Pump Vibration Analysis

Brian P. Graney, MISTRAS Group, Inc.

Monitoring vibration—a valuable tool in predictive/preventive maintenance programs
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Pumps also have other mechanical prob-
lems—imbalance, misalignment, loose-
ness, worn bearings, pipe strain and

Figure 1. Vibration severity chart with frequency as follows: Left - Velocity In/Sec Peak,
Bottom - Frequency in CPM, Top Diagonal Down - Displacement Mils — Peak-Peak

resonance. Table 1. Overall Vibration Standards Velocity In/Sec Peak
Vibration measurements are taken on each STANDARD MEASUREMENT | ALERT LEVEL | ALARM LEVEL
bearing locat.lon in t}.lree pl:.inﬁs: vertlc.al, hori- Hydraulic Inst. Casing 03
zontal and axial. The diagnostic information from -
vibration analysis will be determined by: et e=lle e o2
e Severity — Amplitude — In/Sec Peak E.PR.l. FP 754 Shaft 0.5 0.8
e Frequency — Cycles per Minute CPM or Hz — APL 610 Shaft 0.4
Cycles per Second -
Rathbone Chart Casing 0.3 0.6
The direction of the vibra- Table 2. Overall vibration velocity guide line for various motor pump assemblies and speeds

tion measurement or plane of Machine Typs
Tleasurem}f_m W‘“_slso determ”;e 1000+ RPM ALERT FAULT | ADVANCED. FAULT
the m'ac 1ne' Vl, ratory - prob- Motor/Pump Horizontal Centrifugal 0.3 0.45 0.6
lem. Since vibration can occur

Motor/Pump Horiz. Belt Driven Centrifugal 0.4 0.6 0.8
throughout a broad frequency _ :
range, Table 3 has recommended Motor /Pump Vertical Centrifugal (<5’) 0.3 0.45 0.6
frequency ranges and lines of Motor/Pump Vertical Centrifugal (5’<8’) 0.4 0.6 0.8
resolution to help find particu- Motor/Pump Vertical Centrifugal (8'<12’) 0.5 0.75 1
lar machine problems. Severity Motor/Pump Horizontal Hydraulic 0.2 0.3 0.4

(continued on page 25)
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Table 2. (continued from page 24)

indicates how bad the problem 600-900 RPM

(Table 2) is, and frequency indi- Motor/Pump Horizontal Centrifugal 0.27 0.4 0.54

cates what is causing the problem Motor/Pump Horiz. Belt Driven Centrifugal 0.36 0.54 0.72

(Table 4). Vibration measure- Motor /Pump Vertical Centrifugal (<5°) 0.27 0.4 0.54

ments have three different ampli— Motor/Pump Vertical Centrifugal (5’<8’) 0.36 0.54 0.72

tudes as follows: Motor/Pump Vertical Centrifugal (8'<12’) 0.45 0.675 0.9
Displacement _ Mils Motor/Pump Horizontal Hydraulic 0.18 0.27 0.36

— Peak-Peak:

* Good for determining movement of
the machine

* Turning speed vibration levels

* Normally used to measure large
sleeve bearing machines

e Severity requires the need to know
the frequency

Velocity — In/Sec Peak:

¢ Used for broad frequency ranges 100
Cpm - 120,000.00 Cpm

¢ 'The most common measurement
used for machine vibration analysis

* Velocity severity is independent of
frequency, which is why it is used by
most severity guidelines

Acceleration — Gs RMS
* Good for determining high-fre-
quency vibration problems due to
worn rolling element bearings or
gears
e Severity requires the need to know
the frequency

When analyzing vibration data, an
FFT vibration spectrum may be broken
down into several frequency ranges to
help determine the machine problem.
Commercially available machine vibra-
tion software has narrow band selective
alarming, which is used to help screen
vibration data and assist the analyst in
determining the machine problem.

Horizontal center hung centrifugal
pumps and vertical center hung cen-
trifugal pumps have different vibration
measurement locations. For images of
these locations, please go to www.pump-
zone.com.

