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Foreword

TRW is pleased to submit this AACE Technical Report-Study/Services.  Randy Cabeen, John Toohey, Brad Rudd, Dennis Chavez, Mike Selke, and Ronald Janser of TRW Systems and Information Technology Group, 6001 Indian School Road NE, Albuquerque, NM 87110 prepared this report.  This report addresses CDRL A131.  No new information is provided within this report.  This report summarizes the work performed in support of the Technical Engineering Support for the Aircraft Alerting Communications EMP (AACE) Systems Sustainment Study.  
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1. Introduction

TRW is pleased to submit this AACE Technical Report-Study/Services.  This plan describes the actions and work conducted by TRW in support of the Contractual Engineering Task (CET) entitled Aircraft Alerting Communications EMP (AACE) Systems Sustainment Study, 18 May 2001 (Contract: F42600-00-D-0038-000701).  This report summarizes the work performed throughout the CET. 

1.1. Background

BDM International, Inc. (acquired by TRW), designed, developed, and produced the Aircraft Alerting Communications EMP (AACE) system over 12 years ago.  The AACE system was designed to protect the then Strategic Air Command’s (SAC) alert aircraft communications from electromagnetic pulses (EMP) resulting from a high altitude nuclear detonation.  

BDM was initially tasked to produce 24 AACE systems, including the initial spares, at its Albuquerque, NM facility. However, due to base closures and mission changes, many of the AACE installations were not completed and only about 16 units were ever installed.  Of the sixteen sites where the AACE units were installed, nine sites remain operational. 
The initial AACE protection production unit consisted of 14 Configuration Items (CI) and several sub-components, and required two semi-trailers for shipment.  A fifteenth configuration item, the EMP detector set (CI-9), was developed, but the Air Force did not exercise the production option for it.  The CI-9 system was not discussed in this delivery order.

The AACE maintenance program employs a two-level concept: organizational and depot.  Field maintenance other than periodic maintenance is limited to Line Replaceable Units (LRUs) designed for depot level repair.  The MILSATCOM program office at Los Angeles AFB and Ogden Air Logistics Center (OO-ALC) at Hill AFB are responsible for providing item management and logistics support to the AACE system.  USSTRATCOM has revalidated the mission requirements AACE supports confirming that an AACE capability is a current and ongoing requirement.  Figure 1 shows a typical console configuration.
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Figure 1:  Side view of AACE console.

2. Project Overview

This program is divided into three primary technical phases.  The first phase was to perform a field survey of the operational AACE sites and the Hill AFB depot facility.  The second phase was to develop a get-well plan for the aging AACE system based on the findings from the first phase. This get-well plan was primarily to sustain the AACE operational lifetime until the 2008-2010 timeframe. The third phase was to develop a long-term modernization plan for the AACE system.  Figure 2 shows typical AACE shielded enclosure
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Figure 2: AACE shield room door.

2.1. Program Management 

Program management activities for this tasking was documented within the Project Management Plan for the Technical Engineering Support for the Aircraft Alerting Communications EMP (AACE) System Sustainment Study dated October 5, 2001.  The Program Management Plan (PMP) directed TRW to deliver a monthly report on activities including cost/expenditure information.  The monthly reports included information on activities on a month-by-month basis.  Problems, issues, and deviations from previous schedules, risks, and other items that were not addressed through program reviews or other methods were also included within the monthly reports.

Program status or program review meetings were conducted during this project.  These meetings were based on events and not on a routine calendar schedule.  Meetings were scheduled and held at key programmatic moments.  These were usually associated with the end of a primary task or deliverable item.  Program reviews were held in Virginia and New Mexico.  Additional telephone conference meetings were also held.  A schedule is included later in this document that shows all the on-site program reviews conducted during this effort.

2.2. Phase 1 – Field Survey

TRW personnel visited nine AACE operational bases and the Ogden depot support facility at Hill AFB to assess the availability and maintainability of AACE system components, system spares, ancillary components, and approved and unapproved maintenance procedures. At each operational base and the depot support facilities, TRW personnel spent one to two days assessing the availability and maintainability of each AACE system.  During these on-site visits the TRW staff attempted to visually inspect every aspect of the available AACE system without hindering system operations.  We did not take equipment apart to find internal components; we inferred their presence and operational capability by observing the system in its entirety.  For example, panels within the console were not removed to inspect wiring harnesses when it was obvious they were operating correctly since the LRUs that rely on this interface appeared to be functioning normally.

