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DEPARTMENT OF THE ARMY

US ARMY BELVOIR PESEARCH, DEVELOPMENT AND ENGINEERING CENTER
FORT BELVOIR, VIRGINIA Z2080-5808

REPLY TO
ATTENTION OF

STRBE-FCP 23 Jun 86

MEMORANDUM FOR  VSE

SUBJECT: Noise Kits for PU789/M and Launcher 15kW Generator Sets

1. Reference Task Order 0006 for PATRIOT EPUII (PU789/M) Support. !

‘% 2. Request that action be undertaken to review the current
o Noise Contrcl Rit thet was developed by Belvoir RDE Center for
the 15kW and 30kW Gensrator Sets. The review should include:
E a. Interface problems !
' b. Suggested changes in view of PATRIOT requirements as
§ depicted by the PU789 assembly.
" c¢. Effects of additional length and weight on towing the
ﬁ FU789 or installation of 15kW set on the launcher.

3.  The engineering evaluation must be completed and a report
submitted to the PATRIOT Support Office by COB 27 Jun 86.

4. Pertinent information on the kit is enclosed including
pictures and Purchase Description. The prototype kit is X
currently located behind Building 324, BRDEC.

5. POC is Byrd Pritchett, 644-5871.

i

Z{:ﬂ ™ ct(a/b-h...‘a

ROBERT M. McKECHNIE
DPO for PATRIOT Support

CF:
Pritchett
Currin
Brantly
Harris
Sams
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Type 11l Noise Control Kit
For 30 kW Diesel Generator Set Mcdel PU 760 |
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: DESIGNED AND MANUFACTURED BY{

o INDUSTRIAL ACOUSTICS COMPANY |
L 1160 Commerce Ave. Bronx, N. Y. 10482 |
¢ | ‘ Phone: 21218318808  Tolue 126285 r.:mmsmﬁ




Type lll Noise Control Kit .
For 30 kW Dissel Generator Set Model PU 760

A .
~ .
. B D
L o
CONTROL PANEL o RADIATOR
" SIDE — SIDE
®
c

Sllenced Noise Levels at 7 Meters During Operation of the
Improved 30 kW Diesel Generator Set Model PU 760
Using Type lll Noise Control Kit

CENTER OCTAVE BAND LEVELS IN dB Re: 0002 MICROBAR
FREQUENCY | “A™ | “C™ | 63 | 128 | 250 | 800 | 1000 | 2000 | 4000 | 3000
69.0184.0178.0182.0176.0{64.0|60.0] 56.0148.0{ 43.0
68.0181.0|75.0{78.0175.062.0]|58.0| 56.0 { 49.0{ 38.0
70.0183.0177.0180.0179.0162.0|59.01 55.0 {47.0| 35.0
69.0183.0{77.0172.0:76.0|63.0|60.0| 57.0{50.0] 44.0

O} m]>

={Je

DESIGNED AND MANUFACTURED BY
INDUSTRIAL ACGUSTICS COMPANY
1160 Commerce Ave. Bronx, N. Y. 10482
Phinst (212 5313008 Telex: 125830 Fax 2123803-1138
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PURCHASE DESCRIPTION
ACQUSTIC SUPPRESSION KIT, GEHERATOR SET
AND POWER UNIT, MILITARY STANDARD, 15k and 30kW

1. SCOPE

1.1 Scope. This Purchare Cescristion covers the requirements for add-on,
ficld-instaliable. acoustic suppression kits for military standard, 1SkW and
30kW, generator sets and power units.

R s B W

771

- 1.2 Classificatign. Tic acoustic suppression kits covered by this
Murchase Description shall be Turnished in two separate sizes; one for use with
15k», military staiudard, generator sets and power units, and one for use with
50kd. military scandard, generator sets and power units.

T

1.3 Applications. The 15k size acoustic suppression kit shall te
suitable for use with a!! of the folluwing 15kW ganerator set and power unit |
configurations and the 30kW size acoustic suppression kit chall de suitabie ror
use with all of the fllowing 30kW yenerator set and pawer unit configurations:

oF 2P

15kN Contigurations

MEP 0Q0aA, NSN §115-00-118-1241, Sxid-Mounted
WEP 103A, NSN 6115-00-118-12¢3, Skid-Mounted
MEP 113A, N3N 6115-0C-115-12%4, Skid-Mounced
PU 405 , NSN 6115-00-394-9577, Trailer-Mounted
PU 732 , NSN 6115-00-250-3082, Traiier-Mgunied

S -~

30k¥ Confiquratisns

MEP Q0SA, NSN 6i15-00-118-1240, Skid-Mounted

MFP QOSA, NSN 3115-00-118-1240, Mountad on Pershing il Launcher

MEP 1047, NSN 6115-00-118-1247, Skid-Mounted

MEP 114A, NSN 6115-00-118-1243, Skid-Mounted .

T 2F2

& PU 406 , NSN 6115-00-394-9576, Trailar-Mounted
PU 706M, NSH 6115-00-324-9581, Tratler-Mounted
X 2. APPLICABLE DOCUMENTS

2.1 Gnveraiment documents.

2.1.1 Specifications, standards, and hancubooks. The following specifica-
tions, standards, and handbooks rorm a part of this soecification to the extent
specified herein. Unless atherwise specified, the issues o7 these documenis
shall ba those listed in the issua 0f the Uepartment cf Defense Incex of
Specifications anc¢ Standards (Ona'3S) and supplement ‘hereto, cited in the soli-
citation.

== e
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Specifications

MIL-T-704
MIL-6-52384

Standards
MIL-STD-632
MIL-5TD-705

MIL-STD-1332

MIL-STD-1472

MIL-STD-1474

Drawings
20554-70-004

30554-76-107
30534-7C-113
36554-70-005
30554-70-1G4

30584-70-114
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"Treatinent and Painting of Materia!

Generator Sets, Diesel Eroine Drive, 15 thru 200
X11owatts, 50/60 and 40C Mertz (Tactical), General
Specificatien for.

Mobiie Electric Pownr, Engine Generator Standird Family,
Genera! Characteristics.

Genarator Sets, Engine Driven, Methods of Test end
Instructions.

Cefinitions of Tactical, Prime, Pracise and Utility
Tarminologies for Classification of the DOD Mabile
Electric Power Engine Generator Set Family.

Human Engineering Design Criteria for Military Systens,
tquipmant and Facilities.

Mo1s2 Limits for Army Materiel.

Generator 3et, Diasel Engine Driven, Tactical Utility,
15¥W, 60Hz.

Ganerator Set, Diecel Engine Driven, Tactical Precise,
15kW, 60Hz. .

Ganerator Set, Diese) Tngine Oriven, Tactical Pracise,
15kW, d4QOCH».

Generator Set, Diesel Engine Oriven, Tactical Utiiity,
30kW, S50Hz.

Generator Set, Diesel Engine Driven, Tactical Precise,
30kW, 60H2.

Senerator Set, Diesel Engina Driven, Tactical Frecise.
30kW, 400Hz,

97403-13214E2257 - Trarler, 2% Ton, Moaified M200Al.

97403-13214E1253 - Chassis, 2i Ton, Modified M200Al.

Other publications. The following dncuments{s) form a part ~f this

coecification to the extent specified herein. Unless otharwise spacitied, the

ro
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fssues of the documents which are DOD adopted shall ba those listed in the issue
of the DoDISS specified in the solicitation. Unless otherwise speci’ied, the
issues of documents not listed in the DoDI3S shall be the issue of the nongo-
vernment documents which is current cn the date of the solicitation.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)
D 3951 - Standard Practice for Commarcial Packaging.

(Application for copies should be addressed to American Saciety for Testing
and Materials, 1916 Race Street, Philadelphia, PA 19103).

AMERICAN WELDING SUCIETY (AWS)

AWS Dl.1 - Structural Welding Code - Steel.
ARS Di.2 ~ Structural Welding Cnde - Aluminum.
AWS B2.1 - Weiding procedure and Performance Qualificaion, Standard for.

(Nongovernment standards snd other publications are ncrmally available frum
the organizations which praepara or which distribute the documents. These docu-
ments also may be available in or through libraries or other informaticnal
services.)

2.3 Order of precedence. in the event of a conflict between tha text of
this specirication and the refereaces cited herein, (except for associatad
detail specifications sheets or MS standards), the text of this specificaticn
shall take precadence. MNothing in this specification, however, shall supersede
applicable laws and regulations unless a specific exemption has been obtained.

3. REQUIREMENTS

3.1 Descriotion. The acoustic suppression kits (referred to herein as
“kit" or “Xits") shali consist of those materials, hardware and components
recaessary to achieve a complete structure that is capable of befng installed as
an add-on kit for 15kW and 30kW, military standard, generator sets and power
units (refarred to herein as “"set" or “sets”). The kits shall be designed and
censtructed so as to comply with all of the requirements specified herein.

3.2 First article. Unless otherwise specified (see 6.2), a sampie shall
ve subjected to first article inspection (see 4.2 and 6.4). Any changes cr
deviations ¢f suppression kits from the approved first article during production
#1711 be subject to the approval of the contracting officer. Approval of the
first artic’e will not relieve the contractor of his obligation to furnish
suppressicn kit conforming to this specification.

3.2 General set characteristics. The kits when installed on the sects
shall not cause any change in the cperational, performance or oihker charac-
teristics of the sets as defin:d in MIL-STD-633 and MIL-G-52884 except as spe-
cified herein.
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3.4 Audio noise. Sound oressure leveis amaniting from the sets with the
kits installed, when operating at any lcads up to and including rated locad,
shall not exceed 70dB(A), when the microphone is locatad 1.2 meters above the
ground, and 7 maters measured in any direction frem the perimeter of the set.

3.5 Installation and removal. The kits shall be capable of being

installed on and removed from the sets ir accordance with the foliowing reguire-
ments:

a. Installation of the kits shall include any modifications to the
sets, and removal of the kits shall include restoration of the sets to fheir
original configuration.

b. Modifications to the sets for purposes nf kit installation shall
oe limited to removal of existing, exterior enclousuras, doors 2id naneis ard
those changes to the frame structure necessary for kit attachment. Nz modifica-
tions to internal set components shall be necessary to instail the kitc or to
comply with the requirements specified herein.

c. The kits shall be capable of being iastalled and removed ucing
tools and equipment available at the Direct Support (CS) intermediate main-
tenance levels.

d. The kits shall be capable of beina inctalled or removed by not
more than two M0S-520 and/or MCS 44B maintenance persoanel! in not more thin
twelve cleck hours.

e. The kits shall be attached to the sots by removabie, reucanle
fasteners, Welding ur rivets shall not be used tu attach the kits to the seis.

. Iastallatiun of the kits shall not permanentiy change any ¢harac-
teristice of the sets. lUpen removal) of the kits, the sets shall be capable of
providing the same characteristics as prior to installation of the kits.

g. The kits may be designed for separate cperating and transport
moges. If so designed, actions necessary to transition from one mode to the
other mode shall be capable of being accomplished by not more than two M0S-520
and/or 448 maintenance personnel in not more tha: ane hour.

h. All kit sections that are removable for transport or maintenance
shall have 1ifting handles.

3.6 Interchangeability. Gctach section, part or component of the kits,
within eacn ki1t size, shall be identical in design within manufacturers toleran-
ces, and completely interchangeable with like sections, parts or components of
every cther kit within each kit size. Each complete kit, within each kit size,
shall be capable of being used with ail sat configurations within that size.
Each kit shall accomodate tolerance stack-ups of both the generator sets ana/or
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the trailer as defired by the following drawings:
30554-70-004 - Generator Set, 15kd, 60hz, Tu
30554-70-005 - Generator Set, 30us, 6Chz, TU
* 30554-70-103 - Generato, Set, 15k¥, 60H», TF
30554-70-104 - Generator Set, 30kW, 6CHz, T?
30554-70-113 - Generator Set, 15kW, 4004z, TP

2 M 3x3s PR S BES

30554-70-114 - Generator Set, 30kW, 4004z, TP
97403-13214E1257 - Tratier, Modified M200Al
97403-13214E1253 - Chassis, Mcdified M200Al

3.7 Physical size. The length and width of the inttalied kitc shall bhe
linited as nacessary to assure installation on tie sets when mounted on tne
mociiried M200Al trailer defined by Drawirig Numbars 97402-13214t 1257 and
97403-12214£1258. In addition, the maximum dimensiors of the sets with the kits
installed shall be limited as follows:

e B 5o

1 KIT
B SIZE MUDE LENGTH WIDTH EEIGHT
) 15kW Operating 108" 4G 80"
TE; 15kW Transport 92" 40 64"
e 30kN Operating 108* a0 0"
30kW Transport 92" 40" Ad"

3.8 Height. The net weight increase of the sets with the kits inctai'led
thail be not more thun 1000 pounds for both kit sizes in either the transport or
overating mode.

7.8.1 Tow eye weignt. Tie tow eyve weight wi%n tha kits installed chall
nct exceed 600 pounds.

3.9 Accessibility. The kits when installed on the sets shall not dacrease
the accessibiTity of set components relative ty the existing, military standzri
configurations. iinged doors with latches shall be provided as necessary ta
permit access te the fuel filler opeaning, battertes, oii filler apening, ofi}
level dipstick, radiator, control panel, electrical ouiput
connections/receptacies, ground stud, 1ifting attachments and tie-dcwn attach-
ments withou!. the aid of tools. :

N ST A e

Tm

3.9.1 Qutout power cable. A six iach square or six inch diamater apening
L§ shall ce provided in the bottom of the contrcl pane! end of the kits to allew

? for zxiting o output power cables. A grommet shall be provided.
pr 5
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3.10 Maintainabilitv. The kits shail not regquire any scheduled main-
tenance, and when installed on the sets, siall not reduce thz maintainability
characteristics or increase the mziatenance ratic of the sets relative to the
existing, military standard coniigurations.

