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!! This Final Report provides an in-depth look at on-going projects for ®

improving the Mobile Electric Power Generating System (MEPGS) sets. A

, detailed comparison of existing MEPGS requirements for generators against

§§ proposed requirements for commercial generators procured for tactical military
use is presented. From this comparison, a list of areas and characteristics
of the MFPGS sets, which fall short of the requirements imposed by the draft

L LS 5
ExEE

. Required Operational Capability (ROC) document are presented. Major areas -
‘A include: noise, reliability, Electro Magnetic Pulse (EMP), and built-in test A
te equipment. :$:
FQ This report analyzes industry response and suggestions for improvement of hY;
& the MEPGS set family. Respondents' suggestions fell primarily in the areas of g
Reliability, Noise and Infrared (IR) suppression. The majority of recommended @
¥ actions were general in nature, but the vendors were consistent in the areas f%{
% they felt could be improved. ':::“‘
('
Design modifications are proposed for all MEPGS sets considered in this o
gg study to upgrade the requirements in the areas of noise suppression and ;:J
reliability. Major emphasis is placed on improvements to the 15, 30, and 60 ®
kW generator sets. , R
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&‘ PREFACE

I' This engineering evaluation and analysis report, which consists of two

= volumes, was prepared under Contract No. DAAK70-86-D-0023, Task Order No.

) 0067, for the Belvoir Research, Development and Engineering Center (Belvoir),
§§ Fort Belvoir, Virginia.

The required effort contained in the task order statement of work is
quoted below.

"Review and analyze Government Furnished Data (GFD) identifying poten-
tial designs and redesigns of assemblies, subassemblies, components
and/or end items (Military Standard Generation Sets 5 kw through 100
kw) with consideration for improving the end items for their intended
use in the Military environment. This evaluation shall consider, but
not be limited to reducing costs; avoiding the use of Government and
industry specifications; and engineering designs that inhibit com-
petitive procurement."
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1.0 SCOPE
1 %
‘ 1.1 Scope. This evaluation and analysis of the Military Standard b
!Q Generator Improvement Program considered generator set sizes 5-100 kw, Diesel 0
' Engine Driven (DED), in their skid mounted, power unit, and power plant o
. configurations, hereafter referred to as Mobile Electric Power Generating o
o Systems (MEPGS). The basis for the evaluation and analysis consists of oy
éﬁ quality deficiency reports ((DRs), equipment improvement recommendations :
(EIRs) from the field, sample data collection (SDC) reports, recommendations a2
by industry based on the Belvoir Research, Development and Engineering Center W
b (Belvoir) and Troop Support Command (TROSCOM) survey letters to industry, and s
i the current requirements document. Generator set technical data reviewed 4
included, but was not limited to, technical manuals; military specifications f_
n MIL-G-52884, MIL-G-52889, their individual equipment subsets; military .
N standards MIL-STD-633 and MIL-STD-1332. The scope for this improvemer: effort "
specifically cites the intent to perform work with industry participation that )
a will lead to improvements in the following areas, with the greatest emphasis RS
A on the first two areas: -
W 3
o Noise reduction -
ﬁ: o Improved Reliability o
- o Protection from electromagnetic pulse (EMP) l
o Reduced infrared signature ey
ks o Reduced weight K'
he '
e 1.2 Purpose. The purpose of this engineering evaluation and analysis is ?*
o to identify potential designs/redesigns and/or improvements that are valid and o)
‘i feasible, both in time and cost effectiveness, which can be applied to the b“
current family of military standard generator sets with the goal of improving W
their operational reliability, availability, and maintainability (RAM), and E$
v enhancing survivability through the use of noise suppression, infrared 5,
Ec signature suppression and electromagnetic pulse protection techniques and el
o materials. %:
h
‘ 1.3 Objectives. For the purpose of this evaluation and analysis the oy
*, current draft of Required Operational Capability (ROC) for Commercial "
Generator Set and Assemblages (CGSAs) was utilized as the established <3
. requirement objective. This report identifies potential areas of improvement N,
L; that are set forth as the baseline goals of the ROC, while simultaneously _
- considering the currently programmed mobile electrical power requirements. .
Comparison of existing MIL-STDs and the proposed performance and technical !
3? characteristics outlined in the ROC serve to identify areas of difference and N
oy their possible affects on reliability, noise suppression, infrared signature e
suppression, survivability, weight reduction, and cost factors. Evaluations Q:
v of the responses received as a result of the Belvoir and TROSCOM survey Iy
2} letters to industry are discussed and those with valid potential improvements \f
~ are identified. Design/redesign changes suggested by industry or otherwise ]
evident due to differences between existing MEPGS sets and the CGSA ROC are .
}E evaluated and analyzed. Conclusions and recommendations are then offered. ::;
h : .
i.4 Background. Since the formal charter creating the Project Manager- :‘
- Mobile Electric Power in 1967, the immediate goal of reducing the number of q:
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different types and models of generator sets has been met. Concurrently, the
Project Managers and Belvoir's mission included goals for improvements in the
development, procurement value, production engineering, and logistic support.
The improvements needed for Reliability, Availability, Maintainability and
Durability (RAM-D) along with survivability and logistic support solutions are
by nature a continuing process. As advances in technology have brought dbout
change, this has also caused the Project Manager and Belvoir to keep in close
touch with irdustry in order to evaluate their solutions and applications to
the new technology.

This increased role of the Project Manager's and Belvoir's
responsibilities have been the driving force for implementation of numerous
programs to provide MEPGS users with more efficient, reliable, and survivable
power sources. These programs implemented by Belvoir cover a wide range of
potential improvements and to adequately discuss all of them would require in-
depth reports on each however, the following are a sampling and brief synopsis
of some of the more critical current programs which could impact on the
potential for improving MEPGS to meet ROC requirements.

o The Vehicle Under-the-Hood Program was originally conceived as back up
source of power for critical weapon and C3I systems. The goal has been
refined and redefined as an attempt to eliminate all requirements for
dual generators on a single trailer. The current program approach
envisions the use of a vehicle engine to produce short term back-up AC
power.

o The Distribution/Illumination System, Electrical (DISE) program was
developed to achieve a variety of objectives aimed at providing
standardized man-portable electrical distribution equipment for various
configurations. DISE provides reliable, easily assembled power
networks in modular design. Consisting of cabling and circuit
protection equipment, the systems provide the means to subdivide and
distribute electricity from power sources to various equipment and
complexes to meet their specific power requirements. Through the
distribution process the user is offered a wider range of power,
available in both serial and parallel connections, thus consolidating
electrical requirements under a single source. DISE allows the use of
fewer numbers of generator sets within an operational cell, and in
maintaining cell dispersion, the survivability factor is significantly
increased.

0 As technological advances have created new materials and manufacturing
processes and capabilities, programs were initiated to utilize these
advances. The total package integration of shelter and Integrated
Power and Environmental Control Systems (IPECS) is one such progra.
Today's field requirements are mostly satisfied by generator sets
mounted on and transported by separate trailers. Current Military
directives; require the use of both GED and DED generators in various
models, sizes and configurations to supply power for both the tactical
equipment needs, and for heating and cooling of shelters. The power
being used to heat and cool the various shelters consume an average of
55 % of the total power required. The primary objective of IPECS is to

2
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provide an integrated system to provide primary tactical equipment
power, heating, cooling, and Nuclear, Biological, Chemical (NBC)
filtering in a single unit transported on or in the equipment shelter.

Signature suppressed power is another area of concern. The Signature-
Suppressed Diesel-Engine-Driven (SSDED) program's goal is to improve
the survivability of command and control, weapon systems, and
maintenance/logistics complexes in a hostile tactical environment. To
accomplish this goal the SSDED program intends to provide state-of-the
art generator sets in the 15 kw through 60 kw sizes, in both 50/60 and
400 Hz, that are audio and IR-suppressed, nuclear hardened, and NBC
survivable.

The 15 and 30 kw noise kit program was initiated to develop acoustic
noise reduction kits, which will quiet the existing 15 and 30 kW
military standard generator sets. The resulting noise reduction will
be from 82dBA to 70dBA at 7 meters. Kits are to be field installable
on either skid or power unit configuration and interchangeable by size,
regardless of frequency. The kits will not degrade the reliability or
maintainability characteristics of the basic set. The first production
contract award is scheduled in FY 87. Refer to Appendix G for further
details on these kits.

The 5 and 10 kw noise kit program was initiated to develop acoustic
noise reduction kits, which will quiet the existing 5 and 10 kW
military standard generator sets. The resulting noise reduction will
be from 82dBA to 70dBA at 7 meters. Kits are to be field installable
on either skid or power unit configurations. The kit will not degrade
the reliability or maintainability characteristics of the basic set.
The first production contract award is scheduled for FY 88. Refer to
Appendix F for typical information for this effort.

In addition to the above on-going programs, the Project Manager has
directed product improvements to improve the RAM-D of the currently
field MEPGS generator fleet. Improvements made in the past have
included such items as; the breakerless ignition, which eliminated
standard ignition points and capacitors, reduced cost, and improved
cold weather starting; the Load-Sensing Electric Hydraulic (LEH)
governing system for 15 kW/30 kW/60 kW sets which replaced the electro-
hydraulic governor with a totally electric governor and resulted in a
30 percent increase in reliability, simplified maintenance procedures,
and operational cost savings. In a relatively short period, the
Project Manager-Mobile Electric Power and Belvoir accomplished a number
of the original objectives and has begun work on many additional
improvements. Continuing efforts are required to improve NBC
survivability through the use of Chemical Agent Resistant Coating
(CARC), Electromagnetic Pulse (EMP) protection, thermal-blast hardening
and protection from typical noise and infrared signatures. DOD and
industry through NDI programs, foreign market surveys/investigations,
Military Adaptation of Commercial Items (MACI) efforts, and in-house
study efforts continue to identify new technology, materials, and
equipment. As stated in the original charter for the Project Manager-
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Mobile Electric Power the goal was (and still is) to supply our forces 3:;:
with reliable, efficient, cost effective power. While time has not Lo
changed the original goals; technology, doctrine, and shifting “.
ideologies have continually altered how these goals are to be achieved, RS
and have shown us new ways to increase survivability. However, the ‘\}"
situation as it exists gives cause to act quickly to improve the R\
current MEPGS fleet and procure a new fleet that meets the Army's :.%J
goals. That situation is as listed. sﬁgq
- (]
o The Army Generator Fleet A
2
- 80% Gasoline Driven Engines ﬁh;
- 70% of the fleet is 10 + year old .&u?‘
- Does not meet latest user requirements }ﬁﬁg,
2.0 DISCUSSION ®
2.1 ROC versus Current MEPGS Requirements. A tabular comparison of ?ﬂr
military specifications which governs the current military standard generator ﬁba:
sets versus the performance and technical requirements of the ROC are pre- 'Hi
sented in Appendix A. Current standards and specifications are extensive and T
were integrated from a compilation of three groups. ®
'v:_- '{
Y% YN
(1) MIL-STD-633 f)ﬁ;
(2) MIL-G-52884/MIL-G~-52889 Ny :
(3) MIL-G-52889/1/2/3 and :;:e
MIL-G-52884/2/5/8 W,
®
Group (1) contains general specifications for physical and operational IR
characteristics of performance, delineated for each classification of ;}\%t
generator. Group (2) presents a more detailed set of requirements for the I
generator classification. The two specifications listed in group (2) dis- ﬁh <y
tinguish between generators in the smaller size (5 kw/10 kw) and the larger r:
size (15-200 kw). The complete procurement requirements are also covered in *;:'
group (2), however, they are not "stand alone" documents. Group (3) covers LT
detailed requirements for individual generator sizes. Pty
- o~
The values tabulated in Appendix A were based on the following order of :{*:‘
precedence in regards to the three groups of documents referenced above: Group -:ﬁ‘
three (3) followed in order by group two (2) and group one (1). If specific "
reference could not be found relating to items specified in the CGSA ROC, o

«
o 9

S0
L,

individual generator set Technical Manuals for each size unit were consulted.

Several baseline requirements of the MEPGS sets were eliminated from
comparison due to the CGSA ROC's excluding them from consideration. Therefore

only the following generator sets have been tabulated in Appendix A for
comparison:

Diesel Engine Driven
Tactical
Utility
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In the case of the 10 kW MEPGS set, there is a 400 Hz design, used for utility
purposes and for this reason has been included in the comparison. Since all
other MEPGS utility sets are 50 or 60 Hz, ROC requirements were tabulated on
the basis of 60 Hz sets.

2.2 Similiar Requirements for ROC and MEPGS. Any study utilizing a
comparison of two or more baselines will ascertain factors where one option is
different from another in specific areas and vice versa. Before presenting
the differences we must first define the areas where the ROC and MEPGS re-
quirements are similar. The following electrical requirements are essentially
the same, with the exception of the 100 kW set (See section 2.2.1.2.1). As
explained previously, the MIL-SPECs were used as the primary document, rather
than the MIL-STDs (Refer to Appendix A):

ELECTRICAL CHARACTERISTICS
VOLTAGE

- 4 hour steady state variation (%)
Recovery after dip (Secs)
Recovery after rise (Secs)
Recovery to 95% rated voltage (Secs)
(unbalance, Unbalanced load) (%)

- Phase balance (%)
FREQUENCY

- Regulation (%)
INCLINED OPERATION (max deg. from level)
FUEL

- Diesel Fuel (VV-F-800) Compatibility
FUEL TANK CAPACITY
FUEL SYSTEM

- Air Bleeding Capability

- Water Bleeding Capability

NOTE: An assumption is made here that an air purging capability is
desired for the primary fuel system. This capability is provided for by a
deaerated fuel tank or day tank. There is no design capability in the current
sets to automatically bleed air from the secondary high pressure fuel system.
If the fuel is allowed to run dry, and air is aliowed to enter the secondary
system, the fuel system will require partial dismantling to purge the system.
The capability for draining water is available through a manual valve located
on the bottom of the fuel filters.

EMI RESTRICTIONS PER MIL-STD-461
STARTING SYSTEM
~ Battery Start and Charging
- Slave Receptacle
PARALLEL OPERATING CAPABILITY
SAFETY/HUMAN FACTORS ENGINEERING
GAGES AND MONITORING EQUIPMENT
- Protection from Destructive Malfunctions
- Devices to Monitor Operation of Gen Set
- Fault Indicators for Set Malfunctions and Shutdown (fault lights)
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NBC SURVIVABILITY

- Set Operation Possible in MQOPP IV Gear
OIL SYSTEM
DRAIN ACCESSIBILITY

The preceding items create the baseline from which to compare those require-
ments which are either more stringent or less stringent when comparing the
MEPGS versus the CGSA ROC. The sections that follow will address those areas
of differences between the MEPGS and CGSA ROC.

X5 T X

Y

2.2.1 MEPGS Requirements in Excess of the ROC. In many instances the
MEPGS requirements presented are either not addressed specifically in the ROC,
- or more restrictive than those in the ROC. There are, by far, more require-
i, ments called out in the current MIL-SPEC/STD for MEPGS which are not addressed

F 3

in the ROC.

2.2.1.1 MEPGS Requirements Not Addressed Specifically in the ROC.
Baseline requirements set forth in the ROC are not as detailed as the
specifications found in Group two (2) and Group three (3) listed in section
2.1 The ROC identifies the type of general specifications contained in MIL-
STD-633. Many of the more detailed requirements are not addressed and are
outlined below by category:

= =

A. MIL-STD-633 items not addressed by ROC
- voltage connections
- generator set dimensions and weight

F's l'.

MIL-G-52889/52884 items not addressed by ROC

voltage connections and ratings

- winterization kits

- operating and critical speeds

maximum power output

- 0il temperature

- general characteristics (e.g., winding and insulation
resistances, temperature rise, short circuit, phase sequence,
frequency and voltage drift, efficiency.)

