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Foreword

TRW is pleased to submit this AACE Sustainment Study Get-Well Plan.  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 summarizes the findings from the get-well tasking (phase two) in support of the Technical Engineering Support for the Aircraft Alerting Communications EMP (AACE) Systems Sustainment Study.  Several Rough Order of Magnitude (ROM) costs are included within this document.  These costs are non-binding estimates that should be used for rough budgetary purposes only.
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1. Executive Summary

This get-well plan in support of the AACE Sustainment Study is the result of several months of examining equipment, and interviewing staff while visiting, the operational AACE sites.  During these onsite visits, TRW conducted interviews 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 help us develop a get-well plan and later develop a modernization 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 were visited where much of the equipment is stored.

As TRW analyzed the data and surveyed vendors for spare parts, it became evident that some of the AACE line replaceable units (LRU) are in short supply, in some cases non-existent and some LRUs would require re-engineering because of parts obsolescence.  Estimates for re-engineering these LRUs were developed and are included in this get-well plan.  

We attempted to determine which LRUs are the highest risk of negatively impacting AACE operational readiness.  This assessment was 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 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.  Based on this analysis the current stockpile of AACE parts is not adequate to sustain the AACE system until 2010.  Our estimate suggests that AACE could be short approximately fifteen parallel displays (PDs) alone.  Further analysis shows that for this item, there will be a critical shortage in less than a year and a half.  Other items are in shorter supply as far as stockpiles of replacements, but these LRUs have a better reliability record.  Table 1-1 identifies when certain LRUs are expected to reach a critical shortage that is defined as the time an item fails and no backup units are available. 

Training is an additional area where AACE sustainability issues are impacted.  Currently, the Technical Orders (TOs) are the primary training documentation, a role for which they are not well suited.  Experienced staff familiar with AACE is in short supply and very little continuity exists among those normally supporting a system of this scope (depot, military and civil servant personnel, contractor staff, etc.).  This is most evident in the area of EMP maintenance testing, but is present in nearly all aspects of AACE operations and maintenance.  Estimates are included within this report to support AACE training requirements.

	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 Console 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 1‑1: Results of the critical shortage analysis performed including an estimate of when critical shortage of key AACE LRU will occur

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 commercial off- the-shelf (COTS) replaceable.

2. Introduction

TRW is pleased to submit this AACE Sustainment Study Get-Well Plan.  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 on the phase one task of this CET. 

2.1. Background

BDM International, Inc. (acquired by TRW in 1997), 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 and 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 total units were installed.  Initial AACE spares were shipped to each of the operational bases, and to the Sacramento Air Logistics Center (SM-ALC) at McClellan, AFB, CA.  Production units were to be installed by Air Force personnel trained by BDM.  
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 is not discussed in this delivery order.

The CIs currently identified as part of the AACE system include:

CI-1
Shielding Enclosure

CI-2
Shielding Room

CI-3
Operator’s Console

CI-4
Conduit

CI-5
Penetration Panel(s)

CI-6
Uninterruptible Power Supply/Power Distribution System

CI-7
Environmental Control System

CI-8
Power Line Conditioning Module (PLCM)

CI-10
Klaxon Set

CI-11
UHF AM Terminal

CI-12
TAAN Terminal

CI-13
Dual Modem Unit Phase II Terminal (AFSATCOM/Milstar)

CI-14
UHF AM Radio

CI-15
TAAN Radio

The AACE maintenance program employs a two-level concept: organizational and depot.  Organizational maintenance other than periodic maintenance is limited to removal and replacement of line replaceable units (LRUs) that are designed for depot level repair.  The MILSATCOM program offices 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 indicating that an AACE capability is a current and ongoing requirement.  Of the sixteen sites where AACE units were installed, nine sites remain operational. 

2.2. Project Overview

This program is divided into three 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 development of a get-well plan for the aging AACE system based on the findings from Phase I.  The third phase is to develop a short-term (2008) and long-term (2020) modernization plan for the AACE system.

2.2.1. Phase I – 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 maintenance procedures approved and unapproved. At each operational base and the depot support activities, 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 the 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.  We originally designed this form to follow the basic CI list.  After our original two visits it was apparent the form was not viable in the field.  The basic problem is that the CI numbering system does not track well with the actual location of the items being inspected.  During the brief 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.  

A new form was developed based on the final operational base form for the Ogden depot visit.  This form was modified to collect the different set of desired data elements 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).

2.2.2. Phase II – Get-Well Plan

Based on the information gathered during Phase I, TRW analyzed the data and identified deficiencies that could impact the generation of a Get-Well Plan.  This phase of the project is the focus of this report.  TRW performed an analysis of the individual AACE components to identify persistent problems associated with AACE parts, maintenance procedures, and/or other areas requiring improvements to ensure the availability and maintainability of the existing AACE systems through 2008.  This analysis led to some repair, upgrades, replacement, and/or re-engineering recommendations for several parts or components.  Although no changes in technical orders (TOs) are specifically recommended, the impact of some of the recommendations in the Get-Well Plan may require updating the TOs.  Modifications to the TOs were not addressed because several are currently being modified or updated.

2.2.3. Phase III – Modernization Concept

The final phase of this task is to develop modernization and sustainment concepts to support AACE life-cycle management through 2020.  During this phase, TRW will examine the planned improvements to systems having a direct impact on AACE and its operations.  Based on these programmed changes in related programs and processes, TRW will recommend technical upgrades to the AACE system.  These recommendations will be time-phased to be compatible with the introduction of the new or upgraded programs, and TRW personnel will develop budgetary estimates for each recommended project.

3. AACE LRU Analysis

The findings for each of the LRUs are consistent with the way they were presented in the earlier Phase I report.  The LRUs are grouped by their location rather than their CI number.  The information was gathered this way during the actual site surveys conducted during Phase I. 

The four major groups are:

1. Shield room, 

2. External shield room, 

3. Console, and 

4. Remote items. 

 Items associated with the shield room group are those physically located inside the AACE shield room.  This does not include the shield room enclosure.  Items external to the shield room are items associated with the shield room but not contained within it.  This includes all the items mounted outside the chamber including the shelter itself.  The console group is comprised of the LRUs associated with the AACE console.  The remote items are LRUs external to both the shelter and the console.  Some of these items may be mounted near the shelter or console, but this is not required.  In some cases these items can be mounted miles away from the console and/or shelter.  LRUs are further grouped by related function within a site.  

For each LRU or LRU group described in the following sections, we summarized the current status of the items, including breakdown history and parts availability.  These failure rates are used later to develop a critical shortage model.  Items no longer available have replacement parts and/or reengineering requirements identified.  Special test fixtures are also addressed for each group and/or LRU if required and their current availability identified.

Some assumptions were made about the availability of parts and test fixtures.  Not every component was researched to ensure their availability. Passive components including semiconductors, connectors, and most CMOS parts are available at major electronic suppliers (i.e., Newark, Allied Electronics, Digikey, etc.).  Even if the exact part is no longer available, an equivalent part is available.  Similarly spark gaps used for surge protection are available from manufacturers such as Joslyn Communication Protection Products or a similar vendor.  Power filters, signal filters and all electrical enclosures are available and all mechanical assemblies can be reproduced using the original artwork developed by BDM/TRW.  Similarly, if an AACE printed circuit board assembly is required, TRW has or can recreate the artwork for the circuit board from the original drawing package.  In other cases, high reliability commercial grade parts are acceptable as replacements to military specified parts.

Some LRUs are referred to be a Hardness Critical Item (HCI). This designation means the entire LRU system is HCI.  The individual components that comprise the HCI system may or may not be HCI.

In the following sections spare LRUs are referred to by their operational status.  This status is associated with the equipment operational status assigned at the depot level.  An item with an “A” status is ready for deployment and is considered an available resource.  Items marked “F” status are considered in need or repair or non-functional from the standpoint of being a viable replacement item.
3.1. Shield Room LRUs

LRUs internal to the shield room are those physically located inside the shield room shelter or are mounted on the inside surfaces.

3.1.1. UPS and Related Systems

The LRUs associated with the Uninterruptible Power Supply (UPS) upgrade performed initially at Fairchild AFB include:

· The Battery Cabinet Assembly (CI-6, AGE061200),

· The UPS Relay.

The battery cabinet assembly was replaced during the AACE upgrade to the UPS system (See Figure1).  The UPS relay was a recent modification first installed at Fairchild as a result of some fault alarm concerns associated with the UPS upgrade.  This system is currently being upgraded at the other sites and will become the standard AACE configuration (Beale has already implemented this upgrade,).
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Figure 1: Left image is the fully upgraded UPS relay system; the right is the original configuration

During the replacement of the UPS unit, no standard procedure was used to deal with the battery unit vent tube associated with the older system.  Some sites left the old vent tube dangling, while others removed it.  Others terminated the vent tube or the internal vent tube mounting on the side of the shield room wall.  Since the honeycomb material associated with the vent tube mount on the wall provides adequate EMP shielding, all of these fixes are viable options.  If a standardized procedure is implemented, TRW recommends the vent tube mount on the inside of the chamber be terminated with a conductive material.  A metal plate mounted on the honeycomb tubing and attached using a hose or circular clamp is an example of an inexpensive fix easily used and is readily available.

3.1.1.1. LRU Condition and Spare Status

Currently the operational status of the UPS systems varies by site.  This is primarily due to the status of the ongoing modification requiring installation of a relay box and other associated items.  Because of this upgrade there are no current spares available for any UPS LRUs at the depot or any of the operational sites. 

3.1.1.2. System Failures

The original UPS units were replaced so failure information on that system is not related to the current AACE configuration.  Because of this, TRW only considered the upgraded system.  Since the system is so new, no failures have occurred.  Most problems noted were faulty warning indicators associated with the upgrade.  This problem has been fixed with the implementation of the UPS relay box modification.  This section assumes the modification that includes the new relay box, will be (and is at some sites currently) the standard UPS system configuration for the AACE system.

3.1.1.3. Replacement Parts Availability

Since the system currently being evaluated is so new and was not part of the original AACE as delivered, TRW did not evaluate this system for replacement parts.  It is clear the COTS FERRUPS system is still commercially available because Beale AFB recently upgraded their UPS using this product.  TRW recommends the upgraded LRUs comprising the new UPS system be stored at the depot.
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Figure 2: The two internal shield room power distribution units

3.1.2. Shield Room Power Distribution LRUs

Two electrical power distribution panels comprise this group (See Figure 2).  The power distribution units convert the incoming 208 VAC three-phase facility power to the 120 VAC power needed to operate the equipment in the shield room.  These two units are mounted on the internal wall of the shield room distribute power to all the other LRUs in the shield room.  These units are not HCI.

3.1.2.1. System Failures

No failures were documented at any of the sites visited.

3.1.2.2. LRU Condition and Spare Status

These LRUs are generally in excellent condition.  There are no spare parts for this item at the Hill AFB depot.  Two power supply units are located at Altus AFB, but it is not clear if these are the power supply unit located inside the chamber or those mounted externally to the shield room (regardless, both were considered “F” status parts).

3.1.2.3. Replacement Parts Availability

This unit is an electrical breaker box available at an electrical parts supplier (i.e., Graybar).

3.1.2.4. Test Fixture(s)

No special test fixture is required.

3.1.3. Shield Room Alarm Intercom Assembly 
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Figure 3: Top half of the shield room UHF equipment rack holding the filter intercom assembly

The Shield Room Alarm Intercom Assembly (AGE22000,) is mounted in the UHF equipment rack in the shield room (See Figure 3).  The unit monitors key environmental and electrical conditions in the shield room and provides a voice communication link with the console.  This cabinet is not HCI since it relies on the shield room to provide its hardening.

3.1.3.1. System Failures

There were several failures noted with this system.  At least three systems failed and were replaced.  Several of the systems had problems with false alarm lights, but these appear to be associated with the original UPS upgrade.  The speakers are starting to degrade at a few of the sites visited resulting in garbled communications between the console and the shield room.  There have also been failures in the front panel push-to-talk switch.

3.1.3.2. LRU Condition and Spare Status

Besides the problems mentioned above, systems are in good condition, but no spares currently exist at the Hill AFB depot.  There is one “F” status unit located at Altus AFB.

3.1.3.3. Replacement Parts Availability

Replacement front panel switches are available from the original switch manufacturer (Eaton Aerospace).  Other replacement components are available from electronic component suppliers (i.e., Newark, Allied, etc.)

3.1.3.4. Test Fixture(s)

TRW currently has a test fixture on-site for use in testing this part.

3.1.4. UHF Band Pass Filters

The two UHF band pass filters are mounted in the UHF equipment rack.  These units provide band pass filtering for each of the UHF radios.  These units are HCI.

3.1.4.1. System Failures

No failures were documented at any of the sites visited.

3.1.4.2. LRU Condition and Spare Status

There are no “A” status spare parts available for this system.  There are two “F” status parts at the depot located in the second box shipped from McConnell (NIIN: 5895-01-272-7256) and two more “F” status units located at Altus AFB (See Figure 4).  The parts found were in reasonable condition, but exhibited some scratches that probably occurred during transit.
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Figure 4: Miscellaneous equipment shipped from McConnell AFB to the Hill AFB depot

3.1.4.3. Replacement Parts Availability

Replacement filters are available from manufacturers who specialize in multi-cavity band pass filters (i.e., Digital Communications Inc.).

3.1.4.4. Test Fixture(s)

None required.

3.1.5. UHF Equipment Rack Assembly

The UHF equipment rack is mounted on the floor of the shield room.  The rack provides mounting for the Shield Room Alarm Intercom Unit, two UHF band pass filter units, two UHF radios, and a fan.  This unit is not HCI since it relies on the shield room to provide hardness protection.

3.1.5.1. System Failures

No failures were documented at any of the sites visited.