3.11 Reliability. The reliability of the sets when operated witi the kits
. installed shall not be reduced veiative to the existing, military standard con-
figurations.

3.12 Human factors enaineering. The kits as installed on the sets shzll be
designed in accordance with the apolicable human factors requirements of
MIL-STD-1472.

3.13 3afety. The kits when installed on the sets shall not create any
safety hazards, or compromise the safety characteristics of the sets relative to
the existing, military standard configurations. Sharp edges, protrusions and
excessive length of fastening devices shall not be allowed,

3.14 Transportztion requirements. The kits whan installed on the sats
shall comply with the transportation requirements specified below.

Y 2 BB O O Nk S %W

3.14.1 Rough handiing. The kits when installed on the sets shall
Aitnstand, without damage, rcuagn handling, shocks and vibrations encounterad
during rail, road and aircraft transport as defined in paragraphs 6.2.1, 6.2.2
and 6.2.3 respectively.

Pyl &350

3.14.2 Transportation Environment. The kits shall not be damaged by
tiransportation at temperzturac from -65°F to +16C°F at any possible relative
humidity within this range, and at altitudes up to 50,000 feot. .

G2

2,12,3 Lifting. The kits when installed on the sets shali not
compromise the characteristic of the sets to 1ift leve! within 15 degraes. i

=)

3.15 Environmental requirements. The sets with the kits installed shall
comply with the environmental requirements specified Lelow.

e

3.15.1 Operaticnal Environirent. The sats with the %its installed shal}
start, cperate and meet all requirements specified herein at any of the
follewing conditions or combination of conditiens:

=3

a. At any anbient temperature from +107°F to -10°F, and ut any
possible relative humidity within this range.

o

b. With 4*1 inches of rain per hour impinging on the sets at angles
from the vertical up to 35 degrees from vertical in all directions.

G

c. At any altituds up to and inciuding 3000 faet above Sea level at
an amdient temperature of 103°F.

d. With base of the sets in planes from level to 15 degrees from
icvel in any direction.

=
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3.15.2 Storage environment. The kits shail not be damaged by storage at

temperatures fram ¢150°F to -65°F at any possible relative humidity within this
range. .

3.16 Electrical performance. The kits when installad on the sets shall not
rause any change in the electrical performance of the sets as defined in
MIL-STD-1332.

3.17 Materials, components and treatments. The kits shall comply with tha
material, component and treatment requirements specified below.

3.17.1 Deterioration and control. Tha kits shall be inherently corrosion
and deterioration resistant or treated to previde protection agcinst all forms

of corrosion and daterioration. Material used shall not support combustion and
shall be fungus resistant.

3.17.2 Recovered raterials. Used, rebuilt or remanufactured materials,
components and parts shall not be incorporated in the wits.,

3.17.3 Insulating material. Insulating material shall be firee frem percep-
tiple cCors and noxicus fumes, resistant to mildew, fire retardant, unzffected
by battery electrolyte or petroleum derivatives, and capable of matataining ity
shape, position and consistency under all conditiens speciried herein.

3.17.4 fdentification of metorials. The specific materials, finishes or
treatments used for feb Tcation of the kits shall be identified and made
available, uzon request, to. the 3overnment.

3.17.5 Fasteners. A1l fastenars shall be securely installed with lockin

devicas to prevent loosening. All fasterers and attaching hardware shall be
military stardard parts. :

3.17.6 Hinges and latches. Hinges or hinge pins shall be peened at the
enas, or cther means shall te provided to prevent work out cf the pins. Latches
shall require manual, not spring actions, for closing. All parts of the latchies
having relative motion with each other shall be of corrosion-resistan: metal.
Access door latches shall be flush mounted, non-key locking, dead bolt, quarter

turn from unlatched to fully-latched, and shall not require the use of tools for
opveration.

3.17.7 bpccess doors. Means for restraining the arcess docrs in the fully-
open pesition shall be provided. Windows, if used, snhall be break resistant.

3.17.8 Treatment and painting. Al} external surfaces shall bYe treated and
painted in accordance with ML-T-704, Type F for forrous metals and Type G for
non-ferrous metals.

3.1 TIdantification plate. An identification plate shalil be permanently
affixed to each kit.

3.18.1 Information lubels. Any doors that must be in the open positizn
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during set operation shall be so labeled in accordavce with MIL-STD-1472. Any
door that must be in the closed position during set operation shall be so
Tabeled in accordance with MIL-STD-1472,

3.19 Morkmanship. Workmanship shail be of a quality to assure delivery of
kits that are free from defects resulting from defective materials or fmproper
msnufacturing or assembly practices. The kits shall be cliean of narmful, extra-
nious materials such as sand, dirt, sprues, scale or tlux.

3.19.1 Melal fabrication. Metal used in fabrication shall be free from
kinks and sharp bends. The straightening of materials shail be done by methods
that will ne%t cause injury to the material. Corners shall be square and true.

A1l bends sha!l be made with controlled means to insure uniformity of size and
shape.

3.13.2 Melding. Surfaces to be walded shall be free from foreign matter.
Weiding shail be performed in accordance with AWS 01.1 for steel and AWS D1.?
for aluminum. Welding procedures shall be in accordance with ANS 8Z.1. Welds

shall be of sufficient size and shape to Zevelop the full strength of the parts
connected by the welds. : .

3.19.3 Bolted connections. Bolt holes shall be accurately formed and shall
have all burrs removed. Washers or lock washars shall be provided where

necassary. All fasteners shall be correctly torqued and shall have full thread
engagement.

3.19.4 Riveted ccnnections. Rivets shall fill the hoje compietely. The
upset rivet heads shall be full, neatly made, concentric with the rivet holes,
and in full contact with the surface of tliie member.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified, the
contractor 1s responsiole for tha pertormance of all inspection requirements as
specitied herain, The contractor may use his own or any other facilities
suitable for the parformance of the inspection requirements specified herein.
The Government reserves the right to perform any of the inspections sat forth in
this Purchase Description where such inspections are ceemed nacessary to assure
conformance to requirements. The Government reserves the right to reject any
<auipment for not weeting the requirements of this Purchase Description even
though nat performing a test directly related to the specific requirement.

4.2 Classification of inspections. Inspections shall be classified as
follows:

a. First Article Inspection
0. Quality Conformance Inspection

4.3 Inspection models. The contractor shall furnish the inspection models
described balow.

)
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4.3.1 :irst article models. The contractor shal! furnish four first
articla kits for each kit size. The first article kits shall be installed on
Government-furnished ;enerator cots and power units (referred to herein as "set"
or “sets").

: 1

4,3.2 Standard sample mcdel. Ore standard sample model of each kit size

_shall be selected from the first article kits to remain in place 2t the contrac-

tor's facilities frr comparison with ali other kits.

4.4 First article inspection. The Cocntractor shall subject the first

article kits to the rirst Article Inspection.

The First Article Inspection

shall include the examination of those items listed in Tauble I, and the tests
specified in Table if. The First Article Inspection shall be conducied with the

kits instailed on the Government-furnished sets.
shall be assigned Set Numbers by the Government.

The Governmant-furnished sets
Each set of each kit size

shall be suhjected to the Table ! examination, and tha tests designated by an
“X" in the applicable Set Number column of Tabie II.

concucted on each set.

PD 6115-0C38
TARLE 1. EXAMINATION

The tests may be conducted
in any order, except the audio noise test shall be the first and tha last test

Reguiremsnts |
Major paragraph ‘
101. Interchangeability not as specified. 3.6
i02. Physical dimensions not a3 specified. 3.7
i03. 4Yeight not as specified. 3.8
104, Human factors not as specified. 3.12 H
105. Safety not as specified. 3.12 |
106. Materials, components, and treatements I
not as speified. , 3.17
107, Materials are not resistant to corrasion
atid deterioration or treated to be resistant
to corrosicn ahd deterioration for the
applicable storage and operating envirynments. 3.17.1
108. Used, rebuilt, or remanufactured materials
components and parts not as specified. 3.17.2
109. Irsulating materials not as specified. 3.17.3
110, {ontractor does not have dccumentation
available for identifizatton of material,
+ material finishes, or treatment. 3.17.4
111. Facteners not as specified. 3.17.5
112. Hinges and latches not as specified. 3.17.6
113. Access doors not as specified. 3.17.7
114. Treatment and painting not as specified. 3.17.8
115. Identification plate not as specified. 3.18
116. Workmanship not as specified. 3.19
117. Metal fabrication not as specified. 3.19.1
118, Welding not as specified. - 3.19.2
119. Bolted and riveted conrections nct as
specified. 3.15.3 and 3.13.4
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TABLE II. Test Requirements.
- TEST METHOD
| SET NUMBER TEST MIL-STD-705 REFERENCE
or PARA
11 2] 3] & TEST PARA
X installation/Removal Demonstratinn . 4.6.1 3.5
X Maintainability/Accessibility 4.6.2 3.9, 3.10
Demonstration
A XPX X | Audio Noise 4.6.13 3.4
x| X Endurance $690.1, 4.6.3 | 3.3, 3.1i
X Road 4.6.4 3.14.1
X1 X! Railroad Impact 740.5, 4.6.5 3.14.1
X| X{ Drop (Free-fall) 740.2, 4.6.6 3.14.1
X| X|Lifting 4.6.7 3.14.5
X| X| High Temperatura 710.1, 4.6.5 3.15.1
X1 X| Starting and Operating, Moderate 731.2, 4.6.9 3.15.1
Cold
| X1 X[ Rain 7.11.3 3.15.1
X Altitude Operation 720.!, 4.6.10 3.15.1
X| X| Inclined Operation 660.1, 4.6.11 3.15.1
X | X| Storage, Extreme Cold 731.1, 4.6.12 3.15.2
X1 X| Storage, Extreme Hot 732.1 3.18.2
X| X] Humidity - 711.1 3.15.2
K1 X] X} X! Audio Noise 4.6.,13 3.4

10
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4.4.1 inspection failure. Failure of a first article kit to meet any
rejuiraments specified herein shall be cause for rejection of the first article,
urtil evidence has been provided Ly tha contractcr that corrective action has
been taken to eliminate the deficiencies. Ceorrection of such daficiencies,
including any retest, shall be accomplished by the contractor at no cost to the
Government,

4.4.2 First article report. A First Article Test Report shall be submitted

to the Contracting icer. The report shall conform to the data requirements
of the contrac:.

4.5 Quality conformance inspection. The contractor sha}! subject every
kit to the Quaiity Confermance Inspection. The Quality Conformance Incpection
thall consist of the examinstion of those items listed in Table I. The Standard
Sample Model shall serve as a basis of comparison in the performance of the
Quality cenformance inspection.

4.5.1 Inspection failure. Failure of any kit to meet any reqQuirement spe-
cified harein shall be cause for rejection of that kit, until evidance has teen
provided by the contractor that corrective action has bsen taksn to eliminate
tne deficiency. Correction of such deficiencies, including any re-insgecticn,
shzll be accompliched by the contractor at no cost tu the Government.

4.6 Test Proceduras. Tests shall be conducted in accerdance with
MIL-STD-705 tes. methods referenced in Table I!, and as speciiiad below. Te:t
instruments shall be of the laboratory type, and shall have been calibratei
within 30 days of the start of the testing. Instruments used in calibration
shail have at least five times the accuracy of the instruments beaing calibrated.
Jirect-reading instruments shall have at least 0.5 percent accuracy, and shall
be connected to indicate the most accurate portion of their range.

4.6.1 Instalisticn/Removal Demcnstration. Installation and removal of the
kits shall be demcnstrated Ly two personnel using Lhe tools ana test equipment
specifiel herein. A recsrd of the installation and removal shall be maintzined.
The record shall inciude the total time to instail the kit inzluding any szt
modifications, and the total time to remove the kit including restoration of the
set to its original configuraticn. The record shall also describe any modifica-
tions tc the set, and shali list all tools and ejuipment used during tne
installation and removal. I[f the » ts are dasign>d for separate onerating and
transport moces, the transition ‘rem one mede to the other mode shall be
dencnstrated. A record, as described above, shall be maintained for the mnde
trinsition demonstration.

4.6.2 Maintainability/Accessibility Demonstration. Access to the set fue!
filler opening, batteries, o61] f1ller opening, cil level dipstick, radiator,
control panel, electrical output connections/receptables, ground stud, lifting
attachments, and tie-down shall be demonstrated. The maintainability charac-

taristics of the sets with kits installea shall be demonstrated by performan:e
cf the tollcwing maintenance actions:

"1l
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a. Inspect fo~ lonse conections or laaks
Check and add lubricating oi!l

¢. Drain fuel filters and water separator’

o

. d. Check and change air cleaner

e. Check and change battery

-+

Check injection nozzles
Chec. valve tappet clearances

h. Check belts

=y B R
@

i. Cheack and add coolant

4.6.3 Endurance test. The length of the endurance test shall ba 300 hours
per set. Test 508.1, Short Term Frequency and Voltage Regulation, Stability and
Transient Response Test shall be performed at 100-hour intervals tor raved load
cnly. Fuels and Tubricants shall be cs specified in MIL-G-52884. The
disassemblv inspection contained tn Test Method 690.1 is not required.