- control system characteristics

- grounding rod

treatment and painting

- testing (except as referenced in MIL-STD-1332 by ROC)

" ?
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MIL-G-52884/2/5/8 items not addressed by ROC
engine horsepower

exciter field current

transient reactance

negative sequence impedance

e

N ]

D. MIL-G-52889/1/2/3 items not addressed by ROC
- transient reactance

negative sequence impedance

field current

- ac ~ircuit interrupter
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P directly compared in the following sections. Note, however, that Appendix A
r: does compare MEPGS versus ROC 100 kW sets. Voltage regulation requirements as
) currently specified for the 60 Hz generator sets are 3% for both ROC and MEPGS
R sets. The ROC 5 kW set, however, allows for a 4% regulation. This regulation
dt applies from no load to rated load for all voltage connections, (i.e., 120V,
A single phase, 2 wire; 120V/240V, single phase, 3 wire; 120V/208V, 3 phase, 4
wire).
-
ﬁ% The proposed guideline for ROC and MEPGS generator sets with regard to
' voltage dip, must be less than 20% (with the set initially operating at rated
' voltage/frequency and following any sudden change in load from a no load to
i rated load condition. The proposed ROC 5 kW, 60 Hz generator set allows for a
: 30% dip with application of rated load IAW MIL-STD-1332.
5% The voltage rise for the MEPGS sets must be less than 20%, with the set
v operating at rated voltage/frequency, when the load is suddenly reduced from
) rated to no locad. The ROC proposes a voltage rise of 30% under the same con-
’ ditions,
g Voltage dip (application of 200% current) for the 10 kW, 60 Hz and 10 kW,
400 Hz MEPGS sets must be less than 35% with an application of 200% of the
o current rating IAW MIL-STD-633. The ROC 10 kW 60 Hz set is allowed 40% under
v the same current IAW MIL-STD-1332.
— The maximum waveform deviation factor for the 5 kW, 60 Hz MEPGS set must
- be less than 5% for 3-phase and 6% for single phase IAW MIL-STD-633 where as
o the limit for maximum waveform deviation for the proposed ROC set is 6% for 3-
phase and 7% for single phase IAW MIL-STD-1332.
%: The individual harmonic waveform deviation factor for the 5 kW, 60 Hz
- MEPGS set is specified at less than 2% for 3-phase and 3% for single phase 1AW
. MIL-STD-633. ROC 5 kW, 60 Hz guidelines allow 3% for 3-phase and 4% for
o single phase.
P:m
2.2.1.2.2 Frequency Requirements.Current generator sets in the 5 kW-60 kW
“ range must meet frequency requirements that are more stringent than those set
‘ 7
P
.
A
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o
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2.2.1.2 MEPGS Requirements More Restrictive Than ROC. The general
functional and electrical performance requirements as outlined in the ROC for
CGSAs are consistent with those standards for utility generator sets IAW MIL-
STD-1332. The ROCs environmental and storage guidelines are IAW AR70-38.
Additionally the generator sets must be equipped with lifting and tie-down
provisions IAW MIL-STD-209, however, the foliowing paragraphs discuss those
areas of performance and functionality where directives are more restrictive
than those in the ROC.

2.2.1.2.1 Voltage Requirements.Generator sets in the 10-60 kW size, in
both the current version and the ROC, are classified as Utility Class 2B [AW
MIL-STD-1332: However, the ROC specifies the 100 kW as 2B and the 5 kW as a
Class 2C Utility set. Current 5 kW sets are classified Utility 2B and the 100
kW must meet the requirements for a Precise Class 1 as defined by MIL-STD-
1332. Due to the considerable differences between the requirements specified
for Class 1 Precise and Class 2B Utility sets, the 100 kW sets will not be
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forth for the proposed ROC generator sets.
second steady state variation requirement.

The first of these is the 30-

All constant load conditions from no load to the rated load for the MEPGS
5 kw 60 Hz set must maintain the frequency within a given bandwidth equal to
2% of the rated frequency without repetitive frequency variations (hunting)
IAW MIL-G-52889. The ROC 5 kW 60 Hz set is allowed U% of the rated frequency
IAW MIL-STD-1332.

The MEPGS 5kW, 60 Hz generator operating in an ambient temperature con-
dition (constant voltage and constant load) from no load to rated load, must
maintain the frequency within 3% bandwidth of the rated frequency for a four
hour operational period while the proposed ROC generator is allowed a 4%
deviation under similar conditions.

For the requirements of undershoot (application of rated load); recovery
after undershoot; overshoot (rejection of the rated load); and recovery after
overshoot, the following comparisons apply to both MIL-STD and ROC generator
sets in the 5-60 kW sizes for transient performance conditions:

MIL-STD ROC

- Application of rated load 3% undershoot 4% undershoot
- Recovery 3 sec.lU sec.

- Rejection of rated load 4% overshoot 44 overshoot *
- Reccery 3 sec.4 sec ¥

* ROC 5 kW sets are allowed 5% rejection and 6 seconds recovery,

MEPGS sets in the 15 kW 50/60 Hz, 30 kW 50/60 Hz, and 60 kW 50/60 Hz have a
frequency adjustment of +4% to -3% and the 10 kW 400 Hz sets range is +5 %.
All sets within the proposed ROC are allowed a range of +3 %.

2,2.1.2.3 Environmental Requirements. The required operating temperature
range @ 100% of rated load at sea level for MEPGS sets is -25 to +125 degrees
(F) while ROC sets are required to operate at -25 to 120 degrees (F). MEPGS
sets must operate at 100 % rated load at an altitude of 5000 ft and +107
degrees (F), while ROC sets are required to operate at 90 % rated load. MEPGS
sets must operate at 90 % of rated load at an altitude of 8000 ft and +95
degrees (F), while ROC sets are not rated at this condition.

2.2.1.2.4 Storage. Storage Temperature range at any relative humidity,
is specified as -65 to +155 degrees (F) for all MEPGS from 5 to 100 kW IAW
MIL-STD-633. The ROC sets are required to withstand storage temperatures from
-50 to 160 degrees (F) in accordance with the hot through extreme cold
climatic conditions set forth in AR 70-38.

2.2.1.2.5 Turbine Fuel. MIL-STD-633 specifies that all MEPGS, from 5 to
100 kW must have the capability of using aviation turbine fuels JP-U4 and JP-5
(MIL-T-5624) in emergencies. The CGSAs have no requirements for emergency use
of aviation turbine fuels.
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Eg 2.2.1.2.6 Transportability j'
2.2.1.2.6.1 Lifting Provisions, All MEPGS lifting provisions require the ;”
!i sets to have a minimum yield strength of 800% of the total weight IAW their v
o specific MIL-SPECS of the set. IAW MIL-STD-209, the ROC sets CGSAs have a b"
- requirement to have lifting provisions with a strength of 480% of the total » )
: set weight. "
2.2.1.2.6.2 Towing Provisions. The MEPGS towing provisions must to have
a minimum yield strength of 500% of the total weight of the set IAW their 3
Qf specific MIL-SPECs. ROC sets have no requirements specified for towing o
b provisions. gL
_ !
iﬁ 2.2.2 ROC Requirements Which Upgrade MEPGS Requirements. The following i
hy is a discussion of the line items tabulated in Appendix A where the ROC o
requirements are an upgrade to the MEPGS. These items call for stricter 1
design requirements when compared with the current MEPGS sets. 3”
o
~ VOLTAGE ADJUSTMENT RANGE. On the larger ROC sets (15-100 kW), a ﬁﬂ
larger top end voltage adjustability is required over the current generator u<:
sets. This advantage (an additional +2%) allows the ROC sets to provide a (A
greater operating voltage for special types of equipment. ,
NOISE @ 7 METERS. The ROC requirement is stricter for all size sets, 2::
compared with existing generator sets. The goal of 70dBA @ 7 meters will b
significantly aid in reducing detectability by enemy forces, and also reduce o
the potential for hearing loss/damage by operating personnel. Since noise
suppression, in conjunction with Infrared (IR) suppression, is a desireable »
feature within the tactical environment, Section 2.3 explores current tech- e
nology available to upgrade current generator sets, particulary in respect to )
noise suppression. ::'
RELIABILITY (MTBF/MTBOMF). The required MTBF for the ROC set is con- "d
siderably higher than that specified for the current generator sets. However, ;
data which will be presented in Section 2.3.2 and Appendix B reveals that b
actual operational figures for MEPGS sets rarely meet specified MTBF target \
values. Further discussion is presented in Section 2,3.4, E:‘
FLUID LEVEL CHECK DURING OPERATION. The primary fluid which requires ﬁ»
checking is assumed to be the lubricating oil, since coolant is not applicable i
to all generator sets. The larger MEPGS sets (15 kW and above) have the pro- g »
vision to check oil levels during generator operation. This capability is not {;
reflected with the 5 and 10 kW sets, based on the maintenance schedule and ;
information presented in the Technical Manuals (TMs). jﬁ
"y
DCA, STE/ICE, DISE. Although these capabilities are under consid- :
eration for inclusion on the ROC sets, the capabilities are not currently [ 4
required on MEPGS sets. hat
'J.\'
BATTLE SHORT. This feature is required on all ROC sets but is not a E}u
standard feature on the small current sets (5 and 10 kW), which reduces their ")
capability to perform missions under a maximum range of circumstances. 2
»
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SECURE LIGHTING. None of the MEPGS sets are equipped specifically
with this feature. However, non-detectability in the current sets is aided by
the low wattage bulbs used, and control panel covers on the larger sets.

HIGH ALTITUDE EMP. The ROC requirements call for survivability.
requirement is not addressed in the current generator sets. An analysis of
EMP damage is presented in Appendix 1. This document provides an assessment
of the potential damage that can occur in certain electrical components of the
MEPGS sets (30 kW precise power) during EMP.

This

TRAILER CAPACITY, The table in Appendix H presents the payload
capacity for each trailer dedicated to carry the individual generator sets.
Trailer payload values were computed from the associated MEPGS trailer speci-
fication sheets. The calculated weights for the generator sets were obtained
from both MIL-STD-633 and the individual TMs. Also presented are actual
weights as measured by Belvoir. Even with 400 extra pounds of ancillary
equipment, none of the MEPGS trailers are overloaded, with the exception of
the 60 and 100 kW trailer. The 60 kW set, without ancillary equipment, is
barely within trailer payload restraints. However, the inability of the
100 kW set to field its own weight, not to mention the inability to carry
ancillary equipment makes additional weight-adding design improvements/
modifications doubtful for this set.

2.3 Impact of Current Research Studies in Infrared and Noise Suppression
and Reliability. Current research programs that have the potential to affect
the generator fleet are predominantly within the areas of IR and noise

suppression. The following paragraphs address a few techniques currently
being studied.

2.3.1 Design Objectives Proposed by the ROC. The objectives as outlined
in the ROC clearly define the following requirements, pertaining to IR and
noise suppression, for all generator sets in all configurations:

o Have an aural signature not greater than 70dBA at 7 meters (essential)

o Non-detectable by an unaided soldier beyond 400 meters in fair weather
with winds less than 3 miles per hour regardless of employment
techniques (Desirable)

o Infrared signature reduction

2.3.2 Infrared Signature Reduction. IR and noise suppression are closely
related, however, the reduction of IR signatures presents several technical
problems. In order to reduce the IR signature, the external temperature of
the outer walls must be at or below the ambient temperature of the environment
surrounding the outer shell. All MEPGS sets currently in use have ambient air
from the environment pulled around the alternator and engine assembly prior to
passing through the radiator. This approach effectively cools the alternator
and the engine assembly and influences the IR signature. Although various
configurations of airflow design and insulation techniques provide reduced IR
signature during operation, they do not aid in reduction during periods of
non-operation. When the generator set is idle, (not running), solar energy
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will raise the thermal imagery level of the generator's outer shell allowing
for relatively easy detectability of it's signature. Additionally, increased
insulation within the housing for both IR and noise suppression raises the
internal temperature of the housing, thus increasing the relative thermal
pattern.

E%ﬂf'

JHE

L e
o

ﬂ? Current research in low emissivity coating, utilizing networks of active 'E&
5 sensors, has the potential to reduce IR signatures, but this research is not “uf
currently conclusive. 't
gg 2.3.3 Noise Suppression. The present fleet of generator sets histori- ert
cally have not been subjected to the stringent noise attenuation requirements EJN;
,- as proposed in the ROC. As a result, the majority of the action taken to “ifi
,j resolve the noise problem has been in the form of various product improvement ;%4A
% programs (5 kW/10 kW and 15 kW/30 kW noise kits). See Appendix F and G, LS

respectively.

=

Noise suppression is deemed feasible as indicated by responses received
from the market survey in Section 2.4.2. Such engineering is technologically
sound and operationally effective; however, effective noise control will
involve additional cost expenditures and increased weight considerations. The
cost associated with noise suppression is driven by the overall design
complexity. Solutions to the noise suppression problem often require the
resources of acoustical specialists, special materials, and intricate design

%

- .
:3 considerations, all of which tend to drive development and production costs o

< upward. v

, R
i! The technology to design and produce generator sets which meet the o

baseline of the ROC is both feasible and attainable. Through the use of s

state-of -the-art materials, design/modification of the generator sets, and i A

§§ proper application and operational procedures the goals for noise control can ; N
. be met. Taking into consideration that the current MEPGS fleet does not meet t?'

e the proposed specification (70dBA or less) at 7 meters, for noise suppression, O]
the following are considered potential improvements to obtain the desired ;

g goal: <

' ;

0 Replace existing components known to be major noise source with q: 0

o improved components (i.e. fans of both new materials and lower :‘ ﬂ

g( operating speeds, mufflers/silencers) "\:
- o Isolate and control identifiable noise sources, through the use of .!L
R specially designed sound absorbitive materials, air inlet/outlet o

s baffles and traps, etc. }'i:

g

r o Isolate mounting beams, skid mounts, housings and engine assemblies ?{Bf
Ci through the use of soft mounts/dampers to reduce vibration and e
= transmission paths of noise. ﬁ:

RS )

o 0 Enclose the generator set in light weight sound suppression kits, -:3:

< specifically designed to absorb and diffuse sound emanations. :\?\
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In order to meet the established baseline goals, data for utilizing kits
is presented in Appendixes F and G. These Appendixes present noise test data
and design considerations. The remainder of this section deals with the
specifics of noise suppression with respect to the Regency Net Program.

The Regency Net Program's purpose was to reduce the noise levels for both
tactical and health/safety considerations. The product improvement kit was
developed utilizing a modified 15 kW generator whose power output was
increased to 20 kW specifically for the Regency Net Program(photographs taken
of a prototype are presented in Appendix M). The estimated generator noise

level prior to modifications was 86dBA, with a design objective of 65dBA at 7
meters.

Modifications to the generator set included a new 40 degree pitch, multi-
wing 9-blade engine fan (See figure 1). The fan is an air foil design with
ad justable blade pitch which contributed to significantly higher performance
and increased efficiency while producing lower noise levels. This fan has a
22 inch diameter with true air profile blades molded of polypropylene. Poly-
propylene blades are capable of operation in ambient temperature ranges of -40
to +185 degrees (F) and has a recommended tip speed of 295 ft. per second.

Additional modifications included a muffler by Universal Silencer, with
vertical exhaust (See Figure 1) and a 5 inch pulley (which was later replaced
with a 5-1/2 inch pulley). Even though the larger pulley contributed to
increased noise across the full spectrum of measurement, noise levels
consistently remained below 62dBA. A new 1/2 inch plate aluminum fan shroud

and fan belt were added, along with a new Bolt Beranek and Newman Inc. intake
air cleaner/silencer.

Ft. Belvoir Research, Development, and Engineering Center's (Belvoir)
intake and exhaust sound suppression mufflers were added by Belvoir at the
radiator and generator ends of the set (See Figure 1). The radiator end
muffler was mounted utilizing the existing holes used for load bank mounting.
The generator end muffler required new mounting holes to accommodate the
baffle. It should be noted that these mufflers increased overall length by 38
inches. Other modifications included the following (Reference Figure 1):

N - Sound coat insulation on side door panels

‘.

w - Top housing extension lined with 3 inch Owens-Corning 703 fiberglass,

- wrapped in .5 mil mylar, held in position with perforated metal plates

t'.

R Two additional modifications were performed on the housing which consisted
of replacing two roof sections with new design sections (height raised 13

€%, inches) and all instruction plates were removed and replaced with plates made

P{ on a heavy paper material, encapsulated in plastic and attached, by ring, to

b the inside of the housing.

;; These modifications were performed on a utility set with the entire

4 & T

generator assembly shock mounted on four Barry shock mounts (See Figure 1). A

precise kit was added, along with a precise relay box and an electric governor
system.
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Figure 1. Regency Net (Modified 15 kW) Gen Set Noise Suppression Modifications
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2.3.4 Reliability Data. To identify areas where reliability improvements
can be targeted, historical data such as Sample Data Colliection Reports,
Equipment Improvement Reports, and Quality Deficiency Reports were examined
and analyzed. These reports are generally segregated by generator size and
frequency, with the maintenance information being provided in a variety of
formats and details. Consistently, higher MTBF figures and detailed documen-
tation was provided by the Aberdeen Proving Ground, while substantially lower
and inconsistent data came from field sources.

