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Commence on Slide 2
Morning Session
Good morning to those of you in Europe & Africa, good afternoon and evening to those of you joining us from Asia, and a very warm welcome to you all. 
Evening Session
Good morning to those of you on the West Coast, good afternoon to those of you joining us from the East Coast , good evening to anyone joining us from Europe or stations further East, and a very warm welcome to you all.
Thank you for joining this, the thirteenth of our regular series of short courses on pumping topics. 
This one will last about 40 minutes allowing us plenty of time for a Q&A session after the presentation
We are into Session 14 now and I expect most of you will have attended one or more of the previous sessions. So I am foregoing the usual seven or eight slides reminding you who we are and what we do and moving straight onto the topic at hand
I have moved those slides to the very end of the presentation and they will be in the PDF copy you receive so you can peruse them at your leisure.
Restart Screen share


RuhRPumpen Short Courses

Here is a listing of all the previous courses.
= No 1-API610 12th v 11th editions
® No 2 - Curve Shape
® No 3 — The Importance of System Curves
" No 4 - Selecting the Right Pump for the Application
" No 5-NPSH & Nss
®" No 6 - Mechanical Seals & Systems
" No 7 - Firepumps
= No 8 - BB5 Barrel Pumps
® No 9 - Pump Instrumentation
® No 10 — Non-Destructive Examination
®= No 11 - Vertical Pumps (Part 1) Type VS1, VS2, VS3
® No 12 — Vertical Pumps (Part 2) Type VS4, VS5, VS6 & VS7
" No 13 — Performance Testing of Centrifugal Pumps; the What, the Why & the How
® No 14 — Testing & Inspection of APl 610 Pumps

Any you have missed you can get from our website using this link https://short-courses.ruhrpumpen.com/

Or from www.ruhrpumpen.com and follow the link to RP Short Courses
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Presentation Notes
Here is a listing of all the previous short-courses we have run during the last year
If you have missed any of them you can get a copy of the materials from our website
Use the following link 
https://short-courses.ruhrpumpen.com
Or go to www.ruhrpumpen.com & follow the link to RP Short Courses
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== |Learn More

The most efficient and reliable pump systems worldwide

Ruhrpumpen is an innovative and efficient pump technology company that offers highly-engineered and standard pumping solutions for the oil & gas,
power generation, industrial, chemical and water markets. We offer a broad range of centrifugal and reciprocating pumps that meet and exceed the
requirements of the most demanding quality specifications and industry standards such as API, ANSI, ISO and Hydraulic Institute.

=4 About Ruhrpumpen == Our Pumps
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If you go to www.ruhrpumpen.com you get to this screen
And here is the link to the RP Short Courses
Click on that and it takes you……CLICK
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All Courses

Ruhrpumpen short courses are a platform that boosts knowledge to all those interested in understanding the theoretical principles of centrifugal pumps, pump
operations, hydraulics, pump performance curves, andfor receiving practical insights into the safe operation of your equipment.
You'll find below all the past courses and the coming ones. Join us and learn with us!

Curve Sﬁape, Head- i
Comparison of — Rise to Shutoffand & The importance

API-610 12thvs ¥ L Zero Tolerances on - | of Usil"lg System
11th edition. Equipment Curves in Pump
Selection, Selection and

GO TO

Successful Pump

e Reliability, & Pricing —— ——
e i Operation. e

GO TO COURSE

www.ruhrpumpen.com

Comparison of API-610
12th vs 11th edition.

With 12th edition now issued, many
End Users, Consultants and
Licensors will be incorporating it into

their Standards...

< Go to Course

Curve Shape, Head-Rise
to Shutoff and Zero
Tolerances on Equipment
Selection, Reliability, &
Pricing.

Aimed at Process and Mechanical
Engineers and Consultant Engineers
specifying pumping equipment...

< Go to Course

The Importance of Using
System Curves in Pump
Selection and Successful
Pump Operation.

Aimed at Process and Mechanical
Engineers and Consultant Eng|ineers
specifying pumping equipment as well
as Applications Engineers selecting

and quoting them...curves
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…..This screen
Which you can also access directly with this link https://short-courses.ruhrpumpen.com
You will see all the courses listed and you can click on any of them to see the course material
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Session 15 —

“Start-Up Commissioning & Troubleshooting
Centrifugal Pumps”

Aimed at Process and Mechanical Engineers, and Consultant Engineers who

specify pumping equipment as well as Applications & Sales Engineers
selecting and quoting them.

This session is not going to turn you into qualified Installation &

Commissioning Engineers but it will help you to have an intelligent
conversation with them!

Source Material — Jennifer Knox Global Product Line Manager BB4/BBS
- lan James — former Chief Engineer Ruhroumpen Tulsa

www.ruhrpumpen.com
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Presentation Notes
This is what we are covering today – the beginners guide to Start-up, Commissioning and Troubleshooting Centrifugal Pumps.
A 1 hour session is most certainly not going to turn you into qualified Commissioning engineers. But it will point you in the right direction and enable you to have an intelligent conversation with a commissioning engineer.

I am indebted to Jennifer Knox the Global Product Manager for BB4 & BB5 Products at Ruhrpumpen and Ian James former Chief Engineer at RP Tulsa for the vast majority of this material.
 
We will be holding a Q&A session at the end. 
Please use the “Q&A” facility the bottom of your screen to ask any questions or make any comments. I will address those that I can live at the end of the session and the rest we will address by mail in the coming days.
 
We are recording this session and will make it available to all attendees as a You-Tube link as well as by emailing you a PDF version of the slideshow and the Q&A Summary from both of today’s sessions.
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« Commissioning & Start-up
o What is commissioning & Start-up? =
o General Precautions & Start-up checks §
= Seal safety checks v
o Start-up Procedure
o Commissioning Checklist

* Troubleshooting

o What is Troubleshooting?
Basic Requirements for trouble free operation
Centrifugal Pumps — 5 Common Problems
General troubleshooting Flow diagrams & Charts
Troubleshooting — Checking 5 Major pump parameters
Common Reasons Why Seals Fail
5 Types of Sealing Failures
Seal Troubleshooting

O O O O O O O
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Here is a Summary of what we will cover in today’s session
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Commissioning & Start-up

www.ruhrpumpen.com
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Commissioning: Process by which an equipment, facility, or plant (which is
installed, or is complete or near completion) is tested to verify if it functions
according to its deS|gn objectlves / conditions of serwces & or speC|f|cat|ons

www.ruhrpumpen.com
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Presentation Notes
Commissioning and start-up is the final step before production runs in a processing plant. Project commissioning is the process of assuring that all systems and components of a building or industrial plant are designed, installed, tested, operated, and maintained according to the operational requirements of the owner or final client

Picture shown is Ruhrpumpen Crude Oil pumps commissioned in India. supplied to India's Largest Oil and Gas PSU in East India Location

http://www.ruhrpumpen.com/
http://www.ruhrpumpen.com/

77 N\
What is Start-up? RUHRPUMPEN

Wh at |S CO m m |SS | 0 n | n g ? Specialist for Pumping Technology

Start-up & Commissioning are essentially the same

« Steps are taken to properly prepare equipment for start-up & eventual commissioning into
fully operational process conditions.

« Once equipment is up and running it is brought to operational conditions and run for a period
of time to ensure there are no issues.

« If any problems arise, then the troubleshooting process is started.

10
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Presentation Notes
Picture shown here is of a main oil-line pump (BB1) installed in India
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1. Rotate pump shaft by hand. It should be free with no rubbing.

2. Check driver for correct rotation. Pump start-up in reverse rotation can result in the contact of metal
parts, heat generation, and breach of containment.

3. Internally flush and clean the system thoroughly to remove dirt or debris in the pipe system in order
to prevent failure at initial pump start-up.

4. Generally if the temperatures of the pumped fluid will exceed 200°F (93°C), then warm up the pump
prior to pump start-up. The pump case and rotating assembly could distort from uneven heat
transfer.

5. Do not operate the pump below the minimum rated flows or with the suction or discharge valves
closed. These conditions can quickly lead to pump failure and physical injury.

