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Appendix B

Troubleshooting Matrices and
Tables

This appendix includes troubleshooting matrices
and tables designed to assist field troubleshooters
in the identification and resolution of the follow-
ing categories of process machinery problems:

1. Centrifugal pump problems

2. Centrifugal compressor problems

3. Reciprocating compressor problems
4. Reciprocating pump problems

5. Fans problems

6. Steam turbine problems

7. Electric motor problems

8. Hot bearing problems
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250 TROUBLESHOOTING ROTATING MACHINERY

Keep in mind that the following troubleshooting
matrices and tables contain only the more com-
mon symptoms and causes found in the field.
Theses matrices should be considered a starting
point for your analysis. You may need contact
the manufacture for assistance in solving rarely
encountered or subtle problems.

Centrifugal Pump Troubleshooting Matrix

Here’s an example illustrating how the centrifu-
gal pump matrix can be used. Let’s assume you
are experiencing a high power load on an electric
motor driver. You first select the column titled
“Power too high” and then write down all the
“Common Root Causes” for further review (see
Table B.1). The matrix indicates that 1) an incor-
rect impeller diameter, 2) the incorrect impel-
ler speed, 3) back pressure too low, 4) spillback
or bypass valve is leaking or open, and 5) pump
worn out are all potential causes. Next, you
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APPENDIX B 251

systematically pare down the list by determin-
ing which potential causes are unlikely based on
the available information and data collected. This
will leave you with the most likely cause, or root
cause, of your problem.
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Centrifugal Compressor Troubleshooting
Matrix

The centrifugal compressor troubleshooting
matrix below can be used to determine the most
likely cause of a particular symptom. The trou-
bleshooting procedure is similar to the centrifu-
gal pump matrix example shown in Table B.3:

1. First, find the column with the symptom
that best describes what is seen in the field.

2. Then, locate all the “Common Root
Causes” with an “X” in the “Common
Symptoms” column for further review.

3. Next, systematically pare down the list
of potential root causes by eliminating
those that are unlikely, based on the
information and data collected.

4. The remaining potential cause of all the
“Common Root Causes” represents the
most likely cause, or root cause, of your
problem.
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How Horsepower Varies with Flow

Centrifugal Pumps

Common sense tells us that, for a given speed,
the horsepower required by a centrifugal pump
increase as flow increases—which is not always
a correct statement. Let’s review performance
curves for three types of centrifugal pumps:

Figure A.1 shows that the head curve for a radial
flow pump is relatively flat and that the head
decreases gradually as the flow increases. You will
also notice that the brake horsepower increases
gradually over the flow range with the maximum
normally at the point of maximum flow.

Typical performance of a radial flow centrifugal pump
Note: All data points are plotted as a percent of best efficiency point (BEP) values
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Figure A.1 Radial flow pump.
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In contrast, mixed flow centrifugal pumps and axial
flow or propeller pumps have considerably different
characteristics as shown in Figures A.2 and A.3 below.
The head curve for a mixed flow pump is steeper
than for a radial flow pump. The shut-oft head is usu-
ally 150% to 200% of the design head and the brake
horsepower remains fairly constant over the flow
range. For a typical axial flow centrifugal pumps, the
head and brake horsepower both increase drastically
near shutoft as shown in Figure A.3.

There are many pumps with characteristics fall-
ing somewhere between the three pump design
examples shown here. These examples illustrate
points on a continuum of pump performance
designs. For instance, the Francis vane impeller
would have a characteristic between the radial

Typical performance of a mixed flow centrifugal pumps
Note: All data points are plotted as a percent of best efficiency point (BEP) values
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Figure A.2 Mixed flow pump.
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Typical performance of an axial flow centrifugal pump
Note: All data points are plotted as a percent of best efficiency point (BEP) values
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Figure A.3 Axial flow pump.

and mixed flow classes. The purpose of this dis-
cussion to illustrate how pump performance can
vary based on their design.

