K701 Failure Causal Learning
[bookmark: OLE_LINK3]Incident description:
On 22nd August 2017, K701B seized. K701A was supposed to switchover and run. However, the mechanical seal was found damaged. SM1 was then required to shut down as there is no vacuum pump for the SM1 section. When K701A was undergoing mechanical seal repair work, the shaft was found seized. 

Upon dismantling of both pumps, the impellers of both pumps were found to have cracked.
Problem Statement: 

Expected:  

K701B was supposed to run continuously and not seize. The standby pump was also supposed to switchover without any failure. 

Actual:    

K701B seized and stopped suddenly. Standby pump was unable to take over due to mechanical seal leak. Standby pump was also found seized when doing seal repair work.

Potential Impact:

This resulted in an unplanned down time incident for both SMPO1 and SMPO2. Total of 3.479kT losses (SMPO1: 2.04kT; SMPO2: 1.439kT)

Sequence of Events:

	Before 2010 December
	A: K701S
B: K701B
Spare: K701A

	December 2010
	K701B mechanical seal leak
A: K701S
B: K701A
Spare: K701B

	April 2014
	K701B mechanical seal leak
A: K701S
B: K701B
Spare: K701A

	August 2016
	S1 TA2016 Start up
Both K701A and K701B mechanical seal leak
A: K701A
B: K701B (mechanical seal still leaking)
Spare: K701S


	January 2017
	A: K701A
B: K701S
Spare: K701B

	19th June 2017
	K701S at B location tripped due to PDZ

	21st June 2017
	K701A at A location was found to be leaking (mechanical seal leak)
K701S at B location was found to have seized when Ops tried to restart.

	22nd August 2017
	K701B at B location tripped due to PDZ.
K701A restarted back and ran with leaking seal to shutdown SMPO1.



Cause Analysis: 
Refer to the attached cause and effect diagram.
K701S
1. Why did K701S trip on PDZ?
K701S failed to develop suction as the impeller vane broke. The suction loss triggered PDZ and hence tripped K701S.
2. Why did K701S impeller vane break?
K701S impeller vane was found to have cracks and void. The hole act as a place to concentrate the stress. Eventually, the cracks propagated to the surface and cause the impeller vane to break.
K701B
1. Why did K701B trip on PDZ?
K701B failed to develop suction as the impeller vane broke. The suction loss triggered PDZ and hence tripped K701B.
2. Why did K701B failed to develop suction?
K701B failed to develop suction because the second stage impeller vane broke.
3. Why did the second stage impeller vane broke?
The impeller vane is believed to be subjected to cyclic stress during the pump operation. Over the years, the stresses cause the vane to eventually fail.

 
Observations, Insights, Conclusions: 
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Recommendations: 
(ST – Short Term / LT – Long Term)

	1.	(ST) Reversed engineer K701S second stage impeller

	What cause should be addressed?
	Impeller at K701S failed

	Why? What would be the benefit?
	K701S can be run.

	How?  What would be the solution?
	NA

	Action plan
	Ivan Koh
Reversed Engineered K701S second stage impeller 
(Completed)




	2.	(ST) Repair the impeller for K701B

	What cause should be addressed?
	K701B impeller failed

	Why? What would be the benefit?
	K701B can be run

	How?  What would be the solution?
	NA

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Action plan
	Ivan Koh
Repair the impeller for K701B second stage.
(Completed)



	3.	(ST) Purchase a new set of impeller for K701B/K701S

	What cause should be addressed?
	NA

	Why? What would be the benefit?
	NA

	How?  What would be the solution?
	NA

	Action plan
	Ivan Koh
Purchase a new set of impeller for K701B/K701S.




	4.	(ST) Purchase a new set of K701A

	What cause should be addressed?
	NA

	Why? What would be the benefit?
	NA

	How?  What would be the solution?
	NA

	Action plan
	Ivan Koh
Purchase a new set of K701A



	5.	(ST) Perform radiography inspection on incoming impeller 

	What cause should be addressed?
	NA

	Why? What would be the benefit?
	NA

	How?  What would be the solution?
	NA

	Action plan
	Ivan Koh
Perform radiography. 
(Completed)








	5.	(LT) Perform PT on impeller vane when pump is removed for servicing.

	What cause should be addressed?
	This will detect any cracks on the surface which could act as stress concentration area,

	Why? What would be the benefit?
	Earlier detection of cracks will allow replacement to take place.

	How?  What would be the solution?
	To include PT check into the checklist as part of the standard task when liquid ring pump is removed for mechanical seal change.

	Action plan
	Ruey Chyi
Update Liquid Ring Pump repair checklist.
(Completed)



	6. (LT) To perform internal inspection (SS) V704 in upcoming TA/opportunity, wall condition; weir plate condition etc. 	

	What cause should be addressed?
	This is to ensure the seal liquid level is always right at the vessel as well as at the liquid ring pump

	Why? What would be the benefit?
	Right liquid level will reduce the amount of stress the pump undergoes when it is running/

	How?  What would be the solution?
	Check on the weir plate condition and replace the equalizing valve.

	Action plan
	Ruey Chyi
Raise GSAP for next TA2021 execution. 
(Completed)



	7. (LT) To convert LG (07LG011) to LT (similar type to 07LRCA009). 	

	What cause should be addressed?
	Ensure seal liquid level at the standby pump is correct from the DCS as the standby pump can start automatically.

	Why? What would be the benefit?
	Right liquid level will reduce the amount of stress the pump undergoes when it is running.

	How?  What would be the solution?
	Convert LG to level transmitter.

	Action plan
	



	6. (LT) To reroute seal liquid overflow line, direct from pump to discharge vessel. 	

	What cause should be addressed?
	Ensure seal liquid level at the standby pump is correct from the DCS as the standby pump can start automatically.

	Why? What would be the benefit?
	Right liquid level will reduce the amount of stress the pump undergoes when it is running.

	How?  What would be the solution?
	

	Action plan
	




	6. (LT) To have individual PCV for mechanical seal plan 54

	What cause should be addressed?
	Sudden change in seal pressure.

	Why? What would be the benefit?
	Allow individual control on the seal pressure.

	How?  What would be the solution?
	Individual PCV for two liquid ring pumps.

	Action plan
	





This is not an actual investigation report.  For training purposes only.
Copyright, all rights reserved.  Shell Oil Company, 2008
Timeline


Cause and Effect Diagram:

The cause and effect diagram shows the cause and effect relationships to explain “why” the incident happened. 



 

Attachments
1. Matcor Failure Analysis Report


2. PEFs for K701A/B system (with markup for seal liquid overflow line)

[bookmark: _GoBack]
3. K701S service report


4. K701B Service report


5. PI trend
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1.0 INTRODUCTION


A failure analysis was conducted on a broken impeller, which was reportedly
retrieved from a liquid ring pump (K701-S). The incident impeller was received
on 7th August 2017.


The objective of the analysis was to establish the primary cause pertaining to
the failure of the impeller.


1.1 Background Information in Brief


It was reported that the liquid ring pump K701-S had tripped and seized
during operation. Upon the dismantling of the compressor, one (1) impeller
vane was found to have broken off and seized the assembly.


The impeller was reported to be installed between 1997 and 2001 with an
operating pressure and temperature of 0.1 barg and 25 degree C
respectively.


No previous repair was reported on the incident impeller. However, normal
maintenance overhauls were only conducted periodically for bearing
replacement.


The impeller was constructed of ASTM A744 CF3M type cast stainless steel
material. The site photos and technical drawing of the liquid ring pump are
shown in the Appendix.


1.2 Scope of Work


The failure analysis was based on available background information and a
laboratory analysis of the received broken impeller, covering the following
scope of work.


(i) Visual and macroscopic examination
(ii) Fractography
(iii) Energy dispersive X-ray (EDX) analysis
(iv) Metallography
(v) Hardness test
(vi) Evaluation and reporting
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2.0 LABORATORY RESULTS


The physical condition and laboratory results of the received broken impeller
are shown in figures 1 to 20.


2.1 Visual and Macroscopic Examination


The received liquid seal pump impeller consisted of fifteen (15) flat vanes in
total. One (1) vane was found to have fractured at approximately one-third
length from the vane base at the hub.


