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Abstract

The CV-22 Osprey is a revolutionary weapon system that is currently being
fielded by Air Force Special Operations Command (AFSOC). It is a tilt-rotor aircraft
that combines the speed of a conventional fixed wing turboprop aircraft with the
flexibility of a helicopter. At the same time, the US Air Force logistics enterprise is
turning more and more to centralized aircraft maintenance. The term for these
centralized maintenance facilities is centralized intermediate repair facilities, or CIRF.
The Headquarters AFSOC logistics directorate (A-4) is interested in determining where
CIRF(s) for the CV-22 should be located and what parts should be repaired at a CIRF
versus at the base where the aircraft is stationed. This research study analyzed cost and
transportation time data to identify recommended CIRF locations. It also analyzed
historical failure and demand data for particular CV-22 parts to determine which parts are
candidates for CIRF repair and what stock levels should be established at the bases so

that parts are available to repair the aircraft while the CIRF repairs failed parts.
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OPTIMAL CV-22 CENTRALIZED INTERMEDIATE REPAIR FACILITY
LOCATIONS AND PARTS REPAIR

I. Introduction

1.1 Background

The CV-22 “Osprey” is a revolutionary new weapon system that is just now being
fielded by Air Force Special Operations Command (AFSOC). It exploits “tilt-rotor”
technology that allows it to fly like a standard turbo-prop fixed-wing airplane while also
maintaining the flexibility inherent in vertical take-off and landing like a helicopter.

Because the CV-22 is still a relatively new weapon system, some of the logistics
questions for the aircraft have not been answered. The AFSOC Directorate of Logistics
(A-4) asked the author to research two areas: 1) Where should centralized intermediate
repair facility(ies) (CIRFs) be established and 2) What parts and/or equipment peculiar
to the CV-22 should be repaired at a CIRF.

While much more background on CIRFs can be read in the literature review, it
would do well to define what a CIRF is here. A CIRF is an intermediate level of aircraft
repair. Most continental US (CONUS) USAF bases today are designed upon a “three-
level” maintenance concept. On-equipment maintenance is maintenance that is done
directly to, or on, the aircraft. Off-equipment maintenance requires taking the part off the
aircraft and is usually done using specialized equipment located in what is called
“backshops”, but still located at the main base. The final level is depot-level repair. In
this case, the part or equipment must be sent to an aircraft or parts depot for repair. There
are currently three main depots in the USAF: Tinker in Oklahoma City, OK, Ogden

located at Hill AFB, UT, and Warner-Robins, located at Robins AFB, GA.



CIRFs are not a new concept, and have been experimented with since the
inception of the USAF in 1947 (Gellar et al., 2004:4-5). In the CIRF concept, the “off-
equipment” maintenance requirement for certain pre-identified parts and equipment is
deleted at the main base, and instead, the parts or equipment are shipped to a centralized
repair facility for repair. Keep in mind, however, that this is not depot level repair. The
logistics involved is similar in that transportation costs, spares levels, and maintenance
pipeline repair times all have to be considered. The main goal is to have a more efficient
operation to repair parts. The secondary goal is to save money.

AFSOC has already begun implementing CIRF operations for several
components. For example, all CONUS based AFSOC C-130 engines are CIRF repaired
at Hurlburt Field, FL. Additionally, several avionics components from AFSOC aircraft

are also CIRF repaired at Hurlburt Field, FL.

1.2 Problem Motivation

The realities of today’s military, not just the USAF, demand that organizations
find new and better ways of doing business. Budgets are shrinking, man-power is being
reduced, and operations tempo is extremely high. One way the USAF aircraft
maintenance community can relieve all three of the above is using CIRFs. The
advantages of CIRFs are that you pool your manpower at one location. This achieves
two things. One, it reduces the cost of man-power. For example, you may have three or
more bases doing “backshop” maintenance with 80 people each. If you combine that
operation at a CIRF, you will not need all 240 personnel (80 personnel X three bases).
Instead, the efficiencies achieved by pooling your manpower will allow you to operate

the CIRF with much less personnel, therefore reducing the personnel cost. Secondly,



with USAF-wide cuts in man-power, this allows you to achieve the same level of repair
and readiness with fewer personnel by pooling your man-power at one location.
Additionally, CIRFs tend to be “steady state”, that is, they do not deploy forward. This
allows the option of hiring civilian maintenance technicians (either government or
contractor) to work in the CIRF, adding an even higher level of experience. Also, in the
three-level maintenance concept, the backshops deploy forward with the aircraft taskings.
By putting those backshop tasks at the CIRF, it reduces the operations tempo for those

personnel, required fewer personnel to deploy, and to deploy less often.

1.3 Problem Statement

As stated before, the AFSOC A-4 has asked the author to look into CIRF options
for the CV-22. In particular, they are interested in where CIRF operations should be
established, and what parts and equipment from the CV-22 should be repaired at a CIRF.
That being said, my research problem statement is: Where should CV-22 CIRF

operations be established and what parts and equipment should be repaired at a CIRF.

1.4 Research Objectives

The research objective is to provide AFSOC A-4 well researched, feasible options
for CV-22 CIRF operations. First, locations for CIRF operations will be analyzed using
several criteria. Currently, plans call for basing the CV-22 at three CONUS bases, two of
which are AFSOC bases. Cannon AFB, NM and Hurlburt Field, FL are both AFSOC
bases. Kirtland AFB, NM is an AETC base, but it too has CV-22s and is the training

base where all AFSOC CV-22 operators will train. The two main variables of interest for



this are costs to transport the parts requiring repair, and time required to transport the
parts being repaired to and from the CIRFs.

Secondly, parts and equipment that are good candidates to be repaired will be
identified. The author will use historical data on which parts and equipment have broken
on the aircraft. The author will also analyze previous research performed on CIRF
operations to assist in recommending which parts and equipment should be CIRF

repaired.

1.5 Scope

The scope of this research project will focus only on AFSOC CV-22s. Research
on CIRF locations will focus on locations that have, or will have, CV-22s based at them.
Research on parts and equipment will focus only on CV-22 peculiar items, and items that

meet the criteria described under the research objectives above.

1.6 Implications

This research can be used by decision makers at AFSOC A-4 to select a location
for CIRF operations that is both economical and maximizes operations readiness. More
importantly, this decision can be made early in the fielding of this new weapon system,

precluding expensive reorganizations later.

1.7 Preview

This research paper is organized as follows. Chapter Il reviews the relevant

literature. Chapter I1l summarizes the methodology used in answering the research



problem. Chapter IV presents the findings and analysis of the research. Finally chapter

V provides conclusions and makes recommendations for future research.



Il. Literature Review

2.1 Introduction

Due to the scope of this research project, there are two main areas of interest that
must be studied to fully grasp the context of this problem. First of all, one must
understand the CV-22. The CV-22 is a revolution in aviation technology and is just now
beginning to be fielded by AFSOC. In order to understand the complexity of this
research problem, one must understand the complexity of this weapons system, its
history, and its missions. Secondly, one must understand CIRF operations. The
dynamics of operations, logistics, and command and control (C2) that is required to
efficiently and effectively operate CIRFs must be researched. By understanding the
complexity of both the aircraft and the CIRF repair operations, recommendations can be
made for where and what parts should be repaired at a CIRF facility.
2.2 Development of the CV-22 “Osprey”

The CV-22 Osprey is a tilt-rotor aircraft capable of vertical or short take-off and
landing. It combines the speed of a conventional turbo-prop aircraft with the flexibility
of a helicopter. Itis currently in use by the US Marines as the MV-22 and USAF as the
CVv-22.

The tilt-rotor concept is not new. Bell helicopter engineers first began to develop
the concept in the early 1950’s. They developed the XV-3, the first tilt-rotor research
vehicle. The XV-3 first flew in 1955 and in December 1958, successfully converted from
helicopter mode to airplane mode, showing that tilt-rotor capability was feasible. During

the XV-3’s testing cycle, the aircraft made 250 test flights and 110 conversions and



reconversions. Despite these successes, the aircraft suffered from multiple problems,

mainly in the areas of flight controls, aircraft structure, and engines.

Figure 1: The XV-3 (US Air Force Photo)

As technology advanced, the concept was reexamined in the 1970’s. The US
Army and NASA contracted with Bell Helicopters to build a second tilt-rotor
demonstrator. This aircraft was designated the SV-15. Two were built, and first flights
were conducted in May 1978 with successful conversion to airplane mode occurring in
July 1979. The program’s success led to the development of the Joint Services Advanced
Lift Aircraft (JVX) program designed to produce a medium-lift tilt-rotor aircraft for all
four services (Currie, 1999:6-7).

In 1981, the US Army was named the executive agent for the JVX program.
However, in 1983, the Army decided that they did not have a need for such an aircraft
and backed out of the program. The US Navy was then named executive agent. It was
then that the aircraft was given the designator “V-22”. The V-22 first flew in 1989, but
the then Secretary of Defense (SecDef), Dick Cheney, canceled the program arguing that

tight budget constraints required funds to be prioritized elsewhere. Congress stepped in,



however, and in 1990 required the Department of Defense (DoD) to continue research
and development. In 1991, Congress authorized funding for the USAF version of the
V-22 (Settergren, 2000:8).

Unfortunately, the VV-22 program has been plagued with multiple problems during
its development history in the last 27 years. Safety of flight and maintenance concerns
have hounded the program, including multiple accidents, three of which were fatal
(Bolkom, 2006:4-5).

The V-22 program came under increased scrutiny in 2000 when an anonymous
letter was mailed to the media claiming that the US Marine maintenance squadron
commander had directed mechanics to falsify maintenance records to make the V-22’s
maintainability seem better than it was. The commander admitted this in January 2001
and was relieved of command. An independent investigation by the DoD Inspector
General (IG) found that misconduct was committed by three Marines, two of which were
reprimanded. In April 2001, a Blue Ribbon panel was convened by the SecDef to review
the entire VV-22 program. This panel recommended that the program continue despite
concerns about the reliability and operational use of the aircraft, avoiding a possible
termination of the program. In 2005, the V-22 program was finally approved by the DoD
Acquisition Board for military use and full rate production (Bolkom, 2006:6-7, 10).

2.3 Technical Aspects of the CV-22

In order to understand the scope of this research project, it is important to
understand the technical aspects of the CV-22. The CV-22 is a highly advanced aircraft,
utilizing state-of-the-art technology in avionics, engines, and aircraft structures. The

aircraft is powered by two Rolls Royce-Allison AE1107C turboshaft engines capable of



6,200 shaft-horsepower (shp) each. Additionally, the aircraft incorporates the latest in
avionics technology. The aircraft is equipped with an AN/APQ-174 multi-mode radar
that has terrain following/terrain avoidance (TF/TA) capability for low level flight. The
aircraft also has the AN/ALQ-211 integrated radio-frequency (RF) countermeasure suite.
For low light/low visibility operations, the aircraft is equipped with an AN/AAQ-16

forward looking infra-red (FLIR) system (Currie, 1999: 43-45).