Centrifugal Compressors

Just as the shape of a centrifugal pump head ver-
sus flow curve affects its horsepower versus flow
curve, the shape of a centrifugal compressor
head versus flow curve determines the shape of
its horsepower versus flow curve. For a given gas
density, speed, and inlet guide vane position (if
applicable), we typically see:

1. Centrifugal compressors with relatively
flat head versus flow curves, similar
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278 TROUBLESHOOTING ROTATING M ACHINERY

to Figure 1, tend to have horsepower
curves that rise continuously as flow
increases.

2. Centrifugal compressors with steep
head versus flow curves, similar to
Figure 3, tend to have horsepower ver-
sus flow curves that drop continuously
as flow increases.

Conclusion

When dealing with centrifugal machinery, never
assume that horsepower rises with flow. Always
review the pump or compressor’s performance
curve for the specific machine you are dealing
with to better understand the actual shape of the
head versus flow curve and the horsepower ver-
sus flow curve.

1IPUOD PUE S | 341395 *[2202/2T/20] U0 ARIG1T2UIIUO /B11M BIGRIY IPES aURI4000 AQ Zdde SYpv626TTT8.6/Z00T OT/I0PALIOY AS] I ARIIRUIIUO//SANY 0L} Ppeo|uMOq ‘2dde sry6Z6TTT8L6/200T 0T

Rojm K|

86UB0 | SUOLUILIOD BA1IERID) 3|cealdde au Aq pousenob a1e il YO ‘3N J0 Sa|nI 10} ARIqIT aUlUO /B|IM U 11PUCO-pI
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Reciprocating Compressor
Troubleshooting Matrix

The reciprocating compressor troubleshooting
matrix below can be used to determine the most
likely cause of a particular symptom. The trou-
bleshooting procedure is similar to the centrifu-
gal pump matrix example shown in Table B.4:

1. First, find the column with the symptom
that best describes what is seen in the field.

2. Then, locate all the “Common Root
Causes” with an “X” in the “Common
Symptoms” column for further review.

3. Next, systematically pare down the list
of potential root causes by eliminating
those that are unlikely, based on the
information and data collected

4. The remaining potential cause of all the
“Common Root Causes” represents the
most likely cause, or root cause, of your
problem.
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Reciprocating Pump Troubleshooting
Table

The reciprocating pump troubleshooting table

below can be used to determine the most likely

cause of a particular symptom. The troubleshoot-
ing procedure is similar to the centrifugal pump
matrix example shown in Table B.5:

1. First, select the symptom that best
describes what is seen in the field.

2. Then, locate all the “Possible Causes”
for further review.

3. Next, systematically pare down the list
of possible causes by eliminating those
that are unlikely, based on the informa-
tion and data collected

4. The remaining possible cause repre-
sents the most likely cause, or root
cause, of your problem.
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Fan Troubleshooting Matrix

Instructions: First drop down to the “Symptoms”
column and find all the combination of symp-
toms that best describe your field observations.
The “Possible Causes” found in the far right col-
umn, corresponding to the identified symptoms,
are all the possible causes that should be inves-
tigated to determine the actual root cause of the
problem.
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310 TROUBLESHOOTING ROTATING MACHINERY

Steam Turbine Troubleshooting Table

Note: This troubleshooting table only applies
to general purpose steam turbines rated at 1000
horsepower or less. It should not be applied to
condensing turbine installations.

Instructions: Find the symptom that best
describes your observation. Next record all the
possible causes listed in the “Possible Cause” col-
umn. These are all the possible causes that should
be investigated to determine the root cause of the
problem.
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Table B.7 Steam turbine troubleshooting.

Symptom

Possible cause (Advice)

Steam turbine does not
achieve rated power.

1. Too many hand valves
closed

2. Speed governor set too
low

3. Inlet steam pressure too
low

4. Exhaust pressure too
high

5. Malfunctioning
governor

6. Horsepower required
by driven machine too

high

7. Throttle valve not
opening completely

8. Nozzles plugged

9. Inlet steam strainer

plugged

10. Turbine steam
pathway fouled due to
poor steam quality

(Continued)
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312 TROUBLESHOOTING ROTATING MACHINERY

Table B.7 Cont.

