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NOTICES

This report is not to be construed as an official Department of
the Army position.

Mention of any trade names or manufacturers in this report shall
not be construed as an official indorsement or approval of such
products or companies by the US Government.
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2 Destroy this report when it is no longer needed. Do not return
L it to the originator.
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BACKGROUND

AMC sent a message (AMCDE SG, DTG 1213052), subject "Concepts for Maintenance ;
Control and Display Panel (MCDP)" (copy at Addendum 1)}, requesting that TACOM
conduct a Feasibility Evaluation of earlier possible alternatives to Vetronics.
The developed concepts would provide a MCDP capability for the M1 and/or a
possible retrofit program for Fielded Tanks.

RS o

With the TACOM R&D Center taking the lead in this activity, a Joint Working
Group (JWG), consisting of elements from AMC, TRADOC, TACOM, CECOM, AVSCOM,
AARMC, ORDCENSCH and several contractors, was convened. General Dynamics Land
Systems Divicion (the prime contractor for the M1l), RCA/Government Systems
Division (diagnostic logic and softwarc developer for Ml on board testing),
Chrysler Military Public (developer of a prototype data/power bus distribution
system for M1) and Boeing (developer of a MCDP system for the 757/767
aircraft) were selected as contractor representatives for the JWG. The JWG
convened on 17-18 October 1984 (minutes included at Addendum 3).

enlon o Scdinalo.

OBJECTIVES

The objectives of the MCDP JWG were four- fold: !

1. Document the MCDP need/requirement.

2. Determine the level of technica' achievability for various MCDP
concepts.

3. Develop program schedules for viable MCDP concepts.

4, Estimate upper limits of probable costs.

P

.

These objectives, as outlined in this report, have been met and are documented
in the following sections.

dnatiadaden St BN,

DISCUSSION

During National Training Center exercizes the commanders observed that when the
solider becomes fatiques his ability to use existing intrusive TMDE diminishes.
This results in the use of the "swing test®™ method of fault isolation, instead
of automatic test equipment, as the quickest route to repairing the failures.
No Evidence of Falilure (NEOF) rates have escalated and run 40-60% on the items
returned to DS. The two hour support forwawrd doctrinal concept cannot be met
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with present systematic TMDE methods and characteristics. TRADOC has issued an
ass2scment of need statement (Addendum 6) that is in consonance with the MCDhP
concept and philosphy.

The JWG proposed nine concepts or permutations to be considered as a MCDP
for M1 support. These concepts are briefly described in this summary and are
listed roughly in order from technically least complex to most complex. The
Boeing system, as utilized in the 757/767, was nnt given serious consideration
due to its cost (estimated at $500.000 per tank) and the fact that there is no
data base system available, or planned for the near future, that would allow
the utilization of the off-board data base establishment that is one of the key
benefits derived from their version of MCDP, This viewpoint is reiterated in
the report from PMCH47 included at addendum 4.

The first concept is an add on Engine Monitor Module (EMM) consisting of a
"smart"” data logger with a crew alert panel (to give failure indication) and a
maintenance interface unit (to give diagnostic information to the mechanic).
The EMM would plug into the Engine Control Unit (ECU) Diagnostic Inter face
Connector. The technical risk for this concept is low. R&D cost is estimated
at $6M with unit cost being approximately $10K per tank. Benefits include on
board engine system failure identification and level 1 diagnostics. (Level 1
diagnostics is done entirely through a diagnostic connector with external
probing for additional refinements).

The second concept, a permutation of the first, proposes adding
transmission monitoring and a prognostics capability to the EMM. With the
exception of prognostics, technical risk for this concept is low. Additional
R&D cost is estimated at about $600K, primarily for additional test support.
Added unit cost is estimated at $6K for transducers, and wiring harnesses. For
engine/transmission prognostics a data base would have to be established at an
approximate cost of $1M per year for 3.5 years. The technical risk for
establishing prognostics is high.

The third concept, also a permutation of the first, puts an EMM device in
the turret to monitor and diagnose the stabilization system. Technical risk is
moderate. Additional R&D cost (over and above the first concept) is estimated
at $3.5M for software validation and verification. An additional year is also
required for development. The unit cost grows to $12.5K for the box, if it is.
to be kept common with the hull systems box. Support costs would be reduced
having a common box versus a different type of device for turret and hull.

The fourth concept begins adding technology that enhances vehicle
performance as well as giving a MCDP capability. This concept replaces the
present ECU with a digital system having the "smart" data logger and monitor
function built in. The hardware would be designed with a bus interface to be
compat.ible with the Vetronics system envisioned for the future. Technical risk
is low. R&D cost is estimated $10M. The unit cost is estimated at $15K, but
the system directly replaces an ECU present costing $10K. Benefits include an
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on board engine system failure identification and leve!l one diagnostics., g
"Soft"™ failures can also be identified thought the digitized information .
avaiiable. The system is compatible with future improvements (i.e.. :
Vetronic:), i

1
S
3
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The Fif{th concept, a permutation of concept four, adds a digital Hull
Networks Box (HNB) and transmission sensors to the digital ECU. This system
gives level one fault diagnostic for engine, transmission and other hull
cystems as well as providing a potential for prognostics. Additional R&D cost
15 $600k for test support. Unit cost for the digital HNB and transmission
capability adds about $6K. L[xcept for prognostics, this concept has low
technical risk. Prognostic application reguires ostablishment of a data base
estimated at a cost of $3.5M and requiring about 3 1/2 years for data analysis.

The sixth concept addresses the turret with a "smart" digital diagnostic
system. The concept features on board level one diagnostics that includes a
"smart" digital stabilization cystem and fire control computer with built in
data log. A data bus structure taking advantage of technology developed with
the ATEPS Program is featured. The system also has a new !echnnlogy commanders
panel giving enhanced capabilities, This system is upwardly compatible with
the Vetronics architecture presently being developed. Technical risk is
moderate. RS&D cost is estimated at $3.5M which is basically a PEP program for
the ATEPS prototype development. Unit cost is estimated at $46K, but replaces
$25K of present hardware and gives enhanced turret functional capability.

The seventh concept involved incorporation of an electronic maintenance
manual! with any of the above concepts., Although considered to be a valuable
aid, the electronic manual is considered impractical for implementation in the
short term, It was the JWG consensus that the army needs more than an
electronic "page turner” and development of the "right" system of this type
requires a long range, and costly, development program beyond the scope of the
MCDP project.

The eighth concept involved accelerating the Vetronics program for earlier
fielding. Vetronics achieves full system integration for both hull and turret,
incorporates the Battlefield Management System (BMS) and provides an on- board
diagnostic and prognostic capability. The Vetronics program is nptimistically
scheduled and involves a "shoot of " amaong {our contractnrs, Acceleration of
this program increases technical risk Jdramatically and requires a complete
revision in development and procurement strategy. Sixteen months is the maximum
amount the program could be shortened with an order of magnitude increase in
cost, t was unanimously agreed that it is not practical to accelerate this
ptogram.

The ninth and final option presented to the JWG was incorporating Vetronics "
and an autonomous parts requisition system. This concept features all the
advantages of Vetronics coupled with a diagnostic/prognostic system capable of
ordering replacement parts and scheduling maintenance through an automated
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communications link requiring no operator intervention. The technology to
develop this system is considered questionable at best and program execution
would not be achievable within the short time frame desired for MCDP
implementations.

RECOMMENDATIONS

The MCDP JWG in this report presents six viable concepts for MCDP
implementation. Any of the first six concepts would be beneficial in
maintenance support of the tank.

Add-on hardware (concepts 1-3) appears to be the lowest initial cost type
of program and can be implemented in the shortest period of time.

Technology insertion (concepts 4-6), while being more costly, provides more
benefits for the vehicle and prepares the electronic subsystems with compatible
interfaces for the Vetronics vehicles of the future,

To acquire a MCDP capability on the tank in the shortest possible time the
JWG recommends concept 1, the Engine Monitor Module., This concept supports the
mobility system which is of utmost importance to the crew. The concept can be
expanded to the transmission and other hull systems at any time desired.

If an add-on MCDP is desired for both hull and turret systems, the JWG
recommends concept 3A, the Vehicle Monitor Module, which requires more
development time but reduces support costs by utilizing hardware identical
modules in both hull and turret.

I1f long term hardware utilization and technology upgrade is a driving
factor, the JWG recommends concept 5, the digital ECU, HNB and transmission
monitoring system, This technology insertion assures use of the digital
hardware during the Vetronics era through incorporation of the 1553 bus.

The JWG also recommends concept 6, the digital stabilization system, turret
networks box and commander's panel with associated bus structure as a
technology insertion that fits with the M1 Block II Mod. Implementation of
Concept 6 with its associated 1553 bus structure allows direct implementation
of the Battlefield Management System (BMS) module scheduled approximately 1
year after the Block Mod. Vetronics hardware, when available, could also be
integrated on the same bus structure.
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Program Assumptions

The ciock on the schedule starts at award of contract. Government
administrative lead time for contract preparation and award is not included.

Administrative lead time to award on MCDP contract could range from 154 days
to 240 days depending on procurement method.

schedule does not consider activities for implementation into vehicle
productfon which must be coordinated between vehicle manager and prime
contractor. ?Program schedule and costs only go to MCDP production availability
fer inclusion on the vehicle bv direction to vehicle production, retrofit or
depot stock.

P —

The MCDP concept seincted should be nuclear hardened to the same requirements
as are presently incorpcrated in the Ml Tank or, for a minimum acceptable
approach, must not detract from the preseut nuclear hardening capabilities of
the Tank i{ for any reason the full requirement for a nuclear hardened MCD? {is
waived.

No requirement document is required for MCDP.

There would be no need to retypeclassify the tank just for inclusion of a MCDP.
User must place a high priority on MCDP if the concept is to succeed.

Schedules assume immediate availibility of funding.

Failure of MCDP senscrs will not cause vehicle secondary failures or cause the
vehicle to loose functionality.

- Regardless of concept chosen, the MCDP will be user friendly for maintenance

: personnel.

b

{ The equipment must be an effective aid to troubleshooting, but will not be

required to fault diagnose to the plece part in all cases.

s

]

T‘ The MCDP would have the same type of service support requirements as the +
- equipment that it replaces. .

.

:H The MCDP would be equipped with some sort of self test capability.

.
f. Development of MCDP system specification is a separate effort, having

1 some cost impact, that omust be completed prior to competitive contract action.

g L
{ MCDP will save diagnostic time through a continuous monitoring of all level 1 !
t diagnostic routines - Level 2 diagnostic requirements will remain unchanged. f
L
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MCDP CONCEPT 1
ENGINE MONITOR MODULE (EMM)

(ADD-ON HARDWARE)
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TECHNICAL DR {PTHON

FNCUINE MON T [0 Marati b (M)

The Engine Monitor Moduic (ZAM) e a4 gmall, easily Installed turbine
englne system conitor with rhe cagan!licy =¢ provids: f{astact diagnosis of
engline system fauvlis. 7The MM i¢ a genervrol nurpose add-on device with crew and
mainterance Hselays which does not ~{ferct the cneritlon of the Ml vehicle.

Englne svotewm contrel and starus sionals from the electronic fuel control,
driver’s masre: panel. (~iver’s Instrurent pane!, and the hull networks box are

continuoustly ~ualtored by tho (MM oaad comrared with acceptable levels.,

Abnermal signal lavel: {aclusiny intersmittent Jaults, rrizger the FMM
diasnostic process. “ngine sioanl loye'e doidng and prisvr to a fault are
exanined autnomaticaliy to “saietae e proolen to a4 specific eugine subsystem,
l.e starter, fgnitior il o “wveryv. £a2.1% dlagaosiins o performed {nstantly

and automatically.

A crew alert dsplay woulc provide the crew with optional engine
cperating suggestions. An ‘ntovactive maiatenaace panel or set communicator
would display troubleshbostiog messages whici identify the faulty subsystem and
direct orgzanirzaticnal maintena.ce scrsonnel to the proper component isolation
and repair procedures. The primary objective of the FMM is to provide built-in
disgrostics to a 'evel such that sinple field equipment, like a multimeter, is
ali that is required to quickly isolzte the problem ro the faulty component

Other features of the EMM include the capability to enable organizational
maintenance to trim the electronic control unit and adjust the linkages of the
mechanica. engine contrels without add‘tlonal test equipment. The engine
system performance level will be periodically determined and stored for
off-line analysis o! perforununce trends. Tvpical prognostic data, such as
engire temperature and speed stress cycles, will be stored for off-line
anaiysis te eveutually predict component faflure

The benefits to crew, malnienauce, and supply are substantiazl.
Troubleshooting will be wmcre accurate, penetvating deeply into the "no evidence
of failure” (NEDF) problem and the unneccessarv expansion of component
inventories. Troubleshooting time wi{ll be much less - minutes instead of hours
- and will provide the oppoirtunity to achleve the "2 HOUR FIX FORWARD™
maintenance concept mandaced tor varilefleld conditions. Finally, then EMM
will provide a rapld arsesswment of vehlcle nobility to ald in expediting
repairs.