While controlled laboratory testing, simulating a variety of field
conditions, yields vast amounts of data, this data is limited in application,
because of the difficulty in determining conditions such as competence,

experience level and training of maintenance personnel within a field unit at
any given time.

The ultimate measure of reliability is under field conditions, where the
generator sets are subjected and maintained under the actual conditions. With
this premise in mind the field data presented does highlight malfunctions and
corrective actions, but they tend to lack the uniformity of detail and follow-

up actions normally available utilizing the Army Maintenance Management System
(TAMMS) reports.

Analyzing the data submitted yielded the following trends, which are
discussed by set kW ratings.

2.3.4.1 5kW Set. As presented in Appendix B, very little information has
been documented on the 5 kW generator set resulting in a low confidence level
for reliability data. The data collected yields a Mean Time Between
Operational Mission Failure (MTBOMF) of 242 hours. The electrical system
(batteries, starters, converters, and gages) accounted for 77.6% of these
actions and were top ten parts replacements.

2.3.4.2 10 kW Set. The 10 kW generator set MTBOMF figures for both the
60 Hz and the 400 Hz models were consistent at approximately 615 hours. It
should be noted that the data presented was entirely collected at the Aberdeen
Proving Grounds. Over a period of a year and 11,000 operating hours, only 18
of the 59 unscheduled maintenance events were considered OMF events. The
engine fuel system and the power plant system recorded the majority of the
unscheduled maintenance events, including the replacement of two fuel injec-
tion pumps, a fuel tank, an engine assembly, and a cylinder head assembly,
One note of particular significance between the 5 and 10 kW sets, given the
limited data, was in the area of battery and gages. The 10 kW generator sets
did not experience the same degree of electrical problems documented in the 5
kW sets. One explanation of this discrepancy may be the difference in
physical configuration between the 5 kW and 10 kW sets. The 5 kW set has two
cylinders, while the 10 kW has four. Vibration levels are lower in the four
cylinder set, thus reducing the number of vibration related gage failures.
Other explanations could be the lack of sufficient data, controlled versus

field data collection methods, design deficiencies, or any one or more of
these areas.
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2.3.4.3 15 kW Set. The 15 kW generator set data reflects the greatest
number of failures in the generator control system and the power plant system
assemblies. Utilizing the existing data the MTOBMF ranged from 234 hours
under field data collection to 335 hours collected at Aberdeen. Over the 6
year/107,000 operating hours of data collection, 90 hydraulic actuators were
replaced, along with U6 control units, 27 battery sets, and 25 engine assem-
blies. In November 1982 some generator sets were modified by replacing the
existing electro-hydraulic governor units with electric units. These units
were tested from 11/82 to 6/85 with 12,460 operating hours logged with no
docur~uted governor-related failures.
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2.3.4.4 30 kW Set. The data submitted for review and analysis on the 30
kW generator sets is far too inconsistent to accurately analyze trends in OMF
events. Data presented on the 60 Hz sets ranged from an MTBF of 320 hours
during a 500 hour evaluation to a 2000 hour test at Aberdeen which yielded an
MTBF of 751.5 hours. The 400 Hz figures reveal an MTBF of 588 hours during a
500 hour evaluation at Aberdeen, while field sample data collection over 5,723
operational hours in the field resulted in an MTBF of 68.9 hours. System
deficiencies were evident in the control system area, with fluctuating or no
voltage and fluctuating engine speed as the predominant problems. The second
high failure category is in the engine fuel system, where problems consisted
mainly of fuel leaks, dirty filters, and inoperative fuel injectors.

W s

While the test data on the 15 kW/30 kW generator sets cannot be considered
a reliable data base from which analysis could be used to pinpoint specific
items of concern, certain OMF trends are obvious. Figure 2 is a general
breakdown of those items which consistently plagued the 15 kW/30 kw sets.

b R

Those items which fall in the prime mover category accounted for the least
amount of failures, which can be construed to state that the engine assembly
is reasonably reliable.

=9

Problems within the Engine Fuel System category seem to be evenly divided
between the injectors, fuel pumps, and those malfunctions directly related to
fuel contamination such as clogged filters. It is difficult to provide an
assessment of corrective action for the fuel injection and fuel pump assem-
blies without performing a complete data collection specifically targeted at
these items for an extended sampling period. Problems associated with fuel
filtration can be attacked through closer Q.A. fuel inspections, tighter
maintenance intervals, and education of field maintainers on recognition and
follow-up when trends such as this develop.

-
& Battery and associated charging alternator problems associated with Engine
Electrical are found at approximately the same percentage of failure through-
e out all models/sizes of generator sets currently in use today. In terms of
- unscheduled maintenance actions and costs involved (for replacement parts and SN
- man-hours), this area should be thoroughly investigated to remedy this e
problem. AN
35 Yo
o While the Generator Control System is the second leading contributor to ~
OMF problems, it is also the one area where potential corrective actions are Qﬁ;’
- readily apparent. The assemblies and components that make up the control AN
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DED GENERATOR
Failure Analysis
POWER GENERATOR ENGINE ENGINE
% PLANT CONTROL ELECTRICAL FUEL
SYSTEM SYSTEM SYSTEM SYSTEM
§ (10.8%) (30.7%) (35.9%) (22.6%)
.& = Engine =~ Control Cubical ~ Battery ~ Fuel Injection
Assembly Assembly (108 Failures) System
& (32 Feilures) (52 Failures) (43 Failures)
¥ |
e = Cooling System L Electrical Governor [~ Battery Charging = Fuel Filtration
(14 Failures) Control System System
(21 Failures) (45 Failures) (51 Failures)
~ Static Exciter and
Voltage Regulator
g (20 Faifures)
s»,;:
= = Fault Indicator
and DC Circuit
‘q Board
b (38 Failures)
§
.'F.
X
S
W
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b
system utilized in the generator set fleet may have been considered state-of- ﬁ{&f
the-art twenty-five years ago, but not so today. The current control bph;
‘ technology basically utilizes individual closed loop circuits with a number of i:
i' individual relays for each test, fault monitoring, and operational control ~
W function that makes up the electronic control and protective circuitry of the q\
generator sets. The complexity of such a system requires intricate wiring Pl
f harnesses, added weight, additional costs in logistical support, and has st
SE contributed to a decrease in reliability, as evidenced by the various relay 0'}'
and control failures documented over the years. The technology that exists b !
25 today has the potential capability to correct these problems. :)_
. 2.3.4.5 60 kW Set. Analysis of the 60 kW generator sets did show some jﬁ:
trends/patterns even with the lack of reliable data and proper sampling ;kn
ii techniques. During the sampling period of 7/76 through 6/78 the reported MTBF :g;
- ranged from 375 hours to 564 hours. In the next collection period 7/85 PRy
through 7/86 the reported MTBF was only 122.8 hours. In reviewing the -
numerous EIR's for the 60 kW sets, replacement of the engine assembly resulted J
gg in the highest maintenance cost category during both reporting periods and was z: f
substantially increased in the latest sampling period. All too often the EIRs 2o
listed the problem, causing engine failures, (thrown rods, etc.) as being the jmﬁﬁ
gg phenomenon known as "Wet-Stacking", where unburned diesel fuel and lubricating ~BLR]
0il accumulates in the exhaust manifold and muffler of engines that are run at ®
very light loads for extended periods of time. Studies investigating the wet- ﬁi}
A, stacking phenomenon have concluded that although wet-stacking can present Saond
:t "house-keeping" problems, there is no evidence that it causes engine failures. oy

.

Diesel engines operating for extended intervals at reduced thermal efficiency
(caused by low loading and/or low engine speed) can suffer premature wear, in

!‘W
o)
- -

" extreme cases, as the result of lubricating oil dilution by unburned fuel.
l‘ This condition, as well as wet-stacking, can be controlled though the proper e
application of generator loads. Proper generator loading can be determined ix
}Q through a system load assessment whereby generator size is closely matched to 5;.
53 power requirements. Standardization of tactical configurations utilizing load iﬁﬁ
factor analysis would enable field commanders to effectively utilize generator f:
set resources for maximum effectiveness with increased reliability. Proper “. :
g sizing will increase fuel efficiency. i,
(]
Other areas of concern with the 60 kW generator sets were water pump and D
" L.E.H. governor failures, both of which were subsequently modified/replaced. '.*‘
§s During a one year, 251,000 hour operating period prior, 103 governor control .
units, 109 actuators, 62 generators, and 37 static exciter units were NN
replaced, along with an additional 5000 plus parts. These failures were .
- largely attributable to the 400 Hz precise power set governors. Taking into o
& consideration all of the GFD available for review, the average MTBOMF is gc’,
calculated to be 354 hours, which is approximately one-half of the ROC :’b’
& objective of 600 hours. ;};;
> A
& Coupled with the numerous problems/malfunctions and unacceptable MTBOMF @
ratings, the manufacturer, Allis-Chalmers, is no longer producing the model :ffﬂ
ﬁz 3500 series engine used in the 60 kW set. The proper selection of a -iﬁi‘
fh replacement engine can be used to achieve the goals, as outlined in the :¢:}
current ROC, in terms of reliability, noise and IR suppression. A selection -ﬁ}$
¥ program to replace the engine can take advantage of existing technology to: :{{_
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(1) Reduce generator set weight. jb*.
! (2) Improve Reliability. {4.
(3) Incorporate improved solid-state control system elements where T u
3% applicable. &
e
(4) Integrate both noise and IR suppression techniques field A=K
q! kits/modifications. ;;
' 5
¥ (5) Reduce required logistical support in terms of material and manpower. folied
] ~‘ '
E§ (6) Reduce life-cycle costs. &Aﬁ
2.3.4.6 100 kW Set. During the analysis period between the interim ® )
1 report and this final report VSE independently obtained and researched one AN
32 item of supplemental data for the 100 kW, 50/60 Hz generator sets. This Nﬂ
document contains the results of an evaluation of Development Test III. The ﬁ
, test was conducted at Aberdeen Proving Ground during the period 02/74 through GO0
ab 08/74 on five 100 kW sets. Although the document cannot be utilized to by
develop any statistical basis for conclusions or recommendations, the _®
following is a summarization of the data. :’;{
e
gi The sets met the functional and operational requirements under normal ﬁt
environmental conditions, but could not fulfil mission requirements for g?.:
. operation at 125 degrees (F). The design of the fuel burning winterization NI
" kit did not allow proper combustion nor provide sufficient heat for cold ®
_ engine starting under the -65 degree (F) criterion. Problems were experienced R
with the alternators, routing of the wiring harness, time meter, and reverse Y
w, power relay. In the case of the alternator failures, one failed at 100 hours :ﬁt'
{k of operation and the other at 400 hours. \j}'n
L0
In terms of reliability, three sets were tested for 1500 hours each with 5§ iﬁ&
!g operational failures documented. Test evaluators stated that with an 80% 5
confidence factor the calculated true MTBF was between 485 hours and 1850 . %f
hours. The conclusion reached by test evaluators was that the performance and o ﬂﬁ
;N reliability of the 100 kW, 50/60 Hz generator set met the design requirements ’ J
f: under normal environmental conditions. The generator set will be capable of :3”4
satisfactory general field usage after the deficiencies are corrected. 1;
e 2.3.4.7 Summary. While specific recommendations can be found in Section {:u‘
W 4.1 of this report, it is evident that improvements are necessary to increase :;g;
the reliability and maintainability of MEPGS sets. Trade-off studies with b
A regard to acquisition costs, life cycle costs, with all elements of logistical e
o support must be systematically approached and dealt with regardless of the N
ot course of action decided upon. L B
'-a'vl
QF 2.4 Industry Survey/Responses. A market survey (Appendix C,) requesting ;) '
o ideas for improving the MEPGS sets in sizes ranging from 5 kW through 100 kW NS
was submitted to 64 industry representatives (Appendix D). The survey \d ;
0 requested responses to specific questions regarding their capabilities, areas bu?‘
) ®
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for potential improvements, cost estimates, noise and infrared suppression
improvements.

To date, 19 of 64 responses have been received, of which 4 declined to
participate. Table 1, "Tabular Summary of Industry Responses By Area of
Concern," is provided as a cross matrix of those who responded and the
specific areas where the respondent had comments or suggestions of potential
improvements. The actual industry letter responses are reproduced in Appendix
E. The following sections will address the three areas of primary interest:

o Reliability
o Noise Reduction
o Infrared Suppression

2.4.1 Reliability. With the exception of one vendor, all responses to
the survey provided only general statements concerning reliability
improvements. Responses tended to refer to broad areas or subsystems where
conceptual improvements were feasible. The majority of the respondents
expressed concern at the 350 MTBOMF specified in the provided reliability
tree. As can be noted in Table 1 at least one industry representative
responded in each of the six sub-categories listed under Reliability. All
responders expressed optimism that their methodology could greatly improve the
existing MTBOMF and generalized approaches that they would take if tasked to
undertake the problem. Some stated that the survey, as provided, did not
indicate an adequate maintenance history detailing the frequency of component
failures and failure modes. Other responders simply stated that significant
reliability improvements could be obtained by substituting their particular
component as a direct replacement for the currently used MIL-STD component in
the existing generator sets.

Deutz Corporation recommended replacement of existing engines with their
engines, while Kohler Co cites their engine supplier, Cummins, as a qualified
source. The Lima Electric Company recommended replacing the entire generator
set with their assembly as the means of improving the reliability program.
Specific information describing how these proposed components are superior to
the existing MIL-STD components or to their competitors were not detailed,
however, numerous reassurances were given tnat the overall reliability of the
generator program would realize substantial improvements.

One area where some specific recommendations were make is within the
existing electromechanical control system. Four companies provided comments
in this area, with two, Kohler and Alturdyne, making general statements

concerning the replacement of the existing system with microprocessor-
controlled components.

RMS Technologies Inc. provided an information package for improving the
Control System. Their proposal consisted of replacing the governor control
unit, tactical relay box, special relay box, precise relay box, static
exciter/voltage regulator, fault indicator, and electrical governor control
with a microprocessor-driven, control box assembly. RMS stated that the
control system and wiring harness would be significantly simplified, with the
net result being a 50% reduction in the generator contro! system failures.
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't: RMS provided cost estimates and a milestone graph which depicted approximately ay
6 months to complete the design and prototype phase at a cost of $359,790. _J.\‘- ,
L
g Grumman Aircraft Systems stated that technology has not matured to the "
’ point where specific components are available with well defined cost, weight :;a
and performance characteristics. They expanded on their capabilities and ~x
iy experience in the development and design of complex systems, reliability ’
Xn analysis, and laboratory testing and failure analysis. Hcwever, they did not ‘5«‘*"
provide estimates on the amount of improvement that could be realized or an =
e estimate of the costs involved in any of the areas. A
-5 '.."-_
! Estimations of increased reliability from responders which did address the *:: .
control system as a potential area for reliability improvements ranged from 30 -,.-:_'
~ to 400 % with MTBF predicted as high as 1900 hours. United Technologies NN
?'\,- estimated that the component parts count within the control system could be .
reduced by as much as 50%, thereby reducing the risk of failure.
!
ﬁ Very few specifics regarding exactly which components could benefit from N
i solid state technology were given by the majority of the vendors. This could X
have resulted from the lack of specific information in the survey concerning O
Q the exact parts which had high failure rates and the circumstances involving W
" their failure. The Control Cubicle was targeted by most responders due to the L]
survey reliability tree, Appendix C, showing that 50 out of 103 control system >
failures occurred in the Control Cubicle Assembly. Most vendors that men- ',
= tioned components listed only items such as digital gages and meters, solid o
N state relays, and microprocessors and digital circuitry. Although it is ,-.:,5
possible to substitute these particular components they are not truly off-the- Yo
ﬁ shelf plug ins. ®
™ ~
VSE recommends caution in the use of solid state devices within the f:
eh control cubicle and the replacement of the engine governor assembly as a means o
o of improving reliability. )
NY h-'\ .
The fuel systems currently in use on the MEPGS sets have integral ';
! mechanical governors which are utilized for fuel system control. They provide oy
o adequate speed control for utility power generation. IF precise speed control -{ \
is required, the engine governor is augmented with an electro-hydraulic -,,-_?_
,, governor. These devices have consistently exhibited a higher failure rate hs
':: than that of the mechanical governor unit., Thus suggestions for a B¢ \
- microprocessor controlled system would only have applicability to precise sets "N
for improved reliability. It would not be considered a cost effective —.‘
= alternative for utility sets. "‘:
” Additional problems associated with microprocessor generator control :':_:‘
“a circuitry includes the necessity to adequately cool the components in order to
~ survive high operating temperatures. When cooling is marginal the reliability A
b decreases. o
\':N
"‘ The use of microprocessors will also present problems in the area of :*'
f. EMI/RFI and must be shielded to minimize these problems. Within this same N
area is the problem of EMP survivability. This is cleariy illustrated by the :‘.‘
" EMP analysis presented in Appendix J. A 30 kW, precise power military -
v’ .
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generator set, equipped with a solid state electronic governor, was the
subject of the analysis. As the analysis indicates, the components within the
system can be expected to experience some form of upset during EMP exposure.

