to ensure the correct assembly. The torque values are indicated in the next table.

[image: ]
Figure 8.34 Positioning and tightening the bolts.
[image: ]


34. To assemble the impeller on the shaft: 
a) Position the key in the shaft. 
b) Now position the impeller on the shaft until it stops on the shoulder.  
[image: ]

Figure 8.35 Positioning the impeller on the shaft.

Note: Make sure that the suction of the impeller is directed towards the opposite side. 

[image: ]
Figure 8.36 Verifying the direction of the suction.

c) Install the impeller nut ensuring it completely seats on the impeller (a pneumatic wrench is used). 
d) Install the set screw with locktite and tighten it with an Allen key to secure the impeller nut. 

[image: ]
Figure 8.37 Positioning and tightening the set screw.
 
Inspection point: Rotate the impeller and make sure that the wear rings do not make contact. 

35. To place the studs in the casing cover, follow these steps: 
a) Clean the studs and threads on the casing so they are free of foreign materials. 
b) Insert each stud (previously protected with an antiseize agent). Each one must be hand-tightened. 

[image: ]
Figure 8.38 Positioning the studs manually.

c) Now, use the double nut technique to insert the studs all the way in (the studs do not require torque). 

[image: ]
Figure 8.39 Tightening the studs.
Inspection point: Check visually that studs are fastened to the limit: all of them should have approximately the same height. 
[image: ]
Figure 8.40 Visual inspection of the studs.

36. For the assembly of the casing with the rest of the pump, follow these steps: 
a) Metal flange cover shall be attached to protect flange surfaces. 
b) Position the casing vertically, supported over the suction. 
c) Place the casing gasket on the casing cover. Use packing grease to hold gasket in place. 

Note: The casing gasket must be changed every time the casing and the casing cover are disassembled and reassembled. 

[image: ]
 
Figure 8.41 Identifying the casing gasket.


d) Position the whole assembly vertically over the casing. Lower assembly into casing. Ensure the gasket stays in position. 

Note: Make sure that the vent of the bearing bracket and the lifting lug of the casing cover are oriented towards the discharge of the pump. 

e) Apply anti seize protection on the studs, and position all the nuts in the studs. Tighten them diagonally (crosswise) using the torque values of the next table. 

[image: ]
Figure 8.42 Positioning the nuts and tightening crosswise.

[image: ]

Inspection point: Rotate the shaft and make sure the wear rings do not make contact. After positioning the pump horizontally, rotate the shaft to verify again that the wear rings do not make contact. 

37. Now to assemble the fan and the fan guard (if applicable), follow these steps: 
a) Insert the fan on the shaft. Secure to the shaft using set screws. Ensure at least a ⅛ inch gap in between.  
[image: ]
Figure 8.43 Tightening the set screw.
b) Now position fan guard, and align the holes to the bracket. 
c) Once aligned the four holes to screw it, tighten these screws to secure it to the bearing bracket. This union does not require tightening torque.  

Inspection point: Turn the pump shaft to ensure fan does not rub on fan guard. 

38. Now place all features back to the pump.

[bookmark: _Toc380590600]TROUBLESHOOTING DURING OPERATION

[bookmark: _Toc362861986][bookmark: _Toc362862014][bookmark: _Toc380590601]Routine Inspection
Routine inspection while the pump is in service is based on the following basic Principles:
1. The pump should always run smoothly, without vibration.
2. The motor must not be overloaded. For example, discharge pressure or motor current must be watched and compared with those indicated on the nameplate.
3. Mechanical seal must never run dry.
4. Bearing temperature must never exceed 70-75 with oil. 
5. The pump must never run at a capacity of less than 25% of B.E.P.
6. Thoroughly clean all parts with kerosene or equivalent and dry all parts with compressed air or a clean, lint free cloth.  
7. Visual check all individual parts for any damage 
8. Check the casing for wear. 
9. Check the impeller for wear. 
10. d. Check the radial clearance for wear.  
11. e. Check the antifriction bearings. 
12. f. Check all auxiliary piping. 
13. g. Check for transmission elements of the coupling. 
14. h. Set pump shaft between lathe centers and indicate shaft run out. Shaft run out should not exceed 0.001 inch (0.0254 mm) T.I.R.  
15. With a mechanical seal, pressure-tightness is provided by (i) a pair of O-rings with the convex ring stationary and the dished ring on the rotating part, and (ii) contact between perfectly flat, polished surfaces (carbon/ceramic). These points must be checked if slight leakage is observed. If leakage persists, the seal must be changed.
Note: The assembly of the Mechanical Seal does not require any adjustment as it is supported sturdily against the impeller hub and this ensures the correct positioning.

Here is Troubleshooting tables:
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