12

www.ruhrpumpen.com


Presenter Notes
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Some General Precautions
Rotate the pump shaft by hand. It should be free with no rubbing. On a small pump you may be able to turn it literally by hand. On a larger pump you may need to use a pipe wrench on the coupling spacer 
It is important to check driver rotation to make sure it matches pump direction of rotation arrow on pump casing.  In some cases pumps may operate in reverse and could be running at 1/3 of the design performance.
Good practice to flush piping of system which pump is to be installed 
Use of warm up lines and allow ample time for pump case to heat up.  
      - Warm up process:  
Circulate a small amount of fluid through the pump until the casing temperature is within 100°F (38°C) of the fluid temperature prior to pump start-up to avoid thermal shock to the casing and impeller and prevent damage of mechanical seal.
Warm up of pump will not be needed for all cases, thus if required you must follow additional IOM directions for pump warm up prior to start-up.
Do not operate below MCSF as shown on performance curve.  Start-up @ closed valve will typically be no more than 15~20 seconds 

http://www.ruhrpumpen.com/
http://www.ruhrpumpen.com/
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1. Seal assembly fixtures.

2. Pipe connections tightened so that the connection can
hold pressure.

3. Disposal connection (seal leakage) installed
environmentally safe.

4. Check rotation of seal matches rotation of pump.

5. The pump should be installed & properly grouted to
foundation.

6. Flood pump and seal area with pressureless flushing
medium.

7. Thoroughly vent the seal chamber.

www.ruhrpumpen.com
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Presentation Notes
What I show here is pretty generic
Check the Seal IOM for individual requirements.
This is from an Eagle Burgmann IOM for their non-API seal 
Assembly fixtures provide for holding the cartridge seal in one piece during transport, storage, assembly and removal.
Seal flush / quench / leakage plan connections.
Disposal connection – seal leakage plan (plan 65)
Direction of seal rotation (check seal drawing) matches pump rotation.  Depending on seal design/type, If seal run in reverse, seal could be damaged and or leak.  Heat generated by improperly installed seal could incur further damage to pump.
Properly anchored equipment to eliminate potential vibration, which could cause premature seal failure. 
Flush pump & seal area with the flushing fluid under little to no pressure.
To remove entrapped vapors, otherwise seal face temperature could rise due to insufficient lubrication, which could damage the seal.  For self-venting pumps this is not an issue.
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Start-up Procedure

14
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Before start up review
pump IOM manual to UA
Renewed SCE

CheCk |nSta”at|On IS per Heavy Duty, Single Stage, Overhung,
IOM API 610 Process Pump

15
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Really shouldn’t need saying.
But you know the old adage “Finally , if all else fails, read the instruction manual”
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. Before starting the pump, 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.
. Open and look through the oil fill/breather to verify that the oil rings are in

their grooves.

. Verify that the discharge valve is closed.

Open the suction valve.

. Crack open discharge valve, but don’t fully open. A partially closed

discharge valve also will prevent initial cavitation. Allow pump to fill with
fluid (pump is self-venting).
« For non-self venting pumps vent pump case and seal chamber (open
vent at top of pump casing until all air is expelled from casing.)

. Keep the valves open approximately 60 seconds to ensure that pump is

completely full of fluid.

. Close discharge valve.

16
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Presentation Notes
#7 – side note: what happens if air is still in system and not vented properly:  Air that is trapped will naturally rise and collect at high points within the system. This trapped air can cause pump failures, corrosion, flow issues, and water hammer or pressure surges. Unnecessary air in the system also makes the pump work harder, resulting in additional energy consumption. 
#8 – good time to do quick check for any leaks.
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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.

 |f shaft rotation is incorrect, consult driver IOM.

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 V4 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.

16.1f the pump fails to reach the correct pressure, perform troubleshooting
steps.
17.0nce the pump is running, perform operating checks.
17

www.ruhrpumpen.com


Presenter Notes
Presentation Notes
# 15 - Never allow pump to run too long with discharge valve closed.  Because the energy applied to the product through recirculation within the pump case is converted into heat, the temperature of the liquid may reach its boiling point and vaporize.  This could cause pump seizure and mechanical seal failure.
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Commissioning Checklist

18
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e Check Pump is in place and properly grouted, leveled and anchoring installed as
per specification

e Check pump data plate against design requirements and electricity supply
e Check that pump casing and system have been cleaned prior to start-up

* Ensure that pump impeller rotates in the correct direction and pump is installed in
correct configuration

* Check for noise and vibration, including evidence of cavitation under system
design temperatures (for hot water pumps)

* Check for shaft misalignment

* Check the pump pressure, corresponding flow rate and motor amps.

19
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Presentation Notes
Most of these are double checks, tasks which should have already been carried out and checked during installation, long before start-up
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¢ Check at regular intervals that the safety equipment is sound and is arranged and fastened according to
the regulations, and ensrgized 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 il level and validate that the correct oil grade is installed.

¢ Open and look through the oil fill/breather (refer to General Arrangement) to verify that the oil rings are
in their grooves (oil ring and purge mist lubrication anly) and are picking up oil.

# Check the temperature of the bearing bracket 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 s=aling 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, isclate 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 s=al ring and the stationary seal ring.

20
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Troubleshooting

21

www.ruhrpumpen.com


http://www.ruhrpumpen.com/
http://www.ruhrpumpen.com/

What is Troubleshooting?

V/ZN\N
RUHRPUMPEN
N~

Specialist for Pumping Technology

Troubleshooting is a systematic approach to problem solving that is often
used to find and correct issues with complex machines, electronics,
computers and software systems.

« First step: gather information on the issue, such as an undesired

behavior or a lack of expected functionality.
— Other important info: related symptoms and special circumstances that may be
required to reproduce the issue.

« Next step: Eliminate unnecessary components in the system and verify
that the issue persists, to rule out incompatibility and third-party causes.

olutions

www.ruhrpumpen.com 22
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Presentation Notes
The first step in troubleshooting is gathering information on the issue, such as an undesired behavior or a lack of expected functionality. Other important information includes related symptoms and special circumstances that may be required to reproduce the issue.

Once the issue and how to reproduce it are understood, the next step might be to eliminate unnecessary components in the system and verify that the issue persists, to rule out incompatibility and third-party causes.

http://www.ruhrpumpen.com/
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The first requirement is that no cavitation of the pump occurs throughout the broad
operating range and the second requirement is that a certain minimum continuous
stable flow (MCSF) is always maintained during operation.

Unfavorable conditions which may occur below MCSF:

Deflection and shearing of shafts
Seizure of pump internals R
. High .'\'h';"‘:'“ .\.,L'“‘&s» Aie
Close tolerances erosion g "“llw“}‘,{;v*“"'ff:u\ﬁ“f‘:,;umuo“

nse \o° “\-_13\5* 605': nt
: L
RET quc 8

Separation cavitation
Product quality degradation
Excessive hydraulic thrust
Premature bearing failures

Cavitation due to
lack of NPSHa

No Uk wNE

Head

Preferred
selection
rone

Flow

I' 1:-.2 I Congtesy PLA Anstradian Pump Technical Handbook
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Presentation Notes
A clear understanding of the concept of cavitation, its symptoms, its causes, and its consequences is very much essential in effective analyses and troubleshooting of the cavitation problem.
cavitation is the formation of bubbles or cavities in liquid, developed in areas of relatively low pressure around an impeller. The imploding or collapsing of these bubbles trigger intense shockwaves inside the pump, causing significant damage to the impeller and/or the pump housing.

Just like there are many forms of cavitation, each demanding a unique solution, there are a number of unfavorable conditions which may occur separately or simultaneously when the pump is operated below MCSF.
Each condition may dictate a different minimum flow low requirement.  The final decision on recommended minimum flow is taken after careful “techno-economical” analysis by both the pump user and the manufacturer. 

The consequences of prolonged conditions of cavitation and low flow operation can be disastrous for both the pump and the process.  Such failures in hydrocarbon services have often caused damaging fires resulting in loss of machine, production, and worst of all, human life.