4.6.4 Road test. The road test shall consist of subjacting the set to the
400-mile roid endurance cycie as cefined in paragraph 6.2.2. A visual inspec-
tion of the set with the kit installed shall be conducted before and after ;ub-
jecting the set to the road endurance cycle. A recerd of the test shall he
maintained describing the results of the inspections, times, speeds and weather
conditions experienced during the road endurance cycle, and any events, ad just-
me~ts, maintenance or servicing required during the road endurance cycie.

= W

4.6.5 Rallroad imnact test. The railroad impact test shall consist of twe
impacts each, In progressive steps, at 4, 6 and 8 miles per hour.

4.6.6 DOrnp test. The free-rall drcp test shall consist of 2 flat drops
from a height of 17 Inches.

4.6.7 Lifting test. The level 1ift characteristic of the sety will de
demonstrated with the kits instailed. With the set lifted using the set 1ifting
eyes. ceterrine the angle that the set deviates from level.

e % A

4.6.8 High tempersture test. The high temperature test shall be concucted
at an awbien® temoerature of *107°F. Sngine ofl sump temperatures shall not

w5

exceed .

§§ 3.6.9 Starting and operating at moderate rold test. The moderate csld
startiry and operating tesc shall be conducted at an ambient temperature of
-1G°F.

a7
o

3.6.10 Altitude onaration tast. The z'titude opo-ation test shall be con-
ducted at 300U feet, *%83

=2
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4.6.11 lnnlined ogerntton test, The inclined operation test sha'l be coun-
ducted at an angle o egrees from the horizontal,

4,6.12 5Storage at extreme cold test. The extreme cold storage test shall
be conducted In accordance with the specified test method 731.1 except at ar
amhient temperature of -65°F.

4.6.13 Audio noise test.1 Instrumentation and procedures for the audio
noise test shall conform to MIL-STD-1474. Sound pressure levels in dB(A) shall
be measured at eight points evenly spaced around the set .ith the set oparating
at no load and rated load. The microphone shall be located 7 meters from the
set surface at 2 height of 1.2 meters.

5. PACXAGING

5.1 Packajing and marking. Packaging and marking shall te to commercial
standard to insure safe delivery at destination in accordance with ASTM D 3957.

€. NOTES

6.1 The kits are intenced to provide audio suppression for military s:ian-
card generator sets and power units. [t is intended that the kits be field
installable with minimal modifications to existing sets. Initia) use will be
with 15kW and 30kW, miiitary stanaard sets for Corps and Diviston ileadquarter
and Pershing II applications. The Government intends to subject the kits to
extensive field evaluation, and an Initial Production Test.

6.2 Ordering data. Acquisition documantc should‘specify tha following:

a. Title, number, ard date of this purzhase description.

b. When a fir<t article is required for inspection and approval and
namber of units required (see 3.2).

6.3 Definitions. Cefinitions of terms used herein are provided below.

6.3.1 Rail transport. Rail transport is transport when mouated on a lat-
car and subjected to mean humping speeds up to and including 8 miles per hour
under the test conditions specified in MIL-STD-705, method 740.5.

6.3.2 wnoad transport. Road transport is transport when mounted on a
suitable Army trailer and subjected to the conditions encountered during the
following cad endurance cycle:

a. 250 miles of primary highway at speeds up to 55 mph.
b. 100 miles of unpaved roads at speods up to 30 mph.

c. 50 miles of off-road terrain at speeds up to 20 mph.

13
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6.3.3 Aircraft transport. Aircraft transpert is transport that includass
the conditions encountered whan subjected %0 a 12-incn free-fall ¢rop urnder the

test conditions specified in MIL-STD-705, Mathod 740.2.

6.4 First articla. When a first article inspectior is required, the items
should be a preproduction model. The first articla should consist of ¢ units.
The contracting officer should include specific instructions in acquisition docu-
ments regarding arrangements for examinations, tests, and approval of the first
article test resvits and dispusition of the first article.

6.5 Infrared signature. Infrared radiation from the sets with the kits
installed should be mgnimi:ed. it 1s desired that infrared emissions be reduced
so that specific identity of the sets carnot be detuocied or ccuse ceiection of
supported csystem functions or locations on an integrated battlefield.
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Appendix H
MIL-STD Generator Set Towed Assemblage
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Appendix I
Electromagnetic Pulse (EMP) Analysis on the
Electronic control System of the MEP-114A
30 kW DED Generator Set
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SECTION 1
INTRODUCTION TO ANALYSIS

This report presents the results of an Electromagnetic Pulse (EMP)
analysis on thé electronic control system of the DoD Model MEP-114A 30-kW,
400 Hz, Tactical precise Diesel Engine Driven Generator Set retrofitted with
the American Bosch CU 673C-26 Electric Governor Control Unit. The analysis
was performed for the U.S. Army Belvoir Research and Development Center
under Contract No. DAAK70-84-C-0066. The remainder of Section 1 will pre-
sent a description of the generator set and electric governor control unit,
as well as detailing the methods used to perform the analyses.

1.1 DESCRIPTION OF GEMERATOR SET

The MEP-114A generator set, shown in Figure 1.1-1, is a fully
enclosed, self contained, skid mounted portable unit. It is equipped with
controls, instruments and accessories necessary for bperation as a single
unit or in parallel with one or more units of the same class and mode. The
generator has a rated load capacity (at 2000 rpm) of 30-kW at 400 Hz.

Power source of the generator set is a six cylinder, four cycle,
fuel 1injected liquid cooled diesel engine. The engine electrical system
contains a cranking motor, two 12 volt batteries in series, and a battery
charging alternator with integral rectifier and voltage regulator. The
engine is also equipped with a fuel filter and strainer assembly, a secon-
dary fuel filter, a lubricating oil filter, and an air cleaner. Cooling

water is circulated through the engine by a water pump. Safety devices
automatically stop the engine during conditions of high coolant temperature,
low 0i1 pressure, no fuel, over-speed or over-voltage.
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The alternating current generators are single bearing, drip-proof
synchronous, brushless, *three phase, fan cooled generators. Rated voltages
are maintained by excitation of the generator-exciter field by a static
exciter mouinted on the relay table. The cooling fan, located at the front
of the generator, impels cooling air which enters the generator and passes
over the windings, Safety devices are provided to protect the generator in
the event of short circuit, overload, under-voltage, under-frequency,
reverse power, and over-voltage.

The generator set control cubicle is located at the rear top of
the generator set and contains controls and instruments for operating the
engine and the generator. The control panei is grounded to protect the ope-
rator from electrical shock in the event of a short in the equipment. The
generator section of the control panel contains meters for monitoring gene-
rator output, adjusting knobs for increasing and decreasing frequency and
voltage, and a circuit breaker switch for interrupting all output from the
generator set. Also included on the generator control panel are an opera-
tions switch and synchronizing lights for operating the set as a single unit
or in parallel with other units. The engine section of the control panel
contains switches for priming, starting, and stopping the engine and meters
for monitoring set fuel level, oil pressure, and coolant temperature. Also
included is an ammeter for the battery charging .alternator.

The American Bosch CU 673 C-26 Electric Governor Control Unit
replaces the Electro-Hydraulic Governing System previously utilized by the
generator set. The unit contains all solid state electric circuits which
sense speed from a magnetic pickup. A controlled current is provided to a
proportional electric actuator for throttle control.
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1.2 ANALYSIS GROUND RULES

Reference 1 documents an EMP analysis on the MEP 404B generator
set, which was performed previous!y under this contract. The specified EMP
stresses utilized in this present analysis are identical to those used in
Reference 1. The specified EMP stresses, which were derived in Reference 2,
are as follows:

EMP SPECIFIED STRESSES

Open Circuit Voltage At Any Connector 290 Vv

Pin Internal to Generator Set

Source Impedance 50 a

Pulse Shape 2 us square
Magnetic Field Inside Generator Enclosure 4 A/m
Dominant Frequency For Internal Magi.etic Field 4,2 MHz

The basic concept used to determine and verify equipment hardness
is that of desfgn margins. A design hargin 1s the ratio of the actual pre-
dicted failure level and the specification level for the particular environ-
ment under consideration. The design margin for EMP for the MEP-114A gene-
rator set is defined in Reference 3. Design margins will be used to deter-

_mine the Hardness Critical Item (HCI) category for all mission critical com-

ponents. Hardness critical items are divided into four categories:

1. Category IM (Low Design Margin). items are in this category
due to 2 low design margin. These items require lot samnle
screening in the nuclear environment(s) to which they are
sensitive or special screens or electrical tests as nuclear
hardness controls during production procurement.

|
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2. Category 1H (Dedicated to Hardening). Items or circuits in
this category are {items that are dedicated to radiation
hardening or that were installad to conteract the effects of
a nuclear environment.

3. Category 2 (Missfon Critical). This category pertains to
items that are determined to be mission critical, but that
have a large design margin and standard controls that are
necessary to maintain the hardened design.

4. Uncategorized Items. This category is determined to be
either of the following:

a) Not mission critical (i.e., not required for the system
to complete.its objectives).
b) Not sensitive to any of the nuclear weapons effects. The

sensitivity threshold is a design margin greater than 40 dB
for EMP.

For EMP damage the baseline analysis is performed with a 10 dB
margin applied to the specified EMP stresses. In other words, 1% was
assumed the environment contained 10 times the energy of the specified EMP
stresses (VIO times the open circuit voltage and short circuit current). If
the stresses at this level were within the normal specified operating-limits
of the device, it was rated Uncategorized. If not, the energy that could be
delivered to the device for a worst case device impedance was calculated,
and compared with the electrical damage threshold energy. If the threshold
energy was at least a factor of 1000 (30 dB) greater than the worst case
delivered energy, the device was Uncategorized. 1If the threshold was less
than 1000 times, but greater than the worst case delivered energy, the
device was placed in Categony HCI-2. If the threshold was less than the
worst case delivered energy, the stress on the device was recalculated for

)
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the criginal EMP Stress specification (i.e., without the 10 dB margin). 1If
the stress was within the devices DC operating range, or if the threshold
energy was above the worst case delivered energy, the device was assigned to
Category HCI-1M; otherwise redesign is manditory. Finally, the effect on

the category assignmant of using the best estimate of device impedance,
rather than worst case, was evaluated.

It should be noted that this method assigns particular meanings to
the requirement for 10 dB margin for HCI-2 and 40 dB margin for Uncategor-
ized devices. The first 10 dB is assigned to the incident environment; the
next 30 dB is assigned to the device damage threshold energy. This is
believed to. be a proper assignment. Assigning all the margin to the envi-
ronment would not be a realistic assessment of the uncertainty in EMP coupl-
ing estimates. Moreover, since voltage l1imiting devices are frequently used
as terminal protection devices (TPD's), the energy actually delivered to a
downstream device would not be changed significan£1y by the additional input
stress. Moreover, the principal reason for imposing the extra 30 dB margin
on EMP for Uncategorized devices is the fact that device damage thresholds
can vary greatly, even within a single device code.

The above analysis rules are summarized in Table 1.2-1.
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Table 1.2-1. HCI! Categories.

Relationship between calculated
damage energy and damage
threshold energy

Wq2 not calculated due to stresses on
the device not exceeding operating
range

HCI Category

Uncategorized

Design
Margin
Calculation

W42 not calculated because device is a
voltage limiter operating within its
range

1H

Wdp > Wt Redesign Required| 20 logi1o S¢/Sg
Wd] < We < Wg2 M 20 1ogi0 S¢/Sg
Wt < Wq2 and stresses without 10 dB M 20 Yog10 St/Ss
margin do not exceed operating range
of device
Wd2 < We < 10° Wd2 2 (10 Yogio Wy/Wg2)
+ 10 dB
10% Wgp < Wy Uncategorized -

Wdl = energy deposited in device at specification level
Wd2 = energy deposited in device at 10 dB margin above specification

level
Wy = device damage threshold energy

St = applied stress at device damage threshold (e.g., open circuit

voltage)
Ss = specification stress leve)

1.3 ANALYSIS PROCEDURE

The effects of EMP induced stresses appearing at the generator
connector pins and being conducted to electronic circuits wired to these

connector pins will be analyzed first.

Then the stresses caused by fields
penetrating the generator enclosure will be evaluatad.
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1.3.1 EMP Induced Connector Pin Stress Analysis Procedure

The overﬁlI procedure used to analyze EMP Induced Connector Pin
Stresses is outlined by the flow chart shown in Figure 1.3.1-1.  The

remainder of this paragraph describes the contents of each box in the flow
chart in greater detail.

Does Unit have Multiple Ground?

In some cases, a unit may have separate signal groiuind, chassis
ground, and/or power ground.

Determine Max Possible Voltaae Between Grounds

On units with separate chassis and signal grounds, interface
stresses can occur between them., If they are tied together outside the
unit, interface stress must be applied. If they are tied together within
the unit the maximum short circuit current may appear on the two ground
leads within the unit and inductively induce voltages on other signal
leads. The maximum difference in potential between the leads is determined
by this short-circuit current and self-inductance.

Internal Power Supply

If a unit has an internal power supply it should be examined to
see if any pin stresses feed directly to the output of the supply. Since
the power supply is connected to devices on other boards of the unit the
stresses appearing at the device's power input pins will have to be taken
into account when the worst case stresses are determined.