3.1.5.2. LRU Condition and Spare Status
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Figure 5: TAAN unit assemblies including TAAN radio mounted on the floor and wall of the shield room
All of the units inspected during the site surveys were in excellent condition.  There are no spares noted at any location.

3.1.5.3. Replacement Parts Availability

This unit is a basic 19-inch equipment rack and is available from vendors such as Hammond and Knurr.

3.1.5.4. Test Fixture(s)

None required.

3.1.6. TAAN Unit Assemblies

The TAAN terminal enables voice transmission to the aircrew at the start of an alert (See Figure 5).  Voice can be transmitted from the console to the aircrew, from the SSTIU to the aircrew, or both.  The other items associated with this group are basically sub-assemblies associated with the TAAN terminal.  The LRUs associated with this group are:

· TAAN Antenna Unit Assembly (AGE121000),

· TAAN Band Pass Filter Assembly (AGE122000), and

· TAAN Radio Filter Assembly (AGE127000). 

Both the band pass filters and radio filter assemblies are HCI items.

3.1.6.1. System Failures

No failures were documented at any of the sites visited.

3.1.6.2. LRU Condition and Spare Status

All of these parts are in good condition at the operational sites.  No “A” status spares exist for any of these items.  There is one “F” status TAAN band pass filter assembly in box two of the returned console from McConnell AFB.  No other spares are known to exist.

3.1.6.3. Replacement Parts Availability

Replacement band pass filters are available from manufacturers who specialize in multi-cavity band pass filters such as Digital Communications Inc.  Filters used in the Radio Filter assembly are standard feed RFI/EMC filters available from companies such as RFI Corporation.

3.1.6.4. Test Fixture(s)

None required.
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Figure 6: AFSATCOM rack located inside shield room

3.1.7. AFSATCOM Rack Enclosure Assemblies

The AFSATCOM terminal enables communication with the alerted airborne aircraft (See Figure 6).  Two-way coded messages are transmitted between the console and aircraft via the AFSATCOM satellites.  The two enclosures are mounted on the AFSATCOM rack located inside the shield room.  The two LRUs that comprise this group are:

· AFSATCOM Rack Signal Enclosure Assembly (AGE132100) and

· AFSATCOM Rack Power Enclosure Assembly (AGE132200).

3.1.7.1. System Failures

No failures were documented at any of the sites visited.

3.1.7.2. LRU Condition and Spare Status

These parts were in good condition at all of the operational sites visited.  There are no spare parts for these items.

3.1.7.3. Replacement Parts Availability

Standard electrical enclosures and terminal blocks are available from an electrical parts supplier such as Graybar.

3.1.7.4. Test Fixture(s)

None Required.

3.1.8. UHF AM Radio AN/GRC-171

The two UHF radios are mounted in the UHF equipment rack and are connected through the shielded conduit to the console.  The radios are UHF transceivers that provide two-way voice communication between the console operator, UHF SSTIUs, and alerted aircraft.

3.1.8.1. System Failures

Tracking of failures for this unit is difficult since repairs are not usually tracked as part of the AACE system because this unit is not particular to AACE.  For example, Grissom has a group that repairs and performs maintenance on these units.

3.1.8.2. LRU Condition and Spare Status

This unit is not considered AACE specific or unique to AACE.  As part of the AACE depot system, no supplies exist, but it appears this system is available through other maintenance chains.  During our site survey, no failures were noted by any of the AACE maintenance personnel at the sites.

3.1.8.3. Replacement Parts Availability

This item is GFE so no further replacement parts availability analysis was performed.

3.1.8.4. Test Fixture(s)

No special AACE test fixtures are required.

3.1.9. TAAN Transceiver

The TAAN radio (AGE150000) is mounted on the floor of the shield room and is connected through the shielded conduit to the console.  The radio is a UHF transceiver used in a transmit-only mode to enable the console operator or TAAN SSTIU to transmit voice communications to the alert crew.  This unit is not HCI.

3.1.9.1. System Failures

There were two recorded failures of this unit and one site no longer uses their system so its current status is unknown.

3.1.9.2. LRU Condition and Spare Status

TAAN transceivers inspected during the on-site visits were all in very good condition.  Spare parts are extremely limited at the depot.  Hill AFB has two listed in “A” status and three in “F” status, but one of the F status units is clearly miss-marked.  Another unit located at the depot is in the crate of items returned from McConnell AFB.  There is one additional unit currently located at Altus AFB.  This unit is assumed to be in “F” condition.

3.1.9.3. Replacement Parts Availability

The TAAN radio is not considered AACE specific or unique to AACE.  No attempt was made to find a replacement item or to determine its current availability.  The exact unit is no longer in production, but Motorola does produce a more modern replacement unit.

3.1.10. Probes and Enclosures

All enclosures related to the installed conduit are standard electrical enclosures.  The embedded probes are installed to facilitate hardness testing of the installed conduit.

3.1.10.1. System Failures

No failures were documented at any of the sites visited.

3.1.10.2. LRU Condition and Spare Status

We assume all units are in good condition since not all probes are visible without dismantling the system.  No spare parts are currently known to exist.

3.1.10.3. Replacement Parts Availability

Replacement parts are available and machined parts can be duplicated using existing mechanical drawings.

3.1.10.4. Test Fixture(s)

None required.

3.2. External Shield Room LRUs

The LRUs associated with this area are those normally mounted externally to, but in the same room as the shield room.  This group also includes the shield room enclosure, LRUs mounted externally on the shield room, and items that interface the shield room to the rest of the AACE system.

3.2.1. Shield Room Enclosure LRUs
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Figure 7: Shield room enclosure door and miscellaneous interface panels

This is the large shield room itself located within the same facility as the AACE console and contains all of the equipment listed in section 3.1 (See Figure 7).  Because this unit provides the bulk of the electromagnetic protection for every component located within, it is HCI.

3.2.1.1. System Failures

One system failed hardness testing due to faulty grounding, but this is not a limitation or failure of the chamber itself.  No other concerns noted.

3.2.1.2. LRU Condition and Spare Status

The chambers are all in relatively good condition.  Some require a small amount of maintenance, but all are sound.  One unit did exhibit a significant amount of rust on top of the unit, caused by a leaking waterline; this did not appear to have degraded the room’s shielding capability.  There are no known spares for this unit, with the possible exception of one located at Altus AFB.

3.2.1.3. Replacement Parts Availability

Replacement panels, doors, power filters, finger stock, and honeycomb are available from the manufacturer (Lindgren).  Furthermore, the finger stock used is a federal part number item (FSCM 82417).  All modifications can be performed according to the original fabrication drawings.

3.2.1.4. Test Fixture(s)

None required.

3.2.2. Sensor Plate Termination Assembly

The sensor plate termination assembly (AGE021120) is located at the base of the shield room on the opposite side of the unit that the door is mounted.  The assembly is used in the hardness surveillance testing of the ground plane mesh and shield room.  This item is not HCI.
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Figure 8: Sensor plate termination assembly with broken ground wire

3.2.2.1. System Failures

One system has failed due to a break in the ground wire that is easily repaired (See Figure 8).

3.2.2.2. LRU Condition and Spare Status

Units were often dirty, but in reasonable shape.  No spares exist for this item.

3.2.2.3. Replacement Parts Availability

All replacement parts are available from an electrical supply company such as Newark or Allied.

3.2.2.4. Test Fixture(s)

None required.

3.2.3. Power Main Distribution Panel
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Figure 9: Power main distribution panel

The power main distribution panel is located on the wall of the room containing the shield room enclosure (See Figure 9).  This circuit breaker box connects the shield room systems to external power sources.

3.2.3.1. System Failures

None noted.

3.2.3.2. LRU Condition and Spare Status

These units were all in good condition at the operational sites visited.  No spares exist for this LRU.

3.2.3.3. Replacement Parts Availability

This unit is a commercial circuit breaker box and is readily available from an electrical parts supplier such as Graybar.

3.2.3.4. Test Fixture(s)

None required.

3.2.4. Shield Room Penetration Panel
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Figure 10: Shield room penetration panel located at Hill AFB depot
The shield room penetration panel (AGE051000, See Figure 10) is mounted on the wall of the shield room.  The panel electrically interfaces the equipment inside the shield room with the equipment outside the shield room.  There are 12 line filters and four surge arrestors in the panel.  This item is HCI

3.2.4.1. System Failures

No failures were documented at any of the sites visited.

3.2.4.2. LRU Condition and Spare Status

Most units showed signs of rust, but this was not considered a problem.  Spares for this unit are readily available at the Hill AFB depot.  There are currently 21 units in stock in “A” status and another two “F” status units.

3.2.4.3. Replacement Parts Availability

All replacement filters and surge protectors are available (i.e., RFI Corporation, Joslyn, etc.).

3.2.4.4. Test Fixture(s)

No special test fixtures are required.  The filters must meet attenuation and transient pulse hardness specifications.  Testing is done using standard COTS test equipment.

3.2.5. Environmental Control System
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Figure 11: One of the two environmental control units stored at the Hill AFB depot

The shield room is equipped with two wall-mounted Environmental Control System (ECS) units (See Figure 11).  These units are mounted on the outside wall of the shield room.  The air conditioners maintain the environment inside the shield room at a nominal plus seventy degrees Fahrenheit.  These units are not HCI.

3.2.5.1. System Failures

Approximately half of the units fielded have undergone some form of maintenance.  However, none of these units have been replaced.  Air Force personnel, usually the base Civil Engineering group, repaired all of the units on site.  Typical routine maintenance such as adding coolant or cleaning filters on the units fixes the problem.

3.2.5.2. LRU Condition and Spare Status

Physically the units appear to be in good condition, but the lack of regular periodic maintenance is a problem based on the number of units not working at optimal capability.  Two ECS units are located at the depot and are considered “F” status.  Based on our findings at other sites and interviews, these two units are excellent candidates for refurbishment and reinsertion into the depot chain as “A” status.

3.2.5.3. Replacement Parts Availability

Replacement ECS units are still available from the manufacturer under a different part number.  The new part number is:

· ECS Unit: WA603, Bard Manufacturing Company.

3.2.5.4. Test Fixture(s)

None required.

3.2.6. Power-Line Conditioning Module (PLCM)
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Figure 12: Power-line module mounted on room wall containing the shield room

The power-line conditioning module (AGE081000,) is located outside the shield room and is not High Altitude EMP (HEMP) protected (See Figure 12).  It protects the facility power lines from HEMP and lightning induced transients.  The PLCM contains four surge arrestors (spark gaps) to protect each power line.  This unit is HCI.

3.2.6.1. System Failures

No failures were documented at any of the sites visited.

3.2.6.2. LRU Condition and Spare Status

All of these units are in very good condition at the operational sites.  Beale AFB has the unit grounded differently than the rest of the sites visited, but the LRU itself is in good condition.  No spares of this unit exist within the depot system.

3.2.6.3. Replacement Parts Availability

The electrical enclosure is available at an electrical parts supplier such as Graybar.  The surge arrestors are also available from Joslyn.

3.2.6.4. Test Fixture(s)
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Figure 13: Command post Klaxon SLCM
None required.

3.2.7. Klaxon Signal Line Conditioning Module (SLCM) 

The Klaxon Signal Line Conditioning Module (SLCM) attenuates HEMP and lightning-induced transients on the Remote Sounding Unit (RSU) control circuits.  The Klaxon SLCM (AGE104000) is mounted on a wall adjacent to the AACE shield room (See Figure 13).  This unit is HCI.

3.2.7.1. System Failures

No failures were documented at any of the sites visited.

3.2.7.2. LRU Condition and Spare Status

All of the operational units were in good shape.  No spare parts are currently available for this unit within the depot system.

3.2.7.3. Replacement Parts Availability

Replacement spark gaps are available (Josyln).

3.2.7.4. Test Fixture(s)

No special test fixture is required for this unit.  The spark gaps must meet attenuation and transient response requirements.  Testing is done using COTS test equipment.

3.3. Console LRUs

Console LRUs are mounted inside or directly on the AACE console.  The console is located inside the command center and is the primary interface the users have to the AACE system.

3.3.1. Klaxon Control Unit Assembly
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Figure 14:  Klaxon set assembly control unit stored at Hill AFB depot

The Klaxon Control Unit (KCU) controls and monitors the operation of the Klaxon system (See Figure 14).  Lamp driver circuits control illumination of Klaxon I/O unit indicators.  The dash number in the unit part number is used to identify how many Klaxon control boards are in the KCU.  Timing and control circuits generate dual tone audio signals to control activations of RSUs.  Detector circuits continuously monitor dual tone audio signals generated by the RSUs to ensure control circuit continuity.  The KCU (AGE102000) is mounted in the lower shielded bay of the console for protection from HEMP and lightning-induced transient environments.  This unit is not HCI.

3.3.1.1. System Failures

The only problem noted with this unit is indicator lamps burn out and requires replacement.

3.3.1.2. LRU Condition and Spare Status

All units were in very good condition.  Four “F” status spare parts were on the Hill AFB parts listing, but one of these items was marked incorrectly (was actually AGE103000).  This leaves three “F” status units, with 2, 3, and 6 Klaxon control boards in the systems.  One unit is located at Altus AFB with 1 Klaxon control board and one located in the console located at Hill AFB depot previously shipped from Dyess AFB (the number of boards can be determined by looking at the number behind the dash on the item’s serial number).

3.3.1.3. Replacement Parts Availability

Replacement parts are available, however if a full complement of Klaxon RSUs is to be established or used, then a full complement of detector printed circuit assemblies must be fabricated.  Currently each site has only the number of circuit assemblies needed to support the Klaxon RSUs initially installed.  Spare KCUs located at the depot also have a varying number of circuit assemblies making their true availability somewhat questionable.  

