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COST SUMMARY

Total Investment Cost (All appropriations, All years):
$150,000

Estimated Total Cost Avoidance (Over the next ten years): 
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Executability Index equates to an initiative’s “shelf life”.  It should be used to indicate ‘confidence factor’ or whether an initiative is still worth pursuing if the investment resources could not be made available until the indicated fiscal year (e.g. an initiative may become superseded by other events if it’s implementation is delayed and therefore have a low Executability Index in later fiscal years.) 

AFFORDABLE READINESS/TOC REDUCTION INITIATIVE (FY01-FY03)

Narrative Description of the Initiative:

All high strength steel landing gear components, such as pistons and cylinders, sockets, collars, etc., subject to Depot rework undergo grinding at one or more steps in the rework process.  High strength steel landing gear is initially heat treated to produce a microstructure of fine tempered martensite.  Grinding has a high potential for resulting in metallurgical damage in high strength steels caused by the localized overheating of the workpiece surface in contact with the grinding wheel.  This damage is commonly referred to as “grinding burns” or “grinding damage.”  It is for this reason that it is standard engineering practice within the aerospace community to require inspection of all high strength steel components after grinding for the presence of metallurgical damage.  


The most common inspection process utilized for the detection of metallurgical damage resulting from grinding is nitric acid etching (commonly referred to as “temper etch inspection” or “nital etch inspection”).  Other methods of inspection of high strength steels for the presence of grinding damage, such as ammonium persulfate etching, magneoelastic measurements, and hardness testing are used in a very limited number of applications where there are special requirements or needs.  However, no general  inspection method has been developed that is as reliable, practical, and efficient as the standard nitric acid etch method.   


The basic nitric acid inspection process consist of the following steps:

1) Surface preparation (degreasing, cleaning, etc.)

2) Etching in 3-5% nitric acid

3) Water rinse

4) Desmut in 4-6% hydrochloric acid  

5) Water rinse

6) Neutralize in 5% sodium hydroxide

7) Water rinse

8) Dry

9) Inspect

10) Bake at 3750F.

Etching in nitric acid produces smutting of the workpiece surface and is why the hydrochloric acid step is included in the process.  The sodium hydroxide rinse (step 6 above) is intended to neutralize any remaining acid and prevent corrosion (i.e. “flash rusting”).  High strength alloy steels are susceptible hydrogen embrittlement (HEM) and, therefore, baking (step 10 above) is required after exposure to acid solutions. 

In October of 1996, the Aerospace Materials Specifications (AMS), a division of the Society of Automotive Engineering (SAE), amended the specification for temper etch inspection (AMS 2649B) to include the use of a anti-smut additive that reportedly eliminates the need for hydrochloric acid desmuting, sodium hydroxide neutralization, and hydrogen embrittlement relief baking.  Elimination of hydrochloric acid and sodium hydroxide in the temper etch process would significantly reduce Depot maintenance cost associated with this process, benefit Depot level pollution prevention goals, and reduce processing time.

It is the elimination of the baking requirement that is of prime interest to Depots.  This single process improvement would directly reduce the processing time of each landing gear component by a minimum of 24 hours.  In many instances, landing gear components go through several different grind/temper etch inspection processes.  The secondary benefits (reduction of processing steps, elimination of process maintenance requirements, reduced hazardous materials generation, energy reductions, etc.) are significant but will not be access in the cost benefit analysis for this project.  The cost savings due to the elimination of the baking process will, alone, be used to substantiate this initiative.  There is little doubt that the other cost benefits, real and intangible, would likely exceed the cost savings projected in the cost benefit analysis section of this initiative.  

Direct implementation of this alternative temper etch process into Naval Aviation Depot Maintenance cannot, however, occur without evaluation of the validity of this technology.  SAE does not have currently have sufficient technical data to validate this technology.  To implement this technology into Naval Aviation Depot maintenance an evaluation and technical assessment of the effects of this technology on hydrogen embrittlement of high strength alloy steels must be performed.  This initiative is to perform such an evaluation and assessment and provide the technical basis for incorporation of this technology into Depot operations at Jacksonville, Cherry Point, and North Island.

In 1995, new laboratory technological developments, based on research on the development of an accelerated method of measuring the threshold stress, were standardized as a ASTM Committee F-7 standard (ASTM F 1624, Test Method for Measurement of Hydrogen Embrittlement Threshold in Steel by the Incremental Loading Technique).  Previous methods for evaluation required many sustained load, time-to-failure measurements over extended time periods, with uncertainty in the test interpretation.  This new method for the measurement of hydrogen in steels has been quickly accepted and widely applied to maintenance issues associated with high strength steels.

