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Introduction

This article details the process for calculating and establishing
Air Force aircraft total not mission capable maintenance
(TNMCM) standards. It is impossible to discuss the TNMCM
rates and standards without including discussions of
the  mission capable (MC) and the total no t  miss ion
capable supply (TNMCS) rates and standards. These three
rates are dependent upon one another. Because the rates are
percentages of total unit-possessed time, one rate cannot
increase or decrease without impacting the other two. The Air
Force standards applied to these metrics are interrelated as
well. As discussed in this article, the TNMCM and TNMCS
standards depend on the MC standard. Thus, the formulation
of the MC standard is the foundation for the TNMCS and
TNMCM standards.

The 2003 CORONA directed that Air Force-wide standards
for MC, TNMCM, and TNMCS be established. While directed
toward TNMCM, the research detailed in this article also
revealed that the MC standard is the foundation for
calculating the other two metric standards. As the process
exists currently, the Air Force MC standards are based on
requirements which are determined in one of three ways:

• The flying hour or flying schedule requirement

• Contract logistics support (CLS) contract

• Another  requ i rement  based  on  major  command
(MAJCOM) input determined by the designed operational
capability (DOC) statement, readiness study, or any
operational requirement the MAJCOM may use

In the case of the Air Force’s C-5 Galaxy, Air Mobility
Command (AMC) provides the active duty fleet MC standard
to the Air Staff based on the Mobility Requirements Study
(MRS). However, the standard is not actually calculated in
the MRS, it is an assumption used in the MRS.

This is not the case for the separate Air Force Reserve
Command (AFRC) and Air National Guard (ANG) fleet C-5
MC standards. Those two values are calculated at the Air Staff
level. The AFRC MC standard is calculated from utilization
rate, attrition, turn pattern, annual fly days, spares, aircraft held
down for scheduled maintenance, and primary aerospace
vehicles authorized. The ANG MC standard equation uses
variables portraying daily operations and maintenance
(O&M) flying hours, aircraft taskings per flying day over and
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above O&M flying, average number of aircraft required for
standard flying operations each day, required daily spares, and
the forecasted number of unit possessed aircraft over the year.

Background

This article is the third in a three-part series based on Air Force
Logistics Management Agency (AFLMA) project number
LM200625500, the C-5 TNMCM Study II. At the request of the
Air Force Materiel Command Director of Logistics (AFMC/A4),
an AFLMA study team conducted an analysis in 2006-2007 of
TNMCM performance with the C-5 aircraft as the focus. The C-5
TNMCM Study II included five objectives. One of those objectives
was to analyze the process for calculating and establishing aircraft
TNMCM standards. This article details the analysis conducted
in support of that particular study objective.

Maintenance Metric Definitions

Air Force Instruction (AFI) 21-101, Aircraft Equipment and
Maintenance Management, defines the MC, TNMCS, and
TNMCM metrics and their uses. For additional insight on the use
of these metrics see Metrics Handbook for Maintenance Leaders.

Mission Capable (MC) Rate
Though a lagging indicator, the MC rate is perhaps the best known
yardstick for measuring a unit’s performance. It is the percentage
of possessed hours for aircraft that are fully mission capable (FMC)
or partially mission capable (PMC) for specific measurement
periods (such as monthly or annually).1

At the request of the Air Force Materiel Command Director
of Logistics, AFLMA conducted an analysis in 2006-2007
of total not mission capable maintenance (TNMCM)
performance with the C-5 Galaxy aircraft as the focus. The
C-5 TNMCM Study II included five objectives. One of those
objectives was to analyze the process for calculating and
establishing TNMCM standards. This article details the
analysis conducted in support of that particular study
objective.

It is important to recognize that any discussion of TNMCM
rates and standards must also include discussions of the
mission capable (MC) and the total not mission capable
supply (TNMCS) rates and standards. These three rates are
dependent upon one another. Because the rates are
percentages of total unit-possessed time, one rate cannot
increase or decrease without impacting the other two. The
Air Force standards applied to these metrics are interrelated
as well. As the authors point out, the TNMCM and TNMCS
standards depend on the MC standard. Thus, the formulation
of the MC standard is the foundation for the TNMCS and
TNMCM standards.