In order to upgrade and standardize the Klaxon Control Unit Assembly so each unit has six boards, TRW would need to obtain two GFE “F” status units in good physical condition (i.e., not physically damaged or crushed) or one “A” status unit.  TRW would then evaluate this unit and repair it if necessary.  Boards would then be procured and each slot would be filled, giving each unit the capacity to drive six remote Klaxon units.  TRW would ship these units to Hill AFB as fully capable “A” status units capable of being used at any of the operational sites.  The following two tables include a Firm Fixed Price (FFP) Rough Order of Magnitude (ROM) based on the existing OO-ALC DESP Contract (Contract F42620-00-D-0038-0007).  The period of performance for this tasking would be approximately 13 weeks.  This ROM and the others located throughout this document are not intended to be binding bids on this work.  They are rough estimates that should be used for budgetary planning only.

Table 3-1 presents the cost estimate to fabricate and upgrade the initial KCU.  Table 3-2 presents the unit cost estimate to fabricate and upgrade any desired additional KCUs.  The cost estimate for the initial unit includes one-time added labor costs for redesigning the upgraded KCU and developing new procedures for the fabricating the upgraded units.   Additional units have a substantially reduced unit cost (Table 3-2) if procured at the same time as the initial unit.

	Labor
	ODCs
	Total

	$41,833.98
	$9,959.00
	$51,792.98


Table 3‑1: ROM for the initial upgraded Klaxon Control Unit Assembly

	Labor
	ODCs
	Total

	$16,371.66
	$7,859.00
	$24,230.66


Table 3‑2: ROM for additional upgraded Klaxon Control Unit Assembly procured at the same time as the in initial unit

3.3.1.4. Test Fixture(s)

TRW currently has a test fixture on-site, but no test cables are available.  Test cables need to be fabricated to test repaired units.  The approximate cost for these cables is $1,000.00.  This cost is included in the ROM above to construct the first unit.

3.3.2. Klaxon I/O Unit Assembly

The Klaxon I/O (AGE103000,) unit is the console operator’s interface with the Klaxon set See (Figure 15).  Panel lights indicate control circuit continuity status and alarm on/off status.  A single control switch activates all installed RSUs for alert or system testing.  The Klaxon I/O unit is mounted in the upper-shielded bay of the console.  This unit is HCI when installed.
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Figure 15: Klaxon I/O unit assembly stored at Hill AFB depot

3.3.2.1. System Failures

The primary failure associated with this unit is burnt out indicator lamps.  Only one unit at Minot AFB had been replaced due to a major failure.

3.3.2.2. LRU Condition and Spare Status

With the exception of a modification to the front plate found at one site, LRUs were in good condition.  There are 29 “A” status spare parts for this unit at the Hill AFB depot.  There are two units installed on the consoles at the depot shipped from McConnell and Dyess AFBs and one unit is located at Altus AFB.  Two “F” status units were on the inventory at the Hill AFB depot, but only one could be found.  The other is probably the miss-marked KCU discussed previously.

3.3.2.3. Replacement Parts Availability

All replacement parts are available from companies such as Culter-Hammer, Dialco, etc.

3.3.2.4. Test Fixture(s)

TRW currently has a test fixture on-site for use in testing this unit.

3.3.3. Console Door Assemblies

The lower console door (AGE032500) allows access to the LRUs located on the LRU shelf (AGE032110).  A fold down work surface is normally attached to the door.  On most operational AACE units the work surface was removed.  The door itself is HCI since it provides shielding for LRUs contained within the console.  The LRU shelf is not an HCI item.

3.3.3.1. System Failures

The only failure noted with this unit is related to the console door work surface.  The hinges on this unit are not robust and bend and/or break.  On most units the shelf was removed.

3.3.3.2. LRU Condition and Spare Status
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Figure 16: Console shipped to Hill AFB depot from McConnell AFB

The console doors are in very good condition.  The only problem noted was due to the removal of the work shelf.  When the mounting bolts were not re-installed this leaves an EMP penetration into the unit.  The only spares identified for this unit are the two mounted on the consoles returned from Dyess and McConnell AFBs (See Figure 16).  TRW assumed both of these are “F” status items.

3.3.3.3. Replacement Parts Availability

Replacement parts (finger stock, knife-edges, etc.) for the console door are available from Lindgren.  The fold down work surface can be fabricated using existing mechanical drawings.  If the work surface is replaced, a stronger locking hinge mechanism may be desirable and should be readily available at most hardware stores.  Care must be taken if a new hinge mechanism is used to ensure the mounting holes on the console door and the new hinge align properly.

3.3.3.4. Test Fixture(s)

No special test fixture is required for this unit.  The standard hardness testing of the console door using COTS equipment is required.

3.3.4. AFSATCOM Assemblies
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Figure 17:  AFSATCOM unit with open door to the left showing push buttons that remotely control the unit

The AFSATCOM terminal (See Figure 17) is mounted in the upper console bay (See Figure 17).  The dual modem control, I/O printer, I/O keyboard, emergency action message alarm unit, and fault summary indicator are contained in the AFSATCOM I/O terminal.  The AFSATCOM power supply assembly (AGE032130) is located in the lower shielded bay in the console. The AFSATCOM door (AGE032200) allows access to the AFSATCOM I/O terminal.  This item is HCI.

3.3.4.1. System Failures

There are many problems associated with the AFSATCOM assemblies.  These include failures of the power supply, the printer, LEDs on the AFSATCOM terminal, erratic performance of the unit, and the AFSATCOM door on some AACE consoles shows excessive wear and the buttons mounted in the door do not align with the buttons on some of the AFSATCOM units.  The following is a listing of problems noted with this unit during the on-site survey:

· Fairchild:  Repaired often.  Including a 45-hour repair effort for one job.  Not a reliable unit with inconsistent performance including erratic/intermittent problems and they had to disconnect the feed filter due to problems.  AFSATCOM is not currently used due to LED problems.  The power supply assembly was replaced once in the year prior to the on-site visits.  Printer was replaced twice, and modem was replaced.

· Beale:  The unit currently has an intermittent problem (SMC staff were on-site while we were present attempting to eliminate the problem).  Also AFSATCOM door push buttons do not align with the AFSATCOM buttons, this needs to be addressed.

· Grissom:  Faulty AFSATCOM unit replaced once

· Offutt:  None. 

· Whiteman:  Wear on knife-edge and door does not align with unit it covers (buttons).  Replaced printer multiple times.

· Grand Forks: Wear on knife-edge of door is significant.

· Robins:  Printer may not be working.

· Barksdale:  Printer has been replaced and LEDs now in need of repair.

· Minot: Door buttons do not align up with AFSATCOM requiring the door to be opened when in use.

3.3.4.2. LRU Condition and Spare Status

Condition of these units varies from good to poor based primarily on the condition of the AFSATCOM door assembly.  Spare parts do not exist for the door assembly except for those that are part of the items returned from Dyess and McConnell AFBs and a few items located at Altus AFB (i.e., teleprinter, control indicator, audible alarm assembly, keypad, and AFSATCOM power supply).

3.3.4.3. Replacement Parts Availability

Replacement parts (finger stock, knife-edges, etc.) for the console door are available from Lindgren.  Custom parts can be machined using existing mechanical drawings.  The console door needs to be re-engineered to compensate for different button placement of upgraded versions of the AFSATCOM terminal.  Spare parts for the AFSATCOM terminal itself were not included as part of this effort since it is a GFE item.

Some of the AACE units have the upgraded AFSATCOM unit.  This upgraded unit’s keypad buttons do not align with the keypad buttons on the AFSATCOM unit behind it.  The ROM in Table 3-3 entails designing and installing a replacement door for these sites.  The ROM includes creating an upgraded design, drawings, and procuring a new AFSATCOM door and installation on-site.  Tables 3-3 and 3-4 include a ROM based on the existing OO-ALC DESP Contract (Contract F42620-00-D-0038-0007).  The period of performance for this effort is approximately 16 weeks.

	Labor
	ODCs
	Total

	$26,283.19
	$13,724.00
	$40,007.19


Table 3‑3:  ROM for each additional AFSATCOM console door assembly procured at the same time as the initial re-engineering and installation
	
Labor

	ODCs
	Total

	$68,469.44
	$16,339.00
	$84,808.44


Table 3‑4: ROM to re-engineer and install the initial AFSATCOM console door assembly
3.3.4.4. Test Fixture(s)

No special test fixture is required for this unit.  The standard hardness testing of the console door is all that is required.

3.3.5. Alarm Intercom Panel Assembly

[image: image19.jpg]FAILURE

UPS
FAILURE

UTILITY.
FAILURE





Figure 18:  Alarm intercom panel assembly stored at Hill AFB depot

The console alarm intercom assembly (AGE033100,) is mounted in the upper left side of the console (See Figure 18).  The unit is electrically slaved to the shield room alarm intercom unit to provide monitoring of key shield room environmental and electrical conditions, and to provide a voice communication link with the shield room.  This item is HCI when mounted as part of the AACE console system.

3.3.5.1. System Failures

There were several documented cases of this LRU failing.  During our visit one unit was being replaced for the first time.  Another system was replaced approximately three years ago due to a faulty clock.  Two other units’ speakers are garbled and may require replacement in the near future.  Other problems are UPS failure lights coming on when no actual failure exists; this is very likely a byproduct of the UPS upgrade that will be remedied when the relay box is implemented.  The last problem noted was one system’s alarm enunciator had been removed leaving an EMP penetration causing a severe hardness problem.  This unit requires repair or replacement.

3.3.5.2. LRU Condition and Spare Status

The units were in good physical condition and spare parts are available.  There are 13 “A” status LRUs located at the Hill AFB depot with an additional 3 units in “F” status located there as well.  There is a unit installed in each of the consoles returned to Hill AFB from Dyess and McConnell AFBs.  In addition one unit is located at Altus AFB.  All of these additional LRUs are considered to be in “F” status.

3.3.5.3. Replacement Parts Availability

Replacement front panel switches are available from the original switch manufacturer (Eaton Aerospace).  Other replacement components are available from electronic suppliers such as Newark and Allied.

3.3.5.4. Test Fixture(s)

TRW currently has a test fixture on-site for use in testing this unit.

3.3.6. Parallel Display (PD) Unit

The PD is mounted on the right side of the console and is used to display the most recently received messages from the AFSATCOM I/O terminal unit.  Only one LRU comprises this group.  This item is HCI.

3.3.6.1. System Failures

Almost every site has had at least one documented PD malfunction.  In addition, several of the sites had very dim displays, a normal precursor to system failure.  The most common source of failure is the vacuum fluorescent module, but the power supply has also failed in the past with some regularity.  It should be noted that these devices have usually exceeded their original operational life expectancy.  The following is a summarization of system failure by site:

· Fairchild:  Display has gone out once and unit replaced.

· Beale:  Unit replaced approximately one month before visit.

· Grissom:  Had 3 units go bad, but one was fixed on-site.

· Offutt:  Was replaced once.

· Whiteman:  Replaced once and now currently having intermittent problems (display blanks out, but resetting power restores it).

· Grand Forks:  Reset breaker switches whenever they have power spikes on-site.

· Robins:  None.

· Barksdale:  Current display is dim, possibly indicating this unit may be failing.

· Minot:  Unit replaced twice.

3.3.6.2. LRU Condition and Spare Status
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Figure 19: The only remaining “A” status parallel display located at the Hill AFB depot

Spares are dangerously short for this LRU.  Currently only one is available in “A” status (See Figure 19).  Other “F” status units are available, but virtually all have been checked out and require a replacement vacuum fluorescent module at a minimum.  These units are currently located at TRW Albuquerque, NM.  Four additional units are located at Hill AFB.  One is located in the console shipped from Dyess and the console from McConnell AFBs (these are included in the total count of four above).  Another unit is located at Altus AFB.  The condition of the spare units is well known since they are currently located at TRW’s Albuquerque office and the one “A” status part was recently repaired and delivered to the depot.  All are in verified “F” condition, but they have already been checked to determine what components have failed.

3.3.6.3. Replacement Parts Availability

A replacement part has been identified to replace the unavailable vacuum fluorescent module.  This replacement part does not mount exactly the same as the previous unit so some reengineering is required (both electrical and mechanical).  The replacement part for this unit is:

· P/N S03601-26-240, Industrial Electronics Engineers, Inc.

Table 3-5 presents the cost estimate to re-engineer and produce the initial parallel display unit.  Table 3-6 presents the unit cost estimate for each additional re-engineered parallel modified at the same time as the initial re-engineering.  The cost estimate for the initial unit includes one-time added labor costs for re-engineering the upgraded parallel display unit and developing new procedures for the fabricating the upgraded units.   Additional units have a substantially reduced unit cost (Table 3-6) if procured at the same time as the initial unit.

	Labor
	ODCs
	Total

	$71,656.48
	$7,924.00
	$79,580.48


Table 3‑5:  ROM to re-engineer and produce the initial parallel display unit

	Labor
	ODCs
	Total

	$13,691.80
	$4,454.00
	$18,145.80


Table 3‑6:  ROM for each additional re-engineered parallel display modified at the same time as the initial re-engineering

The ROMs given in this section assume that for each unit re-engineered, two “F” status units in repairable condition will be delivered to TRW.  The units located at TRW currently meet this requirement.  TRW will troubleshoot these units and perform minor repairs in addition to the re-engineering required to produce a working re-engineered unit.  TRW would also produce new drawings and will use commercially available parts to the maximum extent possible.  The period of performance for this effort is approximately 16 weeks.  The two tables include a ROM based on the existing OO-ALC DESP Contract (Contract F42620-00-D-0038-0007) used to award the current study contract task order.