The following areas of concern must also be considered when using solid
state devices as replacements in the current system:

xS

0 MOS of maintenance personnel will have to be upgraded
o Logisties

- Replacement of repairable items with non-repairable might lower
inventcory quantity, but could increase inventory cost.

- Dual inventory/logistical support required outlining modification
program

o Life Cycle

- A long time period will transpire before cost savings, due to
reduced manufacturing cost, can be realized because of development
cost and near-term cost listed above.

In summation while comments (with the exception of RMS Technologies) were
general in nature, there is exhibited optimism for improving the generator set
reliability. Given more time, an approach to obtaining more specific details
is to request additional information from those expressing interest in the
reliability program and supplying each with detailed information on component
failures, operational usage at time of failure, and fault analysis. There is
no doubt that improvement in reliability is possible, but the cost, logistics
impact, and time to complete is not readily evident from these init:
responses.

2.4.2 Noise Reduction. Ten responses were received, outlining approaches
to noise suppression improvements; see Table 1. Six of the ten respondents
described conceptual approaches to noise suppression which ranged from
generalities to explicit details. The remaining four respondents either have
production models or have prototyped noise suppression generator sets in one
or more of the 15, 30 and 60 kW sizes. Before addressing each response, some
generalities are described below:

0 Current design and conceptual design approaches are very similar.
These include lining the generator housing or providing an insulated
housing kit, substituting larger, more effective muffler systems, and
modifying all inlet/outlet passages with baffles of varying designs.

Due to each approach being an add to/on concept weight will increase.
Estimates of weight increase are probably optimistic and range from 5
to 15 %.
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o Estimates of size increases ranged from no increase in dimensions to

increases of 36 inches in length to 16 inches in height and 12 inches
in width.

White Engines, Inc, Kohler Co., BBN Laboratories, Inc., and Alturdyne have
developed prototypes. The amount of information presented by each of the
organizations varies significantly in volume, however all information
presented is clear, concise, and based on documented evidence,

The reply of White Engines, Inc. addressed the questions outlined in the
industry survey and included test documentation, conducted by Area-Therm
Corporation in November 1985. Area-Therm's test was performed on a modified
30 kW, 60 Hz, generator set which included a noise suppression and IR kit.
(See Section 2.4.3 for IR discussion). Modifications to the set included a
centrifugal fan with heat exchanger, and muffler with the basic electrical
characteristies unchanged, however, the positions of various electrical
outlets, the control panel, and the throttle control were altered.

Acoustical measurements were taken at one meter and seven meters. Two
prototype noise suppressors were tested. The environment was a black top
roadway with buildings on each side of the roadway. The generator set was
mounted on a standard military trailer and placed in the center of the road
which was 60 feet wide. Suppressor #1 was designed to reduce sound levels to
an average dBA level of 65dBA at 7 meters. Readings at 7 meters ranged from
60-62dBA. The second prototype was constructed with a smaller heat exchanger
and a significantly different acoustical design. Its noise levels at 7 meters
ranged from 62-66dBA. Average noise readings for unsuppressed 30 kw sets are
typically on the order of 86dBA zt 7 meters., Area-Therm concluded that minor
corrections to the exhaust suppression design could easily bring the noise
level down to 63dBA or lower under any operating conditions.

White Engines Inc. stated that they could incorporate this same technology
on the 60 kW set with similar results. Kohler Company's approach was the
utilization of a larger muffler with several cubic feet of double-wrapped
silencing material. The internal housing of the generator set was lined with
a thick acoustic foam in order to absorb the mechanical noise radiated through
the engine housing. Additional modifications involve installing an efficient
sound attenuator at the cooling air entry and at the cooling air exit behind
the radiator. Kohler applied these techniques on 15 and 60 kW sets for both
SSDED and modified commercial prototypes, with resultant noise levels in the
range of 65dBA at 7 meters in any direction.

BBN Laboratories Inc. developed noise suppressed sets for the 1.5 kW GED,
30 kW DED, and 60 kW gas turbine driven sets (GTED). Their design concept
consisted of a combination of specially designed silencers, cooling-fan
modifications, sound absorbtion, vibration isolation and damping techniques.
These techniques were developed and applied to a 30 kW generator set. This
modification resulted in a 16-18dBA reduction in the acoustic signature, which
translated to a 70-72dBA measurement at 7 meters. Their proposed ideas for
the 60 kW sets include intake and exhaust silencers and acoustic linings.
Additionally they recommend increasing the size of the cooling fan air intake
opening, Lhus allowing the use of reduced fan speed, achieving an estimated 8-
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10dBA reduction. They also intended to reduce structureborne noises by the
installation of neoprene isclation mounts. While this type of treatment has a
high certainty of success, it is difficult to install as a retrofit since the

| )
! entire generator must be removed from the housing and the mounting beams ;5._
modified to accept the new isolators. EF-’
s
%
%ﬁ Alturdyne currently produces sound suppressed generator sets for the U.S. :ﬁﬁa
Air Force, Model EMU-36/E, Ground Launch Cruise Missile System. This ‘

r %

- B
e

particular model is a 60 kW, 400 Hz set that features a weatherproof/sound
attenuated enclosure, multi-fuel capabilities, nueclear hardening, IR
suppression, precise power, bite-analog diagnostics and is designed to operate
in extreme environmental conditions. Additionally nine 60 kW and 125 kW
generator sets have been purchased by the Army for evaluation and have
demonstrated 65dBA at 7.5 meters. Among their recommendations are softer
mounts in greater numbers, absorbitive insulation, traps/baffles of cooling
air intake and discharge, and improved silencers.
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Analysis of the suggestions received, with respect to noise suppression,
have generally taken the same approaches to achieve the desired T0dBA at 7
meters. Unfortunately these methods all add considerable weight. The 60 kW
MEPGS set cannot tolerate an increase in weight or size, and still get mounted
on a 2-1/2 ton trailer. Size increases are potentially troublesome when
addressing transportability. The goal of 70dBA at 7 meters is obtainable and
readily available, but a review of weight, sizing, and cost should be under-
taken before proceeding with major modifications. Rail impact survivability
must also be considered when new, softer engine mounts, to reduce the trans-
mission of engine vibrations, are selected.
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'i 2.4.3 Infrared Suppression. As noted in Table 1, nine vendors responded ?F:f

to the IR suppression portion of the survey. Eight of these nine specifically C, Q
v, stated that integration or noise and IR suppression is the most feasible D
2: »>nr-oach due to the interrelation of components. As in the area of noise

pression the majority of the responses are generalizations in lieu of
ecific approaches.

Grumman Aircraft Systems Division, Grumman Corporation offers a
theoretical solution to the application of IR techniques that describes best
the commonalities presented by the other respondents. Due to the related
hardware items, combined noise and IR suppression design is interrelated and
can be classified as follows:

#

>

o Components that are common to both noise and IR suppression and
required for the common suppression purpose (e.g., common acoustic and
thermal insulation of the generator set housing walls, overall engine
exhaust system, overall air outlet duct, radiator fan, and generator

sl

Ly
-

o :-i‘-(‘
"o fan). o
d -~
o Thermal suppression components which impact on noise levels (e.g., ?
;. engine exhaust IR suppressor and its air fan, air outlet IR suppressor o
~ and its fan, redesigned radiator/radiator fan, insulation over parts of -“»:
engine and exhaust system, housing internal and/or external background }§5
~ thermal matching) P
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o Noise suppression components which impact on thermal design (e.g.,
acoustically treated air inlet/outlet ducts, muffler discharge
interface with engine exhaust IR suppressor)

o Noise suppression components without impact on thermal design (e.g.,
engine vibration isolation)

The categorization of the related items is used only to demonstrate the
requirement for closely interwoven solutions to noise/IR suppression. The
ma jority of the vendors suggestions for suppressing the IR signature included
the above classified items. This relationship is also evident in the
increases that would result in both weight and dimensional sizes. The average
increase in weight for the combined noise/IR kit was estimated as 710 lbs. and
the average weight of the IR kit alone was estimated at 565 lbs.

Michigan Technologicai University stated that the specifications, as
written in the SSDED program, do not allow sufficient flexibility in design to
develop a reliable, effective and cost efficient IR suppression system.

Rather than applying the normal techniques for signature suppression, they

C X o JC 8

WA

|

proposed to apply a spectrally reflective IR coating in place of the standard _Q_
CARC paint and that the generator IR signature be defined with the apparent $uj
surface temperature as a reference point, not the absolute surface e

temperature.

Lt

The inside housing wall of the double wall structure would be coated with
a highly reflective paint which will reduce the thermal radiation exchange
internal to the generator set. The outer walls would be biased colder then
the anticipated background area using special IR low emissivity coatings,
which according to the respondent, are currently being developed at their
facility In addition to the spectral type coatings. Temperature and radiant
energy sensors Will be employed to maintain the outside wall temperatures,
utilizing internally generated heat, at a zero degree reference in relation to
the outside environment. The result is effectively an IR countermeasure in
lieu of an attempt to build boxes around the thermal signature. This concept
is a system that will continuously actively sample its outside environment and
alter the thermal characteristics of the housing to match the varying thermal
characteristics of its environment.

gesl 5-' Rl

-,

With this approach weight and dimensional sizing would not be a factor. .:.'
However, this is a theoretical approach in its infant stage of development. :j:,
b iyt
A
Michigan Technological University did address another area that was not {%L‘
found in any other reply to the survey. They stated that the load leads jﬁ}*
extending from the generator set (when extended far from the set) create a S
substantial "que feature” that is evident when viewing generator imagery. A;n
They currently do not have a defined design approach to this problem. ??
’
H I\' ‘
Three of the respondents stated that they have prototyped or manufactured }¢
combined noise/IR suppression kits. These three companies are White Engine Ny
Inec, Alturdyne, and Onan.
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White Engines provided test data showing surface temperatures at levels no
higher than ambient under solar heating conditions. To achieve these results
a new housing, radiator and muffler were integrated into the set.

Alturdyne's 60 kW, 400 Hz generator, model EMU-36/E, which was described
in the noise suppression area features infrared suppression also. However, no
indication was given in their reply as to the methods employed.

Onan stated that they have developed a system for decreasing the IR
signature of 15, 30, and 60 kW sets. They gave no real specifics other than
to state that they would suppress the highest levels of temperature, such as
the exhaust manifold and muffler. They estimate weight increases of 600 lbs
and dimensional increases of 3 inches in length, width, and height.

With the exception of the Michigan Technological University's "active IR
countermeasure” theoretical approach, all respondents are essentially

advocating the same areas of improvement with respect to combined noise/IR
kits.

P

3.0 Additional Potential Areas for Improvements. After careful analysis
of the GFD and industry responses received during the formulation of this
report, it became apparent that certain areas for improvement had not been

=

o addressed. Having been extensively involved with the MEPGS generator program
ﬁ: for many years, VSE has gained considerable experience and knowledge with

relation to the operational requirements and problems associated with the
program. These improvements were also reviewed from the standpoint of
Safety/Human Factors Engineering and, where relevant, these points are also
presented.

p

v, 3.1 Solar Battery Charging. Within the data analyzed concerning battery
ht] failure, it was noted that low voltage for cranking the 24 Vdc generator set ,
i starting system had been experienced in many of the reported malfunctions. g
Reduced voltage can result from any combination of events, including: ';
IFF
g - discharged battery st
- losses due to cable problems it
P - faulty electronic indicators \i"
ig - insufficient recharging after initial cranking ,:i,
' - long periods of storage/inactivity “.
& Y
T One possible solution to the problem is to offer a constant state of thi
Q{ recharging through the use of a passive solar charging system. A represen- ﬂ?ﬁ-
tative of this type of system is presented in Appendix J. This particular xf¢°
fa device is manufactured by Sovonics of Troy, Michigan. The solar panels are ﬁf}f
E: lightweight, relatively small (24" x 18"), and help to offset battery dis- MY

charge during periods when the set is not in use. The rate of charge gener-
ated by the panels is dependent of the amount of incident solar energy, but
typically ranges from 350ma to 35ma. When purchased in quantity, a system
capable of maintaining a charge on two typical generator set 12 Vdc batteries
cost approximately $240.00 per system.
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The U.S. Army Tank Automotive Command (TACOM) in Warren, Michigan is
currently evaluating two of these systems for battery charging maintenance.
The inherent flexible nature of this device's solar panels lends itself to
field ruggedness. With the available, optional magnetic backing, mounting of
the panels is easily accomplished. The system could be issued as auxiliary
support equipment for the generator sets, which would minimize logistical
support requirements.

3.2 Sealed Batteries. Another potential improvement in the battery area
is the use of maintenance-free (sealed) batteries. Several failures in the
electrical system were identified as resulting from low fluid levels in the
generator set batteries. Current requirements call for periodic inspection of
the fluid level, and replenishment when required. However, after long periods
of storage or as a result of oversight, the procedures are not always adhered
to as required. The removal of this inspection requirement and resultant
source of charging system failures would aid in increasing MTBF ratings.
Conventional lead acid batteries, when exposed to high temperatures, suffer an
accelerated loss of fluid through evaporation, which would not be experienced
Wwith the sealed type battery. Although sealed batteries would circumvent this
problem, PRO-Battery Inc. reports that the cranking power of the sealed batt-
ery is reduced in extremely cold climatic conditions. Despite this reduction
in capacity, the elimination of the maintenance required for the current
batteries and the resultant increase in readiness make the sealed battery a
viable alternative worthy of further investigation.

3.3 Electronic Battery Charger. Still within the area of battery/
charging system improvements is the concept of solid state battery charging.
This concept has been tested and proven out in certain U.S. Air Force turbine-
powered generator sets with defined improvements in reliability (refer to
Appendix N). Application of this technology in replacing the current belt
driven alternators can reduce certain inherent belt and associated mechanical
failures that reduce system reliability. This system would also delete the
periodic inspection and tightening required for the belt. It will also
eliminate premature alternator bearing failure that may result when
maintenance personnel over tighten the belt assembly. The use of a solid
state charging system reduces the hazard of exposed rotating parts by
eliminating the belt and associated drive components. However, since the
alternator pulley also serves the additional function of the idler for the

water pump and/or cooling fan, a suitable modification must be designed to
accommodate this function.