In support of these activities TRW personnel developed an interview form that was used during each visit.  During the break between our second and third site visit, TRW personnel re-worked the inspection form based on the location of the components being inspected.  This form was used at the third site, Grissom AFB.  During this visit a few minor modifications were noted and implemented.  The form that resulted was used for the remaining on-site operational bases.  These forms are included as part of the Phase I AACE Sustainment Study Field Report dated February 28, 2002.

A new form was developed based on the final operational base form for the Ogden depot visit.  This form was similar to the original except it was modified to collect the different set of data elements that were desired from the depot (the difference is that at the system sites we focused on operational and field maintenance requirements, whereas at the depot the primary area of interest was their capability to support the users’ equipment requirements).  Details of the on-site field survey’s conducted are documented within the Phase I AACE Sustainment Study Field Report dated February 28, 2002.

2.3. Phase II – Get-Well Plan

TRW analyzed the data gathered during phase I and identified deficiencies that provide the basis for the generation of a Get-Well Plan.  During these phase I onsite visits, interviews were conducted at the operational AACE sites with the maintenance and operational staffs concerning the sustainability of AACE.  The data collected included item failure rates, training, maintenance procedures, maintenance test capability, spare parts availability, and other information to develop a get-well plan for AACE.

The Hill AFB depot was also visited during the initial phase of this program.  The objective was to determine the status and availability of spare parts located at the depot.  Interviews were conducted with depot personnel and the warehouses where much of the equipment is stored were inspected.

Analysis was performed on the data gathered during phase I and vendors were surveyed to determine spare and replacement parts availability.  This analysis demonstrated that some of the AACE LRUs are in short supply.  In some instances replacement parts were no longer available and some LRUs would require re-engineering because of parts obsolescence.  

Analysis was performed during phase II to determine which LRUs are the highest risk of negatively impacting AACE operationally, based on the following:

· availability of spare LRUs at the depot,

· the current operational status of these spare LRUs,

· the availability of replacement parts to support these LRUs,

· failure rates of LRUs,

· and the operational requirements of the AACE system.

These LRUs were further evaluated to determine their impact to the long-term operational sustainability of AACE.  The results of this analysis identified a critical shortage for several AACE-specific LRUs.  A critical shortage model was developed using the documented failure rates for several AACE LRUs.  An analysis of the data indicates that the current stockpile of AACE parts is not adequate to sustain the AACE system until 2010.  Our estimate suggests that by that time AACE could be short approximately fifteen (15) console parallel displays alone.  Further analysis shows that for this item, AACE will reach a critical shortage in less than a year and a half.  This is using the definition of critical shortage as the time that a failure of an LRU occurs and there are no spares available.  Other items are in shorter supply as far as stockpiles of replacements are concerned, but most of these LRUs have a better reliability record.  Table 1 demonstrates when certain LRUs are expected to reach a critical shortage (which is defined as the time an item fails when there are no backup units available).  

	LRU
	Adjusted MTBF (years)
	Failure Rate       (per unit-year)
	Expected Failures Per Year    for All Nine Bases
	Expected Failures Thru 2010    for All Nine Bases
	Number of Spare Parts Currently Available
	Estimate of when current Spares are Exhausted  (years)
	Estimate of when Critical Shortage Occurs

	Shield Room Alarm Intercom Assembly
	22.66
	0.044
	0.397
	3.574
	2
	5.0
	2006

	Alarm Intercom Panel Assembly
	22.66
	0.044
	0.397
	3.574
	13
	32.7
	2034

	Parallel Display
	5.04
	0.199
	1.787
	16.085
	1
	0.6
	2002

	UHF Conosole select
	22.66
	0.044
	0.397
	3.574
	0
	0.0
	2004

	UHF/TAAN I/O Select
	15.11
	0.066
	0.596
	5.362
	1
	1.7
	2003


Table 1:  Critical shortage analysis summary from the Phase II Get-Well Plan

A minimal acceptable number of spare parts need to be defined.  There are many LRUs that currently have no spares available and insufficient data to determine accurate or meaningful failure predictions.  It is recommended that at least one of each spare LRU be stocked at the depot.  This number should be increased for LRUs that are critical in support of the AACE mission and are not COTS replaceable.

Training is an additional area that is needs to be addressed as part of a get-well effort and system modernization.  Currently, the Technical Orders (TOs) are the primary training documentation, a role they are not well suited for.  Experienced staff familiar with AACE is in short supply and little continuity exists among those that would have historically supported a system of this scope (depot, military and civil servant personnel, contractor, etc.).  This is most evident in the area of EMP maintenance testing, but is present in nearly all aspects of AACE operations and maintenance.  

