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T E C H N I C A L  PA P E R

Applying Machinery Condition Analysis (MCA) 
to Rotating Machinery Repairs can Result in 
Decreased Cost and Increased Readiness
Matthew Hahn

ABSTRACT
Rotating machinery has proven to be the most 
expensive equipment to repair in a shipboard 
maintenance period. Repairs are often based on 
time-based criteria or scheduling convenience vice 
empirical data. Machinery Condition Analysis (MCA) 
techniques can achieve significant savings that are 
both repeatable and quantifiable and, in the opinion 
of this author, should be considered for all classes of 
ships as standard practice. This approach gains a new 
level of significance with the advent of modern ships 
with small crews such as the Littoral Combat ships and 
DDG-1000 platforms. We discuss how Port Engineers 
(P/E) can optimize rotating machinery work packages 
for availabilities. Recent Machinery Condition Analysis 
(MCA) Surveys for CNSF on LPD- and LHD-class ships 
are presented. In the former case, we discuss how a 
“one-time” Survey provides valuable aid to the P/E in 
prioritizing repairs. In the latter case, we show how 
performing successive Surveys on a single ship can 
provide additional benefits and enhance longer-term 
maintenance planning. We present additional benefits 
that can be realized by performing MCA Surveys on 
multiple ships of the same class.   We conclude by 
quantifying potential maintenance savings verses MCA 
Survey costs. 

BACKGROUND
Rotating machinery represents the most expensive equip-
ment in a shipboard engineering plant. In an era that 
combines the dual challenges of budget constraints and 
high operational tempo, it is critical that Port Engineers be 
equipped to make informed decisions when developing work 
packages for availabilities. The Joint Fleet Maintenance 
Manual (JFMM) cites MCA Surveys as a Condition Based 
Maintenance (CBM) method that can be used to effectively 
plan repairs.[1] MCA Surveys are a powerful tool that do 

not require “new” technology, but, rather, effectively apply 
existing technology. 

Modern vibration technology uses portable, walk-around, 
bearing cap measurements to gather CBM data. Data are 
processed by an Expert System which produces near-real 
time fault diagnoses and repair recommendations. Sophis-
ticated algorithms compare narrowband data to statistical 
baselines in frequency spectra and time waveforms. Auto-
mated diagnostics accelerate manual review by the analyst. 

INTRODUCTION
MCA Surveys are performed by a team of 2-4 engineers 
and technicians. The Port Engineer (P/E) and survey team 
first develop a list of machinery to be surveyed. A typical 
survey requires 2-6 days on board to test 30-150 machines. 
Portable vibration data collectors allow technicians to test 
machines in different spaces simultaneously and minimize 
impacts to ship’s operations. Technicians can validate data 
during the test and investigate possible issues prior to exiting 
each space. 

In the following sections we describe a “first” MCA 
vibration Survey. Next we describe the efficiencies gained by 
annual MCA Surveys in planning successive vessel avail-
abilities. Finally we explore the additional benefits that are 
achieved by performing Surveys on multiple vessels in a 
given class. 

First MCA Survey On an LPD
P/Es achieve the highest benefits by scheduling MCA Surveys 
with sufficient time remaining to leverage the findings in 
optimizing the work list for an upcoming availability. 

USS Green Bay (LPD-20) P/E scheduled an MCA Survey 4 
months prior to an availability. The P/E and Project Manag-
er (PM) agreed on a list of 140 machines to be evaluated. 
Because this was the first LPD-20 class MCA survey for this 
contractor, a 3-person team was selected to perform the 
work over a 6-day period. 
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The team reported on board the vessel in Okinawa, 
Japan. Setup required approximately 2 days and consisted of 
discussing the test agenda with ship’s force, touring machin-
ery spaces, collecting machinery nameplate information, and 
installing notched brass pads on bearing housings. 

In-port testing spanned 2 days. Engineers and technicians 
collected vibration, pressure, temperature, and other process 
data on the subject machines. The team coordinated with 
the Engineering Department leadership and watch standers 
to ensure equipment lineups were shifted as needed, mini-
mizing interference with ship’s operations. Sufficient pre-sur-
vey database preparations permitted on-going analysis of 
the data throughout the course of both days and allowed 
“retests” when appropriate. 

Underway testing consisted of an additional 2 days 
during a 36-hour transit. During this time, fuel oil transfer, 
JP-5, lube oil transfer, reverse osmosis, and propulsion equip-
ment were tested. 

Experience allows rapid collection and analysis of an 
enormous amount of data. The most important outcome of 
today’s MCA Survey is the timely delivery of an accurate, 
concise, and actionable report. Reports are organized so that 
a P/E can easily understand the findings and repair recom-
mendations. High-priority recommendations are listed first. 
Specific comments are provided for each machine in order to 
afford further clarification. 