The research demonstrates that the process for
calculating and establishing Air Force-level TNMCM
standards is not well known across the Air Force and not
equally applied across the total force. Also, the process
currently in use does not produce realistic, capability-based
metrics to drive supportable operational decisions.

The authors conclude by recommending that a repeatable
methodology be developed to compute the TNMCM standard
so that it:

• Reflects day-to-day minimum operational requirements

• Adjusts to fully mobilized force capabilities and surge

mobility requirements

• Accounts for historic capabilities and fleet resources

There are numerous implications
fo r  t h e  c o m p l e x ,  s e e m i n g l y
disjointed standards methodology
that are problematic for the Air
Force at the strategic, operational,
and tactical levels.

Total Not Mission Capable Maintenance (TNMCM) Rate
Though a lagging indicator, the TNMCM rate is perhaps the most
common and useful metric for determining if maintenance is being
performed quickly and accurately. It is the average percentage of
possessed aircraft (calculated monthly or annually) that are unable
to meet primary assigned missions for maintenance reasons
(excluding aircraft in B-Type possession identifier code status).
Any aircraft that is unable to meet any of its wartime missions is
considered not mission capable. The TNMCM is the amount of
time aircraft are in NMCM plus not mission capable both (NMCB)
status.2

Total Not Mission Capable Supply (TNMCS) Rate
Though this lagging metric may seem a logistics readiness
squadron responsibility because it is principally driven by
availability of spare parts, it is often directly indicative of
maintenance practices. For instance, maintenance can keep the
rate lower by consolidating feasible cannibalization actions to
as few aircraft as practical. This monthly (annual) metric is the
average percentage of possessed aircraft that are unable to meet
primary missions for supply reasons. The TNMCS rate is the time
aircraft are in not mission capable supply (NMCS) plus not
mission capable both maintenance and supply (NMCB) status.
TNMCS is based on the number of airframes out for mission
capable (MICAP) parts that prevent the airframes from performing
their mission (NMCS is not the number of parts that are MICAP).3
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Fiscal Year (FY) 2007 C-5 Fleet Standards
and Standards Calculations

As previously mentioned, during a 2003 CORONA, the Air Force
Chief of Staff (CSAF) directed the establishment of Air Force-wide
standards for the MC, TNMCS, and TNMCM metrics. Headquarters
(HQ) Air Force Instalations and Logistics (now AF/A4) was named
the office of primary responsibility (OPR). Their charter was to
develop Air Force standards rooted in operational requirements and
resources dedicated to each weapon system or mission design series
(MDS). They subsequently developed calculation methodologies
for calculating MC, TNMCS, and TNMCM standards. However, as
of the time of the original study research, the study team found no
official publication documenting the methodology for calculating
these maintenance metric standards. Consequently, OPRs at the HQ
Air Force and MAJCOM  levels provided the study team with the
definitions for the calculation methodologies that produced the C-
5 fleet maintenance standards used in FY 2007. Table 1 summarizes
the 2007 C-5 standard percentage rates for the MC, TNMCS and
TNMCM metrics. An explanation of each method for deriving the
standards follows.

MC Standard

The MC standard provides the foundation for calculating the other
maintenance metric standards. According to HQ Air Force,
Directorate of Maintenance, Weapons Systems Division,
Sustainment Branch (AF/A4MY) personnel, the MC standards are
based on requirements. The MC standard represents the percentage
of MC aircraft required at the beginning of each flying day. That
requirement is determined by one of the following three ways:5

• The flying hour or flying schedule requirement, calculated using
Equation 1, 2, or 3.

• Contract logistics support (CLS) contract.

• Some other requirement based on MAJCOM input. That input
can be a DOC statement, readiness study, or any operational
requirement the MAJCOM may use.

The Air Reserve Component (ARC), a composite of both ANG
and AFRC, MC standard is based on the number of aircraft
committed to the flying schedule. However, the ANG flying
commitment is based on O&M flying hours, transportation working
capital fund (TWCF) hours, and the number of operations alert
committed aircraft per flying day. Also included is the daily spares
requirement. This commitment in aircraft is divided by the
forecasted possessed aircraft to determine the MC requirement.6

Each year, AF/A4MY personnel request input from AMC for the
MC standard. AMC determines the MC rate necessary to meet their
airlift requirement and then gives their desired MC rate to Air Staff.
Air Staff then uses this rate as the MC standard. This process is
currently used to determine the active duty MC standards for the
C-17, C-5, C130, KC-10, and KC-135 airframes.7 These MC
standards are based solely on AMC’s input. AF/A4MY personnel
do not calculate the MC standard for any of the above listed active
duty fleets.