Symptom

Possible cause (Advice)

Speed increases exces-
sively when load is
decreased

1. Throttle valve not
closing completely

2. Throttle valve and valve
seats cut or worn

3. Malfunctioning
governor

4. Salt build-up on trip
and throttle valve stem

Excessive speed
variation

1. Governor droop
adjustment required

2. Malfunctioning
governor controls

3. Throttle assembly
friction (Replace
components that are
sticking or binding)

4. Throttle valve looseness

5. Horsepower load too
light with full inlet
pressure
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Symptom

Possible cause (Advice)

6. Rapidly changing
load from the driven
machine due to process
conditions

7. Backpressure too low

Slow turbine speed
acceleration

1. See all possible causes
for “Insufficient power”
above

2. High starting torque of
driven machine

3. High rotational inertia
of entire machine train

Governor not
operating properly

1. Restricted throttle valve
travel

2. Governor not installed
properly

3. Verify governor is
designed for the
proposed speed range

4. Trip and throttle valve
sticking due to salt
build-up on stem

(Continued)
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314 TROUBLESHOOTING ROTATING MACHINERY

Table B.7 Cont.

Symptom

Possible cause (Advice)

at normal operating
speed

Overspeed trip activates

. Excessive vibration

. Trip speed setting too

low

. Malfunctioning

governor

. Incorrect tachometer

signal

Overspeed does not
trip at set speed

. Trip speed setting set

too high

. Bolt trip mechanism

problem (Examine trip
mechanism)

. Over speed trip valve

unable to close (Inspect
trip valve)

. Sticking trip and throttle

valve due to salt build-up

Excessive vibration or
noise

. Misalignment

. Worn bearing
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Symptom

Possible cause (Advice)

3. Worn coupling
(Likely with gear type
couplings)

4. Unbalanced coupling

5. Unbalanced rotor

6. Piping strain (Check
cold piping fit up and
ensure allowances have
been made for thermal
expansion)

7. Excessive end play

8. Bent shaft

9. Excessive rubbing at
shaft seal

10. Worn steam seals.
Look for a) water in
the oil and/or b) a

temperature increase

on bearing housing.
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316 TROUBLESHOOTING ROTATING MACHINERY

Electric Motor Troubleshooting Table

Note: This troubleshooting table is not intended
to cover variable frequency drive and motor
systems.

Instructions: Find the symptom that best
describes your observation. Next record all the
possible causes listed in the “Possible Cause” col-
umn. These are all the possible causes that should
be investigated to determine the root cause of the
problem.

T18.6/200T
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Table B.8 Electric motor troubleshooting table.

Symptom

Possible cause (Advice)

Motor starts up and
runs but then trips
off line

1. Voltage drop

2. Load increases beyond
rated horsepower

3. Incorrect wiring
(Recheck motor
nameplate for proper
wiring sequence)

Motor takes too long
to accelerate

1. Voltage too low

2. Rotational inertia of
entire train too high

3. Bad bearings

4. Internal rub

5. Load of driven machine
too high

Motor frequently
trips

1. Load of driven machine
too high

2. Ambient temperature too
high

(Continued)
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318 TROUBLESHOOTING ROTATING MACHINERY

Table B.8 Cont.

Symptom

Possible cause (Advice)

3. Fuse(s) or circuit
breaker(s) may be
incorrectly sized or is
defective (Check and
replace if required)

4. Winding shorted or
grounded

5. High winding
temperature

Motor vibrates

1. Motor misaligned to
driven machine

2. Bad bearings

3. Rotor out of balance

4. Rotor short or cracked
rotor bars

5. Loose stator

6. Soft foot (Check for soft
foot issues)

7. Weak baseplate or
foundation

8. Broken grout

9. Rubbing or imbalance
due to excessive bearing
grease getting into the
motor windings
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Hot Bearing Problems

High radial or thrust bearing temperatures are
commonly encountered machinery field prob-
lems that have the potential of leading to cata-
strophic bearing failures and costly repairs. High
bearing temperatures are either determined by
embedded thermocouples or measured manu-
ally with temperature measuring devices, such
as infrared or contact thermometers or infrared
thermography camera. The first question to ask
is: Is the bearing failing or is the high tempera-
ture caused by a support system issue or a design
or lubrication problem? Before drawing any con-
clusions, it is important to conduct a field sur-
vey yourself using an infrared temperature gun,
contact thermometer or infrared thermography
camera. Between an infrared temperature gun
and a contact thermometer, the contact ther-
mometer is preferred due to its accuracy. You
can use the IR thermometers for quick field sur-
veys to pinpoint problem areas and then use the
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320 TROUBLESHOOTING ROTATING MACHINERY

contact thermometers for accurate surface tem-
perature values.