The technology required to acronplish the on-board diagnostic task is not
new. An engineering model en;ine signal uwonitor, developed and mounted aboard
2 M1 wvehicles, has succesafuliv demonstrated the feasibility of monitoring and
stoilng critical engine signals for di{agnostic analysis. TACOM has also used
a similar device for data gathering for prognostic technology.

Technical risk for FMM deveinpment is considered low.
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COST SIUMMARY SHEFI'!‘1

(SFY85 CONSTANT)

CONCEPT | Fagine Monitoring Module (EMM)
DEVELOPMENT

24 months effort 6000K
UNIT HARDWARF COST2 10K/VEH
NOTES

Unvalidated, Preliminary Engineering Estimate of Upper Level of Costs,
Source MCNDP JWG Oct 84 and AMSTA-RGDD Nov 84.

2 Based on Quantity of 1000 units.
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MCDP CONCEPT 2

ENGINE MONITOR MODULE PLUS TRANSMISSION
MONITORTNG AND PROGNOSTIC CAPABILITY

(ADD-ON HARDWARE)
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TECHNICAL DESCRIPTION
ENGINE MONTTOR MODULE WUTH TRANSMISSION MONITORING AND PROGNOSTIC CAPABILITY

Transmission diagnostics capability can easily be incorporated into the
EMM concept by permanently inserting sensors into existing transmission parts,
adding the transmission diagnostic wiring harness and making provisions in the
EMM hardware and software interfaces.

To be technically viable and cost effective the transmission requirement
must be an "up front” requirement rather than an “"add-on” later in the program.
Interface provisions must bhe developed early in the program, to allow the EMM
to accept data from wultiple sources.

Incorporation of prognostics would require a minimum of 3 1/2 years of
field experience (on - vehicle data acquisition) with the EMM. A large data

base must be established and a data analysis program developed at a computer
facility.

Prognostics would be implemented as soon as valid algorithms are

developed. Expansion of the prognostic capability would continue throughout the
life cycle of the vehicle and EMM.

Technical risk for FMM development with transmission capability is

considered low. Technical risk for establishment of a prognostics capability
is considered high.
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COST SUMMARY SHEETl
(SFY85 CONSTANT)
CONCEPT 2 Engine Monitoring Module (EMM)
+ Transmission Monitoring Xit
+ Prognostic Capability (Optional) )
4
DEVELOPMENT © k
s EMM 24 months offort 6ONOK .
. + Transmission 24 months effort 600K
z Subtotal 6600K
+ Prognostic Capability 42 months effort 3500K 4
r TOTAL 10, 100K
UNIT HARDWARE COST’ :
L‘ EMM 10K/ Veh ‘
& Transmission Monitoring Kit 6K/Veh 3
L TOTAL 16K/Veh )
.
} A

REaas

NOTE:

Unvalidated, Preliminary Enginesering Estimate, Upper Level of Cost Source:
MCDP JWG Oct B4 and AMSTA-RGDD Nov 84.
Based on Quantity of 1000 Units.
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MCDP CONCEPT 3
TURRET MONITOR MODULE (TMM)

(ADD-ON HARDWARF.)
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TECHNTCAL NFSCRTIPTION

TURRET MONTTOR MODULE (TMM)

The Turret Monitor Module (TMM) is a small, easily iustalled fire control
systems monitor with the capability to provide instant diagnosis of system
faults. The TMM, an expanded version of the Engine Monitor Module (EMM),
consists of an electronics module and a ganuner”s display panel and, similarly,
does not >{fect Lhe operation of the vehicle or fire control systoem.

The TMM will continuously monitor fire control system function signals
Juring normal operation and compare them with acceptable levels. Abnormal
signa! levels will trigger the antomatic diagnostic process and the punner’s
display panel will indicate that a fault has occurred and which functional
subsystem is involved

Further isolatioa is achieved when the crew activates the fire control
computer self-test. The sclf~test verifies the existance of the faulty
condition and permits the TMM to check the proper function of each of the major
interactiog fire comrol components.  The puanner’s display panel will then
indicate either the tavlt v carmponent for replacement or the component and
cables groap that requires additional isolation. [f additional isolation is
needed, the T™MM will reference and/or display the appropriate follow-on
t roubleshoot ing procedures.

The primary objective of the TMM is to provide built-in diagnostics to a
level such that either the faulty component is identified or that simple field
equipment, such as a multimeter, is all that is required to isolate to the
faulty component or cable.

The fire control hydraulic system performance level will be periodically
determined and stored for off~-line analysis of performance trends. Limited
prognostics data related to fire control system operation will be stored for
off-line analysis to eventually predict component failure.

The technology required to accomplish the on-board diagnostic task is not

new. An engineering model engine signal monitor, developed and mounted on 2 Ml
vehicles has successfully demonstrated the feasibility of monitoring and
storing critical vehicle signals for diagnostic analysis.
The benefits to crew, maintenance, and supply are substantial.
Tronbleshoot ing will be more accurate, penctrat ing deeply into the "no evidence
af railure”™ (NFOF) problem and the necessary expansion of component
inventories. Troubleshooting time will be much less - minutes instead of hours
o - and will provide the opportunity to achieve the "2 PHOUR FIX FORWAKD"
S maintenance coancept mandated for battlefield conditions. Finally, the TMM will
P _ provide a rapid assessment of the fire control system to perform its mission.
e . :
Technical risk for the TMM development is considercd low.
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COST SUMMARY SHEET !

(SFY85 CONSTANT)

CONCEPT 13 Turret Monitoring Box (TMB)

b - DEVELOPMENT @

L VRYLLAPALN D

F‘ 20 months effort
h UNLT HARDWARE C()ST2 TMD

NOTES:

MCDP OCt 84 and AMSTA-RGDD Nov 84.

2 Based on Quantity of 1000 units,
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9,000K

L1OK/Veh

! Unvalidated, Preliminary Engineering Estimate, Upper Level of Cost Source:
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HCDP CONCEPT 3A

VEHICLE MONITOR MODULE (VMM)
FEATURING THE TPENTICAL MODULF
FOR BOTH RULI, AND TURRET MONITORING
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TECHNTCAL DESCRIPTION
VIEHTCLE MONTTOR MODIE ('MM)

The vehicle Monitor Module (VMM) is a small, dual parpose, system
monitor/diagnostic unit that can be easily installed in the hull as an engine
system monitor and in the turret as a fire control systom monitor. The VMM
hardware, electronics module and display, is common to both applications.
Software and ~ables are peculiar to each

Two VMM units will simultaneously monitor the engine system and fire
control system signails and compare them with acceptable levels. Abnormal
siznal levels including iatermittent signals will trigger the automatic VMM

diagnostic process. Display panels, located in the hull and turret, will
indicate that a fault has occurved and indicate which subsystem i3 invoived.

UNGINE

Engine =ipnals Juriag and prior to a Faialt are examined to isolate the
problem Lo a specific engine subsystem, i.0. starter, ignition, and fuel
delivery,  Faolr diaenost ica is pertormed instant by and aatomatically. A crew
alort display provides the erew with optional enpine operating supgestions. An
interactive maintenance panel or set communicator displays Lrouble-shooting
messages which identify the faulty subsystem and directs organizational
nersonnel o the proper component isolation and repair procedures.

Other features of the VMM include the capability to trim the electronic
fuel control unit and adjust the linkages of the mechanical! engine controls
without additional test equipment. The engine system performance level will be
periodically determined and stored for off-line analysis of performance trends.
Typical prognostic data, such as engine temperature and speed stress cycles,
will be stored for off-line analysis to eventually predict component failure.

Transmission diagnostics capability can be easily be incorporated into the
FMM by permancntly inserting a few sensors in existing transmission parts.

TURRET

Further fault isolation Is achieved when the crew activates the fire
control computer self-test. The self-test verifies the existance of the faulty
condition and permits the VMM to check the proper function of each of the majior
interacting tire control components. The common display panel will then
indicate either the faulty component for replacement or the component and
cables group that requires additional isolation. 1f additional isolation is
needed, the VMM will reference and/or display the appropriate follow-on
t roubleshoot ing procedures.

The fire control hydranlic systew performance level will be periodically
determined and stored for off-line analysis of performance trends. Limited
prognostics data related to fire control system operation will be stored for
off-line analysis to eventually predict component failure or need for
ad justment .
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Techunical risk for VMM dovelopment is considered Jow. Technical risk for
. catablishment of a prognostic capability is considered hiph,
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COST SUMMARY SHERT ‘
(5FY85 CONSTANT)
CONCEPT 3A Turret Monitoring Module
+ Engine Monitoring Module
3 + Transmission Kit
DEVELOPMENMT :
42 months effort 10,000K

)
UNIT HARDWARE COST”

Turret 10K
Same Box Engine 10K
Transmission _6X
TOTAL o 26K

o’

»

NOTES:

) G A A 4
,

,
[SEN

Unvalidated, Preliminary Enginecring Estimate of Upper Level of Case Source:
MCOP JWG Oct 84 and AMSTA-RGDD Nov 84.

.

2 Based on Quantity of 1000 Units
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MChp CONCEPT 4
NIGITAL ENGINF CONTROL UNTT (RCU) WITH MONTTOR CAPARILITY

(TECHNOLNGY IMPLANT)
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TR T CAL DEPSCRITPTION
Bigitai MNlectronie Coutrol Unit (DECY)

The DECU alternative involves the replacement of the existing Engine
Control llnit (FECU) with a [ul) authority DECU and a built-in-test/monitor
(BIT/M) panel. The DECU will provide the full functionality of the current ECU
whiie also providing a significant level of diagnostic and prognostic
capability on board the vehicle. The BIT/M panel will complement the
diagnostic and prognostic features of the system bv oroviding an interactive
display/query device for presentation of diagnostic/prognostic, and repair
informat ion,

Some of the key features which the DECU provides are:

“ull) digital engine control Including all protective modes and automatic
start-up and shut-down. ¥Full interface to the existing engine
clectro-mechanical fae!l system and other relevant elements.

Diapnost ie measurement s and conebosions with Interactive Instraction for
any operator assisted actions (as in arranging a specific operational
state or temporary cahle disconnection) to permit {dentification of
taulty cables and boxes. This test capability will isolate 73 percent
of the engine and 14 percent of other hull system faults which are
diagnnsed by STE-M1/vyS,

Prognostic measurements and conclusions tracking engine and engine-
accessory degradation (including batteries).

Timely caution and warning messapes to the operator based on the
diapgnostic/prognostic conclusinns.

Information on repair requirements, work-around expedicnts and mission
impact.

Repository of diagnostic/prognostic data and conclusions for later
retricval and off=hoare analysis.

- ~

L

‘. Falb wolt-test capablility of the DECH and Brr/Mm.

K Bus interface to the BIT/M which is compatible with other future M)
b

® improvements in a Vetronics eavironment.

P .

e DECE retcolit can be dmplement od with minimal impact on the vehicle,
L mak iny, maximom use ol existing vehicle cables and wmount ing provisions.
¢ Technical risk for DECU development is considered low. Technical risk for
o establishment of a prognostic capablility is considered high.
34
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COST SUMMARY SHEETl
($SFY85 CONSTANT)
CONCEPT 4 Digital Engine Control Unit (ECU)
DEVELOPMENT:
30 month effort 10,000K

2
UNIT HARDWARE COST”

15K/veh Digital ECU
- 10K (less Existing Analog ECU)
5K Net, Production Vehicles

NOTES:

Unvalidated, Preliminary Enginecring Estimate of Upper Level of Cost
Source: MCDP JWG Oct 84 and AMSTA-RGDD Nov 84.

2 Based on Quantity of 1000 units,
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MCDP CONCEPT 5
DIGITAL ENGINE CONTROL UNIT (ECU), HULL
NETWORKS BOX (HNB) WITH TRANSMISSION
SENSORS AND DRIVERS CONTROI, PANFI. (PCP)

(TECHNOLOCY TMPLANT)
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TECHNICAL NDESCRIPTION

DIGITAL FNCLNE CONTROL (MUY (NRCTT), HULL NETWORKS BOX (MWB) WITH TRANSMISSTON
SENSORS AND DRTIVERS CONTROL, PANEL, (DCP) i

An enhancement 1o the previovs concept replaces the Moll Networks Box
{(MNB) with a unit similar to that demonstrated ia the ATEPS hull system. This 1
incorporates with the digital #CU and the buile=in test/monitor (BIT/M) panel
funct ion becomes part of the Drivers Control Panel (DCP) which replaces both
the DIP and PMP.  This concept was also demonstrated in the ATSPS hull system.

This concept projects an expansion of test and prognosis capabilities,
improvement in fnformation availahle to the vehicle crew, and thus, promises
increased vehicle readiness potential.

[ncorporation assures major improvement in diagnostic capabilities for the
most hull components of anv previously proposed built-in test system.