Article Acronyms

AA – Aircraft Availability
AAT – Aircraft Availability Target
AC – Aircraft
ACC – Air Combat Command
AE – Aeromedical Evacuation
AFB – Air Force Base
AFI – Air Force Instruction
AFLMA – Air Force Logistics Management Agency
AFMC – Air Force Materiel Command
AFRC – Air Force Reserve Command
AFSO21 – Air Force Smart Operations for the 21st

Century
AMC – Air Mobility Command
ANG – Air National Guard
BE – Business Effort
CLS – Contract Logistics Support
CONOPS – Concept of Operations
CSAF – Chief of Staff, United States Air Force
DOC – Designed Operational Capability
DoD – Department of Defense
FMC – Fully Mission Capable
FY – Fiscal Year
GAO – Government Accountability Office
HQ – Headquarters
LMI – Logistics Management Institute
LRS – Logistics Readiness Squadron
MAJCOM – Major Command
MC – Mission Capable
MCS – Mobility Capabilities Study
MDS – Mission Design Series
MERLIN – Multi-Echelon Resource and Logistics

Information Network
MICAP – Mission Capable
MRS – Mobility Requirements Study
NMCB – Not Mission Capable Both
NMCM – Not Mission Capable Maintenance
NMCS – Not Mission Capable Supply
O&M – Operations and Maintenance
OPR – Office of Primary Responsibility
PAA – Possessed Aircraft Authorized
PMC – Partially Mission Capable
REMIS – Reliability and Maintainability Information

System
RERP – Reliability Enhancement and Re-Engining

Program
TNMCM – Total Not Mission Capable Maintenance
TNMCS – Total Not Mission Capable Supply
TWCF – Transportation Working Capital Fund
UTE - Utilization
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Active Duty ARC AFRC ANG

MC
Standard 75 50 50 47
Method MAJCOM Input Equation 3 Equation 1 Equation 2

TNMCS
Standard 8 8
Method Equation 4 Equation 4

TNMCM
Standard 24 50

Method Equation 6 Equation 6

Table 1. FY 2007 C-5 Maintenance Standards and Calculation Methodologies4

Equation 1. MC Standard8

Equation 2. MC Standard for ANG10

Equation 3. MC Standard for ARC Fleet11

Equation 4. TNMCS Standard12

Equation 5. AAT Calculation14

The three MC standard requirement algorithms are detailed
in Equations 1, 2, and 3. Equation 1 is typically used with active
duty aircraft fleets.

a s  T W C F ,  a e r o m e d i c a l
evacuation (AE), business
effort [BE]).

AC
Ops

 is the average number
of aircraft required for standard
flying operations per flying
day.

Spares is the same as in
Equation 1, but is reported as
the number of aircraft per
flying day.

AC
Forecast

 is the number of aircraft that are expected to be unit
possessed over the year based on depot maintenance schedules
and other considerations.

 shown in the numerator of Equation 2 denotes the smallest
integer greater than or equal to x. This function rounds any
decimal value up to the next whole number. The ceiling function
is used in order to speak in terms of whole aircraft.

Equation 3 is utilized to calculate the MC standard for the
composite ARC portion of an aircraft fleet.Where:

MC
std 

is MC Standard.
UTE is the sortie utilization rate, which is the number of sorties

required to fly each month by authorized aircraft. 12 x UTE yields
the annual sorties required to meet the flying hour program (FHP).

Attrition is the annual attrition rate of sorties lost due to
operations, maintenance, and other considerations such as
weather. Dividing by (1-Attrition) yields the sorties required to
be scheduled to account for attrition.

Turn pattern, or turn rate, is the total number of sorties
scheduled divided by the number of first go sorties. For example:
a unit schedules 100 sorties during the week and 60 of them occur
on the first go of the day. The turn rate would be 100/60 = 1.67.
Dividing by turn pattern yields the number of front-line flyers.
Dividing by the number of fly days yields the number of front-
line flyers per day.

