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Slide 2
Quick background to frame discussion:

This project was commissioned ILC's EOM WIPT, with a specific focus on the migration of 4th 

echelon maintenance (management of, at least) to MATCOM.

This work is a natural extension of our efforts in support of  the Centralized Secrep management 

WIPT run by LogBases.  We worked with ILC to frame a useful first task.  With the 6.2L engine subject to different repair processes within I and II MEF, it provided a logical test case.  ILC needed a method to compare the processes consistently (apples to apples).  Developing this comparison became our task.  Describing each process became a necessary first step.

We employed a straightforward approach, spending time at Camp Pendleton, Camp Lejeune as well

as a day at Melton Sales and Service, who repairs 6.2L/6.5L engines for I MEF.  These visits allowed us to 

describe the processes and identify data requirements.  Next, we collected and analyzed the data and conducted some sensitivity analysis.  Finally, we present possible topics for further analysis.

.
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We think our efforts are useful, but we they must be used in the proper context.  This slide is our attempt to establish and maintain that context.
We compared methods, not units.  Data quality is a limiting factor, but they data we were able to obtain and analyze was adequate for our task.
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We have asserted that the project is somewhat limited for data reasons.  This slide helps explain that it is not, in general, a question of quantity of data sources.  In fact, the number of sources with which we were able to interact is a strength.  We will discuss each category in detail.  Quick overview:  Procedural data helps describe the various processes employed in I and II MEF.  Cost data was used to develop the cost estimate, which was the most difficult aspect of this project largely because there is no set method.  Performance data represents standard metrics. 
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Our analysis begins with a brief overview of the 6.2L and 6.5L engines.  The 6.5L will be used in the HMMWVA2, a variant has also been adapted for the first generation HMMWV. Since the 6.5L engine is relatively new, historical data is limited. Therefore, the majority of our analysis is focused on 6.2L data.  This slide shows information about their standard unit prices, associated PEIs, and the components that they float.  The engine block is evacuated to another shop within GSM when a scar, bur, or 'out-of-roundness' is found in the cylinder.

The chart on the right hand side shows the equipment density of the associated PEIs in each 

supported MEF broken down by commodity.
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With a general orientation to the engine complete, we now frame the basic repair processes (and players) employed within I and II MEF.

In I MEF, engine allowances are maintained by the 1st Supply Bn RIP, with sub-floats established at 29 Palms, at Yuma, for each MSSG, and also for exercises where a class IX block is built.

All 4th echelon repairs are outsourced to Melton Sales and Service.
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The white boxes represent the physical flow of the broken engines.

The colored boxes represent the actions taken to replace the broken engines.

The repair process occurring within I MEF, using only contractor repairs, is depicted above.

After an engine arrives at to the RIP, the engine is inventoried (by a RIP and GSM shipping and receiving rep) to ensure all parts are on hand.  That engine is then staged for shipping.  When 10 engines (that number varies) accumulate, an order is sent to Melton Sales and Service.  This order initiates two actions.  Melton arranges for transportation of the 10 engines, and concurrently, Melton begins or continues to fill the order at its site.  Melton owns many of its own 6.2L engines.  It has several stockpiled or in various states of repair.  This allows them to take action without having to wait for the batch (10) to arrive.  Once repaired, engines are shipped in batches in order to meet or beat the terms of the contract.  The engines sent from the RIP are then stockpiled at Melton.  Melton's service is very proactive.  

The actual repair process at Melton is impressive.  Every part and component is cleaned, inspected, measured to meet specs, or replaced.  This process is the same for every engine, regardless of its condition upon arrival.  The work on every engine can best be described as remanufacturing.

[image: image8.wmf]Things to keep in mind. . .

•

This project 

is

:

•

a comparison of 

repair methods

for one reparable.

•

limited to a degree by data sources.

•

This project 

is not:

•

a report card. 

•

all encompassing.  It does not include III MEF.

§

This project 

should:

•

feed intuition.

•

help identify additional areas of interest. . .next steps.