Technical risk for the development of DECH, HNB and DCP is considered
lTow. Technicil risk for the incorporation of prasnostics is considered high.
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COS'T SUMMARY sHeer
(1Y 8 CONSTANTY
CONCEPT 5 Digital Engine Control Unit (ECU)

+ Hull Networks Module (HNM)
+ Prognostic Capability (Optional)

DEVELOPMENT -

Digital ECU + HNM 10, 000K
- Transmission Sensors __ 600K
Subtotal 39 month effort 10,000K
+  Prognostics Capability 42 month effort 3,500K
TOTAL 14.100K

2

UNIT HARDWARE COST
Digital TCI (including HNM) 15K
less existing Analog BCU 10K
N nK
+ '[r.inumi!;ui()n Sensor s (A4
TOTAIL 11K

pe—————
e T T

NOTES -

. 1.r.—' <' '.

finvalidat nd bteliminary Fngineer ing Est imate of Upper Level of Cost Source:
MCDP JWG Oct 84 and AMSTA-RGDD Nov 84.

-
7 Based on Quantity of 1000 Units.
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MEDP CONCEPT 6
PICTTAL STABLTZATION SYSTHEM, TURRET NETWORKS
ROX AMND COMMANDERS PANET
[NTFRCONNECTED WTITY DATA BUS STRUCTORE

{TPORNOLOGY TNSERTTIAMD
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TECHNTEAL DESCRIPTTION

DICITAL STARILLIZATLION SYSTEM, TURRFT NETWORKS BOX AND COMMANDIIRS PANEIL
PNTHERCONNECTED WYTH A DATA BUS STRUCTURE

The roliability, majiatainability and testability of the turret portion of
the M Ahreams Tank can be cnhaneed by fastalling a MIL=-STH-17532 data bus in
the turret and developing compatible line Replaceable Units (LRUs) that make
maximum use of ATEPs technology. In so doing, the following T.RUs will be
replaced with digital equivalents:

;

1Y Gun Torvel Trive ~Ulectronices Unit (CTD=1U)
(23 Turret Networes Ror (TNB), and
(1) Commander”s Lontrol Peel (0CP),

The OTN-10 will be replaced by a digital turrat stabilization terminal
FTST=EU') similar to the one proviously designed, Tabricated, tested, and
installed on an Ml tank during the course of the ATEPS turret program. This
digital stabilization terminal will replace the existing GTD-EU in form, fit,
and fanction, and will incorporate built-in test (BIT) and bailt-in test
cquipnent (BITE). The new TST-FU will contain built-in test features for the
entire turret stabilization system and will reduce the Simplified Test
Fquipment (STE) test requirements in this area by approximately 807,
Additionally, any manufacturing engineering or perf;rmance changes to the
tarret portions of the M! Abrams Tank will only require changes to the software
code emhedded in the digital turret stahilization terminal electronics unit .

The existing Turret Network Box (TNB) wili be replaced by a digital
equivalent that will he form, fit, and function compatible to the present TNB,
and will incorporatc built-in test (BIT) and build-in test equipment (BITE)
with a MIL-STD-1553 bus compatible design. The digital TNR will contain
extensive BIT and BITE to fault isolate itself and will also provide backup
MIL-STN-1553 bus control rcapability. The MIL-STD-1553 bus interface will also
provide the means by which the commander will have control of the turret power
distribution via his display/contrnal panel.

The existing Commander”s Terminal that includes a flat panel display with
a programmable touch sensitive overlay. This arrangement allows display of up
to 1200 atphanumeric characters andfor 20 disercte push buttons per display
page with several hundred pages avaflable in program memorv.  Similar hardware
is presently belng developed under TACOM s Advaunced ATEPS program and {s
targeted for installatjon and test in a prototype Ml Abrams Tank in December
1984. The features of this new unit will also provide the commander with
significantly more information and control than he presently has, and provide
the extensive diagnostic and BIT and RITE to fault isolate with the commander”s
terminal. The new commander™s terminal will have the memory capacity to
provide maintenance personnel with signjificant amounts of majintenance
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t roubleshooting guides. schematics, hlock diagrams, flow charts and the like.
A standard video port will also be provided and real time, remote, or stored
video images can be displayed on the electroluminescent Flat panel,

The proposed MIL-STD-1553 data bus system and associated digital LRUs will
interface electrically to the Commander”s Independent Thermal Viewer Subsystem
(CITV) proposed for MIEl Rlock 11 program via the MIL-STD-1553B port. The data
bus system can also be implemented as a whole as proposed, or it can he
implemented incrementally, which is a significant feature of a data bus system.

Stace similar prototype hardware is available for demonstration through
the ATEPS program, technical risk for this development is considered to bhe low
to medium .
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STABILIZATION SYSTEM TEST COMPARISON

TEST LTEM STE-M1 TST-EU BIT
CMDR Handlec Yes Yes
GNR Handles Yes Yes
Ll Ref Cyro Yes Yes
FL F.F. Gyro Yes Yes
71l 3rd Stage Xducer Yes Yes
EL Diff. Press. Xducer Yes Yes
Sight/Gun Error Sig. Yes Yes
'l Servo Valve Yes Yes
Trav. Rate Gyro Yes Yes
frav. Lead Tach Yes Yes
Trav., ¥, Cyro Yos Yos
Trav. drd Stape Xdacoer Yoo Yes
Trav., Diff. Press. Xducer Yes Yes
Trav. Servo Valve Yes Yes
Mode Switches Yes Yes
Trav. Deck Interference SW. Yes Yes
E1 Deck Interference SW. Yes Yes
Mode Indicator Lanmps Yes Yes
Stab. System Cable 1W200 Yes No
Power Distribution
To individual sensors Yes No
To all sensors collectively Yes Yes
Control System Overall Stability No Yes
Faulty Computer Stabilization
Program No Yes
.
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NMaplay and Tontral Panal Tnterconnected with Dara Bus Structure.
CETTILOPMENT
. Digir1) Srabiltization Systom 795%
- R N Tammanior s Diapltay & Control Danal (CDCP) 550K
;. Tarroet Noetwors Dox (TN with Solid A15%
Switehos Relays and Ooantragn

2440%

Hardwar e ot

4.9F = 5.1K/voh

1 - 0 K/
14 4 = 2. XS1eh
79. 9K 11K AVRY

7eh

<
3

“nyalidat >3, Preliminary Tnjindering Estinatae of ipper Level of Cost Source:
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MCDP CONCLEPT 7

INCORPORATION OF ELECTRONIC MANUAL
WITH ANY OF THE PRFEVIOUS CONCEPTS

(SOFTWARE /HARDUARE UPCRADPE)
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TECHNICAL DESCRLPTION

ELECTRONICS MANUAL IMPLEMENTED WITH ANY OF THE PREVIOUS CONCEPTS

[t is the concensus opinion of the JWG that the electrouic manual, while
offering enhanced capabilities of MCDP, it not defined well enough presently,
either techncially or philsophically, to be included in a short time frame MCDP
development. Development or an Electronic Manuals is an extensive program in
its own right and combining its effort with MCDP would detract from its
development and could lead to an end item that presented no more for the
soldier than an electronic page turner.

A report on electronic manuil concept and hardware is included for information
purposes at Addendum 7.

The technical risk for incorporation of an effective electronic manual within

the MCDP program time frame is considered high. The concept, therefore, is
considered invalid at this time.
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MCDP CONCEPT 8
ACCELFRATED VITRONICS
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ACCELERATED VETRONICS

Vetronics (Vehicle Flectronics) is defined as the discipline for total
integration of vehicle electrical/electronic systems. The approach being taken
ts to develop and implemeat an electrical system architecture utilizing
computer ~ controlled, bussed, multiplexed data and nower distribution with
mult ifunction controls and interactive displays.

The subsystems will interface to the vehicle as "Black Boxes” rather than
stand alone systems found in todays vehicles which are in effect combined
rather than truly integrated. All power distribution, data jaterchange between
subsystems processor assets, and control/display interface with the crew will
be controlled by the Vetronics structure. Definition and standardization of
the architcctures of the power distribution bus, data bus, processor assets and
control/display functions are the focus of the Vetronies program.

Siuce the Vetronics vehicle would in effect contain all "smart™ systems
using wicro-processors, it could monitor {ts own subhsystems, communicate with
the outside electronic bhattlefield and perform select automatic functions with
minimal rrew interveation (rokotics). 0On 30 August 1984, four coatracts were
awarded to RCA Corp., Texas Instruments, FMC Corp., and Ceneral Dynamics land
Systems Division for individual 24 month development offorts to perform concept
definition/technology demonstration (Phase 1) for the Vetronics System
Architecture. This effort will include systems engineering to develop draft
specifications and standards that will define the data distribution system, the
clectrical power management system and interface requiremeants for subsystems.
In the Advance Development Phase (Phase 1I), a single contractor will continue
the development of the Vetronics System Architecture and fabricate a new
demonstrator. This architecture will either be the “"best” of the four
developed in Phase T, nr be an entirely new architecture containing the best
characteristics from all four.

Acceleration of the program would require a decision on architecture prior
to the schedaled “"shoot ~of1” preatly increasing program technical risk as well
16 cost. The maximam shortening of the schedule is 16 months with a possible
order of magnitade cost impact.

Program dacceleration is therefore not recommended.
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MCLP CONCEPT 9

ACCELERATED VETRONICS WITH
ATTONOMOUS PARTS REOUISITION SYSTEM

(TECHNNLOGY TNSERTION WITH FXTERNAL HARDWARE IMPACTS)

60

-~ . - R . . . .. - .
- - T . " te e -~
.. .. A - . . . " . . . R R T
. - B . - - N . . - - - . + - - - - - . - - . 0 n -
PP AT O P P W P SR TR W SR LW T VTS S W 0Pl VPR A/ UL, WL W DAK WL W, WU W, (L P




v Y T e Ty T e e W
A Thd AT TS A T T S b R e S W T W T T e T - .
i ol S dian S R Bas Bt et Sk T ™

TECHNICAL DESCRIPTION

VETRONICS WITH AUTONOMOUS PARTS REQUISITION SYSTEM

This concept involves utilization of expanded Vetronics with an automated
satelite communications system link to depot such that automatic sensing of
parts need due to failure or projected failure would alert the system. Parts
requisition would be automated through the pipeline and the required
maintenance crew would be alerted for the return of the vehicle.

This concept was deemed to expensive and well beyond the MCDP time frame
requirements to be given serious consideration by the JWG. No schedule or cost
figures were developed.
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Addendum 2

MCDP Joint Working Group Participants
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NAME 2DDRESS TELREPHONE
- Charlns G. Adenauer AMC. ATTN: AMCTM E. 5001 Eisenhower AV 284 8090
y Avenue, Alexandria. VA 223330001 (202) 274 8090
hi Julis F. Blum USAORNCENSCH. ATTN- ATSL CD MS. APG. MD AV 283-5329 -
ﬁ_ 21005
'}: Bob Bussiere TACOM, ATTN: AMSTA-MRP, Warren, MT 48060 AV 786-7392
b (202) 574 7392
r.
\ Rick Collins TACOM, ATTN: AMSTA MD, Warren, MT 48090 AV 786-8851
E— (202) 574 885!
1 Gene D. Duncan AMC. ATTN: AMCDE SG. 5001 Eisenhower AV 284 9870
Avenuc., Alexandrea. VA 22332 000! (202) 274 9870
2 . R
u. Phil Erickson General Dynamics Land Systems Division. {313) 978 5620
Suppor* Equipment. P O Box 527, Warren.
MI 48090
L. D- Ferguson General Dynamics Land Systems Divison, (313) 978-5411

P O Box 527 Warren, MT 48090

N W. M. Funk General Dynamics Land Systems Divison, (313) 978-5429
P O Box 527, Warren. MT 48090

- Paul Gulbis Chrysler Military Public, P O Box 1929. (205) 535 2260
: Huntsville, AL 35807

P. C. Gutzman General Dynamics Land Systems Divison, (313) 978-5317
MZ 496-20--40, Warren, MI 48090

F -

3 388G W. J. Hanley, Jr. TACOM, ATTN: AMSTA-MD, Warren, MI AV 786-8851

- 48090 (313) 574-8851

o

@

E Richard Hanson RCA/Government Systems Division, (617) 229-5166

. P O Box 588, MS-2 1, Burlington, MA 01803

X Gary liowe TACOM. ATTN: AMSTA MI¥1, Warren, MI 48090 (313) 574-6839

o AV 786 6839

r. !

g |

;- :

y . ‘
[ ‘
q
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NAMFE
Cacl Jirkovsky
John Karas
James Co Montgomery
Lynn C. Pascoe
David A. Sloss
Joseph W. Steyaert
Pan Ustick
Peter T. Walker
Dave Weller
J. W. Wollam
Marquis Woody

Louis S. Zanelli

ADDRESS

TACOM. ATTN: AMCPM GCM LM. Warren,
MI 48090

TACOM, ATTN: AMSTA  VCT. Warren, MU 48090
USAARMS, ATTN:  ATSB €D MIL. Pt Knox,
KY 4012]

Gencral Dynamics Land Systems Divinon,
Center Linc, MI

TACOM, ATTN: AMSTA NKS. Warren, MI 48090

TACOM. ATTN: AMSTA RGDD, Warren, MT 48090

TACOM. ATTN: AMSTA NKS, Warren, MT 48090

TACOM. ATTN: AMSTA RCGDE. Warren, MI 48090

AVSCOM, ATTN:
Blvd, St

AMSAY NG, 4300 Goodfell w
Louis, MO 63120

TACOM, ATTN:
48090

AMCPM GCM ST, Warren, MIT

TACOM, ATTN:
48090

AMSTA - RGDE, Warren, MI

CECOM, ATTN: AMCPM TMDE S, Mail Station
424-1903, Ft Monmouth, NJ 07703

TELEPHONE

(313)
av

(313)
Av

Av

(313)

(313)

AV

(313)
AV

(313)
AV

(313)
AV

(313)
AV

(313)
AV

(313)
AV

(201)
AV

574 8216
786 8216

574 8192
786 8192

461 1750

497--7776

574-6462

786--6462

574--5445
786 5445

574 5061
786- 5061

574 8530
786 8530

263
693

1074
1074

574 8192
786-8192

574- 5696
786-5696

532-1919
992--1919
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Addendum 3

MCDP Joint Working Group Minutes
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Minutes for Maintenance Control and Display Panel (MCDP) Joint Working Group
Session of 17-18 October 1984.