10
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Figure 1,3.1-1. Induced connector pin stress analysis.
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‘Select a Device

A device (or combination of devices) connected to one or more
generator connector pins is selected.

Determine Stresses

oY BE W%

The worst case stresses that can appear at the device are deter-
mined from EMP stress specifications and TPD's.

Define Worst Case Combinations of Stresses

A1l stresses that can be applied to a device must be considered
in combination. Usually the worst case combination involve opposite pola-
rities on different device pins.

Analyze Circuit and Place in,Appropriate HCI Category

In general, the following procedure is used:

1. Determine the maximum voltage at the device if it's non-con-

if it's in its most conducting state (Igs). -

SN O

2. If Vdo and Igs are within the operating envelope of the
device it 1is Uncategorized, and no further analysis 1is
required. The exception to this rule is if the device hap-
pens to be a voltage limiting device (e.g., Transorb) ope-
rating within its envelope, in which case it becomes HCI-1H.
If subsequent analysis shows that 1imiting is not needed on
that 1ine it, too, becomes Uncategorized.
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ducting (V4o) and the maximum current through the device |
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3. If V4o or Idg are not within the operating range of the
device, calculate the maximum energy that could be trans-
ferred to the device, Wg2. In performing this calculation
assume a worst-case impedance for the device in its break-
down state.

L

4. Calculate Threshold Energy for Damage i

As described in Reference 4 the threshold energy for damage is
calculated from:

= 1/2
Nt Kt

where: W¢ = threshold energy (J) <
t = pulse duration (s) . |
K = damage coefficient

=/ == BB X3

K is determined in following manner:

5525

1. If there are recent reliable test data
a) with good statistics, so that a standard deviatiun, o,
can be estimated, assuming a log nc.mal distribution
K = Kay e-39

b) otherwise. K = Kay/5

2. If K¢ is calculated from specification sheets, K = K¢/50

Calculation of K from the device specification was frequently
performed according to the E.C.M.T. model (Ref. 5). It uses the room tem-
perature breakdown voltage and maximum current to calculate the breakdcwn

Bx O BZE &2 == g
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voltage at the critical failure temperature, the bulk resistance, the space
charge resistance and the failure current. Traditional damage constants
can be calculated from these values using the equation

12

100 ns
ot Bl v T (Rep + Ry L) (1441 x10-3)
4.5 20 SC - RLK

for the 2 us specified EMP threat, where

I = J_ « Area = [8.26 x 10-11 (N_ )0 883 Area
Floons T L o o D

VBDC = 4,07 x 10 (ND)' L .

RBLK = pBLK/Area = [3.61 x 10 (ND:‘ J/Area

R

s¢ = Pgg/Area = [2.48 x 1025 (ND)-1 83/Area

= 18 .15
ND 4.49 x 10 (VBD)

Area = Method depends on available data (Ref. 5)

5. Assign a HCI Category

Table 1.3.1-1 represents a summary of the rules used to establish
the HCI. The reference labels in the last column will be used in Section
2.2.1.1 to designate the rationale for each category assignment.
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Table 1.3.1-1. HCI Categories.

S§ Relationship between calculated Criterion
_ damage energy and damage Reference
gé threshold energy HCI Category Label
Wqg2 not calculated due to stresses on Uncategorized A
the device not exceeding operating
BS range
- Wg2 not calculated because device is a 1H B
T voltage limiter operating within its ;
Y range |
i
?i Wgp not calculated because device is Uncategorized C 3
Lt an unneeded limiter
Q; Wqp > W : : Redesign Required D
¥ W < Wy < Wa M £l
gﬁ Stresses without 10 dB8 margin does M E2
A not exceed operating range of device |
% Wgp < W < 10° ugp 2 F
!
& 10° W2 < Wg Uncategorized G
" H
s Wd2 = energy deposited at 10 dB margin R155 |
Wdl = energy deposited at specification level ]
$§ Wt = device damage threshold energy !
% i
W :

s

1.3.2 Field Penetration and Buried Circuit Analysis

\ The stresses on circuits with wires connected to connector pins
o are usually dominated by the specified pin stresses. For circuits not
connected to such wires (i.e., buried circuits), the stresses are
determined by fields inside the enclosure interacting with the wiring
connected to those circuits. These fields are usually produced inside the
enclosure by:

Bt
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1. Diffusion of the incident field through the conducting wall

of the enclosure (this contribution is almost always negli-
gible).

2. Penetration of the incident field (usually the magnetfc
field) through imperfections in the enclosure, such as the
cracks between the cover and the enclosure between fasten-
ers, or an insulating layer on a Jjoint between oxidized

gg metal plates.

2> = - = R vet I =

3. Apertures placed in the enclosure for various reasons, such
as heat removal, optical paths, and adjustment screws, etc.

é§ : 4. Currents and voltages on wires penetrating into the enclo-
sure from outside. - These are the same excitations respon-
é% sible for the connector pin stresses, but in this case the

concern s with the fields they produce inside the enclosure
rather than the stresses they conduct to circuits.

XL

1
(
{
|
|
|
|
The electric and magnetic fields produced inside the enclosure by 3

the worst case additive sum of the above excitations can couple to buried |
circuits by electric and magnetic coupling. Magnetic coupling is almost i
|

g

|

1

|

=2 g

always dominant, although it is possible for special circumstances to make
electric coupling important. Since the buried circuits that are candidates
for disturbance by the internal fields usually have a resistive impedance
large compared to their inductive impedance at the important coupling fre-
quencies, the voltage induced into the buried circuits is almost always
proportional to the rate of change of the internal magnetic field.

R XL AR

DA

Thus, the analysis for buried circuit excitation is performed in
two steps:

2o S =S
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1. An upper limit on the magnetic and electric fields that
could be produced by each of the four contributors is esti-
mated. Sinve the first three are usually small compared to

the fourth, they can be estimated crudely (using upper
bounds for conservatism).

2. An upper limit to the buried circuit coupling is estimated
from the geometry of the PCB's and wiring.

If the stresses deduced by combining these limits are within acceptable
limits, no further analysis is required. If not, additional details of the
coupling geometry between the dominant sources of the internal fields
(usually interface wires) and critical buried circuits can be invoked to

‘ produce a less conservative, and hopefully more favorable, result.

1.3.3 Electrical Stress Damage Data

The limits on normal device operating parameters were deduced
from the device commercial specification sheets.

The data on damage coefficients of devices were acquired predomi-
nantly from two sources, the SCORCH database program at AFUL Direct Drive

Lab an¢ che FElectronic Component Modeling and Testing Program report
(Ref. 3.

Preference was given to experimental data over calculated values.
The SCORCH data base was set up to search for experimental data first. If
no data was found on a device then the search would continue for data from
the most accurate model. If no data was found then it would use the ne-t
most ~cc.-2te . and so on.

17
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Where experimental data were not available, the E.C.M.T. model
was used almost exclusively to establish the damage energy threshold. The
energy deposition calculations assumer, a worst-case device impedance
(i.e., one matched to the drive circui: impedance). Where the device could
not be Uncategorized, the deposited energy was recalculated using the
E.C.M.T. model impedence. In no case did this change the device category.

18
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SECTION 2
ANALYSIS

This section will present the EMP response analysis for the
generator set.

Section 2.1 will present the means whereby the EMP-induced
stresses are determined. There are two types of excitations:

1. VWires routed to outside connectors.
2. Surface currents on the outside of the generator enclosure.

The first is the dominant driver for both the c¢ircuits wired to connector
pins and buried circuits.

Section 2.2 presents the EMP damage analysis for interface cir-
cuits wired to connector pin.

2.1 EMP STRESSES

The specified EMP stresses applicable to the generator set were
listed previously in Section 1.2. However, the baseline EMP damage analy-
sis is performed with a 10 dB margin applied to the specified EMP stresses.
The values for EMP stresses obtained by applying a 10 dB margin to the spe-
cified EMP stresses are presented in Table 2.1-1. The short circuit cur-

rents are defined as the ratio of the maximum voltage stress divided by the
minimum source impedance.

19
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IE Table 2.1-1. +10 db margin applied to specified EMP stress.
§'§ Source Open Circuit Short Circuit

- Pulse Impedance | Voltage (Voc) Current (1 c)
(. Shape (Ohms) (Volts) (Amps) S

o Connector Pin | 2 us 50 +284 x5.7 |

Internal to square

E@ Generator Set

% 2.2 EMP ANALYSIS f

2.2.1 Definitions and Generic Analysis

During the course of the analyses of individual circuits, there

are many repetitions of similar circuits. Also there are a variety of cri-
gﬁ teria used to place devices in various categories. Rather than repeat a
similar analysis many times, and rather than repeating the criterion

if description, it is more efficient to define various general criteria and to
‘ perform some generic circuit analyses. These will then be referred to when
E§ they apply to specific circuits.

56 2.2.1.1 Category Assignment Criteria

y _ As discussed in Section 1.1 and summarized in Table 1.3.1-1, the
g& EMP interface analysis proceeds along a standard path and can be terminated
at various points with a conclusion. The basic route uses the 10 dB margin
pin stresses to determine first whether the device under analysis remains
within its normal specification limits. If it does, the analysis termi-
nates by finding the device Uncategorized by Criterion A, unless the device
is a needed TPD, in which case it is in Category HCI-1H by Criterion B. If

X it does not, the analysis proceeds to calculate the worst case energy that
2& could be deposited in the device. 1If this energy is at least 30 dB below
23 the damage threshold, the device is Uncategorized according to Criter-

jon G. If the worst case energy is below the threshold, but not by 30 dB,
then the device is in Category HCI-2 by Criterion F. If the worst case

20
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ii energy 1s above the damage threshold, another calculation 1s required. It
starts with the pin stresses as specified without the 10 dB margin.If the
Eg device is now within {ts normal operating specifications, the device {s in
Category HCI-1M by Criterion E2. 1If it falls outside its normal specifica-
ga tions, but the worst case energy is below the damage threshold energy,it is
assigned to Category HCI-IM by Criterion El. If none of these conditions
4

is satisfied, redesign is required by Criterion D. These criteria are sum-
marized in Table 1.3.1-1.

55

2.2.1.2 Generic Circuit Analysis

An example of a generic circuit analysis that is used frequently
in the following specific circuit analyses will now be presented.

i
& .
Figure 2.2.1-la presents a circuit of general applicability,
ii called Configuration #1. The excitation is represented by a voltage source
Vs with an internal impedance, Rs' The 1imiter will clamp the voltage at
gﬁ the circuit input node to VT‘ if it should rise that far. The remaining
%

parts - Rl, R2, and C - represent a typical input circuit leading to a
semiconductor device, D.

N

The first step in the analysis is to determine whether - the
§§ voltage applied to the device by the specified excitation, Vs, exceeds

its normal operating specifications. For this calculation a2 safe bound is

gg deduced by assuming the impedance of the device is large compared to R,.

Similarly, the voltage at the device will reach a maximum if the voltage at
o the circuit input is at its maximum possible value, V7. Thus, for
3§ purpose of establishing an upper limit on the voitage at the device, the
%' circuit can be simplified to the ore shown in Figure 2.2.1-1b. The maximum

voltage occurs at the end of the longest excitation pulse, tp, and is
given by:

§a
8

.

L}
l_ ~

.
N
L]
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b. Simplified version.
Figure 2.2.1-1. Input circuit.
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where Rp = RjRa/(R;+R2) 1s the parallel resistance of R; and Rj;.

If this voltage is within the device operating specifications, the only
other point that needs to be checked is whether the :urrent through the
device in its most conducting state {$ within its operating specifications.
If the device can be highly conducting (e.g., if it's a diode, or the base-
emitter junction of a bipolar transistor) the maximum current is determined
by VT/Rj. If it is not significantly conducting in normal operation
(e.g., at the inputs to an OpAmp), this criterion does not apply.

Consider now the case where the transient voltage exceeds the nore
mal operating specifications, and there is the possibility of an abnormal
breakdown condition. The next step in the analysis requires that the
energy deposited in the device be calculated. Since the device impedance
in its abnormal state is not well known, the safest assumption is to calcu-
late the energy transfer maximized with respect to device impedance. 1f
the capacitor can be neglected (this assumption also increases the energy
transfer), the worst case device impedance is equal to the parallel resis-
tance of Ry and Rz (i.e., load impedance matched to source impedance). For
this case the energy transferred to the device‘during a pulse of length
tp is

Wqg =

4 R;(R; + Ry)

This formula blows up as R, becomes small, because it assumes
that the limiter continues to hold the voltage at VT’ even if the circuit
impedance goes to zero. That assumption is fnvalid. If Vo <V, /2, the

maximum energy that can be delivered to the device in the limit R, +0 occurs

when the voltage across it is just Vy and the current is the maximum that
can be passed through RS when the voltage across it is Vs'VT' Thus
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If VT > Vg/2, the maximum energy is limited to

V2
Rs

which corresponds to half of the source open circuit voltage applied to the
device. :

The smaller of these two estimates is the correct one. When R,
is nonzero, it is almost always the first calculation that limits the
device energy. For most applications the capacitor, C, can be ignored in
the energy calculation, although it can be important in limiting the volt-
age at the device node to within its operating specifications.

In this sam xircuit configuration, it's usually necessary to
establish that the protection device is operating within its rating. A rea-

sonable upper bound on the current through the device is just the short-
circuit current available from the source: Vg/Re.