This initiative proposes a straight forward evaluation of the new AMS 2649B, Type 1, temper etch inspection process to assess and verify the following:

1) That the use of anti-smut additives in nitric acid does not degrade the sensitivity of the nitric acid etching process for the detection of grinding damage (i.e. the new process is as good as the traditional process for finding grinding damage)

2) That high strength landing gear steels used on the EA-6B Aircraft are not embrittled by exposure to dilute solutions of nitric acid, thereby eliminating the need for embrittlement relief baking.

3) That the use of an anti-smut additive in the temper etch process eliminates the need for sodium hydroxide rinsing and does not cause “flash rusting.”

Description of Where the Work will be Performed:

All work required for this initiative will be performed within the Materials  Engineering Laboratories at NADEP Jacksonville, NADEP Cherry Point, NADEP North Island, and NAWC Patuxent River.  Production pilot processing and prototyping will be performed in the NADEP Jacksonville Cleaning & Plating Facility.  ASTM F1624 testing, if determined necessary, will be performed within the Materials Engineering Laboratory at NADEP Jacksonville or NAWC Patuxent River, or both.
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                                  COST METHODOLOGY DOCUMENTATION

Documentation of Assumptions:


We are going to assume that the only savings derived from a successful demonstration of the improved temper etch inspection process will be elimination of the cost of the bake cycle.  We are simply going to take an accurate estimate of the number of items subjected to the bake process per year at two of the three Depots (JAX and CP) and multiply this by a good, but conservative, estimate of the cost of that baking operation.  This will yield an estimated cost savings per year.  Current cost for temper etch inspection at NADEP North Island will not be included in the cost analysis since they are currently using an alternative etching process.  Based on projected schedules for landing gear processing for several different aircraft programs at Jacksonville, which predict level workload for the outyears, we are going to assume that the yearly cost savings will remain the same for the next 10 years at all Depots.


Obviously, the above assumption is very conservative and fails to account for many other significant benefits of this technology.  It would simply require too much time and difficulty to perform a precise, detailed cost benefit analysis that included all the many benefits that would result from incorporation of this technology at three different Depots.  Some of these other benefits that will not be assessed include the following:


- reduced usage of hydrochloric acid


- reduced usage of sodium hydroxide


- reduced time required for tank maintenance by operators


- reduced cost of chemical analysis of tank compositions


- reduced usage of rinse water


- reduced time required for temper etch process


- reduced generation of hazardous materials


 - reduced cost for oven maintenance and repair


- reduced "bottlenecking" of parts awaiting baking


- reduced component transportation cost


- reduced component routing steps


There are, as previously stated, also very significant intangible benefits possible with this initiative.  For example, Depot overhaul of EA-6B NLG and MLG pistons averages 140 days (Jacksonville).  Incorporation of this initiative into Depot operations will directly reduce this the average turn-around-time by 3 workdays (2.1% reduction in TAT).  How much is this worth in dollars?  How much is this worth in "Fleet Readiness?"  How much does the reduction in the use of hazardous materials benefit each of the NADEPs?  Probably a great deal, but the cost benefit analysis will not, in any way, attempt to calculate these intangible benefits. 


A very conservative estimate of the cost of a single bake operation will be calculated by adding the labor time allocated for the operation to the electrical energy cost for operation of the oven at 3750F for a 24 hour period.  There will be no attempt to include other cost associated with oven use, such as planned and unplanned maintenance, oven calibration, etc., in the cost calculations.  Again, these assumptions make this cost benefit analysis extremely conservative.


The minor increase in maintenance cost associated with use of several pounds of the new anti-smut additive is also not accounted for in the cost benefit analysis.  This insignificant cost is more than offset by the decreased material costs resulting from the reduction in use of hydrochloric acid and sodium hydroxide.  We feel it is more than reasonable to omit this small cost in the cost calculations.


Except for the very insignificant cost associated with adding in a new chemical into Depot maintenance and the cost of executing this initiative there are no other implementation cost to consider.  Implementation of this technology, if validated through this initiative, will simply require a "pen and ink" change to Local Processing Specifications (LPSs) at each Depot.  Since these engineering directives are routinely updated anyway, there is virtually no administrative cost associated with this technology implementation.  