Slide 8

An overview of the different contracts used by I MEF is necessary to point out that there are different types of contracts, and that there often difficult to understand.  Successfully developing and managing contracts requires experience and attention.  LX can provide additional detail if required.

The 6.2L engine contract is administered by Purchasing and Contracting, managed by the RIP, and was initiated in 1997. The 6.5L is administered by DLA, managed by GSM, and was initiated in 2000.  The 6.5L contract is also set-up to meet demand for 6.2L engines from locations other than CPEN (Barstow e.g.).  Both are one year contracts that have options for 4 one-year extensions.

Requirements and Indefinite Quantity Contracts are both Indefinite Delivery Contracts.  They are very similar, but are often used under the following circumstances. 

Requirements Contracts are preferred when demand can be approximated.  When contractors understand the demand, they can take measures to reduce repair times.  Contractors will often maintain limited stocks when they know the demand and know the government will obtain all of its actual purchase requirements from the contractor.

Indefinite Quantity Contracts limit the government's obligation to the minimum quantity specified 

in the contract.  This contract is preferred when the demand for repair or service cannot accurately be estimated.  

Both contracts have minimum and maximum orders.  Maximum orders can be exceeded, but the 

options for the contractor are different in each contract.  The 6.2L contract allows the contractor 15 more days for every 5 additional engines ordered.  For example, if 12 engines are ordered, 5 must be delivered within 15 days of the order date, the next five within 30 days, and the last 2 within 45 days.  The contract doesn't allow the RIP to use other contractors to speed this process.  The 6.5L engine requires that the contractor return all ordered engines within 25 calendar days of the order.  If the contractor can't accomplish this, it has 2 days to return the order to the shipping office.  Upon receipt of this notice, the Government may acquire the supplies or services from another source. The 6.5L contract also has provisions for granting accelerated delivery premiums for 5 and 15 days.

When an order is sent to the contractor, the contractor must arrange and pay for both the pick-up 

and delivery.  This expense is included in the overall price of the rebuild.
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In II MEF.  Engine allowances are maintained by the 2nd Maintenance Bn RIP, with sub-floats 

established at Cherry Point, at Beaufort (SC), for each MSSG, and also for exercises where a 

class IX block is built.

4th echelon repairs are primarily in-house at GSM Co, 2nd Maintenance Bn with some outsourced to 

Edge Performance.

. 
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The figure above is our interpretation of the repair process occurring at II MEF.  It was developed during a site visit and includes both the in-house and contracted repair process.  

The HMMWV's 6.2L and 6.5L engines are repaired within GSM Company.  The Engine Rebuild Section 

(ERS) acts as a Shipping and Receiving Point for these engines.  Engine arrival triggers a process that includes induction, engine tear-down, major component evacuation or float, receipt of parts, engine rebuild, and final quality control (QC)

Induction begins when an engine arrives from the using unit.  The ERS ensures that all components 

are on-hand and that organizational preventative maintenance (PM) was performed.  The engine is 

then inducted into ATLASS II+.  Outsourcing determination is made based on current workload.  2nd 

Maint Bn doesn't currently have a "formula" that determines whether to outsource or not.  It's 

developing one based on historical demand and its ability to meet demand. 

Once successfully introduced, the engine enters the tear-down phase.  The tear-down is completed 

in accordance with TM-2815-237-34.  The mechanics check the condition of consumable parts and 

components.  If repair of the engine is determined to be too costly, the engine is washed out, and the WON closed.  If repair is appropriate, the process continues.  Consumables with defects are either replaced by PEB items or requisitioned through ATLASS II+.  Components needing repair are either evacuated or floated.  All serviceable parts and components are then thoroughly cleaned and stored.

The 6.2L and 6.5L have 3 components that will either be floated or evacuated for repair.  As of 

May 2000, cylinder heads are no longer repaired.  Each head (2) is replaced through float.  The 

block is thermocleaned and sent to the block shop.  If the block is cracked, the entire engine is 

washed out.  If not, the block cylinders are rebored.