1. The session was opened at 1000 hrs by TACOM POC J. Steyaert who outlined
the reasons for conveining the JWG. A copy of the AMC message concerning MCDP
was Issued as a handout. Objectives of the session were stated:

a. Document MCDP need

b. Determine level of technical achievability for various concepts

c. Develop program schedules

d. Project estimate of upper limit of probable cost
The output of the group would be a report containing an executive summary, a
technical d=scription of each concept, a line or block diagram of each concept,
a program schedule, a rough cest outline and appropriate addendums.

2. Mr. J. Wollam from the Ml Program Office and Mr. P. Ericson from General
Dynamics Land Systems combined to present the aspects of the M1 vehicle
diagnostic and interface situation. System complexity, time to diagnose and
turn in of components with no evidence of failure (NEOF) were the primary areas
stressed. The presentation did not address a MCDP device directly but left
little doubt that such a device would be beneficial in supporting the tank.

Mr. J. Montgomery from Ft. Knox supported this position by pointing out that in
the present scenario it is virtually impossible to meet the two hour
requirement for diaznose and repair in the forward area which results in assets
being evacuated rearward.

3. Mr. G. Howe from the M1El office briefed on the presently planned block
improvement insertion schedule which could possibly be utilized for
implementation of MCDP. Schedule is included as enclosure 1.

4, A Vetronics program overview was presented by Mr. P. Walker of the TACOM
R&D Center. The presentation left the JWG with the feeling that the Vetronics
concept is ideal for new development vehicles in the 1990°s time frame, is a
well conceived program that is scheduled fairly optimisticly and increased
funding to accelerate the program would be able to shorten the program by oaly
16 to 18 months while forcing major revisions to the acquisition strategy and
greatly increasing the techaical risk. It was the concensus of the group that
a full Vetronics implementation on the Ml would fulfill the MCDP requirement
but it could not be fielded within the time frame of Interest of the JWG.

5. The Boeing representative did not attend the session pleading a priority in
working a General Thurmund initiative with PM CH47. 1In Boeing”s absence Mr. D.
Weller from AVSCOM presented the Aviation Community”s system overview. The
insight into the helicopter”s unique problems as well as those that are common
with the Tank-Automotive community reveals that the Boeing system (from

757/767 applications) is an "overkill"” application fcr the MCDP. The system
would be costly (estimated at $500,000 per tank) and there is no data base
system available, or planned for the near future, to allow the full benefits of
off-board data base establishment that is one of the key factors derived from
the system.




6. Mr. L. Ferguson from General Dynarics Land Systems pregsented a concept of
tj. adding a “"smart” data logging device to the tank with interface to the engine
\44 through the ECU diagnostic connector. The device would have a driver alert

' panel to give warnings of problems detected. The maintenance crew could then
utilize the system to do level 1 diagnostics through some sort of operator
interface unit. The concept has merit, is relatively inexpensive, lends itself
well to expansion to the transmission and possibly the turret and has potential

E for prognostics.

7. Mr. R. Hanson from RCA gave a presentation on utilizing new technology for
the hull systems to implant the MCDP capability. The concept centered on the
addition of a digital ECU with a built in engine monitor to be used in the same
manner as the previously mentioned "add-on" monitor. Advantages included

‘ enhance performance and reliability for the ECU, direct replacement and the
b inclusion of bus interfaces to make it usable with the future Vetronics
Systea.

8. Mr. M. Woody from the TACOM R&D Center and Mr. P. Gulbis from
Chrysler-Huntsville combined to give a presentation on new technology for the
S turret that fulfills the MCDP requirement. The presentation was more

- technically detailed than expected and presented many enhancements that should
t be given consideration for the ML Block improvement programs. The system has
- built-in diagnostics and multiple displays that give a good MCDP capability.

9. At 1630 hrs the meeting adjourned and was rescheduled to reconvene at 0830
the following morning.

10. Mr. J. Steyaert reopened the meeting at 0835, presented a viewgraph
outlining the possible MCDP options (Enclosure 2) and asked the group if chere
were any others available for consideration. No additions were suggested.

11. Mr. B. Liptak from the TACOM PIP office gave a presentation on PIP Process
Requirements. It was the concensus of the group that if the MCDP concept were
to be implemented in the time frame desired funding would have to be
reprogrammed and some requirements waived.

12. Mr. G. Duncan from AMC gave a briefing on expediting the funding and
schedule process. The priority given to MCDP apparently is the driving
requirement for expeditious programming. He also noted that MCDP would fit
well into the Log R&D area which could be a good funding source. He voluntered
o to chetk on potential funding sources. He also pointed out that AMC wants to
- shorten the cycle for major weapon system acquisition to 4 years and major PIPs

q to 2 years. The group rebutted this by pointing out that AMC has always been ;

- reluctant to accept the increased program cost and technical risk assoclated ~

q with this strategy. Congressional mandates for increased competition, the

5 establishment of the AMC Office of Acquisition Management and DoD 4245.7-M were

. mentioned as obsticles to shortening the acquisition cycle.
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Mr. Duncan prninted out that the changes may not occur nvernight but the changes
would assuredly be impl!~omented. He also pointed onut that the matrix o7 the
concepts and advantaqge: handed out wouald be qond to harse in the report with
development and product ion cost informat ion added.

13. Mr. J. Blum from the Ord Center and School gave a briofing on the User
requirement for MCDP. He outlined some of the problems the user has with
present test equipment such as-  equipment is too bulky. not enough of it to
support the Fix Forward concept, requires too much human input and there is too
big a volume of TMs required. He also emphasized that BITE can only be as good
as it*s inputs and its interfacec with the humans involved. BITE should use
exizting scnscrs whece possible and the user needs to be able to operate the
vehicle in case nf sensor failure. To be really effective *he MCDP must be
user friendiy. eliminate dependance on TMs and identify to the faulty subsystem
with identification to faulty piece part whenever possible.

14. Other discussion dictated that the MCDP shnuld be nuclear hardened to the
same degree as the other systems on the tank. If for some reason that were not
possible it would at least be required to produce no detrimental effects to the
nuclear hardening capabilities alrcady existing on the vehicle. The waiver for
nuclear hardening of the MCDP wnuld probably require 6 to 9 months of
processing for approval fol'owing submicsgion if required.

15. The grcup agreed that rough order ©f magnitude cnsts fnr development and
production would be al!l that is required for this study. Detailed costs were
discnuraged because they could not be made available for all nptions. Cost
bencfits were discussed at length with no firm handle on how to project valid
numbers for anything other than NEOF comprnents. AMC offered to investigate a
method of equating increased availability to dollars.

6. The following taskings to be completed by 2 November were assigned to JWG
members:

AMC (G. Duncan) will investigate the availability of Log R&D Funding for
MCDP.

APG (J. Bium) will prepare a training impact statement for the various
MCDP concepto.

AVSCOM (D. Weller) will investigate the availability of an 0&S cost
model and supply handcopy of his viewgraph presentation.

CECOM (L. Zanelli) will provide details on the level at which Ada would
become a requirement for a MCDP concept.

Ft. Knox (J. Montgomery) will provide the priority placement of
diagnostics in the FAAR, develop a draft nced assessment for
developing MCDP and check with MRSA fnr information on repair parts
costs and numbers applicable to NEOF reductions.

General Dynamice (L. Ferguson) will provide a technical description and
concept line drawing of the enigne monitor module concept for MCDP

RCA (R. Hanson) will provide a technical description and block diagram cf
the "smart" digital ECU conc-apt for MCDP.
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Chrysler Hluntsvillie (P. Gulbis) wil! provide a technical description and
block diagram »f the "smart" digital stabilization system with data
bus concept for MCDP turret application.

General Dynamics (L. Ferguson) will provide a technical description and
line drawing or block diagram for two concepts of MCDP turret
application. Onr~ will be a scoparate "add on” for the turret while
the second concept will utilize the same box in the turret that
wouid bhe used in the huli.

General Dynamics (P. Gutzman) will provide a concept feor the addition of
an electronic manual capability that would provide mor~ than just an
"electronic page turner”.

TACOM (M. Woody) will provide a technical description. block diagram and
schedule for the Vetronics program.

TACOM {(J. Wollam)} will provide technical details. schedule and estimated
costs for the "Expanded BITE for the Turret" program.

AMC (C. Adenauer) will provide a method of equating increased availability
to cost benefits.

TACOM (J- Steyaert) will provide a copy of JWG session minutes for -
comments,//approval.

A list of attendees for the joint working group session is attached as

enclowur: 3.

Joint working group session was adjourned at 1400 hrs.

Respect fully submitted.
Al

! )
'y,
el ] /} .
JOSEPH W. STEYAERT
Chairman. MCDP JWG
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Addendum 4

PM CH47 Memorandum Report
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DRCPM-CH47M-T/-L 24 Jul 84

MEMORANDUM FOR DEPUTY COMMANDING GENERAL FOR RESEARCH AND DEVELOPMENT

SUBJECT: Boeing Models 757/767 Maintenance Control and Display Panel (MCDP)

1. AVSCOM was tasked on 20 Jul 84 to determine the maintenance system, as used
by Boeing on the 757/767 aircraft, and its potential application to Army
helicopters, i.e., CH-47D, UH-60, AH-64, and LHX.

2. Boeing installs the MCDP in its newest aircraft to provide the airline line
maintenance technician with a number of troubleshooting aids. The MCDP is an
interactive digital computer that improves maintainability through its
nonvolatile storage of in-flight faults and its functional test capability on
the ground.

® 3. The fault retention memory of the MCDP relies on the monitoring capability
provided by three Flight Control Computers (FCCs), one Thrust Management

. - Computer (TMC), and two Flight Management Computers (FMCs). Each of these

. computers monitors its internal operation, as well as failure of input data

- attributable to specific external Line Replaceable Units (LRUs) or a group of

- LRUs. These computers record flight fault data that cause a discrete flight

« deck indication reported by the crew. At touchdown, the MCDP is switched on by

the air/ground logic, and the faults are transferred from the six computers

into the nonvolatile storage of the MCDP. This data is then available to the

ground crew for correction of a recommended fault either by adjustment or

replacement of the LRU. The data is also fed to a central data base for

long-term trend analysis.

4, While the specific architecture of the MCDP is controlled by a commercial
specfication not compatible with DOD MIL-STD-1553B, the technology utilized by
MCDP in diagnosing and locating faults is presently in the AH-64A and the AHIP
and is intended for the LHX. The use of this same technology with the correct
architecture would require a complete redesign of the CH-47D and the UH-60A

Py nelicopters as the add on/strap-on approach has not been successful. The
complete redesign of the CH-47D and UH-60A helicopters is considered
prohibitive from both cost and time,

5. Though AVSCOM is using, and will continue to use MCDP technology via
different architectural levels of MIL-STD-1553 full effectiveness is
constrained by the lack of a large fixed base central processing facility. TWA
has data retrieval stations in Los Angeles, Kansas City and New York. All the
retrieved data goes to Kansas City where the main line computer is located and
utilized by a staff of people who analyze the data for scheduled maintenance,
component replacement, and trend analysis. The basic AH-64A data is used at
the aircraft but is not stored. The AHIP data is used and stored at the
aircraft but has no central processing facility or trained personnel to perform
@ any analysis. A study is needed to determine the requirements for the storage,
retrieval, and processing of the maintenance significant fault data which is,
or could be, made available.
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DRCPM-CH47M-T/-L 24 Jul 84
SUBJECT: Boeing Models 757/767 Maintenance Control and Display Panel (MCDP)

6. This technology should reduce both the number and skill level required at
the unit level (LRU replacement) and should reduce the number of spares
required in the logistics pipeline (more accurate troubleshooting). This
savings will, however, be partially offset by an increase in technical skills
required at the AVIM/depot level to support the repair/return of LRUs.