Such situations must be avoided at all cost whether involving modifications in the pump and its piping or altering the operating conditions.
Proper selection and sizing of pump and its associated piping can not only eliminate the chances of cavitation and low flow operation but also significantly decrease their harmful effects. 
MCSF is defined as flow below which the pump should not be operated continuously. It can operate there for a short time (such as start-up), but not too long. It is the minimum flow that must be maintained through a pump to avoid excessive recirculation at the impeller inlet.
When a pump is operating at BEP flow through the impeller is very stable and uniform. However, as the flow produced by the pump decreases and operation of the pump moves to the left of BEP, some of the liquid begins to move in a circular pattern: it enters the impeller inlet but then come back out of the inlet and then is drawn back in again.
The main reasons are unstable operation, high radial and axial thrust, vibrations and noise - all of which ultimately deflect the shaft; damage the seal, bearings, and couplings; and reduce reliability significantly.   Which in turn casue these unfavorable conditions. 
This circular and irregular flow pattern is known as recirculation. The more flow is reduced, the greater the amount of recirculation within the impeller inlet. Once recirculation become excessive it will result in increased vibration and pressure pulsations.
MCSF is established by the pump manufacturer and guided by several factors, including pump type, pump energy level, pump Ns and Nss and onset of recirculation, guiding specifications, and experience.

Pump shaft deflects, causing seal to leak
Excessive heat from unstable flow can build up and seize pump internals
Prolonged operation below MCSF could cause erosion of close tolerances due to the continuous internal recirculation Increased internal turbulence.
The recirculation flow can cause a pressure drop which can cause cavitation.
The added heat to the pump system could degrade the fluid product
At reduced flow, the differential head will be higher and the generated axial thrust will increase
When a pump is operated away from BEP, the velocity profile is distorted. higher pressure distribution towards the exit of impeller and creates a radial (side) thrust which is, of course transmitted via the impeller to the shaft and bearings.
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Cavitation

As the suction head value gets closer to the
NPSH, value, vapour bubbles form on the
underside of the inlet vanes of the impeller.

The closer you get to the NPSH; value the
more bubbles will form and over a larger area
of vane.

As these bubbles are swept into higher
pressure areas they collapse with a shock

Impeller Rotation

\

Vane

gbé___ Bubble
/A7 collapse

(O subbie
5 inception
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Presentation Notes
cavitation is the formation of bubbles or cavities in liquid, developed in areas of relatively low pressure around an impeller. The imploding or collapsing of these bubbles trigger intense shockwaves inside the pump, causing significant damage to the impeller and/or the pump housing.



Suction & Discharge Recirculatioﬁ_g/ .
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A Different kind of Cavitation

Occurs when pumps operate back on the
curve from BEP

f IIT‘II
When two flow paths within a fluid are moving
in opposing directions and in close proximity
to each other, vortices form.

These vortices result in low pressure areas
(where bubbles form) and high pressure
areas (where they collapse).

Point "Z"

Recirculation vortices at impeller suction eve and at vane tips (sou
ww.subrpumpen.com Handbaok, Igor |. Karassik and Joseph P Messina; ISEN-10 007033
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Presentation Notes
Now there are two other types of Cavitation you need to know about that are nothing to do with NPSH cavitation
Suction & Discharge Recirculation
They occur when pumps operate back on the curve from BEP
Suction recirculation cavitation is often confused with NPSH cavitation
When you operate away from BEP you WILL get recirculation vortices HERE and HERE
(Read slide)
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Centrifugal Pumps Common Problems

ﬁ - No liquid delivery
— . Intermittent operation
- Low Discharge pressure

- Low Liquid flow rate

- Excessive Power demand

V/ZN\N
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Instrument error
Not primed
No liquid delivery Possible cause

Cavitation

Supply tank empty.

28
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Presentation Notes
Instrument error -  check instruments for any errors/issues
Not primed – if not primed properly or pocket of air trapped in pump, this will not cause centrifugal action to take place.
Cavitation – maybe have severe cavitation, will effect pump delivery from pump side.
Supply tank empty – seen in many cases, if up stream tank not checked,  If there is good level there above the NPSHa of the pump.  Then the pump may be wrongly accused of problems. (Commissioning is often carried out with a partially filled system)
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Instrument error
Cavitation
Liquid flow-rate low Possible cause

Non-condensibles in liquid

Inlet strainer clogged.

29
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Presentation Notes
Instrument error -  check instruments for any errors/issues
Cavitation – maybe cavitation at early stage, investigate reason behind the cavitation, check level inside the supply tank, are we running pump with proper condition or not? 
Non-condensibles in liquid – maybe there is presence of air from an other line tie in on suction side of pump.  
Inlet strainer clogged - Maybe upstream inlet strainer is clogged? Causing low flow on discharge of the pump
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Cavitation

Intermittent operation Possible cause Not primed

Non-condensibles in liquid.

30
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Presentation Notes
Intermittent operation – maybe the flow is oscillating one or 2 reasons
Cavitation – again maybe cavitation at early stage, investigate reason behind the cavitation, check level inside the supply tank, are we running pump with proper condition or not? 
Not primed – check priming procedures.
Non-condensibles in liquid – again maybe there is mix of liquid with air, may cause such phenomena as intermittent operation. 
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Instrument error

Non-condensibles in liquid.

Discharge pressure low Possible cause
Speed too low

Wrong direction of rotation (or impeller in
backwards if double suction).

31
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Presenter Notes
Presentation Notes
Instrument error -  again check instruments for any errors/issues
Non-condensibles in liquid – again, maybe there is presence of air from another line tie in on suction side of pump.  
Speed too low – maybe if pump is working with VFD, check control of VFD
Wrong direction of rotation – check if impeller is installed in correct direction, especially for double suction
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Centrifugal Pumps Common Problems RUI@IMPEN
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Speed too high
Density liquid high
Power demand excessive Possible cause

Required system head lower than expected

Viscosity high.
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Presenter Notes
Presentation Notes
Speed too high – check speed of motor, check control of VFD if installed
Density liquid high – maybe density is changing… check supply tank, maybe process fluid is getting mixed with other liquids, maybe tank is affected by cold temps. Check if there is heaters on suction tank.
Required system head lower – check system resistance, down stream changes causing back pressure on pump
Viscosity high –  maybe due to changing in weather? Malfunction of supply tank heaters.
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ROTATION ROTATION
CORRECT IN-CORRECT
|
CHANGE TWD OF THE
PRIME THREE PHABEZ
— |
PRIMIMNG PRIMING
BAPDSSIELE HORMAL
LEAKAGE OF FOOT A| | CHECK SHUT OFF
VALVE PRESEURE WITH
LEARAGE FROM MECHARGE VALVE
SLUCTION PIPING CLOSED
1 . I ]
SHUT OFF EHUT OFF PRESSLIRE
FRESSURE DEFICIENT
HORMAL : I .
| IMPELLER OR NEGK | RINGS WORN DR AlR
EL]
GRADUALLY OFEN FING DARASD APRED
DISCHARGE VALVE
SHARP FALL IN
. PnE%usH:w DISCHARGE PRESSURE
QuAL . OBSERVE THE SUCTION
OFF PRESEURE EALNGE READIMG

SYSTEM | DEFECTIVE | FOREIGHN | CAVITATION

HEAD TOO | DESCHARRE | MATTER ]
HIGH OR CHEGK | BLOCKING | DISCHARGE

VALVE HOT | DEECHARGE FIPE

OPENING FiFE
LOVIER THAN | HIGHER THAN
EXPECTED E.‘EFE]ETED
BUCTION FOREIGW LMD LEVEL HiGH FOREIGN VAPDUR AR BEING | GAVITATION
HEADTOC | MATTER | INSUCTION | FRICTION MATTER | PRESSURE | SUCKED | I SUCTION
LOWw EBUILD WP I8 | VESSEL TOD LOGES 1IN BUILDUR N | OF PUMFED FROM FIFE
SLICTICN LowW BUCTION CABING OR | LIQUID HIGH | SUCTION
PIPE OF FIFIRG BMFELLER LINE
FOOT VALVE 34
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Check rotation direction

General Troubleshooting

Flow Diagram
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Incorrect rotation

Swap 2 of the 3 motor phases

Low pressure

Correct rotation

Check the pump shut-off head

Normal pressure

Open discharge valve to rated flow

High head

System resistance
is too high

High value
I
High vapour
pressure
Blockage in

casing or impeller

Pump is

Wear on impeller vapour
neck ring area locked Low head

Check suction gauge
Low value
I I
High friction loss Low liquid level Low suction

in suction piping in suction vessel head

Blockage in suction pipe,
strainer or foot valve
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General Troubleshooting