Figure 2: The CV-22 Osprey (US Air Force Photo)

2.4 Centralized Intermediate Repair Facility (CIRF) History and Concept

The CIRF concept has been around for over 60 years. The USAF has at times
embraced the centralized concept of aircraft maintenance (embodied by CIRFs), and at
other times opted for decentralized maintenance, meaning a preponderance of
maintenance actions take place at base-level. Centralized maintenance calls for multiple
units and/or bases to utilize one or more intermediate maintenance facilities to support

“off-equipment” maintenance, that is, repair of equipment/parts that must come off the



aircraft to be performed. The Rand Corporation, which has done multiple logistics

studies for the USAF, refers to these as Forward Support Locations (FSL) (Gellar et al.,

2004:4-5).

other simple
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Figure 3: lllustration of the CIRF (FSL) Concept (Gellar et al., 2004:9)

Shortly after the USAF became an independent service in 1947, it found itself

fighting its first war on the Korean peninsula. During the war, the USAF established

what was called Reach-Echelon Maintenance Combined Operations (REMCOs) in Japan.

These operations were essentially CIRFs, providing off equipment maintenance for

aircraft operating in Korea. This concept proved very successful, with units supported by

REMCOs having better mission capable rates, fewer aborts, flying more hours, and fewer

accidents compared to units who continued to operate in the decentralized concept.

However, the USAF in 1958 decided to opt again for decentralization, moving virtually

all maintenance assets (people, parts, supplies, etc) under the base commander’s authority

(Gellar et al., 2004:18-19).

10



During the Vietnam conflict, the USAF again experimented with centralized
maintenance. The USAF conducted a test code-named “Pacer Sort”. The Air Force used
an F-4 fighter wing located at Cam Ranh Bay as a test bed. The test found centralized
maintenance to have many benefits, including that both the centralized and decentralized
test subjects fared well. However, other analyses concluded that the results were not
clear enough to warrant centralized maintenance, and the Vice Chief of Staff of the
USAF directed that maintenance would continue under the decentralized concept.

Experiments with CIRF operations continued throughout the 1970s, including
studies done by US Air Forces Europe (USAFE), studies done by the Rand Corporation,
and even by Strategic Air Command (SAC). However, none were conclusive enough to
warrant full implementation of CIRF operations. In more recent times, CIRFs were stood
up for Operations DESERT SHIELD/STORM and Operation NOBLE ANVIL (Serbia)
(Gellar et al., 2004:21-30).

In fact, as recently as 1988, studies seemed to show that CIRFs were not as
effective as decentralized maintenance in sustaining combat capability. In 1988, Hunt
performed a research study on CIRFs’ impact on combat capability. In his study, Hunt
found that CIRFs negatively impacted combat capability. Hunt stated “the sustained
scenario results vividly depict the negative impact of centralization. Over time aircraft
availability declines and reveals the relative advantage for organic JEIM” (1988:92).
JEIM is Jet Engine Intermediate Maintenance.

As the USAF began to experience more and more expeditionary operations, while
at the same time dealing with a large reduction in manpower during the restructuring of

the 1990s, the USAF again looked to CIRFs as a manpower and deployment “footprint”

11



savings option. The USAF conducted another test in 2000 to see how CIRF operations

would affect aircraft operations in Southwest Asia (SWA). Utilizing many

recommendations from a previous Rand study, the USAF established a Regional Supply

Squadron in USAFE to provide enhanced C2 to CIRF operations. During this study time

frame, Operation ENDURING FREEDOM began as a result of the terrorist attacks of

September 11, 2001. The results were clear, the CIRF concept had matured to a point

where it could effectively support peacetime, and more importantly, major theater war,

operations. A clear savings in manpower and equipment deployed coupled with effective

support to units “down range” showed that the CIRF concept could work (Gellar et al.,

2004:53-60).
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2.5 CIRF Research Studies

The above information shows that CIRF operations are feasible, but should every
part that comes off an aircraft be sent to a CIRF? A review of relevant literature shows
that there are three major aircraft sub-systems that are candidates for CIRF. They are
engines, some avionics, and pods (electronic warfare, targeting/navigation, etc.).

An interesting study was conducted on USAF Low Altitude Navigation and
Targeting Infra-Red for Night (LANTIRN) pods. These are high demand assets used on
F-16s and F-15Es that are a requirement for today’s precision strike missions. At the
time of the study, current policy was to decentralize the maintenance. Each unit had its
own testers, tools, and equipment, and deployed with those assets. This test was
conducted to see if acceptable levels of in-commission rates could be attained using
CIRFs. As the authors noted, “the decision to centralize or decentralize...hinges not on
the expected system cost but on the capability and risk levels the Air Force is willing to
accommodate in its operations plans (Feinberg et al., 2000:6). The authors concluded
that a networked system of FSLs and CONUS based support locations (CSLs) could
support LANTIRN operations. However, the USAF must recognize that transportation is
the chokepoint. If transportation is delayed, mission effectiveness degrades rapidly. The
authors also warned that centralizing maintenance in one location also brings with it the
inherent risk of enemy attack, and could be a single point of failure (Feinberg et al.,
2000:7,40).

In that same vein, another study was conducted by Peltz et al. on repair options
for F-15 avionics. Similar in the above study, this one was designed to test whether

centralized maintenance had an effect on mission readiness of deployed F-15 avionics.
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The impetus for this study was a serious decline in personnel retention in the F-15
avionics career field. The deployment burden had become such that people were “voting
with their feet” and leaving the service. Additionally, avionics test equipment is very
sensitive and requires a large amount of airlift to transport all the equipment to the
forward operating location. Additionally, many units deployed with only one “string”, or
set of avionics equipment. That meant if that one set went down, the entire process was
dead in the water. The authors of this study concluded that centralizing F-15 avionics
maintenance for a major theater war would save 43 C-17 equivalents of cargo. In this
study, the authors concluded that the optimal support solution would include four FSLs
(AKA CIRFs) and one CSL (located at Seymour Johnson AFB, NC). However, like the
LANTIRN pod study, the authors cautioned that transportation delays would seriously
hamper the war effort. To offset this possibility, the authors recommend “a one time
increase in spare parts for the supply pipeline” and cautioned “the risk may increase as
customs regulations or the remoteness of the operating locations increase” (Peltz et al.,
2000:xv-xix).

Amouzegar et al. in 2002 conducted a study for the USAF on centralizing
maintenance on aircraft turbofan engines. This study is very interesting because aircraft
engines are entirely different animals from avionics and pods. Most pods and avionics
boxes are relatively small, with several assets able to be placed on a single 463L pallet.
Engines are large, very sensitive components that require special handling, preparation,
and require at least a whole pallet space on an aircraft (Amouzegar et al., 2002:7).

The researchers in this case used simulation modeling to conduct their test. Using

maintenance data from USAF maintenance information systems (MIS), the researchers

14



ran simulation models for F-15 F100-229 and F100-220 engines, F-16 F100-220 engines,
and the A-10 TF-34. Overall, the researchers found that CIRF operations had as good or
better maintenance effectiveness that any of the other options tested. The other options
the researchers tested against were the basic decentralized maintenance method while
deployed (DecDep), home station operations, and CSL. For the A-10’s TF-34 engine, the
researchers found that because the good reliability of this engine, CSL operations could
probably support this engine. A good illustration of the CIRF’s effectiveness is the F100-
229 simulation model. The F100-229 engine is one of the newest engines in the
inventory used on F-15E aircraft. In this case, CIRF operations outperformed any of the
other operations, as depicted in Figure 5. Decentralized-deployed operations did match
CIRF operations, but only after 100 days in theater (Amouzegar et al., 2002:19, 34-35,

42).

—— DpcDep
| - - Hnme
| =—=— FSL

Serviceable spares

Figure 5: F100-229 Spares Performance for all Alternatives for the F-15 FOL
(Amouzegar et al., 2002:35)
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A key theme keeps running through these studies. That theme is transportation.
Without reliable, available, and prompt transportation, combat capability of deployed
units suffers heavily. In 1997, Condon and Patterson conducted a study to compare
organic military airlift cargo movement with that of commercial express carriers (in this
case, Federal Express, better known as FedEx). The researchers concluded that FedEx
did deliver cargo faster than military organic airlift, with a mean difference in the
samples of approximately 3.5 days (Condon and Patterson, 1997:29). Transportation is
the key factor in the success or failure of CIRF operations.

2.6 Summary

This review of relevant literature has covered the history, concept of operations,
and technical aspects of the CV-22. Additionally, the history and concept of operations
of CIRF operations was analyzed. By understanding these two focus areas, educated

research can now be performed.
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I11. Methodology

3.1 Introduction

This chapter describes the research methodology for selecting CV-22 CIRF
locations and what parts and equipment should be repaired at a CIRF. These are two
separate research challenges to tackle. The first is where the CIRF should be located.

The second is what parts and equipment from the CV-22 should be CIRF repaired.

3.2 Assumptions

There are several key assumptions in this study. The first assumption is that CV-
22s will only be based at the three locations listed below:
1. Hurlburt Field, FL
2. Cannon AFB, NM
3. Kirtland AFB, NM
The second assumption is that transportation will be readily available. The third
assumption is that the time it currently takes to repair a CV-22 part will stay constant, and
will not vary when repaired at the CIRF. The fourth assumption is that the mean-time-
between-failure will remain constant, and not degrade over time (repairing the same asset
multiple times over X years). The next assumption is that the current maintenance data
available for the CV-22 can be applied to the future fleet size and operational
requirements. Another assumption is that the infrastructure necessary to do CIRF
operations exists at each base. The final assumption is that transportation times and costs
will remain constant, that is, shipping a part in May will take the same time and cost the

same as shipping a part in September.
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3.3 Methodology and Data Analysis for the Location of the CIRF

The optimal location of a CIRF is a balance of cost and transportation time.
Transportation cost data and transportation time data obtained from commercial carrier
websites were used to calculate these costs and times. Only commercial ground
transportation was studied because all transportation will occur within the CONUS. In
general, if there was a conflict between the cost and the speed of delivery, the speed of
delivery was considered more important than the costs of delivery due to mission
readiness issues. Transportation costs are secondary to mission readiness.