The adjacent three (3) vanes were also found to be bent. The damages to
these bent vanes were likely secondary damages, caused by the impact of
detachment vane. For the ease of the reporting, the location of the fractured
vane was designated the 12 o’clock position as shown in figure 1.


The surface of the vanes on the impeller and the broken vane were generally
similar, with a dull greyish appearance (see figures 1 to 3, 5 and 6). Around
the mid-width of the vanes, a localized surface-bump seam was observed
across the radial surface of the impeller (see figures 2 and 3). The surface-
bump seam was likely originated from the casting process of the impeller.


The fracture surface had a transverse flat plane across the vane thickness,
with numerous thumbnail-like features radiating from multiple initiation sites
along one (1) surface (at the pressure side) of the vane.


The side, where the initiation sites were observed, was designated as
“pressure side”, while the other side of the vane was designated “suction
side” for easy reference (see figure 4). A distinct void was observed on the
fracture surface at about 32mm from one end of the vane. The void extended
more than half of the vane thickness (see figure 5).


On the suction side, abrasion marks were observed on approximately half the
surface nearer to the fracture. The abrasion marks were most likely sustained
post-fracture. A close-up examination of the suction side at approximately
mid-width of the vane, revealed a gap around the corner between the fracture
surface and the suction side (see figure 6).


Apart from the abovementioned damages, the keyway of the impeller
appeared intact with no significant damage (see figure 7).
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2.2 Fractography


Fractography was conducted on the fracture surface of the impeller vane,
using a JEOL IT-300LV scanning electron microscope (SEM).


The fracture surfaces were thoroughly cleaned in an ultrasonic bath of
Alconox solution prior to the examination. The fractographs are shown from
figures 8 to 10.


The fracture surface was generally smeared, with scattered relatively
undamaged areas revealing distinctive striations. These striations were
associated with fatigue crack propagation.


At the void, dendritic features were also observed on the fracture surface. The
dendritic features suggest the presence of casting defects (porosities)
associated with fabrication.


2.3 Energy Dispersive X-ray (EDX) Analysis


Semi-quantitative EDX analysis was conducted on representative areas of the
broken vane and impeller.


An Oxford Instruments Xmax20 EDS detector, which was coupled to the JEOL
IT-300LV SEM, was used. The EDX spectra are shown in figure 11.


The brownish stain on the fracture surface mainly revealed chromium and
iron, with minor presence of silicon, phosphorus, nickel and molybdenum,
which were associated with the base metal.


Other elements such as sodium, aluminium, sulphur, chlorine, potassium and
calcium were likely due to the service environment and/or post failure
handling contamination.


The other areas on the fracture surface mainly revealed chromium and iron,
with minor presence of silicon, phosphorus, nickel and molybdenum, which
were associated with the base metal.


The base metal of the impeller resembled cast stainless steel material.
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2.4 Metallography


Sectional metallographic examination was conducted transversely across the
two selected initiation sites, at “void” and at approximately mid-width of the
fractured vane (“Mid-Vane”).


The sections selected were mounted, ground, polished and etched in
accordance with ASTM E3-11 and ASTM E407-07e1. The macrographs and
micrographs are shown in figures 12 to 20.


Fracture Origin at “Void”. See figures 12 to 15. The failure was found to have
initiated at a weld repair and propagated across a significant casting void
present. The weld repair was likely to have been carried out to repair the
surface void found after the casting but had not adequately removed the void
during the repair. The fracture generally appeared jagged, with a relatively
smooth fracture path through the weldment.


Fracture Origin at “Mid-Vane”. See figures 16 to 20. The fracture path
generally appeared relatively straight, with part of the propagation along inter-
dendritic regions, which suggests some segregation of the material. A region
of material separation was also observed along the fracture surface adjacent
to the pressure side. The width of the separated piece extended across
approximately one-third of the width of the vane. The material separation
suggests that the region was weakened post-fabrication and hence has
reduced effective load-bearing capacity.


The failure was found to be consistent with typical damage associated with
fatigue cracks, which were initiated at past repair and casting defects present
in the vane.


The base metal of the impeller vane revealed fine ferrite strings within an
austenitic matrix, which resembled cast stainless steel material.


2.5 Hardness Test


Rockwell hardness test was conducted along the base metal on one selected
metallographic sections, in accordance with ASTM E18-15. The test was
performed using Ergotest Digi 25RS hardness tester with hardness scale of
HRBW.
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The hardness test results of the examined metallographic section (in figure
12) are tabulated below.


The hardness values of the base material and weld region of the
metallographic section had no significant fluctuation and generally ranged
between 80 and 84 HRBW. These values were considered normal for cast
stainless steel material. The exact hardness specification was not given at the
time of the analysis.


3.0 CONCLUSION


The failure analysis was based on available background information and the
laboratory results obtained from the received failed impeller.


The impeller had primarily failed by fatigue, at multiple initiation sites on the
surface of the vane. These initiation sites were found to have casting defects
(voids and material segregation) and weld repair. The casting defects acted
as stress raisers for fatigue initiation. The fatigue propagated over time in
service and the affected vane eventually parted when its reduced effective
sectional area could no longer sustain the applied rotational loading during
operation.


There were no given reports of any past weld repair conducted. However
based on the metallurgical findings, the past weld repair was substandard in
nature and was likely to have been conducted to address the surface voids
found after the casting process.


SECTION
HARDNESS VALUES (HRBW) STANDARD


DEVIATION
%#1 #2 #3 #4 #5 Ave


Weld (at void) 83 84 84 83 84 84 0.66


Base Metal 80 80 82 81 80 81 1.11
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General view


General view – reverse orientation


Figure 1 As-Received Impeller. See also figures 2 to 7. The impeller had fifteen
(15) flat vanes. One (1) vane was found to have fractured at
approximately one-third length from the vane base at the hub. The
adjacent three (3) vanes were also found to be bent, following the
detachment of the blade.


12 o’clock


3 o’clock
6 o’clock


9 o’clock


Direction
of rotation


Deformed
vanes


Fracture location


Direction
of rotation
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12 o’clock position


3 o’clock position


Figure 2 Side Views of Impeller. See also figures 1 and 3. The vanes generally
had a dull greyish appearance. Around the circumferential mid-width of
the impeller, a bump seam was observed. The seam was likely
associated with fabrication.


Bump


Fractured vane
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6 o’clock position


9 o’clock position


Figure 3 Side Views for Impeller. See also figures 1 and 2. The vanes
generally had a dull greyish appearance. Around the circumferential
mid-width of the impeller, a bump seam was observed. The seam was
likely associated with fabrication.


.


Deformed vanes
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Mating fracture surfaces


Fracture surface (broken vane)


Figure 4 Fracture Surfaces. See also figures 1 and 5. The fracture generally
had a transverse flat plane across the vane thickness. Numerous
thumbnail-like initiations were found radiating from multiple sites along
one (1) side of the vane. A distinct void was observed on the fracture
surface at about 32mm from one end of the vane.


Thumbnails


Initiation


Porosity


Before clean


After clean


Pressure side


Suction side


Pressure side


Suction side
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Sectioned fracture surface - before clean (top) and after clean (bottom)


Pressure side


Figure 5 Porosity and Pressure Side. See also figure 4. A distinct void was
observed on the fracture surface at about 32mm from one end of the
vane.


Superficial pitting


Shiny region


Suction side


Pressure side
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Suction side


Side views of initiation – pressure side (left) and suction side (right)


Figure 6 Suction Side. Close up examination at approximately the mid-width of
the vane, revealed a gap around the corner between the fracture
surface and the suction side.


Gap
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ID condition


ID condition


Figure 7 Keyway of Impeller (Internal Bore Condition). The impeller keyway
appeared intact with no significant damage.
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SEM image at 200x magnification


SEM image at 3000x magnification


Figure 8 Fracture Surface. At relatively undamaged area, the fracture surface
revealed striations.
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SEM image at 200x magnification


SEM image at 3000x magnification


Figure 9 Fracture Surface. The fracture surface was generally smeared.
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SEM image at 200x magnification


SEM image at 1000x magnification


Figure 10 Fracture Surface – Dendritic Structure. Dendritic features were also
observed on the fracture surface.
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Figure 11 Fracture Surface and Base Metal. Energy dispersive X-ray (EDX)
results showed that the fracture surface had mainly chromium and iron,
with minor presence of silicon, phosphorus, nickel and molybdenum,
which were associated with the base metal. Other elements were likely
due to the service environment and/or post failure handling
contamination.