Annual MCA Surveys On an LHD
Successive MCA Surveys on the same ship reap addition-
al dividends. An average baseline is created by collecting 
multiple data sets from the same or companion machines. 

The more data sets available, the more accurate the av-
erage baseline becomes. This raises the level of accuracy 
in the final report and speeds analyst review. Successive 
surveys also allow the analyst to perform trending that can 
be used to predict long-term machine health. MCA reports 
for successive surveys often show an increase in the num-
ber of low-priority issues which are otherwise difficult to 
detect. Follow-up data provide MCA reports that helps P/
Es improve long-term maintenance strategies and address 
recurring problems. 

When performing a successive survey on the same vessel, 
the workload is reduced. A substantial portion of the cost for 
the first MCA Survey on this and other vessels is associated 
with gathering relevant machine nameplate information and 
technical manuals and building a project database. Another 
“front-end” expense is selecting the appropriate test points 
on each machine and installing test pads at those locations. 
The first team must either follow published Vibration Test 
and Analysis Guides (VTAGs) or create new ones. The suc-
cessive team needs only to fine-tune the existing database, 
replace missing test pads, and review machine history since 
the previous survey. 

The P/E for an LHD requested four MCA Surveys between 
2012 and 2015. Successive surveys on his vessel produced 
efficiencies in both Survey performance and superior quality 
in the resulting data and recommendations. The 2012 survey 
required a 3-person team. Later surveys required only 2 per-
sonnel, providing significant survey cost cuts (Figure 1). 

FIGURE 1: Costs associated with (3) successive surveys 
on the same vessel. The surveys included significant travel 
expenses for a team traveling from the West Coast USA to 
the 7th Fleet OPAREA. 

FIGURE 2. Pre-repair (blue) and post-repair vibration 
data (green) from a light-off blower. Reduced vibration 
amplitudes, especially the “1x” peak and its harmonics 
(2x, 3x, …) , demonstrate that both the imbalance and 
excessive bearing clearances had been largely corrected. 
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Because previous data had already been collected for 
most of the selected machines, the second Survey was able 
to reduce cost by 30% and still provide superior analytics for 
machines with Moderate faults. The second survey was also 
able to provide trending for machines with progressive wear. 
The below examples demonstrate these efficiencies for (1) a 
Light-Off Blower and (2) Fire Pump.
1.  A light-off blower was cited for Moderate fan imbalance 

and motor bearing wear during the first Survey in 2012. 
The P/E was able to consider the (Desirable) recommen-
dation to overhaul the machine in light of his constraints 
and ultimately decided to defer repairs. The same ma-
chine continued to operate until the second Survey in JAN 
2014. New data confirmed the expected machine condi-
tion: the same faults were present with higher severity. 
Repairs were scheduled following the third survey in AUG 
2014. The fourth survey in SEP 2015 showed the previous 
faults were corrected. Some shaft looseness remained 
but the imbalance condition had been corrected and the 
bearings were now acceptable (Figures 2, 3). 

The fourth survey report summarized the result for 
the subject machine. The complete report (Figure 3) was 
included for each machine as a deliverable: 

The executive summary includes a concise summary 
of the information presented in Figure 3: machine name, 
recommendations, diagnostics, and discussion. Machines 
that were judged to be in good condition (no recommen-
dation) are excluded from the executive summary.

2.  A fire pump showed Moderate pump imbalance during 
the first Survey in 2012. The Survey team recommended 
that the pump impeller be inspected for uneven wear 

and balanced or replaced if warranted. The data showed 
that imbalance was present but had not yet resulted in 
significant bearing wear. The P/E was able to consider 
the data and associated recommendations and chose to 
defer corrective action. The MCA team collected data for 
this machine three more times and showed that the pump 
condition was stable. For this reason, the P/E shrewdly 
positioned himself to be able to divert funding elsewhere 
that may have otherwise been spent repairing a reliable 
machine (Figure 4). 
The examples above demonstrate that advanced main-

tenance planning was accomplished through advanced 
machine knowledge. Some repair planners only call on CBM 
technology to troubleshoot a single machine. This is unfortu-
nate because there are significant financial savings associ-
ated with employing CBM methods throughout the ship to 
support decisions for all high-cost or critical equipment. 

MCA Surveys On Multiple Ships of the  
Same Class
Similar to performing successive surveys on the same ship, 
there are numerous efficiencies associated with performing a 
first MCA Survey on another ship of the same class. 

A significant portion of the front-end work still needs to 
be performed. Test hardware needs to be installed, and the 
Survey team still needs to conduct a thorough tour of the 
machinery spaces to confirm that the rotating machinery and 
associated systems are the same as those installed on the 
first-of-class vessel. However, the previous technical manual 
research and database setup are sufficient to allow comple-
tion of a second survey with a smaller survey team. Con-
sequently a first survey on another vessel of the same class 
reduces cost by 25%. 