The receipt of parts phase begins when parts are ordered and ends when all parts are received and 

all components return.  The length of this phase is often affected by factors outside the control 

of ERS.  Measures taken to reduce this time are discussed later.  After the receipt of parts phase ends, the engine is rebuilt.  A properly rebuilt engine then enters the quality control phase.  

Quality control actually occurs during the entire rebuild process.  Each step is performed by a 

mechanic and checked by a QC representative.  The QC phase begins when the engine is tested on a 

dynamometer (DYNO).  The DYNO puts stress on the engine to ensure that it was assembled properly 

and performs to specification.  If the engine fails, it returns to the tear down phase of repair.  

If it passes, it is drained of all fluids and cleaned.  The engine is painted before final QC checks are conducted.  Final QC is simply a thorough check to ensure the engine has all the required parts, the results of the DYNO test, and a fluid drain checklist.  Finally, the engine is mounted into its container and returned to Shipping and Receiving.   

Repairs at 2nd Maintenance Bn range from minor to major repair.  
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RIP budgets – overall, II MEF allots $0.9M more than I MEF.  However, 2nd Maintenance Bn is 

allotted $2.4M less in requisitioning authority (RA) and $1.2M less in planning estimate.  

Our understanding is that these budget allotments are MEF/MarFor dependent.  We do not attempt to 

explain the values allotted or their relative impact.  We simply note them as a necessary element of information.

Soure:  1st and 2nd FSSG Comptollers.
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The weekly readiness (R-rating) picture for the Marine Corps Ground Equipment Readiness Reportable (MCGERR), reportable PEIs that have the 6.2L engine as a component [AN/MRC vehicles (A1935, A1955, A1957), AN/TWQ1 (E1836), and HMMWV variants (including ambulances and TOW carriers) from 6.2L slide] for CY 2000.  

This data is the same as the data used in the Marine Corps Readiness Equipment Model (MCREM) for this same period.  The red line shows I MEF readiness and the green line reflects II MEF's. The solid trend lines are included for reference only; they are not predictors of future readiness, rather we thought they might be easier to read.  The key observation here is how similar the overall readiness figures, especially the ranges, are given very different processes.  Although, factors other than the 6.2L engine contribute to this readiness picture, it does contribute, so we think it's appropriate to provide this overview.  

Readiness for these PEIs in each MEF ranged 6 ½ percentage points between 83.5% and 90.0%.  II 

MEF ranged 9.1 percentage points between 82.2% and 91.1%.  The averages are shown on the chart 

(the median values are the same) along with the average number of PEIs on-hand and dead-lined 

during this period.
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These are the performance measures focused on for the remainder of the brief.  Budget, readiness, and RO values were used as factors to describe each MEF’s resources, and an aggregate view of overall R-rating for the associated PEIs.  CWT, RCT, OST, and an estimated repair cost per engine provide more insight into responsiveness and cost.  Computing reliability estimates are also discussed.  
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Before we continue, its necessary that the reader understand box-plots.  Box-plots display and summarize the data very well.  Furthermore, they are especially good for showing differences between groups of data.  This plot guves us more insight into the data than a point estimate (mean, avg, etc.)

The data is displayed in an order, from the lowest to the highest observation.  

The median is the middle observation in that order.  Therefore, 50% of the observations lie above it and 50% lie below it.  

The green box represents the middle 50% of the data.  This box always contains the edian.  Within that box, 25% of the observations, 25% lie below it. 

The wiskers show the limits of the top and bottom 25% of the data.  The exceptions to those limits are called outliers.  Outliers are statistical anomolies and denote observations that are statistically unlike the rest of the data.  Outliers often have a disproportionate effect on the mean, but have no effect on the median.  For this reason, both statistics are included.
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This slide gives an aggregate view of how each of the repair processes performed during CY 2000.  

Before I compare each MEF, let me define each of the three performance measures that we use in 

this section.