3.4 Enhanced Fuel Filters/Strainers (Water Separation). Another primary
area where potential improvement can be accomplished is the fuel system. The
current method of water/fuel separation in the filter canister is adequate to
bleed off water from the fuel system. The potential problem with this method
is due to the lack of attention to periodic maintenance procedures which
requires manually draining the water from the system. There is no device on
the current sets to alert the operator as to when there is water accumulation
in the fuel filter. If scheduled maintenance is ignored or neglected, the
introduction/spill over of water into the secondary fuel system contributes to
numerous recorded malfunctions. Technology exists to provide an automatic
high water level warning light on the control panel, utilizing an impedance
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sensor submerged in the base of the fuel filter canister. Fuel filter/water
separators are available commercially, with fuel heater, manual purge valve
and remote water level indicator, from several manufacturers (one such product
is presented in Appendix K). Filter/water separators from two manufacturers
(Stanadyne and DAVCO) with stated features have been tested in generator sets
(15 kW and 30 kW) used by PATRIOT Missile System. One 15 kW generator set
(MEP-113A) and a 30 kW generator set, modified with such a filter/water
separator, have demonstrated that successful start and operation can be
accomplished at -10 degrees (F). These units were tested at Belvoir's cold
chamber test facility during October 1985 through December 1985. (See
fppendix L for details).
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3.5 Replace Engine. Current performance of the engine in the 60 kW
generator set and the hazards associated with this engine such as noise levels
and excessive weight, in conjunction with the knowledge that the manufacturer
no longer offers this engine, warrants replacement. Safety and HFE factors to
be considered in the procurement of a new engine are weight, noise levels,
type of cooling system and, NBC survivability. To be cost effective, engines
considered as replacement candidates should be functionally and dimensionally
capable of fitting within the existing generator envelope and interfacing with
the remaining generator components. Reduced weight of the engine selected
would allow the incorporation of a sound suppression kit, improve reliability
and lower trailer weight thereby increasing its capability of carrying
ancillary equipment.
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3.6 Control Cubicle Assembly, Relays. The control cubicle assembly
presented a high number of unscheduled events during reliability and main-
tenance testing. Analysis of accumulated sample data revealed that control
box failures were contributed to by, fluctuating voltage, no voltage, fluc-
tuating engine speed and wiring harness chaff. Corrective action consists
of replacement of existing relays with solid state relays. The ones to be
removed are: K-1 (start relay); K-2 (pre-heat); K-3 (crank); K-4 (Aux fuel
solenoid); K-5 (governor solenoid). This change is based on an assumption
that the reliability characteristics in terms of performance will signifi-
cantly increase. The change will incorporate solid state relays, hermetically
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sealed, where appropriate covered with polycarbonate shield, improved wiring :gfh
harness, and multi-slotted connectors. The solid state devices can be }

> individually switched out one for one, since the solid states devices can be )
GE made with the same pin configuration. ! ;
4.0 Conclusions. Results of the evaluations and analyses have identified ;;!_
f: specific areas of dissimilarity between the current documented requirements A
I for MEPGS generator sets versus proposed requirements set forth in the oty
Required Operational Capability statement. Concurrently, potential product Pﬁn‘
- improvement actions which would result in increased reliability, simplified sfdf
}: maintenance procedures and reduction of attendant noise ramifications have N
b been addressed. The following paragraphs provide a succinct discussion of ®
findings as they relate to major topics of ROC versus MEPGS differences, noise N
X suppression, IR, and reliability, :'qﬂ
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4.1 ROC Versus MEPGS Differences. The CGSA units generally have less
stringent but broader requirements than the MEPGS units. The scope of the
CGSA unit requirements is expanded to include NBC survivability/operability
with respect to high altitude Electromagnetic Pulse (EMP), compliance with
ART0-71, and set operability with MOPP IV gear. Areas in which the CGSA units
have significantly more stringent requirements are noise suppression,
reliability and testing/monitoring equipment.

The ROC for the CGSA units does not specify requirements for generator set
dimensions or weight, voltage connections and ratings, or grounding systems.
The CGSA units are designed to comply with MIL-STD-1332 Class 2, Electrical
Performance Standards, which are less stringent than respective MIL-SPECs for
the MEPGS units. The MEPGS requirements are also more stringent with respect
to environmental requirements, tiedown and lifting requirements. In
conclusion, the CGSA ROC requirements should, as a minimum, clearly outline
the required technical and performance characteristics as they are currently
addressed by the MIL-STDs and MIL-SPECs governing the MEPGS fleet. Any
finalized set of standards/specifications to be utilized as developmental
and/or procurement action should be a combination of both the CGSA ROC
requirements and MEPGS specifications. This will assure that all
documentation has been upgraded/revised to include all salient and desired

requirements of the ROC and those applicable requirements of the current MEPGS
fleet.

Modifications to the MEPGS set designs will upgrade the sets in areas
where the CGSA requirements are more stringent and should allow for the
adoption of current specifications that can be utilized on the new fleet. In
conclusion, these modifications will serve as an interim upgrade, pending
final disposition of the MEPGS family.

4.2 Noise Suppression. Absence of specific and stringent noise limit
criteria in current standards and specifications has resulted in fragmented
attempts to lower the hazards and aural signatures associated with MEPGS
generator sets. As new sound attenuation technology emerges, the ability to
quiet generators has proven to be attainable and operationally acceptable.
Thus, the focus of major attempts to resolve noise problems has been in a
retrofit mode, often in Product Improvement Programs.

Noise suppression designs to meet the specifications set forth in the ROC
and other MIL-STDS, are not without trade-off implications. Often, weight
constraints are prohibitive, designs are not compatible with system
operational requisites, and state-of-the-art materials and expertise are
extremely costly. All of these must be balanced against the perceived
necessity to reduce noise for both tactical and health/safety considerations.

Results of the industry surveys provided substantial proof that adequate
sound reduction is attainable. White Engines, Inc., Kohler Co, BBN Labora-
tories, Inc. and Alturdyne developed various prototypes which met the 70dBA at
7 meter maximum criterion. Their designs, while somewhat varied, adhered
closely to proven and conceptual sound attenuation engineering techniques.
These techniques were presented by companies such as Onan, in their responses
to the industry letter survey, and include:
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o Replacing existing components known to be major noise sources with
improved components (i.e. fans of both new materials and lower
operating speeds, mufflers/silencers)

o Isolating and controlling identifiable noise sources, through the use
of specially designed sound absorptive materials, air inlet/outlet
baffles and traps, etc.

0 Isolating mounting beams, skid mounts, housings and engine assemblies
through the use of soft mounts/dampers to reduce vibration and
transmission paths of noise.

o Enclosing the generator set with lightweight sound suppression kits,
specifically designed to absorb and diffuse sound emanations.

However, due to these approaches typically being retrofit, weight will
increase; optimistically from 5 to 15 % of system total. Also, in most cases,
established envelope restrictions will be violated.

In addition to these efforts, another successful application of sound
technology was the Regency Net Program. Modifications included adoption of a
new engine fan, new fan shrouds, different mufflers, addition of intake and
exhaust baffles, and addition of sound insulation and shock mounts. The
results of the program are an undeniable success and add validity to the fact
that sound suppression standards are achievable.

In similar efforts, VSE currently is developing sound attenuation
enclosures to meet the 70dBA at 7 meter requirements for the 5 and 10 kW
sets. Again, the weight trade-off is a reality, running approximately 325 lbs
and 375 1bs respectively. The major difference with these sets, however, is

that they are air-cooled. This establishes design parameters which vary from
liquid-cooled units.

Without question, it has been proven that the goal of T0dBA at 7 meters is
obtainable, but careful analysis of weight, size, operability, maintainabil-
ity, tactical requisites and life cycle cost impacts must be assessed prior to
beginning any major modification or improvement program. Ultimately, these
will validate the application of sound attenuation technology on certain sets,

(15 kW, 30 kW and 60 kW) while eliminating such application on others (100
KW).

4.3 IR Suppression. Any effort to suppress the IR signature of the
generator sets should be done in close conjunction with the noise suppression
effort. Certain noise suppression modifications increase the IR signature as
a consequence, and this type of modification must be avoided. Combined kits
have been developed by industry for various generator sizes, all using similar
technology such as enclosures with thermal insulation and cooling air fans.

IR suppression to acceptable levels is achievable, however, and could be
pursued further by industry if tasked to do so.
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4.4 Reliability. A review of government furnished reliability data has
uncovered several areas where corrective action or design improvements poten-
tially could improve the MTBOMF of the generator sets. The most pronounced of
these areas are the Engine Ignition System (specifically batteries), the Fuel
System, and the Control Assembly. Specific conclusions are listed for each
size of generator set as follows:

o 5 and 10 kW Generator Sets. The smaller diesel engine generator sets
have many commercial counterparts in service today. The heavier weight
of the MEPGS sets make the portability of the CGSAs quite appealing.

It is apparent then that an eventual phase out of these sets or a major
design modification of these two sizes will eventually result.
However, during the interim period of MEPGS set procurement and field
operation, several recommendations can be made to upgrade these units
to meet the requirements of the CGSA ROC. Battery problems are
extremely frequent and reliability improvements could be made in this
area. Analysis of control system failures reveals that vibration is a
ma jor cause of component malfunction. Solid state relays, which are
inherently less affected by vibration than their conventional mech-
anical counterparts, could improve the reliability of the control
relays, gages, and other components.

o 15 and 30 kW Generator Sets. These sets have the greatest potential
for modification efforts to bring their characteristics in line with
the CGSA ROC. In addition to the problem areas mentioned for the 5 and
10 kW sets, water-laiden fuel was a cause of many operational mission
failures in this generator set grouping. A fuel filter modification
could prevent such preventive maintenance problems.

o 60 kW Generator Sets. Engine failures were quite frequent in this size
set warranting an investigation of total engine replacement to improve
reliability. The wet stacking that has been reported to cause such
engine failures could be eliminated by performing load-factor analyses
on the generator sets in actual field use and match more closely the
generator size with the load requirements. Battery and control system
failures similar to those of the smaller sizes also were noted and
could be improved by solid state technology and battery replacement.

With respect to engine replacement, it was concluded that the use of
state-of-the-art engines will reduce the total generator set assemblage
weight. The use of newer, state-of-the-art solid state control system
elements should be incorporated as much as possible, to augment existing
generator set solid state and mechanical devices. This inherently will
improve reliability, while reducing life-cycle costs.

Although the increased use of current solid state technology can improve
the reliability of the control system, extreme caution should be used when
considering this solution. Solid state improvements present unique problems
of their own, and can only be considered for certain components. A
microprocessor-based control system such as proposed in the Industry Survey
should be considered only as a part of a complete rebuild of the generator
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sets, to include improved engines, housing, noise/IR suppression kits, and
incorporated EMP/NBC survivability.

o 100 kW Generator Sets. The current weight of this set does not allow
any significant modifications to be made to meet the stringent guide-
lines of the ROC. This being the case, relatively minor modifications
couid be applied to improve reliability in the near future, but an
eventual redesign or phase out of the entire set appears certain.

Additionally in conclusion, it also appears that the reliability of the
field data itself could be improved by placing more emphasis on accurate and
complete EIRs, QDRs, and SDCs. Industry Survey responses from LCE indicate
that the development of proper preventive maintenance and performance moni-

toring procedures can result in increased reliability through a reduction in
equipment failures.

It should be noted that prior to the implementation of any design
improvement it must first be evaluated using the following criteria:

Validity/feasibility

Time required for implementation
Cost of production

Field or depot retrofit
Logistics impacts

5.0 Recommendations. The following recommendations are consistent with
the stated purpose of this engineering evaluation and analysis, which is to
identify potential redesign/improvements for MEPGS sets.

5.1 General Recommendations: 5 Through 100 kW Generator Sets. Certain
design modifications are recommended for all of the subject generator sets,
with the objective of improving reliability in the current sets. The recom-
mended modifications are:

(1) Issue positive solar charging systems as auxiliary support
equipment for each generator set, to offset battery discharge.

(2) Investigate the cold start performance of various batteries. With

favorable results, replace conventional lead acid batteries used in the 24 Vdc
starting systems.

(3) Select and incorporate the use of a solid state battery charger to
enhance the existing charging system. Perform design modifications to ensure
compatibility with existing hardware.

(4) Replace existing electro-mechanical relays K1, K2, K3, K4 and K5
with their solid state counterparts. It is recommended that these components
be further examined for suitability of service. This change is best
facilitated if the solid state relays are hermetically sealed, covered (where
applicable) with a polycarbonate shield, used with an improved wiring harness,
and switched out on a one-to-one basis utilizing the existing socket pin
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configuration. Since no one-to-one solid state relay replacements are
currently known, these components will likely require a development effort.

(5) Identify specific sets where excessive vibration has lead to
wiring harness chaffing and remount/reroute harness to eliminate potential
control system shorting.

(6) Contact a few of the respondents to the Industry Survey for a more
in-depth analysis of their proposed improvements. As a minimum, it is
recommended that the following areas be further investigated through liaison
with industry: 5, 10, 15 and 30 kW set fuel system and reliability
improvements, and improved maintenance procedures.

5.2 Specific Recommendations.

5.2.1 5 and 10 kW Generator Sets.

(1) Pursuant to the favorable results of on-going development for
sound suppression modifications for the 5 and 10 kW sets at VSE, it is recom-
mended that this noise suppression kit be utilized for MEPGS sets. Acceptance
of this design modification eliminates any requirement for further noise
suppression analyses for the 5 and 10 kW sets.

5.2.2 15 and 30 kW Generator Sets.

(1) It is recommended that the existing fuel filters/strainers be
retrofit/modified with an automatic high water level warning light on the
generator set control panel. Utilize an impedance sensor submerged in the
base of the fuel filter canister. (NOTE: This would require a design
modification to the canister.)

(2) It is recommended that the basic principles of the sound
attenuation design modifications employed in the Regency Net prototyped be
utilized and applied to the 15 and 30 kW generator sets.

5.2.3 60 kW Generator Sets.

(1) It is recommended that a suitable engine replacement be
identified considering the below listed factors:

- Weight reduction

- Improved reliability

- Reduced noise level

- Interface compatibility with existing generator components and
overall dimensional envelope

(2) Investigate and incorporate, where feasible, a state-of-the-art
microprocessor control system into the replacement engine package.

(3) Utilize the basic principles of the sound attenuation design
modifications employed in the Regency Net prototypes, as required.
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(4) Retrofit existing fuel filter/strainers with an automatic high
water level warning light on the generator set control panel. Utilize an
impedance sensor submerged in the base of the fuel filter canister. (NOTE:
This would require design modification to the canister.)

5.2.4 100 kW Generator Sets.

(1) Retrofit existing fuel filter/strainer with an automatic high
water level warning light on the generator set control panel. Utilize an
impedance sensor submerged in the base of the fuel filter canister. (NOTE:
This would require design modification to the canister.)
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400 Hz - No data available

60 Hz - Based on data collection between 8/80 and 7/82, 50420 A (pg. 33) x
operating hours were logged with 208 Operational Mission A (pg. 34)

Failures. This yields a Mean Time Between Failure (MTBF) of

242.

The
was

The

~ala it et At At 2t e Lo ¥Rl Al ot

4 hours.

total number of unscheduled maintenance events in the period A (pg. 34)

595.

top 10 unscheduled parts replacement is as follows: A (pg. 35) ';’

Part

Battery

Muffler

Hour meter

Starter

Fuel gage
Regulator

0il pressure gage
Frequency meter
Frequency converter
Stator

LA Ko Do

N W P s

Quantity Replaced

88
38
26
16
16
13
10

9

9

8
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S REF.

60 Hz - Tests performed at Aberdeen Proving Ground completed in A (pg. 15)

¥
s
May 1979 and November 1981 resulted in a MTBF of 638 hrs during
4600 operating hours, and 650.8 during 1500 operating hours.

No other data available. "IM
400 Hz ~ Cumulative results spanning report periods of 7/85 - B ;.L
12/85 and 1/86 - 6/86 showed 11,065 operating hours, 59 un- gl
scheduled events, with 18 of these being not Mission Capable C (pg. vi) ‘h"“.)‘
events. MTBF = 11,065 = 614.7 hrs C (pg. 53) Ry
18 -
. 3
The 59 unscheduled events were in the following categories: «
Category Number of Events C (pg. 71) -&‘"}
2%
02 Engine fuel system 20 e
04 Power plant system 21 ?.? d
05 Control box assy 9 i{:w
03 Engine ignition assy 3 S
00 Generator set 4 l':'
01 Structural frame assy 1 ';:::o:
06 Generator assy 1 X
TOTAL 59 , @
o
Replacements of fuel injector pumps, drain cocks, fuel filters C (pg. 68) ::::
and tubes, and the repair of a fuel tank assembly accounted for )
the engine fuel system registering the highest number of un- Qk_,.
scheduled events. Repair of an oil filter assembly and replace- F RN
ment of an air cleaner cap, engine oil, air filters, a governor ~
control cable, and a hydraulic cylinder assembly account for ‘_T.;» X
unscheduled maintenance to the power plant system. ;\:‘g
Total unscheduled parts replacement is as follows: 3-:‘
Part Replaced Quantity ’Q‘..:
Engine oil 40 gal C (pg. 80) &
Filter element 6 - N
Air cleaner element 6 gk
Filter assembly 6 et
Fuel filter 6 ]
Total time meter 5 I:'
Battery 3 "“'\
Packing 2 :&:
Fuel injection pump 2 agilags!
Fuel supply tube 2 ‘:S\.
Drain cock 2 [ ]
Gasket 2 N
Fuse 2 i
Rotary switch 2 hj X
\
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Part Replaced Quantity W

AC volt meter

Air cleaner cap
Cylinder head assy
4-Cyl diesel engine
Fuel cartridge

Fuel tube

Fuel tank

Starter

Knob
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60 Hz - A test of 938.7 operating hours performed at Aberdeen
Proving Grounds in May 1982 showed a MIBF of 335 hrs.