Should I use an infrared gun or contact
thermometer?

If a quantitative temperature analysis is
required, a contact thermometer should be
considered over an infrared thermometer.
Contact thermometers are inexpensive and
accurate temperature measuring devices that
deliver repeatable results, regardless of the
color or finish of the surface being analyzed.
In contrast, infrared thermometers are more
accurate when used on flat, dark-colored sur-
faces and tend to yield low readings on shiny
surfaces.

Here are locations where temperatures should be
taken:

Closed looped oil circulation systems

1.Bearing cap or bearing housing
temperatures

2. Inlet and outlet oil cooler temperatures
— A small differential on the cooler
means the cooler is not removing heat
from the return oil.
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APPENDIX B 321

3. Bearing supply oil and drain oil tem-
peratures
a. A high inlet temperature indicates
an oil cooling issue
b.A normal inlet temperature and
high drain temperature indicated a
problem at the bearing or with the
lubricant properties.

Sump lubrication systems

1. Bearing cap temperature

2. Oil sump temperature

3. Cooling water supply and outlet tem-
peratures (if cooling coils are used)

Greased bearing

1. Bearing cap temperature

How Serious Is the Problem?

Two factors determine the extent of the problem.
The first is the actual bearing temperatures.
Chapter 19 in Is My Machine OK? contains
bearing temperature guidelines for the various
bearing types. The second factor is how tem-
peratures are trending with respect to historical
temperature data. If the temperature is in the
alarm range and climbing rapidly, it is time to
shut down; however if the bearing is in the alarm
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322 TROUBLESHOOTING ROTATING MACHINERY

range or close to it but stable, then there is time
to investigate the problem further.

The bearing temperature troubleshooting table
below can be used to hone in on potential causes
of the high temperature issue. Use this informa-
tion along with the 5Qs method to decide how
to proceed. Keep in mind that once the bearing
temperature reaches the danger range, it is time
to shut down before secondary damage occurs.
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Review Questions & Exercises

1. Select the best statement that completes the
definition of Failure analysis:

Failure analysis is the process of

a. Determining why a machine is not
performing as expected

b. Collecting and analyzing data to deter-
mine the cause of a machine failure

c. Collecting and analyzing data to better
understand a machine’s environment

2. Complete the definition for Field
troubleshooting

Field troubleshooting is a process of determin-
ing the cause of an apparent machine problem

a. After it has failed and has been dissem-
bled in a repair shop
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b. After its installation, but before it’s
started up

c. While it is still operating under process
conditions and before it has failed.

There are two types of machine loads:

a. Static and modal loads
b. Modal and pressure loads
c. Static and dynamic loads

The Pareto Principle, also known as the
80-20 rule, states that, for many events,
roughly of the observed effects

come from of the causes.

One of the most challenging aspects of
machinery professional or operator’s job
is deciding whether an operating machine
should be due to a perceived
problem or be allowed to

Machines are mechanical systems composed
of internal elements that basically fall under
various categories of functions.

a. Give three examples of internal ele-
ments that make up a centrifugal pump.

b.Give two examples of internal ele-
ments that make wup centrifugal
COmpressors.
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330 TROUBLESHOOTING ROTATING MACHINERY

7.

10.

11.

12.

13.

How a machine component responds to a

load depends on:

a. The component’s geometry and mate-
rial properties

b. The component’s length and finish

c. The type of coating applied to the
component

Give an example of how a process system
problem can affect pump performance.

Give an example of how a process system
problem can affect compressor performance.