Fault Finding Flow Chart
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Particles Vapour Air being Cavitation Suction head Blockage Low liquid High
blocking pressure drawn into in the is too low in suction level or friction loss
Casing of pumped suction pipe suction pipe pipe or vortexing in in suction
and/or liquid is foot valve suction vessel piping
Impeller high Increase
level in
Ensure Ensure no suction tank I I |
| | suction pipe, blockage in Unblock, Increase Use larger
Unblock Liquid joints & pipe or I inspect for liquid level suction
Casing and begins to valves are valves InCrease damage, piping
Impeller - vaporise leak-free TG check any
repair as in eye of I suction foot valve |
reqUired Impe”er Check all source i‘trcalﬁ’]ae?_ Over pressure Reduce
joints are suction vessel number of
air tight [ fittings
I _ Ensure pipe before
Consider , I is not blocked pump
fitting Increase Check pump is at rated flow - low upstream of
suction suction suction pressure suction Consider Fit vortex
strainer pressure can lead to cavitation pressure fitting breaker plates
gauge suction in suction
| | strainer vessel Ensure any
Increase suction
suction pres. strainer is
clear
| I
Cool suction Check suction Cool suction Reduce any free-fall
source - to soillresy = EnElE source - to of liquid into suction
lower vapour no gas is present lower vapour vessel - to stop
pressure due to vortexing in pressure frothing/aeration
suction tank
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TROUBLE CAUSE REMEDY
IrguMclent capacily and‘or pressure Suction pregsure or speed 100 low Open suction valve wide,
Check power supply for correct vollage 1o malor.
Incomect airecton of rotation Re-cornect molor leads
Excessive amount of air or vapors In the fuid. Eneci rsl.ctnr Eystem for alr leakage and comect
'ent a

Tighten flange boks

Foreign material In impeder Dismante pump and remove any foreign malerial
«  Machanical defects Dismante pump and comect
o  Wearrng rings wom.
« Impeller camaged
s Sheared Impeller key
Pump loses prime after stanting InsufMicient iquid supply Ensure that suction valve Is wide open
Check for proper supply of hguld lo be pumped.
SXC2gSive amount of air or vapors In the liquid Check suclion syslem *or air leakage and correct.
Sroken or damaged coupiing ngpect and replace same
Clogged Impeder Clemante pump and comect
Suction pipe clogged Ramove foreign matenal
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sump vibrates

....... —— S

LO0SE mounting or coupling bolts Tighten Doits.

Alr or gas In liguid Vent ar and check suclion for leaks. Tighten
flange bolls.

Misalign meanl Check alignment and comect

Foreign matenal In Impeder causing unbalance

Dismantie pump and remove any foreign material

Mechanical Defects

« 5ha't pent
«  5earings wom

Cismantie pump and replace part or pars causing
viDration

Jump Overoade anver

Spead 20 high

Refer 10 motor Instruction manual ang check power
suppiy for comect frequency.

Sump bearing seize of rotating element oings

Dismantie pump and repiace part or parts causing
seizures of binding

Pump g:0ps abruptly

Sump binding 3t ruaning ite

Dismante pump and cormect

www.ruhrpumpen.com
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General Troubleshooting Cause & Remedy Chart
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L. R ok e ] r"'-"' bk M 8 LR B A
-— =

High pump thrust bearing temperature
rse

improper brication

Replenish ol with proper grade lubricant.

iIngUTcient oll - Contamirated oli

Agd ol Draln and ciean bearing housing resenvor
Refil with clean oll.

Mecnanical seal gland overnaats

InsuMcient cooling water 10 seal

Obstruction In s2al water piping. Remove and
cear

Machanical seal ieakage

Checkad for crackad rotabing face stationary face

Remove, dismantle, and Inspecl seal unit per
MECHANICAL SEAL' page.

2ump ls nolsy

Cavitation Check pump & primed, check for high suclion
emperature, Increase slatic nhead, check for
obstruction In sUCtion ine

| LOOSE pars Tighten or replace defective part.
Nolse in driver Check arlver with stethoscope
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General Troubleshooting Pump RUI@IMPEN
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Guide

Specialist for Pumping Technology

Many clues can be obtained by checking all the normal pump parameters:

Vibration
Power

Flow

Head
Temperatures

a0 =
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Presenter Notes
Presentation Notes
Centrifugal pumps generally operate for years trouble free.
If there are problems then there have probably been early indications that can help provide a solution.
Knowing how to identify the many potential pump vibration causes will quickly lead to the potential culprit and solution.
These slides are intended to give guidance as to the likely cause & the solution, and will assist both Customer Service and Production Testing to efficiently solve the problem.
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Check vibration levels with a basic frequency analysis using a portable
vibration analyzer.

42
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Presenter Notes
Presentation Notes
Any attempt to solve vibration problems on pump & motors should begin with a basic frequency analysis using a portable vibration analyzer. In most cases, a single vibration frequency will be dominant — often at rotating speed. Then, by simple process of elimination, zero-in on the source of the problem.
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Pump spectral analysis separates the e

overall vibration level into amplitudes at X VANEPASS
discrete frequencies and is helpful in '
determining the cause of the vibration.

L b
24 VANEPASE I
i

For example, a peak at the running | oames | TTLY 1
speed (1X RPM) may indicate rotor /R | P—
imbalance, while a peak at the blade e 1 LA N |
passing frequency (BPF = Z x RPM PR A 7

'.'J.I'-IEF'J.E-; L - /
where Z is the number of impeller rln ,ﬁdﬁ m t' JIYORALLIC NOISE
vanes) typically indicates a hydraulic | ﬂ _ﬂk 0 "-F”'-'q-"’-*r"'l-'-':'*"'“.*hﬂ :

."l-':""'f .‘.\_I- |

issue. : TN 3

Source — ProPump Services
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Presenter Notes
Presentation Notes
Detailed spectral analysis is a specialist field.
I am not qualified to lecture on this and it is well beyond this 30 minute short course.
But this is the kind of analysis that a vibration specialist can offer you.
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Vibration Trouble Shooting Chart -1 RUHRPUMPEN

Specialist for Pumping Technology

FREQUENCY
AS POTENTIAL CAUSES (%) SOLUTIONS
% RUN SPEED.
Seal faces dry & rubbing (10%). Inspect seal faces, no particles & identify the cause.
Also the harmonics of this vibration can be Also check if quench is required, if pumped liquid
40%-50%, & 100% & 200%. crystalizes when it contacts atmosphere (eg:- NaOH).
Wear Rings rubbing (20%). Inspect wear ring TIR's, clearances, bearings & shaft TIR.
FREQUENCY Also check Suction & Discharge piping accuracy & loads
OF Anti-Friction Radial Bearing damage (20%). Inspect bearings, check bearing fits, oil qualities & oil levels.
0-40% Anti-Friction Thrust Bearing damage (90%). Inspect bearings, check bearing fits & bearing locknut.
Some components Loose:-
Bearing inner race mounting (90%).
Bearing outer race mounting (90%). Check fits, dimensions and bolting tightness.
Impeller secure bolt (40%).
Casing mounting bolts to baseplate (40%).

44
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Presenter Notes
Presentation Notes
But here in 8 slides is a “vibration analysis for dummies” crib-sheet to give you a clue as to what might be happening to your pump.
So looking at this first slide
Vibration frequencies of 0-40% of running speed
10% of the time it is seal faces
20% of the time – wear rings rubbing
20% of the time radial bearing damage
90% of the time thrust bearing damage
40% casing mounting bolts loose
This gives you a real clue as to things to check
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FREQUENCY
AS
% RUN SPEED.

Vibration Trouble Shooting Chart -2

POTENTIAL CAUSES (%)

Specialist for Pumping Technology

SOLUTIONS

FREQUENCY
OF
40 - 50%

Foundation uneven & affecting base level (20%).

Check levelness of foundation & baseplate.

Also check foundation & mounting bolt tightness, shims &
alignment, & carry out a Soft-Foot check for parallelism of the
Pump and Motor mounting pads and Baseplate support pads.

Seal faces dry & rubbing (10%).
Also the harmonics of this vibration can be
40%-50%, & 100% & 200%.

Inspect seal faces, no particles & identify the cause.
Also check if quench is required, if pumped liquid
crystalizes when it contacts atmosphere (eg:- NaOH).

Wear Rings rubbing (20%).

Inspect wear ring TIR's, clearances, bearings & shaft TIR.
Also check Suction & Discharge piping accuracy & loads

Anti-Friction Bearing damage (20%).