FIGURE 3. Post-repair report for the light-off blower.  

FIGURE 4. Vibration data for a fire pump showed 
Moderate but stable indications of pump impeller 
imbalance. 
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In terms of data quality and analysis, performance of 
MCA Surveys on multiple ships of the same class provides P/
Es with an excellent source of knowledge. Data from similar 
machines with foundation structural differences allow the 
analyst to build an increasingly-accurate baseline to which 
new data are compared. Vibration baselines will improve sig-
nificantly until ~20 data sets are included. The more surveys 
that are performed on a particular class, the more accurate 
the results.

Additionally, performing MCA Surveys on multiple ships 
of the same class supports development of the Communi-
ty of Practice among P/Es across the fleet. Collecting data 
from similar machines on different ships in the same class 
improves the “body of knowledge” for the engineering plants 
in that ship class. Some latent design flaws, such as struc-
tural resonances or poor mounting configurations come to 
light. P/Es can then leverage their collective knowledge and 
resources to solve class-wide problems. Alternatively, reports 
may show that a particular problem is unique to one ship. 
In either case, Survey teams possess the tools for identifying 
root causes and providing actionable recommendations that 
avoid repetitive repairs. 

Benefits of a CBM Program
Armed with the power of knowledge, the informed P/E can 
skillfully identify which machines require the most attention 
and optimize machinery work lists accordingly. The same 
benefits that a single ship receives by performing successive 
surveys are magnified when the Surveys are performed by 
multiple ships in the same class. As discussed above, refining 
the average baseline and performing trend analysis both 
serve to raise the level of accuracy of machine fault diagnosis 
and repair recommendations. Additionally, CBM performed 
by ships with similar engineering plants helps P/Es to de-
velop and share best practices, which include extending the 
mean time between overhauls for rotating machinery.

Loren Cleven and Tim Kelley previously defined a series 
of benefits of CBM:[4] 

1. Prevent progressive machine damage through early 
detection of machine faults. 

2. Improve selection of machines for overhaul during 
planned availabilities. The notional work package can 
be trimmed to defer unjustified work.

3. Identify specific repairs needed, in lieu of complete 
overhauls.

4. Reduce unexpected post-availability repairs by using 
machine vibration data for quality assurance during 
industrial periods.

5. Prioritize machinery operation to simplify workload.

6. Find recurring problems that may be permanently 
solved to reduce long-term maintenance costs.

7. Support accurate parts procurement and manpower 
scheduling prior to availabilities.

The first two benefits, to which we refer hereafter as 
Benefits 1 (B1) and 2 (B2), lend themselves to a quantitative 
analysis more than the others. Thus, the following sections 
will focus upon B1 and B2. 

Benefit 1 (B1). Prevent progressive machine damage 
through early detection of problems. Potential savings due 

to specific repairs that avoided an unplanned overhaul were 
determined. Class C work items, such as bearing replace-
ments, were considered.  Risk was assumed to be propor-
tional to the priority of the recommendation as identified in 
the MCA survey. For an individual machine test, potential 
savings were calculated as:

Where S is potential savings. P is probability of a unit fail-
ure resulting in Class B overhaul (0.2 for Desirable recom-
mendations, 0.6 for Important, 1.0 for Mandatory). C is esti-
mated cost of a Class B overhaul for a unit component. 0.1C 
is the estimated cost of a Class C repair, in all cases assumed 
to be 10 percent of Class B overhaul cost. Summations D, I, 
and M show that the relevant calculations are performed for 
each Desirable, Important, or Mandatory recommendation, 
respectively.[2] 

Benefit 2 (B2). Improved selection of machines for 
overhaul during an availability. Potential savings due to 
deferral of planned time-based overhauls were determined 
by comparing notional work packages to repair recommen-
dations resulting from MCA Surveys. With a quality CBM pro-
gram in place, the P/E can defer some time-based overhauls 
because he/she possesses information showing the subject 
machine to be operating in good condition. In the absence of 
the MCA Surveys, those deferrals would not occur. B2 calcu-
lations quantify these potential savings. 