List some potential risks associated with a
catastrophic centrifugal compressor failure.

List some potential risks associated with a
catastrophic pump failure.

List some potential risks associated with an
electric motor.

Rank the following list of risks in order of
highest to lowest:

a. Likely possibility of $500,000 in
production losses

b. Likely possibility of an injury

c. Very likely possibility of $10,000 repair
costs

d. Very likely possibility of a major envi-
ronmental release of a regulated liquid
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14.

15.

16.

17.

18.

19.

APPENDIX B 331

Who would you talk to if you needed to
get information on each of the following
situations?

a. Details about a new compressor
installation
b. Details on a pump bad actor

If a vibration problem is detected imme-
diately following a centrifugal compres-
sor repair, what possible causes could be
postulated?

If pump performance has dropped off after
seven years of operations, what possible
causes could be postulated?

If centrifugal compressor vibration levels
are extremely speed sensitive, what possible
causes could be postulated?

What data plot could you generate to prove
that a high discharge temperature on a com-
pressor coincides with a changing high dis-
charge pressure?

Let’s assume you measure high vibrations
in the vertical direction of a motor foot.
If you find that the baseplate is not vibrat-
ing but the foot is, what can you conclude?
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20.

21.

22.

23.

24.

25.

26.

What can you infer if one radial bearing of
a compressor train with a force feed lubri-
cation is running hot and the other bearings
are operating at normal temperatures?

Describe a possible test to determine if a
pump bearing housing resonance is aggra-
vating a vibration problem.

Describe a possible test to prove low pump
flow is causing high pump vibration.

Describe a possible test to prove that low
reciprocating compressor flow is caused by a

leaking spillback valve.

Name the 5Qs that apply to news reporting
and troubleshooting.

Draw a cause map that can explain the reasons
a light bulb in your house won’t turn on.

Pump troubleshooting exercise:

Using the troubleshooting matrix below, draw a
cause map with all the possible causes that can
cause a high pump pressure.
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27.

28.

29.

30.

31.

32.

33.

APPENDIX B 335

Using the centrifugal pump troubleshooting
matrix list all the “Common Root Causes”

of high flow.

Using the reciprocating troubleshooting
matrix in the back of the book list all the
“Common Root Causes” of high horse-
power load.

List the team members you would select for
a complex problem involving steam turbine
driving a centrifugal pump. The steam tur-
bine can’treach rated speed during start-ups.

Assume you have concluded that a centrif-
ugal compressor is failing and needs to be
shut down for repair. Who would you invite
to a meeting to finalize your plan of action?

Assume you have concluded that a fully
spared reciprocating compressor has some
failing cylinder valves. What are your
options going forward?

is the methodology that
uses information gathered with internally
or internally mounted motion sensors to
assess a machine’s mechanical condition.

The methodology in question 32 can be
used to:

a. Determine when a catastrophic fail-
ure is going to occur
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336 TROUBLESHOOTING ROTATING MACHINERY

34.

35.

36.

b.Determine the general nature of the
machine defect by identifying the
magnitude of the dynamic motion

c. Determine the general nature of the
machine defect by identifying the pre-
dominate frequency of the dynamic
motion

A rotordynamics analysis uses rotor geom-
etry and bearing support information to
determine:

a. Critical speeds

b. Howtherotorwill respond toimbalance

c. How rotor or bearing design changes
will effect vibration

d. All of the above

A (choose
from the options below) should be per-
formed before any major modifications to
the rotor or bearings:

a. Rotordynamic analysis
b. Oil Analysis
c. Hazard analysis

List a few ways you can improve trouble-
shooting capabilities at your site.
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Answers to the Review Questions &
Exercises

1. Select the best statement that completes the
definition of Failure analysis:

Failure analysis is the process of collecting
and analyzing data to determine the cause of
a machine failure.

2. Complete the definition for Field trouble-
shooting

Field troubleshooting is a process of determin-
ing the cause of an apparent machine problem
while it is still operating under process condi-
tions and before it has failed.