We define CWT as the time between when a using unit turns in a broken engine and receives a 

working one from the RIP (date requisition was closed – date it was opened). I MEF data is taken 

from SASSY requisition history for the RIP's main issue point.  II MEF data was taken from the 

A2P requisition history table.

Order and ship time is the difference in time between when the RIP submits a requisition for a 

new engine to the source of supply and when it receives that engine.  I MEF data was taken from 

the SASSY requisition history table for the main RIP.  II MEF data was also taken from the A2P 

requisition history table.

Repair cycle time differs slightly for each maintenance process, but can be thought of the same 

with respect to the RIP.  It is the time between when the RIP sends an engine to the maintenance 

facility and receives a fixed engine back.  For the contracted repair processes, the 

fixed engine may not be the same engine that was sent into the maintenance cycle.  For the 

in-house repair, it is the same engine.  RCT data was provided by Melton Industries for I MEF. 

II MEF data was gathered using A2P.

Boxplots allow us to compare the performance measures for each repair process.  

CWT:  II MEF has smaller average and median.  Factors affecting this might be a larger RO value, more on-hand stock, and the fact that I MEF generally waits for 10 engines to accumulate before an order is sent to Melton.

OST:  I MEF ordered 4 new engines during CY00.  II MEF did not order any new engines

during 2000.

RCT:  I MEF RCT is turn-around time from their Melton contract.  It is not the actual time to repair each engine, but the amount of time between when the engine is shipped to Melton and the time I MEF receives a working engine (not necessarily the same one).  II MEF RCT is aggregated; it includes both minor and major rebuilds and the engines fixed under the Edge Performance contract.  Major factors affecting RCT are time awaiting parts and having contracts in place.  Below is a summary of the performance measures for each MEF.

    


I MEF



II MEF




 

CWT
OST
RCT

CWT
OST
RCT


     Min:

1.00
28.00
1.00

1.00
NA
1.00


 1st Qu.:

4.75
28.00
1.00

1.00
NA
11.75


    Mean: 
23.97
28.00
17.68

12.36
NA
50.01


  Median:  
22.50
28.00
18.00

2.00
NA
38.00


 3rd Qu.:    
36.50
28.00
28.00

9.50
NA
77.50


     Max:    
70.00
28.00
48.00

120.00
NA
247.00


 Total N:     
92.00
4.00
116.00

99.00
1.00
208.00


Std Dev.:    
19.71
0.00
14.18

23.14
NA
45.43
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The two histograms above display 6.2L/6.5L CWT for each MEF.  On the horizontal axis we have CWT divided into the 5-day bins.  Each requisition is placed into the bin that covers its CWT.  The vertical axis shows the number of requisitions we found (from the data) in each bin.  For example, during calendar year 2000 in I MEF, 24 requisitions were filled within 5 days and it took between 65 – 70 days to fill 4 requisitions.  The blue line shows the mean or average CWT for each MEF and the red line shows the amount of time by which 75% of the requisitions were filled.    

Comparing these charts shows that 75% of the requisitions from II MEF were filled before 10 days.  

The difference between the CWT at the two MEFs could be because of the differences in ROs.  For 

example, II MEF's higher RO is coupled with a lower CWT.  This could mean that II MEF has more 

on-hand stock and therefore a lower CWT.  However, we don't know this for sure.  II MEF may have 

a higher RO due to their higher RCT (ie. More engines in the maintenance pipeline). 
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A depiction of aggregate repair cycle time can be misleading.  In general, any measure in aggregate will likely not provide enough information to accurately describe a process, especially a process that is not standardized.  In this case, it is interesting to note the difference between the "mean" and the "median" at 2nd Maint Bn.  2nd Maint Bn's mean is much (2X) higher than 1st.  This shows that 2nd repairs many (roughly half) engines quickly.  The other half of the data is scattered from slow to very slow.  This may be an indication that 2nd is doing various types/levels of repairs.   In any case, this difference helped focus our efforts.  
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As discussed in the previous slide, depiction of the aggregate RCT at 2nd Maint Bn shows high variability.  This is an indication that the data might be grouped.  One definite group is those engines contracted out to Earl Edge Performance.  The RCT is depicted on the right.  This plot only accounts for the time while the engine was at Edge Performance.  It does not include the time the engine was in Maint Bn.  In-House repair was then grouped into two categories, minor and major rebuild.  They are defined as follows:


Minor Rebuild - all engines repaired with no components evacuated.