Brownish Stain
(Fracture Surface)


General Area
(Fracture Surface)


Base Metal
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Macrograph of void section


Micrograph at 50x magnification


Figure 12 Void at Fracture Initiation. See also figures 13 to 15. Macroscopic
examination revealed a cracked weld repair conducted over a casting
void. Cracks were found to propagate across the section.


Branched crack


Pressure side


Suction side


Pressure side


Suction sideVoid
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Micrograph at 200x magnification


Micrograph at 200x magnification


Figure 13 Void at Fracture Initiation. See also figure 12. Macroscopic
examination revealed a cracked weld repair conducted over a casting
void. The fracture generally appeared jagged.


Branched crack







M17291 20


Micrograph at 50x magnification


Micrograph at 200x magnification


Figure 14 Void at Fracture Initiation. See also figure 12. Lack of weld fusion
was also observed in the weld.


Void


Void


Pressure side


Suction side
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Micrograph at 50x magnification


Micrographs at 200x (left) and 500x (right) magnification


Figure 15 Void at Fracture Initiation. See also figure 12. The base metal of the
impeller vane revealed fine ferrite strings within an austenitic matrix.


Pressure side


Suction side
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Macrograph of initiation section


Micrograph at 50x magnification


Figure 16 Initiation Region at Mid-Vane. See also figures 17 to 20. The fracture
path generally appeared straight with part of the propagation along
inter-dendritic regions.


Fracture
surface


Suction side


Pressure side


Pressure side


Suction side
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Micrograph at 200x magnification


Micrograph at 200x magnification


Figure 17 Initiation Region at Mid-Vane. See also figure 16. The fracture path
generally appeared straight with part of the propagation along inter-
dendritic regions.
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Micrograph at 50x magnification


Figure 18 Initiation Region at Mid-Vane. See also figure 16. A region of
material separation was also observed along the fracture surface
adjacent to the suction side.


Gap


Pressure side


Suction side
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Micrograph at 200x magnification


Micrograph at 200x magnification


Figure 19 Initiation Region at Mid-Vane. See also figures 16 and 18. A region
of material separation was also observed along the fracture surface
adjacent to the suction side.
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Micrograph at 50x magnification


Micrograph at 200x magnification


Figure 20 Initiation Region at Mid-Vane. See also figure 16. The fracture path
generally appeared straight with part of the propagation along inter-
dendritic regions.


Fracture
surface


Pressure side


Suction side
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Appendix


(i) Site images of Broken Impeller
(ii) Drawing of liquid ring pump
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(i) Site Images
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(i) Site Images
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(ii) Technical Drawing of Liquid Ring Pump
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Equipment No.: K-701S 


 
Customer  Seraya Chemicals (S) Pte Ltd Date 30.08.2017 


Description Liquid Ring Vacuum Pump  Size/ Model 
60 Series 
SHR 21500 316L 


Manufacturer Hick Hargreaves  Product/ Service - 


Motor - Capacity - 


Serviced By PEC-MCY Work Type Overhaul 
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1. INFORMATION 


Equipment No./ Tag No./ Serial No. : K-701S 


Description : Liquid Ring Vacuum Pump 


 


Stage No.:   Single Stage  Two Stages  
 


Reason/ Fault :  Mech Seal Leak  Abnormal Noise  Modification/ Upgrading 


   High Vibration  Unbalance  Scheduled O/H 


   Pump Seizure  Not Pumping  Others: ______________ 
 


 


2. VISUAL & DIMENSIONAL INSPECTION 


2 a) VISUAL CHECK 


Item 
No. 


Description Location 


Appearance Recommendation () 


Findings 
Condition 


Replace Re-use Others 
Light Severe 


1 Coupling - -      


2 Bearing Cap 


DE OK     Cleaning 


DE-inner OK     Cleaning 


NDE-Inner OK     Cleaning 


3 Spherical Roller Bearing DE/NDE W      


4 Bearing Housing 
DE SC     Cleaning 


NDE R     Cleaning 


5 Adapter sleeve 
DE OK     Cleaning 


NDE OK     Cleaning 


6 Shaft Sleeve 
DE -     Cleaning 


NDE D; Bind Marks      


7 Mechanical Seal 
DE Worn      


NDE W; Sleeve Cut      


8 Impeller 
1st stage R – Vane ends     Cleaning 


2nd stage BR/ B/ R – Vanes      


9 Shaft  


Coupling Seat OK     Cleaning 


DE Brng Seat OK     Cleaning 


DE Shaft Seal 
Seat 


D; S     Repair  


DE Shaft Sleeve  
Seat 


SC     Cleaning 


1st Stage Imp Seat -      


Distance Piece 
Seat 


R; W      


2nd Imp Seat S     Clean & Polish 


NDE Shaft Seal 
Seat 


D; S     Repair  


NDE Shaft Sleeve  
Seat 


      


NDE Brng Seat OK     Cleaning 
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Item 
No. 


Description Location 


Appearance Recommendation () 


Findings 
Condition 


Replace Re-use Others 
Light Severe 


10 End Casing 


DE – Seal Box SC     
 


Cleaning 
DE - Hole ID OK    


NDE – Seal Box SC   
  Cleaning 


NDE – Hole ID OK   


11 Guide Plate 


DE – Surface R; Bind Marks   
  Cleaning 


DE – Hole ID OK   


NDE – Surface R   
  Clean & Polish 


NDE - Hole ID   OK   


12 Intermediate Plate 


DE Face R    


  Clean & Polish Hole ID OK   


NDE Face R; Bind Marks   


13 Distance Piece Shaft-Int. Plate R; DF      


14 Sealing Ring - W      


15 Center Body 
1st stage SC     Clean & Polish 


2nd stage SC     Clean & Polish 


16 Ball Bearing NDE W     - 


17 End Cap NDE OK     Clean & Polish 


18 Thrower DE/ NDE OK     Cleaning 


19 Greave Valve Housing - OK     Cleaning 


20 Bearing Collar Ring DE/NDE OK     Cleaning 


21 
Bearing Locknut/ 
Washer/ Spacers 


DE W      


NDE W      


22 Shaft Nut/ Washer 
DE W     Clean & Polish 


NDE W      


23 
End Casing/ Guide 
Plate Gasket 


DE W      


NDE W      


24 Casing O-rings All W      


25 Manifold Gaskets - W     - 


26 Tie Bolts - OK     Cleaning 


27 Flange Bolts - OK     Cleaning 


28 
Special Commenting 
Pipe 


- OK     Cleaning 
 


DEFECT CODE: 


B - Bent  N - Nicks BR - Broken CO - Contaminated SJ - Seized/ Jammed 


C - Corrosion P - Pitting BN - Burnt DE - Dented US - Uneven surface 


D - Damaged R - Rubbing BU - Burring DF - Deformation UR - 
Uneven 
roundness 


E - Erosion S - Scratches CH - Chipped-off LF - Loose Fit TO - Tolerance-out 


H - Hole W - Worn CR - Cracked SC - Scouring OTH - Others 
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2 b) DIMENSIONAL CHECK 
 


 
 


 


 
 


 
 


 


 
 


 
 


 
 


 


 
 


 
 


 


 


No. Description 


Measurement 


Ref. Tol. Remarks Dis-assembly 
Measurement 


Clearance 
Assembly 


Measurement 
Clearance 


1 
Coupling ID - 


- 
 


 
-0.0125~ 


+0.063mm 
SJI Checklist 


(Table 3, p. 7) Shaft OD 80.01/80.04  


2 


Bearing Cap (DE) 
Hole ID 


85.05 
+0.02/+0.03 


 
 -  


Shaft OD 85.03/85.02  


DE Bearing 
Housing ID 


200.00/200.02 
+0.02 


 
 


-0.016~ 
+0.030mm 


SJI Checklist 
(Table 5, p. 9) 