3.3.6.4. Test Fixture(s)

TRW currently has a test fixture on-site for use in testing this unit.
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Figure 20: Lower console bay of the console shipped from McConnell AFB located at Hill AFB showing (from left to right) on the upper shelf the power distribution unit, Klaxon control unit, UHF console select unit, and TAAN console select unit

3.3.7. UHF Console Select Unit

The UHF console select (AGE113000) unit is mounted in the lower shelf of the console (See Figure 20).  The unit contains the logic to switch voice controls between the console, UHF SSTIUs, or both.  This unit is not HCI.

3.3.7.1. System Failures

One site is currently ordering a replacement unit.  Another site believes they replaced one unit in the past, but no documentation could be found.  The only other problem noted was replacing a burnt out lamp.

3.3.7.2. LRU Condition and Spare Status

The only two spares found at Hill AFB were located inside the consoles from Dyess and McConnell AFBs.  There also appears to be two units located at Altus AFB.  There was one spare unit at Offutt AFB that appeared to be an “A” status unit, but this was not confirmed.

3.3.7.3. Replacement Parts Availability

A replacement part has been identified to replace the obsolete fiber optic transceiver module.  This replacement part does not mount the same as the previous unit and operates on a different supply voltage.  Some mechanical and electrical reengineering work is required.  The replacement part numbers for this item are:

· XR-1800-BA-1, Communication Specialties, Inc.

· Power Supply: 15J40DL, Acopian

TRW will upgrade the fiber optic transceiver and the power supply.  This includes re-engineering and drawings for the modifications.  For each of UHF console select unit re-engineered, TRW requires two undamaged GFE “F” status units to ensure an “A” status upgraded unit can be produced.  

A set of ROM pricing for the efforts proposed above is included in this section.  The period of performance for this effort is approximately 11 weeks.  The costing methodology used follows the guidelines in our existing OO-ALC DESP Contract (Contract F42620-00-D-0038-0007) for a FFP effort.  

Table 3-7 presents the cost estimate to re-engineer and produce the initial UHF console select unit.  Table 3-8 presents the unit cost estimate for each additional re-engineered UHF console select unit procured with the initial unit.  The cost estimate for the initial unit includes one-time added labor costs for re-engineering the upgraded UHF console select unit and developing new procedures for the fabricating the upgraded units.   Additional units have a substantially reduced unit cost (Table 3-8) if procured at the same time as the initial unit.

	Labor
	ODCs
	Total

	$42,966.03
	$8,085.00
	$51,051.03


Table 3‑7: Cost to re-engineer and deliver the initial UHF console select unit

	Labor
	ODCs
	Total

	$19,744.70
	$6,771.00
	$26,515.70


Table 3‑8:  Cost for each additional re-engineered UHF console select unit procured with the initial unit

3.3.7.4. Test Fixture(s)

TRW currently does not have a full compliment of test fixtures and associated test cables to do a complete acceptance test on this unit.  A SSTIU unit is required and test cables must be fabricated.  

3.3.8. UHF/TAAN I/O Assemblies
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Figure 21: UHF/TAAN I/O unit mounted on the AACE console returned from Dyess AFB and currently located at the Hill AFB depot

The UHF/TAAN I/O unit is mounted in the upper right side of the console (See Figure 21).  The UHF and TAAN terminals are both controlled by this unit.  The UHF/TAAN I/O unit enables the console operator to select the terminal used (UHF and/or TAAN) and communication mode (local [console], SSTIU [remote], or both).  A handset is connected to the UHF/TAAN I/O unit to enable the console operator to communicate with the aircrew (TAAN mode) or alerted aircraft (UHF mode) if the local or both I/O modes is selected.  This unit is HCI.

3.3.8.1. System Failures

Two systems were being replaced due to broken switches.  Another unit has bent switches, but the unit was functioning.  An additional site replaced their unit in the past.  There have been several handsets replaced, including two documented at one site, but detailed tracking information for the handset is not available.

3.3.8.2. LRU Condition and Spare Status

There are only two “F” status spare parts at the depot at Hill AFB.  These two units are installed in the two consoles returned from Dyess and McConnell AFBs.  Another unit is located at Altus AFB.  The only known “A” status console I/O select unit was an additional spare sent to Fairchild to replace their faulty one.  Both of these units arrived the last day of the site survey.

3.3.8.3. Replacement Parts Availability

Replacement front panel switches are available from the original switch manufacturer (Eaton Aerospace).  Other replacement components are available from electronic component suppliers such as Newark and Allied.  

3.3.8.4. Test Fixture(s)

TRW currently has a test fixture on-site, but we do not have the test cables required to test the repaired system.  These test cables must be fabricated for our test fixture to work.  Estimated cost to fabricate all cables is $1,000.00.

3.3.9. TAAN Console Select Unit Assembly
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Figure 22:  TAAN Console Select Unit

The TAAN console select unit (AGE123000,) is mounted in the lower shelf of the console (See Figure 22).  The unit contains the switching logic to switch the selected voice signals from the console handset, TAAN SSTIU, or both for transmission via the TAAN radio to the alert crew.  This unit is not HCI.

3.3.9.1. System Failures

The only failure noted at any site was indicator lamp burn out.  Units are in good physical condition.

3.3.9.2. LRU Condition and Spare Status

There are 23 units listed as “A” status at the Hill AFB depot.  Six “F” status units are also listed in the depot system, but only three could be verified during the site visits.  One additional unit was verified to be in the console returned from McConnell AFB and it is assumed there is one inside the console from Dyess.  Two additional units are reported to be at Altus AFB.

3.3.9.3. Replacement Parts Availability

A replacement part has been identified to replace the unavailable fiber optic transceiver module.  This replacement part does not mount exactly as the previous unit and it operates at a different supply voltage.  Some mechanical and electrical reengineering is required.  The replacement power supply is mechanically the same as the original and requires no modification or re-engineering.  The replacement parts are:

· Fiber optic transceiver: XR-1800-BA-1, Communication Specialties Inc.

· Power supply: 15J40DL, Acopian

Re-engineering costs for the TAAN console select unit are the same as the costs for the UHF console given earlier: $51,500.20 for the initial re-engineered TAAN console select unit and $27,428.80 for each additional re-engineered TAAN console select unit procured with the initial unit (refer to Tables 3-7 and 3-8).

3.3.9.4. Test Fixture(s)

TRW currently does not have a full compliment of test fixtures and associated test cables to do a complete acceptance test on this unit.  A SSTIU unit is required and test cables will need to be fabricated.  Estimate cost to fabricate cables $1,000.00.

3.3.10. Console Penetration Panel
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Figure 23:  Console penetration panel in storage at Hill AFB depot

The console penetration panel (AGE052100,) is located between the console’s upper shielded bay and lower shielded bay (See Figure 23).  The panel interfaces the external equipment connected to the console and also interfaces the console’s upper-shielded bay with the console’s lower shielded bay.  Each power line and electrical signal that enters or leaves the console or crosses between the upper and lower shielded bay is routed through filters that limit HEMP induced transients.  The panel contains a 100-dB shield to prevent HEMP penetration of the console.  This item is HCI.

3.3.10.1. System Failures

No failures of this system were documented or cited during the on-site field surveys. 

3.3.10.2. LRU Condition and Spare Status
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Figure 24: Example of the crushing damage of the two “F” status shield room penetration panels located at the Hill AFB depot

There are five “A” status LRUs located at the Hill AFB depot.  Thirteen “F” status units are also located at Hill AFB.  Two “F” status panels were inspected at random.  These two “F” status units were physically damaged and are not considered reasonable candidates for refurbishment (See Figure 24).  There are also penetration panels in the units from Dyess and McConnell.  The unit from Dyess AFB looks to be good condition, but the one from McConnell AFB is questionable.

3.3.10.3. Replacement Parts Availability

Replacement filters are available from RFI Corporation.

3.3.10.4. Test Fixture(s)

No test fixtures are required for this item.  The filters must meet attenuation and transient pulse hardness specifications.  The testing is done using COTS test equipment.

3.3.11. Console Wiring Assemblies

The console wiring harness interfaces the LRUs to each other and to the console penetration panel.  This assembly is not HCI.

3.3.11.1. System Failures

No failures were noted with this LRU during the on-site visits.

3.3.11.2. LRU Condition and Spare Status

This LRU is located inside the console and not easily inspected.  When we had the opportunity to examine an item, it was in excellent condition.  No spares are documented in the depot system, but “F” status parts could be contained inside the Dyess and McConnell consoles.

3.3.11.3. Replacement Parts Availability

All parts are available from electronic suppliers such as Newark and Allied.

3.3.11.4. Test Fixture(s)

No test fixtures are required.
3.3.12. Console Power Distribution System Assembly 

The console power distribution system assembly (PDS) (AGE066100-1) is located in the bottom of the console (See Figure 25).  The PDS distributes 120 VAC, single-phase power to the major components in the console.  The PDS receives its power from the PDS2 in the shield room.  The PDS contains six power connectors and two terminal strips.  One connector is used for the input power, five are used to apply power through the console penetration panel cables to the Klaxon control unit, TAAN console select unit, UHF console select unit, and parallel display unit.  This item is rarely marked, unlike the other items located behind the bottom console door so the exact identification of this item was not determined until the Hill AFB depot visit.    This unit is not HCI.

3.3.12.1. System Failures

No failure of this system was noted at any of the sites visited.

3.3.12.2. LRU Condition and Spare Status
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Figure 25:  Power distribution system assembly

These units appear to be in good condition.  Spare parts are readily available for this item.  There is one power distribution box assembly located at Altus AFB (status unknown, but assumed “F”) and eleven “A” status spares listed at the Hill AFB depot.  In addition, there are two additional “F” status units.  These two units are located in the two complete consoles found at the Hill AFB depot.

3.3.12.3. Replacement Parts Availability

All replacement parts are available from electronic suppliers such as Newark and Allied.

3.3.12.4. Test Fixture(s)

No special test fixtures are required.

3.3.13. Console Hood Lamp

The light hood assembly is located at the top of the console.  The light is designed to remain on continuously.  On most of the operational AACE consoles, the light hood was removed.  This item is not HCI.

3.3.13.1. System Failures

Primary system failures are associated with burnt out indicator lamps.  The other issue is operational in nature. The light being on continuously is considered an inconvenience resulting removal of the hood or the light bulbs.  One unit had a plastic switch installed on the console creating an EMP penetration impacting the hardness of that unit.

3.3.13.2. LRU Condition and Spare Status

The systems in place are in reasonably good condition.  Only one spare is known of at this time and is located in the box of items returned from McConnell AFB.

3.3.13.3. Replacement Parts Availability

All replacement parts are available at electrical suppliers such as Graybar and can be modified using the existing drawings.

3.3.13.4. Test Fixture(s)

No special test fixture is required.

3.4. Remote LRUs

Remote LRUs are installed remotely to both the shield room and the console.  Some of these items may be installed in the same facility, but are not usually located in the same rooms as the console or shield room.  In fact, some of these LRUs were designed for use far from the command center where the shield room and console are installed.

3.4.1. UHF SAC Standard Turret Interface Unit Assembly
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Figure 26: Standard SAC turret interface unit installed as a set of three units, two for external UHF and one for external TAAN interfaces

The two UHF and one TAAN SSTIUs are mounted in the SAC standard turret communications room (See Figure 26).  The units are used to interface the radios in the shield room with the phone handsets in the command post.  The units are mounted so they can easily tie into the existing telephone system.  The units are connected to the SAC standard turret handsets and are activated when the UHF remote or both mode is selected at the console.  These units are not HCI.

3.4.1.1. System Failures

There were problems noted during the on-site visits.  However the problems documented are incomplete.  One unit currently needs repaired, and one unit was replaced in 1997 at another site.  Another site had replaced two of their three units.  This was all of the documented replacements.  This does not coincide with the large number of “F” units found at the depot and discrepancies noted with serial numbers at some locations.  For instance, based on serial numbers alone, we are reasonably certain that one or two units at another location have been replaced.

3.4.1.2. LRU Condition and Spare Status
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Figure 27:  One of the many “F” status SSTIUs found at Hill AFB

Currently only one unit is listed in “A” status at the Hill AFB depot.  Another potential “A” status candidate may be located at Offutt AFB.  Hill currently has 37 units in “F” status and four more units are located at Altus AFB.  The “F” status spares that were inspected varied from reasonable to good condition (See Figure 27).  Small scratches were the primary problem noted on a few of the units, but most were in good condition.

3.4.1.3. Replacement Parts Availability

A replacement part has been identified to replace the unavailable fiber optic transceiver module.  This replacement part does not mount exactly as the original and it operates at a different supply voltage.  Some mechanical and electrical re-engineering is required.  The replacement power supply is mechanically the same as the original and requires no modification or re-engineering.  The replacement parts are: 

· Fiber optic transceiver: XR-1800-BA-1, Communication Specialties Inc.

· Power Supply: 15J40DL, Acopian

TRW will upgrade the fiber optic transceiver and the power supply on the SSTIU.  This includes re-engineering and drawings for the modifications.  The SSTIU unit is assumed to be a three-box unit identical to those installed in the field (Two UHF and one TAAN unit).  The cost is for this configuration not for each of the three boxes that comprise the unit.  For each of SSTIU system delivered, TRW would require two GFE “F” status undamaged units.  A set of ROM pricing for the efforts proposed above is included in this section that follows the guidelines used in our existing OO-ALC DESP Contract (Contract F42620-00-D-0038-0007).  The period of performance for this effort is approximately 13 weeks.  If each of the three boxes that comprise a single fielded system is considered a separate LRU and re-engineering is requested on a box-by-box bases rather than on a three-box system, the ROM used for the UHF and TAAN console select units given elsewhere within this document should be used.