3. There are two types of machine loads:

a. Static and dynamic loads

Uo ARIqIT8UIIUO AB1IM "BIGRIY 1PN aURIR0D Aq Zdde eyt p6Z6TTT8.6/200T 0T/I0P/LIoY' A3 AR.q1fou! U0/ SNy WOy ppeojumoq ‘zdde eryy626TTT8L6/200T 0T

HIPUOD pue swie | U 89S *[2202/2T/20]

86UB0 | SUOLUILIOD BA1IERID) 3|cealdde au Aq pousenob a1e il YO ‘3N J0 Sa|nI 10} ARIqIT aUlUO /B|IM U IPUOD-pL



338 TROUBLESHOOTING ROTATING MACHINERY

4.

The Pareto Principle, also known as the 80-20
rule, states that, for many events, roughly
80% of the observed effects come from 20%
of the causes.

One of the most challenging aspects of a
machinery professional or operator’s job
is deciding whether an operating machine
should be shut down due to a perceived
problem or be allowed to keep operating.

Machines are mechanical systems composed
of internal elements that basically fall under
various categories of functions.

a. Give three examples of internal ele-
ments that make up a centrifugal
pump.

i. Shaft, seal, bearing, impeller, cou-
pling hub, pump casing, etc.

b. Give two examples of internal elements
that make up centrifugal compressors
i. Shaft, seal, bearing, impeller, cou-

pling hub, compressor casing, dia-
phragms, etc.

How a machine component responds to
a load depends on: c. The component’s
geometry and material properties.
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Give an example of how a process system
problem can affect pump performance.

a. A blockage in the discharge of a pump
can lead to low pump flow.

b.Entrained vapors in the suction of a
pump can lead to a low pump dis-
charge pressure.

Give an example of how a process system
problem can affect compressor performance

a. Light gas will reduce the head capabil-
ity of the compressor

b. Light gas could cause a compressor to
surge

c. Heavy gas can lead to high horsepower
requirements

List some potential risks associated with cat-
astrophic centrifugal compressor failure

a. Loss of containment

b. Major equipment damage

c. Potential fire if gas is flammable
d.Loss of production

List some potential risks associated with cat-
astrophic pump failure

a. Loss of containment
b. Major equipment damage
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12.

13.

c. Potential fire if pumped liquid is
flammable
d.Loss of production if pump is not

spared

List some potential risks associated with an
electric motor

a. Major equipment damage
b. Loss of production if unspared

Rank the following list of risks in order of
highest to lowest:
Here is how the authors rank these risks:

a. Likely possibility of an injury

b. Very likely possibility of a major envi-
ronmental release of a regulated liquid

c. Likely possibility of $500,000 in pro-
duction losses

d. Very likely possibility of $10,000 repair
costs

Answer: The actual ranking depends on your per-

sonal risk profile. Here is one risk ranking that
seems reasonable: b, d, a, c.

14.

Who would you talk to if you needed to
get information on each of the following
situations?
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16.

17.

18.
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a. Details about a new compressor instal-
lation: 1) The project manager for the
design details, 2) the construction fore-
men for insight into the compressor’s
installation, and 3) the mechanics for
insight into compressors start-up issues.

b. Details on a pump bad actor: The oper-
ators of the pumps and the mechanics
that work on them.

If a vibration problem is detected immedi-
ately following a centrifugal compressor
repair, what possible causes could be pos-
tulated? 1. A bad repair, 2. Poor alignment,
3. Poor rotor balance.

If pump performance has dropped off after
seven years of operations, what possible
causes could be postulated? 1. Pump wear
clearances have opened up. 2. Impeller has
experienced severe erosion.

If centrifugal compressor vibration levels
are extremely speed sensitive, what possible
causes could be postulated? Speed sensitiv-
ity either means a critical speed is present or
there is a rotor instability present.

What data plot could you generate to prove
that a high discharge temperature on a
compressor coincides with a changing high
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19.

20.

21.

22.

discharge pressure? A correlation plot of
the compressor’s discharge temperature
versus the compressor discharge pressure
should reveal is there is a strong correlation
between these two variables.

Let’s assume you measure high vibrations in
the vertical direction of a motor foot. If you
find that the baseplate is not vibrating but
the foot is, what can you conclude? The hold
down bolt is probably loose or broken.