Fly Days = 232. This figure assumes 244 working days minus
12 goal days.

Spares, or front line spares, is the number of scheduled spare
aircraft for the first go.

MC
SchdMX

 is the average number of aircraft per squadron held
down on each flying day for scheduled maintenance including
delayed discrepancies, health of the fleet management, washes,
and so forth.

Spares + MC
SchdMX 

is expressed as a percentage of squadron
possessed aircraft authorized (PAA).

PAA is the number of aircraft authorized for a unit to perform
its operational missions.9

Equation 2 is the algorithm used by the ANG.

Where:
AC

O&M
 is the average number of committed aircraft based on

the O&M requirements per flying day.
AC

TWCF/BE/AE
 is the number of aircraft required for taskings per

flying day that the ANG supports above its O&M flying (such

The MC standard for the AFRC (MC
AFRC

) fleet is calculated
using the standard MC equation given in Equation 1. For
simplicity, the result of this formula is rounded to the nearest
tenth.

TNMCS Standard

Active duty and ARC fleets use the same methodology for
TNMCS once the MC standard is established. This calculation
is shown in Equation 4. Note that separate TNMCS standards for
AFRC and ANG are not calculated.

The aircraft availability target (AAT), ties the TNMCS
standard to the funding and requirements for spare parts that are
calculated in the Requirements Management System.13  It assumes
the supply pipeline and spare safety levels are fully funded. The
AAT for the C-5 has been at 92 since the beginning of the
maintenance standard development. This yields a TNMCS
standard of 8 which is applied to both ARC components.

Equation 5 defines the aircraft availability target calculation.

Required MC is determined the same way that the Air Force
active duty MC standard is determined.15

NMCM
3 year historical 

is the 3-year historical average of the NMCM
rate for the particular MDS under consideration.

It is important to note that the maintenance metrics standards
established for FY07 (Table 1) used the FY05 calculated AATs.



151Annual Edition, Volume XXXIII, Number 1

weights in determining the composite ARC MC standard, AF/
A4MY used the PAAs for FY07, which included the additions
for the gaining units. These values are 40 for AFRC and 29 for
ANG.

AFRC MC Standard (Equation 1):

Equation 6. TNMCM Standard18

TNMCM Standard (Equation 6):

PAA 
Command 

Input

PAA
(FY07 

Actual)
UTE Attrition

Turn 
Pattern

Fly 
Days

Spares
MC for 
Sched 

Mx

AFRC 32 40 8.5 0.23 1.3 232 2 0

PAA 
Command 

Input

PAA
(FY07 

Actual)

O&M 
AC/day

TWCF,BE,
AE AC/day 

Spares/ 
day

Ops 
AC/day

Possessed 
AC 

Forecast 

ANG 16 27 3.84 1.19 1.3 0.45 15

Table 2. Data for AFRC and ANG MC Standard Calculations20

ANG MC Standard (Equation 2):

ARC MC Standard (Equation 3):

TNMCS Standard (Equation 4):

TNMCM Standard (Equation 6):

This is because the C-5 parts on the shelf in FY07 were based
on the FY05 AATs.16  As just mentioned, the FY05 AAT for the
C-5 fleet was 0.92. The Logistics Management Institute (LMI)
updated the AAT-setting methodology in 2006 to include
computations for Required MC and NMCM rates for both day-
to-day operations and predeployment.17

TNMCM Standard

Active duty and ARC fleets use the same methodology for
TNMCM once the respective MC standard is established. This
calculation is shown in Equation 6. Note that separate TNMCM
standards for AFRC and ANG are not calculated.

NMCB
3 yr historical 

is the average NMCB rate over the previous 3
years. The data used for the FY07 calculation came from the
Reliability and Maintainability Information System (REMIS);
the average NMCB for FY04, FY05, and FY06 equaled 0.07.19

Standards Calculation Examples

This section applies the above formulas to the real-world data
that produced the metric standards in Table 1.

FY07 Active Duty C-5 Fleet
MC Standard (MAJCOM Input):

AMC stated that the MC standard is 0.75 (75 percent) based
on an operational requirement used in the Mobility Requirements
Study (MRS) 2005 (MRS-05).