Overall vibration severity is used for
determining the condition of a machine.
There are several standards and guide-
lines for determining severity of machine
vibration as shown in Table 1.
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Table 3. General guidelines for how to set up motor/pump assemblies—frequency ranges,
lines of resolution, averaging type —for various speed ranges and bearing type

Machine Type | RPM | BRG Type | Orders x RPM | Fmax - Hz | LOR Averaging # Averages
Motor/Pmp 450 Roller 50 875 800 Normal 6
Motor/Pmp 514 Roller 50 428 800 Normal 6
Motor/Pmp 600 Roller 50 500 800 Normal 6
Motor/Pmp 720 Roller 50 600 800 Normal 6
Motor/Pmp 900 Roller 50 750 800 Normal 6
Motor/Pmp 1,200 Roller 50 1000 1600 Normal 6
Motor/Pmp 1,800 Roller 50 1500 1600 Normal 6
Motor/Pmp 3,600 Roller 50 3000 3200 Normal 6
Motor/Pmp 450 Sleeve 20.0 150 400 Peak-Hold 6
Motor/Pmp 600 Sleeve 20.0 200 400 Peak-Hold 6
Motor/Pmp 900 Sleeve 20.0 300 800 Peak-Hold 6
Motor/Pmp 1,200 Sleeve 20.0 400 800 Peak-Hold 6
Motor/Pmp 1,800 Sleeve 20.0 600 800 Peak-Hold 6
Motor/Pmp 3,600 Sleeve 20.0 1200 1600 Peak-Hold 6

Table 4. Frequency diagnostic

chart to help determine the machine problem

Frequency Plane Problem

1 X rpm Radial Imbalance - Sinusoidal TWF

1 x rpm Radial Eccentric Rotor/Sheave

1-8xrpm Radial/Axial Misalignment - Sinusoidal TWF
1-2xrpm Axial Bent Shaft

Multiplies of rpm, with > orders Radial Rotor Rub - Truncated Time Wave Form
1 xrpm Vertical Looseness - Structural - Asymmetrical TWF
Multiplies of rpm Radial Looseness - Mechanical - Impacting TWF
1 xrpm Radial Resonance 3:1 Amplitude Difference

1 xrpm Vertical Bearing Clearance - Sleeve Bearing
Multiplies of rpm Vertical Bearing Wear - Sleeve Bearing

4 x rpm Radial Oil Whirl — Sleeve Bearing

1 x rpm Axial Thrust Clearance Sleeve

Multiple, non-synchronous peaks Radial/Axial Roller Bearings — High Frequency
#Vanes x rpm Radial Vane Passing - Cavitations — Pump

0.4 x rpm of pump Radial Turbulence — Pump

Multiplies of rpom Radial Reciprocating - Compressors — Diesel
#Gear Teeth x rpm Radial Gear Meshing — Gears

Multiplies of sub-synchronous vibration | Radial Drive Belt Wear - Belt Driven

2 x Line frequency - LF Radial/Axial Electrical Vibration - Motors - Generators
#Rotor bars x rpm side bands at 2 x LF | Radial High Frequency Electrical Vibration
#Stator slots x rpm side bands at 2 x LF | Radial High Frequency Electrical Vibration

6 x Line Frequency Radial/Axial High Frequency Electrical Vibration

1 x rpm - side bands at slip frequency Radial/Axial Broken Rotor Bar
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Case Study

due to imbalance and offset misalignment.

rate of bearing deterioration was due
to the increased load from the turning
speed vibration in the horizontal plane.
How can this data be analyzed?

The overall vibration velocity levels
are over 0.8749 In/Sec Peak (Refer to
Table 2 for three tier alarm criteria for
1,000-plus rpm horizontal centrifugal
pump). Overall vibration was in excess
of 0.6 In/Sec Peak which indicates an
advanced fault. Refer to Figure 1. Go
to the left-hand side, amplitude In/Sec
DPeak, and look up 0.8749 In/Sec Peak
which indicates danger failure near.