What can you infer if one radial bearing of
a compressor train with a force feed lubri-
cation is running hot and the other bearings
are operating at normal temperatures? Either
the oil feed to the hot bearing is plugged or
the hot bearing is failing.

Describe a possible test to determine if a
pump bearing housing resonance is aggra-
vating a vibration problem. An impact test,
also known as a bump test, can be used to
determine if there is a bearing housing res-
onance present. The bearing housing will
“ring down” when impacted sharply. The
frequency of the ringing is the bearing hous-
ing resonance frequency.

Describe a possible test to prove low pump
flow is causing high pump vibration. Increase
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23.

24.

25.
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the pump flow by opening a bypass line and

see if vibration levels change.

Describe a possible test to prove that low recip-
rocating compressor flow is caused by a leak-
ing spillback valve. Perform a field audit and
ensure all potential spillback lines are closed.
Also, check for possible leaking valves.

Name the 5Qs that apply to news reporting
and troubleshooting. What, Who, When,
Where, and Why.

Draw a cause map that can explain the reasons
a light bulb in your house won’t turn on.

Bad bulb

Light bulb won't

turn on OR

Breaker off

No powerto | _

Figure A Light bulb cause map.
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26. Pump troubleshooting exercise:

Using the troubleshooting matrix below, draw a
cause map with all the possible causes that can
cause a high pump pressure.

Centrifugal Pump Troubleshooting Matrix

By inspection, we see that there are four possible
causes of a high pump pressure:

1) Wrong diameter impeller, 2) wrong impeller
speed, 3) back pressure too high, and 4) too far
away from BEP
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Using the four possible causes found in the troubleshooting table
we can draw the following cause map:

Wrong
impeller(s)
Pump pressure Wrong impeller
too high speed

OR

Back pressure
too high

Figure B Centrifugal pump cause map

27. Using the centrifugal pump troubleshooting
matrix list all the “Common Root Causes” of
high flow.

a. Wrong impeller diameter
b. Wrong impeller speed
c. Back pressure too high
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28.

29.

30.

Using the reciprocating troubleshooting
matrix in the back of the book list all the
“Common Root Causes” of high horsepower

load.

a. Wrong clearance volume

b. Wrong compressor speed

c. Discharge pressure too high

d. Plugged strainer or piping restriction
e. Gas denser than design

f. Leaking piston ring

g. High valve losses

List the team members you would select for
a complex problem involving steam turbine
driving a centrifugal pump. The steam tur-
bine can’t reach rated speed during start-ups.
Answer: Operations, maintenance mechan-
ics, instrument specialist, and a machinery
specialist. The steam turbine and centrifugal
pump manufacturers may also need to be
included in the team if the initial team can’t
determine the cause of the problem.

Assume you have concluded that a centrif-
ugal compressor is failing and needs to be
shut down for repair. Who would you invite
to a meeting to finalize your plan of action?
Answer: Operations, maintenance planning,
compressor specialist, and the contractor
performing the compressor repair.
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32.

33.

34.

35.
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Assume you have concluded that a fully
spared reciprocating compressor has some
failing cylinder valves. What are you options
going forward?

a. Run to failure

b. Monitor compressor performance and
hope to get a few more weeks of life out
of the valves.

c. Preemptively replace valves.

is the methodology that
uses information gathered with internal or
internal mounted motion sensors to assess
a machine’s mechanical condition? Answer:
Vibration Analysis.

The methodology in question 32 can be
used to: Answer: c. Determine the general
nature of the machine defect by identifying
the predominant frequency of the dynamic
motion.

A rotordynamics analysis uses rotor geom-
etry and bearing support information to
determine: Answer: d. all the above

A rotordynamic analysis should be per-
formed before any major modifications to
the rotor or bearings:
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36. List a few ways you can improve trouble-
shooting capabilities at your site.

a. Practice the 5Qs method whenever
possible

b.Provide training on fault trees and
cause mapping to all those in a posi-
tion to use these methods

c. Employ team approach for complex
problems

d. Get management’s support
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