Table 3-9 presents the cost estimate for re-engineering and delivering an upgraded SSTIU system.  Table 3-10 presents the unit cost estimate for each additional re-engineered SSTIU system procured with the initial re-engineered system.  The cost estimate for the initial unit includes one-time added labor costs for re-engineering the upgraded SSTIU system and developing new procedures for the fabricating the upgraded units.   Additional units have a substantially reduced unit cost (Table 3-10) if procured at the same time as the initial unit.

	Labor
	ODCs
	Total

	$58,767.25
	$12,525.00
	$71,292.25


Table 3‑9: ROM for re-engineering and delivering an upgraded SSTIU system

	Labor
	ODCs
	Total

	$23,648.23
	$10,417.00
	$34,065.23


Table 3‑10: ROM for each additional re-engineered SSTIU system procured with the initial re-engineered system

3.4.1.4. Test Fixture(s)

TRW has a test fixture on-site, but does not have the test cables required to test the repaired system.  These test cables must be manufactured for the test fixture to work.  Estimated cost to fabricate the cables is $1,000.00.  This price is included in the estimates for re-engineering the system given above.

3.4.2. Remote Klaxon Assemblies
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Figure 28:  Klaxon remote sounding unit with original horn

The Klaxon set generates a loud audio alarm at the designated alert stations when activated by the console operator (See Figure 28).  The system contains monitoring devices to detect loss of continuity in the interconnect links between the console and alert stations.  The components of the remote Klaxon system are the Klaxon Remote Sounding Units (RSUs), up to six per site, and the Klaxon Signal Line Conditioning Module (SLCM).  The Klaxon RSUs (AGE101000) are located at the alert stations and the Klaxon SCLM is located outside the shield room.  For this section we will only focus on the RSU since the Klaxon SLCM was discussed earlier.  The Klaxon RSUs are HCI.

3.4.2.1. System Failures

It is unclear which RSUs visited during this study actually work and which do not.  The most common problem with making this determination was because the systems were removed and are in storage.  Another problem is associated in the way the systems are tested.  Most sites test all of their Klaxons at the same time without verifying that each individual Klaxon is working.  In some cases the Klaxons are connected to the rest of the AACE system making testing of the system impossible.  

Virtually all sites have replaced the batteries on their operational units.  Most have replaced the battery chargers.  Some of the units have replaced the Klaxon horn, but often the replacement horn is a different unit than what was originally delivered.  

3.4.2.2. LRU Condition and Spare Status

Besides the Klaxon’s that are still installed, the only spare items are located at the operational facilities and one unit is located at Altus AFB.  All of the RSUs installed and stored at the operational facilities are in good physical condition.  This is primarily due to their extreme robustness.  The operational condition of these items is unknown.  Approximately half the sites have no working Klaxons at this time.  The number of Klaxon RSUs installed and assumed “F” status spares located at the operational sites are listed below (not including those at Altus AFB):

· Fairchild:  Two full Klaxon RSUs that appear to be in good condition.

· Beale:  Two full Klaxon RSUs, one verified to work, but not attached to the console.

· Grissom:  None installed.  One RSU missing the Klaxon horn.

· Offutt:  Three full Klaxon RSUs that appear to be in good condition.

· Whiteman:  Two installed Klaxon RSUs, but they use non-standard Klaxon horns that do not appear to be hardened.  Two RSUs with no Klaxon horns.

· Grand Forks:  One Klaxon RSU installed, horn was not visible for inspection since it was mounted in the ceiling.  Four complete RSUs with horns.

· Robins:  One Klaxon RSU installed, but horn could not be located.  One RSU and one Klaxon horn driver only (not a good candidate for repair).

· Barksdale:  Two units installed, but only one unit actually visited (second unit was in an area that we were not cleared to visit).  One RSU verified installed, but horn could not be found.

3.4.2.3. Replacement Parts Availability

Re-engineering on the panel assembly is required to replace components on one of the boards that no longer exist and to replace the Klaxon horn (also no longer produced and stocked).  A replacement part has been identified to replace the call progress tone generator IC on the detector control printed circuit assembly located in the RSU remote control assembly.  The substitution for this part requires re-engineering and fabrication of the detector control PCB.  For each unit re-engineered, two “F” status units in repairable condition will be delivered to TRW.  TRW will check out these units and perform minor repairs in addition to the re-engineering in order to produce a working re-engineered unit.  TRW will produce new drawings to reflect changes made to the units.  TRW will re-engineer the units using commercially available parts to the maximum extent possible.  A set of ROM pricing for the efforts proposed above is included in this section.  The period of performance for this effort is approximately 13 weeks.  The ROM developed was consistent for a Firm Fixed Price (FFP) type effort in support of the OO-ALC DESP Contract (Contract F42620-00-D-0038-0007) used to award the current study contract task order.

Table 3-11 presents the cost estimate to re-engineer and deliver the initial Klaxon RSU.  Table 3-12 presents the unit cost estimate for each additional Klaxon RSU procured with the initial unit.  The cost estimate for the initial unit includes one-time added labor costs for re-engineering the upgraded Klaxon RSU and developing new procedures for the fabricating the upgraded units.  Additional units have a very substantially reduced unit cost (Table 3-12) if procured at the same time as the initial unit.

	Labor
	ODCs
	Total

	$65,770.16
	$10,119.00
	$75,889.16


Table 3‑11: ROM to re-engineer and deliver the initial Klaxon RSU

	Labor
	ODCs
	Total

	$9,662.51
	$4,582.00
	$14,244.51


Table 3‑12: ROM for each additional Klaxon RSU procured with the initial unit

3.4.2.4. Test Fixture(s)

There is no test fixture required for testing the remote sounding unit.  Test cables are required, but need to be fabricated.  Estimated costs to fabricate these cables are $1,000.00.  This cost is included in the ROMS to re-engineer this unit given above.

3.4.3. TAAN Receivers
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Figure 29: TAAN receivers currently use are the Motorola Minitor (left) and Minitor II (right)

The TAAN receivers currently used are Motorola Minitor and Minitor II pagers (See Figure 29).  These pagers were not part of the original AACE delivery, but were an obvious consideration since the TAAN unit used to alert the aircrews is specifically designed to use these pagers.  The pagers were never designed or tested to validate EMP hardness.  Because of this, it is assumed that these TAAN receivers are not HCI items.  Both of the pagers currently used are out of production.  Motorola has a new Minitor III pager currently in production, but details of this pager system are not known at this time.  TRW has procured engineering documentation for the Minitor and Minitor II, but Motorola is not currently selling engineering maintenance documentation for the Minitor III.

3.4.3.1. System Failures

Tracking repairs and current status of the TAAN receivers varies between sites.  Some sites visited had information on the number of working and non-functional units.  Other units only had information on working units and others had no information on the pagers.  The primary problem is that the group responsible for AACE maintenance is often not the same as the group providing pager maintenance.  Based on our survey, it appears that there are at least 203 working pagers and a minimum of 13 that currently do not work. 
3.4.3.2. LRU Condition and Spare Status

The two pagers used are very rugged and are in good physical condition.  They are old however and replacement parts are becoming very difficult to procure, especially for the Minitor.  No spare LRUs were available at the Hill AFB depot.

3.4.3.3. Replacement Parts Availability

Replacement parts are extremely limited since the Minitor and Minitor II are no longer produced.  Since these items are GFE, no detailed study for replacement parts for the individual pagers was pursued.

3.4.3.4. Test Fixture(s)

A TAAN radio or similar transmitter is required for testing these items, but no special equipment is required.

3.5. Technical Orders

An analysis of the changes required to TOs as part of this study was performed.  TRW has the bulk of the AACE related TOs and the changes required are minimal.  As written, the orders are relatively generic with specific items listed in tables, such as test equipment and specific parts.  Based on this analysis, it appears that only TOs associated with items requiring re-engineering will require reviewing to determine if these modifications will necessitate changes to the TOs.  Currently it appears that the changes will be minimal.

Currently the TOs are the primary source of training reference material used to support AACE maintenance.  Additional training is required and desired by every operational AACE site visited.  This training should include basic EMP theory, AACE operations, and maintenance.  Training could be performed using direct instructor based training, training manuals, videos, or Computer Based Training (CBT) aides.

4. Critical Shortages

The initial analysis of parts availability, failure rates, availability of replacement parts, and components requiring some re-engineering help identified several potential problem LRUs.  These LRUs are:

· Shield room alarm intercom assembly,

· Alarm intercom panel assembly,

· AFSATCOM door assembly,

· Parallel display unit,

· UHF console select unit,

· UHF/TAAN I/O assembly,

· TAAN console select unit,

· SSTIU, and

· Klaxon RSU.

In addition, there are two other units worthy of attention.  These LRUs are:

· Klaxon Control Unit (KCU) assembly, and

· TAAN receivers.

One of the items in the first list can be removed from being a critical problem simply because there are so many “A” status spare parts available.  The TAAN Console Select Unit, the SSTIU, and the UHF Console Select Unit each have identical fiber optic transceivers common to them. The transceiver is no longer in production, but LRUs with limited spare parts available within the depot system, could access the 23 “A” status replacement parts for this unit located at the Ogden depot. Even though the replacement fiber optic transceiver is compatible on paper with the older unit, it is strongly recommended that a test be performed to ensure compatibility between the SSTIU, UHF and the TAAN console select units if re-engineering is deemed necessary.  The remaining items in the first listing are reasonable candidates and will be analyzed further.

The impact on the AACE mission by items in the second listing is questionable.  The alarm KCU is included because spare parts are extremely limited and because the Klaxon system is the only current hardened aircrew alerting system.  If the original AACE operational requirements are enforced, these parts are already in short supply and will require procurement immediately.  The TAAN receivers have not had their hardness verified, are in short supply, and are no longer manufactured.  At least two replacement parts do exist, but these are probably even more vulnerable to EMP than the current systems.  The TAAN receivers are not included in the analysis in this section.  Table 4-1 is summary of LRUs with the potential negatively impact AACE operations.

	LRU
	Spares
	Failures Noted
	Re-engineering Required
	Impact on AACE mission
	AACE Mission Critical Impact

	Shield Room Alarm Intercom Assembly
	0
	2
	None
	Impacts local communications
	N

	Klaxon Control Unit Assembly
	0
	0
	None
	Already limiting Klaxon usage
	Y

	AFSATCOM Door Assembly
	0
	0
	Yes
	Door open for normal operation impacts system hardness
	Y

	Alarm Intercom Panel
	13
	2
	None
	All AACE alarms located on this panel
	Y

	Parallel Display Unit
	1
	9
	Yes
	Impacts AFSATCOM messaging
	Y

	UHF Console Select Unit
	0
	2
	Yes
	EMP protection provided to unit, secondary function
	N

	UHF/TAAN I/O Console Select
	1*
	3
	None
	Selects radio input/output modes
	Y

	TAAN Console Select Unit
	23
	0
	Yes
	EMP protection provided to unit, secondary function
	N

	SAC Standard Turret Interface Unit
	1
	3**
	Yes
	EMP protection provided to unit, secondary function
	N

	Klaxon Remote Sounding Unit
	0
	Unknown
	Yes
	Already limiting Klaxon usage
	Y

	TAAN Receivers
	0
	Multiple
	Unknown
	Alternate/secondary aircrew alerting system
	Y


*
Spare part(s) not located at depot

** 
Failures noted are probably underestimated

Table 4‑1:  Summary of potential trouble AACE LRUs

4.1. Critical Shortage Model

This section focuses on estimates of when an AACE system becomes inoperable due to a critical shortage of parts and how many replacement items are required to ensure AACE maintainability.  Data to make a reasonable failure estimate on many of the LRUs does not exist.  Data that does exist is not reliable because it is based on personnel memories and very little documentation.  Only the LRUs from the previous section considered reasonable risks are analyzed in this section.

In order to perform a critical shortage study or develop a reliability model, some knowledge must exist about failure rates of the items in question.  Since several of the LRUs on our list have had no significant failures, developing a reasonable failure model for these items is difficult.  These LRUs include:

· The Klaxon Control Unit and

· The AFSATCOM door assembly.

In addition, the Klaxon RSU and TAAN console select unit fall into this category even though the actual status of the Klaxon RSUs is currently unknown in many cases.  

One additional LRU is not included in the analysis.  The data for the SSTIUs is so limited that any inference we could derive would be virtually meaningless.  Based on our findings at the depot and at the operational sites, there is an obvious disconnect between the numbers of failed LRUs reported by the staff on-site and those logged within the maintenance tracking system.  This data inconsistency would make any analysis on this LRU a rough approximation at best.

A simple exponential fit mean-time-between-failure (MTBF) model was used based on the total number of failures over time.  MTBF is a measure of how reliable a product is.  MTBF is usually given in hours, but we will use years since it better fits the rough data available.  The MTBF is defined as

MTBF = [(Number of operational years)(number of sites)]/(total number of failures).

The higher the MTBF, the more reliable the product is.  The failure rate per unit year (FRPUY) is simply the reciprocal of the MTBF.  The expected failures per year (EFPY) for all of the operational sites is

EFPY = (FRPUY)(number of sites).

The expected number of failures for an item over a period of time is the product of the expected failure rate per year multiplied by the number of years in question.

No advanced modeling techniques were implemented due to the limited amount of data.  Because of these limits in data quality, the distributions of failures is assumed to be linear.

4.1.1. Initial Results

The remaining systems were initially analyzed using the data gathered during the AACE operational site visits (See Table 4-2).  The data included both documented failures and other failures noted by personnel prior to the maintenance tracking system being implemented.  Since exact dates for most failures were not known, a simple exponential MTBF model was used.

Initially these results looked promising, but further analysis indicated that there are some problems.  One problem was the quality of data.  Sites with the same staff present since the AACE system was installed had a higher number of recorded failures than the other sites with less maintenance staff continuity.  A more detailed model was required.