TNMCS Standard (Equation 4):

FY07 ARC C-5 Fleet
The data required to calculate the ARC standards for FY07 is
given in Table 2. AFRC and ANG provided the data in response
to the FY07 Air Force Standards Data Call.

The PAA numbers the commands provided were 32 for the
AFRC and 16 for the ANG. These values reflected the PAA before
the PAA was adjusted to accommodate units recently gaining
C-5s. To compute the AFRC MC standard, AF/A4MY used the
PAA based on AFRC input, which was 32. However, for the Of

note is the fact that the 3-year average NMCB was actually 0.166
(based on Multi-Echelon Resource and Logistics Information
Network [MERLIN] data). AF/A4MY capped the NMCB at 0.08
because the historical NMCB cannot theoretically exceed the
TNMCS. Recall that TNMCS is the sum of NMCS and NMCB;
therefore, NMCB should be less than or equal to TNMCS.21  The
TNMCS standard is established as a resourced goal and the Air
Force is trying to achieve a balance in the maintenance
standards.22

AMC Determination of the C-5 MC
Operational Requirement

According to AF/A4MY and AMC/A4MXA, AMC provides Air
Staff with the value for the MC standard for the active duty fleet.
This standard has been 75 percent since 2003, the year that Air
Force-wide standards were implemented.23 AMC/A4MXA stated

that the value of 75 percent was
based on the MRS.24 According
to the AMC/A9 office, every
major mobility study including
the MRS (1992),  the MRS
Bottom-Up Review Update
(1995), MRS-05 (2000), and the
Mobility Capabilities Study
(2005), has used 75 percent as the
C-5 MC rate  s tandard to
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determine the capability of the C-5 fleet to support the mobility
forces.25

Examination of the MRS-05 revealed the MRS-05 did not
calculate an MC standard; the MRS-05 assumed an MC rate of
76 percent for a fleet in which all C-5s have had the Reliability
Enhancement and Re-Engining Program (RERP) modifications.
The MRS-05 explains that the use of 76 percent MC rate is
because of expected RERP improvements. The study also
assumes a 65 percent MC rate for aircraft that have not received
the RERP improvements.26  The director of the AMC office of
Analysis, Assessments, and Lessons Learned (AMC/A9)
concurred that the C-5 MC standard is not based on any formal
calculation or analysis, and stated that the original estimate (circa
1990) of a 75 percent MC rate was deemed “a prudent objective”
for planning purposes.27  AMC/A9 stated that the 75 percent MC
rate assumes a fully mobilized total force to support C-5
maintenance operations.28

In summary, the FY07 MC, TNMCS, and TNMCM standards
for the C-5 active duty fleet are based on the assumption that the
C-5 fleet can achieve a 75 percent MC rate with the entire fleet
receiving RERP upgrades or a fully mobilized total force to
support maintenance operations.

Implications of the Methodology

There are numerous implications of this complex, seemingly
disjointed standards methodology that are problematic for Air
Force members at the strategic, operational, and tactical levels.
First, Equation 1, in its present state, is more appropriate for
fighter aircraft than mobility aircraft.29  For example, the Turn
Pattern and MC

SchdMX 
variables are reflective of fighter aircraft

flying schedules. Mobility aircraft are less often turned on the
same flying day, and mobility aircraft units, having a relatively
small number of PAA, often have less opportunity to hold aircraft
down for fleet health purposes. Consequently, this is a
contributing factor to AF/A4MY’s rationale of using AMC’s
input to determine active duty standards. The study team
concluded that if Equation 1 is not appropriate for heavy aircraft,
then it should not be used as a foundation for the MC standard.
The variables used to measure performance need to accurately
reflect the relevant process.

An additional issue is a lack of consistency across the total
force components. The active duty component uses AMC input
to determine the MC standard, but the ARC uses calculation
methodology. Moreover, in addition to the planning objective
used to determine the active duty maintenance standards and the
calculations used to determine the ARC standards, the total force
components, including the ANG, have maintenance metric goals.
These goals are separate from the Air Force standards and are
calculated differently. Within the ANG, units report their
performance with regard to the ANG goals, and not necessarily
the ARC metric standards. While the functional mission
differences between fighter and mobility aircraft may justify
distinct calculation methodologies, inconsistencies within a
given airframe (for example, the C-5) are less easily supported.
Consistency, in fact, is identified by AFI 21-101 as one of four
important characteristics of a metric. These four characteristics
are:

• Accurate and useful for decisionmaking

• Consistent and clearly linked to goals or standards

• Clearly understood and communicated

• Based on a measurable, well-defined process30

The fourth characteristic mentioned above highlights another
concern given the current methodology for calculating the C-5
standards. Fundamentally, the process is not rigidly followed as
part of formal policy; rather, the practice of establishing standards
involves numerous deviations, discussed at length earlier in this
article (active duty MC input, AAT from FY05, ANG goals).
Simply stated, there was no complete, published, defined process.
In April 2003, the United States Government Accountability
Office (GAO) discussed these same issues in a report addressing
aircraft availability goals across the Department of Defense
(DoD).31  The GAO found that all branches of military Service
fail to clearly define the standards computation process for
aircraft maintenance metrics.

The following selected comments were taken from the GAO
report’s executive summary:

Despite their importance, DoD does not have a clear and defined
process for setting aircraft availability goals. The goal-setting process
is largely undefined and undocumented, and there is widespread
uncertainty among the military Services over how the goals were
established, who is responsible for setting them, and the continuing
adequacy of MC and FMC goals as measures of aircraft availability.
DoD guidance does not define the availability goals that the Services
must establish or require any objective methodology for setting them.
Nor does it require the Services to identify one office as the
coordinating agent for goal setting or to document the basis for the
goals chosen.32

Speaking in terms of consequence, the GAO suggested that
the “lack of documentation in setting the goals ultimately
obscures basic perceptions of readiness and operational
effectiveness.”33 Additionally, the report documented several
findings specifically relevant to establishing standards for the
Air Force. These findings included:

• Air Force officials told [the GAO] that they generally try to
keep the goals high because it is difficult to stop the goals
from dropping further once they begin to be lowered.34

• Air Combat Command could find no historical record of the
process used to establish most of the goals.35

• AMC compared the goals with the actual rates for the previous
2 years. Depending upon actual performance, the goal could
then be changed, sometimes on the basis of subjective
judgments.36

It is vitally important to examine the effectiveness and
validity of metrics and their associated standards. Many hours
are spent preparing for and participating in meetings discussing
the performance of organizations, all of which is wasted if the
metrics or standards are ineffective at measuring organizational
performance and driving the desired behavior. Budgets and other
requirements are driven in part from metrics. If the metrics being
utilized are not valid, the effectiveness of the organization to
meet warfighter needs is also difficult to accurately measure.

Air Force maintenance metrics are presented with an
associated numerical standard or goal37 and managers are required
to account for failure to meet those standards. These failures are
reported at unit, command, and Air Force levels, but what if the
established standard is inaccurate, unrealistic, or unattainable?
Consider Table 3, which identifies historical MC performances
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MC Rate Time Period 
AMC C-5 MC Standard 75% ~1990 – Present38 
Operation Desert Shield/Desert 
Storm 70.6% Fiscal Year 1991 

Operation Iraqi Freedom 63.4% Fiscal Year 2003 
Highest Quarterly MC Rate 
Achieved 81.8% Fiscal Year 1991, Quarter 1 

Table 3. C-5 Fleet Historically Achieved MC Rates38

for the C-5 at various points in time compared with the
assumption used in establishing the C-5 MC standard.

During Operations Desert Shield and Desert Storm in FY91,
the MC rate was less than 71 percent. During Operation Iraqi
Freedom in FY03, the MC rate was less than 64 percent. This is
particularly intriguing because numerous personnel interviewed
during the original research suggested MC rates have been or
should be usually better during conflicts.39 Indeed, the highest
quarterly MC rate the C-5 total fleet achieved, 81.8 percent, was
observed during first quarter of FY91 (during Operation Desert
Shield). Considering the data points in Table 3 are rates achieved
during wartime scenarios, the feasibility of using 75 percent as
the day to day, peacetime C-5 MC standard appears questionable
at best.