Major Rebuild - any repair indicating evacuation of components.

Defining a category of rebuild similar to that accomplished at Melton or Earl Edge is necessary for further comparison.  The cost of doing an LTI at 2nd Maint Bn is not comparable to remanufacturing at Melton.  They are completely different levels of repair.  There is no maintenance code in ATLASS that indicates major or total rebuild of an engine.  Evacuation of components does indicate a higher level of repair.  

The boxplots clearly show a large difference in RCT between major and minor rebuilds.
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The average RCT for Major Rebuilds is rather large and should be investigated.

Time Awaiting Parts is the period of time between when the first part was ordered and the last part was received.  A major rebuild of an engine typically demands approximately 40 man-hours.  Generally, there is very little repair that occurs while waiting for parts.  The engine is torn down before parts are ordered and is rebuilt once all parts are received.  This fact is important because it shows that the time awaiting parts adds directly to the RCT.

WONs with parts ordered have an average RCT of 103 days.  WONs with no parts ordered have an 

average RCT of 25 days.  “No parts ordered” occurs for several reasons.  First possibility, no parts are required.  When float blocks are returned, they often only require DYNO testing before re-issue.  LTI's also often require no parts.  Second possibility, parts are on-hand.  When repair of the engine requires only a few consumable parts, and the consumables are on-hand, RCT drops considerably.  2nd Maint Bn also orders parts kits for engine rebuild.  The purchase of the parts kits are currently not captured in ATLASSII+.  When these kits are on-hand, total rebuild can be accomplished very quickly.  

Why engines stay in shop for so long - even when outsourced.

·
have to order parts

·
no method for outsource determination

·
waiting on contract approval
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It’s important that the reader understand what costs were used and how each was calculated for both in-house and contracted repairs.  

For contracted repairs, estimates were relatively straight-forward.  Costs are standard and are outlined in the contracts.  Unit Prices for repair and transportation were added, then summed over all CY00 orders.  That number was then divided by the total number of engines repaired in CY00.  In-house repair is more complicated in that each cost had to be estimated. 

In-house repair costs.  We separated our in-house repair cost estimates into two groups:  Direct cost factors and indirect/overhead cost factors.  The direct cost factors include costs associated with material (parts) applied to the engines and the labor required to fix the engine.  Indirect, or overhead, costs include estimates for the amounts of money spent to maintain the facilities where the engines were repaired and the capital equipment used during the in-house repair process.  

The next two slides provide more detail into our cost per engine estimates.
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The figure above shows the effect of the costs, for each repair process, on the overall cost to repair.

Each cost is discussed in more detail. 

Main points:  

· direct costs (parts and labor) make up the majority of our in-house repair cost estimates.

· labor cost were included as a small portion of the Edge Performance contract estimate due to the preparation the engines require before they are sent to the contractor.

· I MEF sent 30 6.2L engines to Barstow for repair costing $6,666.00 per engine.

The next slide provides estimated costs by cost factor for each of these repair processes.
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The table above shows that most of the estimated costs relate to engines repaired in-house.  These estimates are not anecdotal, but are based on quantifiable sources.  Each cost is discussed in more detail.  

Different costs estimates were calculated for in-house repairs based on the two in-house repair 

categories mentioned earlier.  'All-engines' include major and minor rebuilds.  There are 174 of these vs. the 45 major rebuild repairs.  

Consumable costs:  (data sources:  A2P WON history and requisition history data tables, list of 

parts kits purchased by 2nd Maint Bn and the 2nd Sup Bn ISSA)


- 2nd Maintenance Battalion has the capability to fix sub-components of the 6.2L engine.  