For this study, three different reparable types of equipment were used to
determine optimal locations for the CIRF. First, the engine for the CV-22 was used.
Secondly, a 150 pound avionics component was used to simulate larger avionics
components. Lastly, a 50 pound avionics box was used to simulate smaller avionics
components. Each item was simulated arriving at the CIRF in two different ways. The
first way was simulating the item arriving from an overseas location to the CONUS at a
port. The ports used for this study were Dover AFB, DE, and Travis AFB, CA. These
two ports are the primary military ports of entry from the east coast and west coast,
respectively. Secondly, each item was analyzed using shipping information between the
potential CIRF locations (Kirtland AFB, NM, Hurlburt Field, FL, and Cannon AFB,
NM). This would simulate the items moving from CONUS based locations to the CIRF.
By doing this, it gave a complete cost picture of how much time and money it would cost
to ship the items coming from overseas and between the CONUS bases.

The cost and time data was garnered from freightcenter.com. This website allows

you to put in the exact criteria for the item you need to ship, including shipping class and
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exact origin and destination. Once you inputted this information, it would give you
quotes from 10 to 16 different shipping companies (depending on the item) for both cost
and time. The costs for each company and the times for each company were averaged to

provide a consistent, average cost in time and money to ship each item.

mies 8 Freight Companies - FreightCenter.com - Windows Internet Explorer

fwww.freightcenter.com/QuickQuoteReview.aspx

qtes  Tools Help

Trucking Companies & Freight Compani... l_| - - Eé:} i
. Questions? Need a Quote? Call Now!
Q reightCenter e

Free Freight Quote Freight FAG About Us Contact Us

Wednesday, April 22, 2009 12:49 PM

cALL 300.71 6.7608 TO BOOK Starting =t 32544, Hurlburt Field, FL from = Business with Dock or Forklift

Or Create An Account to book your shipment online.

88101, Clovis, NM from = Business with Dock or Forklift

Youll also be able to save quotes, and much more. == of 92.5, weighs 150lbs

0Old Dominion Freight Line 4 business days $154.57 Cl SAVE

YRC (Yellow Roadway Corp) LTL 4 business days %$190.00 Cl SAVE

R + L Carriers 3 business days %$211.12 Cl SAVE

R + L Carriers “Guaranteed™ 3 business days $233.35 Cl SAVE

R + L Carriers *Guaranteed AM™ LTL 3 business days %242 .67 Cl SAVE

MNN

YRC ~*Time Critical P.M. Deliverv™ LTL 4 business davs $248. 90

SAVE

& Internet | Protected Mode: On

[T ||

Figure 6: Results for Shipment Costs and Times from freightcenter.com
This averaged data was inputted into a linear programming model simulating two
criteria. The first was the cheapest cost. The second was the fastest time. The figure
below shows an example of the linear programming model used to simulate shipment of
50 engines from the ports to the three potential CIRFs. The number 50 was a random

number used for simulation in the models.
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Figure 7: Sample Linear Programming Model for Aircraft Engines

In this case, it is apparent that it was both cheaper and faster to ship the engines
from the ports to Hurlburt Field, FL. These models were run for each of the three items

simulating cost and time from both the ports and between the bases.
3.4 Methodology and Data Analysis for Parts and Equipment for CIRF Repair

The parts and equipment for CIRF repair were analyzed using several factors.
First of all, previous studies regarding CIRF operations were studied for
recommendations on which parts to be CIRF repaired. Secondly, historical data on part
failures including numbers of failures and mean time between failures were analyzed to
determine optimal spares allocation at the base level.

Based on the literature review, three items were considered for CIRF repair.
These were aircraft engines, avionics components, and aircraft pods (targeting pods,

electronic warfare pods, etc.). Based on this previous research, the information received
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from HQ AFSOC regarding the number and types of aircraft parts failures was analyzed
to determine which of these parts fell into the categories above (engines, avionics, pods).
From this research, 29 different components were identified as being potentially
CIRF repairable. The historical break rate data for each of these parts was analyzed and
forecasted demand was based on an average of the 18 months of data available. This data
was then inputted into an Excel model along with data on order and ship time (OST) and
service level rate to compute safety stock and reorder points for each item. Based on the
results of these models, recommendations were made on stock levels for each part at the

bases the CV-22 would be stationed.

3 Goto Office Live Open~ | Save~
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Figure 8: Excel Model for Safety Stock and Reorder Point for Engines
The service level rates for these models were set at .95. OST was derived from
information provided by the 27th Special Operations Logistics Readiness Squadron at
Cannon AFB, NM. If the average demand per month and reorder point information were
fractions, they were rounded up to the next integer. For example, if the reorder point

came out to be 3.06 engines, like in the figure above, it was rounded up to four engines.
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3.5 Data Sources

Data sources for this study mainly came from two sources. The historical data for
the parts and equipment, including number of times a part breaks and mean time between
failure came from analysts at Headquarters AFSOC.

Data for transportation times and costs were derived from requesting price quotes

from commercial carriers via the internet.

22



IV. Results and Analysis
4.1 Introduction

For this study, six linear program models were run to determine the optimal CIRF
locations based on cost and transportation time. For engines, the model was run once to
simulate engines coming from the ports, and a second time to simulate engines being
transferred between the three bases of interest. For the 150 pound and 50 pound avionics
components, the same scenarios were run.

Once the 29 aircraft parts to be studied were identified using the literature review
of previous studies, the safety stock and reorder point Excel models were run for each
one. This obviously totaled 29 different models.

4.2 Linear Program Models for Optimal CIRF location

The results of the linear program models for the aircraft engines showed that it
was faster and less expensive to ship the engines to Hurlburt Field, FL from both the
ports and between the bases. Each engine averaged $958 and 4 days to be shipped from
the ports to Hurlburt Field and $1015 and 3.5 days to be shipped to/from Cannon AFB
and Hurlburt Field. In the chart below, it should be noted that X1 is Hurlburt Field, X2 is
Cannon AFB, NM, and X3 is Kirtland AFB, NM. HRT, CVS, and ABQ are the airport
codes for each the bases, respectively. The number 50 is a random number used in the

linear programming model to simulate the number of engines needing to be shipped.
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Figure 9: Linear Programming results for Engines from the Ports
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Figure 10: Linear Programming results for Engines Between the Bases
Based on these results, it is recommended that the engine CIRF be located at

Hurlburt Field, FL.
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The results for the 150 pound avionics components showed that it was faster and
cheaper to ship the items from the ports to Kirtland AFB, NM. It was cheaper to ship the
components to Kirtland AFB from Hurlburt Field, but it took slightly longer to ship the
components to/from Hurlburt to Kirtland than to Cannon (3.5 days vs. 3.7 days). The
average cost to ship the items from the ports to Kirtland was $222 and the average cost to
ship the components to/from Hurlburt was $526. The average times were 3.5 days from
the ports and 3.7 days to/from Hurlburt Field. Although this time of 3.7 days was slightly
longer than the 3.5 days it would take to ship the item to Cannon, it is recommended
based on three of the four criteria favoring Kirtland AFB that the 150 pound avionics
CIRF be located at Kirtland AFB, NM.
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Figure 11: Linear Programming results for 150 pound Avionics from the Ports
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Figure 12: Linear Programming results for 150 pound Avionics Between the Bases
The results of the 50 pound avionics components showed again that it was faster
and cheaper to ship the components from the ports to Kirtland AFB, and that it was
cheaper to ship the components to/from Hurlburt Field to Kirtland AFB. However, once
again, it was slightly longer to ship the items to/from Hurlburt and Kirtland AFB than to
Cannon AFB (3.5 days vs. 3.7 days). Based on three of the four data points favoring
Kirtland AFB over Cannon, and the small difference in time (.2 days), it is recommend to

CIRF the 50 pound avionics components at Kirtland AFB, NM.

26



Ve - e

I B C D E F S
1 |Let ¥1 = Hurlburt Field S5T:
2 |Let X2 = Cannon AFB X1 + X2 + X3 =50
3 |Let X3 = Kirtland AFB
4 |MIM 2468X1 + 2412 +222X3 (Cost)
5 [MIM 41 + 4X2 + 3.5X3 (Time)
5]
| 7 | [
8
9 |Min Cost
10 HRT CWV5S ABQ
11 |[Mumber to Ship | i o A o K 50 = Totals
12 Unit Cost 229 234 215 10731
13 | Unit Time (days) 4.0 4.5 3.5 175
14
15
16
17 | Constraints Used Available
18 501b Pkg 1 1 1 50
19
20
21 |Min Time
22 HRT CWsS ABQ
23 [Mumber to Ship | o S o Y 50 i Totals
24 Unit Cost 229 234 215 10731
25 | Unit Time (days) 4.0 4.5 3.5 175
26
27
28
29 |Constraints Used Available
30 501b Pkg 1 1 1 50 1 510
31

4 4 +» w[ Eng 150 7% 50, Eng HRT 2 CVWS+ABQ 4 150 HRT 2 CWS+ABQ S0 HRT 2 CWS+ABQ 4 Matrix

Figure 13: Linear Programming results for 50 pound Avionics from the Ports
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Figure 14: Linear Programming results for 50 pound Avionics Between the Bases

It should be noted, however, that in almost all the models, the times and costs

were not that drastically different. For example, the cost to ship the 50 pound avionics
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components to/from Hurlburt to Cannon was only $3 more than to ship it to Kirtland

AFB. Management decisions based on infrastructure at each base and mission

requirements could favor another base other than the one recommended without a large

impact in cost and/or time.

4.3 Excel Models for Optimal Safety Stock and Reorder Points for Each Part

As stated earlier, there were 29 parts identified as candidates for CIRF repair.

These items are:

Engines

Mission Computer

Multi-Mission Tactical Terminal

Intercom Control Unit

Direct Infrared Counter Measure System
(DIRCM)

Radios

Suite of Integrated Radio Frequency
Countermeasures (SIRFC)

Global Positioning System (GPS)

Radar

Radar Altimeter (RALT)

Forward Looking Infrared System (FLIR)

Lighting Control Panel

Tactical Electronic Warfare System
(TEWS)

Nose Wheel Assembly

Full Authority Digital Engine Control
(FADEC)

Main Wheel Assembly

Blade Fold System

Landing Gear Control Panel

Drive System Interface Unit

Main Landing Gear

Gearbox

Nose Landing Gear

Proprotor Control System

Anti-Ice System

Electronics Display Unit (EDU)

Flight Control Computer

Interface Unit

Environmental Control System
(ECS)

Digital Interface Receptacle Unit

The Excel model was run on each of the parts. Each part was evaluated on its

historical demand rate and individual OST. The chart below is the aircraft engine Excel

model.
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Figure 15: Excel Model for Safety Stock and Reorder Point for Engines
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The historical demand was derived from the data HQ AFSOC Analysts provided.