0o Sample Data Collection field data over roughly the same
period (8/80 - 7/82) consisted of 37,223 operating hours with
A MTBF of 300.2 OMF events totaled 124

o The top 10 unscheduled parts replacement for this period
(8/80-7/82) is as follows:

Fire extinguisher
Rheostat, voltage

Part Quantity Replaced
Battery 27
Electrolite 16
Tank, ether 6
Relay 6
Exciter, static 6
Engine, diesel 4
Starter 4
Alternator 4
4
4

400 Hz - SDC cumulative field data collection from 8/80 to 7/86
logged 107,232 operating hours, 854 unscheduled events (458 of
these were OMF events) for a MTBF of 234 hrs.

o The 854 unscheduled events occurred in the following

‘gat % Tab 4% 1ac Aav ol T

categories:
Category Number of Events
05 Control box 306
04 Power plant system 204
02 Engine fuel system 130
00 Generator set 45
03 Engine ignition system 63
19 Hydraulic system 91
01 Structural frame assy 12
06 Generator assy _3
TOTAL 854

The highest unscheduled maintenance events reported were in the

control box assembly, consisting of various meter and gauge/

indicator replacements and repairs.

The unscheduled events

that accounted for the largest portion of the power plant
system man-hours were replacement of engine assemblies.

Total unscheduled parts replacement for this cumulative period

is as follows:

T e e R

REF.
A (pg. 15)
A (pg. 16)
A (pg. 37)
A (pg. 38)
D (pg. 8)
D (pg. 14)
D (pg. 29)
D (pg. 29)
D (pg. 27)
D {pg. 40)
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& 15 KW (Continued) 2 of 3
| REF.
Part Quantity Replaced
ﬁ Engine oil 319 quart
Actuator unit 90
Fuel filter secondary 51 \ '1
& Control unit 46 Ty
7 0il filter element 27 Ry,
Battery 27 e
g Engine assembly 25 _4’,':; ¢
Frequency meter 22 “o
Air filter element 21 o
Diesel fuel 20 gal .:,..r::
g Alternator, generator 16 .i.::n
Lube oil 16 quart l‘"
- Hydraulic fluid . 16 quart C?Q*
&" Fuel injection pump 15 "o
LA Drain cock 15 =
Control governor unit 15 WY
{0 Electric fuel pump 14
< V-belt 14
’ Relay assembly 13
) Incandescent lamp 13
‘ Current meter 13 3
Engine speed switch 12 o
Incandescent light 11 ','x_\_
i Incandescent lamp 11 Iy
Jf,} Variable rheostat 10 ;::_u'r‘
o In November of 1982 the electro-hydraulic governors of some D (pg. 40) ~r
, generators were changed to electric governor units and data ':-‘_’.’v

was collected on these modified sets. From 11/82 to 6/85
12,460 operating hours were logged, with 46 OMF events,
resulting in a MIBF of 270.9.

l.‘l
i

-~ or 2
,l
%
P

F-(l
Y
o
7

}.
o The top 10 unscheduled parts replacement for this modified D (pg. 40) ,._%
< generator for the period (11/82 - 6/85) is as follows: -:-::.\
;'u' :':\".‘
. Part Quantity Replaced :E
S,
N Load bank kit 12 SN
& Valve seal 8 2
Shutter gasket 5 ity
Shaft seal 4 :;:5
0 Current meter 4 b
' Circuit breaker 3 }_3.-“.4-
_ Speed switch assy 3 e
i" Alternator 2
Tube seal 2
Battery 2
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15 KW (Continued) 3 of 3

The general opinion is that the electronic governor assemblies
are much more reliable than the hydraulic governors and ex-
perience less unscheduled maintenance.

REE.

App. B
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REF. ®
! Ay
60 Hz - Test performed at Aberdeen Proving Ground completed in A (pg. 15) -{h@
February 1977 and March 1979 resulted in a MTBF of 320 hrs Y
gz during a 500 hour evaluation, and an MIBF of 751.5 hrs during S
2000 hours of operation. wa
S& o Sample Data Collection field data over a period between
b 8/80 and 7/82 compiled 29,157 operating hours, with 64 A (pg. 16)
) Operational Mission Failure events giving a MIBF of 455.6 A (pg. 47)

o R A
Eﬁ o0 The top 10 unscheduled parts replacement for this period ﬁ};
; (8/80 - 7/82) is as follows: °
» , y
:b Part Quantity Replaced A (pg. 48) "»\‘.""&
s Pt

Battery 34 AL
- Drain cock 10 oy
;.} KW meter 6 L
Fuel pump 4 AL
Total time meter 4 R
35 Starter 3 Ak
0 Terminal, stud 3 Do
Current meter 3 :x?yt
Voltage meter 3 5;
i Fuel filter cap 2 =~ oV
. 400 Hz - A 500 hour evaluation test was performed at Aberdeen A (pg. 15) \;ﬁ!
™ Proving Ground in February 1977 and results indicated an MTBF h&};
X of 588 hrs. RO
i
l! o The following is a list of the parts that failed during the gg 4
h APG test and the hours at which failed: :::’
e
. Failed Part APG Hours A (pg. 17) :::\
i“',.' -\’\
N Engine timing gears 1262 s
Over speed switch 2.5/81/210 -9 _
- Wiring 21 R
< Crank relay 81/365 ol
Hour meter 233 -i_;‘

The over speed switch that failed 3 times during the APG
test had a fix done to it after testing that field data L
confirmed was a solution to the problem. A

= Sample Data Collection cumulative field data for the period

8/8 - 7/86 logged 5723 operating hours, 135 unscheduled
X events (83 of these were Operational Mission Failure events)
‘ for a MTBF of 68.9 hrs
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30 KW (Continued) 2 of 3

The 135 unscheduled events were in the following categories:

Category Number of Events
00 Generator set 10
05 Control box assy 37
03 Engine ignition system 27
04 Power plant system 24
02 Engine fuel system 23
19 Hydraulic system 13
01 Structural frame 1

TOTAL 135

The highest number of unscheduled maintenance events were in
the control box assembly, with fluctuating frequency, fluc-
tuating or no voltage and fluctuating engine speed as the
most common deficiencies. The second category for
deficiencies is the engine fuel system including fuel leaks,
dirty fuel filters and inoperative fuel injectors. For the
engine ignition system the chief deficiencies were weak or
dead batteries and a few inoperative alternators. Several oil
leaks and dirty filters appeared in the power plant system
and leaking of the hydraulic actuator accounted for most
deficiencies of the hydraulic system. The structural frame
assembly had a missing gasket in the battery box door.

Total unscheduled parts replacement for this cumulative
period is as follows:

Part Quantity Replaced

Battery 20
Engine oil 16 quart
Hydraulic actuator 14
Injector pump

Control governor unit
Antifreeze

Frequency meter

Watt converter
Alternator

0il filter

Drain cock

0il pan gasket

Gasket kit
Incandescent lamp
Kilowatt meter
Injector pump seal
Engine starter

Air filter

gallon
set
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D (pg. 73)
D (pg. 71i)
D (pg. 80)
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30 KW (Continued) 3 of 3 Mat
REF. °
e
QR
Part Quantity Replaced o
Rheostat 2
Speed control switch 2
Special assembly relay 2 v
Load bank kit 2 NN
Static exciter 2 oA
Current meter 2 P
xﬂxi
Since many times the generators sit idle for several months, b RILE
what may actually be responsible for many deficiencies is App A

deterioration through lack of use.
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60 KW 1 of 2

60 Hz - Tests performed at Aberdeen Proving Ground in June 1978
logged 1000 operating hours and gave a MTBF of 375 hours

o No other data available.

400 Hz - A 3000 hour test completed at Aberdeen Proving Ground
in September 1977 produced a MIBF of 564 hours

o Sample Data Collection field data for the period 7/76 through
6/77 covered 251,384 operating hours and documented 96
unscheduled maintenance events. No MIBF can be calculated
however since it is unknown how may of these events result
in mission failures.

o The top ten replacement parts for this period (7/76 - 6/77)
are as follows:

Part Quantity Replaced
Air filter element 1828
Filter element 1704
Filter element 1031
Actuator 109
Control governor 103
Generator 62
Excitation 37
Pump assembly 34
Relay assembly 22
Indicator 18

o Cumulative SDC field data collected between 7/85 and 6/86
over 5527 operating hours resulted in 75 unscheduled events,
43 of which are non-mission capable, giving a MTBF of

122.8 hours.
0 The 75 unscheduled events occurred in the following
categories:
Category Number of Events
05 Control box assy 35
04 Power plant system 15
02 Engine fuel system 14
00 Generator set 5
19 Hydraulic system 4
03 Engine ignition system 2

------

REF.

A (pg. 15)
A (pg. 15)
A (pg. 53}
A (pg. 55)
D (pg. 56)
A (pg. 57)
C (pg. 1v)
C (pg. 14)
C (pg. 28)
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60 KW (Continued) 2 of 2 A
REF. ®
! FV",
A o Adjustments to the governor control units and replacements C (pg. 26) -\If
of hour meters and frequency meters account for the control -'\‘,)f
box assembly registering the highest number of events. \.;’, :
Replacements of engine assemblies, governor assemblies, and :’*v \
oil and air filters account for unscheduled maintenance to )
) the power plant system.
4
b o Total unscheduled parts replacement for this period (7/85 - C (pg. 36)
B 6/86) is as follows:
[N
;u Part Quantity Replaced
e 0il filter 26
e
o Governor 6 gallon
) Hydraulic oil 6
N Actuator assembly 5
> Fuel pump meter 4
' 0il filter element 4
Total time meter 4
. Fuel pump 3
& Engine assembly 2
Primary fuel filter 2
. Secondary fuel filter 2
i Filter element 2 o
Alternator belt 2 L
Radiator hose 2 o
N Gasket 2 o
oS Loop clamp 2 e
Relay assembly 2 e
Excitation system 2 LR
!,,. Hertz meter 2 sets o
N Hydraulic fluid 2 quarts o
Continuous speed switch 1 Y
o Fuel level switch 1 o
. Fuel tank 1 W
Starter assembly 1 .®
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60 Hz - No available data.

400 Hz - No available data.
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LIST OF REFERENCES

RAM baseline for MIL-STD generators produced by TROSCOM Product Assurance July
1986

Sample Data Collection, Logistic Management Analysis Semi-Annual Report 21 July
1985 - 31 December 1985

60 KW 400 Hz DED MEP 115A
10 KW 400 Hz DED MEP 112A
produced by COBRO Corporation for TROSCOM April 1986

Sample Data Collection, Logistic Management Analysis Semi-Annual Report 1
January 1986 - 30 June 1986

60 KW 400 Hz DED

10 KW 400 Hz DED

produced by COBRO Corporation for TROSCOM October 1986

D - Sample Data Collection, Logistics Management Analysis Semi-Annual Summary 1 Feb

1986 - 31 July 1986
15 KW 400 Hz DED MEP 113A
30 KW 400 Hz DED MEP 11l4A
produced by COBRO Corporation for TROSCOM January 1987
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Mr, Michacl Soees Li‘“
Lira Electric Qanpany, Inc. \,
+ P, Box 918 -3
- Liza, Ohio 45402 -
. . |".\'
: DAL M@. Spees: ::,"n‘:
A . Ot
¥ The Ary io planning a prograa to puild improved prototypes of our current ‘ "::e
- standard family of Dol Ciescl Engine Driven uenerator Sets in sizes Skw, LOxki, . OB
:‘Ji i3al, 30aw, oUk &nu 100kW, Our primary areas of interest are reliability, ¢ @
wolse and infrared suppression. Lo
e
e The purpo.e of this quastionnaire is to solicit industry input for resolving ‘ :
{_ uperational problems of the DoD yenerator set tleet. OQOompletion and return of '
the yuestionnaire anu any axlitional informacion you mmy wish to furnian, is © O
. appreciated. The inforuation thus furnisbed may be tne basis for procurement oc Y
ﬁ services anu waterial for purposaes ot experimentatica, and for eventual incor- PR
2 poration inw the improved generator set fleet. In the interest of protecting L
your canpany's technology, it is requasited that any intformation furniabed at O
x tiis time ve of a non-proprietary nmature; turthermore, it must be understood , :
oo that any information furnishea as a result of this questionnaire is without Y
' obliyation to tne GCowernnent. Your infaormation i3 requestad by March 16, 1347.

Please cuntact ae if you have any questions at (703) 664-5536.
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QUESTIONNAIRE

e e,

1. Are you a manufacturer of diesel engine driven generator sets or of major 5

component(s) used on generator sets? Please describe,

ol X

If you manufacture other diesel engine driven equipment, what is the equipment? M

X R
o

2. What is an estimated average yearly usage for your equipment? -¢¥

¥

o %s

What is the estimated operating cycle of your equipment (8 hours per day, 5 days

jof

per week, etc.)? Please describe,

>
R

S
X%

3. By what methods do you receive feedback from users on your equipment

€~ 3

] @R

4

(application, engineering, sales, warranty replacements, etc.)? Please

»x2

cx

2wy
-,

wn
B S

describe.

2
20

)
. S', v.

4. If you are not a manufacturer, what is your position in the market place?

L T

5NN

7
I

Please furnish description,

'®

2

5. The DoD generator sets, cnce in user hands, are operated outside, exposed to

4,

-y
P&
54

'\
EQ the elements in many parts of the world and are exposed to all climatic con-

5.
"
y

olals

-~ ditions. Their operating cycle may be around the clock, for extended periods,

Y XY_¥

with short shut down intervals for servicing or they may sit idle, being

o operated only a few hours per month. The majority of our sets are trailer
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mounted on open trailers and during some field exercises they are frequently

S5

transported over roads ranging from highways to open cross country terrain, The )

L Al 4
.f L

sets are typically operated by soldiers primarily trained to operate other ?«!k

equipment such as radios, radar, trucks, etc. Typically they are maintained by

trained repairmen with limited experience. If you are interested in the

g reliability portion of the program, please consider the above, look at the SR
.‘l,", ;‘y‘
attached reliability tree and answer the following questions: “;

. A LR
iﬁ a. Based on your experience, what part(s) of the tree do you think you can f $¢
‘ e

. Y
improve? %ﬁﬁ
" )
8 (5]
-2
e b. How much improvement do you think you can provide? iii‘
1 *.‘n.', .
24

A\

c¢. Describe your approach for making the improvements. 3}!{

(L

A
o
w0
y Rty
d. Furnish a cost estimate for your program. . ﬁgz_

. '.x

6. The generator set described in the attached figure is a typical military i*g
g \‘A‘.

W
1iquid cooled diesel engine driven generator set. [t is designed so that the Eg'.
Y

engine fan pulls air through the generator end for cooling the electrical ®
apparatus, as well as combustion air and cooling air for the engine. The air is {if:
_ ]
discharged through thermostatically controlied louvers on the radiator end. The -}Zf'
P

120hp at 1800 RPM/6 cylinder turbocharged engine uses a 15hp standard four blade °
Y
metal fan for moving the air. The engine muffler is located within the set & 1
)

housing and the engine exhaust is out the radiator end near the top. The :;ﬁt
o

generator is single bearing, four pole, with a synchronous speed of 1800 RPM. ~
» U
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The engine generator set assembly uses a three point mounting, two generator
feet and an engine trunnion mount, and is mounted directly to the skid base.
The present noise level of the set is 87dBA at a 7 meter distance from the set.

The set has a metal housing, with all bolted constructicn. The present housing «+

= B S

muffler offers very little sound attenuation. Considering the above, please

answer the questions applicable to your area of interest.

s

a. Please describe your general approach for lowering the noise emitted

from the set in any direction to 70 dBA at 7 meters.

P 5%

=]

b. What would be your guesstimation of the sat weight and dimensional

increase required for your sound attenuation effort?

P

C. Please describe your general approach for decreasing the infrared signa-

ture of the set.

<-4

X

ol

d. What would be your guesstimation of the set weight and dimensional

increase required for decreasing the infrared signature of the set?

-
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e. If you are interested in both the sound and infrared reduction efforts,

how do you foresee their interrelation?
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f. What would be your guesstimate of the net set weight and dimensional

increase for both efforts?