This example illustrates an important point about circuit analy-
sis for EMP interface effects. While more accurate analyses can be per-
formed. (e.g., by modeling the circuit and the device nonlinear characteris-
tics with a computerized circuit analysis program), the conclusions are
rarely different when reasonable, simple upper bound methods are used. In
addition, the simple analyses tend to be less dependent on specific assump-
tions, (e.g., the device impedance under overvoltage excitation), or at
least make evident when such assumptions affect the conclusions.
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2.2.2

Electric Governor Control Unit Analysis

Figure 2.2.2-1 presents the schematic

Bosch CU 673C-26 Electric Governor Ceontrol Unit.
of the unit are shown vertically on the left hand

The fp116wing analyses address each of

diagram of the American
The connector terminals
side of the figure.

the semiconductor devices

that could be affected by the pin stresses detailed previously in Sec-
tions 1.2 and 2.1. ’

2.2.2.1

Device D; (MR 820)

Pins and Stresses: Pins B and D
(284 vV, £5.7 A)

Worst Case Combination: -284 V Pin B

+284 V Pin D
Circuit: Configuration#1 Ry =(C=20
R2=w

Analysis:

The Worst Case Combination of stresses will apply a

Peak Inverse Voltage of 568 V across the MR820
diode, which is far in excess of its absolute maxi-

mum rated value of 75 V.

Energy: Wd2 = 3.226 mj

Wt = 0.424 mj (Source: ECMT)
For 90 V specification (without 10 dB margin)
Wdl = 81 wJ which is less than Wt

25
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However, under worst case conditions, this device
will be subjected to a peak inverse voltage of 180 V
which exceeds its specified absolute maximum value
of 75 V.

Conclusion: HCI-1M by Criterion E,

2.2.2.2 Device D, (MR1120)

L 2E) X 4%

Pins and Stresses: Pins B and F
(+284 Vv, 5.7 A)

Worst Case Combination: -284 V Pin B
+284 V Pin F

2L B =4

Circuit: Configuration #1 R, =C=0
R2 = =

Analysis: The Worst Case Combination of stresses would apply a
Peak Inverse Voltage of 568 V across the MR 1120 if
the 47 V Metal Oxide Varistor (MOV) was not
installed between Pins B and F. The MOV will limit
the peak voltage between Pins B and F to +93 V.
Since the MR 1120 1is specified as being able to
tolerate non-repetitive peak reverse voltages of
100 V and peak repetitive forward current of
75 amperes, both V4o and 1I4g are within the
specified operating range of the device.

EZ o =)

Conclusion: Uncategorized by Criterion A.
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2.2.2.3

2.2.2.4

Device Dz (1N914)

Pins and:Stresses: Pins F and N
(x284 V, 5.7 A)

Norst Case Combinations: +284 V Pin N

Circuit: Configuration #1 Ry =1K
c=0
stn

Analysis: The Worst Case Combination of Stresses could apply a
Peak Inverse Voltage of 568 V across the 1N914 which
is far in excess of its absolute maximum rated value
of 75 V.

Energy: Wq2 = 153.6 uj _
We = 21.1 uj (Source: Reference 5)
For 90 V snecification (without 10 dB margin)

Wdl = 15.4 uj

Conclusioni: HCI-1M by Criterion E,

Device T, (2N3447)

Pins and Stresses: Pins B, F, and N
(£284 Vv, £5.7 A)

28
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Worst Case Combination: *284 V Pin B
(Ww.C.C.) +284 V Pin F
-284 ¥V Pin N

Circuit: Configuration#1 Ry =C =20 j For stresses appearing
Ry = = l between Pins B and F

Configuration #1 R, = 3 K For stresses appearing

C=0 between Pins F and M
R, = 470 2

Pins B and F will apply a maximum collector to emit-
“er voltage of 93 V across Device T;. (The 47 V MOV
l1imits the collector to emitter stress across Device
Ty.) The 2N3447 has an absolute maximum Collector-
Emitter voltage rating of 60 volts which will be
exceeded. Additionally, the stresses which can
appear between Pin N and either Pins B or F can
reach -568 V which would cause the Emitter-Base
and/or Collector-Base voltage ratings of the 2N3447
to be exceeded.

Energy: W42 = 7.28 uj (for stresses between Pins F and N)
Wt = 36 uj (Source: ECMT)

Conclusion: HCI-2 by Criterion F

; .
§ Analysis: The Worst Case Combination of stresses between

LY

2.2.2.5 Device T, (2N4922)

;=

:
¥
B

‘n

L

Pins and Stresses: Pins B, F, and M
(£284 V, 5.7 A)

LY
'
t
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Worst Case Combination: %284 V Pin B

(W.C.C.)

+284 V Pin F
-284 V Pin N

Circuit: Configuration # Ry =C =0 ) For stresses appearing

Ry = = i between Pins B and F

Configuration #1 R; =3 K For stresses appearing
C=0 between Pins F and N
R, =470 Q

Analysis:

The Worst Case Combination of stresses between
Pins B and F wiil apply a maximum collector to emit-

. ter voltage of 93 V across Device T, (2N4922) (The

47 V MOV limits the collector to emitter stresses
across Device T,.) The 2N4922 has an absolute maxi-
mum Collector-Emitter voltage rating of 60 V which
will be exceeded. Additionally, the stresses which
can appear between Pin N and either pins B or F can
reach -568 Y which would cause the Emitter-Base
and/or Collector-Base voltage rating of the 2N4922
to be exceeded.

Energy: Wd2 = 7.28 uj (for stresses between Pins F and N)
We = 9.6 uj (Source ECMT)

Conclusion:

HCI-2 by Criterion F

2.2.2.6 Device T3 (2N3568)

Pins and Stresses: Pins B, F, and N

(£284 V, 5.7 A)
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Worst Case Combination: 2284 V Pin B

Circuit:

Analysis:

Energy:

Conclusion:

+2884 V Pin F
-284 ¥V Pin N

C=0
R2 =2 =

between Pins B and F

Configuration #1 R; = 470 Q } For stresses appearing

C=0
sto

between Pins F and N

Configuration #1 R; = 3.47 K } For stresses appearing

The Worst Casé Combination of stresses between
Pins B and F will apply a maximum collector to emit-
ter voltage of 93 V across Device T3. (The 47 v
MOV 1imits the collector to emitter stress seen by
Device ' T3.) The 2N3568 has an absolute maximum
collector to emitter voltage rating of 60 V which
will be exceeded. Additionally, the stresses which
can appear between Pin N and either Pins F or B can
reach -568 V which would cause the Emitter-Base
and/or Collector-Base voltage ratings of the 2N3568
to be exceeded.

Wd2 = 45.8 uj (For stresses between Pins F and N)
Wt = 4.4 uj (Source ECMT)

For the 90 V specification (without 10 d8 margin)
Wd1 = 4.6 uj which is still above W¢

Device T3 requires redesign by Criterion D
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2.2.2.7

Device Z; (1N5231B)

Pins. and Stresses: Pins K and P
(£284 Vv, 5.7 A)

Worst Case Combination: +284 V Pin K
(W.C.C.) -284 ¥V Pin P

Circuit: Configuration #1 Ry = C =0
Rz = 4.7 K

Analysis: The Worst Case Combination of stresses will cause
the absolute maximum peak nonrepetitive reverse
surge power rating of Device Z; to be exceeded.

Energy: Wd2 = 3.226 mj
We = 130 uj
For 90 V specification (without 10 dB margin)
Wgl = 324 uj

Conclusion: Device Z, requires redesign by Criterion D

Device Z, (1N52318)

Pins and Stresses: Pins P, T, and H
(£284 v, £5.7 A)

Worst Case Combination: +284 YV Pin P
~284 V PinHorPinT

Circuit: Configuration #1 Rl =C =0
Rz a 4,7 K

32
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Analysis: Same as Device 2,
See Section 2.2.2.7

Conclusion: Device Z, requires redesign by Criterion D

2.2.2.9 Device IC; (SN52709L)

Pins and Stresses: Pins Hor T, P, and S
(x284 V, 5.7 A)

Worst Case Combination: +284 V‘at Pin P
7284 V at Pins Hor T and S

Circuit: See Figure 2.2.2-2

Ana1ysis; The SN52709 (ICl) is powered by a Vee+ of +11 V

and a Vee- of OV, The absolute maximum voltage
rating for either input of the SN52709L 1s 10 V
with respect to the zero reference level of the
supply voltages where the zero reference level is
the midpoint between Voot and Vcc - {i.e., +5.5 V).
Since the magnitude of the input voltage must never
exceed the maghitude of the supply voltage or
10 volts, whichever is less, it can be concluded
that either input will be damaged if the input volt-
age goes more positive than +10 V or more negative
than -4.5 V. The worst case combination of stresses
will cause the absolute maximum dinput voltage
ratings of the SN52709L to be exceeded.

33
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Device IC1 and associated circuitry.

Figure 2.2.2-2.
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Energy: Wg2 = 16.1 uj
Wt = 3.1 uj (Source - Reference 5)
For the 90 V specification (without 10 dB8 margin)

Wdl = 1.61 uj

Conclusion: HCI-1M by Criterion E,

2.2.2.10 Device IC3 (SN52709L) j

Pins and Stresses: A, L, N
(£284 Vv, £5.7 A)

T A e KD 4, DK

Worst Case Combination: -284 V Pins A and N
(w.C.C.) +284 V Pin L

Circuit: See Figure 2.2.2-3

TR T

Analysis: The SN52709L (IC3) is powered by a Vee+ of +11V

and a Vee- of OV. The absolute maximum voltage
rating for either input of the SN52709L is 10 V
with respect to the zero reference level of the sup-
ply voltgges where the zero reference level is the
midpoint between Vee+ and Vee- (i.e., +5.5 V).
Since the magnitude of the input voltage must never
exceed the magnitude of the supply voltage or
10 volts, whichever is less, it can be concluded
that either input will be damaged if the input volt-
age goes more positive than +10 V or more negative
than -4.5 V. The worst case combination of stresses
will cause the absolute maximum i{nput voltage
ratings of the SN52709L to be exceeded.
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Energy: Wg2 = 153 uj (at output of op-amp)
Wy = 3.1 uj (Source - Reference 5)
For the 90 V specification (without 10 dB margin)
Wdp = 15.43 uj
which is still above W¢

Conclusion: IC3 requires redesign by Criterion D

rR T IR TR %%

2.2.2.11 47 V Metal Oxide Varistor (Panasonic ERZC-10 DK470)

Pins and Stresses: Pins B and F
(£284 v, 5.7 A)

BE &A

5? Worst Case Combination: +284 V Pin B
. (W.C.C.) 3284 V Pin F

Circuit: Configuration #1 Ry = C =0
Rz ==

Analysis: The maximum energy and surge current rating of this
Sg device will not be exceeded, even with a 10 d8 mar-
gin applied to the specified EMP stresses.
3

Conclusion: HCI-1H by Criterion B
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SECTION 3
INTERNAL WIRING EXCITATION

The EMP flowdown analysis (Ref. 2), which derived the 90 V inter-
face pin specification, also estimated the fields inside the generator
enclosure to be

H 5_4 A/m
E <120 V/m

Actually, the electric field will be well below this value, so only magne-
tic coupling will be assumed.

First we must make an estimate of the largest conductor lonp area
for interné) wires in the American Bosch CU673C-26 Electric Governor Con-
trol Unit {: to which the magnetic field can couple. The maximum conductor
Toop area in the control Unit is estimated to be half the unit width times
one-fourth its length, or anproxiately 7 cm x 4.75 cm.

Using the characteristic frequency of 4.2 MHz derived in Refer-
ence 2, we calculate

Voc = wug HA

where

wo = 4 T x 10-7 Henry/m 35 the permeability of free space
A = Maximum Conductor Loop Area
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Therefore:

Voo = 20(4.2 x 108) (41: x 10-7 ”e“"’) (fﬁ) (7 % 10-2 m) (4.75 x 102 m)
m m

Voc = 0,44 V
Anplying a 10 db margin to this value, we obtain

Voc =139V
Only upset can be produced by the internally generated transients
because 1,39 V is less than the rated maximum reverse‘vo1tages of al
devices in the Electric Governor (ontroil Unit. This 1.39 V signal can
appear at any point in the circuitry.

The largest time constant in the Electric Governor Control Unit
is created by the combination of the 100 k resistor R23 and the 10 uf capa-
citor C3;. This RC circuit has a time constant of 1 second. If the 1.39V
signal causes capacitor C31 to discharge, it would take approximately
3 seconds (3 time constants) for the capcitor to recharge and normal cir-
cuit operation to resume. However 3 seconds is not a long enough time to
cause any significant upset of generator operation to occur, because of the
relatively slow response times of the electric actuator for throttle con-
trol and the generator set itself.
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SECTION 4
CONCLUSION AND RECOMMENDATIONS

Diodes D, and D3 are stressed by EMP beyond their rated peak
inverse voltage, even for the basic specified EMP threat without
a 10 db margin. A comparison of the energy deposited in the
diodes with damage thresholds shows that both diodes can be

placed in HCI-1M. Diode D, is uncategorized while the 47 V MOV
(ERZC-10DK470) is in category HCI-1H.

Transistors T1 - T3 are stressed by EMP beyond their rated junc-
tion breakdown°vo1tages, even for the basic specified EMP threat
without a 10 db margin. A comparison of the energy deposited in
the transistors with damage, thresholds shows that transistors T,
and Tz can be placed in HCI-2, but transistor T3 falls into a
mandatory redesign category. The 2N4922 is a possible replace-
ment for T3, assuming it will satisfy other system constraints.