Inspect bearings, check bearing fits, oil qualities & oil levels.

Sleeve (Journal) bearing & bush high vibration,
possible
oil whirl, etc. (70%)

Inspect bearings & clearances. Also perform frequency
test of bearing housings. If cause is oil whirl, consider oil
whirl resistant oval & grooved sleeve bearings.

Some components Loose:-
Bearing inner race mounting (90%).
Bearing outer race mounting (90%).
Impeller secure bolt (40%).
Casing mounting bolts to baseplate (40%).

Check fits, dimensions and bolting tightness.

Incorrect flexible coupling alignment & fit (20%).

Inspect coupling alignment, fits and tolerances.

www.ruhrpumpen.com
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Presenter Notes
Presentation Notes
Similar story here
I am not going to go through every slide in detail
You get the picture
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FREQUENCY
AS POTENTIAL CAUSES (%) SOLUTIONS
% RUN SPEED.
Seal faces dry & rubbing (10%). Inspect seal faces, no particles & identify the cause.
Also the harmonics of this vibration can be Also check if quench is required, if pumped liquid
FREQUENCY |40%-50%, & 100% & 200%. crystalizes when it contacts atmosphere (eg:- NaOH).
OF Wear Rings rubbing (20%). Inspect wear ring TIR's, clearances, bearings & shaft TIR.
50 - 100% Also check Suction & Discharge piping accuracy & loads
Anti-Friction Bearing damage (20%). Inspect bearings, check bearing fits, oil qualities & oil levels.
Incorrect flexible coupling alignment & fit (20%). |Inspect coupling alignment, fits and tolerances.

46
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FREQUENCY
AS
% RUN SPEED.

Vibration Trouble Shooting Chart -4

POTENTIAL CAUSES (%)

Specialist for Pumping Technology

SOLUTIONS

FREQUENCY
OF
100%

(1 x Running
Frequency)

Major rotating component Unbalanced (90%).

Rebalance Impeller, Rotor & Coupling.

Anti-Friction Bearing damage (20%).

Inspect bearings, check bearing fits, oil qualities & oil levels.

Slightly bent Shaft (90%).

Inspect & TIR check the Shaft & rebalance assembled rotor.

Slight Casing distortion

Check excessive nozzle loads have not distorted the Casing
from the flanges. Also check Shaft & Impeller Wear Rings
are concentric with Case Wear Rings & Impeller is inline
with volute centerline. Also check foundation & Baseplate
alignment

Seal faces dry & rubbing (10%).
Also the harmonics of this vibration can be
40%-50%, & 100% & 200%.

Inspect seal faces, no particles & identify the cause.
Also check if quench is required, if pumped liquid
crystalizes when it contacts atmosphere (eg:- NaOH).

Foundation uneven & affecting base level (20%).

Check levelness of foundation & baseplate.

Also check foundation & mounting bolt tightness, shims &
alignment, & carry out a Soft-Foot check for parallelism of the
Pump and Motor mounting pads and Baseplate support pads.

Wear Rings rubbing (20%).

Inspect wear ring TIR's, clearances, bearings & shaft TIR.
Also check Suction & Discharge piping accuracy & loading,
to ensure the piping is not excessively overloading the
pump suction & discharge flange maximum nozzle loads.

Misalignment (40%).

Inspect Pump Shaft, Motor Shaft and Coupling alignment.

www.ruhrpumpen.com
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Presenter Notes
Presentation Notes
This one is interesting
Peaks at running speed
90% of the time rotor imbalance or bent shaft
40% of the time misalignment


http://www.ruhrpumpen.com/
http://www.ruhrpumpen.com/

VZNN
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FREQUENCY
AS POTENTIAL CAUSES (%) SOLUTIONS
% RUN SPEED.
Check the tightness of the Impeller bolt, successfully
clamping the Impeller to the Shaft. Also check casing &
FREQUENCY impeller Wear R.ing f.its, clearances and TIR..
oF Check the Coupling fit t(? Shaft. If Fhe coupln?g hub on the
150%  |Possible looseness of Impeller or Coupling (20%). Shaft of betwec.en' bearing PurT\p be taPer fiton th'e .Shaft,
(L5 x Running then che.eck the fl.t |s.perfect using Marking Blue. If it is not
Frequency). a good fit, use grinding paste to match the tapers more
than 90% of the contact area. Then re-assemble & check
alignment of the Impeller, and the Pump coupling with the
Motor Coupling.

48
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FREQUENCY
AS POTENTIAL CAUSES (%) SOLUTIONS
% RUN SPEED.
Seal faces dry & rubbing (10%). Inspect seal faces, no particles & identify the cause.
Also the harmonics of this vibration can be Also check if quench is required, if pumped liquid
40%-50%, & 100% & 200%. crystalizes when it contacts atmosphere (eg:- NaOH).
Check levelness of foundation & baseplate.
Also check foundation & mounting bolt tightness, shims &
Foundation uneven & affecting base level (20%). |alignment, & carry out a Soft-Foot check for parallelism of the
FREQUENCY Pump and Motor mounting pads and Baseplate support pads.
2(?; % Misalignment (50%).2 Inspect Pump Shaft, Motor Shaft and Coupling alignment.
. Bearing damage (20%). Inspect bearings, check bearing fits, oil qualities & oil levels.
(2 x Running : —— :
I Sleeye (Journal) bearing & bush high vibration, Inspect bea.rmgs & c.Iearances. Al.so |-Jerfo.rm freq.uency-
possible test of bearing housings. If cause is oil whirl, consider oil
oil whirl, etc. (70%) whirl resistant oval & grooved sleeve bearings.
Check the accuracy of the Suction and Discharge Piping
Excessive Suction and Discharge piping forces and connected to the pump. A!so.calculate t-hat the pi|'3ing
moments. (50%) forces and moments are within the .pu.bllshed maximum
Pump flanges forces amd moment limits, to ensure that
excessive forces would not cause casing distortion.

www.ruhrpumpen.com
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Presenter Notes
Presentation Notes
2 x Running Speed
50% of the time excessive piping forces and moments
50% of the time misalignment
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Vibration Trouble Shooting Chart -7 RUHRPUMPEN
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FREQUENCY
AS POTENTIAL CAUSES (%) SOLUTIONS
% RUN SPEED.
FREQUENCY This usually occurs with maximum diameter Impellers fitted.
OF To reduce the effect of this frequency vibration, the solution
Number of |This is the Vane passing Frequency. is to cut the Volute Lip at an angle of approximately
Impeller |Which is the Frequency the Impeller vanes pass 20 degrees,and radius the edge.
Vanes the casing Volute Lips (Cut-Waters). (90%) Then cut the Impeller Vanes at an opposite angle of approx
X running 20 degrees. So when each vane passes the Volute Lip it slices
Frequency and minimises the pressure pulsation.
(RPS)

Examine the Anti-Friction Bearings.

The high frequency is due to the large number of balls or rollers
causing damage to the Inner or Outer races, and the Bearing
Cage. Renew the Anti-Friction Bearings. The damage

is likely due to problems with the lubricating oil quality,

VERY HIGH
FREQUENCY Anti-friction Bearing damage (30%). oil levels being inaccurate and the oil cleanliness. So clean
) the Bearing Housings, and renew the correct oil grade and
levels.

Also, if the Pump is VFD driven, check that the pump speed is
correct, and not over-speed. Because if it was over-speed for
any reason, the increased loads could damage the bearings.
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Presenter Notes
Presentation Notes
Vane passing frequency
The frequency at which the impeller vanes pass the volute lips (or cutwaters)
This is a possible design issue on a new installation not a maintenance or wear issue
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FREQUENCY

Vibration Trouble Shooting Chart -8

AS POTENTIAL CAUSES (%) SOLUTIONS
% RUN SPEED.
CHECK ALL THE POTENTIAL CAUSES OF CAVITATION BELOW:-
1. If there is a Suction Filter fitted, ensure the pressures on
both upstream and downstream sides of the Filter are
monitored. To ensure the Filter is never progressively
blocking, which would cause a Suction Pressure drop &
turbulence. Which would result in Cavitation.
VERY HIGH 2. Check the Casing & Impeller Wear Ring clearances and TIR.
FREQUENCY- Because the higher the Clearances become, the greater is the
BUT, also with Wear Ring recirculation into the suction Eye of the Impeller,
the HIGH [The cause will be Cavitation. (90%) which can result in Cavitation, & reduced Efficiencies.