Still, consistent failures to meet a standard can often be
perceived as a shortfall in the performance of the units supporting
the C-5, rather than an unrealistic expectation not being met.
Again, a tremendous amount of time and effort is put forth
explaining why standards are not met. Historical C-5 MC rate
performance would suggest that the standard and its associated
metric are not driving improvement in performance, which is the
fundamental purpose of a performance measure. A metric and its
associated standard should drive performance, not simply
document  i t ,  and the  measure  should  be  useful  for
decisionmaking. Additionally, the Air Force Smart Operations
for the 21st Century Concept of Operations (CONOPS) identifies
good process metrics as having the following attributes:40

• Accurate – reliably expresses the phenomenon being measured

• Objective – not subject to dispute

• Comprehensible – readily communicated and understood

• Easy – inexpensive and convenient to compute

• Timely – data sources are available

• Robust – resistant to being gamed and hard to manipulate41

As previously stated, the current standards methodology
involves differences across the total force. Additionally, the study
team interviewed many subject matter experts while conducting
site visits for this research. Some of them indicated the consistent
inability to achieve an MC standard of 75 percent led to an
attitude of frustration, indifference and apathy towards the
standards.42 AFI 21-101 states that “metrics shall be used at all
levels of command to drive improved performance.”43 In the case
of the C-5, the existing maintenance standards methodology
associated with the MC and TNMCM metrics appear to cause
those metrics to fall short of this goal.

Alternative Strategies to
Performance Measurement

As described in the second article in this series, the AFLMA
s t u d y  t e a m  i n t e r v i e w e d
representatives from the Delta
Airlines reliability programs
office as a means of comparing
bus iness  p rac t ices .  Del ta
personnel identified nine main
aircraft maintenance metrics. Of
note was the fact that Delta’s

primary metrics (those driven by delays and cancellations) were
not measured to an objective standard (met or not met); instead,
they alert when they exceed a control limit for 2 consecutive
months.44

Using control limits, found in control charts, is a commonly
used technique for determining if a process is in a state of
statistical control. First developed by Shewhart, many influential
quality leaders have advocated the proper use of control charts,
most notably W. Edwards Deming. Generally speaking, recent
data is examined to determine the control limits that apply to
future data with the intent being to ascertain whether the process
is in a state of control.45 Charts alone cannot induce process
control; stabilization or improvement is the challenge of people
in the process.46 Viable control limits can only be developed for
processes in a state of statistical control, and they are best applied
to process variables rather than product variables.47 For example,
consider the manufacturing process of a metal component. The
product variables might be thickness or diameter, whereas
process variables could be temperature or pressure at the point
of forging. The benefit of monitoring process variables better
allows someone to assign cause to variation. Using the previous
example, variance in component diameter indicates a problem
but requires further investigation to determine the cause.
However, excessive pressure measurements identify the cause
behind improper component diameter. Essentially, process
variable measurements identify causes that could affect product
variables.48

Today, many maintenance units are using versions of control
charts to monitor performance in terms of the various metrics
listed in AFI 21-101.49  For example, Figure 1 illustrates TNMCM
performance (large solid black line), with upper and lower control
limits (represented by the solid red lines), at Dover Air Force Base
(AFB) during calendar year 2006. Although the effort to use
control charts is a step in the right direction, there can be two
major problems associated with the use of charts akin to those of
Figure 1.

First, Air Force metric measurements such as TNMCM are not
process variables; consequently, they do not lend themselves to
the immediate, precise root-cause analysis that usually follows
from control charts. This is evidenced by the copious explanatory
notes pages accompanying products like the CSAF quarterly
review slideshow.51 In fact, the C-5 TNMCM II study team’s
analytical effort identified 184 factors that bear influence on the
C-5 TNMCM rate. An additional confounding element is that
status of aircraft and the categorization of hours (such as
possessed) bear direct influence on the outcome of rates such as
TNMCM, and this process is not consistent. Study team
discussions with maintenance personnel revealed that aircraft
status is not an exact science, and status documentation can be
vulnerable to manipulation for the sake of improving numbers.
For example, this can happen by delaying aircraft status changes
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by not changing the status to NMCM or NMCS as soon as an
aircraft breaks and maintenance is underway or work stoppage
occurs due to needed parts.

The categorization of hours is something that is in stark
contrast with the host of metrics used by Delta Airlines, which
upon examination appeared more tangible, more easily measured,
and less easily manipulated. Again, a thorough discussion of
Delta’s maintenance metrics was included in the second Air Force
Journal of Logistics article in this series.