Zener diodes Z; and Iz are stressed by EMP beyond their absolute
maximum peak nonrepetitive reverse surge power ratings. The
energy deposition even without the 10 db margin exceeds the dam-
age thresholds for these devices. Therefore, redesign 1is

required. The 1IN5338 is a potential replacement for Z; and Zj,
assuming it meets other system requirements.

Operational amplifiers ICl and IC3 are stressed by EMP beyond

their absolute maximum input voltage ratings, even for the basic
specified EMP threat without a 10 db margin. A comparison of the

40
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energy deposited in the device with damage thresholds shows that
IC1 can be placed in HCI-1M, bgt IC3 falls into a mandatory rede-
sign category. It is recommended that transient voltage suppres-
sion devices be added at Pins A, L, and N of the Electronic Con-

trol System to reduce the transient stress to IC3 below its abso-
lute maximum ratings.
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A subsidiary of
Energy Conversion Devices, Inc.

THE MPV-3010 SHATTERPROOF SOLAR ELECTRIC
VEHICULAR BATTERY CHARGER

Maintain Full Battery Charge

The MP-3010 from Sovonics
Solar Systems is a flexible, field
rugged, lightweight generator
which converts sunlight to
electricity. It powers recharge-
able batteries in all types of
military vehicles and keeps
them fully charged even dur-
ing prolonged storage. The
MPV-3010 provides charging
current of over 300 mA at
28.5 volts. It can maintain
battery charge of two 100
Amp-hr 12 voit batteries con-
nected in series for 24 volt
systems. A built-in blocking
diode prevents battery dis-
charge at night.

Enhance Vehicle Readiness
The state of readiness of a
military vehicle can be seriously
impaired by self-discharge and

low charge retention. The
MPV-3010 enhances vehicle
readiness by compensating for
self-discharge and thereby
maintaining full battery charge

at all times and under all
climatic and weather
conditions.
Extend Battery Life

Low state of charge is one
of the main causes of short-
ened battery life. By always
maintaining a high state of
charge the MPV-3010 will
extend the life of the batteries
in military vehicles.
Reduce Batlery Maintenance

By maintaining a high state
of charge, maintenance due
to periodic recharging is elimi-
nated by the use of the
MPV-3010. Further reduction
in maintenance results from a
less frequent battery replace-
ment schedule.

Resistant
The MPV-3010 is a unique
product that takes advantage
of proprietary technology, in
which amomhous silicon alloys
are deposited in thin film layers
on flexible substrate. The

MPV-3010 is lightweight, tough,
non-breakable and in most
cases, continues operating
even after being pierced by a
bullet.

Easy to Install

The MPV-3010 can be
attached to the roof of a vehicle
with screws. Altemately,
optional magnz:.ic backing is
provided to attach the module
to any steel surface. For
vehicles utilizing more than
one pair of batteries, an addi-
tional MPV-3010 unit per pair
is suggested.

Available Now

For additional price and
fechnical information
contact:

Sovonics Solar Systems

1100 West Maple Road
Troy, Michigan 48084
Telephone (313) 362-3120
Fax (313) 362-4442

Telex 230648




Specifications '
Mounting g
Hole ———™° °
'}
2 Ring Lug > d ;
.Connectors 1 - - ol B

c

:= A —>
Maximum voltage 32 Volts at 10 Watts .

Cell surface: Dark biue with non-reflective surface

Cell underside: Weather proof polymer; optional magnetic backing

Weight: 2.2 pounds (1.0 kg)

Panel Sixze

A. Length: 23.75"
B. Width: 17.5"
C. Depth: 0.125

Attach to a solid surface with screws. Optional magnetic backing is available for instal-
lation on steel surfaces of vehicles.

Battery Characteristics For Sovonics MPV-3010*
Charging Current For 24 Voit Batteries Amp-Hr./Day

LR &S P 2 R o =%

Location Spring Summer Autumn  Winter

USA (Tennessee) 17 2.2 13 0.8 %
USA (Minnesota) 16 2.1 10 07

USA (Massachusetts) 16 20 1.0 0.7 a
USA (Texas) 20 25 16 11

Western Europe 16 2. 11 06 a
North Africa 24 24 22 14

Charging Output For 24 Voit Batteries At Various Light Levels @

lm Charging Current (mA)  Max Power (Watts) Q
Bright Sun (100 mW/cm?) 350 100
Sunny (90 mW/cm?) 315 9.0
Partly Cloudy (60 mW/cm?) 206 5.9
Cloudy (20 mW/cm?) 66 1.9
Heavy Clouds (10 mW/cm?) 33 09

*Module Mounted Paraliel To Ground
Represented By:

g2 o =

Form MPV-3010-9-88 H;
©1868 Sovonics Solar Systems o

All Rights Reserved

i
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Appendix K
Technical Data Sheet-Diesel Fuel Heater/Water Separator
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" TECNNICAL

INFORMATION

INSTALLATION

VENT VALVE

FROM WATER MANIFOLD

HEATED, WATER-FREE FUEL
OUT TO FILTER

COLD, WET FUEL €N
FROM TANK__ ‘\\“»‘ 3

e
4 i

INTERNAL
CHECK
VALVE

COLLECTED WATER

TO CAB HEATER

USE DAVCO VENT (8VV) AND DRAIN (8DV)

AVAILABLE THROUGH ALL TRUCK

MANUFACTURERS
Be sure to specify the FUEL-PRQ with DAVCO vent
and drain vaives.

FUEL PRO MODELS
FPO91 .. ... . . i FUEL PRO
FP-O91-P . ... .. ittt FUEL PRO
with water-in-fuel light kit

MOUNTING KITS

090410 ............... CAB-OVER-ENGINE KIT
090420 ................. CONVENTIONAL KIT
090430............. ..ol UNIVERSAL KIT

Patent No. 4368716, 4395996, 4421090, 4428351 and others

SPECIFYING INFORMATION

DIMENSIONS «veromue

USE DAVCO PN gvV
FOR VENT VALVE
———— 428 OIA ——

| 11083, 1.28

FUEL our
LERILLAS
N

275 ——f

FUEL IN
LERILEAN

Rl

| cHECk vawe

WATER.IN-FUEL

|
J ‘
e INDICATOR
-

| =
|

i
|l
| use oavco s aov
FOAR DAAIN VALVE

SPECIFICATIONS

LINEAR DIMENSIONS IN INCHES

WEIGHT.. ....... 3 pounds, 14 ounces (1.75 kg)
FUELCAPACITY ......... .45 gallon (1.7 liters)
FUEL, DRAIN & VENT
CONNECTIONS .............. V2 x 14 N.P.T.
WATER TRAP CAPACITY. ... 38ounces(1.1liters)
RECOMMENDED
MAX.FLOW ............ 120 gallons per hour
DIMENSIONS . . ... e 4 'x 5" x 12"
MOUNTING............. VERTICAL POSITION
RECOMMENDED

IDAVCO =

Ménufacturing Corporation
4601 Platt Road Ann Arbor, M148104
313-973-2270 Telex: 810-223-2401

FORM 093-114

XY
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Appendix L
Patriot Fuel Waxing Study of the 15 and 30 kW
MIL-STD Generator Sets
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PATRIOT Fuel Waxing Program

Background:

In the European Theater of QOperations, the PATRIOT power generating
equipment is required to use grade OF-2 (QCONUS) diesel fuel, in con-
formance with NATO F-54 diesel fuel. Reports from Europe indicated that
fuel waxing in power generating equipment appeared to be occurring at
ambient temperatures of 25° to 30°F, even though the "cloud point" of
DF-2 fuel is 9°F. As a near-term solution, the supply of kerosene blended
fuel in Europe is adequate to meet the PATRIOT fuel requirement through
the winter of 1985-1986. This limited supply of blended fuel is presently
available because of the reallocation of Navy dedicated resources. The
kerosene based fuel used for blending is not a NATO_standardized fuel and
could be reallocated at any time. If blended fuel was made a NATO standard
and authorized for PATRIOT users, the fuel waxing ;rob1em would be solved
provided that the blended fuel is &n use prior to the occurrence of
waxing problems. The current blending policy of waiting to blend the

fuel until a waxing problem has occurred co. d cause shut down of the

power generating equipment. Specifically, PATRIOT users should have an

"agreement with USAREUR agencies to use blended fuel on a calendar date

"cut-in" basis. On the condition that a tactical decision is made not to
depend upon kerosene blended fuel in Europe, a development and testing
program was initiated to design a heated fuel system for the MEP 113A (15
kW) and MEP 114A (30 kW) PATRIOT generator sets. This fuel waxing program

will determine the minimum modifications necessary for the generator sets

to successfully eliminate the fuel waxing problem.
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Testing Results:

Two systems were developed and tested under this program. The first
series of tests were conducted during the week of 21 October 1985, at
0°F, -10°F and -25°F. The two systems, hereinafter called System ! and

System I, were compased of the following generator set modifications:

System [ - Stanadyne

1. 1/2 inch fuel 1ines and fittings.

2. Primary filter replaced with Stanadyne Model MS water

separator.

3. Heated secondary filter.

System Il - DAVCO N

1. 3/8 inch and 1/2 inch fuel lines and fittings.

2. Primary and secondary filters replaced with DAVCO Model
DP 100 heated filter/separators.

3. Day tank heated by DAVCO hot joint.

Both System ! and System II started and operated successfully during the ,

testing done the week of 21 October at temperature conditions of 0°F and




B

-10°F. The generatur sets were operated for 3 hours, 2 hours at no load

condition and 1 hour at full load condition. At -25°F, neither generator
set started and operated as required. The MEP 113A generator set (System
I fuel system) had an overspeed shutdown due to a governing system problem
and it also appeared that the float switch in the day tank was hung up in
solidified fuel. The day tank in this System I configuration was not 1

heated. The MEP 114A generator set (System Il fuel system) was shut down

55

due to a broken shaft of the fuel injection pump. The pump was removed

and sent to Stanadyne, the pump manufacturer, for failure analysis. A

sl

new injection pump was installed and during the week of 4 November the

| SV

MEP 114A generator set was retested at -25°F. The set started and operated

for a short period. Fuel was being provided successfully from the day .

-

)

23 tank to the engine, verified by the correct functioning of the day tank

E% float switch calling for fuel to be provided from the set main fuel tank.
No fuel was provided from the.main tank to the day tank, indicating that

§§ the fuel in the main tank was solidified and could not be pumped by the

‘o A two electric fuel pumps. »

X

EE The results from the -25°F testing determined that for successful operation

) at that temperature the set main fuel tank must be heated. To keep

E§ generator set modifications as simple as possible and also to meet more

= real istic temperature requirements in Europe, it was recommended that the

ig generator sets be required to operate properly at -10°F on OF-2 diesel

;ﬁ fuel, not -25°F. This was based on an analysis of weather data for the

o European NATO countries, indicating that for 99.9% of the time during the

?% winter montns, the lowest temperature reached in these countries was -8°F.
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Both PM-MEP and the PATRIOT Support Project Office agreed with the -1Q°F
temperature requ ‘ement. The next test was conducted at -15°F to provide
additional insurance that the generator sets will operate properly at

-10°F in the field.

Before the next test, System I was modified to include the following

comporents:

X3 X OB

System [ - Stan-dyne

5l

o

TS

1. 1/2 inch fuel lines and fittings.

2. Heated primary and secondary filters.

o A

3. Day tank heated by SDS heater.

e

During the w=ek of 9 Decemter, testing at -15°F showed that both systems

were su.cessful in starting and operating the MEP 113A and MEP 114A

E§ generator sets.. The systems were then switched (System I from MEP 113A

. to MEP 114A and System II from MEP 114A to MEP 113A) and retested success-
5: fully at -15°F. 7his test satiéfactor11y proved that both System I and

- System II will allow the MEP 113A and MEP 114A generator sets to start

7

and operate properly with no fuel waxing problems at temperatures down to

§ -15°F,

A final test was conducted duriny the week of 13 January 1986 with the

§§ MEP 114A generator set (using System I fuel components) in an EPU II




configuration. At -15°F, the MEP 114A was successful in starting and
operating the EPU II for 8 hours at rated load, drawing fuel from the 93
gallon external tank. The fuel supply was then switched to the generator
set main fuel tank and operated for 1 hour at rated load. This testing.
indicates that no further modification to the EPU II fuel system is re-

quired for successful operation down to -15°F.

Recommendations:

. If the decision is made not to rely on blended fuel as the long-term

solution to the fuel waxing problem, further development and ébcumentation
of the fuel system modifications, System I and Systéﬁ I, wili be required.
Since both systems were found to be technically satisf;dtory, the decfsion
as to which system to fully document will be based ¢n sys;ag'cost and
simplicity of the modifications to the generator se:'fﬁé1 system. Docu-
mentation for the fuel system kit will be accomplished, which includes
revisions to all generator set tecAnical manuals and an engiheering
drawing package for the fuel system modifications. Next, the fuei systems
of the EPP Il and to a lesser extent (some testing has already been

accomplished) the EPU Il must be addressed to ensure their successful

operation at -10°F.
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PURPOSE OF TEST: To determine if the MIL-STD 15 KW and 30 KW DED Generator Seats
currently used in the PATRIOT System will operate at low temperature con-
ditions, using OCONUS Referee Grade DF-2 diesel fuel and commercially
available fuel system heaters incorporated into the generator sets fuel
system,

DATE TESTING COMPLETED: 14 December 1985

TESTING CONDUCTED BY: Dynamic Testing Branch
Test & Evaluation Division

Belvoir Research Developmen:t & Engineering Center
Fort Belvoir, VA 22060-5606

TEST FUEL SYSTEM HEATERS:

One(l) each Fuel System Heater manufactured by Standadyne, Inc,
One(l) each Fuel System Heater manufactured by DAVCO.