It covered an 18 month period from February 2007 to July 2008. The numbers

underneath each month are the demand for that month. For example, it can be seen that

two engines were demanded in May 2007 and six were demanded in May 2008. The

forecasted need was based on an average monthly demand over the 18 month period. For

example, 25 engines were demanded over the 18 month period. This comes out to 25

divided by 18 which equals 1.3889. All fractions were rounded up to the next highest

integer, thus the forecasted demand was two. The service level was set at .95 for all the

different items. Based on the service level and the forecasted demand, the model

computed the safety stock and reorder point levels. The base stock level recommendation

was that number rounded up to the next integer. In this case, 3.06 engines were the

reorder point. Since you cannot order .06 engines, this was rounded up to four. The

cargo preparation time (packing, wrapping, moving the item to the transportation dock,
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etc.) and transportation time were summed to provide the total OST. The preparation

time was derived from data provided by the 27th Special Operations Logistics Readiness

Squadron. In the case of engines, it was two days. For the avionics components, it was

one and a half days. The OST was then used to compute the lead time demand, which

was used to compute the safety stock and reorder point levels.

The base stock level recommendations are as follows:

Item

Base Stock Level

Engines

4

Multi-Mission Tactical Terminals

Direct Infrared Counter Measure System (DIRCM)

Suite of Integrated Radio Frequency Countermeasures (SIRFC)

Radar

Forward Looking Infrared System (FLIR)

Tactical Electronic Warfare System (TEWS)

Full Authority Digital Engine Control (FADEC)

Blade Fold System

Drive System Interface Unit

Gearbox

Proprotor Control System

Electronics Display Unit (EDU)

Interface Unit

Digital Interface Receptacle Unit

Mission Computer

Intercom Control Unit

Radios

Global Positioning System (GPS)

Radar Altimeter (RALT)

Lighting Control Panel

Nose Wheel Assembly

Main Wheel Assembly

Landing Gear Control Panel

Main Landing Gear

Nose Landing Gear

Anti-Ice System

Flight Control Computer

Environmental Control System (ECS)
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V. Conclusion and Recommendations
5.1 Introduction

This section provides concluding remarks for this research project and
recommendations for future research.
5.2 Conclusion

No doubt, CIRF repair operations are becoming more and more important to the
US Air Force logistics enterprise. The military can no longer afford to enjoy having full
repair capabilities at every base. Manning authorizations are shrinking as are budget
levels while at the same time deployments and other taskings are increasingly taking a
toll on the manpower that is available.

Previous research and actual CIRF operations already in place show that CIRFs
can be efficient and effective alternatives to base level repair capabilities. It is already
common in the Combat Air Forces (CAF) and AFSOC to CIRF engines and avionics.
This research project took that data and applied it to CV-22 specific activities. Based on
the results of this study, AFSOC leadership can now make an informed decision about
what to repair at CIRFs and where to locate their CIRFs. More importantly, AFSOC
leadership can take the tools used for this study and manipulate them to changing
situations. If additional components are added to the CV-22 (pods, for example), these
can easily be analyzed using the tools provided in this study. Also, as the CV-22 matures
as a weapons system and components break at different rates than they do now, that data

can also be inputted into these tools to compute new requirements.
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5.3 Recommendations for Future Research

As alluded to in the conclusion, changing situations with the CV-22 can easily be
analyzed using the tools presented in this research project. Additionally, as new
technologies come to fruition, other components that are not currently feasible to be
CIRF repaired may become candidates for CIRF repair. Additional studies should be
undertaken to analyze other aircraft in the military arsenal to identify new and creative
ways to become more lean in their operations. The F-22 and the F-35 are just two
weapon systems that are new to the US Air Force arsenal that could be studied to
determine optimal CIRF locations and candidate parts for CIRF repair. For example, the
F-22 is or will be based at six locations: Tyndall AFB, FL, Langley AFB, VA, Edwards
AFB, CA, Holloman AFB, NM, Elmendorf AFB, AK, and Hickam AFB, HI. There is a
great opportunity to identify F-22 specific components for CIRF repair and determine the

optimal location(s) to repair those items.
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APPENDIX A: Excel Models for Each Component
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4 2 2 4 2 1 1 2 2 1 b 1 12
4
6| leattmefmonisy | 0183331 Ay DEsONONTH 13689
1 Service level 093
§ Formulas Comments
9 Lead fime demand: 2 SUNT4VE) Summing the forecasts
10| Standard Daviaton: 16050  STORV(B4S4)  Deviation in the past demand
11 Seice factor 1.6440  NORMSNV(DT)  Inverse ofthe normal distibution
12 Leadfims factor 0.4282 SORTDE)  Sauare rootof lead-time o forecast rafo
13 Safety siock 10600  DAODITD12  Combining factors
14| Reorder point 3.0600 03013 Lead time demand + safety stock
15
18
17
18
9 RO 2 s 4 |
0| TRANSTHE| 35 BASE STOCK = REORDER POINT ROUNDED UP TQ NEXT HIGHEST INTEGER
21| TOTALOSST| 65
2
pal
Table 1. Excel Model for Safety Stock and Reorder Point for Engines
S i v
F6 - fe
] C ] 3 F G i I K L i N 0 p Q R g T U \T
1 PART: MULTI MSN ADV TACT TERMINAL =
2 Demand History Forecasted eeds
3 Feb07 | M7 | Ape07 | Mayd7 | Jun07 Juk07 | Aug-07 | Sep-07 | OchOT | Mov-07 | Dec-07 | Jan-08 | Feb-08 | Mar-08 | Apr-08 | May-08 | Jun-08 | Jub03 | Aug-08
4 0 ] 0 0 1 0 0 ] 1 0 2 0 0 1 2 0 0 1 1
4
8 Leadtme(nonhs) | 0166667 sDEnaooNT:| 0 4444
1 Senvic kvel 083
§ Formulas Comments
9 Leadtime demand: 1 SUNMT4VY) Summing the forecasts
10| Standard Devition (.7048)  STOEV(B4S4)  Deviafion i the past demand
11 Sarvice facior 16449)  NORMSNVIOT)  iverse of the nomal distrbuton
12 Lead tim fachor (.4082 SORT(DS)  Square oot of leac-tme to forecast rafo
13 Safelystock 04733 DIODIED12  Combining factors
14 Reorder point: 14733 0813 Les ime demand + safety stock
15
18
17
1 wemE 15 bses] 2 |
1 TASTIE] 35 BASE STOCK = REORDER PONT ROUNDED UP TO NEXT HGHEST KTEGER
0| TOTALOSST| &
2
2

m

Table 2: Excel Model for Safety Stock and Reorder Point for Multi-Mission Advanced
Tactical Terminal
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 Goto Office Live | Open~ | Saver |

Y - fe
B C D E F G H I K L [ N 0 p Q R 5 T U \—

1 pad: DIRCM Y =
2 Demand History Forecasted leeds
3 Feb0T | W07 | Ape0T | Mayd? | Jun7 Q07| Aug07 | Sep-07 | OchOT | Mov-07 | Dec-07 | Jan-08 | Feb-D8 | Mar-0B | Apr-08 | May-08 | Jun-08 | Jub08 | Aug-08
4 0 ] 3 0 ) 0 3 ] 3 1 1 3 2 3 ) 0 5 Sl
4
6 Leadtmeimonis) | 0.16RRAT sve ey 22778
1 Service el 095
§ Formulas Comments
9 Leadtime demand: 3 SUMT4VY) Summing the forecasts
10 Standard Deviaton 27308  STOEV(B4S4)  Deviston inthe past demand
11 Sarvics fachor: 16440 NORMSNVIDT)  Iwerse of the normal dstrioution
12| Leadtime fachor (.4082 SOAT(DS)  Square rootof keac-tme to forecast rafio
11 Safetystock 18308)  DiCDIT012  Combiing factors
14 Reorder point: 45308 0%:013 Lead time demand + safety stock
15
16
17
18 mee 15 beseswe] 5 |
1 TRMGSTME] 35 BASE STOCK = REQRDER PONT ROUNDED UP TO NEXT HIGHEST WTEGER
20 TOTALOSST] B
2
2
pA]

Table 3: Excel Model for Safety Stock and Reorder Point for DIRCM System

1 Goto Office Live | Open» Saver |
o k

8 ¢ 0 | E] F | 6 | # Pl el v fofeloalrl s 1] 0] v
pART: SIRFIC -

1

2 Demand fistory Forecasted Heeds
30 Rebl | Mae0T | ApedT | Myl | dnl7 | D07 | Awgd7 | Sep7 | Och7 | Nowd7 | Decd7 | JandB | Febe08 | Mer-0 | Ape08 | May-08 | Jun-08 | JuH3 | Augl8
4

5

>

0 1 1 | Z 0 2 EI 3 | 4 1 J 4 0 o2

6 Leadtie (mons) | 0.166667 AlG DEMANDMUNTH' 12178
T Senice el 095

§ ‘ formuss ~ Comments

§ | Leadfime demand: 2 SUNTEVY  Sumin e forecasts

) Sadwdlevition | 13198  STOFVIB4SY)  Devisfoninthe past demand

11 Senie fachor 1.6440)  NORMSIVIDT)  verse ofthe normaldisrufion
10 Leadting fachor 0082 SORTER)  Souere ootofleaddime b forecast
1 Sefysock 08662  DHODAPORZ  Conbinng fachrs

14 Reorder puint 20062) 093 Leadfme demand + seleyshock
15
16
1
B HeE 15 s 3 |

19 TRANSTHE| 35 BASE STOCK = REORDER POINT ROUNDED UP TO NEXT HIGHEST INTEGER

A TOL08T &
2

Table 4. Excel Model for Safety Stock and Reorder Point for SIRFIC
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9 Goto Office Live | Open+  Saver |

0 f

] L 1] E F G f l K L I N M P ! R 5 T U VT
1 pART: MULTI MODE RADAR =
2 Demand History Forecasted Needs
oOReT | a7 | Ape | MayT | 7l | Awgd7 | Sepd7 | OctD7 | Nowd7 | Decd7 | JanD8 | Feb-DB | Nar08 | Apr08 | May08 | Jun0§ | Ju-0B | Augd8
4 1 I 1 3 2 1 l 2 0 0 4 1 1 1 2 i B 2
4
6 Leadiime (monhs). | (0.1AB667 AVG DEI.IAND/MONTH' 1.555
T Senice kvel 0.95
§ Formulag Comments
9 | Lead fime demand: 2 SUMTEVE)  Summingthe forecasts

10 Standard Deviio: 16520)  STOEV(B4S4)  Deviation i the past demand
11 Senvice fachor 1.6449)  NORMSIV(DT)  verse ofthe nomal dtrbufon
12 Lead fie fachr 04082 SoRTDS)  Square rootof lescime t forecastrato

13 Safdysiock 11009) D012 Combining facors

14 Reorder point 31099 09:013 Lead fime demand + saefy siock

B

1

i

18 RETIE 15 usese| 4 |

19 RASTIE] 35 BASE STOCK = REQRDER PONT ROUIDED UPTO HEXT HIBHEST NTEGER | I|
20 TOTALDSST| 6

2

"