7. In summary, the Army is using or intends to use, the Boeing MCDP technology
(with different architecture) in the AH-64A, the AHIP, and the LHX. Retrofit
of this technology in the CH-47D and the UH-60A is considered prohibitive from
cost and time considerations as the entire electrical/electronics equipment
must be converted. A study is needed to determine the needs for a central data
processing facility and staff for full use of the accumulated fault data.

.3[%

N. I. PATLA
COLONEL, AV
Project Manager for
CH-47 Modernization

" IV
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Addendum 5

MCDP Training Impact Assessment
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CRR USATACCM WARREN ML //ANSTA-RGDD//

IKFO TRADOC T MONROE VA //ATCD-NMH// ;

bs ‘

E: UNCLAS

Ef Zi0y D2 CAIRAZ Nov B4 PPOPP L yyuy AT .2fug“;3qayn3p;‘m_“4 -
%{ (DR ORDCENSCH APG MD //ATSL-CD-MS// {
ii | (DR

gf

»

© (DR LOGC FT LEE VA //ATCL-N// '

A

)

COMDT USAARNS FT KNOX KY //ATSB-CD-ML//

T

? UNCLAS

SUBJECT: CONCEPTS FOR MAINTENANCE CONTROL AND DISPLAY PANEL {MCDP}

A. MNMSG. HQ USAMC, ANCDE-SG- 1213052 SEP B84+ SAB

2 o g

:i B.- MCDP JOINT WORKING GROUP. USATACOMs L?-18 OCT &Y
L. USAOCES WAS REQUESTED TO PROVIDE USATACOM AN ASSESSMENT OF TRAINS

ING IMPACT FOR EACH OF THC MNCDP ALTERNATIVES AS AN ACTION ITEM OF THE

k JWG REFERINCE B.

9 - DUL TO THE COMPLEXITY OF THE ISSUES AND TIME REQUIRED FOR STAFF-

ING- IT WILL NOT BE POSSIBLE TO COMPLETE THIS ACTION WITHIN THE DE-

» SIRCD TINC FRAME.
53- FOLLOWING IS AN INTERIM ASSESSMENT OF TRAINING ISSUES. A MORE

; DETAILED STUDY WILL BE UNDERTAKEN UPON COMPLETION OF ASSESSMENT OF

| NECD BEING FORMULATED BY USAARMS.
!
|
]

4. TRAINING FOR TANK (REWS WILL REQUIRE INSTRUCTION ON MCDP FUNC-

EI A BN

1Y

t

poa—-

‘ 'TIONSVAND ACTIONS TO BE TAKLCHN BASED ON OBSERVATION OF MONITORING

3
} N .
b 1.,—.-—...._-4-:—~-'-A. —.' - - .'...- ., .-T-.l.-vs. -'-- - — —— PO - - ~ - -
& { JULIUS F. BLUM- 6S-12- LOG SPEC
' | ATSL-(D-MS. AV 283-5329
» i |
! b s Coo WL LT ' i
E " ERNEST A. ECCKINGs COL. OD- DCD
L . "ATSL-CD. AV 283-5L98
- " IRIGINAL SIGNEL /g, pOLAZ PP & s
[
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WARNING BIGHRTS OR DISPLAY PANEL. EXTENT OF ADDITIONAL TRAINING WILL

DEPEND ON CREW ACTIONS REQUIRED. TRAINING IMPACT WILL BE MINIMAL

IS

FOR THE FOUR ALTERNATIVE MCDP CONCEPTS UNDER CONSIDERATION.

N

§. AT UNIT LEVEL~ ADDITIONAL TRAINING WILL BE REQUIRED AS FOLLOWS:

aath

A. REQUIREMENTS LISTED IN PARAGRAPH 4 ABOVE. é
B. TROUBLESHOOTING LOGIC REQUIRED BY MCDP. |
C. ACTIONS TO BE TAKEN IN CASE OF MCDP FAILURE.

D. APPLICATION OF EXISTING THMDE TO MCDP. 3
b- PROGRAMS OF INSTRUCTION FOR INTERMEDIATE LEVEL MOS WILL REQUIRE ?
TRAINING ON MAINTENANCE OF MCDP COMPONENTS IN ADDITION TO THE RE- ?

RQUIREMENTS OF PARAGRAPHS 4 AND 5 ABOVE.

7. MCDP APPLICATION TO HULL COMPONENTS WILL AFFECT TRAINING FOR MOS
L3E- L3H AND b3G. EXPANSION TO TURRET WILL AFFECT MOS 4SE. 4SK AND

456. GS REPAIR OF MCDP COMPONENTS REQUIRING PRECISION SOLDERING OR

CALIBRATION WILL AFFECT MOS 35H.

8. ABOVE LISTED REQUIREMENTS FOR MOS SERIES 45 AND L3 MAY BE OFF
SET BY REDUCTION OF TROUBLESHOOTING TASKS. PROVIDING THAT MCDP DE-

————— g - v -

AR ™ ARGy

; VELOPMENT IS PARALLELED BY EFFORTS TO SCALE DOWN REQUIREMENTS FOR ;
; OFF LINE TMDE. | . {
i 9. POC FOR THIS ACTION IS MR. JULIUS BLUM. AV 283-5329. i
i
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Addendum 6

Assessment of Need Statement
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DEPARTMENT OF THE ARMY
HEADQUARTERS US ARMY ARMOR SCHOOL
FORT KNOX. KENTUCKY 401215213

ATSB-CD-ML 28 DEC 1984

SUBJECT: Assessment of Need Statement

Commander, US Army Ordnance Center & School, ATTN: ATSL-CD-MS, Aberdeen
Proving Ground, Maryland 21005
Commander, US Army Training & Doctrine Command, ATTN: ATCD-MH, Fort Monroe,
Virginia 23651 -
Commander, US Army logistics Center, ATTN: ATCL-MC, Fort Lee, Virginia
23801
ommander, Tank Automotive Command, ATTN: AMSTA-RGDD, Warren, Michiqan
48090

1. Attachecd is the revised user lleed Statement for enhanced diagnostics

of the M1 At-ars, Reviewer comments have b:en incorporated.

2 Tre .32~ “eed Statement is intended to icderti®y user requirererts to
et ot Toon Autootive Zoorand, Rewearct =2 Develnpre-t Labe-ators in
' : ¥ orne Maintenance Contro!l a-c 3z lav Pane! Stud..
3 LSLAAMS - tint of contact for this actio~ "3 Mr. James £. Mont:zo~ery,

b
AV “6h-17SC 7T 150,

FNAD THE Z2M“INDANT:

I iecccedl s
B. A. CHUMLEY S
1 Zncl AG Admin Asst

ac

CF:
PM-Tank. ATTN: DRCPM-GCM

¢

—
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US ARMY ARMOR SCHOOL
PDIRECTORATE OF COMBAT DEVRELOPMENTS
ASSESSMENT OF NEED STATEMENT
Fort Knox. Kentucky 40121-5215
1. PURPOSE: Documentation for asscssment of nced is provided as quidance to

AMC for evaluation of Maintenance Control and Display Panels technology to

enhance and improve the Ml Abrams diagnocstics profile.

2. BACKGROUND-

a. Observations by field commanders, coupled with results from DT/OQT
testing, have prompted issuance of an Assessment of Need document. Unit
mechanics performing diagnosis in a high intensity environment experience
extreme difficulty in coping with the current cumbersome troubleshooting
methodology. As observed by commanders during National Training Center (NTC)
exercises, when the soldier becomes fatigques, his ability to use existing
intrusive TMDE diminishes. Resulting reluctance of the soldier mechanics to
utilize a recognized troubleshooting procedural appronach in a realistically
simulated NTC combat environment, typically results in trouble shooting by the
swing test method. The TMDE fault isolation of system failures is frequently
viewed as the most difficult technique to use. As the swing test method of
troubleshooting is accepted as the quickest route to fixing the failure, No
Evidence of Failure (NEOF) rates escalate. Currently the M1 Abrams is

experiencing an approximate NEOF of 40%-60% on the items returned to DS.
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b. Additional analysis of DT/OT data supports field observations.
Although early software problems compounded the difficulty for use of unit TMDE
during developmental and operational testing (DT and OT),
mechanics’ comments on the bulk, cumbersomeness., difficulty of use and

transporting of automatic test equipment reflect current day problems.

3. REFERENCE: Several diagnostic investigations have been prompted by NTC
reports, Commander s comments, and survey of mechanic personnel. The following
investigative efforts are complete or in progress:

a. ARI complete.

b. TRADOC JWG - in process,

c. TACOM TMDE in process.

d. TACOM R&D Labs in process.

4. DEFICIENCY: Existing unit test equipment is bulky, cumbersome and
difficult to use. As a result of systemic TMDE characteristics, the two hour
support forward doctrinal concept cannot be mnt. Work around troubleshooting
techniques has crecated unacceptably high NEOF rates and a resulting supply
sided maintenance concept which is not supportable in high intensive

operations. Current methods for interrogation of failed systems is time

consuming and secldom systematically performed.
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5. REQUIREMENT: It is required that Ml on-board state-of-the-art diagnostics N
be added to the system to enhance troubleshooting procedures and reduce )
intrusive TMDE hardware. On-board diagnostics must- »
a. Provide capability to perform nonintrusive diagnostics to an 86 E
percent probability level of detection with an imbiguity group of no more than :
two system items and; %
A

g

|

(1) As a minimum. effect the mobility system and provide for continued |

-l

. . . . [
expansion into turret drive and fire control systems. 3
(2) Achieve nonintrusive diagnostics in a manner that all effected j

3

systems are compatible with VHSIC. All add on components must be ’
self interrngating and must not degrade functional systems as a result of J

add on component failures,

"o
e

o

N
{(3) Have a diagnostic scale of data sampling which reflects whole 2
4
system condition for anlaysis of multiple and intermittent faults. 4
o
-1
(4) Provide an on hoard display »f ambiquity group diagnostics results 5
\“
in clear text or graphic read outs without necessity for additional r~ference :
| material or test equipment. [ )
~ ~3
: h
R
: b, Inteqrate diagnostics in conjunction with evaluation for scale-down of :;
~ . 1
. ]
s "
a "\
& -
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existing unit TMDE. (FEach nonintrusive test should result in equivalent

reduction of test set requirements.)

c. Identify critical faults (those which would result in complete system
failure) and isolate critical faults to the PCB or module level for observation

and possible correction by the crew.

d. Integrate to complement a prognostics program. (Prognostics
capability should evolve to a 90 percent probability level of predicting

success rates of mission completion.)

6, Tt is desired:

a. That the Ml on-board diagnoses system identify the fightability level

of degraded systems and possible alternatives for continued combat operations.

b. That all technical manuals be evaluated for possible changes as a
result of on-board diagnostic expansion. It is desired that technical manuals
provide detailed guidan.e to further isolate ambiguity groups, using man

portable TMDE, or alternate TS procedures to a single item solution.

c. BITE be expanded to eventually encompass 100% of the dianotic

L
p
= functions presently requiring the utilization of STE M1/FVS.
9
.
p 7. CONCLUSION: Vast improvement is needed within the area of M1 Abrams Combat
@
.
L
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Systems Support, at the unit level, to allow application of doctrinal concepts

in the field.
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ADDENDUM 7

ELECTRONIC MANUAL CONCEPT REPORT
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EXECUTIVE SUMMARY - COMPUTERIZED DOCUMENTATION AND TRAINING SYSTEM 4

Y
PRI

1.0 Scope and Objective

This study is to determine the technical feasibility, types of hardware required and
availability, and ROM costs associated with computerizing the operators and organiza- .
tional maintenance Technical Manuals (TM) and Training material into an on-vehicle i
system.

e e .ot
y I W]

}
!
f(:.
:lf_
(

2.0  Results of Investigation

The system was broken into 5 modules (see block diagram):

A. Display Unit

B. Data Storage

C. Input-Output (1/0) Device

D. Microprocessor and Control Circuitry
E. Rechargeable Battery Pack

2.1 Module E was included to provide system operating capability with a dead vehicle
electrical system. Off-the-shelf units will be adequate.

2.2 The variety of microprocessors, solid state memory, etc... available today are flexible
enough to meet system requirements. Therefore, module D is a design task.

Y Y E )

2.3  Of the variety of display units, two have good potential for use. One consists of a small,
helmet mounted CRT with the display projected in front of the users eye. This has the
advantage that the display is always v.lisible,' but will require a transmitter/receiver
combination to avoid awkward cabling. Large flat-panel displays could be used as an
alternative, but introduce their own mounting and viewing problems.

v
B

Cind

2.4 The estimated data storage requirement for the TM/Training data is 500 megabytes. The !
only technology meeting this requirement is optical data storage. Optical disks have the P
advantage of gigabyte capacity (permitting free space for updates on the disk) but there
are no ruggedized units available today. A second optical storage technique uses credit-
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3.0

3.1

3.2

4.0

5.0

5.1

5.2

5.3
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card size cards which store 4 megabytes on optical strips. The card readers are simple,
rugged devices, but the maintenance/operator tasks would have to be structured to fit in
the storage space available on the card.