	LRU
	MTBF (years)
	Failure Rate       (per unit-year)
	Expected Failures Per Year for All Nine Bases
	Expected Failures Thru 2010 for All Nine Bases

	Shield Room Alarm Intercom Assembly
	49.5
	0.020
	0.182
	1.636

	Alarm Intercom Panel Assembly
	49.5
	0.020
	0.182
	1.636

	Parallel Display
	11
	0.091
	0.818
	7.364

	UHF Console select
	49.5
	0.020
	0.182
	1.636

	UHF/TAAN I/O Select
	33
	0.030
	0.273
	2.455


Table 4‑2:  Initial expected AACE failure rates

4.1.2. Additional Analysis 

The parallel display is the only LRU with a consistent record of failure rates over time.  The parallel display has undergone many repairs during its lifetime and TRW/BDM has maintained records for all units repaired and those submitted for repair.  TRW records show that at a minimum 28 parallel display units were repaired or are awaiting repair due to operational failures (as opposed to mechanical failures caused by rough handling) since the AACE system was initially fielded.  This total quantity of units repaired includes the parallel displays from the nine operational sites and the seven additional AACE units that are shutdown.  If we assume all of these are the only failures associated with the parallel display and that all of the AACE systems are still functional (i.e., all 16 sites have been in continuous operation), a different, but optimistic failure model can be generated.  Optimistic is used to describe the bias toward longer expected life or MTBF of an LRU rather than a bias toward a minimum time (minimal MTBF) an LRU would be expected to function (See Table 4-2).

The reason this model is still optimistic is based on two primary principles.  The first is it assumes all the AACE systems are still fully operational.  The second reason the results should be considered optimistic is it does not take into account all the spare units initially part of the AACE delivery that are now lost.  Because these units are not accounted for, they are assumed to be fully operational and working.

	LRU
	MTBF (years)
	Failure Rate       (per unit-year)
	Expected Failures Per Year for All Nine Bases
	Expected Failures Thru 2010 for All Nine Bases

	Parallel Display
	6.2857
	0.159
	1.432
	12.886


Table 4‑3:  Failure rates for parallel display assuming all AACE units ever installed are operating

The result of this analysis further demonstrates how poorly data on failure rates has been tracked.  Almost half of the known failures were not documented.  It shows that the sites with the same staff present during the lifetime of AACE have a much clearer picture of the AACE unit’s history than what is contained in the maintenance tracking system.

One final attempt was made to make this data even more realistic.  Exact dates on when the seven now non-operational AACE units were shut down are not available.  Based on discussions with personnel most familiar with AACE, the average operational life of the AACE units that were shut down was less than half that of those currently still in operation.  Based on this information we will assume these seven units were operational for six years (as opposed to the eleven years of operation assumed for the units still in the field).   Using six years still trends toward being optimistic, but it is still a more realistic picture of the actual operational life of the AACE units that are no longer operational.  The result of this analysis is shown in Table 4-4 and is considered the most accurate picture we can derive based on the poor quality of data available.

	LRU
	MTBF (years)
	Failure Rate       (per unit-year)
	Expected Failures Per Year for All Nine Bases
	Expected Failures Thru 2010 for All Nine Bases

	Parallel Display
	5.0357
	0.199
	1.787
	16.085


Table 4‑4:  Realistic assessment for expected failure rates for the parallel display unit

4.2. Conclusions

Based the data gathered from the field the number of available spare parts required to support AACE through 2010 is inadequate.  If we assume that the analyses conducted for the parallel display is consistent for all the other units a new and more realistic requirement for spare parts emerges.  The results are given in the following table.  The adjusted MTBF is the initial value multiplied by the ratio between the initial and best MTBF for the parallel display unit.  This table also displays the number of spares currently available for each LRU and an estimate of how long these current spares will last based on current failure rates.  The final column displays the estimated calendar year when we expect a critical shortage to occur.  We derived this estimate by simply computing the ratio between the expected failures for the nine bases over a 9-year period with the known number of spares available.  We define critical shortage as the time when a LRU failure occurs and the replacement part is unavailable.

From the analysis it becomes evident that some of the units will reach critical shortage in the next year (See Table 4-5).  The parallel display unit spares shortage needs to be addressed immediately.  The UHF/TAAN I/O select unit is not as critical since the problems associated with it are primarily related to the buttons on the unit.  These buttons were located and are available commercially so re-engineering should not be required for this LRU.  The UHF, SSTIU, and TAAN console select units do require some re-engineering because of the unavailability of the fiber optic transceiver.  A replacement was located, but it is recommended that a study be conducted as soon as possible to verify this new transceiver is compatible with the older unit to ensure complications do not occur in the future.  The shield room alarm intercom assembly also needs to be addressed, but the analysis clearly shows that this is not as critical as the other units.  The alarm intercom panel assembly is not a concern over the next 10 years because of low failure rates and high numbers of spare parts.  

	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 Console Select Unit
	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 4‑5: Revised critical shortage calculations using adjusted MTBF value based on detailed analysis of the parallel display unit

All of the analysis performed assumes that all the “A” status spares documented within the depot tracking system are in working condition and are marked and tracked correctly within the depot warehouses and documentation systems.  This is very unlikely to be the case.  We do not have enough data to quantify how large a potential problem this is, but we were informed that some replacement parts have been returned from the operational sites because they were not functioning when delivered.  Furthermore, when the site surveys were conducted, only “F” status parts were actually inspected.  No actual inventory was conducted on the “A” status components (only the one “A” status parallel display was actually seen by the inspection team).  Identification or miss-markings were noted on the “F” status parts surveyed.  Errors ranged from 0 to 50% on these items.  Both of these factors make the number of spare parts required in the above analysis appear lower and should be considered when ordering additional spares.  Also, not all parts were included in the analysis above because of the quality of the data available but at least one spare for each LRU. 

Another potential problem is cascading failures of parts that have not reached their natural MTBF.  For example, a component could have a MTBF of 15 years with a very low distribution over time.  Currently AACE has been fielded for approximately 12 years.  This example component would start failing in the next two to three years and within four or five years every single unit could fail.  This could have a dramatic impact on LRUs that have no current spares available that are perceived to not be a problem simply because none or very few have failed thus far.  Stocking spares for all AACE specific units or at least units that do not have available COTS replacements can minimize the potential impact of a failure of this type.  A complete listing of spare parts is included in Appendix B of the Phase II Get-Well Plan.

5. Hardness/Maintenance Test Equipment

This section is intended to examine the test equipment requirements for hardness maintenance of the AACE system and its components.  Some of the information included may no longer be accurate due to ongoing changes being made to AACE TOs.

5.1. Historical Equipment

Appendix A contains the historical list of AACE hardness and maintenance test equipment.  This list includes equipment required to hardness test the system (including the console, shield room, and conduits), perform routine preventive maintenance (PM), test refrigerant levels, as well as perform spark gap testing.  

5.1.1. Evaluation & Recommendations

The historical test equipment list includes many pieces equipment that have been improved, modified, or otherwise made obsolete since the historical list was generated.  Also, the original spark gap testing was performed at high voltage with a complicated suite of test equipment.  This testing can be conducted more efficiently and safely using a test suite such as the Joslyn Surge Protector Test Set.  The recommended minimum hardness and PM test equipment has been divided into two areas: AACE System testing and spark gap testing.  The following is a brief description of relevant equipment, evaluations, and recommendations for these two groups.

5.1.1.1. System Testing

HP8654A

Signal Generator 520 MHz
Hewlett Packard

This signal generator is an older model, which is still available from vendors.  However, it could be updated to more modern and flexible Hewlett Packard models in either new or refurbished condition from vendors.

HP8447D

Pre-Amplifier


Hewlett Packard

This pre-amplifier is still available in refurbished condition from vendors.  It may not be necessary to update this device because amplifier functionality has not changed greatly.  However, it could be replaced with almost any pre-amplifier of similar specifications.

550L


RF Power Amplifier 50W
Electronic Navigation Industries

This amplifier is still available in refurbished condition from vendors.  It may not be necessary to update this device as because amplifier functionality has not changed greatly.  However, it could be replaced with almost any amplifier of similar specifications.

4960PT3T

Spectrum Analyzer

Tektronix

This signal generator is an older model, which is still available from vendors.  However, it could be updated to one of many more modern and flexible Tektronix models, which are readily available.

SAS-200/530

Dipole Antenna

AH Systems

ATU-200/5510
Antenna Tripod

AH Systems

AH Systems still manufactures antennas and tripods with identical specifications.

AGE161703

Test Loop w/Cable

BDM


AGE161704

Test Loop w/Cable

BDM


The test loops, used in EMP detection, were manufactured by BDM and originally delivered with the AACE system.  Availability and condition of the original test loops is in question. Therefore, they may need to be rebuilt for testing.  It should be noted that many other test cables were originally delivered with the AACE system.  Availability and condition of these are also in question and require locating or rebuilding.

8060A


Digital Multimeter

Fluke

Y8100


Current Probe Clamp

Fluke

These meters are out of production; however Fluke produces direct replacement models.  The Model 187 multimeter replaces the older 8060A
 and the Model 333 replaces the Model Y100. 



202239BS

RF Screen Box

Lindgren

Radio frequency (RF) enclosures are still available from Lindgren with similar specifications.

5.1.1.2. Spark Gap Testing

As stated previously spark gap testing was performed at high voltage with a complicated suite of test equipment.  The following equipment was used in the original testing.

7104


Oscilloscope, Main Frame
Tektronix

C53P


Oscilloscope Camera

Tektronix

7B92A


Time Base


Tektronix

7A29


Vertical Time Base

Tektronix

50-10W-HNM

50 ohm Terminator

BDM

LX20S


Pulse Generator

Instrument Research

KH-99-01

T Connector


Kings Electronics

VLHN-MF-1-1
Current Viewing Resistor 
T&M

If the testing is conducted in the same manner as it was done in the past then much of the equipment could be updated.  For example, the Tektronix Model 7104 oscilloscope is still available in refurbished condition from vendors.  However, it could be updated to one of many more modern and flexible Tektronix models, which are readily available.  The oscilloscope camera listed was used to capture waveforms from the Tektronix 7104 used in the original test.  Modern oscilloscopes provide many more convenient and powerful methods for capturing waveforms and transferring them to other hardware devices and software programs.

This testing can be conducted in a more efficient, economical and safe manner using a Surge Protector Test Set.  The Joslyn Model 4010-01 Surge Protector Test Set is designed to test the clamping voltage and DC breakdown voltage of most surge protective devices.  This device has a relatively wide test range from 10 to 1,000 volts.  

5.2. Minimal Hardness/Maintenance Listing

Table 5-1 provides a suggested list of equipment to be used for minimal hardness and maintenance testing.  It includes modern and updated equipment wherever possible including the Joslyn Surge Protector Test Set for Spark Gap testing.  It includes EMP detection test loops but does not include all test cables originally supplied with the AACE system.

	Type
Designation
	Manufacturer
(FSCM)
	Figure &
Index No.
	Nomenclature
	Use
	Retail
Cost

	4010-01
	Joslyn
	 
	Surge Protector
Test Set
	Spark Gap
Testing
	$537.00

	8447D
	Agilent
	6-3, 6-5
	Preamplifier
	HS Testing
	$1,900.00

	SAS-530
	AM Systems (54656)
	6-1
	Antenna, Dipole
	HS Testing
	$1,150.00

	ATU-200/5510
	AM Systems (54656)
	6-1
	Tripod, Antenna
	HS Testing
	$460.00

	AGE161400
	BDM
	 
	Current Viewing Probe CT2
	HS Testing
	$500.00

	AGE161703
	BDM
	6-3
	Test Loop w/cable
	HS Testing
	$200.00

	AGE161704
	BDM
	6-1
	Test Loop w/cable
	HS Testing
	$200.00

	550L
	Electronic Navigation
Industries (10226)
	6-1, 6-3 
	Amplifier, Power
	HS Testing
	$9,295.00

	SML01
	Rhode & Schwarz
	 
	Generator, Signal
	HS Testing
	$4,995.00

	R3131A
	Tektronix (80009)
	6-1, 6-3, 6-9,
6-10
	Analyzer, Spectrum
	HS Testing
	$7,800.00

	011-0060-02
	Tektronix (80009)
	6-5, 6-7
	Attenuator, 5:1
	HS Testing
	TBD

	187
	Fluke (89536)
	6-1, 6-3
	Multimeter, Digital
	Fault Isolation
	$379.00

	333
	Fluke (89536)
	 
	Probe, Current
	Fault Isolation
	$119.00

	202239BS
	Lindgren RF
Enclosures (18234)
	 
	Box, RF Screen 3'x3'
	Fault Isolation
	$4,360.00

	6164A
	Motorola (01537)
	 
	Handset TAAN Test
	Fault Isolation
	$100.00


Table 5‑1: Minimal hardness testing equipment set

5.3. Technical Orders

As stated in Section 3.5, the TOs TRW had the opportunity to assess are available and still a viable resource.  Most of the detailed information is located in tables.  Any changes in the equipment used would very likely require changes to the TOs.  However, even the tables are often generalized since they often say a replacement part could be used.  The exact changes required to the TOs is still unknown since TRW does not have a full listing and did not receive one in time to complete this portion of the study.

6. Additional Tasking

This section includes additional tasking to support the Get-Well Plan.  These items include developing ROMs for producing additional new AACE units, developing training videos and presentations, developing a hardened pager system, and perform hardness testing on new and existing AACE units.

6.1. Building New AACE Units

This section addresses the cost of building new AACE units.  The ROMs given are based on multiple units being constructed.  The ROMs are broken into the cost for the initial unit, the cost for each additional unit procured at the same time as the original, and a total cost for developing six units including installation, training, and acceptance testing.