Bearing OD (nom) 200.00  


Bearing ID (nom) 95.00 
- 


 
 - - 


Adaptor sleeve OD Tapered    


Adaptor Sleeve ID 84.96 
-0.05/-0.08 


 
 - - 


Shaft OD 85.01/85.04  


DE Bearing 
Housing  Hole ID 


103.01/103.06 
2.77/2.83 


 
 - - 


Shaft OD 100.23/100.24  


3 


DE Casing Seal  
Box ID 


200.01 
0.10 


 
 - - 


Seal OD 199.91  


Seal ID 100.12 
0.10/0.11 


 
 - - 


Shaft OD 100.01/100.02  


4 


DE Casing Hole ID 136.00/136.02 
6.49/6.54 


 
 - - 


Shaft sleeve OD 129.48/129.51  


Shaft Sleeve ID - 
- 


 
 - - 


Shaft OD -  


1 2 3 4 5 6 7 8 9 10 11 
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No. Description 


Measurement 


Ref. Tol. Remarks Dis-assembly 
Measurement 


Clearance 
Assembly 


Measurement 
Clearance 


 


DE Guide Plate 
Hole ID 


170.66 
28.27/28.28 


 
 - - 


Shaft Sleeve OD 142.38/142.39  


5 


1st Stage Center 


Body ID 
634.64/634.98 


117.64/117.98 
 


 - - 


1st Stage Imp. OD 517.00  


1st Stage Imp. 
Width 


409.73 -   - - 


1st Stage Imp. ID - 
- 


 
 0~0.075mm 


SJI Checklist 
(Record Sheet, 


p. 3) Shaft OD -  


6 


Int. Plate Hole ID 147.05 
4.10/4.14 


 
 - - 


Distance Piece OD 142.91/142.95  


Distance Piece ID 122.52/122.72 
0.07/0.14 


 
 - 


No anti-rotation 
pin Shaft OD 122.58/122.59  


7 


2nd Stage Center 
Body ID 


634.21/634.84 
118.01/118.64 


 
 - - 


2nd Stage Imp. OD 516.20  


2nd Stage Imp. 
Width 


199.20/199.50 -   - - 


2nd Stage Imp. ID 122.51/122.53 
0.02/0.04 


 
 0~0.075mm 


SJI Checklist 
(Record Sheet, 


p. 3) Shaft OD 122.53/122.55  


8 


NDE Guide Plate 
Hole ID 


169.80 
26.87/26.88 


 
 - - 


Shaft Sleeve OD 142.92/142.93  


NDE Casing Hole 
ID 


136.09/136.10 
6.04/6.09 


 
 - - 


Shaft Sleeve OD 130.01/130.05  


Shaft Sleeve ID 122.62/122.65 
0.07/0.12 


 
 


0.025~ 
0.075mm 


SJI Checklist 
Record Sheet, 


p.3) Shaft OD 122.53/122.55  


9 


Seal ID 100.12 
0.09 


 
 - - 


Shaft OD 100.03  


NDE Casing Seal 
Box ID 


200.00 
0.10 


 
 - - 


Seal OD 199.90  


10 


NDE Bearing 
Housing  Hole ID 


102.92/103.15 
2.69/2.92 


 
 - - 


Shaft OD 100.23  


Bearing ID (nom) 95.00 
- 


 
 - - 


Adaptor sleeve OD Tapered  


NDE-Adaptor Ring 
ID 


85.01/85.03 
-0.02/-0.04 


 
 - - 


Shaft OD 85.01/85.05  


NDE Bearing 
Housing ID 


200.01/200.04 


0.01/0.04 


 
 
 
 
 
 


-0.016~ 
+0.030mm 


SJI Checklist 
(Table 5, p. 9) 


Bearing OD (nom) 200.00  
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No. Description 


Measurement 


Ref. Tol. Remarks Dis-assembly 
Measurement 


Clearance 
Assembly 


Measurement 
Clearance 


11 


NDE Thrust Bearing 
Housing ID 


130.55 
+0.55 


 
 - - 


Bearing OD (nom) 130.00   


Bearing ID (nom) 75.00 
-0.02 


 
 


-0.070~ 
+0.012mm 


SJI Checklist 
(Table 4, p. 8) Shaft OD 75.00/75.02  


No. of Imp. Vanes:  15 


Note:  
Negative (-) sign on measured values denotes interference fit while Positive (+) sign denotes clearance fit. 


 


 
2 c) SHAFT RUN-OUT CHECK 


 


 
 


 
 


 
 
 
 
 
 


 
 
 
 


 
 
 
 


 
 
 
 


New Shaft Run-out (Tolerance: 0.05mm max) 


 1 2 3 4 5 6 


a 0 0 0 0 0 0 


b 0 0 0 0 +0.02 -0.01 


c 0 0 -0.01 0 0 +0.01 


d 0 0 -0.03 0 +0.02 -0.03 


TIR 0 0 0.03 0 0.02 0.04 


 
 


 
 


 
 


 


 
 


 
 


 


 
 


 


 
     


  0 0  


 


 


 
 


 
1 2 


3 4 
5 6 


a 


d 


b 


c   
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2 d) CASING AND IMPELLER DIMENSION CHECK 


 
 


 


 
 


 
 


 


 
 


 
 


 
 


 


 
 


Dimension Check 


Location Dis-assembly Difference Assembly Difference Remarks 


H (8-9) 410.70 
0.97 


 
 - 


H1 (10-11) 409.73  


H (4-5) 199.92/199.98 
0.42/0.78 


 
 - 


H1 (2-3) 199.20/199.50  


Dist. Piece Width 144.01/144.03 


1.01/1.03 


 


 - 


(6-7) +  
Imp. Step  


(1st Stage)  


+ 
 Imp. Step  


(2nd Stage) 


100.00  
+  


21.50 


+ 
21.50 = 


143.00 


 


 


Note: Total Float (by Dial Gauge): Impeller is jammed. Therefore, test cannot be carried out. 
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2 e) CASING ID DIMENSION CHECK 
 


 
 


 


 
 


 
 


 


 
 


 
 


 
 


 


 
 


 
 


 


 
 


 
 


 
 


 


 
 


 
 


 


 
 


 
 


 


 
 


 
 


 
 


 


 
 


 
 


 


 
 


 Location 


Dimension 1 2 3 


X – X’ 634.84 634.62 634.33 


Y – Y’ 634.58 634.63 634.27 


a – a’ 634.72 634.75 634.73 


b – b’ 634.29 634.21 634.21 


X X’ 


Y 


Y’ 


a 


a’ 


b 


b’ 


1 2 3 
DE NDE 


1st STAGE 


X X’ 


 


Y’ 


a 


a’ 


b 


b’ 


 Location 


Dimension 1 2 3 


X – X’ 634.97 634.98 634.96 


Y – Y’ 634.83 634.73 634.64 


a – a’ 634.80 634.82 634.85 


b – b’ 634.86 634.83 634.86 


 


1  3 
2nd STAGE 


DE 


NDE 
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2 f) IMPELLER FACE DETAILS (MODIFIED) 
 


 
 


 


 
 


 
 


 


 
 


 
 


 
 


 


 
 


 
 


 


 
 


 
 


 
 


 


 
 


 
 


 


 
Note: CM – Cannot Measure due to Impeller (1st stage) and Shaft Sleeve not removed from shaft. 


 
 


2 g) DISTANCE PIECE DETAILS (MODIFIED) 


 
 


 
 


 
 


 


 
 


 
 


 


 
 


144.03 


142.95 


21.50 21.50 


CM 


CM 


1
9
1
.9


8
 


1
4
3
.1


0
 


1
4
3
.0


5
 


1
9
1
.9


6
 


1
9
1
.9


6
 


1
9
1
.9


8
 


1
4
3
.0


5
 


1
9
1
.9


5
 


21.50 


137.60 
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3. RECOMMENDATION/NECESSARY COMPONENT FOR REPLACEMENT/REPAIR  


Item 
No. 