The direct parts costs associated with repairing these sub-components are included.  The sub-component parts costs consists of two elements:  the consumable parts cost associated with fixing the sub-components, and the cost associated with buying new sub-components for those washed out or disposed of during maintenance.


- Consumable parts are ordered through A2P.  2nd Maint Bn has also established a parts kit (opened purchased and now stocked at the ISSA) to improve their parts support.


- For the all-engine cost estimate ($706):  The consumable parts costs applied to each engine were totaled and added to the total number of parts kits purchased to determine a total annual consumable parts cost.  This total cost was then divided by the total number of engines repaired (major and 

minor repair, 174 engines).   


- The cost for the parts ordered through A2P consider only the parts received for each WON x the standard unit price of the part.  This is done for all parts with final JC and 

JW job statuses.  Consumable parts costs for work orders with a final JC status were $37,277.20 with parts ordered against 46 engines.  Consumable parts costs for work orders with a final JW status were calculated as $15,071.14 for 21 washed out engines.  JW work orders are included in the total cost to repair an engine because we were told that all of these (JW) engines are disposed of and therefore no money is received by the RIP for exchanges. 


- The cost factored for the parts kits include all the parts kits ordered for CY 2000 divided by the total number of engines with a final JC job status.  Of the 253 engines repaired 'in-house', 179 have a final JC job status and 74 have a final JW status. These do not include the 29 that were repaired under the Edge Performance contract.  

- For the major rebuild estimate ($796):  The cost of a parts kit was applied to each engine.  These parts kits were designed to provide all the necessary consumables for rebuild an engine.

Sub-component costs: (data sources:  A2P WON history and requisition history data tables)


- The consumable parts costs were totaled for all the sub-components floated for every engine that wasn’t washed out.  Also included are the unit prices for all fuel pumps and cylinder heads that were washed out.

Labor costs:  (data sources:  M&RA MPP direct compensation by pay grade, Naval Center for Cost 

Analysis (COMET model) for indirect compensation by pay grade, checked training costs with TECOM)


- direct compensation (M&RA) includes MPMC dollars for base pay, housing, and other 

factors such as retirement, PCS costs, and special allowances.


- indirect compensation (COMET) includes O&M variable compensation (recruiting, base 

support) and O&M other (medical & dental). 


- a weighted hourly average was computed for the annual compensation figures, weighted by the number of Marines on-hand in the component rebuild section by paygrade.  This came to $29.30 an hour.  (Note:  For reference, other labor rates are:  $5.15 (minimum wage), $9.83 (base pay only),  $10.29 (MCO 4710.8G), $13.74 (bureau of labor statistics avg), and $45.00 (Edge Performance contract)).   


- Multiplying the labor rate by the amount of time required to repair each engine (40 hrs 

major, 25 hrs minor rebuild) gave us the per engine cost estimate.

Facilities costs:  (data source:  I&L (LF))


- These include Camp Lejeune maintenance sustainment factors, utilities (power) costs, and fire protection costs applied to the square footage used by the component rebuild platoon for repairing the engines.

Capital equipment costs:  (data sources:  capital equipment manufactures)


- We computed the annual depreciation costs based on the initial equipment cost, the life cycle, and age of the Dynamometer and Thermocleaner used in the engine repair process.  We then divided the annual depreciation costs by the total number of engines repaired (174) to calculate the final value.

When computing these cost estimates, the number of engines repaired during the year and the labor hours per engine seemed to have the most impact on the total repair cost per engine.   Therefore, brief sensitivity analysis was done on these two costs.

Why is outsourcing engines more expensive?

· Transportation expenses.  Melton pays and arranges for all transportation at $500/eng.

· Labor rates.  Melton uses very experienced mechanics at greater than $45/hr
· Parts Charges.  Melton often has to pay more than the military for parts.

· Maintaining Stock.  Melton purchased 6.2L engines and maintains this stock.