Analysis results (Table 1) demonstrate that B1/C was 
typically close to 1. This means that savings resulting from 
the ability of the P/E to identify and repair latent faults serve 
to “pay for the cost of the survey”. However, B1 savings 
alone fail to provide suitable justification for investing in a 
CBM program. More simply put, utilizing vibration moni-
toring services for troubleshooting alone may not be a wise 
investment. Additional B2 savings, however, resulted in 
(B1+B2)/C ratios of 10:1 or higher, suggesting that MCA 
Surveys, when properly implemented are generally a finan-
cially responsible investment. 
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CNAF CBM Program Benefit-To-Cost Analysis
The CNAF aircraft carrier fleet has been investing in CBM for 
several decades. We draw upon data and B/C analysis meth-
ods from that program[2, 3] and compare results with those 
from recent MCA Surveys on CNSF ships. Despite the limita-
tions of such comparisons, they do illustrate how P/Es might 
leverage CM technology to achieve large savings.  The MCA 
program for the aircraft carrier fleet utilized vibration data 
collection by both ship’s force and contractors. Annual B/C 
analyses were used to estimate various savings opportunities. 
Select results from those analyses are provided (Table 1).

CNSF Program Benefit-To-Cost Analysis
To maximize comparison with CNAF calculations, we limit 
our analysis to the LHD-class, which have propulsion plants 
similar to CVNs. The most recent machine overhaul cost 
data available from the CNAF analyses were dated FY 2009. 
All values were escalated by 6% to account for inflation 
between 2009 and DEC 2012. The escalated values were 
held constant for the 3 subsequent surveys, which are there-
fore conservative.  Additionally, the costs used in the CNAF 
calculations were considered as representative for CONUS 
repair facilities. The LHD we analyze here typically utilizes 
SRF Sasebo facilities, which the author assumes to be more 
expensive than its CONUS counterparts. 

B1/C ratios for both CNSF (Table 2) and CNAF (Table 1), 
are close to unity. Additionally, the trend in Table 2 illustrates 
what is probably a typical progression for B1/C for a single 
vessel: earlier surveys are able to identify a relatively large 
number of machine faults. As P/Es address those faults, the 
B1/C ratio should, generally speaking, see a reduction. 

Reliable B2 calculations cannot be performed for CNSF 
MCA Surveys due to insufficient knowledge of the SRF 
Sasebo repair-planning process. However, it is the author’s 
opinion that maintenance planning among CNSF entities 
probably does not differ much from the notional work 
packages used by CNAF.  Thus B2/B1 ratios for CNSF main-
tenance programs are probably similar to those calculated 
for the CNAF program.  In the same manner that CNAF 
repair planners leverage their ability to extend the mean 
time between overhauls, CNSF planners should be able to 
do the same. Unlike B1 savings, which are expected to trend 
downward over time, B2 savings should increase as the 
P/E transitions from a (primarily) time-based maintenance 
philosophy to a CBM philosophy. The ability to place such 
repairs into a future repair period grants the P/E flexibility 
and allows him or her to look further into the future to plan 
repairs, order parts, and schedule other maintenance based 
on operational priorities. 

Conclusions And Suggestions For  
Future Research
Available data suggest that Benefit-Cost potentials of the 
CNAF CBM program can reasonably be expected to be within 
the grasp of P/Es seeking to implement a CBM program on 
CNSF vessels. Experience shows that B1 savings (catching 
faults in time) are significant, but B2 savings (deferring 
time-based overhauls) will help P/Es to maximize savings. 

Future work should consider strategies for optimizing 
the periodicity of MCA Surveys. In some cases, a biannual or 
other survey periodicity may be appropriate. At present there 
are insufficient data to support one periodicity over anoth-
er. In the context of this paper, the LHD-class MCA Surveys 
were considered as independent events. 

An additional benefit of MCA Surveys not addressed in 
this paper is readiness. Readiness is difficult to quantify but 
easily understood by P/Es, Chief Engineers, and Command-
ing Officers. Performing an MCA survey provides an invalu-
able opportunity for P/Es  to ensure rotating machinery is 
up to the task of a long deployment with minimal risk of un-
expected failure. Operational environments may lack access 
to suitable repair facilities. From this perspective, a quality 
CBM program can provide benefits that stakeholders might 
term “priceless”. Future research may attempt to quantify 
such and how they might be employed in the context of the 
Total Ship Readiness Assessment (TSRA) process. 

Fiscal Year B1/C Ratio (B1+B2)/C B2/B1

# Machines 
Tested (~12 

vessels)

2010 1.66 20.74 11.52 8,957

2009 0.65 10.30 14.93 9,247

2008 0.71 12.36 16.39 5,754

2007 0.83 10.58 11.74 4,356

2006 0.49 23.94 47.84 4,486

2005 1.06 10.84 9.26 6,269

Average 0.90 14.79 18.61 6,512

TABLE 1. Aircraft carrier MCA vibration program annual 
benefit-cost selected values (C = program cost).

Survey B1/C Ratio (B1+B2)/C B2/B1
# Machines 

Tested 

Jan. 2014 3.48 n/a n/a 149

Aug. 2014 1.27 n/a n/a 157

Sep. 2015 0.38 n/a n/a 157

Average 1.71 154

TABLE 2. LHD-class MCA surveys benefit-cost values.
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