Description Specs Qty 
Changes Done 


Remarks 
Replace Recon Others 


1 Bearing (DE/NDE) 
Item No.:40 


SKF 22319E 
02     


For Client 
Confirmation 


2 Ball Bearing (NDE) 
Item No.:52 
SKF 3215A 


01    


3 
Bearing Locknut/ 


Washer 


KM19/ MB19 02/02    


KM14/ MB14  01/01    


4 Bearing Spacer - 02    


5 V-Ring 
Item: 77 
Mat:Nitrile 


02    


6 
Mechanical Seal 


(DE/NDE) 
Flowserve 02 sets    


7 
Shaft Nut /Washer 


(NDE) 


Item No.: 88 & 89 


Type A276-73,316L 
01/01   Machine new 


8 Shaft Sleeves (NDE) 
Item No.:LR154 H1486 
ASTM A744 CF3M 


01   Machine new 


9 Shaft sleeve (O-ring) 


Item No.:A              


PTFE Encapsulated 
(Size: ID:136.12mm X     


t: 3.53mm)  


01    


10 


Casing End-Guide 


Plate Gaskets 


(DE/NDE) 


Item No.:LR154 H1345 
PTFE  


02    


11 Center Body O-rings 


Item No.: B 


(Size: ID:643mm X     


t: 5mm)  
PTFE Encapsulated 


04    


12 2nd Stage Impeller 
Item No.:LR154 H1485               
ASTM A744 CF3M 


01     


13 Distance Piece Item No.:LR154 H1487               01   Machine new 


14 
Distance Piece  


(O-ring) 


Item No.:A              


PTFE Encapsulated 


(Size: ID:136.12mm X     
t: 3.53mm)  


02     


15 
Sealing ring  


(Int. Plate) 


Item No.: 96 


Gland packing Type 
2XA 


01    


16 Shaft DE Seal Seat  - 01 Loc   Repair by HVOF 


17 Shaft NDE Seal Seat  - 01 Loc   Repair by HVOF 


18 Impeller-Shaft Assy G2.5 -   Balancing 


Note:  
1. With modifications on Impeller, Shaft Sleeves, Distance Piece as referred to on the drawing. 


OEM part if ordered may need further machining (TBA soon). 
2. O-ring size for shaft sleeve item 9, based on sleeve and shaft dimensions. 


3. O-ring size for item 14, based on groove seat and impeller seat dimensions.  
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PHOTOS 


 


 


 
 


 
 


 
 


 


 
 


 
 


 


 
 


 
 


 
 


 


 
 


 
 


 


 
 


 
 


 


 
 


 
 


 
 


 


 
 


 


  


 


 


 
 


 
 


 
 


AS RECEIVED 


AS DISMANTLED 


BIND MARKS/ 


SCRTACHES 
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CUT SEIZED 
SLEEVE 


AS DISMANTLED 


BIND MARKS/ 
SCRATCHES 
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VOID DEFECT ON 
BROKEN VANE   


4.50 


14.50mm 


7.80 d:1.43 
d:4.50 


3.90 


d:4.40 d:5.50 


JAMMED BROKEN 
VANE PIECE  


BROKEN 


BENT VANES  


AS DISMANTLED 
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BROKEN VANE PIECE   


RUBBING 


(2nd Impeller OB Side)   


AS DISMANTLED 


DE 
 


NDE 


WORN 
WORN 


AS CLEANED 


WORN 


BEARING ADAPTER SLEEVE (DE/NDE) 
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SCOURING  


BEARING HOUSING (DE) 


RUBBING/  


BURNT SIGN  


BEARING HOUSING (NDE) 


SCOURING  


MECHANICAL SEALS 


DE NDE 


CASING SEAL BOX (DE) 


SCOURING 


AS CLEANED 
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CASING SEAL BOX (NDE) 


SCOURING 


AS CLEANED 


GUIDE PLATE (DE) 


BIND MARKS/ 


RUBBING  


GUIDE PLATE (NDE) 


RUBBING 


O-RINGS & PACKING 


WORN 


CASING GASKETS 


WORN 
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CENTRE BODY (1st Stage) 


SCOURING 
RUBBING 


AS CLEANED 


INTERMEDIATE PLATE (DE SIDE) 


RUBBING 


BIND MARKS/ 


RUBBING 


BIND MARKS/ 
SCRATCHES 


DISTANCE PIECE 


INTERMEDIATE PLATE (NDE SIDE) 


RUBBING 
WORN O-RING 


GROOVE RIB 


CENTRE BODY (2nd Stage) 
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SHAFT RUN-OUT CHECK    


RUBBING 


DENT/SCRATCHES 


1 LINE 
RUBBING 


AS CLEANED 


SCRATCHES 


DENTS 


NDE SEAL SEAT 2nd STAGE IMPELLER SEAT 


DE SEAL SEAT 


BIND  
MARKS 
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2nd STAGE IMPELLER    


SHAFT SLEEVE WITH 
NUT & WASHER    


DE    


NDE   


BROKEN 


BENT 


DENTS 


BIND 


MARKS 


DAMAGED  WORN  


RUBBING 


RUBBING – ALL VANES 


(TIP AREA) 
 


2nd Stage IMP. OUTBOARD FACE    


AS CLEANED 
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END CAP 


SCOURING  


TIE BOLTS 


AS CLEANED 


SPACERS 


WORN  
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DE GUIDE PLATE  


PITTING 


DYE PENETRANT CHECK 


PITTING PITTING 


PITTING 


RESULT: NO EVIDENT SIGNS OF HAIRLINE CRACK FOUND. ONLY SMALL PITTINGS. 
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NDE GUIDE PLATE  


PITTING PITTING 


PITTING 


DYE PENETRANT CHECK 


RESULT: NO EVIDENT SIGNS OF HAIRLINE CRACK FOUND. ONLY SMALL PITTINGS. 
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SHAFT-IMPELLER (1st Stage)  


DYE PENETRANT CHECK 


RESULT: NO EVIDENT SIGNS OF HAIRLINE CRACK FOUND. 
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PITTING 


PITTING 


DYE PENETRANT CHECK 


PITTING 


PITTING 


DE NDE 
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Workshop In-charge : Nay Myo Htun/ Soe Thi  Date : 11.07.2017 


QC In-charge : Santhru/ Muhsin  Date : 12.07.2017 


Reviewed & Checked By : Daniel/ Soe Thi Ha  Date : 13.07.2017 


RESULT: NO EVIDENT SIGNS OF HAIRLINE CRACK FOUND. ONLY SMALL PITTINGS. 


DYE PENETRANT CHECK 


SCRATCHES 
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Equipment No.: K-701B 


 
Customer  Seraya Chemicals (S) Pte Ltd Date 25.10.2017 


Description Liquid Ring Vacuum Pump  Size/ Model 
S/N:7H001796 
SHR 21500 Rpm:735 


Manufacturer Hick Hargreaves  Product/ Service - 


Motor - Capacity - 


Serviced By PEC-MCY Work Type Overhaul 


 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


      


      


      


      


0 25.10.2017 New Santhru/ Muh’sin Daniel/ Soe TH Win TA/ Sim ST 


Rev  Date Description Prepared Checked Approved 
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1. INFORMATION 


Equipment No./ Tag No./ Serial No. : K-701B 


Description : Liquid Ring Vacuum Pump 


 


Stage No.:   Single Stage  Two Stages  
 


Reason/ Fault :  Mech Seal Leak  Abnormal Noise  Modification/ Upgrading 


   High Vibration  Unbalance  Scheduled O/H 


   Pump Seizure  Not Pumping  Others: ______________ 
 


 


2. SCOPE OF WORK 


Service Type    :  Overhaul  Seal Change  Seal Upgrade    Balancing Only 


  Rework  Others  
 


  Job Type       :    Normal    Urgent Received Date : 31.08.2017 


     Completion Date : 13.10.2017 


 Required Delivery Date : 13.10.2017 


 Actual Delivery Date : 13.10.2017 


 Site Installation Start Date : - 


 
Site Installation 
Completion Date 


 - 


 


3. DETAIL OF WORK SCOPE 


 To carry-out incoming inspection & highlight any abnormality. 


 To strip the pump part-by-part, clean and carry-out visual inspection. 


 To perform dimensional check on all the critical parts using calibrated instruments. 


 To conduct shaft straightness check. 


 To conduct normal speed dynamic balancing of impeller assembly. 


 To change new pump parts, bearing & mech. seal and other supplies as requested. 