Next, upon examination of the control chart in Figure 1, one
sees that the centerline mean (small dashed line between the solid
red lines) is set at 30.2 for the months in FY07, with the upper
and lower control limits set at 32.5 and 27.5, respectively.52 The
study team sought to uncover the specific methodology used to
arrive at the centerline mean, as well as the upper and lower
control limits. Personnel at Dover stated that the control limits
are downward directed from headquarters AMC. The managing
office at AMC stated that the control limits were derived from 2
years of historical data for all of AMC, with a range of one
standard deviation above and below the mean.53 There are two
issues with this approach. First, the figure is not arrived at through
subgroup sampling of at least 20 subgroups, as advocated by
statistical analysis literature.54 Secondly, this centerline mean is
known as the AMC goal for the TNMCM rate. Interestingly, it is
higher (that is, less ambitious) than the active duty TNMCM
standard, which was 24 for the FY07 timeframe. The fact that
AMC units are using a different figure than the established active
duty standard for management purposes is further evidence that
fleet standards appear to have limited influence on performance
at base levels.

However, as noted in the 2005 AMC Metrics Handbook,
because AMC command goals are rooted in wartime operational
requirements, there are some standards that are difficult or
impossible to achieve during peacetime operations.

Using the command average is one way around this shortcoming.
Comparing (your base) to command averages helps to gauge true
performance and is invaluable for identifying if a problem is local
or fleet wide. AMC weapons system managers (WSMs)

u s e  c o m m a n d  a v e r a g e s
for  unders tanding  overa l l
performance of their fleets. When
discussing performance problems
w i t h  A M C  W S M s ,  b a s e
personnel should have a good
understanding of where their base
per formance  numbers  a re
in relation to the command
average.55

It should be noted that the
study team was not advocating
the use of  the act ive duty
standard as the centerline mean
for this control chart. In fact,
extreme caution must be taken
when using a standard value as
opposed  t o  t he  s ampl ing
mean as the centerline for
performance. Although the
intent might be to control the
process mean at a particular

value, one runs the risk that the current process is incapable of
meeting that standard. For example, if the lower and upper control
limits are calculated from the standard, and the current process
mean exceeds the standard, subgroup averages might often
exceed the upper limit, even though the process is in control.
This lessens the ability to determine assignable causes of
variation, because the only observation is that the process isn’t
conforming to the desired value.56 This may, in fact, be what was
actually occurring with the MC metrics for the C-5 fleet.

What Should the TNMCM Standard Be?

If the existing standard’s equations were used with current C-5
aircraft data (rather than using the 75 percent MC input from
AMC for the active duty fleet) to calculate the active duty fleet
MC, TNMCS, and TNMCM standards, the resulting standards57

would be:

• MC Standard = 56.8

• TNMCS Standard = 20.6

• TNMCM Standard = 29.3

These figures are presented for informational purposes only
in order to illustrate the stark contrast with the active duty
standards in place at the time of the original report’s publication
(MC = 75, TNMCS = 8, and TNMCM = 24). The study team was
not advocating the use of the standards presented above. Instead,
the examination presented here and in the study report led to the
recommendation that AMC and Air Staff develop a repeatable
methodology to compute a standard focused on three things.
These three things are listed in the recommendations section of
this article. Such a methodology would better align to the original
charter from the 2003 CORONA, which was to develop Air Force
standards rooted in operational requirements and resources
dedicated to the weapon system or MDS.

Conclusions

The process for calculating and establishing Air Force-level
TNMCM standards is not well known across the Air Force and

Figure 1. Example of TNMCM Control Chart, Dover AFB 200650
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not equally applied across the total force. Also, the process
currently in use does not produce realistic, capability-based
metrics to drive supportable operational decisions.

Recommendations

Develop a repeatable methodology to compute the standard that:

• Reflects day-to-day minimum operational requirements

• Adjusts to fully mobilized force capabilities and surge
mobility requirements

• Accounts for historic capabilities and fleet resources

As previously mentioned, the analysis of maintenance metric
standards described in this article was developed as part of the
larger C-5 TNMCM Study II. This is the third and final article in
a series related to that particular research. The entire study report
can be found at the Defense Technical Information Center private
Scientific and Technical Information Network Web site at https:/
/dtic-stinet.dtic.mil/.
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