FREQUENCIES
and the PEAKS
VARYING
FREQUENTLY.

3. Check that the Pump flowrate is not lower or higher than
recommended. As this could result in Discharge or Suction

Recirculation vortices, that can result in Cavitation & damage.

4. Check there are never any upset conditions that could
reduce the NPSHA, by reducing the Suction Pressure.

5. If the Pump is VFD driven, ensure the Pump is never
running at a speed higher than stated to the pump supplier,
as this would result in a much higher NPSHR value. Which
would reduce or eliminate the NPSH Margin, resulting in
Cavitation.
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Presentation Notes
Cavitation.
Very high frequency vibrations but with peaks varying frequently.
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MOTOR CURRENT HIGH
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DIRECTION OF
ROTATION

| Specialist for Pumping Technology

ROTATION ROTATION
IN-CORRECT CORRECT
: |
H Ig h M CHANGE TWO OF
Oto r THE THREE PHASES MEASURE CURRENT
C t: MVALVE FLY
urrent: LVE FLL
(] L_=
HEAVY RESISTANCE |SPECIFIC GRAVITY OR OVER RATE OF
IS FELT WHEN VIBCOSBITY OF FLOW .
ROTATED MANUALLY | PUMPED LIQUID IS :
HIGH
PUMP BEARINGS FOREIGN MATTER
DAMAGED BUILD UP IN PLMP
Dis- MOTOR  |D-ASSEMBLY ADJUST
ASEEMBLE ROTOR  |AMD REMOVE RATE OF
AND DAMAGED FOREIGN FLOW

REPLACE | REQUIRING MATTER
DEFECTIVE | NEW MOTOR
PARTS
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Unexpected Power increase:

» Piping strain, if excessive, could be causing impeller
wear ring to touch case wear ring.

« Change in system resistance- Flow has increased.

 ABypass loop may have opened, again increasing
the flow.

« Check the antifriction bearings- is the Oil mist still
being supplied. If not bearings may be being
damaged.

* Could be mechanical seal problems- Check
mechanical seal systems are operating correctly &
contain correct liquid level.
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Unexpected Power decrease:

« Cavitation taking place- Good indication if Head is
reducing, & vibration increasing.

« Check if an In-Line filter is blocking, causing
cavitation and lower flows.

* Increase in system resistance-Flow has decreased.

54
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PUMP FLOWRATE OR

o RUHRPUMPEN
ROTATION \ /
| ] Specialist for Pumping Technology
ROTATION ROTATION
IN-CORRECT CORRECT
Low Flow or T
THE THREE PHASES CHECK SHUT-OFF
PRESSURE WITH
- DISCHARGE VALVE
I
SHUT-OFF
PRESSURE ;ﬂgﬁ-ﬂl;';
DEFICIENT
| |
I ' FULLY CPEN
IMPELLER OR NECK |AJR TRAPPED IN PLMP DISCHARGE
RINGS WORN VALVE
|
COMPARE
SPECIFIED VALLE
OF PUKIPS WITH
READING OF GAUGE
IN OPERATION
RUNMNING HEAD 15
RUNMING HEAD IS LOWER THAN
HIGHER THAM EXPECTED
EXPECTED
SYSTEM HEAD IS OBSERVE THE
TOO HIGH SUCTION GAUGE
READING
LOWER THAN HIGHER THAN
EXPECTED EXPECTED
| i l | [ I
SUCTION FOREIGN |LIQUID LEVEL HIGH FOREIGN VAPOUR
HEAD TOO MATTER INBUCTION | FRICTION MATTER PRESSURE
LOw BUILD UP IN | VESSELTODO| LOSSIN BUILD UP IN | OF PUMPED
SUCTION LOW SUCTION CASINGOR | LIQUIDIS
PIPE OF PIPING IMPELLER HGH
FOOT VALVE 55
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Specialist for Pumping Technology

« Changes in system resistance - Lower resistance = higher flows, higher
resistance = lower flows.

* Has a bypass line opened or closed?

» |s cavitation causing low head and so low flows.... If so there will usually
be increases in vibration and possibly noise.
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Temperature:

Specialist for Pumping Technology

* Check the Oil mist is connected and running OK.

* Increased wear ring clearance can cause increased axial thrust. This
will lead to higher thrust bearing temperatures.

 |s cavitation causing low head and so low flows.... If so there will usually
be increases in vibration and possibly noise.

« Check alignment is correct.
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Common Reasons Why
Seals Fall

“90% of pump problems show up as mechanical seal problems.
90% of seal problems are actually pump problems”

Peter Hickman — Flowserve Seals
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Presenter Notes
Presentation Notes
A seal salesman once told me
90% of pump problems show up as mechanical seal problems
90% of seal problems are actually pump problems
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Thermal cracks in seal face caused by poor lubrication
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Presenter Notes
Presentation Notes
You might be asking yourself, “why are my seals failing so fast, and how can I prevent this from happening?” 
topic rings true among operators and engineers in plants of all sizes and industries. 
Most often a mechanical seal can be like a "barometer" for the pump, helping users to understand the state of health of the pump.
Other times, failure is a result of poor seal selection or  seal installation errors. Here are some of the most common reasons mechanical seals can fail. 

Allowing your pump to run dry can be very damaging to a mechanical seal. Under the right conditions, mechanical seals can experience thermal shock and shatter within 30 seconds or less.
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 Vibration

— Rotating components are out of balance
1. Seal faces can separate
2. Seal faces become damaged

STATIOMARY

LEAK PATH
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Presenter Notes
Presentation Notes
Pump vibration is caused by pump imbalance, improper alignment, operating the pump too far to the right or left of the BEP (Best Efficiency Point) on the performance curve, etc. Vibration hurts your equipment and can result in damaged seals and shortened seal life.
When rotation components are out of balance:
The mechanical seal faces can separate because of the induced vibration and shaft run out.
The seal faces can become damaged as the vibration causes the carbon to bounce against the hard face.
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Presentation Notes
When it comes to pumps, hammers are not friends! Mechanical seal faces can be very fragile. Pounding couplings onto the shaft will damage the mechanical seal. 
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Presentation Notes
Skipping initial start-up procedures and installation errors are a big factor when it comes to mechanical seal failure. 
Improperly starting the pump can cause the motor to trip and the shaft to twist causing orbital movement, resulting in internal parts contact, seal failure, and shortened bearing life. 
Improperly installing the mechanical seal will cause damage to elastomers (o-rings or boots), along with a wide variety of other issues, as pictured to the left. Mechanical seals can be very sensitive because the faces are incredibly flat. 
Even a small amount of dirt or oil, even fingerprints, can cause the faces not to align.
Picture to the right shows the spacer became lodged in the seal, damaging internal components. The installation instructions stated to remove the spacers before starting the unit.
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« Seal flush plan improper use or lack thereof

Surface damage due to high temperature on EPDM and FKM
secondary seals

Deposits on carbon graphite seal face

63
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Presentation Notes
It's critical that a mechanical seal flush plan is properly in place. 
No mechanical seal recommendation is complete without a coordinating flush plan. 
Be Aware: if no flush plan exists, dewatered product and contaminates can build up, causing excessive heat or erosion on the seal, resulting in shortened seal life.
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« Selecting the wrong seal or materials
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A fresh EPDM O-ring (left) and a swollen EPDM O-ring (right)
exposed to water containing mineral oil
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Presentation Notes
Lack of knowledge and information accounts for the majority of mechani­cal seal installation errors. 
Consider normal operating conditions, potential for off-design excursions and non-process activities, such as cleaning, steaming, acid and caustic flushes. 
The picture is an example of poor material choice for an abrasive liquid
Pump AEs & Salesmen should always consult the mechanical seal suppliers before quoting
Always send the process & mechanical data sheet to the seal suppliers
Same for EPC rotating equipment engineers before specifying a seal type
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5 Types of Sealing Failures
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Causes of pump failure Pump repair costs

1% 3 2% Il Shaft seal

3% 1%

Miscellaneous
5 9%

Bl Impeller

Operation
™ Coupling
Housing

I Roller bearings
34 % &

“90% of pump problems show up as mechanical seal problems.
90% of seal problems are actually pump problems”

Fig. 5.1: Analysis of pump failure. Fig. 5.2: Analysis of pump repair costs.
Mechanical seals account for 39 % Mechanical seals account for
of pump failures. [1] 44 % of pump repair costs. [1]
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Presentation Notes
Failure of the mechanical shaft seal is the most common cause of pump downtime. 
The shaft seal is exposed to widely varying operating conditions. 
Sometimes operating conditions change to become quite different from the specific conditions for which the seal was intended.