The preferred 1/0 (man-machine interface) would be voice synthesis coupled with speech
recognition. This permits the user to concentrate and use both hands on the task. This
approach, when coupled with a helmet mounted display unit, provides a fully integrated
1/0 system. A back-up keypad 1/0 unit should be made available.

Cost

System hardware for incorporation into the vehiele is estimated in the $10-15,000 range

per unit assuming video disk storage media. Optical cards would reduce these costs by
about $4000 per unit.

Development of the software and restructuring of the TM/Training material is estimated
at $1.6 million. Note that current method TM/Treining development for this same
material is $2.2 million.

Summary

It is ‘~chnically feasible to integrate the TM/Training materials into a computerized on-
vehicle system.

Further efforts are required to quantify the savings in life cycle costs to the
Government.

Recommendations

Initiate & follow-on effort to breadboard a system and test such alternatives as flat panei
versus helmet mounted display units.

Establish contact with other companies working on similar systems, such as Honeywell
Systems & Research Center, G. D. Electronics Div., etec... to investigate joint venture
possibilities.

Approach TACOM and the Army community to obtain CRAD funding for these efforts.
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FINAL REPORT - COMPUTERIZED INTERACTIVE DOCUMENTATION
AND TRAINING SYSTEM

1.0 PROBLEM

Inefficient and inaccurate maintenance and operation of equipment currently exists because of
a number of conditions related to the maintenance, equipment, technical documentation,
training, or environment. Consequently, maintenance or operation of equipment is not
performed efficiently.

Equipment is not repaired.

Functional components are erroneously replaced.
Not-repairable-this-station (NRTS) judgements are incorrectly made.
Mean time to operate or repair is unnecessarily high.

Equipment is broken during operation or maintenance.

Equipment or maintenance equipment is underutilized.

© 0 0 0 0 ©

Conditions leading to the inefficient operation and maintenance of equipment are:

0 Widening gap between skill level of users and the technological sophistication of
equipment.

o Technical manuals are difficult to use effectively.

Many manuals are required

Extensive cross referencing between and within manuals

Rely on verbal presentation, reading skills, and an ability to use the manual

Low fidelity line drawings

Manuals usually contain only one configuration of equipment, resulting in support

problerns for equipment of another configuration.

o Intractable physical environment :

Manuals are paperbound, highly susceptable to weather and operating conditions.

Manuals require stable, well lit, roomy space

Confined area within vehicle

Danger due to improper or inadvertent operation A

Battle conditions, heat, noise, low light, wind, and other environment conditions

Equipment is observed by other equipment

Two hand maintenance needed

88838838
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oo User is physically removed from complete documentation sets.

o Hostile equipment
00 Demands one correct procedure
oo Offers littie identification of user errors
00 Supplies no corrective measures
oo Presents hostile environment to operator who is under stress.
o All conditions interact. Maintenance and operation require simultaneous manipulation
of test equipment, tools, documentation, and the equipment itself.

2.0 OBJECTIVE

The goal is to develop a system that will increase the correct operation or maintenance of
equipment by eliminating the conditions that lead to inefficient operation and maintenance. It
will:

o Organize technical manuals and training methods so that they are compact, accessible,
intelligible, always current, easily adaptable, and highly portable.

o Will handle all forms of documentation, including technical manuals, training, and
other logistics information.

2 AEBL .., 0

o Inwvolve production, distribution, and delivery of doctrinal, instructional, and technical
. manuals. _
:j 0 Lessen the impact of physical environment on maintenance and operation of equip- A
5 ment. '
bi o Decrease hostility of equipment. i
- ’

The long term objectives are to develop an automated technical documentation/training system.
This system would replace classroom training and eliminate the requirements for printed
documentation. The system would interface with an automated documentation system and an
integrated logistics system. The system is intended to be implemented on board a combat
k vehicle/weapon system, for use in the operational environment of the combat vehicle for the
life of that vehicle. It will consist of a mass data storage device, a display unit and devices to
; allow the user to interactively retrieve/display data (see block diagram, figure 1). The system
{ is to first be implemented on the M1 Abrams Tank, but such a system has applicability for all
: combat vehicle/weapon systems, as well as other ground systems.

Ty,

T

Ty
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The short term objectives are to define the system requirements and determine feasibility of an
automated technical documentation/training system. Once feasibility is demonstrated, the M1
Abrams Tank will be used as the prime system for prototype development. The study will
include all elements of system capabilities, i.e. troubleshooting and maintenance procedures,
computer aided instruction, ete.

[ 2.1 Hardware Possibilities Pros/Cons

:e Conventional CRT technoiogy wili not be adequate for this sys:em. CRT displays are too bulky
and heavy, making them too difficult to use in a portable fashion in a confined area. Also, the
electron tube is fragile, and the electronics can pose shock hazards. Fortunately, new
technologies offer an alternative, with considerable savings in size, weight, and power.

€

b Two options exist for the system display. One option is a large flat panel display, about 8% X 11
’ inches in size. The new flat panel technologies presently offer thin, lightweight displays with
i good graphics resolution (see figure 2). However, because of the size of the screen,
z mountability may be a problem on rounded surfaces of confined areas. The displays tend to be

expensive. Also, having to look aside at a screen is & distraction because of the interruption.
And if the screen and an object are at different distances, the need for the eye to readjust its
focus can be very tiring.

An alternative to the flat panel display is a small, helmet-mounted display. A small, one inch
CRT is mounted in the helmet, and the image is projected over one eye by the use of fiber
optics or mirrors. Added optics could make the image appear to be the same distance as the
object, in order to reduce eye strain. With the display over one eye, the distraction of having to
look away from the object in order to view the screen is minimized. The miniature CRT is very
small and as a helmet-mounted system, very portable (see figure 3).

al

thilhd A i itE
Ot )

For a non-verbal input, a mouse or a display touch penél would not be adequate. They are easy
4 to use, but the input possibilities must sharé the display. If the display was to fail, the user
would not be able to control the system in order to utilize the audio output part. Also, the
touch screen cannot be used with the helmet-mounted CRT option. '

LARE Sh aa

{ Speech syathesis of stored data frees the eyes for other tasks rather than having to read the
data on *he s:reen. Current technology is producing synthesized speech virtually indistinguish-
; able from human speech. However, practical applications of speech synthesis have limitations
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= and trade-offs. In one method offering excellent quality synthesis-digitization and storage of
: _ complete words - memory capacity limits vocabulary size. A different method consists of
. storing basic elements of words called phonemics or allophones and then building words from
these elements. In this case, memory capacity is no limitation, but the algorithm used in
stringing the elements together offer an inferior synthesis. Most text-to-speech machines use
this method. For the proposed system high quality synthesis is not necessary and the limited
vocabulary that will be used will allow greater accuracy in the pronunciation of words.

Voice input, or voice recognition, is inherently more difficult than speech synthesis because of
the variability of human speech. But audio input saves inputting time over conventional
keyboards and frees the hands for other tasks. Ultimately, a speaker-independent, continuous
speech recognition system will exist, but presently has not been achieved, except with
elaborate, expensive, highly experimental equipment. Currently, speaker independence has
been achieved for a limited vocabulary of isolated words. Greater memory, however, is needed
for independence and independence increases the identification error rate. Memory size and
error rates become prohibitive when large vocabularies are used. Most of the present systems
are speaker-dependent, requiring the computer to first be "trained" with the voice it is to
recognize. They also require that the words be spoken in an isolated manner. The number of
- words that can be recognized is also limited by time required for training and memory. The
documentation and training system however, will need only a small vocabulary for user-system
interaction, such as words needed for commands and menu selections. Present voice
recognition systems also need a high quality input, such as microphones, but this will not be a
problem since the system could interface through existing headsets and microphones.

Conventional solid state memory devices will be adeguate for the system's firmware and other
necessary internal storage. However, external mass storage must be used to store the vast
‘amount of text and art. The mass storage medium must have a long lifetime, be insensitive to
magnetic fields, dust, temperature, humidity, and vibration. “Magnetic media is not viable for .
S it is too susceptible to the environment. Bubble memory may eventually offer a solid-state
alternative, as it is small and totally non-volatile, but it as yet has very limited mass storage
capabilities. Optical media seems so far the only practical choice.

MDA AN EARE
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"- Optical media have several advantages over other storage media, including greater volume, i
y faster retrieval, non-contact read/write heads, and low cost. Present media is non-erasable,
: but that is not necessarily a disadvantage, since it can still be updated by leaving blank space on
the disk for future changes.
[ A-41
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An optical disk and drive would allow all information to be stored on one disk and it can then be

: completely sealed against moisture (see figure 4). However, the drive may be susceptible to

L . vibration and ruggedization of the system may not be possible. Present systems offer no way of

h - quickly adding new information, since low cost systems are read-only. :
L

An alternative to optical disks and drives is an optical card and reader system. It consists of
L optical cards the size of a standard credit card and each card can hold 4 MBytes of information.
L‘ This system has no spinning parts and is smaller than disk systems, so it should be less
} susceptible to vibration. Data will need to be divided among the cards, but the cards are
portable, easy to handle, and cheap. Updates will be easier - not every card will need to be
updated and cards are easily accessible. A chance of loss or damage exists, but the cards are
small and easily replaced at low cost. This system will allow every operator to have their own
carq, if it is necessary to store their own unique voice characteristics, (if present speaker-
dependent voice recognition systems are used).

3.0 SYSTEM DESIGN CONSIDERATION

0 One unit per vehicle.
—o0 Unit is modular with 5 modules consisting of 1) display, 2) storage unit, 3) keyboard, 4)
microcomputer with voice 1/0, and 5) rechargeable battery pack.
All modules will have a cross section no greater than 15 X 21 inches.
Each module will weigh less than 70 1bs.
All modules will be fully militarized.
The system will be powered by 24V Vehicle Electrical System.
The system will have 4 hour stand alone operational capability from the separate
rechargeable battery pack module.
The display shail consist of a helmet-mounted miniature CRT.
Optic lenses may be used to allow variability in apparent distance from display screen
to user's eye. _ ' _
If helmet-mounted CRT later provés infeasible, flat panel displays may be used.
Display may be monochrome, must have graphics capability.
Display should have resolution no less than 256,000 pixels.
Flat panel display should have hominal 8 X 10" size for legibility.
Flat panel display must be capable of being mounted almost anywhere within and
external to the vehicle.

o 0 © 0o o

0O 0 0 0 o
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o To avoid a slip-ring interface between hull and turret, display will be interfaced to
system by means of a low power TV transceiver, for use only inside tank to minimize
RF signature.

o For use outside tank, display will be interfaced to system by means of cable and
external connectors.

o Voice recognition and speech synthesis products currently on the market will be
adequate. Some minor customization may be necessary. :

o Speech synthesis and voice recognition will interface with standard tank intercom !

s AERA

system to permit use of existing headsets and microphones.
o System will have small keyboard for alternative input to voice recognition. Keys will )
be specialized with available commands and selections.
Mass storage device shall consist of optical cards and laser based card reader. #

Optical disk and drive could be used instead of cards and reader only if 1) drive can be
ruggedized, and 2) disk and drive have read/write capability.

All system control sof tware must reside in system at all times.

System should have self-tests that will identify unit malfunctions or improper use.
Shall be menu driven, task oriented presentation.

Allow text to be displayed on screen or verbally presented, but not both at the same
time to avoid distraction.

ADA should be used for any high level language requiremnents

If speaker-dependent voice recognition is used, system must be able to recognize
several voices.

System will use a standard, not custom, microprocessor.

Because of quickly changing technology, system must be easy to upgrade.

Data shall consist of text and line art.

Use artificial intelligence. This system cannot be just an "electronic page turner”.

o O 0 o

o O O o

. s aEmAr LA 5 e MR (.

3.1 Differences from Original System Requirements

o Initially at least, display shall be heimet-momted CRT instead of flat panel.
o Initially at least, mass storage shall consist of cards and reader, until disk and drive
can be militarized and have write capability. ‘
- 0 Until, if ever, drives can be used, information should comprise only of training, |
operation, unique characteristics of the vehicle and maintenance that can be per-
formed just by the vehicle crew and on-vehicle organizational maintenance tasks. In
the instance, where the vehicle will need repair facilities, the facility can have a

system with further repair or maintenance information.
A-43
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o Expand business potential by:

1. Enhancing product lines by increasing maintainability and combat readiness of the
vehicle and crew.

2. Increased market penetration by having a system that can be applied to other
military vehicles.

o System hardware - $10,000 to $15,000 per unit.

Components supplied by subcontractors, assembied by GDLS.

Sof tware and data would be developed by GDLS.

1. Software must be written.

2. Text and art boards must be digitized.

3.  Text and art boards must be reorganized for automated system.

This would be a one-time only cost.

Estimates of software development, test and implementation are 30-40 man-years
based on paper documentation. Current ILS projects in automation over the next two
years could reduce this figure by 50%.

o Current GDLS' cost average is $100 per page of TM or Training Lesson. Automation,
such as CAD/CAM and word processing, lessens cost of generating and revising
drawings and text.

o New vehicles can draw on existing data base for their own systems.