-      Making a Profit.  Melton Sales and Service is trying to make money.
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A comparison of two engine repair processes should include a cost, repair time, and reliability comparison.  One process may repair the engine quickly and at a cheaper cost, but the quality of the repair might be poor.  An operator might not mind waiting longer and paying more for an engine that lasts twice as long, for example.  (Cost vs. Effectiveness vs. Time) 

Reliability estimation requires accurate and serialized records.  Specifically, it requires the ability to identify when a specific engine was repaired and when it broke again.  In this case, it requires records of engines failing twice.  Gathering accurate, serialized 6.2L engine repair records from any Marine Corps data resource was impossible.

In I MEF, 6.2L engines aren't inducted into MIMMS.  They are received, inspected, and shipped with no MIMMS record.  Furthermore, when 10 engines are sent to Melton Sales and Service for repair, Melton will fill that order with other engines it has in stock.  Melton serializes every engine it receives so that if an engine is returned under warranty, it has a record of when the repair was complete.  It is under no obligation to provide any further information of the life-cycle of its engines.  Comment:  For the entire history of the contract (approx 700 engines).  Melton has had 6 engines returned under warranty.   In each case it was determined that the warranty was voided by actions taken by Marines on the engines.

In II MEF, records show that many engines have the same serial number.  Some have the serial number from the end item, some have unique ones.  Historical records show that it is not uncommon to have 2 engines with the same serial number in maintenance at the same time.  The fact that serial numbers show up in maintenance several times (up to 9) a year further supports this assertion.  Currently, personnel at 2nd Maint Bn are changing serial numbers to prevent this confusion in the future. 

For these reasons, no reliability comparison will be completed.  The quality of the repair can only be measured by the actual repair process.  
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This slides serves to generally compare the engine repair process within each MEF with respect to the measures used in this analysis.  It is only useful when accompanied by the information previously covered in this brief.  This slide means nothing on its own.

Demand - Each MEF has almost the same number of end items with 6.2/6.5L engines.  Requisition data shows similar demand in each MEF.

Funding - The RIP budgets for each MEF are similar, but the budget for maintenance at I MEF is 

considerably higher.

Readiness - The trends for readiness differ for year 2000, but both fall within the same general 

range.

Customer Wait Time (CWT) - Requisition data shows CWT to be lower at II MEF. 

Requisitioning Objective (RO) - The RO at II MEF is more than 3 times higher than I MEF.

Repair Cycle Time (RCT) - The RCT at I MEF is much lower.  As explained earlier in this brief, 

RCT is calculated differently at each MEF, but the measures are comparable.

Reliability - Historical data doesn't allow estimation of reliability.  Actions are on-going to 

correct this.

Cost Per Engine - Repairing engines at II MEF is less expensive.  
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During the site visits, and discussions with the ILC office, two additional topics of interest were identified.  

The first topic involves computing a total annual cost estimate that changes depending on the repair policy. 

For example:

· Policy 1 – Fix X engines in-house, send the rest to a contractor

· Policy 2 – Fix Y engines in-house, send the rest to a contractor

· Policy 3 – Fix all engines in-house

· Policy 4 – Contract all engine repair

Question:  How does the repair policy affect total cost to repair?

The second topic involves theater lift.  Specifically, comparing the footprint of embarking a 6.2L engine rebuild capability into a theater of operations to the pipeline requirement from CONUS if this capability was not available.  

If there is a desire to maintain some sort of in-house repair capability, this slide, and the one following,

address the annual costs that go along with maintaining an in-house repair capability and outsourcing engine repair. 

This slide shows an estimate of the cost to repair 6.2L engines at II MEF during CY 2000.  This includes the in-house and contracted repair costs from the cost per engine slide and also includes an inventory cost.

The inventory cost is the in-process inventory value as determined by the RO recomp formula.  The values found during our analysis are incorporated into the formula variables.  This slide shows the estimated annual cost of a policy where 45 of 74 engines are built in-house with the remaining 29 outsourced.