The inflation adjustment factor used in this cost benefit analysis (1.1054) will be applied to the yearly projected cost savings.  Since this is a very short and straightforward initiative which should be accomplished within the first year, it is not necessary to adjust the cost of implementation for inflation.

Documentation of Historical Baseline:


The number of parts subjected to the temper etch inspection process per year was determined by review of the shop logbook which has a record of every part inspected.  The labor hours allocated for the temper etch baking process was determined by examination of the UADPS processing records.  The electrical cost of oven operation was determined from data obtained by the NADEP Jacksonville energy audit of 1998.

     Data Sources:

NADEP Jacksonville, Shop 6.2.7.25 Temper Etch Log Book

NADEP Jacksonville UADPS Labor Standard Database

NADEP Jacksonville Energy Audit Data of 1998

     Inflation Adjustment:


The inflation adjustment factor used in this cost calculation is 1.1054 as directed by the ARI website.

     Usage/Maintenance Requirements:

Current estimated cost for baking after temper etch inspection at NADEP Jacksonville and Cherry Point are calculated as follows:

2100 parts/year @ JAX

1150 parts/year @ Cherry Point


2100 + 1150 = 3,250 parts/year or 3,250 bake cycles/year


3,250 cycles/yr X $80/hr X 0.1 hr/cycle = $26,000/year labor cost


3,250 cycles/yr X $14.33/cycle = $46,573/year energy cost


Total Current Yearly Cost = $26,00 + $46,573 = $72,573

This initiative essentially involves elimination of processes.  There are no additional operations, equipment or maintenance requirements associated with this initiative. There are no requirements or impacts on Fleet usage or maintenance of fielded components.

     Current Cost Summary Table (in $K):


(Note: Remember to Remove/Separate AVDLR Surcharges, if applicable)
Cost Element

FY01
FY02
FY03
FY04
FY05
FY06
FY07
FY08
FY09
FY10

Temper Baking  
Etch           Reqmts 
72.6
80.2
88.65
98.0
108.3
119.7
132.3
146.2
161.6
178.6









































































































Documentation of Projected Costs/Savings: 

     Methodology Overview:

As described above, an extremely conservative estimate of the cost of baking following temper etch inspection was obtained for two of the three Depots.  The projected cost savings is simply based on elimination of this costs.  There are no other associated increased cost associated with this initiative (other than the cost of the initiative itself).
    Data Sources Including Rationale:

The cost estimation for execution of this initiative is straightforward and based upon Code 4.0 labor rates, catalog prices for ASTM specimens, and experience performing similar laboratory testing.  

    Estimating Models/Methods Used:

The method used to estimate the both the current cost, projected savings, and execution costs are explained in the Methodology Overview section above.

    Cost Driver Identification:
This is not applicable to this simply initiative.

             Future Cost Projection with Initiative Table:

(Note: Remember to Remove/Separate AVDLR Surcharges, if applicable)
Cost Element

FY01
FY02
FY03
FY04
FY05
FY06
FY07
FY08
FY09
FY10

Laboratory Testing

150
0
0
0
0
0
0
0
0
0









































































































RISK IDENTIFICATION ASSESSMENT:         (Low, Medium, High)

Risk Summary:

The risks associated with this initiative are extremely low.  In fact, the only risk is that the engineering project will show that nitric acid does cause hydrogen embrittlement and therefore the investment into this initiative will not be recovered.  However, initial technical review of existing data indicates a very high probability of success.  There will be no negative impact on Fleet readiness or on the integrity of fielded components during the execution of this project.

Technical Risk:

There are no technical risks associated with this initiative.

Schedule Risk:

Not applicable to this initiative.

Funding Availability Risk:

No significant “funding availability” risk.  If this initiative is not adopted the project will simply not be executed and temper etching of EA-6B landing gear components will continue under the current process method.

Traceability Risk:

This is not applicable to this initiative.

Other Risk:

No other risks are associated with this project.  This initiative does not involve testing fielded systems.  A negative outcome of the initiative will have no bearing on fielded components.

Methodology for Tracking Results:

This initiative has no requirements for tracking fielded components.

Description of Ability to Execute in Various Fiscal Years: 

This is a relatively simple tasks and well within the capability of the Metallurgical Engineering Branch, NADEP Jacksonville.  All of the necessary laboratory instrumentation and test equipment is currently on-hand.   

     Execution Rationale:

This initiative is relatively low cost with a very high probability of success.  It has a great return on investment.  This initiative can, and will be, integrated across all aircraft platforms at all Depots with positive financial impact.
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