Table 5: Excel Model for Safety Stock and Reorder Point for Multi-Mode Radar

B9 »  f BASESTOCK =RECRDER POMT ROUNDED UPTO NEAT HIGHEST INTEGER

B ¢t | 0 el Pl e kel wmlw]olrloln][s]nlu]
PART: FLIR

1

2 Demand History Forecasted Needs
3o Feb0r | MaeT | ApeT | Nayd7 | Jun0T | kDT [ Aug7 | Sep07 | OctO7 | Mov-D7 | Dec07 | Jan-08 | Feb-08 | Mar-08 | Apr-0B | Nay-08 | JunlB | Ju0F | AugD8
4

L

0 0 ! 0 b 0 1 0 1 4 § 0 | 0 1 2 1 2

6 Leadtine(morths) | 0166667 AVG DEr.mNDiI.I[JNTHr 1333
T Senicelevet 0%

§ ‘ Formulas ~ Comments

9 | Lead time demand: J SUMTAVE  Sunmingthe forecasts

10 Standerd Deviton: 18471)  STOEV(B4S4)  Devision he pastcemand
11 Senvee faclor 16449)  HORMSKVIDT) e o the namel distrbuin
12 Lead fime facor 04082 SOATIS)  Square ootof eadHime fo forecast at

11 Safysik 12403 D012 Combining fctors

14 Reorder poit: 32403 08013 Ladfine demand + sty sock
15

16

1

BT 15 sk 4|

19 TRANSTHE| 35 BASE STOCK = REORDER POINT ROUNDED UP TO NEXT HIGHEST NTEGER I
0 ToALORT] §

il

2

b}

Table 6: Excel Model for Safety Stock and Reorder Point for FLIR
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) Goto Office Live | Open~ Saver |

B - fe

B C 1] E F G L | J K L [ N 0 p 0 R 5 T U V=
1 PART: TACTICAL EW SYSTEM =
2 Demand History Forecasted Needs
3 Feb07 | Mael7 | Ape07 | May07 | und7 JuHOT | Aug07 | Sep07 | OchO7 | Now-07 | Dec07 | Jan-08 | Feb-0B [ Mar-08 | Apr08 | May-08 | Jund8 | Jub02 | Augl8
4 2 2 1
:
6 Leatme (ronis): | 0.16G6ET7 AVGDERANONONTH 0,222
T Senicelevet 095
§ Formulas Comments
9 | Lesdtime demand: 1 SUNT4VE) Summing the forecasts
10| Standard Deviaton 0.0000]  STOEV(B4SY  Deviafion inthe past demand
1| Servies fackr 1.6440  NORNSNVD?T)  Inverse of the normal disirbution
12 Leadtime fachor 04082 SORTDE)  Sauare roof of lead-fim to forecast rato
13 Safely siock 0.0000]  D0DItD12  Combining factors
14| Reorder point 1.0000 03013 Lead fime demand + safety stock
15
16
17
18] PEPTIE] 15 lases] 1|
19 TRANSTHE| 3.5 BASE STOCK = REORDER POINT ROUNDED UP TO NEXT HIGHEST INTEGER
20 T0TALORST|
il
2
pal

Table 7: Excel Model for Safety Stock and Reorder Point for TEWS
) Goto Office Live | Open= Saver |
By - fv BASE STOCK = REQRDER PONT ROUNDED UP TO NEXT HIGHEST INTEGER

B el o JELT F T 6 [l o J o]l w]nlolrlalrls]t]u] vd
1 PART: FADEC -
2 Demand History Forecasted lieeds
3OFebT | Meed7 | Ape07 | May7 | dnd7 | WHT | Augl7 | Sepd7 | OckO7 | Nov07 | Decd7 | Jan8 | Feb-08 | Nar-08 | Apr-08 | May-08 | Jun-08 | JuIR | Augd8
4 3 0| 0 0| L I 2 2 0| | 0 | I 1
4
6 Leadtine (months | 016667 AV DEusonowTH 07778
T Senvielevet 0.95
§ ‘ Formulas Comments
9 | Leadtime demand: 1 SUMTAVY)  Summing the forecasts
10 Stondard Deviaton: 1.2154|  STORVB4S4)  Deviaion inthe past demand
11 Senvics fachr 1.6449|  NORMSIVIDT)  verss of e normel dsfrbution
12 Lead ims fachor 04082 SORTIB)  Square oot o eadkfime t forecast rafo
13 Safsysiock 08161 DIODAD42  Comoining factors
14| Reorder point: 18161 08:013 Lead fme demand + safety siock
18
16
1
18 pEPTIE] 15 BasEsT | 2
19‘ TRANSTIE| 35 [ASE STOCK = REQRDER PONT ROUNDED UPTO NEXT HIGHEST NTEGER
M ToALossT) 6

2l
P
i}

Table 8: Excel Model for Safety Stock and Reorder Point for FADEC
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) Goto Office Live | Open= | Saver |
B9 - f BASE STOCK = REORDER PONT ROUNDED UP TO NEXT HIGHEST INTEGER

B C | D el F Ll e T wl v okl v lwl v ol alr][s][ 1] uv ][ v
| PART: BLADE FOLD §Y$ -
2 Demand History Forecasted Needs
3 Feb07 | Mar07 | Ape07 | May07 | JunT JUHIT | Augd7 | Sep07 | Och07 | Now07 [ Dec07 | Jan-08 | Feb-08 | Nar-08 | Apr-08 | May-08 | Jun08 | Ju-03 | Aug-08
4 0 1 ] 3 1 0 ] 0 1 1 1 4 2 ] 2 0 2 2 2
4
6 Leadtire(months | 0168667 AV DEMAIDNOITH 11111
T Senicelevel 095
§ Formulas Comments
9 | Leadtime demand: 2 SUMT4V4) Summing the forecasts
10 Standard Deviaton: 11827)  STORV(B4S4)  Deviation n the past demand
1 Senvice factor 1,649 NORMSNVIDT)  verse of the normal difributon
12 Lead fime factor 0.4082 SORT(DS)  Sauare root of lead-time to forecast rafio
13 Safetysiock 0.7942  DWODI'M2  Combining factors
14 Reorder point: 27942 08013 Lead i demand + safefy stock
15
16
17
® meTE 15 s 3 |
19 TRANSTHE] 3.5 BASE STOCK = REQROER POINT ROUNDED UPTO HEXT HIGHEST INTEGER
W0 T0TALOSST] &

2
2
A

Table 9: Excel Model for Safety Stock and Reorder Point for Blade Fold System

) Goto Office Live | Open~ Saver |
B9 - f+ BASE STOCK = REORDER PQINT ROUNDED UP TO NEXT HIGHEST INTEGER

B [ ¢ | D E L F T e [ w v T ol skl iwl nJolrlaoalr][s] 1] ul v

1 PART: DRIVE SYS INTERFACE UNIT =
2 Demand Histary Forecasted lleeds
3 FebT | Mar07 | AT | May7 | Juml7 Juk07 | Aug07 | Sep-07 | OchOT | Mov-07 | Dec07 | Jan-08 | Feb-08 [ Mar-08 | Apr-08 | May-08 | Jun-08 | Jub02 | Aug-08

4 0 1 0 0 0 1 0 ] 0 0 1 0 ) 1 ) 0 0 01

g

6 Lastme(monts) | 0.166RRT AvaDERADMONT: | 02222

T Senice vl 083

§ Formulas Comments

9 | Leadtime demand: 1 SUMT4:V4) Summing the forecasts

10 Standard Deviafon: 0.4278)  STOEV(A4S4)  Deviafion i the past demand

1| Servics factor 1.6449)  NORMSVIDT)  verse of the normal dstribution

12| Lead tim factor 0.4082 SORT(0S)  Squars raotof lead-tme to forecast rafin

13 Safelyshock 02873 DI0DIFD12  Combining factors

14| Reorder point: 1.2873 09013 Lead time demand + safety stock

13

18

17

18 PREPTHE| 15 BASE STK 2

19 TRANSTME| 35 |EASESTUCK=REURDERPUWTRUUNDEDUPTUNEXTWEST\NTEGER I

20| TOTALORST| 6

il
2
i

Table 10: Excel Model for Safety Stock and Reorder Point for Drive System Interface
Unit

37



) Goto Office Live | Open~ | Saver |
B9+ BASE STOCK =RECRCER PONT ROUNDED UP TO NEXT HIGHEST INTEGER

>

B t | D el F e [l u Tl el wlvlolerlalr]sli ] v
1 PART: PROPROTOR GEARBOX =
2 Demand History Forecasted eeds
3o Febd7 | Narl7 | ApDT | MalT | lund? WHT | AugdT | Sepd7 | OctD7 | Nowd7 | Decd7 | Jan08 | Feb-08 | Mar-08 | Apr-08 | May-08 | Jun08 | Ju-B | Aug08
4 0 2 1 0 0 0 l 0 0 0 0 1 2 1 1 4 1 sl
L
6 Leadine (nonths). | 0.166667 AR DRI 08333
T Senvice ket 0.95
§ ‘ Formulas Comments
9 | Lead time demand 1 SUMT4V4)  Summing the forecasts

10 Standard Deviafon: 190490 STOFV(B4S4)  Deviaion nthe past demand
11 Serice aclor 104490 NORMSHVDT)  verse ofthe noml distbuton
12| Leadfine factr 04082 SORT(E)  Square rotof eacktime t forecast afo

13 Sy siock 10105)  D10DI1D12 Combining factors

14| Reorder point 20105 03:013 Lead tme demand + safety stock

R

1

i

1 meTE 15 wesk| 3 |

19 TASTIE| 35 BASE STOCK = REORDER FONT ROUAGED P TO NEXT HGHEST INTEGER |
M TOTALO&ST] 6

1

"

Table 11: Excel Model for Safety Stock and Reorder Point for Proprotor Gearbox

A TS T N e R L] ur oA | me = T N e W R B R T | -

4 Goto Office Lve | Open+ Saver |

N I A

B L 0 E F G i | L K L [ \ 0 p ! R § T ] VT
1 paRT: PROPROTOR CONTROL SY$ =
2 Demand History Forecasted Needs
3o febdr | Mae07 | Ape | MaylT | 7 WHT | Augd7 | Sepd7 | OctO7 | Nowl7 | Dec{7 | Jan-08 | Feb-08 | Mar-08 | Apr08 | May-08 | Jun08 | JuB | Augl8
4 2 4 1
3
6 Leadfme (montisy | 0.16G667 AvGOEMANDMONTH, 0.3333
T Sericelvel 0.95
§ Formulas Comments
9 | Leadtime demand: 1 SUMT4V4)  Summing the forecasts