4.1 Cost Analysis s

Using the M1 vehicle as a basis, there are 1142 bages of operators manual and 12,974 pages of
organizational maintenance manuals, giving a total of over 14,100 pages. In addition, there
were approximately 8000 pages of Training material developed. At $100 per page, these 22,100
pages cost 2.2 million to develop.

Development of the new system, inéluding data, is estimated at 1.6 million in manpower costs

alone. Hardware development and implementation costs will push the total close to the cost of
conventionally prepared docum entation.

Therefore, in terms of development costs, the proposed system will show little or no sivinp.
especially when the implementation costs of $10-15,000 per vehicle are considered. The savings
will be realized in reducing the personnel training requirements and improving the efficiency of
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returning the vehicle to service by maintenance personnel. Since these are Government
incurred costs, this estimation is outside to/scépe of this study project, but they showd be

evaluated in the next phase and assessed against vehicle life-cycle costs to determine the
benefits to the Government.

5.0 IMPACT
o Reduce costs of documentation, training, maintenance, repair.
o Increase contracts by having enhanced product lines.
o  Manuals must be reorganized and computerized.
(o]

Printing hard copy will be lessened, but computerized manuals will need to be
reproduced.

Information can be revised and distributed faster.

M1 tank will need some modifications.

Less time needed for training, operations, maintenance, repair.

System will require Logistics support.

Since each vehicle will have its own system, system documentation can be uniquely
configured for that vehicle (list of parts, improvements, ete.)

0 0O 0 o ¢

6.0 HARDWA RE RECOMMENDATIONS

The following companies offer viable systems that can be used for the computerized
documentation and training system.

6.1 DISPLAYS
Helmet-mounted miniature CRT display:

Honeywell's VIMAD (VOICE INTERACTIVE MAIN_TENANCB AIDING DEVICE) system. 'm_is
system comes with a TV transceiver option, which would eliminate the problem of wiring
the user to the system. Honeywell also has done extensive work with voice recognition,

speech synthesis, and optical disk storage and has written software for development and
operation of this system.

Flat panel displays are an alternative to the helmet-mounted CRT. They are expensive,

averaging $3,000 to $4,000 each, and also tend to be heavy. .

'
.

. [l
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AC plasma technology appears to be the most advanced of the large screen flat panel
technologies. It offers pixel memory, and so the screen does not need refresh circuitry. Two
companies offer fully militarized, full size AC plasma screens:

Interstate Electronics, Ine.
PDA-500, 14 X 14.75 X 6.50", 512 X 512 pixel, 49 1bs., 40W
PDA-600, 14X 8,5X 6.25", 256 X 512 pixel, 29 1bs., 35W

Thomson-CSF (Eurcpean Military Markets)
TH-7606, 335 X 335 90mm, 512 X 512 pixel, 8kg, 64W
TH-7603A, 260 X 260 X €umm, 226 X 256 pixel

Non-militarized AC plasma screen:
Plasma Graphie Corp.
120 Display. 6.52 X 11.2 X 1.4", 480 X 250 pixel, 3 1bs., 20.5

Although Electro-luminescent displays have not yet been ruggedized, it has been recommended
by experts for future gpplications because of its durable, solid-state construction, light weight

and cost.

Sharp Electronics Corp.
LJ-320001, 148.5 X 178.5 X 34mm, 320 X 240 pixel, 0.6kg, 8.5W

Vacuum flourescent displays are also a viable option.
Digital Electronies Co.
G320 X 240, 8.52 X 8.2 X 2.33", 320 X 240 pixel, 37.5W

G256 X 256, 4.02 X 4.02", 256 X 256 pixel, 37.5W

6.2 SPEECH SYNTHESIS

Voltrax, Inc. has two te ..t-to-speech systems.
"Type 'N Talk", 8 X 5 X 3, 2 1bs., $300
"Personal Speech System™, 12 X 5 X 3, 2.6 1bs., $400
Voltrax uses Texas Instrument's speech synthesis chips.

A-46
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Standard Micro Systems Corp. presently makes cheap speech synthesis products for
microcomputersf

"PC-Talke" board (for IBM-PC) $200
Unlimited, phonemic based speech, uses Votrax Inc.'s SC-01 LSI device.

Microvoice Systems Corp.
"Microsound", 11 X 6 X 3", 4 1bs.
Complete vocabulary is stored in host computer. $1300, quantity discounts available.

6.3 VOICE RECOGNITION

Al speaker trained products currently on the Tnarked offer about 98% accuracy.

Intersate Voice Products

Model VRCO008 chip, $18.45 + tooling, quantity discounts available. Sixteen word
vocabulary, speaker independent, 90% accuracy.

Model VRC100-2 chip set, $385, quantity discounts available. Two Hundred word
vocabulary, speaker trained, 99 + % accuracy.

Scott Instruments
Shadow/Vet, 1.3 X 6 X 9", 3 1bs., $595
Vet - 2, $795
Both can recognize 40 words. Add-ons can increase capacity by 40 words each.

Hycom
12 X 12" board, 50 utterances, $3,000.

Honeywell has done work in voice recognition and speech synthesis, using VOTAN's produets, for
it's VIMAD system. '

6.4 MASS STORAGE

The following two companies offer non-militarized optical disk systems:
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Panasonic 3
TQ2021, 8" disk, 21 X 8 X 18" 57.2 1bs., 15k frame capacity

Present custs: disk - $525, drive - $18,900

Thomson-CSF
GD1001, 12" disk, 1Gbyte capanity
Present rcosts: disk and d-ive - $6,000 to $9,000

Panasonic and RCA are working on ruggedizing the drives. Whether they are successful or not
has yet to be Jetermined. The 3M company has been recommenged for supplying optical media.

Drexler Technoiogy manufactures the optical cards.

Credit-card sized card, 4Mbyte capacity Y
Card $1.50 each, costs predicted to late 1884. ]
Read-only drive $100 1
Read/Write drive $500 &
Honeywell has been licensed to manufacture the readers for the cards.
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ADDENDUM 8

CECOM Comments on Requirement for Utilization of ADA with MCDP
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DEPARTMENT OF THE ARMY

PROGRAM MANAGER, TEST MEASUREMENT AND DIAGNOSTIC EQUIPMENT (TMDE)
FORT MONMOUTH, NEW JERSEY-07703

REPLY YO
ATTENTION OF.

4
AMCPM-TMDE-S 6 NOV 198

SUBJECT: Joint Working Group held at TACOM for the MI Tank's Maintenance
Control and Display Panel (MCDP)

Commander

US Army Tank-Automotive Command
ATTN: AMSTA-RGDD (J. Stevaert)
Warren, MI 48090

1. As a result of the Joint Working Group (JWG) held by Joe Steyaert, ATSS
was asked to determine if 1812 OP Code can be used for the Engine Monitor
Module (EMM) for the MI Tank.

2. In response to the task, as per DOD 5000.31, 1812 OP Code can be used
with the INTEL8088 Chip, the current firmware for the EMM, if the source code
is a Higher Order Language (HOL). The 1812 OP Code cannot be used if it is
company proprietory and/or the source code is company proprietory or if the
source code is an assembly language.

3. For further information for this task, the POC is Lou Zanelli, CECOM,
AMCPM-TMDE-S, Fort Monmouth, NJ; phone: AV 992-2191, commercial (201)532-2191.

Jl

DOUGLAS H. BARCLAY
Colonel, OrdC
Program Manager

Test, Measurement and
Diagnostic Equipment
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Addendum 9

Log R & D Funding Availability Assessment
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DEPARTMENT OF THE ARMY
HEADQUARTERS US ARMY MATERIEL DEVELOPMENT AND READINESS COMMAND
5001 EISENHOWER AVENUE. ALEXANDRIA, VA. 22333

AMCDE~SG 26 OCT 1884 ‘

SUBJECT: Concepts for Maintenance and Control Display Panels (MCDPs)

Commander

. US Army Tank Autowmotive Command
b - ATTN: AMSTA-RGD

:! Warren, ML 48090

l. Reference:

a. Joint Working Group (JWG) meeting on MCDPs at TACOM, 17-i8 Oct
84.

b. Mesrage, HQ AMC, AMCDE-PII, 121610Z Oct 84%, subject: Reduction
of RAM-D Support Costs (Enclosure 1),

2. At the referenced JWG meeting HQ AMC was tasked to {nvestigate the
feasibility of using Logistics Research and Development (LOG R&D) funding
for development of MCDP concepts. Based on preliminary inquires it
appears that LOG R&D funding 1s not a feasible solution for the near term
funding requirements.

, 3. There is currently no separate Army Log R&D funding. All ongoing LOG

i R&D efforts are currently being funded from resources already allocated

i to the applicable subordinate command laboratories and program managers.

f For FY86 0SD has created and controls a pool of $50M to fund LOG R&D

f initiatives submitted by all DOD components. The Army has already

i submitted a cousolidated prioritized 1list of projects to compete for a

: share of this $50M fund. OSD is currently holding hearings to review the
gervices input. It 1is doubtful that OSD would consider a late submission
for MCDP funding if a formal MCDP program {s initiated.

4. One of the Army projects under consideration by OSD 1is a 6.2 effort
for conceptual definition of generic On Board Test (OBT) equipment that
would be applicable to a wide variety of systems. While it appears that
this effort, to be conducted by the Armament Research and Development
Center, is not directly applicable to a 6.4 MCDP program the ARDC
proponents for the OBT effort should be kept informed of the progress of
the MDCP program.
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AMCDE-SG
SUBJECT: Concepts for Maintenance and Control Display Paunels (MCDPs)

S. Reference b 1s AMC's implementation plan for the VCSA's initiatives
to reduce system 085 costs and improve operational readiness rates. The
M1/M1Al tank is one of the systems specifically targeted for these
initiatives. It appears that a MCDP would be a leading contender for the
Ml to reduce 0&S costs and provide a predictive failure capability.
Request that information developed by the MCDP JWG be furnished to the
office at TACOM that 1is preparing the response to reference b.
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6. The POC at this HQs is Mr. Gene Duncan at Autovon 284-9870.

1 Enclosure HI Y

as Colonel, GS

i Ground Combat Systems Division

| DCS for Development, Engineering

S and Acquisition -~ Systems

, @ Management
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jooon MESSAGE HANOLING INSTAUCTIONS

‘JOINT MESSAGEFORM o UNCLASSIFIE;

sage DIG/ALLEASEA TiMg sALCEOENCE Class SPECAY ™Y cic ORIG/MSG IDENT
OATE T MONTH L] acyY (L1

o ' 28616002

PROM: DIRETDL FT MONMOUTH NJ //DELET//
TO: DIREWL FT MONMOUTH NJ //DELEW//

CORHDL ADELPHI MD //DELHD//
DIRNVEOL FT 3ELVOIR VA //DELNV//
DIRSWL VINT HILL FARMS WARRENTOWN VA //DELSW//
DXRRTL MOFFETT FIELD CA //SAVDL// |
CORAVRADA FT MONNOUTH N  //SAVAA//
CORLCWSL DOVER NJ //AMSHC//
CORFCESCUSL DOVER NJ  //AMSNC//

SUBJECT: REDUC#;ON OF RAM-D SUPPORT COSTS (S: 16 OCT 84)

A. AMC LTR, AMCQA, SAB, DATED 5 0CT 84. )

1. THE PURPOSE OF THIS MESSAGE IS TO INSURE AHARENESS OF THE AHMC
COHHUNITY~QF RECENT DIRECTION BY THE VCSA TO REDUCE. SYSTEM 0&S COSTS
AND IMPROVE OPERATIONAL READINESS RATES, TO ACQUIRE MSC AND SELECTED
PMO POINTS OF CONTACT FOR IMPENDING AMC EFFORTS, AND TO ADDRESS
MANAGEMENT OF ARC'S PARTICIPATION. ALTHOUGH THE VCSA'S DIRECTION

IS SPECIFIC, AMC'S EFFORTS TO IMPLEMENT IT WILL LIKELY REQUIRE PARTI-

UNCLAS R - '

CIPATION OF MORE AMC ELEMENTS THAN IS READILY APPARENT AT THIS TIMEJ';

< s an s on

L

OISTR:

|ORAPTER TYPLD NAME. TITLE. GFFICE SYMBOL. PHONE SPECIAL INSTRUCTIONS

TYPEO NAME. TITLE. GFFICE SYMBOL AND PHONE

m‘ SLCURITY CLASSIFICATION DATE Timt GAOUP
oo ' ‘l.o:‘u” '73/2 (OCR} PALVIOUS lD"'l,O:Ql‘lagl';wl‘ ,’?’mv * VS GPO 1900—119.73¢ . €293 30
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RESEARCH ANDMDEVELOPMENT PROGRAM (BOTH CONTRACT AND IR&D) TO REDUCE
THE FY91 RAMeD DRIVEN SUPPORT COSTS OF THESE SYSTEMS BY SO PERCENT.
AT THE SAME TIME, DECREASE THE NOR RATE 50 PERCENT. FOR EXAMPLE, THE
CH=47D REQUIRES 19 MAINTENANCE HOURS TO 1 FLYING HOUR. LET'S CUT
THIS ;N‘HALF BY 1991. TO GET STARTED, IT SEEMS THAT THE FOLLOWING
SHOULJ BE ACCOMPLISHED, AS A MINIMUM: )

A. LAY OUT THE COSTS FOR EACH SYSTEM IN ORDER BY JOTAL SUPPORT COSTS

(INCLUDING PERSONNEL, TRAINING, SPARESﬁ‘DEPOT MAINTENANCE, ETC.), BY

YEKR FOR FY85-FY91. =

;T4 TCR TATH SYITEINM, ICCNTIFY THE TOP TEN COMPONENTS nofvrme Tue .