Details of the analysis performed, risks, recommendations, and additional efforts conducted during phase II are included in the Phase II AACE Sustainment Study Get-Well Plan for the Technical Engineering Support for the Aircraft Alerting Communications EMP (AACE) System Sustainment Study, dated April 26, 2002.

2.4. Phase III – Modernization Concept

The third phase of the program was to develop modernization and sustainment concepts to support AACE life-cycle management through 2020.  In support of this tasking we divided our mission into addressing three operational scenarios.  The first is continued modernization of the present AACE system.  The second scenario is if the ACACE were built today, how would it be designed and reconstructed.  The third scenario is if the AACE system were designed from the ground up to be built in the future.

2.4.1. Modernization of the Present System

Modernization of the currently fielded AACE system focused on a few key subsystems.  These systems were the aircrew alerting and radio systems.  Requirements to update the capability of the current AACE system are based primarily on the system radios.  The new narrowband directive will effectively force AACE to change UHF and TAAN units.  Since the UHF units are mounted on standard racks and the TAAN transceiver is floor mounted and both are contained in the protective shield room enclosure, little change is required other than removing these units and finding a suitable replacement.  Replacement units will be more modern than those currently used and may have additional capabilities (i.e., computer controllable, digital control, programmable, etc.).  The current AACE configuration probably cannot take advantage of these enhanced capabilities, but would be able to maintain the current units functionality.  

Aircrew alerting systems are currently composed of the Klaxon system and TAAN receivers (i.e., pagers).  The TAAN receivers are not hardened devices.  Their current hardness is unknown since they have never been adequately tested.  In order to harden these units testing needs to be conducted in order to determine what hardening protection is required.  

There has been interest in modernizing the Klaxon Remote Sounding Unit (RSU). The emphasis is to develop a new Klaxon system that could be compatible with future systems.  After analyzing the costs associated with this type of development effort it is recommended that use of the current design is continued.  The reason for this recommendation is that if to the current Klaxon system is modified, it will have a domino effect on other systems.  For example, if you upgraded the current RSU to a fiber optic link between it and the console, you would need to change the internal workings of the console.  By leaving the Klaxon RSU in its current configuration, you could interface it into more modern designs by simply keeping the current Klaxon SLCM panels as an interface.  This would allow the aircrew alerting Klaxon systems that are currently in place to seamlessly interface with any new design.

2.4.2. Building AACE Today
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Figure 3:  A potential shield room layout

Recommendations for building an AACE system using current technology were based on a few fundamental assumptions.  One of these was that only current AACE requirements would need to be satisfied.  Another was that current Government furnished radio systems would still be used.  The final assumption was that the system could be configured for fixed and mobile operations.

In order to meet these assumptions, a modular 19-inch standard rack-mounted configuration was recommended to replace the current console.  A centralized processor board would be used to manage the other subsystems.  Almost all of the current console components would be replaced by 19-inch cards/boards.  Standard interfaces would be used to communicate with the racks allowing periphials, such as printers, video monitor, etc., to be mounted.  A protected monitor and keyboard would be the primary hardened interface between the operator and the system.  The present shield room would be replaced with a smaller unit that could be pallet mounted, mounted on the back of a HMMWV, or fixed mounted at a command center (See Figure 3).  

Communication between the AACE components would use fiber optic cabling as the primary link.  For mobile operations a trailer would be included as part of the system.  This trailer would include a diesel generator and mounts for antennas when the system was in portable or remote operational mode.  

Hardness maintenance and assurance testing would be easier with this system than the current AACE.  Since almost all of the cabling would be replaced using fiber optics, EM testing of these cable runs would not be required.  Only the shielded components (i.e., shield room and hardened equipment rack(s)) and power/antennae subsystems would require additional testing and some of this could be incorporated into the system itself.

Installation would also be easier, even at command sites, since fewer cable runs are required and much of the conduit required in the previous design is eliminated.  For command post installation, the shield room would need to be assembled in place at most sites, but all other components would be easier to install due to the modular design.

2.4.3. Future AACE

This design of a potential AACE replacement system varies only slightly from the unit that would be built today.  The primary difference is replacing existing Government furnished radios with newer digitally controlled units (either rack-mounted or board replacements).  By replacing these units you can eliminate the shield room entirely by mounting the equipment in hardened 19-inch racks.  The number of racks required would be based on the total capability required of the system.  Details of this design and the other two design options presented above are explained in detail in the Phase III AACE Sustainment Study Modernization Plan for the Technical Engineering Support for the Aircraft Alerting Communications EMP (AACE) System Sustainment Study, dated May 3, 2002.  Figure 4 shows the overall AACE sustainment program study.














Figure 4:  AACE sustainment study program schedule
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