10 SindardDeiton | 14142)  STOEV{B4S4)  Devishon nthe past demand

11 Sanvice fachor 1.6449)  NORMSIVIDT)  Invers ofthe normal dfrbuion

12 Leadtine factor 04082 SORTE)  Square rootof adktime o forecast afo
13 Safdyshock 09407) 0042 Combining factors

14 Reorder point 18497 03:013 Lead tme demand + safety stock
15
16
1

1w 15 wEsk| 2 |

19 TRANSTIE| 36 BASE STOCK = RECRDER PONT ROUNDED UP TO HEXT HIGHEST ITEGER
2 TOTALORT| 6
U
b/

Table 12: Excel Model for Safety Stock and Reorder Point for Proprotor Control System
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9 Goto Office Live | Open+  Saver |

g1 v f

i . L 1] £ F G H | K L I N 0 P il R 5 T 1 V=
1 PART: ELECTRONIC DISPLAY UNIT -
2 Demand History Forecasted Needs
oOReT | a7 | Ape | MayT | 7l | Awgd7 | Sepd7 | OctD7 | Nowd7 | Decd7 | JanD8 | Feb-DB | Nar08 | Apr08 | May08 | Jun0§ | Ju-0B | Augd8
4 0 i [l 0] 0 1 3 | 2 2 2 3 § 1 2 1 2 2
4
6| Leadtime (manths): | 0.166667 AVGDEI.IAND#MONTHr1.4444
T Senice kvel 0.95
§ Formulas Comments
9 | Lead fime demand: 2 SUMTEVE)  Summingthe forecasts
10 Standard Deviio: 13302 STORV(B4S4)  Deviation i the past demand
11 Senvice fachor 1.6449)  NORMSIV(DT)  verse ofthe nomal dtrbufon
12 Lead fie fachr 04082 SoRTDS)  Square rootof lescime t forecastrato
13 Safetyshek 08986  DIDITDIZ  Combinig factrs
14 Reorder point 28086 09:013 Lead fime demand + saefy siock
15
16
i
18 RETIE 15 ases| 3|
19 TRANSTHE| 3.5 BASE STOCK = REOROER POWT ROUNDED UP TO NEXT HIGHEST INTEGER
0 T0TALOST] &
il
il

Table 13: Excel Model for Safety Stock and Reorder Point for EDU
2 Goto Office Live | Open+ Saver |
u - f

B L 0 £ F G i | K L I N 0 P il R 5 T 1 V=
1 pART:INTERFACE UNIT - -
2 Demand Histary Forecasted leeds
3 Feb7 | M7 | Ap07 | Mayd7 | dund7 JHT | Augd7 | Sepd7 | OcH07 [ Nov-O7 [ Decd7 | Jan-08 | Feb-08 | Mar-08 | Apr-08 | May-08 | Jun08 | Jur03 | Aug-08
4 0 1 1 3 2 1 ] 0 3 2 1 2 1 1 1 2 2 2
4
6 Leastmerorhs) | 0166667 AGTEADIONTH 13680
T Senicelevel 095
§ Formulas Comments
9 | Lead fime demand: 2 SUM(T4 V) Summing the forecasts
A0 StandardDeviaton: | 0.9164)  STOFVIB&SY)  Deviafion nthe past demand
11 Servie factr 1.6449)  NORMSIVIDT)  iverse ofthe normel distoutin
12 Lead fie achr 04082 SORTDS)  Square rootof lescime t forecastrafo
13 Safetyshek 06154 DIFDITDI2  Combinig factrs
14 Reorder point 26154 094013 Lead time demand + safety stock
15
18
i
18 mETIE 15 asese| 3|
19 TRANSTHE| 3.5 BASE STOCK = REOROER POWT ROUNDED UP TO NEXT HIGHEST INTEGER
NT0TALOST) &
il
2
3

Table 14: Excel Model for Safety Stock and Reorder Point for Interface Unit
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 Goto Office Live | Open~ | Saver |

M, k

B C D E F G A | A K L N N 0 P Q R 5 T U V=
1 pART: DIG INTERFACE RECEPT UNIT -
2 Demand Histary Forecasted lleeds
3 FebT | Mar07 | AT | May7 | Juml7 Juk07 | Aug07 | Sep-07 | OchOT | Mov-07 | Dec07 | Jan-08 | Feb-08 [ Mar-08 | Apr-08 | May-08 | Jun-08 | Jub02 | Aug-08
4 2 1 2 2 1 3 1
6 Leadtime(months). | 0.166GAT AVGDERANDNONTH, 06111
T Senice vl 083
§ Formulas Comments
9 Leadtime demand: 1 SUMT4V) Summing the forecasts
10 Standard Deviafon: (.7528)  STOEV(A4S4)  Deviafion i the past demand
1| Servics factor 1.6449)  NORMSVIDT)  verse of the normal dstribution
12 Leadtims factor 0.4082 SORT(DE) Square raot of lesc-fime to forecast rafio
13 Safelyshock (5035  DI0DIFD12  Combining factors
14 Reorder point 1.605 03013 Lead time demand + safety stock
15
18
17
18 PREPTUE| 15 pses] 2]
19 TRANSTHE| 348 BASE STOCK = REORDER POINT ROUNDED UPTO NEXT HIGHEST NTEGER
20 ToTALOsST| 6
21
2
pa]

Table 15: Excel Model for Safety Stock and Reorder Point for Digital Interface

Receptacle Unit

W UL v

B+ £ BASESTOCK =REQRDER POINT ROUNDED UP TO NEXT HIGHEST INTEGER

p el 0o JEL F LT e [ o] 1 Jo Tkl el nlolrfolr][s] Tl |V
1 PART: MSN COMPUTER
] Demand History Forecasted Heeds
3 FebO7 | W07 | Ape07 | Mayd7 | Jumd7 | N7 | Aug7 | Sepd7 | OctO7 | NowO7 | Dec07 | Jan08 | Fet-08 | Mar-08 | Apr8 [ May-08 | Jun-08 | JuR0B | Aug-08
d 0 0 0 2 0 0| 1 0 1 0 0 0 1 0 0 0 0 1
C
§ | Leadtims (monthg): | 0.166667 AVGDEMADNONT 02773
T Senice ket 095
b} ‘ Formulas Comments
9 Leadfime demand: 1 SUMTEV4)  Summing the forecasls
10 Standard Devigton: | 0.5745|  STOEVIB4S4)  Deviafon inthe past demand
11 Senvios fachr 16449 HORMSIVIDT)  Inverse of the norml disrbuton
12 Lead fimg fachr 04082 SORTOS)  Square rootofleadktme o forecastrafy
15 Safeyshek 03850  D10DA#Df2  Comtining factors
14| Reorder point: 13628 03:013 Lesd fime demand « safety sock
15
16
17
B mETE 15 BASESTK) 2
1 ‘TFU\NSTHJE 35 BASE STOCK = REORDER POINT ROUNDED UP TO NEXT HIGHEST NTEGER
2 OTALORST| 5
2
n
"

Table 16: Excel Model for Safety Stock and Reorder Point for Mission Computer
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! Goto OfficeLive | Open= Saver |

B v f BASE STOCK = RECRDER POINT ROUNDED UP TO NEXT HIGHEST INTEGER
Bl c | o [ e Fl e [ ] 1 T vl el v]wm [ wlolrlafr]s][T1]uU

1 PaRT: INTERCOM CNTRLR
1 Demand History Forecasted Needs
3 Febd7 | Mare07 | Ap07 [ May7 | JunD7 Q7| Aug7 | Sepd7 | OctO7 | Mow-D7 | Dece07 | Jan-0B | Feb-08 | Mar-08 | Apr-DB | May-08 | Jun0B | JurdS | Aug-08
4 1 0) l 2 1 4 1 4 0 0) 2 1 2 3 3 0 2 02
C
6 Leadfime (months) | 0.16RB6T AVG DEI.VI\NDMI.IUNTH'r 13333
T Senie kvt 095
] ‘ Formulas Comments
§ | Lead fime demand: 2 SUM(T4:V4) Summing the forecasts
10 StandadDevigion: | 14002 STOEVIB4S4)  Deviaion e pest demand
11 Service aclor 16449  NORMSNVIDT)  Inverse of the nomel dirbuton
12 Lead fim fachr 04082  SORTIDS)  Squere rootof eacktme to forecas rtis
13 Safefystock 09772 OeDITD1Z  Combiing factors
14 Reorder point 2912 D8sD13 Lead fime demand + safety stock
18
16
7
18 mEPTHE 15 BASESTK| 3
WQ‘TRANST\ME 35 BASE STOCK = REORDER PONT ROUNDED UPTO NEXT HIGHEST NTEGER |
N ToTALOET) &
2
2
i)

u

Table 17: Excel Model for Safety Stock and Reorder Point for Intercom Controller

2 Goto Office Live | Open+ Saver |

£y - fe BASE STOCK = REORDER PONT ROUNDED UP TO NEXT HIGHEST INTEGER
B ¢ o [ EL F [ s [ wl v okl wlolrlalr]s]t]uluy

1 pART: UHFIVHF RADIO
2 Demand History Forgcasted Heeds
3 Feb7 [ Mard7 | Apr07 [ May7 | Jund7 QKT [ Awg-07 | Sep07 | OckO7 | Nov-07 | DecO7 | Jan-08 | Feb-08 | Mar-08 | Apr-08 | May-08 | Jun08 | JuM0d [ Aug-08
4 ) 1 0] 1 ) ) i 2 2 0 1 i 1 2 ) ) 1 1
4
6| Leadtime (manths): | (0.166667 AVG DEMANDMONTH [ .6667
T Senicelevel 0.95
§ | Formulas Comments
9 | Leadfime demand. 1 SUNTVE) Summing the forecasts
A0 Standard Deviton: | 07670  STOEV(B4S4)  Deviion i he past demand
11 Servios fctor 1.6449)  NORNSIVIDT)  iverse of the normaldskuion
12 Lead fie achr 04082 SOATS)  Square rootof sd-tme o forecast rafo
13 Safelyshock 0.5150]  D1UpAFDI2  Combiig factors
14 Reorder point 15150 03013 Lead fime demand + safety stock
15
18
1
18 PREPTIE| 15 BAsESTR | 2
19‘ TRANSTHE| 3.5 |BASE STOCK = REORDER PONT ROUNDED UP TO NEYT HIBHEST WTEGER
2| TOTALORST|
2
2
3

Table 18: Excel Model for Safety Stock and Reorder Point for Radios

41



£ Goto Office Live | Open+ Saver |
19 » f BASE STOCK = REORDER PONT ROUNDED UP TO NEKT HIGHEST INTEGER