 To assemble pump & conduct assembly workmanship checks. 
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4. VISUAL & DIMENSIONAL INSPECTION 


4 a) VISUAL CHECK 


Item 
No. 


Description Location 


Appearance Recommendation () 


Findings 
Condition 


Replace Re-use Others 
Light Severe 


1 Coupling - C     Cleaned 


2 Bearing Cap 


DE OK     Cleaned 


DE-inner OK     Cleaned 


NDE-Inner OK     Cleaned 


3 Spherical Roller Bearing DE/NDE W      


4 Bearing Housing 
DE SC     Cleaned 


NDE R     Cleaned 


5 Adapter sleeve 
DE OK      


NDE OK      


6 Shaft Sleeve 
DE – seal seat SC     Repaired 


NDE – seal seat R ; SC     Repaired 


7 Mechanical Seal 
DE W      


NDE W ; BN      


8 Impeller 
1st stage R ; C       Repaired 


2nd stage BR ; B     Repaired 


9 Shaft  


Coupling Seat OK     Cleaned 


DE Brng Seat OK     Cleaned 


DE Shaft Seal 
Seat 


SC     Cleaned 


DE Shaft Sleeve  
Seat 


SC     Cleaned 


1st Stage Imp Seat -     Cleaned 


Distance Piece 
Seat 


R ; W     Repaired 


2nd Imp Seat S     Cleaned 


NDE Shaft Seal 
Seat 


D ; S     Cleaned 


NDE Shaft Sleeve  
Seat 


S     Cleaned 


NDE Brng Seat OK     Cleaned 


10 End Casing 


DE – Seal Box SC     
 


Cleaned 
DE - Hole ID OK    


NDE – Seal Box SC   
  Cleaned 


NDE – Hole ID OK   


11 Guide Plate 


DE – Surface R; US   
  


Repaired 
By light 
skimming DE – Hole ID R   


NDE – Surface R; US   
  


Repaired 
By light 
skimming NDE - Hole ID   R   


12 Intermediate Plate 


DE Face R ; BN   


  Cleaned Hole ID SC   


NDE Face R; C   
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Item 
No. 


Description Location 


Appearance Recommendation () 


Findings 
Condition 


Replace Re-use Others 
Light Severe 


13 Distance Piece Shaft-Int. Plate R     Repaired 


14 Sealing Ring - W      


15 Center Body 
1st stage R; DE     


Cleaned and  
Polished 


2nd stage R; DE     
Cleaned and  
Polished 


16 Ball Bearing NDE W      


17 End Cap NDE OK     
Cleaned and  
Polished 


18 Thrower DE/ NDE OK     Cleaned 


19 Grease Valve Housing - OK     Cleaned 


20 Bearing Collar Ring DE/NDE OK     Cleaned 


21 
Bearing Locknut/ 
Washer/ Spacers 


DE W      


NDE W      


22 Shaft Nut/ Washer 
DE OK     Cleaned 


NDE OK     Cleaned 


23 
End Casing/ Guide 
Plate Gasket 


DE W      


NDE W      


24 Casing O-rings All W      


25 Manifold Gaskets - W     - 


26 Tie Bolts - OK     Cleaned 


27 Flange Bolts - OK     Cleaned 


28 
Special Connecting 
Pipe 


- OK     Cleaned 
 


DEFECT CODE: 


B - Bent  N - Nicks BR - Broken CO - Contaminated SJ - Seized/ Jammed 


C - Corrosion P - Pitting BN - Burnt DE - Dented US - Uneven surface 


D - Damaged R - Rubbing BU - Burring DF - Deformation UR - 
Uneven 
roundness 


E - Erosion S - Scratches CH - Chipped-off LF - Loose Fit TO - Tolerance-out 


H - Hole W - Worn CR - Cracked SC - Scouring OTH - Others 
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4 b) DIMENSIONAL CHECK 
 


 
 


 


 
 


 
 


 


 
 


 
 


 
 


 


 
 


 
 


 


 


No. Description 


Measurement 


Ref. Tol. Remarks Dis-assembly 
Measurement 


Clearance 
Assembly 


Measurement 
Clearance 


1 
Coupling ID 80.05/80.09 


+0.04/+0.08 
80.05/80.09 


+0.04/+0.08 
-0.0125~ 


+0.063mm 
SJI Checklist 


(Table 3, p. 7) Shaft OD 80.01 80.01 


2 


Bearing Cap (DE) 
Hole ID 


85.07 
0.10/0.11 


85.07 
0.10/0.11 -  


Shaft OD 84.96/84.97 84.96/84.97 


DE Bearing 
Housing ID 


200.03 
+0.03 


200.03 
+0.03 


-0.016~ 
+0.030mm 


SJI Checklist 
(Table 5, p. 9) 


Bearing OD (nom) 200.00 200.00 


Bearing ID (nom) TAPERED 
- 


TAPERED 
- - - 


Adaptor sleeve OD TAPERED TAPERED 


Adaptor Sleeve ID 85.03 
+0.05 


85.00/85.01 
+0.02/+0.03 - - 


Shaft OD 84.98 84.98 


DE Bearing 
Housing  Hole ID 


103.23 
3.24 


103.23 
3.24 - - 


Shaft OD 99.99 99.99 


3 


DE Casing Seal  
Box ID 


199.99 
0.14 


199.99 
+0.08 - - 


Seal OD 199.85 199.91 


Seal ID 130.23 
0.28 


130.05/130.10 0.065/ 
0.115 


- - 
Shaft Sleeve OD 129.95 129.985 


4 


DE Casing Hole ID 136.22 
6.27 


136.22 
6.23 - - 


Shaft sleeve OD 129.95 129.99 


Shaft Sleeve ID - 
- 


- 
- - - 


Shaft OD - - 


1 2 3 4 5 6 7 8 9 10 11 
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No. Description 


Measurement 


Ref. Tol. Remarks Dis-assembly 
Measurement 


Clearance 
Assembly 


Measurement 
Clearance 


 


DE Guide Plate 
Hole ID 


172.11 
27.16 


172.11 
27.16 - - 


Shaft Sleeve OD 144.95 144.95 


5 


1st Stage Center 


Body ID 
634.97/636.15 117.57/ 


118.75 


634.97/636.15 117.57/ 
118.75 


- - 


1st Stage Imp. OD 517.40 517.40 


1st Stage Imp. 
Width 


409.40 - 409.41 - - - 


1st Stage Imp. ID - 
- 


- 
- 0~0.075mm 


SJI Checklist 
(Record Sheet, 


p. 3) Shaft OD - - 


6 


Int. Plate Hole ID 147.15/147.36 
3.16/3.37 


147.15/147.36 
3.17/3.38 - - 


Distance Piece OD 143.99 143.98 


Distance Piece ID 122.08 
+0.07 


122.06 
+0.05 - 


No anti-rotation 
pin Shaft OD 122.01 122.01 


7 


2nd Stage Center 
Body ID 


634.04/638.33 114.04/ 
118.33 


634.04/638.33 116.84/ 
120.88 


- - 


2nd Stage Imp. OD 520.00 517.20/517.45 


2nd Stage Imp. 
Width 


198.70 - 197.80/197.90 - - - 


2nd Stage Imp. ID 122.00 
0.00 


122.04/122.06 
+0.04/+0.06 0~0.075mm 


SJI Checklist 
(Record Sheet, 


p. 3) Shaft OD 122.00 122.22 


8 


NDE Guide Plate 
Hole ID 


172.25 
27.30/27.32 


172.25 
27.30/27.32 - - 


Shaft Sleeve OD 144.93/144.95 144.93/144.95 


NDE Casing Hole 
ID 


136.04 
6.05 


136.04 
6.05 - - 


Shaft Sleeve OD 129.99 129.99 


Shaft Sleeve ID 110.09 
0.09 


110.09 
0.09 


0.025~ 
0.075mm 


SJI Checklist 
Record Sheet, 


p.3) Shaft OD 110.00 110.00 


9 


Seal ID 130.01 
0.02 


130.06/130.19 
0.07/0.20 - - 


Shaft Sleeve OD 129.99 129.99 


NDE Casing Seal 
Box ID 


200.00 
0.16 


200.00 
0.12 - - 


Seal OD 199.84 199.88 


10 


NDE Bearing 
Housing  Hole ID 


103.30 
3.30 


103.30 
3.30 - - 


Shaft OD 100.00 100.00 


Bearing ID (nom) TAPPERED 
- 


TAPPERED 
- - - 


Adaptor sleeve OD TAPPERED TAPPERED 


NDE-Adaptor Ring 
ID 


85.02 
+0.04 


85.00 
+0.02 - - 


Shaft OD 84.98 84.98 


NDE Bearing 
Housing ID 


200.03 


+0.03 


200.03 


+0.03 
-0.016~ 


+0.030mm 
SJI Checklist 


(Table 5, p. 9) 
Bearing OD (nom) 200.00 200.00 
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No. Description 