LT
L
* s oY

PN

G N

A

g

,
Mg
('l

B T T T A A o e A N Y Y

A
K

Ny
o_a»

FEL LT

z
Col'd

Sy

...,
@
LS,

v

.l \;‘I .l

-
et
L)
Al

.’
s

o 'r"-i: ","l
‘»';’ X, 'l. "-]. £
.' i "_ P4 V)

e
Y

<@ ¥

rrt
J' ’

o,
Al P
o - - R’ A

A A A SN



N
-

e S

W A

by |
{4

Y

i N P §

s

<Rl

e S R

PR

AY

MIL-STD-633E-24
22 February 1980

MILITARY STANDARD
MOBILE ELECTRIC POWER
ENGINE GENERATOR STANDARD FAMILY
MEP-006A, 60 kW, 50-60 Hz, DIESEL ENGINE-DRIVEN GENERATOR SET
CHARACTERISTICS DATA SHEET

CLASSIFICATION

Description: 60 kW @ 0.8 power factor, 50/60 Hz, 120/208 V, 2u40/416 V

Model: MEP-0064A Type: I (tactical)
NSN: $115-00-118-1243 . Class: 2 (utility)
Spec:  MIL-G-52884/8 : Mode: I (50/60 Hz)

PHYSICAL CHARACTERISTICS

Dimensions: See Figures 35 and 36 on pages 125 and 126.
Weight: H42U0 lbs (1923 kg).

Mobility: Fully housed. Mounted on skid base. Lifting and tie~down attach-
ments provided. Fork lift provision.

Engine: Diesel. Std: MIL-STD-1410. Horsepower: 167 @ 1800 RPM. No. of

eyl: 6. Cycle 4. Liquid cooled. 24 VDC electric start. Operating speed:
50 Hz: 1500 RPM, 60 Hz: 1800 RPM. Fuel tank capacity: 55 gallons (approx
8 hours at rated load). Fuel pump lift: 12 feet.

Fuel:
Primary: VV-F-800; Diesel Fuel 0il, types DF-1, DF-2 and DF-A.
Emergency Fuel: MIL-T-5624, Aviation Turbine Fuels, grades JP-4 and JP-5.

Electrical:
Drip proof generator enclosure. Capable of parallel operation. Fungus and
moisture treatment. Solid state voltage regulator. Brushless rotary exciter.

Voltage Connection:
60 Hz: 120/208 V, 3 phase, 4 wire. 240/416 V, 3 phase, U wire.
50 Hz: 120/208 V, 3 phase, 4 wire, 2u40/416 V, 3 phase, 4 wire.
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MIL-STD=-633E-24
22 February 1980

Protective Devices: Short circuit protection. Overvoltage protection.
QOverload protection. Reverse power protection. Low 0il pressure cut-off
switch. High temperature cut-off switch. Low fuel level cut-off switeh.
Overspeed cut-off switch.

Instrumentation: Voltmeter. Frequency meter. Ammeter. Hourmeter. Wattmeter
(% load). O0il pressure gage. Battery charging ammeter (% current). Fault
indicating system. Coolant temperature indicator. Fuel level.

FUNCTIONAL/OPERATIONAL CHARACTERISTICS

Reliability: Mean Time Between Failures (MTBF): 500 hours (specified).

Fuel Consumption: 6 gph at rated load.

Electromagnetic Interference: Suppression to MIL-STD-461 limits.

Voltage Fregquency
Steady State Stability (variation)
Short Term (30 sec) 2% Bandwidth 2% Bandwidth
Long Term (4 hours) 4% Bandwidth 3% Bandwidth
Transient Performance
Application of rated load 20% Dip 3% Undershoot
recovery 3 Sec 3 Sec
Re jection of rated load 20% Rise 4% Overshoot
recovery 3 Sec 3 Sec
Application of simulated motor load 40% Dip
recovery 5 Sec
Waveform
Maximum Deviation Factor 5%
Individual Harmonic 2%
Regulation 3% 2-3% (Adjustable)

Ad justment Range for Standard Voltage Connections

120/208 V Conn: 60 Hz: 197 to 240 V. 50 Hz: 190 to 213 V.
2U40/416 V Conn: 60 Hz: 395 to 480 V. S0 Hz: 380 to 425 V.

Frequency Adjustment Range: 58 to éz Hz. 48 to 52 Hz.
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22 February 1980

ENVIRONMENTAL DATA

Power Qutput at Environmental Conditions:

60 kW, 60 Hz, S=a Level: Minus 25° F (=31.7° C) to plus 125° F (+51.7°C)

60 kW, 60 Hz, 5000 feet: Minus 25° F (-31.7° C) to plus 107° F (+41.7° C)

50 kW, 50 Hz, Sea Level: Minus 25° F (-31.7° C) to plus 125° F (+51.7° C)

50 kW, 50 Hz, 5000 feet: Minus 25° F (=31.7° C) to plus 107° F (+41.7° C)
Winterization system extends lower temperature limit to minus 65° F (-53.9° C).

Shock and Rough Handling: 10 mph railroad impact. 12 inch end drop. Truck
and trailer transportation.

Attitude: Operate with base level or inclined no more than 15 degrees from level.

Noise Level: 86 dbA @ 25 feet.

OPTIONAL EQUIPMENT

See 4.4.3 of MIL-STD-633 for additional information on optional equipment.

Description NSN Weight 1lbs (kg) Effect on Dim (ins)
Wntzn Kit (Fuel burning) 6115-00-407-8314 45 (20.4) Int
Wntzn Kit (Electric) 6115-00-455-7693 40 (18.1) Int
Wntzn Kit, Aux, Fuel

burning 6115-00-463-9098 350 (158.8) Aux: (U4lx40x26)
Wntzn Kit, Aux, Elect. 6115-00-463-9099 260 (117.9) Aux: (36x27x19)
Remote Control Box 6115-00-420-8490 8 (3.6) Int
Load Bank 6115-00-407-8322 272 (123.4) Ext: H+15
Wheel Mounting Kit 6115-00-463-9092 564 (255.8) Ext: L+8,We32,H+9
Panel, Auto, Load

Transfer, 60 Hz 6115-00-477-7932 825 (374.2) Aux: (UUx19x42)
Paralleling Cable 6140-00-197-4934 4 (1.8) Ext: (L=25 ft)
Relay Assembly, Precise 6115-00-276-7622 Int

REFERENCE DOCUMENTS

Technical Manuals:

Army Air Force Marine Corps Navy
™ TO NAVFAC
5-6115-545.12 35C2-3-44ba] TM-00038G-12 P-8-626-12
5-6115-545-34 35C2-3-44422 TM-00038G-35 P-8-626-34
5=6115-5U45.24p 35C2~-3=444Y4 SL-N0038G P-8-626-2uUP
Lo
S5-6115-545-12
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Manufacturers-Survey Names and Addresses
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(1) ACME-URDC, Inc.

C/0 Air Supply Company
Gwynedd Plaza Suite 302
Springhouse, PA 19477

(2) Allard, Ed Ph.D
7351 H. Lockport Place
Lorton, VA 22079

(3) Alturdyne
8050 Armour Street
San Diego, CA 92111-3788

(4) American Development Corp.
1930 Hanahan Road
North Charleston, SC 29406

(5) American Solenoid Co., Inc.

60 New Brunswick Td.
P.0. Box 430
Somerset, NJ 08873-9990

(6) Applied Concepts Corp.
P.0. Box 190

405 Stoney Creek Blvd.
Edinburg, VA 22824

(7) Aquanautics Corp.
4560 Horton Street
Bldg. Q, #111
Emeryville, CA 94608

(8) ARINC Research Corp.
2551 River Road
Annapolis, MD 21401

(9) BBN Laboratories
10 Moulton Street
Cambridge, NA 02238

(10) BDM Corp.
7915 Jenes Branch Drive
McLean, VA 22102-3396

(11) Burdshaw Associates, LTD.
4701 Sangamore Road
Bethesda, MD 20816

(12) CACI
8260 Willow Oaks
Fairfax, VA 22301

-----------
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{13) Clark Equipment Co.
Clark Laboratory Service
821 East Front Street
Buchanan, MI 49107

(14) Chronur Corp.
P.0. Box 177
Princton, NJ 08642

(15) Designers and Planners, Inc.

2011 Crystal Drive
Arlington, VA 22202

(16) Deutz Corp.
7585 Ponce De Leon
Atlanta, GA 30340

(17) Diesel Engine Sales
2200 East 89th Street
Los Angeles, CA 90002

(18) Electrical Generating
Systems Association

P.0. Box 9257

10251 A. West Sample Road
Coral Springs, FL 33065

(19) Electric Tachometer Corp.
68th and Upland Streets
Philadelphia, PA 19142

(20) Fermont Division
141 North Avenue
Bridgeport, CT 06606

(21) Glar-Ban
196 Wales Avenue
Tonawanda, NY 14150

(22) Grumman Aircraft Systems
Mail Station B06-05
Bethpage, NY 11714-3582

(23) Hartman Electrical Mfg.
C/0 Air Supply Company
Gwynedd Plaza II Suite 302
Springhouse, PA 19477

(24) Ingersoll-Rand
501 Sanford Road
Mocksville, NC 27028
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(25) International LTD.
10645 Railroad Square
Suite 200-B .
Fairfax, VA 22030

' (26) Kinetics Group, Inc.
§ P.0. Box 1071
2

Mercer, Island, WA 98040

(27) Libby Corporation
P.0. Box 34200
Kansas, City, MO 64120-4200

o (28) Lima Electric Co., Inec.
ﬁ; P.0. Box 918
Lima, OH 45802
SE (29) Michigan Technology University

Division of Research
Keweenaw Research Center

v Houghton, MI 49931
. or
Houghton County Memorial Airport Road
Y Calumet, MI 49913
T (30) NTS

6845 Elm Street, Suite 511
McLean, VA 22101

=

(31) Pacific Electron Corp.
7200 E. Fifteen Mile Road
Sterling Heights, MI 48077

R

(32) Peter Diesels, Inc.
! 4761 Hugh Howell Road
. Tucker, GA 30084

(33) Science Applications

-~ International Corp.
T-4-4, 1710 Goodridge Drive
= P.O. Box 1303
» McLean, VA 22102
. (34) Guyer Santin, Inc.
N 917 Tth Street
L

(35) Homelite Division
P Textron, Inc.
N P.0. Box TOUT
Charlotte, NC 28217

(36) Interface, Inc.
2066 North 14th Street
Arlington, VA 22201

(37) John R. Hollingsworth Co.
P.0. Box 430
Phoenixville, PA 19450

(38) Kohler Co.
Kohler, WI 530u4

(39) Life Cycle Engineering, Inc.
1 Poston Road, Suite 300

P.0. Box 300001

Charleston, SC 29417-3000

(40) Morrison-Knudsen Co.
P.0. Box 7808
Boise, ID 83729

(41) Onan Corp.
1400 73rd Avenue NE
Minneapolis, MN 55432

(42) Paone Associates
8032 Whitting Drive
Manassas, VA 220111

(43) Power Technologies, Inc.
P.0. Box 1058

1482 Erie Blvd.

Schenectady, NY 12301-1058

(44) Snyder Industries, Inc.
4700 Freemont

Box 4853

Lincoln, NE 68504

(45) Southwest Research Institute
P.0. Drawer 28510
San Antonio, TX 78284

(46) Square D Company
P.0. Box U000
Pinellas, Park FL 34290

o

(47) Stirling Power Systems

7101 Jackson Road Ly

P.0. Box 1187 th‘

Ann Arbor, MI 48103 B
e
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(48) Sundstrand Turbomach
4400 Ruffin Road

P.0. Box 85757

San Diego, CA 92138-5757

(49) Techmedia Corp.
121 North Orianna Street
Philadelphia, PA 19106

(50) Tecogen, Inc.
45 First Avenue
Waltham, MA 02254-9046

(51) Teledyne W-F Industries
Dyer Industrial Park

P.O. Box C

Dyer, TN 38330

(52) Tri-Ex
P.0. Box
Eatontown, NJ 07724

(53) United Technologies Automotive
P.O. Box 85

One Diesel Drive

Columbia, SC 29202

(54) White Engines, Inc.
P.0. Box 6904
Canton, OH 44706

or
101 11th Street SE
Canton, OH 44707

(55) Springfield Research Associates
7830 Backlick Road

Suite 404

Springfield, VA 22150

(56) Stewart & Stevenson
P.0. Box 1637
Houston, TX 77251-1637

(57) Suma Corp.
2025 Castle Road
Woodstock, IL 60098

(58) Systems Integrated
1630 South Sunkist Street
Anaheim, CA 92806
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(59) Technology Applications, Inec.
6101 Stevenson Avenue

Suite 527

Alexandria, VA 22304

(60) Teledyne Total Pwr
3409 Democrat Road

P.0. Box 181160
Memphis, TN 38181-1160

(61) Tiernay Turbines
P.0O. Box 20644
Phoenix, AR 85036-0644

(62) TVI Corp.
10700 Hanna Street
Beltsville, MD 20705

(63) VTEC Laboratories, Inc.
212 Manida Street
Bronx, NY 10474

(64) RMS Technologies, Inc.
5 Eves Drive

Evesham Corporate Park
Marlton, NJ 08053

(65) Mechanical Technology, Inc.
968 Albany-Shaker Road
Latham, NY 12110
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9 April 1987
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U. S. Army Research, Development
and Engineering Center

ATTN: STRBE-FGP (Mr. Bishop)

Building #326

Ft. Belvoir, VA 22060

&
2

-« 1 ] (3
NN
e

10

SUBJECT: MEP Questionnaire Response

.
7

Y XN
o e o Y

~

9

Dear Mr. Bishop:

-
-1. .

4

A
e
\ :

Thank you for the opportunity to discuss computer con-
trol technology on 20 March 87 and our subsequent PHONCON's
in reference to your questionnaire. Attached, please find
our response to the reliability portions of that question-
naire. As you are certainly aware, the generator control
circuitry accounts for more than one third of all failures
of the DOD generator fleet. Our computer control design has
a broad effect on the sub-components of the control cir-
cuitry by eliminating many of these sub-components and in-
corporating their functions into the controller software.
The additional 1life cycle cost benefits (more simplified
maintenance, reduced manufacturing/PIP costs, reduced
weight, reduced complexity, fewer parts in the inventory,
etc.) are not addressed in detail in our questionnaire
response; however, we would welcome the opportunity to dis-
cuss these issues whenever your schedule would permit.

5
v
{J‘
.

In our PHONCON of 2 April 87, you mentioned your re-
quirement to have a recommendation on improved prototypes by
the end of April 87. If it would assist in your decision
process, we stand ready to brief you on any technical or

5 EVES DRIVE
EVESHAM CORPORATE PARK
MARLTON, N.J. 08053
(6089) 596-5775
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management aspect of our proposed project during the week of
20 April 87. I invite you to have any technical personnel

present that you may desire, for as detailed a review of the
topic as you may wish.

& Looking forward to our next visit.
0 Sincerely,
o

% Wl I 5%/»\

william G. Flynn
: Program Manager
Automatic Test Equipment
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MEPP -

QUESTIONNATIRE RESPONSE

VT 2T ey

' 1. Not at this time. See questions 4 and 5 below.

AKX A

~
?%?g

N/A
' : ¥
' 4. RMS Technologies is in the unique position to have ;ﬂﬁﬂ
extensive expertise in both computer control operating X
! systems and power generation design engineering. At W
present RMS Technologies has initiated a breadboard ®
design effort for a Computer Control Box Assembly (CCBA) vﬂj“
| that would replace most of the closed loop control M !
N circuitry currently employed in DOD Mobile Electric ﬂ%&u

Power Plants (MEPP). RMS Technologies has a proven

n track record for state-of-the-art software design and
development (FAA's Radar Analysis Support System), sys-

tems integration (U.S. Navy Local Area Network - White

iz

SAVRE
<
Oaks) and maintenance support (FAA Technical Center - s“ﬁxt
\ Test Program Set Development). Our present staff in- tﬂggx
) cludes mechanical and electrical engineers who have more }A@ﬁ
than 35 years of experience in power generation equip- N,
y ment design and maintenance. Our operating system ®
software and functional system software capabilities are PAASY
vastly more capable than that level of experience neces- i‘“‘
sary to control and monitor DOD standard MEPPs. 5%?
: 4 _
5. RMS Technologies proposes to replace the majority of the 3ﬁ§i
current generator control circuitry with a solid state, ®
microprocessor driven Computer Control Box Assembly RIS
. (CCBA). Specifically, the Governor Control Unit, Tacti- Iﬁh?&
cal Relay Box, Special Relay Box, Precise Relay Box, o
‘ Static Exciter/Voltage Regulator, Fault Indicator and DC ha~
D Circuit Board, and Electrical Governor Control would be N
entirely removed from future MEPPs. The Control Cubicle '“:’
Assembly and MEPP wire harness would be significantly IR
simplified. The removed components would be replaced Ol
with the CCBA similar to the one described in the at- NN
’ tached Project Assessment. This will reduce Generator NI
Control System fallures by approximately 50%. In place }33fl
. of these removed or reduced components, RMS proposes to xTaTn
i install the CCBA, consisting of four printed circuit n;%
boards (prototype model will have six PCBs) and a power AN
N supply housed in three lightweight metal encasements. Qﬁﬁ?
) The replaced components largely become a function of the ;‘,v
. system software of the CCBA. Although empirical MTBOMF M
data for the CCBA is not yet available, engineering s

estimates for comparable solid state circuitry (pro-
tected by optic cuplers, filters, metal encasements,




etc.) operating in a field environment would indicate
between 2 and 3 failures for each of four PCBs during
! 100,000 hours of test timae. This estimate gives no
consideration to the simplified wire harness requirement
gﬁ and the improved reliability resulting therefrom.