The turning Speed Vibration is
more than 0.486 In/Sec Peak. Refer to
severity in Figure 1 with amplitude on
the left-hand side and frequency along
the bottom in Cpm. Machine speed
vibration is occurring at 3,525 Cpm
with an amplitude of 0.486 In/Sec Peak.
Cross reference amplitude and the fre-
quency is on the boundary of danger
failure near. Refer to Table 4, frequency
diagnostic chart, Line 1, Imbalance.

The Non-Synchronous Peaks due
to fault frequencies at 3.2 multiplied by
the turning speed is the roller bearing,
ball pass frequency outer (BPFO). This
indicates an outer race defect. The high-
est amplitude of this defect is 0.171 In/
Sec Peak at the fourth harmonic of the
fault frequency. Refer to Figure 1, cross
reference amplitude 0.171 In/Sec Peak
with frequency at 44,770 Cpm - danger
failure near. Refer to Table 4, frequency
diagnostic chart, Line 13, roller bearing,
non-synchronous peaks.

When a rolling element bearing
is failing, it produces high frequency
vibration, therefore generating high
acceleration levels measured in gs. This
is another severity indication of how
advanced the bearing deterioration had
become—a time wave form amplitude
of 121 gs Peak-Peak with an RMS value
0f 16.2 gs. Refer to Figure 1, acceleration

right-hand side of chart bottom diagonal up, 16.2 gs RMS

A boiler feed pump—a horizontal centrifugal pump with a  indicates danger shut down.

roller bearing—had a history of elevated vibration levels at Refer to Table 5 and find the trend data 1st and 2nd bear-

turning speed (3,525 rpm) in the horizontal plane. This was  ing bands. The amplitudes are 0.827 In/Sec Peak and 0.278 In/

Sec Peak. The first bearing band alarm is 0.12 In/Sec Peak, 40
This pump’s problem was that the outer pump bearing, percent of the overall level. The second bearing band alarm is

horizontal plane, had roller bearing deterioration. The rapid 0.09 In/Sec Peak, 30 percent of the overall level.
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Based on this analysis, the recom- Table 5. Simple narrow band alarms for sleeve and roller bearings

mendation was to change out the pump Percentage of Overall Value for each Narrow Band Alarm

bearmgs,d Ethk th}clz ahgnm.ent tﬁ)ler— Sleeve Bearing - Simple

ances and balance the pump tmperer. Band Name Band No. Percent Band Fault

- Sub. Synchronous | 1 15 -20% Oil Whirl

Conclusion Y - —

Becoming a skilled vibration analyst 1 x rpm 2 80 -90% Imbalance/Misalignment

takes years. However, vibration mea- 2-4 xrpm 3 60 -67% Misalignment/Looseness

surements can reveal important infor- 5-20x rpm 4 30 - 40% Bearing Wear/Vane Passing

mation regarding the mechanical reli- Roller Bearing - Simple

ablhty of a machine and. ar.e a critical Band Name Band No. Percent Band Fault

component of any predictive/preven-

. . Sub. Synchronous | 1 15-20% Cage Defect

tive maintenance program.

1 x rpm 2 80 -90% Imbalance/Misalignment
P&S 2 -4 xrpm 8 8 Misalignment/Looseness

5-20 x rpm 4 30 - 40% 1ST Bearing Band Note:1
21 -50 x rpm 5 20 -30% 2nd Bearing Band Note:2
Note: 1 Fundamental Bearing Defects Outer & Inner Race.
Note: 2 Harmonics for Bearing Defects Outer & Inner Race

Brian P Graney is currently the Vibra-Metrics national sales manager for MISTRAS Products & Systems
and is responsible for the overall Vibra-Metrics business development. Brian is certified in Vibration Analysis
Level II; is an American Bureau of Shipping Recognized Condition Monitoring External Specialist; and is
a member of Vibration Institute, Society of Maintenance Professionals and ASNT.
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