B ¢ o el F Ll e [l v Tulelelwlwlolerloalrls]t]u]vd
| PART: GPS -
1 Demand Histary Forecasted Needs
ToORebd | Naed7 | AT | MaylT | Jund7 WHT | AugdT | Sepd7 | OctDT | Nowl7 | Decd7 | Jan08 | FebDB | Mar0B | Apr-08 | May-08 | Jun8 | Ju-B | Aug8
4 I 0 1 0 1 0 5 0 i 1 2 [I 1 1 1 I 1 g1
4
6 | Leadtime (nonths): | 0.166667 AvGoERMDNOITH 10000
T Senvcelevel 095
§ ‘ Formulas Comments
9 | Lead fime demand 1 SUM(TEVE) Summing the forecasts

A0 StandardDevisfon: | 1.5330)  STORVIB4S4)  Deviation inthe past demand
11 Servie fachor. 164490 NORMSHVIDT)  Inverse ofthe narmal disiuton
12 Leadtime fachr 04082 SORTIS)  Square rootof eacdime b forecastrato

13 Safatysiock 10300 o1e011Df2  Combining factors

14 Reorder point 20300 D813 Lead fime demand + safely stock
B

1

i

18 PEPTIE] 15 Basw| 3 |

19 ‘ TRANSTIE| 3.5 |BASE ST0CK = REORDER PONT ROUNDED UP TO NEXT HGHEST INTEGER |

NTOTALORT] &
21
2
pi}

ni

Table 19: Excel Model for Safety Stock and Reorder Point for GPS

) Goto Office Live | Open= Saver |
Bl v fi BASE STOCK = REORDER PONT ROUNDED UP TO NEXT HIGHEST INTEGER

Bl ¢ | D el F e w0 Tl el ol w]lw ol rplalr][s [ 1[0 ] vd

1 PART: ROR ALTIMETER RCVRIXMTR =
2 Demand History Forecasted Needs

3 Febd7 | a7 | ApeT | May07 | Jund7 JHT | Augd7 | Sepd7 | OcHO7 [ Nov-07 [ Decd7 | Jan-08 | Feb-08 | Mar08 | Apr08 | May-08 | Jun0B | Jul03 | Aug-08

4 0) 0 0 1 1 0) 1 0 2 0] 0] 2 0 0 3 3 0) i1

4

6| Leadtime (monts): | 0.16666T AVG DEI.IANDJMUNTH' 0.7222

T Servicelevel 095

§ ‘ Formulas Comments

9 | Leadfime demand: 1 SUM(T4 V) Summing the forecasts

10 Standard Deviafon: 1.0741]  STOEV(B4S4)  Deviafon b the past demand
1 Servies factor 1.6449]  NORMSIV(DT)  fverse ofthe nomnal dfrbufion
12 Lead tine factor: 04082]  SORTDS)  Square roof of ladHime to forecast rafo

13 Safetyshock 0.7212]  DIODIID12  Combining faclors

14 Reorder point 17212 08013 Lezdfime demsnd - safety stock
15

16

1

18 PREPTIE] 1.5 BasESTK | 2

19 TRANSTIE| 35 BASESTUCK=REUHDERPM}UNDEDUPTONEKTMESTWTEGER
20| TOTALOST| &

2

2

p4]

Table 20: Excel Model for Safety Stock and Reorder Point for RALT
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9 Goto Office Live | Open= | Saver |
B9 v fi BASE STOCK = REORDER PONT ROUNDED UP TO NEXT HIGHEST INTEGER

Bl c [ 0o el F e [ wl v T ol el ol lolerlolrn]s] 1w [ vd
1 PART: LIGHTING CNTRL PANEL
2 Demand History Forecasted Needs
3 Fed07 | Mard7 [ Ape0T | MayT | Jun7 JHT | Augd7 | Sepd7 | Och07 [ Nov-D7 | Decd7 [ Jan-08 | Feb-08 | Mar08 | Apr-08 | May-08 | Jun0B | Julb3 | Aug-08
4 0] 1 3 2 4 j 3 3 1 3 | | 1 1 2 3 2 o2
:.
6 | Leadtie (months): | 0166667 AVG DEMAND#MUNTH' 18689
T Senicelevet 085
§ ‘ Formulas Comments
9 | Leadtime demand: 2 SUMT4V4) Summing the forecasts

10| Standard Devition: 11827)  STOEV(B4S4)  Deviston in he past demand
1] Servies fachr 16449 NORMSNVIDT)  Inverse of the norml ditrbufion
12| Lead time factor 0.4082 SOAT(DS)  Square root of lead-tme fo forecast rato

13 Safelyshck 079420 DM0DHDI2  Combining factors

14 Reorder point 27942 09013 Lead fime demand + safety stock
15

16

17

® menE 15 baseew| 3 |

19‘THAN5T\ME 35 |BASESTOCK=REURDERPU\NTHUUN_DEDUPTUNEKTMEST\NTEGER I
ATOTALOSST] &

2

2

A

na

Table 21: Excel Model for Safety Stock and Reorder Point for Lighting Control Panel

F Rt e R |
£y - fe BASE STOCK = REORDER POINT ROUNDED UP TO NEXT HIGHEST INTEGER
B [ ¢ [ 0 EL Fl 6 [0 T Ty Tkl wloferelolr]s]tlu] vd

1 pART: NOSE WHEEL ASSY
2 Demand History Forgcasted Heeds
3o Feb07 | Mar07 | Ape07 | May? | Jund7 Juk07 | Aug07 | Sep-07 | OchOT | Mov-07 | Dec-07 | Jan-08 | Feb-08 [ Mar-08 | Apr-08 | May-08 | Jun-08 | Jub02 | Aug-08
4 i 2 § 1 i 3 | § 3 1) 0 1 H 2 [} 1 i i3
4
6 Leadtims (months): | 0.166667 AVG DEMANDMONTH [ 2055
T Senice kel 0.95
§ | Formulas Comments
9 | Leadfime demand. 3 SUNT4VE) Summing the forecasts

10 Sfandard Devigton: 20428 STOEV(B434)  Deviationin the past demend
11 Sarvice fachor 1.6449]  NORMSIVIDT)  verse of he normal distrbuton
12 Leadfie fachr 04082 soATe)  Square rootof esd-tme o forecest rato

13 Safelyshik 13718 DAeD1eD12  Combining factors

14 Reorder point 43718 0313 Lesd time demand + safety stock
15

16

17

18 PREPTIE| 15 BASESTK | B
19 \ TRANSTIE| 3.5 |BASE STOCK = REORDER PORT ROUNDED UP TO NEXT HEGHEST WTEGER

20 TOTALOSST| &
2
2
pil

Table 22: Excel Model for Safety Stock and Reorder Point for Nose Wheel Assembly
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 Goto Office Live | Open~ | Saver |
B9 - f+ BASE STOCK = REORDER PQINT ROUNDED UP TO NEXT HIGHEST INTEGER

B [ ¢ | D E L F T e [ w v T ol skl iwl nJolrlaoalr][s] 1] ul v

1 paRT: MAIN WHEEL ASSY =
2 Demand Histary Forecasted lleeds
3 FebT | Mar07 | AT | May7 | Juml7 Juk07 | Aug07 | Sep-07 | OchOT | Mov-07 | Dec07 | Jan-08 | Feb-08 [ Mar-08 | Apr-08 | May-08 | Jun-08 | Jub02 | Aug-08
4 0 1 0 0 1 1 0 1 2 1 0 0 ) 1 ) 0 3 11
g

6 Lastme(monts) | 0.166RRT AEDERNONONT: 0 6667

T Senice vl 083

§ Formulas Comments

9 Leadtime demand: 1 SUMT4V) Summing the forecasts

10 Standard Deviafon: 08402  STOEV(A4S4)  Deviafion i the past demand

1| Servics factor 1.6449)  NORMSVIDT)  verse of the normal dstribution

12 Leadtims factor 0.4082 SORT(DE) Square raot of lesc-fime to forecast rafio

13 Safelyshock (.5642)  DI0DIFD12  Combining factors

14| Reorder point: 1.5642 09013 Lead time demand + safety stock

13

18

17

18 PREPTHE| 15 BASE STK 2

19 TRANSTME| 35 |EASESTUCK=REURDERPUWTRUUNDEDUPTUNEXTMEST\NTEGER I

20| TOTALO&ST| 6

2

2

pa}

na

Table 23: Excel Model for Safety Stock and Reorder Point for Main Wheel Assembly

) Goto Office Live | Open+ Saver |
By~ fi BASE STOCK = REORDER POINT ROUNDED UP TO NEXT HGHEST INTEGER

B c | D el F ¢ o] v [J[k[L]N]N]O[P]OQ]R[S[T U=
1 PART: LNDG GEAR CNTRL PNL -
2 Demand History Forecasted N
30 Feb7 | WarD7 | Ape07 | Wapd7 | Jun07 | JuRO7 | Augd7 | Sep7 | Ock07 | Mow7 | Dec07 | Jan-08 | Feb-08 | War-08 | Apr-08 | May-08 | Jun-08 | Jul08 | Aug-08
4 1 1 4 5 1
5
6| Leadtime months): | 0.1666667 AVGDEFVIANDMUNTH’ 06111
7 Senice level: 095
8 | Formulas Comments
9| Leadtime demand: 1 SUNT4V)  Summing the farecasts
10| Standard Deviation: 20616  STDEV(B4S4)  Deviafion inthe past demand
11 Senicefactor 16449)  NORMSINVDT)  Inverse ofthe nomal distribution
12| Leadtime factor 04082|  SORT(G)  Square root of lead-fime to forecast ratio
13 Safeystock 13044]  DICDATD12  Combining factors
14| Reorder point: 23844 03013 Lead time demand + safefy stock
15
16
17
18] PREPTIE] 15 pees] 3 |
19| TRANSTIE| 3.5 BASE STOCK = REORDER POINT ROUNDED UP T0 NEXT HIGHEST INTEGER
20 |TOTALORST| &

21
2
pi]

Table 24: Excel Model for Safety Stock and Reorder Point for Landing Gear Control
Panel
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9 Goto Office Live | Open= | Saver |

s - 3
B L ] £ Formula Bar| G i | | K L L i 0 P 0 R 5 T U VT

1 PART: MLG -
2 Demand Histary Forecasted leeds
3 FebT | Mar07 | Ape7 | Mayl7 | Junl7 Juk07 | Aug07 | Sep-07 | OchO7 | Mov-07 | Dec-07 | Jan-08 | Feb-08 [ Mar-0B | Apr-08 | May-08 | Jun-08 | Jub02 | Aug-08
4 0 ] 0 3 0 0 1 ] 4 2 0 3 ) ) 1 1 1 1
:.
6 Leadtime (nonths | (166667 AvG e 1 0000
T Sencs evl 095
§ Formulas Comments
9 | Leadfime demand: 1 SUN(T4VE) Summing the forecasts
10 Standard Deviafon: 15339)  STOEV(B4S4)  Devifionn the past demand
11 Servies factor 1.6449)  NORMSNVIOT)  wverse ofthe nomaldistruton
12 Leadtime factor 04082 soATDE)  Square rootoflead-tme to forecast rafo
13 Safetyshock 1.0300]  Diem1eD12  Combinig factors
14 Reorder point 20300 08013 Lead time demand + safety stock
15
16
1
ESCEE sk 3|
19 TRANSTME| 34 BASE STOCK = REORDER POINT ROUNDED UPTO NEXT HIGHEST NTEGER
0| TOTALORST]
il
2
A