TEST FUEL: OCONUS Referee Grade DF-2 Diesel Fuel furnished by Standadyne and
DAVCO,

TEST GENERATOR SETS:

One(l) each 15 KW DED Generator Set
1°0/208 Volts, 100 HZ

Model MEP-113A

Serial No. R260358

Cne(l) each 30 XW DED Generator Set
120/208 Volts, 400 Hz

Model MEP-1134

Serial No. RZ40043

ABSTRACT: Both Generator Sets operated satisfactorily at low temperature to -13°
Ambient on OCONUS DF-2 fuel with fuel system heaters incorporated into the
generator sets fuel system. Neither generator set would operate at the
-25° Ambient test condition as the generator sets electric fuel pumps wera
incapable of pumping fuel from the units main fuel tank to the units day
tank. The OCONUS fuel at this temperature was of a semi-solid consistency.

TEST PLAN & TEST SEQUENCE: The 15 XW and 30 XW zenerator sets were received on
13 Oct 85. The tesc fuel system heaters were installed at time of receipc
by the Government Contractor, Potomac Research, Inc., representing the Gov-
2rament in the acquisition of the Zuel system heaters. The 15 XW DED generator
set was equipped with the fuel system heaters manufactured by standadyne,
Inc., ard consisted of heaters installed in the zenerator sets primary and
secondary fuel filter canisters, adjacent to the MIL-STD fuel fiiter 2lements.

The 30 KW DED gzenerator set was 2quipped with a fuel system heater manu~-
factured by DAVCO. The DAVCO Fuel System Heaters consisted of replacing -he
primary and secondary MIL-STD fuel filter housing assemblies with DAVCO
primary and secondary units having heater elements incorporaced within the




tor set day tank.

Both units were serviced for low temperature testing with coolant checks,
protection checks, oil changes, filter changes, flushing the fuel
systems with OCONUS fuel and refilling the fuel systems with OCONUS DF-2
(fuel by Standadyne). Thermocouples were installed in the main fuel tanks
&5 ad jacent to the fuel pickup approx 1/2 inch from the bottom of the main
fuel tank and in the units day tanks, approximately one inch from the bot-
tom of the day tank. A thermocouple(set air in) was installed at the con-
Eg trol end of the generator sets. The quick start cylinder was installed on
each generator set, The fuel injection pumps were checked to insure that
: the fuel inlet screens were removed. It was later found that removal of
v S& these screens would result in a catastrophic failure (seizure) of the fuel

i! filter housings. A Davco heater element was also installed in the -genera-

injection pump.

DC voltage and current measurements of the fuel system heater operation

was taken during low temperature testing. Prior to testing, both fuel sys-
tem heaters were checked at +25°F to insure proper operation, Units were
operated before each test environment, to insure proper instrumentation aand
operation, All circuit breakers on test units were pulled and cycled batte-
ries installed prior to each test environment. Fuel samples were placed ia
chamber,

state, After a 24 hr soak period both fuel system heaters were operated
four(4) minutes prior to a start attempt. The 3. rator sets started within
the time allctted by the test nprocedure and uni: jperation was normal,

Both units met the requirements set forth by the test procedure of rated load
after 14 minutes of operation at no load, one(l) hour operation at rated load
and two(2) hours operation at no load. During testing at O°F ambient, the
manufacturing represencative from DAVCO determined that the day tank heater
was wired incorrectly, The day tank heater should have been instaliasd on the

ii TEST ENVIRONMENT AT O0°F AMBIENT TEMPERATURE: Fuel Samples: Cloudy liquid
"

E& secondary filter., After completion of testing at 0°F Ambient, the wiring to
the day tank heater was changed per manufacturer representatives instruc-
tions,

§§ TEST ENVIRONMENT AT -10°F AMBIENT TEMPERATURE.
After a 20 hour soak period and four (4) minutes of heater operation, an at-
ég tempt to start the 15 KW unit resuited in a 'mo start", causad by a trip-

ped speed switch., The switch was reset and a successful start was made.
During testing, the 15 KW satisfied the requirements set forth in the test
procedure, The 30 KW was incapable of starting on set batteries at =-10°F
testing., The set started and operated on 24 volt house power as set batte-
rizs were frozem during -l10°F sosk. During one(l) minute of fuel system
heater application, it was determined thact the wiring <o fuel filter heater
was raulty, The wiring was repaired and testing ccntinued (four(4) minutes
of heaters application reapplied). The unit started and operated normally
throughout the testing and met the requirements set forth in the test proce-
- cedure, After the complection of -l10°F ambient, the unit remained running un~
&

E==

~Fr

til chamber reached +40°F ambient, to allow the fuel in the units' tanxs <o
warm o +80°F ambient. At this point, the unics were shutdown and the cham~

- o
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ber was operated until the fuel temperatures reached the required +80°F in
the units fuel tanks. During the shutdown, the 15 KW was fitted with an
indicator light to the day tank solenoid, to monitor fuel demands during
-25°F ambient tests.,

TEST ENVIRONMENT AT ~-25°F AMBIENT.
The fuel samples appeared as a semisolid slush solution. The fuel in the
sers main tanks appeared as a thick slush solution. At the end of a 20
hour soak period the 15 KW fuel system heater was activated for four (4)
minutes, using set batteries, After one dead crank, the first start attempt
resulted in a "No Start". A second start attempt, using 2’ volt house power
resulted in a good start within 50 seconds. After eight(8) minutes of opera-
tion at no load tl.e unit shutdown. Examination of the unit revealed that the
MIL=-STD electric fuel pumps were incapable of pumping fuel from the main tank to
the day tank as a result of the fuel being in a thick slush solution. Testing
¥ on the 15 KW was terminated at the =25°F ambient. Activated the fuel system
heaters on the 30 KW unit for four(4) minutes, using set batteries. The
first start attempt on set batteries resulted in a slow crank and no start.
Using 24 Volts house power, the unit started on the third start attempt
p and operated approximacely one(l) minute then shutdown. Examination reveal-
ed no fuel from injection pump to #1 and #6 injection nozzles., Testing at
-25°F terminated, Chamber warmed to +40°F ambient to attempt a start on the
15 KW and 30 KW sets. The 15 KW set was started and operated at +40°F ambi-
2 ent. Start attempts on the 30 KW were not successful. Examination of the
ii 30 KW revegled the injection pump had seized during testing at =-25°F ambient.
After testing at -25"F, both units received a thorough inspection prior to
0 further operation. The following deficiencies were noted. The 15 KW in-
Q spection and findings: Faulty wiring connections at the boost electric pump.
Repaired the wiring connection and a replacement boost pump installed with
the fuel strainer removed. A faulty governor control actuator was replaced.
Fuel Filters in both primary and secondary cannisters were inspected.
The 30 KW inspection and findings: A replacement injection pump was installed
and timing set according to TM specifications. The fuel inlet strainer to the
injection pump was removed.

&5y =E R

-

& At this puint it was determined that a start attempt on the 15 KW would De
performed at ~]0°F ambjent without any fuel system heater operation. The 30 KV

*q will be retested at the -25°F ambient environment. Both units were serviced

kﬁ for low temperature. Both uunits were equipped with an indicating light to
monitor fuel demands during low temperature testing. Indicating lights were

1 connected to the primary and secondary heaters to monitor fuel system heater

gﬁ operation. A manual control switch was incorporated in the thermostatic co-trol
wire to the primary heater to permit a forced operation of the primary fuel sys-

. tem heaters by demand and not by thermostatic control., Both units main fuel

ﬁi tanks were filled with Oconus fuel furnished by Standadyne. All circuit break-

; ers pulled and cycled batteries installed as required,

?-ﬁ. -10°F AMBIELNT TESTING ON 15 XW WITHOUT FUEL SYSTEM HEATERS. .
e The testing began with the fuel in the main tank at =-3°F. The unit scarted in
25 seconds and operated normally during all phases of testing. The fuel de-
A& mands (per indicator light) for each 2.5 minutes of operation at rated load iadi-
gg cate approximately 8 seconds 5f fuel pump operation., At no load Zor each 5 ain-

utes of operation, apnroximately 8 seconds of pump operation,,
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AFTER THE COMPLETION OF =10°F AMBIENT TESTS ON 15 KW.
The 30 KW fuel system heaters were checked for proper operation using 24 volt
house power, Total system current draw - 40,38 amps/23.5 volts DC.

30 KW AT -25°F AMBIENT/RETEST.
Fuel sample - semi solid state.
Fuel in main tank - semi solid state,
At the end of a 20 hour soak period, the fuel system heater was activated using
set batteries, The unit required three(3) scart attempts before starting.
The unit shut down after 15 minutes of operation with a low fuel indicator showmn.:
Examination of unit shows the inability of the electrical fuel pumps to pump
the Oconus fuel in a semi-solid state as in the previous -25°F test. Testing at
-25°F Ambient was terminated to avoid possible failure of the injection pump.

Both units were disconnected and returned to the contractor for modifications
to the fuel system heaters for testing later.

Receipt of the units after modifications to the fuel system heaters reflactad
the following changes:

15 KW, 400 HZ Generator Set

22 e 47 =R O R en X

Model#MEP-113A
S/N-RZ60358 2 ea.~ 30 amp Circuit Breakers

1l - Primary & Secondary Heater
Davco Oconus fuel in tank 1 - Day Tank Heater

g <4

Set in original coanfiguration

Standadyne fuel heater system

Heater in primary filter assy.

Heater in secondary filter assy.

Heater in day tank w/immersion thermostat

Larger solenoid on day tank

Large diameter fuel lines

Nifferent fuel selector valve

Larger fittings but reduced at filters, pumps and injection pump
Broken starter aid hose caused by contractor installing kit

]
i

a S

30 XW, 400 HZ Generator Set

Model#MEP-1144 S/N-RZ40048 1 ea. - 30 Amp Circuit Breakear
Davco Oconus fuel in set

Davco fuel heater system

3asic same as previous with the following changes:

R

Larger fuel lines but reduced at fittingzs
Larger fuel solenoid at day tank

2]

Both the 15 XW and 30 W wera serviced for low temperaturs tests at -15°
bient,

ey

ADL -

-~

The same instrumentation set up as in previous :est was used.

T3 ==
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The 15 KW was connected to indicator lights to monitor day tank solenoid opera-
tion (fuel demands) and day tank/secondary fuel filter heater operation. The 30
KW was connected to indicator lights to monitor day tank solenoid operation

(fuel demands), day tank heater/secondary fuel filter heater operation and pri-
mary fuel filter heater operation. It was stated in a revised test procedure

that the operation of the primary heaters would not be permitted during the four
(4) minutes of heater operation prior to the start attempts on both generator
sets, After the completion of instrumentation hook-up and set check-outs to in-
sure proper operation, the chamber was lowered to +25°F Ambient to allow fuel !
system heater operation prior to performing the -15°F Ambient test., Both fuei 1
system heaters operated as required during 25°F Ambient aystem check. }

=T

= <an
2

s 4

30 XW AT -15°F AMBIENT.
Fuel samples - thick slush state. Good start after four(4) minutes of day tank/
secondary filter heater operation - 35 seconds to start. The 30 KW performed
satisfactorily during =-15°F ambient testing. Fuel demand at vated load for each
minute of operation approx four(4) seconds of fuel pump operation,

54

s

15 KXW AT -15°F AMBIENT.
Four(4) minutes of day tank/secondary heater application.
Unit started on second attempt but would not reach 400HZ(rated speed), Examina-
tion after the sixth start attempt revealed no fuel flow to the injection pump.
After tapping on the fuel line, fuel started to flow. Started unit and operated
for the-required 14 minute warm up. Applied rated load but unit would not main-
tain rated speed. Shut unit down for examination. Found failed "O" ring on fuel
inlet to the injection pump. Both units shut-down for fuel system heater change-
over, The Standadyne fuel system heater kit was installed on the 20 KW and the
Davco fuel system heaters were installed on the 15 XKW. Both kits were checked Zo
propar operatiocn at 25°F Ambient as in all other pre-tests.

K

30 KW STANDADYNE SYSTEM AT ~-15°F AMBIENT.

Four(4) minutes of h~ater application to day tank/secondary filter, Fuel

samples -~ slurpee consistency. Three(3) start attempts - ome(l) start fluid
application with primary heater on., Good start in 45 seconds. During no
‘load operation, light indicator on day tank solenoid activated approximately nine
(9) seconds for each five(5) minutes of unit operation. At rated load, fuel

pump operated approximately nine(9)seconds for each 1.5 minutes of unit operation
The 30 KW operated normally during all phases of testing at -15°F ambient.

-

15 XKW DAVCO SYSTEM AT -15°F AMBIENT.

Tour\«) minutes of heater operation of day tank/secondary rilter. 3Sood star: .a
15 seconds with two(2) applications of starting aid. The primary heater remainec
on during the raced load operation. The fuel solenoid was on for one(l) second
for every 17 seconds of ocperation., During no load operation, the fuel solenoid
was on approximately one (1) second for each 30 seconds of operation. The 15 XKW
operated normally during ~15°F ambient testing.