6.1.1. System

Construction of the new AACE units will occur in two phases:

· Phase I – Startup and construction of first unit

· Phase II – Construction of additional units

The first phase startup costs are a one-time cost that includes the cost of resources to assemble and disassemble the laboratory, initialize the program, and to set up fabrication arrangements with subcontractors and vendors.  The startup cost (laboratory assembly/disassembly) and the cost of constructing the first unit are presented in Table 6-1.  Phase II includes the construction of all desired additional units. The costs are based on the original contract costs developed in 1984.  Labor costs are estimated, based on our analysis, to have increased approximately 200% over that 18-year period.  Other direct costs are less quantifiable but are estimated to have increased approximately 1% per year or more and are therefore assumed to have increased at least 20% since the original costing.  This assumption is based on cost increase findings during parts replacement and best engineering judgment estimates.  Table 6-2 presents the cost for each additional unit and Table 6-3 presents the total cost of the five planned additional units as well as the cost of the initial single unit.

All costs for re-engineering are not included in the AACE system construction cost estimates.  These costs, presented earlier in this report, would need to be added to the initial unit if they were not performed previously.  In addition, LRUs that were GFE initially are still considered GFE and are not included in the ROM.  Examples of these items include the UHF radios, AFSATCOM unit, and TAAN receivers or pagers.

	Labor
	ODCs
	Total

	$611,236.00
	$264,571.00
	$875,807.00


Table 6‑1:  ROM of the initial AACE unit procured

	Labor
	ODCs
	Total

	$374,957.60
	$243,371.00
	$618,328.60


Table 6‑2: Cost for each additional AACE system procured with initial system

	
	Labor
	ODCs
	Totals

	Build
	$2,486,024.00
	$1,481,426.00
	$3,967,450.00

	Install
	$433,000.08
	$971,052.00
	$1,404,052.08

	Test
	$236,020.00
	$176,836.00
	$412,856.00

	Train
	$141,869.46
	$47,464.00
	$189,333.46

	Total Cost
	 
	 
	$5,973,691.54

	Average Cost per Unit
	 
	 
	$995,615.26


 Table 6‑3: Estimated cost to construct six AACE units including installation, training, and hardness acceptance testing

6.1.2. Installation

AACE installation encompasses installing the console, conduit, and shielded enclosure and subcomponents.  The installation estimate does not include installation of government furnished equipment. Prior to installation, a site survey would be conducted to determine site-specific issues.  The conduit and RSU installation are the unique components of the installation and are the major cost variables.  The length and complexity of the conduit run and the number of RSUs required would drive the labor and material cost so a good understanding of the intended locations is crucial to provide an accurate estimate. Additionally site electrical power would need to be verified to insure adequate power is available.  Installation and initial system checks would take about a month’s effort for a crew of five.  This time could vary based on the site-specific issues previously discussed.  The estimate below is based on the assumption the conduit run would be fifty feet and all systems would be located on the same floor and building.  The cost of the installation is shown in Table 6-4.

	Labor
	ODCs
	Total

	$72,166.68
	$161,842.00
	$234,008.68


Table 6‑4:  ROM cost of installing a new AACE unit

6.1.3. Testing

Five acceptance tests were performed on the developmental AACE system, production reliability acceptance testing (PRAT), electromagnetic compatibility (EMC) testing, Mil-Std-285 attenuation testing, functional testing, and LRU testing.  The first four were done on completed systems and LRU testing of course was conducted on the individual components prior to installation.

The PRAT tests were conducted at the BDM laboratory facilities using an environmental chamber and a developmental AACE system.  The system was subjected to carefully controlled changes in temperature between 0( C and 49( C for a period of forty days.  Equipment was operated continuously but was cycled off and on once each day.  This test is the most time intensive test and unless there are significant changes made to the original design may not be necessary since the AACE system has already been qualified. 

A shielding effectiveness test would be required on each system after installation. This testing is done on the console, conduit, and shielded enclosure. Over forty test points are measured in three electromagnetic field orientations electric field, magnetic field, and plane wave.

Once the shielding effectiveness testing is complete functional testing of the following subsystems, UPS/PDS, ECS, alarm, intercom, Klaxon, PD, UHF, TAAN, and AFSATCOM is done. This testing verifies each system is operational; a specific acceptance test procedure for each unit is used.

EMC testing is conducted after all subsystems are verified to be operational. All systems are operated during this phase of testing to determine if any significant degradation of operation due electromagnetic interference (EMI).

Table 6-5 shows the estimated costs for acceptance testing without the PRAT test the assumption being PRAT would not be required.  The estimated cost includes the cost of preparation for the test, conducting the test, and completing a final report.  The cost includes a one time cost for preparing for testing including buying test equipment.

	Labor
	ODCs
	Total

	$46,165.60
	$92,974.00
	$139,139.60


Table 6‑5:  ROM cost for acceptance testing initial setup

	Labor
	ODCs
	Total

	$31,642.40
	$13,977.00
	$45,619.40


Table 6‑6:  ROM cost for acceptance testing per site

6.1.4. Training

When estimating the cost of training two assumptions were made, first operators are familiar with the communication systems and secondly maintenance personnel have the requisite maintenance background.  Operator and maintenance training would be conducted to familiarize personnel AACE specific operations.  The training would consist of an overview of system operation including a brief description of the impacts of EMP.  Training would be conducted over a three-day period using the existing technical orders as a reference.  Basic day-to-day maintenance would be covered with the primary focus on conducting the hardness surveillance testing and equipment operation.  Table 6-7 is ROM for cost for classroom training and video training development.  Figure 30 is a schedule for developing the training.

	Labor
	ODCs
	Total

	$70,855.86
	$97,654.00
	$168,509.86


Table 6‑7:  ROM cost of initial training development including video development

	Labor
	ODCs
	Total

	$11,835.60
	$4,135.00
	$15,970.60
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Table 6‑8:  ROM Training costs per site

Figure 30:  AACE training schedule.

Computer Based Training is another option that should be considered.  Development of a daylong CBT package developed in conjunction with the video and training listed above would cost an estimated $37.5K to develop.  Copies of the CBT CD ROMs could easily be reproduced and distributed throughout the AACE maintenance and operational staff as a training aid.

6.2. Hardened TAAN Receiver System

A task included as part of the Get-Well Plan was to develop a ROM for developing a hardened TAAN receiver system or hardened pager.  The assumption was to procure 1,000 units at one time.  Our initial approach to this problem was to design a hardened-shielded pager from the ground up.  We determined this would be a costly and time-consuming approach.  Instead we decided it would be more cost effective to re-package an existing pager system with proven performance.

The initial problem with this approach was determining the design of the current crop of commercial pagers.  Most commercial pagers sold today are throwaway non-rugged commercial units.  The antennae on these pagers are usually integrated onto a circuit board with the miniaturized electronics.  This system would be extremely difficult to harden since each individual electronic component would require separate shielding.  If this were the design of all pagers, it would probably be more cost effective to design a pager system from the ground up.

The traditional Minitor pagers used have separate antennas not integrated with the circuit board.  During this study, we attempted to determine if the next generation Minitor III continues this design trend.  At this time we cannot confirm if the antennae is integrated onto the board or not.  Based on what we have determined thus far, it is unlikely, but this needs to be confirmed.  However, there are other COTS rugged pager systems with a separate antenna.  Because there are products with antennas not integral to the rest of the unit, re-packaging and protecting the circuit while allowing only the antennae to be exposed is the desired approach to hardening an existing pager.  Placing appropriate protection between the antennae and the rest of the electronics within the pager system would eliminate the signal coupled to the antennae.  Using this approach, Table 6-9 is a ROM estimate to develop and manufacture a hardened pager system.

	Labor
	ODCs
	Total

	$394,696.12
	$570,816.00
	$965,512.12


Table 6‑9:  ROM estimate to construct 1,000 hardened pager systems.

The cost given in the table above is an upper bound for developing a hardened pager system although the bulk of the cost is for the actual commercial pagers.  Rather than doing this development, we recommend there be an initial test program to determine exactly what needs to be hardened.  This would not cost more than the effort given in the ROM and may lower it and also give you an indication of how hard your current system actually is.

6.2.1. Testing

A simple hardness testing ROM is included different than the one given as part of the previous ROM.  This ROM is for testing existing pagers and determining what kind of protection would be required to develop a hardened system.  The ROM given below is based on the following assumptions:

· TRW would order approximately 10 Minitor II, Minitor III, and Spector pagers to be tested to the Mil-Spec-2169B EMP environment specification to determine when and if failure occurs.  TRW will also test 3 Motorola Minitor pagers furnished by the Government to determine their survivability.  Multiple pagers will be tested to develop a statistical failure model for each pager system.  

· TRW would design and implement a preliminary “rough fix” to the families of pagers that failed the above testing to determine how well certain design changes protect the pagers.  As part of this effort, consideration of the DTRA SHOE (a small EMP hardened container currently being investigated) or similar protective methods will be considered.

· Once these “fixes” are implemented, TRW will retest to determine how well they actually protect the device.

· Based on the above findings, TRW would propose a final design, including cost estimates, on how to either harden the existing pagers or develop a new hardened system.

The ROM costing is based on a FFP contract using the OO-ALC DESP Contract (Contract F42620-00-D-0038-0007) and assumes a period of performance of approximately 3 months.

The ROM in Table 6-10 is time sensitive because it is becoming difficult to find Minitor II pagers since they have not been in production for some time.  It may be too late already and may require that the Government furnish the Minitor II pagers to be tested.

	Labor
	ODCs
	Total

	$139,515.56
	$26,516.00
	$166,031.56


Table 6‑10: ROM to perform limited testing on existing TAAN receiver candidates

As part of this effort, a more reasonable and accurate cost of producing a hardened pager system could be developed.

6.3. On-Site Hardness Certification Testing

The on-site hardness testing would consist of the shielding effectiveness testing described in section 6.1.3.  The testing would be done to determine if the shielding integrity has degraded or if unauthorized modifications or penetrations have compromised shielding effectiveness. Additionally panel penetrations, filters, and spark gaps would also be tested.  The ROM in Table 6-11 includes the cost of preparation for the test, conducting the test, and completing a final report post testing and is for the nine current operational sites.  Testing at all nine operational sites, including some pre-test development would have a period of performance of approximately one year.  This time could be reduced if multiple test teams were used.

	Labor
	ODCs
	Total

	$389,620.00
	$210,532.00
	$600,152.00


Table 6‑11:  ROM for certification hardness testing at nine sites

It should be noted that many of the costs associated with Section 6 of this document are redundant.  For example, the testing efforts and the procurement of additional AACE units all have a one time equipment cost that contain many items that are the same part.  These items would not have to be duplicated if multiple tasks were awarded.

7. Recommendations

The analysis and data gathered during the site surveys and the generation of this Get-Well plan brought several AACE related issues to the forefront.  Several AACE specific parts need spare parts.  Based on the analysis conducted, it is clear that several items are rapidly becoming unmaintainable with the current stockpile of spares.  The parallel display unit is a LRU with a relatively high failure rate.  The display component is the major cause of the failures associated with this LRU and is no longer in production.  This LRU requires re-engineering and spares manufactured immediately.  Other LRUs were identified with the potential to cause critical shortages in the near future as well.  These parts need to be evaluated and spares placed within the depot system based on numbers of spares available, failure history, and determine if any re-engineering is required.  Changes in the AACE mission should be defined as soon as possible to determine their impact on the overall AACE mission and establishment of a spares inventory.

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 (as a unit, not comprised of replaceable components).  Three or more units should be stocked for items that fall within these two categories.  Spare parts for LRUs where enough data exists to perform some analysis on failure rates should be procured in larger quantities.  The number should be based on the predicted failure rates plus a safety factor.  This safety factor could be one or three units based on the same criteria used above to determine the number of spares recommended for LRUs stored at the depot.

Training is another area of AACE that requires attention.  A training package should be developed to re-implement the train the trainer approach that was once part of AACE.  This training package should include detailed training materials, training video tools and computer-based training.

Hardness testing of the TAAN receivers is also recommended.  This testing should include both the existing pagers as well as potential replacement candidates.  Once this testing is conducted, the EMP status of these units will be known and better engineering judgment can be used to develop a new system, if required, at the best possible cost.

TRW recommends the actual status of the spare parts located at the depot be evaluated.  This includes both “F” and “A” status parts.  The “A” status parts need to be inventoried and their status as “A” confirmed.   The “F” status parts should be evaluated, used for parts in short supply if beyond economical repair, upgraded to “A” status to help support the ongoing AACE mission.  