.

RAM=D SUPPORT COSTS. ' !

C. IDENTIFY RAM-D SUPPORT COST DRIVERS THAT ARE COMMON TO SEVERAL
SYSTEMS. '

D. LAY OUT ALL CURRENT R&D PROJECTS, CONTRACT AND IRED, ADDRESSING
THESE COST ‘DRIVERS AND PROPOSE PROJECTS TO FILL THE GAPS. THESE
PROJECTS MUST BE STRUCTURED TO YIELD FIELOED RESULTS ASAP, BUT NO
LATER THAN FY91. YOUR GOALS SHOULD BE SIGNIFICANT REDUCTIONS IN:
EQUIPMENT DOWN-TIME, MAINTENANCE SUPPORT STRUCTURE, TRAINING REQUIRE-

MENTS AND DOLLAR COSTS. ADOITIONALLY, A PREDICTIVE FAILURE CAPABI-
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B. PM=AAHRGWD CDR, AVSCOM COORDINATE AAH DATA INPUT TO AMC.

P

C. ADDRESSEBS REPORT A MSC POC AND A PMC POC FOR EACH WEAPON SYSTEM

DESIGNATED BY VCSA TO THIS HEADQUARTERS, CHARLIE ROCK, AMCDE-PI,
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F Contract Administrative Lead Time Estimate :
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:- For use of this form, see AR 340-15 the proponent agency 1s TAGO
:'" REFERENCE OR OFFICE SYMSOL SUBJECT
- AMSTA-IRR Contract Administrative Lead Time Estimate for Inclusion in
< Report for AMC

TO wsM, Dg & Elec FROM ¢, Rsch, Dev & Engr DATE 2 7 NDOv 1984 cwmT1

Proc Br A (AMSTA-IRR) Mr. Szymczak/pk/46381

(AMSTA-RGD)
1. Reference your DF dated 16 Nov 84, SAB.

2. Proper response required background of the program, which was provided by Mr. J.
Steyaert of your office.

TR

3. There are annually published PALT Standards, a copy for FY 85 is enclosed for your
information.

4. As a result of the discussion with Mr. Steyaert, it was learned that there are two key
ingredients of this program; namely, (a) the dollar value and (b) existance of competition
which will govern the PALT. In our opinion, a "most likely to award" scheduie is the only
one which should apply as the development of a minimum/maximum schedulc would be the
establishment of unrealistic dates. It must be emphasized that the schedule is ambitious
and demands a "dedicated team' effort to successfully attain the target.

v RS

/LR St o ancn o o
.

|
5. Enclosed is the projected PALT Schedule for the Maintenance Control and Display Panel
Program.
2 Encl E.£ SZ;QSAK:S
as C, Rsch, Dev & Engr Proc Br A
/
CONCURRENCE: @uw&?

R. MARTTILA
C, Rsch, Dev & Engr Proc Div

]
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Directorate For Procurement and Production

INFORMATION LETTER

NUMBER : 123-84 %

DATE : 26 oOct 84

FY85 PALT STANDARDS

1. This letter is issued to advise Contract Specialists for FY85.

2. This letter applies to all Contract Specialists in the Directorate for
Procurement and Production.

3. The FY85 PALT Standards are as follows:

CODE PROCUREMENT METHOD PALT STANDARD (DAYS)
S Small Purchase-Competitive Negotiation 105

(for DD Form 1155 Awards)

T Small Purchase-Noncompetitive Negotiation 95
(for DD Form 1155 Awards)

1 Formal Advertising 165

2 Two-Step Formal Advertising, Step One 180

3 Competitive Negotiation (for awards other $25,000 & under - 105
than DD Form 1155) \ Over $25,000 - 180

4 Negotiated Sole/Limited Source (for awards $25,000 & under - 95
other than DD Form 1155) Over $25,000 - 185

5 Noncompetitive Negotiation resulting from $25,000 & under - 85
follow-on action after price, design, or Over $25,000 - 135

technical competition (for awards other
than DD Form 1155)

6 Government-owned contractor-operated (GOCO) N/A
' plant; noncompetitive negotiation

7 GOCO plant; competitive negotiation N/A
8 Government~-owned, Goverament-operated (GOGO) N/A
- plant
9 " Military Interdepartmental Purchase Request N/A
(MIPR)

*Supersedes IL 123-84 dated 23 Oct 84
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INFORMATION LETTER: 123-84 DATE: 26 Oct 84

CODE PROCUREMENT METHOD PALT STANDARD (DAYS)
A Option Exercised (must be accompanied 30

by PWD Status Code Al, A3, or A4)
D Call/Delivery Order 70

F Two-Step Formal Advertising, Step Two N/A

\IC'(' '_uv '\l
GILBERT J. KNIGHT

C, Proc Anal & Compl Div
DISTRIBUTION:

c, E~1, E-5, AMSTA-FPCA

(Proj. No. 789-84, THM)
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27 Nov 84
Q MAINTENANCE CONTROL AND DISPLAY PANEL PROGRAM :
- Prior to release of solicitation documents, required are approved:
- Acquisition Plan
. Secretarial Determination and Findings
X PALT SCHEDULE * :
f_ Action Calendar Days L
Commerce Business Daily Notice (Public Law 98-72) 35 g
RFP preparation, Staffing, Legal Review, R
Boards g
Dy
Proposal Submission 45 |
>
Audit, Technical Fact Finding, Cost Analysis, 60

Evaluation, Negotiations, Best and Finals

19

Reviews, Approvals, Boards 12

Congressional Press Release/Award

| N

(o
w
N

) * i
g #Groupings reflect concurrent actions.* PALT starts with receipt of complete {
b procurement package.
¢ y
* .
3 o
; ) L]
{ .
{ :
{ . }
L . ' 1
r ‘ :.‘
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Addendum 11

Impact of MCDP on Component NEOF
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IMPACT OF MCDP OGN COMPONENT "NEOFS"

Installation of the MCDP in the hull for engine system diagnostics and in the
turret for fire control system diagnostics will produce significant improvements in
the diagnostic accuracy, over the present organization level troubleshooting methods.

An indication of the cost effectiveness of the MCDP may be obtained by estimating
the attendant reduction in No Evidence OF Failure (NEOF) among those LRUs monitored by
the MCDP. Recent studies of the twelve most misdiagnosed LRUs (attached chart) as
determined at the Direct Support level show that the average NEOF level is

approximately 50%.

Conservatively, implementation of MCNP will reduce the NEOFs to less than 25%.

(Cut the NEOF level in half) in the near term.

With further fine tuning of the MCDP

diagnostics and supplemental manual procedures after the units are installed on
vehicles, the NEOFs could be reduced to less than 10%, or equivalent to an overall
diagnostic accuracy of 90%.

Based on considerable knowledge and experience with both engine and fire control
system failure modes, causes, and diagnostic methods the projected accuracies for

detecting faulty components with MCDP are provided in the following table:

FAILURE MCDP ESTIMATED ESTIMATED FURTHER ESTIMATED TOTAL
MODE DIAGNOSTIC ACCURACY TO  ACCURACY ISOLATION  ACCURACY ACCURACY
GROUP/ CAPABILITY AMBIGUITY TO IDENTIFY REQUIRED TO IDENTIFY OF FINDING
POPULATION TO AMBIGUITY GROUP FAULTY FAULTY FAULTY
GROUP COMPONENT COMPONENT  COMPONENT
WITHOUT WITH USING
FURTHER FURTHER MCDP AND
ISOLATION ISOLATION  FURTHER
ISOLATION
(1) 2)
1 50% SINGLE 95% 95% NO N/A 95%
COMPONENT
2 25- TWO 957 80% YES 90% 902
35% COMPONENTS
3 15- THREE 95% 50% YES 75% (3) 75% (3)
25 COMPONENTS
1007
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(1) ASSUMES THAT MCDP WILL PROVIDE MAINTENANCE PERSONNEL WITH A PRIORITIZED LIST OF
THE MOST PROBABLE FAILED COMPONENTS WITHIN EACH AMBIGUITY GROUP.

(2) FOLLOW-ON TROUBLESHOOTING PROCEDURES USING SIMPLE TOOLS SUCH AS A MULTIMETER OR
BREAKOUT BOX AND SIMPLE MANUAL PROCEDURES.

THE RESULTANT ACCURACIES IN COLUMN "B" AND COLUMN “C" FOLLOW FROM EXPERIENCE WITH
ALTERNATE TROUBLESHOOTING PROCEDURES (ATP”S) WHERE THE ACCURACY IN IDENTIFYING THE
FAULT COMPONENT WITHIN THE RESIDUAL INACCURACY IS CONSERVATIVELY ESTIMATED AT 50%.
THIS IS CONSISTENT WITH PRESENT FIELD DATA USING MANUAL ISOLATION AND INCLUDES EFFECTS
OF OPERATOR ERROR.

THEREFORE, THE 90% ACCURACY NUMBER IN LINE 2, COLUMN “B" IS A RESULT OF TAKING
- 50% OF THE RESIDUAL 20% INACCURACY IN COLUMN“A" AND THENM ADDING THE PRODUCT. (10%),
:] TO THE 80% ACCURACY OF COLUMN "A"/
3

(3) ACCURACY LIMITED DUE TO LIMITED TEST CAPABILITY OF SIMPLE TOOLS. APPLIES IN LESS
THAN 7% OF ALL FAILURE SYMPTOMS.
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Glossary of Acronyms )
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AARMC
AMC
ATEPS

AVSCOM
BIT
BITE
BMS

CCP
CECOM
CITV
CMPES
DECU
ECU

EMM
GDLS
GTD-EU
HNB

JWG

LRU
MCDP
NEOF
OBT
ORDCENSCH
PCB

PEP

Set Com
STE
STE/ICE
STE-M1/FVS

STE-X
TACOM
T™MM
TNB
TRADOC
TST
VMM
VMS

GLOSSARY OF ACRONYMS

Army Armor Center

Army Materiel Command

Advanced Techniques for Flectrical Power Management, Control
and Distribution System.

Aviation Systems Command

Built~in Test

Built~in Test Equipment

Battlefield Management System

Commanders Control Panel

Communication & Electronics Command

Conmmandevrs Independent Thermal Viewer

Chrysler Military-Public Electronic Systems

Digital Engine Control Unit

Engine Control Unit

Engine Monitor Module

General Dynamics Land Systems Division

Gun Turret Drive Electronics Unit

Hull Networks Box

Joint Working Group

Line Replaceable Unit

Maintenance Contrel and Display Panel

No Evidence of Failure

On~board Test

Ordnance Center and School

Printed Ci{rcuit Board

Producibility Engineering & Planning

Set Communicator (a soldier/ machine interface device)
Simplified Test Equipment

Simplified Test Equipment for Internal Combustion Engines
Simplified Test Equipment for the Ml Tank and Bradley
Fighting Vehicle

Simplified Test Equipment-Expandible

Tank~Automotive Command

Turret Monitor Module

Turret Networks Box

Training and Doctrine Command

Turret Stabilization Terminal

Vehicle Monitor Module

Vehicle Monitor System
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DISTRIBUTION LIST

TO:

commander

AMC

ATTN- AMCDE SG

5001 Eisenhower Ave
Alexandria VA 22333--0001

Commander

AMC

ATTN: AMCTM-E

5001 Eisenhower Ave
Alexandrea VA 22333-0001

Commander

AVSCOM

ATTN: AMSAV NS

4300 Goodfellow Blvd
St Louis MO 63120

Commander

USAARMS

ATTN: ATSB-CD ML
Ft Knox KY 40121

Commander

US ORDCENSCH
ATTN: ATSC- CD--MS
APG MD 21005

Commander

CECOM

ATTN: AMCPM--TMDE--S
Mail Station 424-1903
Ft Monmouth NJ 07703
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Commander

TACOM

Warren MI 48090

ATTN: AMSTA NK
AMSTA VCT
AMSTA MRP
AMSTA MD
AMSTA RGD
AMSTA TSL
AMCPM GCM S1
AMCPM GCM LM
AMCPM GCM -SM
AMCPM M1E1]l

BRaaR— i
AED L
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Commander

Defense Technica! Information Center
Bldg 5. Camerson Station

ATTN: DDAC

Alexandria, VA 22314

Manager -
Defense Logistics Studies
Information Exchange
ATTN: DRXMC D

Fort Lee. VA 23801 B

A1l MCDP JWC Members 25 _
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