In addition to the significant improvements in MEPP
reliability, availability, maintainability and durabil-
ity (RAM-D), the additional benefits of more simplified
maintenance procedures, reduced manufacturing or PIP
costs, reduced size and weight per unit and possibly
most important - the reduced life cycle cost due to less

=8

m' maintenance and fewer spares in the inventory are all
'¢ benefits that occur from CCBA technology.

o RMS Technologies' approach to achieve the above proto-
o type MEPP is outlined in the attached milestone chart.

We would require a Government furnished, trailor mounted
60KW MEPP along with a skid mounted engine/generator
test model. Nine additional equipments are identified
on the attached GFE Equipment List. These equipments
could be provided as GFE or leased for a six month
= period. oOur current engineering effort would be changed
" from a secondary “"as time permits" effort to a principal )

corporate project. Since all management and engineering ‘
o personnel assigned to this project have extensive prior
i experience in Army Program Management offices, the pro-

ject would be conducted in accordance with doctrinal
Program Management procedures well known to Government
Q personnel. A maximum amount of Government participation
Y and review of the developing project would be
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[ A. A clear Proof of Principal demonstration of the CCBA " :;\
technology in accordance with a Government provided test ne

= plan. RMS Technologies recommends a challenging Test e
ys and Acceptance Procedure from Government pre-production Qi.
test files or that a test plan be jointly developed for e

" this specific project. et
J-' L
& B. Return of all GFE equipment at the conclusion of .the 2.
project. Wi
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- C. All test and performance data results to be provided for .?ﬁ
Government review and retention. oo
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o ' a?\f
-~ Program Manager - Senior Principal Engineer ?ﬁ*;
_ - Project Leader - Principal Engineer ]
: - Lead Engineer - Electronic Technician paoi
K -~ Quality Assurance - Consultants PS
T,
2 HARDWARE /MATERIEL s
; 4 ¥
?
~ Terminals - Pin Boards - Control Panel $ 26,000 "
. - Connectors - POL - Wire Harness A
. ~ Actuator - Engine Panel - Enclosures ‘e
‘N&'
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$101,801 . ®
: TOTAL_COST*

‘ Direct Labor $257,989
- ODCs with G & A $101,801

$359,790 e
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UIREMENTS_(GFE or RENTAL)

1. LOAD BANK (7S5 KVA)

2. EPROM PROGRAMMER - DATA 1/0 CORP 22B
OSCILLOSCOPE, HP-1980B

o 4. FREQUENCY COUNTER, HP-S531SB

v S. FUNCTION GENERATOR, WAVETEK-17S
LOGIC ANALYZER, HP-1630G

7. SPECTRUM ANALYZER, HP-3582A

8. BRIDGE, GenRad 1657-9700

9. RECORDER, LIGHT BEAM HONEYWELL 1858
1889 PLUG-IN
1881 PLUG-IN

k) 1882 PLUG-IN

TOTAL RENTAL FEES:

NOTE ¢ All
costs.

equipment
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MONTHLY
RENTAL

FEE

N/A
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?17.00

109,00

347.00

847.00

798.00

140.00

888.00
77.00
75.00
75.00
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6 MONTH G
TOTAL e
FEE
N/A N

1092.00

5502.00 v
654 .00 i

2082.00

©282.00 N

4788.00 N

\'{ﬁ
840.00 A

5328.00
4462.00 g
450.00 Ry
450.00

$4455.00

alleviate

$26730.00
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" ARMY MEPP
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EQUIPMENT REQUIREMEMNTS (GFE or RENTAL)
1Y
\ ITEM IDENTIFICATION MONTHLY & MONTH
~ RENTAL TOTAL
FEE FEE
g 1. LOAD BANK (75 KVA) N/A N/A
oy
I 2. EPROM PROGRAMMER - DATA 1/0 CORP 228B 182.00 1092.00
X 3. OSCILLOSCOPE, HP-1980B 917.00 5502.00
v 4. FREGUENCY COUNTER, HP-5315B 109.00 654 .00
&.R
. S. FUNCTION GENERATOR, WAVETEK-1795 347.00 2082.00
¥ R
[y ' N X '
6. LOGIC ANALYZER, HP-14306G B847.00 5082.00 }st
i °
. s
7. SPECTRUM ANALYZER, HP-3582A 798.00 4788.00 s
i;t' i: .‘:
Y pLS
i 8. BRIDGE, GenRad 1&57-9700 140.00 840.00 ﬁ%?
- 1
°
o R
e 9. RECORDER, LIGHT BEAM HONEYWELL 1858 8688.00 5328.00 tﬁﬁ.
1889 PLUG-IN 77.00 462.00 Toved
N 1881 PLUG-IN 75.00 450.00 ]
i~ 1882 PLUG-IN 75.00 450.00 MY
. b Rl Y
. TOTAL RENTAL FEES: $4455,00 $26730.00 ufz‘
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r_".[_ \
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RAM-D IMPROVED PROGRAM SCHEDULE: U.S. ARMY MOBILE ELECTRIC POuER

C——— .-
- - - - - - - - - -

ot S - -
- MILESTONE IMONTHIMONTHIMONTH IMONTH I MONTH I MONTH I REMARKS /NOTES | | MILESTONE 3/

1 12 1 3 1-4 1 5 1 6 1 i 7

ﬂ‘a:‘li“.::::r&\._'.ﬂ____.___.._-_-______--___...._____-_.____-.._—-——-———————-___..______....______..___-_____‘.d,~7
PROGRAM MANAGEMENT: | | I I | I I P TDP: g ¢
. ( | [ | [ | ! ' Tyt
;- -PROBRAM MANAGER 1< = —l= = =|= = =|= = —}|= = =|= = > It LEVEL I Dawxmf-'a

S : | I I I ! I | I
- PROJECT LEADER ¢ = =1= = =l= = =|= = ~|= = =|= =] i PARTS LISTS /%, %44

2 s T 1 1% === === B | 1 | { | 1 [ -4

! DESIGN/FAB I i | | | I | I BOM e

i CONTROLLER: ! I I I I I I 1 "t
e | | n | [ I | L1 TMDE/SP TOOLS ROMTS. tex |

sl _DESIGN PCB 1 1<===>1 i [ [ | I | |=====ss=sccacc=Teaimg?, -

{ P | ! | | 1 | ! ' QA/CM/TEST: %
- DESIGN PCB @ [ 1¢===>1 ! ! ! [ ' )
- : [ I ! [ i I I Il BREADBOARD TEST 3

DESIGN PCB 3 1<===>1 I [ | 1 ! I = 4

e | ! | | ! | | It PROTOTYPE TEST &

! " DESIGN PCB 4 | 1<===>1 I I ! I " o 4
g ’ | ] ! I ! ! ! Il @A ACT/INSPECTIONS - 3%

f - - FAB PCB 1 | ] {==|====>] i i | ||===n========2==e=ee§;’f

9 [ I ( [ [ | [ | IORDER LONG LEAD I1TEMS]

| FAB PCB 2 [ R | ! [ 1 v

R : ] I ] ] ] I | | IORDER OTHER MATERIALSIS “5
‘f FAB PCB 3 | ] (r=]====1 | | | ||==============:==z:.xi; N
L ] ! I | I I I Il ASSEMBLE FINAL MEP ¥

- - - FAB-PCB 4 } { (== ====) | | | ‘|======a===-===-s==.ao1i .

, S========sz==========| ! i I I P I I'1  GOVERNMENT DEMO/ I N~

| DESIGN CTLR CHASSIS I<---=1-=3 1| ! | I | Il DELIVER TEST DATA |, :4_;
.Jw‘---——-- R -- - | | | } } | | | | ====2====2==cc==zxansn| N
‘f FAB CTLR CHASSIS | I K======>1 ! ! | 1 EMI ANALYSIS " Z:
| SRTREIT=wSESa=ssosxss| | | | | | | } |===z====:=:======:=--! !

ADESIGN ERROR DET/PCBS!<(--->| I I i I ] N RAM ANALYSIS |

i | | } | | | | | |=:==========:==::==:-lv :4:

' FAB PCB 5 [ I C==l====> [ n ! 1 LIAISON WITH ARMY 1< .~
‘.f------------u-::-::::l | | | | | | } |==sx:g:======!2.l¢.“h :_~ L
.. DESIGN SPEED CTL/PCBé&! 1<=—=>1 I f [ I N REVIEWS: A *s
- | | | | | ! | X roe

--FAB PCB & ] I C(==t=m==>| I I | I IN PROCESS - °
jemez=2ar=sss==s==z===| i | | ] I | ] J ‘-1 ’
DESIGN INTERCOMPONENT!¢—-=-1-> | | | | ! 1 DESIGN P
— —WIRE - HARNESS | [ [ | | I | I S O N
. ! | \ | | | | | IGOVERNMENT ACCEPTANCE . 7" )
FAB“IRE HARNESS | [ (=== =mx=>] | I | ||===========:======.‘.": 7 ,
,{m“cntcnunnnnzasssll [} | | [} | | (W] - 4" !
FAB PCB PROTOTYPES | | | 1¢-==>1 | | I Voo
— oessEzarInsscea==e=a= | | | } { | | 11 ! . :'('::f::

4- -ASSEMBLE PROTOTYPES | i | bC===>1 I | Il “L;,' ~'.:‘-$*
ﬂ.a,?=.z=a-2=--n====:=| ] | | | [ | I ',;':g :.:.:.'::

17 T PROGRAMMING : I 1 ] ! I ! ! 11 LA )

! T T

) i i ] | ] I I bl » °
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MEPP PRODUCT IMPROVEMENT PLAN

COMPUTER CONTROL ASSEMBLY

The U.S. Navy's solicitation for a Mobile Electric Power
Plant (MEPP) describes a mobile, diesel engine driven,

electrical power plant capable of supplying 115/200 VAC,

three phase, 400 Hz and 28 VDC power for the electrical
servicing of aircraft with a power requirement of 45 KVA or
less. The MEPP will consist of two styles. Style I is a
four wheel, towable model that will service landbased
aircraft. Style II is a four wheel, driveable, self-
propelled model for use on the deck of an aircraft carrjer.

The technology being offered by power generation companies
today has had few significant changes in the control portion
of mobile power plants from what was considered '"state-of-
tha-art" twenty years ago. Simply stated, the control
technology basically utilizes individual closed loop
circuits with 1individual relays for each test, fault
monitoring or control function that comprise the electronic
control and protective circuitry of mobile electric power
plants. This technology requires complex wire harnesses,
unnecessary and significant weight, complexity and logistics
support, and a marked decrease in reliability, due to the
mean time between failure of numerous mechanical relays.
‘Possibly the most significant factor of using this older
technology is the lost opportunity for a reduction in 1life

cycle cost that could be achieved through the employment of
a computer control assembly.

The MEPP Computer Control Box Assemply (CCBA) described on
the following pages is not a '"tachnological breakthrough"
with associated high risks. RMS Technologies has performed
an extensive engineering design assessment of computer
control technology for electric power plants in general and
the U.Ss. Navy (NAEC) solicitation NO0O0140-85-R-1168 in
particular. Our assessment was primarily based on this Navy
procurement bhecause it is a current example of a major
User's requirement. RMS Technologies is in the unique
position to have extensive expertisa in both computer
control operating systems and power generation design
engineering. We have thoroughly assessed this Navy
requirement for a MEPP and recommend the following computer
control technology for this and future power plant projects.
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CURRENT TECHNOLOGY

2 MEPP ELECTRONIC CONTROL CIRCUITRY

)

! The following 1is a sampling of expensive and complex
" components that would be totally eliminated on a MEPP if it

waere designed with the previously described Computer Control
Box Assembly (CCBA.) These components would largely become
a function of the operating system software of a CCBA.
Because of the variety of wranufacturers, operational
requirements and design variables, the cost and MTBF data
could vary by as much as + 20 &.

== = e S &

FAILURES LIFE
PER CYCLE

4

ITEM COST MTBF MONTH COST

&2 Governor/Controller $ 3,000 2,575 hrs .06 2322
L AC Voltage Regqulator 810 1,200 hrs .13 ?2?2?
Static Exciter 1,200 3,400 hrs- .05 2?22
Electronic Fault Relays (5ea) 1,500 1,750 hrs .46 27?7

Engine Fault Relays (4ea) 200 2,050 hrs .31 ?2?

Field Shorting Relay 200 1,700 hrs .09 2?7

Circuit Breakers (2ea) 1,060 1,940 hrs .16 %23

1.26 ?2?

The above sample of components does not address the reduced
wire harness complexity, reduced number of MIL STD
connectors, reduced internal wiring requirements for control
panels or reduced weight of the MEPP itself.

The above sample of components does, however, clearly
illustrate the advantages of a CCBA from an operational
readiness, manufacturing cost and 1life cycle cost
perspective. :
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BERT GALLOWAY, Vice President-Mtiitary Marketing TELEDYNE TOTAL POWER :: ;
- A0S
March 25, 1987 3409 DEMOCRAT ROAD -
P O. BOX 181160
R
MEMPHIS, TENNESSEE 38181-1160 he ,::'
Mr. Noel D. Bishop (901) 365-3600 TELEX: 462-1088 (ITT) "I'..q:l';
Chief, Power Equipment Support Team Ry :ﬁ?
Logistics Support Directorate -
U. S. Army Belvoir Research v
Development and Engineering Center Povle e,
Fort Belvoir, VA 22060-5606 ;*;‘
v
Dear Mr. Bishop: ﬁxt y
P by Ty
Teledyne Total Power as such does not manufacture anything, hadl
but we do market engines for Wisconsin, Continental, Renault, Wisconsin " ":.i‘i’
Robin, Wisconsin 'R' Series, both gasoline and diesels. We would '@\
dearly love to get established with a generator manufacturer to perform . A
R & D work where our expertise prevails. As of this date we have not Qr ;
been able to consumate a marriage, We are hopeful that this can and P it
will be arranged in the near future. In the meantime we would like to ®
keep our name on the list. We believe that we have some very good o
products that feature long life., We would be willing to participate in |ﬂ
a program that would provide baselines under generator drive coanditions hat's “ﬁ
for MIBF. This would entail performing a thousand hour test per each ¢}
of the 4 engines required for 5, 10, 15 and 30 KW sets and making any NG
improvements over a 12 months period, Estimated cost would be
approximately $100,000.00. We will be wundertaking a torsional

vibration analysis in the near future. As far as noise attenuation
goes, we are curreatly working with vendors on a new muffler and air
cleaner design. Some of our new air cooled diesels have an air shroud

made of composite material that brings the DBA down to 78 for 7
meters.

I have enclosed a brochure that tells you a little about
Total Power's diesels. Our facility here in Memphis (122,000 square
feet) houses our major engineering facility (6 test cells and 10
dynos), marketing headquarters worldwide and parts warehousing for our
5000 plus worldwide distributors and service centers.

We will be showing a unit at the 'Power Fair' 1in Tyson
Corners, VA on May 12, 13, and 14. Hope to see you there.

Sorry for the delay in responding. I have been traveling
much and only recently have been able to concentrate on my mail.
Thanks for your patience.

Sincerely,

Bowr fallony

Bert Galloway
Vice President - Military Marketing

BG/bc
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