Measurement 


Ref. Tol. Remarks Dis-assembly 
Measurement 


Clearance 
Assembly 


Measurement 
Clearance 


11 


NDE Thrust Bearing 
Housing ID 130.03/130.04 


0.03/0.04 
130.03/130.04 


0.03/0.04 - - 


Bearing OD (nom) 130.00 130.00 


Bearing ID (nom) 75.00 
-0.01 


75.00 
-0.01 


-0.070~ 
+0.012mm 


SJI Checklist 
(Table 4, p. 8) Shaft OD 75.00/75.01 75.00/75.01 


No. of Imp. Vanes:  15/15 


Note:  
Negative (-) sign on measured values denotes interference fit while Positive (+) sign denotes clearance fit. 


 
 


4 c) SHAFT RUN-OUT CHECK 
 


 


 
 


 
 
 
 
 


 
 
 
 


 
 
 
 
 


 
 
 
 


 


New Shaft Run-out (Tolerance: 0.05mm max) 


 1 2 3 4 5 6 


a 0 0 0 0 0 0 


b +0.04 0 +0.01 +0.04 0 -0.01 


c +0.03 -0.01 +0.01 0 0 0 


d 0 -0.01 -0.04 -0.03 0 +0.01 


TIR 0.04 0.01 0.05 0.07 0 0.02 


 
Note: Location 4 run-out is at DE sleeve surface.  


 


 
 


 
 


 


 
 


 
 


 


 
 


1 2 
3 4 


5 6 


 
     


  0 0  


 


 


 
 


 


c 


d 


b 


a   
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4 d) CASING ID DIMENSION CHECK 
 


 
 


 


 
 


 
 


 


 
 


 
 


 
 


 


 
 


 
 


 


 
 


 
  


 
 


 


 
 


 
 


 


 
 


 
 


 


 
 


 
 


 
 


 


 
 


 
                        


 


 
 


 Location 


Dimension 1 2 3 


X – X’ 635.93 635.80 635.77 


Y – Y’ 635.66 635.60 635.43 


a – a’ 634.97 635.09 635.00 


b – b’ 636.15 630.06 635.87 


X X’ 


Y 


Y’ 


a 


a’ 


b 


b’ 


1 2 3 
DE NDE 


1st STAGE 


X X’ 


 


Y’ 


a 


a’ 


b 


b’ 


 Location 


Dimension 1 2 3 


X – X’ 638.33 637.79 636.07 


Y – Y’ 634.43 634.27 633.87 


a – a’ 635.65 636.38 635.63 


b – b’ 634.15 634.04 633.70 


 


1  3 
2nd STAGE 


DE 


NDE 
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4 e) CASING AND IMPELLER DIMENSION CHECK 
 


 
 


 


 
 


 
 


 


 
 


 
 


 
 


Dimension Check 


Location Dis-assembly Difference Assembly Difference Remarks 


H (8-9) 410.28 
0.88 


410.28 
0.87 - 


H1 (10-11) 409.40 409.41 


H (4-5) 200.15 
1.45 


200.15 
2.25/2.35 - 


H1 (2-3) 198.70 197.80/197.90 


Dist. Piece Width 120.36 


0.67 


120.20 


0.83 - 


(6-7) +  


Imp. Step  
(1st Stage)  


+ 
 Imp. Step  


(2nd Stage) 


100.24+10.15


+9.30=119.69 


100.22+10.15


+9.00=119.37 


Note:  
1. Item (6-7) measurement during dis-assembly, not able to consider the warpage on the inner 


portion. After sending for flatness check prior to surface skimming, found with 1.0mm warp at 
center portion (DE Face). 


 


 
October 05, 2017 (1st assembly) 


     
Clearance measurement using Dial Gauge      


a. Distance piece and Immediate plate clearance: 0.80 mm 


b. 1st Stage impeller clearance : 0.30 mm 
c. 2nd Stage impeller clearance :  no clearance  


- 2nd Stage impeller clearance with Teflon gasket 1.00 mm (Both End) : 0.10 mm 
- 2nd Stage impeller clearance with Teflon gasket 1.50 mm (Both End): 0.55 mm 


 


 
     Recommendation: Skim 2nd stage impeller face (Result: refer to above table) 
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5. NDT/FUNCTIONAL CHECK 


a. Dye Penetrant Check 


  YES  NO  N/R   


  Impeller(s)  Shaft Keyway(s)  Others  Guide Plates/ Int. Plate 


  Result : No evident signs of cracks, only pitting corrosions. 


    Note: Impeller NDT done by SETSCO.  


 


 
6. CHANGED/REPAIRED COMPONENT SUMMARY 


Item 
No. 


Description Specs Qty 
Change/ Repair Done 


Remarks 
Replace Recon Others 


1 Bearing (DE/NDE) 
Item No.:40 
SKF 22319E 


02     


Client Supplied 
2 Ball Bearing (NDE) 


Item No.:52 
SKF 3215A 


01    


3 Bearing Locknut/ Washer KM19/ MB19 02/02    


4 Adapter Sleeve SKF 2319 02    


5 V-Ring V-100S 02    


PEC Supplied 


6 Center Body O-rings 


Item No.: B  
(Size: ID: 
643mm X t:5mm)  
PTFE Encapsulated 


05    


7 Shaft sleeve (O-ring) PTFE Encapsulated 02    


8 Packing (Int. Plate) Type: 2XA 01    


9 Flange Gasket  PTFE 02    


10 
Gasket, Casing-Guide 
Plate (DE/NDE) 


Item No.:LR154 H1345 
PTFE  


02   Clean & Re-used - 


11 Bearing Locknut/ Washer KM14/ MB14  01/01   Clean & Re-used - 


12 
Mechanical Seal 
(DE/NDE) 


Flowserve 02 sets    
Supplied by 
John Crane 


13 Shaft Sleeves (DE/NDE) - 02   Repaired seal seat 
By I-Spray 


14 Guide Plate  
DE - 01   Skim light surface 


NDE - 01   Oil Stone Lapping By PEC 


15 Distance Piece Mat’l: SS 316/316L 01   Machined new By I-Spray 


16 2nd Stage Impeller - 01   


Repaired by adding 
plate and welding 


By I-Spray 


Ferrite Content 
Measurement 


By Setsco 
(under I-spray) 


17 Impeller-Shaft Assy G2.5 -   Balancing By I-spray 
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7. EQUIPMENT INCOMING/DIS-ASSEMBLY/INSPECTION PHOTOS 
 


 
 


 


 
 


 
 


 


 
 


 
 


 
 


 


 
 


 
 


 


 
 


 
 


 
 


 


 
 


 
 


 


 
 


 
 


 


 
 


 


  


 


 
 


 


 
 


 
 


 


AS RECEIVED 


AS DISMANTLED 


CORROSION 
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AS DISMANTLED 


NDE 


1st STAGE 


TORN 


DE 


DE 


NDE 


NDE DE 
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AS DISMANTLED 


2nd STAGE 


BROKEN IMP VANE AREA  DEFORMED (6 VANES) 


BROKEN VANE PIECE 


(Stuck at top location of the 2nd Stage 
Centre Body) 


DE DE 


BURNT SIGNS  RUBBING ON VANE FACES 


1st STAGE 


RUBBING  


DE 


BALANCING MARKS  
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AS DISMANTLED 


RUBBING  


CORROSION  
RUBBING ON VANE FACES 


HIGH  
LOW  


MAGNET CHECK 
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RUBBING/CORROSION  