Table 25: Excel Model for Safety Stock and Reorder Point for Main Landing Gear
e T T | i ur oA | mw = ¥ o et 1 : [eE} - ]
) Goto OfficeLive | Open+ Saver |

9 - f BASE STOCK = REORDER POINT ROUNDED UP TO NEXT HIGHEST INTEGER

B [ ¢ | D ELF T e Tl v T okl ol w]lwlolerfaolrls ] 1]uv]vd
1 pag: NLG -
1 Demand History Forecasted Needs
3 Feb07 | Mard7 | Ape7 | Mayd7 | lued? JHIT | Augd7 | Sep07 | OchH07 | Now7 [ Dec07 | Jan-08 | Feb-08 | Nar-08 | Apr-08 | May-08 | Jund8 | Ju-03 | Augd8
4 0 3 ] ) 0 1 4 1 ) 1 0 3 5 2 1 3 0 2
C
6 Leadfime (monhs) | (.16GR67 AVG DEMAIDNONTH 13880
T Senice kvel 095
§ Formulas Comments
9 | Lead time demand: 2 SUM(T4V4) Summing the forecasts
10 Standard Deviaton: 1AT70]  STORV(B4S4)  Deviation n the past demand
1| Senvice factor 16440  NORMSNVEDT)  verse of the normal difribution
12 Lead tim factor 0.4082|  sORTDB)  Square root of ladHime to forecast rafo
13 Safelysiock 10590)  ofoDIt42  Combning facors
14 Reorder point 30590 08:013 Leadfime demend + safety shock
15
18
17
18 RETIE 15 s 4 |
19 TRANSTHE| 3.3 BASE STOCK = REQROER POINT ROUNDED UPTO NEXT HIGHEST INTEGER |
20|TOTALOSST] &
21
2
pA]

Table 26: Excel Model for Safety Stock and Reorder Point for Nose Landing Gear
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9 Goto Office Live | Open= | Saver |
B9 v fi BASE STOCK = REORDER PONT ROUNDED UP TO NEXT HIGHEST INTEGER

B[ c [ o ELF s [ 1 okl L] w

-
o
-
-
-
-
.
-
-

1 pART: ANTIICE CONTROL UNIT =
2 Demand History Forecasted llgeds
3 Feb07 | M7 | Ape0T | Mayd7 | Jun7 QT | Aug-07 | Sep07 | Oet07 | Nov-07 | Dec7 | Jan-0B | Feb-8 | Mar-DB | Apr-0B | Nay-08 | Jun08 | Jukl | Aug-D8
4 0) 0 1 i 1 0) 0 3 2 0 3 11 4 3 2 0) 2] I 2
:.

& Leadtine rons). | 0166667 AVGDENANDNDITE 1 836

1| Servicelevet 085

§ Formulas Comments

9 Leadtime demand: 2 SUMT4V4) Summing the forecasts

10| Standard Deviston: 26007  STOEV{B4S4)  Deviafion inthe past demand

1] Senvice factor 16449 NORMSNVDT)  Inverse of the normel distribufion

12| Lead fime factor (.4082 SOATIOS)  Square raot of lead-tme to forecast rato

13 Safeysick 17524)  00DID12  Combiing factors

14 Reorder point: 3754 08013 Lead fme demand + safety stock

15

16

17

18 PREPTHE| 1.5 BASE STK 4

19 TRANSTIE| 35 BASE STOCK - REORDER PONT ROUNDED UP TO NEXT HIGHEST NTEGER

2 TOTALOBST|

2

2

A

na

Table 27: Excel Model for Safety Stock and Reorder Point Anti-lIce Control Unit

) Goto Office Live | Open= Saver |
By - fr BASE STOCK = REORDER POINT ROUNDED UP TO NEXT HIGHEST INTEGER

B ¢ D EL F e [ nl T okl wl w]Jolerloalr]s] ][] vd
1 PART: FLT CONTROL COMP -
2 Demand Histary Forecasted eeds
3 Febd7 ) Mar7 | Ape07 | MayD7 | dun7 JOROT | Awg-07 | Sep07 | OckOT | Nov-07 | Dec7 | Jan-08 | Feb-08 | Mar-08 | Apr-08 | May-08 | Jun08 | JuR03 | Aug-08
4 4 2 2 0 0 | 0] 0 2 2 0| 1 2 2 0 4 0 ) 2
6 | Leadfine (months): | (.166667 AVG DEMANDJ‘MUNTH’ 1.3333
T Senvielevet 095
§ Formulas Comments
9 | Leadtime demand. 2 SUNT4V4) Summing the forecasts

A0 Standard Deviation: | 1.3284]  STORV(B4S4)  Devistonin he past demand

11 Senvice factor 1.6449)  NORNSIVIDT)  nverse of the normaldsruion

12 Leadtime fachr 04082 SOATDS)  Square rootof sd-tme o forecstrato
13 Safetysock 089200  DI0DA1D12  Combining fachors

14 Reorder point 28020 09013 Lead time demand + safety sock
15
1B
1

18 merTiE| 15 sk 3|
19 TwisThE] 35 BASE STOCK < REQRLERPONTROUNDED UP T IEXTHGHESTWTEGER

M T0TALOST] &
21
2
pi}

Table 28: Excel Model for Safety Stock and Reorder Point for Flight Control Computer
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) Goto Office Live | Open~ | Saver |
B9+ BASE STOCK =RECRCER PONT ROUNDED UP TO NEXT HIGHEST INTEGER

Bl C 0D ELF e Tw ]l Tl el lwlvlolerlalrIs 0] v
1 PART: ECS CONTROLLER
2 Demand History Forecasted lleeds
3oOFeldT | a7 | ApeT ) May7 | 7 e | Awgd7 | Sepd7 | OctD7 | Nowd7 | Decl7 | Jan08 | Feb-0B | Mar08 | Apr08 | May08 | Jun08 | Ju-0B | Augd8
4 0 3 l 0 1 0 l 0 0 0 3 0 ] ] 1 0 2 o
L
§ _Leadtie (monhs): | 016667 AV DENANONTH 08333
T Senice kvel 0.95
§ Formulas Comments
9 | Lead fime demand. 1 SUMTAV4)  Summing the forecasts

0 StandadDeviton: | 1.2003)  STOEV(B4S4)  Devion  he past demand

11 Senvice fachr 164490 NORMSIVIDT)  fverse ofthe noml dstbuton

12 Leadfie factr 04082 SORT(B)  Square oot of leackfime t forecast afo
13 Safetysinck: 08061  DIODIPDAZ  Comining factors

14 Reorder point 1.8061 03:013 Lead tine demand + safety sinck
15

18

1

18 mETE 15 wesk| 2 |

19‘ TRANSTHE] 3.5 [ASE STOCK = REQRDER PONT ROUNDED P TO NEXT HIGHEST NTEGER

2 TOTALORST] 6
b
b
pi]

Table 29: Excel Model for Safety Stock and Reorder Point for Environmental Control
System Controller
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Ryan L. Rowe, Major, USAF Air Force Institute of Technology
TEL: 937-255-6565 (AFIT) 2950 Hobson Way
Wright-Patterson AFB, OH 45433
CIRF’s up! The old new way of doing aircraft maintenance

No, I didn’t misspell “surf”, and I’m not talking about taking leave in Hawaii.
CIRF, pronounced “surf”, is an acronym for Centralized Intermediate Repair Facility.
Basically, this is a repair facility that repairs aircraft parts that normally would have been
done at the base level at a repair shop. Now, most of you have probably seen the hit
movie “Transformers” which exhibited a lot of US Air Force aircraft, including the new
CV-22 Osprey. That was the aircraft shown at the very beginning of the movie bringing
the special operations team back to base. It’s a pretty cool aircraft that can fly like an
airplane but land and take off like a helicopter. Anyway, being a career aircraft
maintenance officer, one of my first thoughts was “where and how do they fix it?” Well,
I got that chance when the Air Force Special Operations Command (AFSOC) A-4M
asked me to investigate that very issue.

The AFSOC A-4M didn’t want to know if they should CIRF the CV-22. That
was a given. CIRF operations have actually been around quite awhile, even though it
seems to be a new concept to most of us in the Air Force today. It has been experimented
with by the Air Force ever since it became an independent service. Thus, it’s the old,
new way of aircraft maintenance. Like it or not, they are here to stay, and here are the
reasons.

1. They save a lot of money! AFSOC has already started CIRF operations on its C-
130 fleet. The manpower and cost savings can be huge. Just think about it. If you

take all the folks who would have been doing that work at each base and centralize
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them in one place, obviously you wouldn’t need all those folks. Additionally, CIRF
operations take advantage of contract and civilian technician expertise since the CIRF
does not forward deploy. Thus, savings in salaries and benefits, plus cost value of
time by using expertise to help expedite the maintenance processes are realized.

2. They ensure all bases that have that aircraft get a fair share. Face it, we just don’t
have the money and manpower anymore to make sure every base has its warehouses
full of spare parts. Our leadership from the Chief of Staff on down has said that if the
standard for in-commission aircraft is 80 percent, then your goal should be 80
percent. That’s a huge mind-set change. Now, if one base has a 90 percent in-
commission rate and another base has a 70 percent in-commission rate, who do you
think is going to get the help? The 70 percent base.

3. Finally, they work! Remember, CIRFs don’t forward deploy, by definition. That
means you can employ civilian and contract technicians who have tons of experience.
I don’t know of any maintainer who wouldn’t dream about have a shop full of highly
experienced and qualified non-commissioned and senior non-commissioned officers!
This is not to say there wouldn’t be any blue-suiters. Quite the contrary. The
experience our younger airmen can gain from working with these highly experienced
civilian personnel is invaluable.

As much as a lot of bases would hate to lose their in-house maintenance

capabilities, the new realities are that we just don’t have the money or the people to do

so. CIRFs will enhance our combat capability while achieving cost and personnel

savings. It’s just good business.

Major Rowe is a career aircraft maintenance officer and student at the Air Force

Institute of Technology working towards a Masters of Logistics Science.
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