Appendix A :  Historical AACE Maintenance Equipment List

	Type
Designation
	Manufacturer
(FSCM)
	Figure &
Index No.
	Nomenclature
	Use

	SAS-200/530
	AM Systems (54656)
	6-1
	Antenna, Dipole
	HS Testing

	ATU-200/5510
	AM Systems (54656)
	6-1
	Tripod, Antenna
	HS Testing

	AGE160300
	BDM (52308)
	 
	Cable
	Fault Isolation

	AGE161703
	BDM (52308)
	6-3
	Cable
	HS Testing

	AGE161704
	BDM (52308)
	6-1
	Cable
	HS Testing

	AGE160120
	BDM (52308)
	6-8, 6-9
	Cable
	HS Testing

	AGE160121
	BDM (52308)
	 
	Cable
	HS Testing

	AGE160122
	BDM (52308)
	 
	Cable
	HS Testing

	AGE160123
	BDM (52308)
	6-8, 6-9, 6-10
	Cable
	HS Testing

	AGE161701-1
	BDM (52308)
	6-1, 6-3, 6-5
	Cable
	HS Testing

	AGE161701-2
	BDM (52308)
	6-1, 6-3, 6-6, 6-7
	Cable
	HS Testing

	AGE161701-3
	BDM (52308)
	6-3, 6-10
	Cable
	HS Testing

	AGE161701-5
	BDM (52308)
	6-1, 6-10
	Cable
	HS Testing

	AGE161702
	BDM (52308)
	6-1, 6-3
	Cable
	HS Testing

	AGE167500
	BDM (52308)
	6-5, 6-6
	Cable
	HS Testing

	AGE167510
	BDM (52308)
	6-5
	Cable
	HS Testing

	AGE167511
	BDM (52308)
	6-5, 6-6
	Cable
	HS Testing

	AGE167512
	BDM (52308)
	6-5, 6-6, 6-7
	Cable
	HS Testing

	AGE167513
	BDM (52308)
	6-5, 6-6
	Cable
	HS Testing

	AGE167514
	BDM (52308)
	6-6
	Cable
	HS Testing

	AGE167515
	BDM (52308)
	6-7
	Cable
	HS Testing

	AGE167516
	BDM (52308)
	 
	Cable
	HS Testing

	AGE167517
	BDM (52308)
	 
	Cable
	HS Testing

	AGE167520
	BDM (52308)
	 
	Cable
	HS Testing

	AGE161400
	BDM (52308)
	 
	Current Viewing Probe
	HS Testing


	Type
Designation
	Manufacturer
(FSCM)
	Figure &
Index No.
	Nomenclature
	Use

	VLHN-MF-1-1
	BDM (52308)
	6-5, 6-6, 6-7
	Current Viewing
Resistor with Voltage
Divider, 500:1
	HS Testing

	Term-50-10W-
HNM-MOD
	BDM (52308)
	6-5, 6-6
	Terminator, 50 ohm
	HS Testing

	6154
	Bird (70998)
	 
	Load, Dummy
(RF Wattmeter)
	Fault Isolation

	250D
	Bird (70998)
	 
	Wattmeter, Element
	Fault Isolation

	43
	Bird (70998)
	 
	Wattmeter, Thru-Line
	Fault Isolation

	C205891-6
	Cardwell Condenser
(88356)
	 
	Wand, Grounding
	Fault Isolation

	550L
	Electronic Navigation
Industries (10226)
	6-1, 6-3 
	Amplifier, Power
	HS Testing

	8060A
	Fluke (89536)
	6-1, 6-3
	Multimeter, Digital
	Fault Isolation

	Y8100
	Fluke (89536)
	 
	Probe, Current
	Fault Isolation

	8654A
	Hewlett-Packard
(50435)
	 
	Generator, Signal
	HS Testing

	8447D
	Hewlett-Packard
(50435)
	6-3, 6-5
	Preamplifier
	HS Testing

	LX20S
	Instrument Research
(28999)
	6-5, 6-6, 6-7
	Generator, Pulse
	HS Testing

	KC8
	Kenney (51338)
	 
	Pump, Vacuum
	Fault Isolation

	40156
	Kent-More (07295)
	 
	Manifold, AC Service
	Fault Isolation

	KH99-01
	Kings Electronics
(91836)
	6-5, 6-6
	T Connector
	HS Testing

	202239BS
	Lindgren RF
Enclosures (18234)
	 
	Box, RF Screen
	Fault Isolation

	6164A
	Motorola (01537)
	 
	Handset TAAN Test
	Fault Isolation

	3681-0000-2
	Omni-Spectra
(33025)
	6-1, 6-10
	Adapter 
	HS Testing

	Type
Designation
	Manufacturer
(FSCM)
	Figure &
Index No.
	Nomenclature
	Use

	
	
	
	
	

	2003
	Photodyne (59912)
	 
	Adapter, Amphenol
	Fault Isolation

	7A29
	Tektronix (80009)
	6-5, 6-6
	Amplifier, Vertical
	HS Testing

	496 OPT 3T
	Tektronix (80009)
	6-1, 6-3, 6-9,
6-10
	Analyzer, Spectrum
	HS Testing

	011-0060-02
	Tektronix (80009)
	6-5, 6-7
	Attenuator, 5:1
	HS Testing

	C53P
	Tektronix (80009)
	6-5, 6-6, 6-7
	Camera, Oscilloscope
	HS Testing

	7104
	Tektronix (80009)
	6-5, 6-6, 6-7
	Oscilloscope, 
Main Frame
	HS Testing

	7B92A
	Tektronix (80009)
	6-5, 6-6
	Time Base
	HS Testing

	H10B
	Yokohama
(60336)
	 
	Detector, Refrigerant
Leak
	Fault Isolation


Appendix B : Hill Depot Spare Parts Listing

	SERIAL #
	AGE#
	DESCRIPTION
	STATUS
	DSN/NIIN

	
	
	
	
	

	004, 001
	AGE051000
	Shield Room Penetration Panel
	2 Bad
	5895012669694

	Not available
	AGE051000
	Shield Room Penetration Panel
	21 Good
	5895012669694

	
	
	
	
	

	008-6, 007-2, 005-1
	AGE102000
	Klaxon Control Unit Assy
	3 Bad
	6350012673758

	Not Available
	AGE102000
	Klaxon Control Unit Assy
	4 Good
	6350012673758

	
	
	
	
	

	009
	AGE103000
	Klaxon I/O Unit Assy
	2 Bad
	6350012665931

	Not Available
	AGE103000
	Klaxon I/O Unit Assy
	29 Good
	6350012665931

	
	
	
	
	

	004, 008, 034
	AGE 33100
	Alarm Intercom Panel Assy
	3 Bad
	6350012670581

	Not Available
	AGE 33100
	Alarm Intercom Panel Assy
	13 Good
	6350012670581

	
	
	
	
	

	026,022
	AGE 035000
	Parallel Display Unit
	2 Bad
	5895012667071

	005
	AGE 035000
	Parallel Display Unit
	1 Good
	5895012667071

	
	
	
	
	

	012, 022, 002
	AGE123000
	TAAN Console Select Unit
	6 Bad
	5895012672362

	Not Available
	AGE123000
	TAAN Console Select Unit
	23 Good
	5895012672362

	
	
	
	
	

	036, 038
	AGE 052100
	Console Penetration Panel
	13 Bad
	5895012669763

	Not Available
	AGE 052100
	Console Penetration Panel
	5 Good
	5895012669763

	
	
	
	
	

	N/A
	AGE066100
	Power Distribution Unit
	2 Bad
	6110012664245

	N/A
	AGE066100
	Power Distribution Unit
	11 Good
	6110012664245

	
	
	
	
	

	007, 072, 028, 011, 
	AGE115000
	UHF SAC Standard Turret Interface Unit
	38 Bad
	5895012677182

	009, 073, 061, 093
	
	
	
	

	099, 020, 036, 003, 
	
	
	
	

	026, 055, 100, 052, 
	
	
	
	

	018, 032, 090, 027,
	
	
	
	

	104, 062, 034
	
	
	
	

	Not Available
	AGE115000
	UHF SAC Standard Turret Interface Unit
	1 Good
	5895012677182

	
	
	
	
	

	Not Available
	AGE150000
	TAAN Transmitter/Receiver
	3 Bad
	5820012667075

	Not Available
	AGE150000
	TAAN Transmitter/Receiver
	2 Good
	5820012667075

	
	
	
	
	

	                        ITEMS RETURNED FROM MCCONNELL  AFB             
	
	

	
	
	
	
	

	
	
	Communications Set (Consisting of )
	1 ea
	5895012727256

	Not Available
	AGE033100
	     Alarm Intercom Panel
	1 ea
	6350012670581

	Not Available
	AGE103000
	     Klaxon I/O Panel
	1 ea
	6350012665931

	Not Available
	AGE114000
	     UHF/TAAN I/O Unit w/handset
	1 ea
	

	Not Available
	AGE035000
	     Parallel Display Unit
	1 ea
	5895012667071

	Not Available
	AGE052100
	    Console Penetration Panel
	1 ea
	5895012669763

	N/A
	AGE066100
	     Power Distribution Unit
	1 ea
	6110012664245

	001-3
	AGE102000
	     Klaxon Control Unit
	1 ea
	6350012673758

	008
	AGE113000
	     UHF Console Select Unit
	1 ea
	

	007
	AGE123000
	     TAAN Console Select Unit
	1 ea
	5895012672362

	
	
	
	
	

	
	
	Other Misc. Items
	
	

	N/A
	
	Console Light Hood
	1 ea
	

	Not Available
	
	UHF Radio
	2 ea
	

	Not Available
	AGE150000
	TAAN Transmitter/Receiver
	1 ea
	

	009
	AGE122000
	TAAN Bandpass Filter
	1 ea
	

	009, 009
	AGE112000-1
	UHF Bandpass Filter
	2 ea
	

	
	
	
	
	

	
	
	
	
	

	                                   ITEMS RETURNED FROM DYESS AFB              
	
	

	
	
	
	
	

	
	
	Communications Set (Consisting of )
	1 ea
	5895012727256

	Not Available
	AGE033100
	     Alarm Intercom Panel
	1 ea
	6350012670581

	Not Available
	AGE103000
	     Klaxon I/O Panel
	1 ea
	6350012665931

	Not Available
	AGE114000
	     UHF/TAAN I/O Unit w/handset
	1 ea
	

	Not Available
	AGE035000
	     Parallel Display Unit
	1 ea
	5895012667071

	Not Available
	AGE052100
	    Console Penetration Panel
	1 ea
	5895012669763

	Not Available
	
	     AFSATCOM Unit
	1 ea
	

	N/A
	AGE066100
	     Power Distribution Unit
	1 ea
	6110012664245

	Not Available
	AGE102000
	     Klaxon Control Unit
	1 ea
	6350012673758

	Not Available
	AGE113000
	     UHF Console Select Unit
	1 ea
	

	Not Available
	AGE123000
	     TAAN Console Select Unit
	1 ea
	5895012672362

	
	
	
	
	

	
	
	Other Misc. Items
	
	

	019, 014
	AGE071002
	Environmental Control System
	2 ea
	4120014784419

	Note A
	AGE010000-1
	AFSATCOM Equipment Rack 
	1 ea
	5895012727256


Appendix C : Additional Spare Parts 

Spare Parts Located at Altus AFB, Altus, Oklahoma

	Item
	Nomenclature
	Part #
	NSN
	Figure
	Index

	1
	TAAN Console Select Unit
	AGE123000-1
	5895-01-267-2362
	7-2
	34

	2
	TAAN Console Select Unit
	AGE123000-1
	5895-01-267-2362
	7-2
	34

	3
	UHF Console Select Unit
	AGE113000-1
	5820-01-269-8009
	7-2
	32

	4
	UHF Console Select Unit
	AGE113000-1
	5820-01-269-8009
	7-2
	32

	5
	Parallel Display Unit
	AGE035000-1
	5895-01-266-7071
	7-2
	17

	6
	Penetration Panel
	AGE052100-1
	5895-01-266-9763
	7-2
	2

	7
	Penetration Panel
	AGE052100-1
	5895-01-266-9763
	7-2
	2

	8
	Interface and Display Unit, Alarm Klaxon Set
	AGE103000-1
	6350-01-266-5931
	7-2
	8

	9
	UHF/TAAN I/O Unit
	AGE114000-1
	5820-01-267-7729
	7-2
	10

	10
	Alarm/Intercom Console
	AGE033100-1
	6350-01-267-0581
	7-2
	4

	11
	Alarm/Intercom Shield Room
	AGE022000-1
	6350-01-266-7069
	 
	 

	12
	Console Power Distribution Assy
	AGE066100-1
	6110-01-266-4245
	7-2
	31

	13
	Control Unit, Alarm Klaxon Set
	AGE102000-1
	6350-01-307-8089
	7-2
	30

	14
	SAC Standard Turret Interface Unit
	AGE115000-1
	5895-01-267-7182
	7-2
	2

	15
	SAC Standard Turret Interface Unit
	AGE115000-1
	5895-01-267-7182
	7-2
	2

	16
	SAC Standard Turret Interface Unit
	AGE115000-1
	5895-01-267-7182
	7-2
	2

	17
	SAC Standard Turret Interface Unit
	AGE115000-1
	5895-01-267-7182
	7-2
	2

	18
	Klaxon Remote Sounding Unit
	AGE101000-1
	6350-01-359-7462
	7-2
	1

	19
	TAAN Radio
	AGE150000-1
	5820-01-266-7075
	7-7
	20

	20
	UHF Bandpass Filter (311.0)
	AGE112000-1
	N/A
	7-16
	6

	21
	UHF Bandpass Filter (321.0)
	AGE112000-2
	5915-01-384-5025
	7-16
	7

	22
	Teleprinter (AFSATCOM)
	132400-0002
	5815-01-125-1526
	 
	 

	23
	Control Indicator (AFSATCOM)
	C-10357
	 
	 
	 

	24
	Audible Alarm Assy (AFSATCOM)
	 
	 
	 
	 

	25
	Keypad (AFSATCOM)
	 
	 
	 
	 

	26
	Control Power Supply (AFSATCOM)
	622-3754-001
	6130-01-057-3396
	 
	 

	27
	Enclosure / ECS x2 / Power Supply Group
	 
	 
	 
	 


Spares defined as units not actually wired into the AACE operational systems, but present on-site

· Fairchild: Spare Console UHF I/O Select unit sent when replacement was requested.  Planning  to send it back to supply

· Beale: None

· Grissom: One Remote Klaxon Alarm Assembly (horn missing)

· Offutt: One SAC Standard Turret Interface and one UHF Console Select unit

· Whiteman: Two Klaxon Alarm Assembly Panels (neither has horn)

· Grand Forks: Four full Remote Klaxon Alarm Assembly Panels 

· Robins: One Remote Klaxon Alarm Assembly Panel and one horn driver (unlikely that this horn works)

· Barksdale: None

· Minot: None
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