AS DISMANTLED 


AS CLEANED 
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AS CLEANED 


DE 
 


NDE 
 


WORN WORN 


BEARING ADAPTER SLEEVE (DE/NDE) 


WORN 


BEARING HOUSING (DE) 
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AS CLEANED 


BEARING HOUSING (NDE) 


MECHANICAL SEALS DE 
NDE 


WORN/ BURNT 


SIGNS  
WORN  


RUBBING 


RUBBING 


IMPELLER (1st Stage) 


IMPELLER (2nd  Stage) 


RUBBING 


DE NDE 
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AS CLEANED 


NDE SHAFT SLEEVE 


SCOURING SCRATCHES  


WORN WORN 


DISTANCE PIECE 


WORN 


WORN 
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AS CLEANED 


SHAFT RUN-OUT CHECK    


RUBBING 
SCOURING  


BALANCING MARK RUBBING 


DE SHAFT SLEEVE 
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GUIDE PLATE (DE) 


GUIDE PLATE (NDE) 


BIND MARKS/ 


RUBBING  


BIND MARKS/ 
RUBBING  


RUBBING 


RUBBING 


INTERMEDIATE PLATE (NDE SIDE) 


RUBBING 


INTERMEDIATE PLATE (DE SIDE) 


AS CLEANED 
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CENTRE BODY (1st Stage) 


RUBBING  


CENTRE BODY (2nd Stage) 


SCOURING 


DEEP RUBBING  


CASING SEAL BOX (DE) 


CASING SEAL BOX (NDE) 


AS CLEANED 
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AS CLEANED 


END CAP 


RUBBING/CORROSION  


TIE BOLTS 


WORN 


CONNECTING PIPE 
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DYE PENETRANT CHECK 


RESULT: NO EVIDENT SIGNS OF HAIRLINE CRACK FOUND. ONLY SMALL PITTINGS. 


DE GUIDE PLATE  


NDE GUIDE PLATE  
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RESULT: NO EVIDENT SIGNS OF HAIRLINE CRACK FOUND. 


INTERMEDIATE PLATE (DE SIDE) 


 


INTERMEDIATE PLATE (NDE SIDE) 
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8. CHANGED/REPAIRED COMPONENT PHOTOS 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


1st STAGE IMPELLER AFTER LIGHT 


SKIMMING 
 


2nd STAGE IMPELLER REPAIR 


 


MECHANICAL SEAL 


 


INTERMEDIATE PIECE 


 


PACKING 


 


O-RING 


 


SHAFT SLEEVE(DE) 


 


SHAFT SLEEVE(NDE) 
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DE GUIDE PLATE SKIM ROUND 
 


NDE GUIDE PLATE SKIM ROUND 
 


OIL SEAL  


 


PTFE FLANGE GASKET 
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9. ASSEMBLY/INSTALLATION PHOTOS 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


AS ASSEMBLED 
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9 a) ASSEMBLY CLEARANCE CHECK 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


  Final Total Float: 0.80mm (Using Dial Gauge) 
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AS ASSEMBLED 
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9 b) CONCENTRICITY CHECK 
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AS ASSEMBLED 


 


TORQUE VALUE: 220 N.m 


 


AXIAL THRUST: 0.03mm 
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10. FINAL TEST & PHOTOS 
 


a. Hydrostatic Pressure Test (Final Assy) 


  YES  NO  N/A   


  Pump   Seal   Others : NIL 
 


Seal Type:  Single Seal  Double Seal  Tandem  Packing 
 


Casing Pressure (bars) : 3.5 Holding Time (mins) : 30 Medium : Tap Water 


Seal Pressure (bars) : 1.5 Holding Time (mins) : 30 Medium : Tap Water 
 


T1 13.10.2017 (PM) Result :  PASSED  FAILED 


Test Witnessed by: John Crane Staff 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


CASING READING 


 


SEAL READING 
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11. ASSEMBLY COMPLETION PHOTOS 
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Workshop In-charge : Nay Myo Htun/Zaw Thant  Date : 13.10.2017 


QC In-charge : Santhru/ Muh’sin  Date : 24.10.2017 


Reviewed & Checked By : Daniel/ Soe Thi Ha  Date : 25.10.2017 


COMPLETED ASSEMBLY 
 


Total float: 0.80mm 
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12. ATTACHMENT I. LPT REPORT 2nd Stage Imp Vane Weldment 1 
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13. ATTACHMENT II. LPT REPORT 2nd Stage Imp Vane Weldment 2 
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14. ATTACHMENT III. LPT REPORT 2nd Stg Imp Vane Straightened   
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15. ATTACHMENT IV. FERRITE CONTENT MEASUREMENT (2nd Stage Impeller After Repair) 
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16. ATTTACHMENT V: BALANCING REPORT (2nd Stage Impeller After Repair) 
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17. ATTTACHMENT VI: BALANCING REPORT (Rotor-Assembly)  
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18. ATTTACHMENT VII: BALANCING REPORT (Rotor-Assembly Final) 
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19. ATTACHMENT VIII: MATERIAL CERTIFICATE FOR DISTANCE PIECE 
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K701ABS Timeline

										2014																		2015																								2016																								2017

						Before 2010 December		BEFORE		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec		Jan		Feb		Mar		Apr		May		Jun		Jul (S1 TA2016)		Aug (S1 TA2016)		Sep		Oct		Nov		Dec		Jan		Feb		Mar		Apr		May		Jun				Jul		Aug								Sep		Oct		Nov		Dec

		Location		A		K701S		K701S		K701S												K701S						K701S						K701S												K701S																						K701A														K701A						K701A		K701A										K701A

		Location		B		K701B		K701A		K701B										K701B		K701B						K701B						K701B												K701B																						K701B								K701S						K701S						K701S		K701B								K701B

		Location		Spare		K701A		K701B		K701A																																																										K701S								K701B												K701B		K701S

				Running Time

		K701S 		20.5 months				T1410 - Carbon Steel /C607 - stainless steel

		K701B		15.5 months				R801 - carbon steel / R802 - carbon steel

		K701A		7.5months				Motor manager B check whether got high amps 22nd Aug



S1 TA2016 startup
A - mechanical seal leak
B - mechanical seal leak

S1 TA2016 startup
A - K701A put in, K701S swap as spare
B - K701B mecahnical seal still leaking.

K701S put in to B location.
Unable to run because cannot achieve seal flow requirement 
Clearance = 0.55mm

K701S managed to run. RO found to be in reversed direction

K701S trip on 19th Jun 2017. PDZ trip. 

K701A seal leak on 21st Jun. K701S seized after try to restart

23rd Jun, swap K701S with spare, run K701B
Clearance = 0.6mm

20th Aug - K701A prepare for maintenance. LOTO applied. 

22nd Aug - K701B trip on PDZ.  tried to restart 4 times but failed. Temporary run K701A to shutdown.

K701A reinstalled after repair. Clearance : 0.88mm

2010 December 
B - mechanical seal leak
Swap with spare

2014 April 
B - mechanical seal leak
Swap with spare



IS-IS NOT



				Is		Is not		Difference

				It is…..		It could be, 		The difference is…. 

						but is not .....

		What		2nd Stage Impeller Vane Cracked		K701 at A location - Impeller Vane did not crack
K701 at B location - Impeller Vane cracked (K701S/K701B)		1. K701S has a different internal compare to K701A and K701B.
2. However, both K701B and K701S 2nd Stage impeller vane found cracked, when both at "B" location. 
3. K701B has rotor clearance of 0.6mm (2010 clearance = 0.65mm)
5. K701A now (currently running as of 10/10/2017) has rotor clearance of 0.88mm
6. K701S has rotor clearance of 0.55mm

		Where		Liquid Ring Pump B Location 		K701 at A location could also have its impeller vane cracked. 		1. "B" location is nearer to the seal liquid cooler. 
2. "B" location PDZ upstream tapping nozzle found cracked.

		When		K701S has run for 20.5 months from April2014 onwards
K701B has run for 15.5 months from April2014 onwards
K701A has run for 7.5month from April2014 onwards		When is it not happening? 		What is different about the times when it is happening and when it is not? 
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