The diagrams shows that shaft seal failure is by far the most common cause - or more accurately “symptom” - of pump system failure. See figures 5.1 and 5.2. 

Typical shaft seal failures depend highly on the seal type and material pairing. 
O-ring-type shaft seals with dynamic O-ring and one seal ring in carbon-graphite typically have problems with wear on seal faces and seal hang-up, which prevents axial movement of the dynamic O-ring and seal ring. 
Mechanical shaft seals with hard/hard seal face material pairings usually experience problems associated with dry running.
Detailed information is required to make a failure analysis of a damaged shaft seal and subsequently prevent new failures. 
On the damaged shaft seal, it is possible to observe what is damaged, but the reason for the damage must often be found on the basis of knowledge of the pump and the application. 

In the following slides we will review examples of common causes of failure of mechanical shaft seals.. 
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1. Operational Failures — About 40% of all
sealing device failures are due to
operational errors

Insufficient Net Positive Suction Head (NPSH)

Operating Dead-Headed

Dry Running & Improper Venting of Seal

Low Vapor Margin i

P, ——suction pipe

c h,. pump

N —=_] /:.:% +| reference level
rﬂ L7 1/7 _I

P4
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Presentation Notes
Insufficient Net Positive Suction Head (NPSH): 
NPSH Available (NPSHA): The absolute pressure at the suction port of the pump. AND. NPSH Required (NPSHR): The minimum pressure required at the suction port of the pump to keep the pump from cavitating.
If you don’t have enough suction head to your pump, the rotating assembly can become unstable, cause cavitation, and result in a seal failure.
Operating Dead-Headed: 
If you set the control valve too low to throttle the pump, you can choke the flow. Choked flow causes recirculation within the pump, which generates heat and promotes a seal failure.
Dry Running & Improper Venting of Seal: 
A vertical pump is the most susceptible since the mechanical seal is positioned on top. If you have improper venting, air can get trapped around the seal and won’t be able to evacuate the stuffing box. The mechanical seal will soon fail if the pump continues to run in this condition.
Low Vapor Margin: 
These are flashing fluids; hot hydrocarbons will flash once exposed to atmospheric conditions. As the fluid film passes across the mechanical seal, it can flash at the atmospheric side and cause a failure. This failure often happens with boiler feed systems—hot water at 250-280ºF flash with the pressure drop across the seal faces.
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2. Mechanical Failures — Contribute to about 24% of all failures

Shaft misalignment :HH: :H I EB#
Coupling imbalance s | |

Axial Radial Angular
|mpe||er imbalance misalignment misalignment  misalignment

Additionally:
» Misaligned pipes bolted to pump

» Avoid a bad base

Shaft
Axis

» Check the bearings

Center
of Mass

Mass Axis
Unbalance
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Presenter Notes
Presentation Notes
Shaft misalignment – Pump & motor shaft are not on same horizontal plane & or vertical plane
Coupling imbalance - Two equal forces (weights) are 180° from each other, when the rotor rotates, these forces move the rotor in opposite directions at their respective ends of the shaft. This causes the rotor to wobble, which produces a 180° out-of-phase reading from opposite ends of the shaft.
Impeller imbalance - A number of factors can cause a pump’s impeller or other components to become imbalanced including improper use, collision with other equipment, and even normal wear and tear. This imbalance puts undue pressure on the pump and over time can cause poor performance, inefficient energy usage, and a shortened lifecycle.
Additionally:
After the pump is installed, if you have misaligned pipes bolted to it, you will impart a lot of strain on the pump
Avoid a bad base: Is the base secure? Is it grouted properly? Do you have a soft foot? Is it bolted correctly?
Check the bearings:   If the tolerance of the bearings wears thin, the shafts will move and cause vibrations in the pump.
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3. Seal Component Failures — Comprise 9% of seal failures

www.ruhrpumpen.com

Have you chosen the correct facing combinations?
What about the seal face material quality?
Are your materials appropriate for your specific application?

Have you selected the proper secondary seals, such as gaskets and o-rings, that are
prepared for chemical and heat attacks?

Your springs should not be clogged or your bellows corroded.

Look out for face distortions from pressure or heat.

69
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Last, keep an eye out for face distortions from pressure or heat, since a mechanical seal under great pressure will actually bow, and the skewed profile can cause a leak.
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4. System Design Failures — About 19% of mechanical seal failures are
due to a poor system design.

» Proper seal flush arrangement, along with sufficient cooling.

« Dual systems have barrier fluids; the auxiliary seal pot needs to be in the right
location, with the correct instrumentation and piping.

« Length of Straight Pipe at Suction

« All the suction/discharge and bypass piping needs to be engineered correctly

X v’
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Presentation Notes
Take the Length of Straight Pipe at Suction into account—some older pump systems that often came as a packaged skid include a 90º elbow at suction right before the flow enters the impeller eye. The elbow causes a turbulent flow that creates instabilities in the rotating assembly.
All the suction/discharge and bypass piping needs to be engineered correctly as well, especially if some pipes have been repaired at some point over the years.
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5. Everything Else - Other miscellaneous factors
account for only about 8% of all failures

« For example, auxiliary systems are
sometimes required to provide an
acceptable operating environment for a
mechanical seal.

» Conclusion:

o Mechanical seals are a major factor in rotating
equipment reliability

o Responsible for leaks and failures of the
system

o But also indicate problems

o Seal reliability is greatly affected by seal
design and operating environment

7
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Presentation Notes
For reference to dual systems, you need an auxiliary fluid to act as a barrier that prevents contamination or process fluid from spilling into the environment. However, for most users, addressing one of the first four categories will hold the solution they need.
Conclusion:  Mechanical seals are a major factor in rotating equipment reliability. They’re responsible for leaks and failures of the system, but they also indicate problems that would eventually cause serious damage down the road. Seal reliability is greatly affected by the seal design and the operating environment.
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Seal Troubleshooting
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Presentation Notes
Seal Troubleshooting
This is really for Mechanical Seal Specialists not for us pump guys.
But it is useful background reading
When you get the hard copy PDF of this course you will see quite a few additional notes
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Collect Entire Seal
o Do not try to troubleshoot a seal by using only the parts that look important. You
must have both rotating and stationary parts.
o Tie mating ring and primary ring parts together.

Examine Seal Faces
o Look for wear track in circular pattern on matting ring face.

o A proper wear track is the same dia. & width as the primary ring face dia. & width.
» This important sign, tells you pump is in good alignment and face leakage is probably not
cause if any seal problem.

o A wide wear track indicates that there is serious misalignment of pump.

Check for chipping of seal faces
o Chipping at the OD is most often associated with fluids that flash
o Severe cavitation of the pump coupled with a hung-up seal may cause the seal face
ID to chip.