Each of the cost estimates are shown in the stacked bar chart.  The lower green segment shows a cost of a little over $330k for repairing 45 engines in-house, the blue segment reflects the cost of sending the remaining 29 engines to a contractor.  The darker green segment in the middle of the bar is a representation of the inventory cost associated with the repair policy.  
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This slide shows how the total cost to repair 6.2L engines changes based on the number of engines fixed in-house vs. outsourced using the CY 2000 cost estimates we’ve shown earlier from II MEF.  The last slide showed a ‘slice’ of this chart taken at the vertical red line.  The horizontal line shows the the number of engines fixed in house out of a total of 74 fixed for the year.  The vertical axis shows the total annual cost to fix 74 engines.  The colored areas break down to total cost into three segments, the cost of repairing the number of engines on the x-axis in-house (green), the in-process inventory cost (value of RO – safety level) (darker green), and the cost of outsourcing the remaining engines, ie. 74 – x (blue).  So, if you had the resources (mechanics and space) to fix all of the 74 engines in-house, the total cost would have been around $294k.  Conversely, if you outsourced all 74 engines, you would have incurred around a $340k cost.  Having fixed 45 (major rebuild) engines in-house during CY 2000, you spent the estimated $335k as we showed on the previous slide.  
Overhead costs are constant when engines are fixed in-house.  This is the reason for the sudden rise in in-house repair cost on the left hand side of the chart.  The slope of the in-house repair cost estimate is the variable (or direct cost factor) cost associated with labor and parts costs per engine.

The inventory cost estimate includes the ‘pipeline’ inventory estimate multiplied by the average standard unit price of a 6.2L engine.  Since II MEF did not order any engines during CY00, the Order and shipping requirement portion of the RO estimate is 0.  The inventory estimate increases as more engines are repaired in-house due to the higher RCT for in-house repairs compared to the lower RCT associated with the outsourced repair.  

The two dashed green lines show how the costs would have changed if the total number of engines either decreased by 20% or increased by 20%.  This is a range between 59 and 89 total engines inducted into maintenance.  If we look at the vertical red line, where 45 engines were fixed in-house, total cost ranges between under $300k at the low end up to a little over $400k at the upper end.  
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A graph depicting the contracted rebuild cost as a proportion of unit price reveals some interesting facts. The 6.2L and 6.5L rebuild cost is a large percentage of the unit price (over 70%).  When compared to AAV, LAV, and LVS rebuilds, the savings are much lower.  In other words, buying a new engine wouldn’t severely increase your total cost.  

This power of this observation weakens when demand for the 6.2L and 6.5L engines is much greater than the others.  In other words, you still may realize significant savings if you’re repairing many engines.
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The 6.2L/6.5L engine provides a good starting point for this type of discussion because of the different repair methods employed at I and II MEF.  
We have shown, though, that it may not be the best example of cost savings due to the relatively small difference between the cost to buy one new and the cost to either repair it in-house or to outsource the repair.  LVS, LAVs, perhaps. Also, I MEF has a larger density of LAVs than II MEF (roughly 60 more).

It is clear that contracting presents benefits.  It is also clear that it presents its own challenges.  Some examples from discussions with I MEF noted above.

Measuring and comparing two completely different organizations and processes can be useful.  In this case, the value and relative power of the analysis depends on the readers familiarity with these differences.  Saying simply “it’s cheaper to build engines in-house” or “we get engines repaired faster from the contractor” doesn’t paint the entire picture. 

This analysis does not yield recommendations.  Instead, it is an objective examination of the processes, organizations, and data.  In that context, we hope it is useful for guiding future efforts—we think it can be.

Extensive input was required from personnel from 1st FSSG, 2nd FSSG, the MEF Staff, and several contractors.  Their patience and input was and is appreciated.

LX is prepared to answer questions about parts or all of this brief.  Contradicting opinions and data, pertaining to this analysis, are welcome.  We consider this to be the first part of an ongoing project and expect to receive requests for follow-on analysis.