Check the Drive Mechanisms
o Worn drive lugs or drive slots are usually caused by high face friction and loss of face
lubrication (slip-stick).
o Lack of lubrication can be caused by: installing seal with too much spring compression, to

much pressure on the faces, poor lubricating properties of the fluid, bad face combinations,
pump cavitation, a gas bubble trapped in the seal chamber at the face.
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Entire seal:
Try to also inspect gaskets, o-rings, shaft sleeve, gland and inside of seal chamber.
Always take caution when handling parts that may have been exposed to toxic/corrosive chemicals!
The best way to ensure all seal parts are examined is to tie the mating ring and primary ring parts together.  If the 2 major parts are separated after removal, it will be virtually impossible to determine actual cause of seal failure.	
Examine seal faces:
Misalignment of pump can be caused by bad bearings, shaft whip, shaft deflection, a bent shaft, or severe vibration from a cavitating pump
Check for chipping of seal faces
Chipping of OD is caused by a separation of the faces and  consequent breaking when the bang back into each other.
Chips of ID are made when the seal face comes in contact with the rotating shaft.  Possible cure is to check pump alignment.  Flashing also may be the cause.
Check the drive mechanisms
Mech. Seal designs all use some way to transmit driving torque from the shaft to the rotary face.  Can be pins, drive lugs, a spring, or drive collar.
Slip-stick:  the 2 faces stick together, drive pin will load with high stress.  This stress is transferred to the face, causing it to accelerate and then stick again.  
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Check the Spring or Bellows
o Springs and metal bellows usually break from chemical attack at time devise is being

stressed.
> Possibility of chloride and sulfide stress corrosion.

o Metal bellows seal will clog or fail if pumped product hardens, or particles become
stuck inside of the bellows
» This occurs when excessive product leakage past faces of the seal
Check the Elastomers and Secondary Seals
o Swollen, sticky or disintegrating elastomer is normally sign of chemical attack.
o Excessive face heat can cause hardening, charring, cracking, burned appearance, or
shape changes on elastomers

« Check for Rubbing

o Look for worn spots or signs of discoloration on the seal from rubbing

o Some causes of rubbing:

O

© O O 0O O O

flush lines to far into the lantern connection
primary rings rubbing the shaft

scale build-up in seal chamber

shaft whip caused by impeller imbalance
shaft deflection

set screws backed out of the seal

worn bearings

Metal bellows seal clogged by lime scale build-up 74
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Check the spring or bellows
SS springs/bellows are subject to cracking in presence of chlorine, fluorine, bromine, and iodine.
Nickel alloys, such as Hastelloy C, Inconel or Monel, are usually not subject to breakage from stress corrosion.
Elastomers
Excessive face heat caused by lack of lubrication 

http://www.ruhrpumpen.com/
http://www.ruhrpumpen.com/

Coming Attractions ©

“An Introduction to Positive Displacement Pumps”

Thurs 21st April — 08.00 (UK BST (GMT+1)) (Eastern Hemisphere) &
17.00 (UK BST (GMT+1)) (Western Hemisphere)

Aimed at Process and Mechanical Engineers, and Consultant Engineers who specify pumping
equipment as well as Applications & Sales Engineers selecting and quoting them.

Pump engineers are generally knowledgeable about centrifugal pumps, but are less familiar

with positive displacement pumps. This session will look at PD pumps in general but with
particular focus on reciprocating plunger pumps.

Future sessions : TBA

www.ruhrpumpen.com
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Well that pretty much concludes the fun for today
I hope you found it useful
I just get to advertise the next of the Short Courses
The next course is on Start-Up, Commissioning & Troubleshooting of Centrifugal Pumps
 
31st March that’s 3 weeks today
Again two sessions, one for the Eastern Hemisphere and one for the Western Hemisphere.
The invitation will be published very soon. 
Put it in your diary
After that…. I don’t know yet.
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Presenter Notes
Presentation Notes
I am leaving this meeting open for a little while to allow you to post in the Q&A box and I will endeavour to answer those that only need a short answer here and now. Those that need a fuller answer will be answered within a few days.
Anything you think of later – email to info@short-courses.ruhrpumpen.com
Our marketing team are standing by to direct your questions or suggestions to the best person to answer them and they will be sending you the You Tube recording and PDF of the Presentation & the Summarised Q&A from both of today’s sessions.
If you need a Certificate of Completion for this Short Course – again 
info@short-courses.ruhrpumpen.com 
 
Here - right at the end- are the 8 slides about Ruhrpumpen that I mentioned at the beginning of the session and didn’t show you earlier
They will be in the pdf copy of the presentation you get so you can peruse them at your leisure
 
Now – on with the Q&A
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MANUFACTURING FACILITIES

USA [Tulsa]
Germany [Witten]
Mexico [Monterrey]
Brazil [Rio de Janeiro]

Argentina [Buenos Aires]

= Egypt [Suez]

India [Chennai]
China [Changzhou]
Russia [Moscow]

United Kingdom [Lancing]
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OUR PUMP LINES

Ruhrpumpen offers a broad range of highly engineered

and standard pumping products that meet and exceed

the requirements of the most demanding quality

specifications and industry standards. Products include:

Our pumps can handle head requirements as high as 13,000 ft " Single Stage Overhung Pumps

(4,000 m) and capacities up to 300,000 gpm (68,000 m3/hr). " Between Bearings Pumps
Moreover, our pump designs cover temperatures from cryogenic » Horizontal Multi-Stage Pumps

temperatures of -310 °F (-196 °C) up to 752 °F (400 °C). = \Vertical Multi-Stage Pumps

= Vertical Mixed Flow & Axial Flow Pumps

= —;;LW* EirEc
= .:r =MF = Positive Displacement Pumps
u ‘ " —_ =  Full Range of Industrial Pumps
8l A—— T =  Submersible Pumps
= Magnetic Drive Pumps

= Decoking Systems

& m = Packaged Systems

s ey ] e s — _ _ Fire Systems


Presenter Notes
Presentation Notes
Overhung – Foot mounted or Centreline, ANSI, ISO, General Purpose or API610
Between Bearings – Axially Split, Radially Split, API compliant
Multi-stage – Axially Split Case & Radially Split Double Case (Barrel)
Vertical - Single stage, Multi-stage, API & General Purpose, Double Case or Single Case
Submersible pumps
Positive Displacement
Mag Drive
Packaged Systems
Fire Systems
I have added a few slides right at the end of the presentation as an appendix, showing the full range of our products. Scroll. But I don’t plan to spend any time on them in this Presentation, you can take a look at your leisure when you get a copy of this Session

That is the end of the commercial, now back to the subject matter!



OVERHUNG PUMPS

CATEGORY RP MODEL DESIGN STANDARD
ISO 2858 & 15783
Drive Pumps SCE-M API 685
IPP HI design (OH1)

HI design (OH1)

CPP/CPP-L ANSI| B73.1
HI design (OH1)
CPO/CPO-L
Foot Mounted ANSI B73.1
OH1 and General CRP HI design (OH1)
End Suction ISO 2858 & 5199
FUTEE GSD HI design (OHO) hl-
SHD / ESK / SK / SKO . |
SKV / ST/ STV Hi design (OH1) SO
SWP HI design (OH3A) E
Centerline
Mounted SCE API 610 (OH2) e 2
SPI AP1 610 (OH3) J
PumpS L HI design (OH5)
Dimensionally compliant with ANSI B73.2
SPN API1 610 (OH5) 2‘




= BE WEEN BEARING UM s
N/
DESIGN

HSC /HSD / HSL .
HSR / ZW HI design (BB1) i
Axially split HSM HI design (BB3) O
ZM | ZMS | AN
1 and 2 stage ZLM / ZME API design (BB1)
HVN/J API design (BB2)
Radially split ‘%—
RON / RON-D API design (BB2)
SM / SM-I API design (BB3)
Axially split #
JTN API design (BB3)
Multi-stage
| i A
Radially split GP API design (BB4) —
single casing
Radially split . @_
i A LINE API design (BB5)




VERTICAL PUMPS

DESIGN
CATEGORY RP MODEL STANDARD
VTP HI & API 610 (VS1)
VCT HI & API1 610 (VS1)
Diffuser
HQ HI & API1 610 (VS1)
VLT HI & API1 610 (VS1)
Single
casing Volute DSV /DX HI & AP1 610 (VS2)
Discharge through
el — Rodall (e VAF HI & API1 610 (VS3)
Separate discharge line VSP / VSP-Chem HI & AP1610 (VS4)
Diffuser VLT / VMT HI & AP1610 (VS6)
Double
casing
Volute DSV / DX HI & API 610 (VS7)
SMF HI design (OH8A)

Submersible pumps
VLT-Sub / VTP-Sub HI design (VS0)




SPECIAL SERVICE PUMPS

DESIGN
STANDARD

CATEGORY RP MODEL

Pitot tube pumps COMBITUBE HI design %
Reciprocating pumps RDP fépol %‘;10 m
Vertical turbine VTG HI design (VS6) .H.

generator
-
Barge LS BARGE HI design I
ZNZ HI design @]
Floating dock pumps .
LvZz HI design Ok
SVNV -
Cryogenic pumps VTG Cryogenic -

VLT Cryogenic
VLTV

Fire systems incorporate pumps,
drivers, control systems and

_ . pipework in a single container. NFPA-20-850
FIEEEE EEERTE They can be skid mounted, with UL and FM approved
pump systems or without enclosure and components

supplied with electric motor or
diesel engine.
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