- _ .
| S

}} RESULTS:
3oth fuel svstem heaters operatad in a satisfactorily manner at temperaturzs =0
-15°F, provided that the set batteries were fully charged. Neither fuel svs:ea
heater would functior at -25°F ambient because of the inability of the MIL-STD
&g Electrical fuel pumps to pump Yuel from the main set tanks to the day tanks vners
the fuel was heatad prior to use by the generator sets.
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DISPOSITION OF TEST FUEL SYSTEM HEATERS:

At the completion of testing, the fuel system heaters remained on the gen-
erator seats,
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OCTOBER 21, 1985 "

PATRIOT FUEL STUDY
STARTING AND OPERATING TEST

I. PURPOSE:

To determine the 15kW and 30kW ‘generator set changes

4] required to permit operation at 0°F, -10°F, and =25°F with
OCONUS Diesel Fuel 0il1 Grade DF-2.

I1. APPARATUS:

xR

A. Instrumentation for measuring load conditions, power,

voltage and current; ambient and set temperature shall

< =

be as described and {llustrated in MIL-HDBX-705. In

addition, recording meter(s) for recording voltage ana

frequency ‘speed) shall be required. The recording
meter(s) sha'l be as described and illustrated in
MIL-HDBK=705, Methpds 101.1 and 104.1. Set instrumenta-

&

tion may be used in lieu of laberatory instruments.

i

?‘3 3. The climatic chamber at the Belvoir Research and
W Development Center shall be used for obtaining environe
o
lg_

mental conditions.
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III. PREPARATION FOR TEST:

A. Install thermocouples in the main fuel tank and day
tank. | |

B. The instrumentation for the chamber shall be the instru-

mentation normaily employed.

C. Start and operate the generator set until the lubri-

cating oil is warm enough to drain. Drain the coolant

@ | from the engine block, the radiator, coolant pump, and

all coolant lines. Be sure that the set is completely

-z e »7%0
v i

3 . drained. Fil1 the coolant system with the proper solu-
| tion of antifreeze.
a D. Drain the fuel from the main fuel tank and the day tank,
@ , and flush both tanks using C'«I QCONUS fuel., Remove
filters frc_:m electric transfer pumps. Install the new
& components that will be used for the test. Add DF-2
n‘ OCONUS fuel to the main fuel tank (2.5 gallon for the
} 15kW and 5 gallon for the 30kW). Prime the fuel system.
| § E. Drain the lubricating oil from the engine, filters,
strainer and 1lines. Install new filter and clean
strainers. Use new gaskets. Fill with proper grade
o lubricating oil (Arctic o0il).
N
i . Qperate the ether system. See that all controls operate
F properly.
g G .k instruction manual or operating and servicing

instructions to see that all set requirements or recom-
_. E mendations have been performed.
Page 2 of § e

; 'PATRIOT FUEL STUDY - STARTING AND -OPERATING TEST (Continued)
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rage 3 of 6

H.

e PRTRIOT FUEL STUDY '« 'STARTING AND OPERATING TEST (Continued)

Start and operate the generator set for approximataly 15
minutes at no load to allow the fuels and lubricants to
thoroughly circulate. During this period open ofl lines
at gages and safety controls to drain normal temperature
0il. Shut down the sat and drain the fuel from the day
tank. Refill the day tank using the electric fuel
pumps. Fill and label a small container with a sample
(approximately 8 ounces of fuel).

Determine that the batteries have been cycled and com-
pletely charged (see MIL-HDBK-705, Method 222.1) before

placing them in the climatic chamber.
Place container of fuel in the climatic chamber.

Place the generator set in the climatic chamber.

. Connect the load instrumentation in accordance with the

applicable figure .of MIL-HDBK=-705, Method 205.1, para-
graph 205.1.10 for one of the voltage connections.
Connect the signal input of the recording meter(s) to
the convenience receptacle of the set. (Power the

recording meter(s) from the commercial utility.)

Where temperature measurements are made by means of
thermocouples, the thermocouble leads shall be brought
out of the climatic chamber to permit the temperature to
be read by instruments located in normal ambient temper-
atures. All electrical instruments, axcent those pro-

vided as part of the generator set, shall be located

- [T VRIS F P PPN NP
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PATRIOT FUEL STUDY - STARTING AND OPERATING TEST (Continued) |

Iv. TEST:

_Page 4 of 6

A.

outside the climatic chamber with the exception of

shunts used in determining field current.

Decrease the temperature in the climatic chamber; when
the ambient temperature reaches 25°F (-4°C), fill the
set tank to';;i of capacity. Fill and label a small
container with a sample of the fuel used. Place this
sample in a location in the climatic chamber where it

may be observed.

Expose the complete genera'tor set (including all fuels,
lubricants, coolants, and hydraulic oils to be used
during this method) to O°F until such time as all com-
ponents are at 0°F temperature for 24 hours. Ouring all
steps of this test, all ambient thermocouples shall
1n61cata temperatures equal to or colder than 0°F

throughout the test.

Measure battery voltage and current four minutes prior
to attempt to starting the set, apply power from the set
batteries to the components containing heaters. Record
the time when Cranking is started. Record the time when

the set starts.

Allow the engine to warm up at no load, rated voltage,

and rated frequency for a period of 14 minutes.

N PR ORI T SN B e S N I . ot . =N Com i
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RESULTS:

E.

Within 15 minutes after engine starts, ap_ply rated load
in one stop; Leave rated load on the set for 30
seconds, then drop the load to no load in one step.
Operate at no load for 30 seconds. Apply and drop rated
load two more times with 30 seconds of operation at each
load condition. Next apply no load to 15kW and operate
the set for 2 hours, then apply rated load for 1 hour.
Apply rated load to 30kW for 1 hour, then no load for

2 hours.

After the test at -10°F, increase the temperature of the
chamber to 80°F and operate the set until the fuel
temperature in the main tank and the day tank is 70°F.

Observations:
(1) Determine if the fuel is flowing through the clear

tubing.
(2) Determine if there were bubbles in the fuel lines.

(3) Determine the stoppage locations if the fuel did

not flow, if possible.

Determine if the generator set was able to start and
operate at no load 5 minutes after power was applied to

the heated components.

Determine if the generator set was able to cperate at no

load, and rated load, rated voltage, gnd‘fated frequency

bl




for 3 hours after 15 minutes of operation at no load,

rated voltage, and rated frequency.

G
o Ay

VI. TEST CONTINUANCE:

| Repeat the entire test procedﬁre at -10°F and then at -25°F
A after a 20-hour soak period using slave or house power if
4%¢

the following occurred for each previous test temperature:
A. Clear and smooth fuel flow.

B. The generator set started 5 minutes after power was

applied to the heated components.

C. The generator set operated at rated load, rated voltage,
and rated frequency for 3 nours after 15 minutes of
operation at no load, rated voltage, and rated

frequency.
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PATRIOT FUEL STUDY
STARTING AND OPERATING TEST

-
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1. DPURPOSE: To determine the,15kW and 30kN generator set omanges

required- to permit operation at 0°F, -10°F, and
=25°F with OCONUS Diesel Fuel Cil Grade DF=-2.
11. APPARATUS: '

A. Instrumentation for measuring load conditions,
power, voltage and current; ambient and se- i
temperature sha}l be as described and illustrated
in MIL-HDBK-70S5S. 1In addition, recording meter(s)
£or recording voltage and frequency (speed) shall
be required. The recording meters shall be as
described and illustfated in v:31§3§§;705. Methods
161.1 and 164.1. Set;instrumentation may be usad
in lieu c¢f laboratory instruments.
B. The climatic chamber at the Belvoir Research
ard Development Center shall be used for obtaining
environmental conditions. |
il PREPAFATION FOR. TEST:

A. Install thermocouples in the main fue. %any,

and 3day tank. The-tharnociife-ge—sag—bow—ivcrted
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B. The instrumentaticn for the chamber shall be

the instrumentation normally employed. -

‘Qu “C. Start and operate the generator set until the

lubricating oil is warm enough to drain. Drain
the coclant from the ehgine block, the radiator,
coolant pump, and all coolant lines. Be sure
that the set is completely drained., #fill the
coolant system with the p:o§er soluzion of

anti._.=2eze,

C‘ ~Z. Drain the fuel from the main fuel tank and tne

day tank, aad flush both tanks using DF=-2 OCONUS
fuel. Remove filters from electric transfer
pumps. Install the new components that will be
used for the test. Add DF-2 OCONUS fuel to the

main fuel tank. (2.5 gailen for the 15xW and

in

gallon for the 30kW) Prime the fuel system.

(1Y)
'J-
s |

E. Drain gpe lubricating oil £from the en e,
filters, stéa;éer and lines. 1Iastall new filcer
and clean strainers. Use new gaskets. Fill with
proper grade‘ lubricating oil. .F&r/& Sl
F. Cperate the ether systeam, Se=2 taat afl
Sontrols operate properly.

G. Check instruction manual cr operating and

(7]
O

Ivicing ilnstructions to s2e that all se:
¥fdlraments oOr racosmmenZat.ons nRave been
2erformed.

H. Stal® and sTperate the generator set for

L )

il Ly
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'hprod‘
| best available’ copy

-_oEm A B

- = e

' phhps.

s;sample (approxlmately 8 ouncn

‘and - completely cha;ged (see MIT-HDBK~7ﬁ5, wa*hod

‘2227

with the applicable figure of MIL-HDBK-7 103, Mac

\'114

I. Determxne that'the batterles have heen ﬁVﬂ‘ed J~¢v~i

ihEHe @1

;hamber.

.;J. Place contalner of £uel” in ¢ he cl*ma*xc yﬁaﬂbe

K. Place the qenerator set 'in the clzmatic
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L.~ Conr t the lwvad instrumenta on in aucorﬂa ce

205.‘, paraqra“h 205, 1.10 for*”ne of the

——

»

cqnnectlons. Connect *ne s;gnal lnght .~

recording meter(s) to the convenience receptacle .

of the set. (Power the recording meter!s' from

the commercial utilitvy).
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M. Where temperature measuraments ar:s ma

means of thermocoupies, the thermocoupie ileads

shall te brought out of “he climatic chamber =2

cy Lastrument
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permzt the temperaturs td i
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in normal ambient’ tam*erat r=s. - ALl

'elect:ical'insr:umentsh”excegt ;hcse-p:CVLdeiwas
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”fuel used..

24 hours.

‘ambient

'fh( 4°C), flll the set tank to 50% of capacity.

‘equal to or colder than 0QOF

c e AFour minutes prior to att-mut to starting
Lo S P g g

set, apply power from the

components ccntaining heaters.

when cranking is started.

rthe set starts.

Durihqta;l sta2ps of

out Lde the clxmatlc Chamber w1th the exceptlon of

'Tshunts used ln determlnlng fleld currents.

ﬁwvand ;abel a sma11 conta;ner WLth a sample of &
Placethl=samp1eJJ1alocatronrn c
'lamztlc chamber where lt may be observed.

‘vhBrr Exoose the’ complete qenerator ‘set (includi

this test, =2

-

t oaghout tha tes=~

o

seft

Record

.
la]
el

N o
batteri=ss %> th

the tim

the temperature Ln the talmar.c” o
chamber, when the amblent temperature reaches 25C°F

Fill

"fuall fuels, lubr;cants, coolants and nydrauliz oils
Ut be used durxng th 3 method) to 0°F until such
,etlmepas all components are at 0OF temperature for
'

thermoccuples shall indicate “emperatures
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e

Racord the zime when

D. A.low the engine to warm uz at nc load, ratad

/2ltage and
Tinures
minutes

. Within L%

ra“ed lcad ia che step.

rated tfregquenc

v for a pericd of
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" “set £or 30 seconds, then drop the load to no load 1}
in one step. Operate at no load for 30 seconds.
"Apply and drbp"ratéd lbéd twb mbfe times.with 30
Séqbndé of operétion at each ldad_éondition. Next

: No
apply »w®=d load and operate the set for 3 hcurs.

V. RESULTS: >
A. Observations:
(1) Determine if tne fuei is fiowing thrdﬁgh
the clear tubing.
(2) Determine if there were bubbles in the

fuel lines.

= &2 &N

(3) Determine the stoppage locaticns if the

P
= o

fuel did not flow, if possible.

Ty o
e i

B. Determine if the generator set was atcle to
start and operate at no load § minﬁtés after occwer
was applied to the heatad components.

C. Pletermine if the generator set was acle to

MO
operate at-g=tek load, rated voltage, and rated

T

T 7 thial Bt Sk L g |

- frequency for 3 hours after 15 minutes o2

-~
o

o
P e T,

operation at no le¢ad, rat=d 4oltage, and rated

frequency.

-

YT, TEST IONTINUANCE: GRepeat the ent--e ta oced_re at =10¢7

and then at -25°F21f the fc owlng occurred for

o)

2ach previous test temperature

g on e
s e 1]

A, Clear and smooth fuel flow.

3. Thie generator se:t startad S5 minutes afcer
pcwar ~as applied to the heacted ccmponents.

C. The seneratcr set cceracted at rated load,

T ®mm ==




rated voltage, and rated frequency for 3 hours
after 15 m.nutes of operation at no load, rated

voltage, and rated frequency.
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APPENDIX 11
INSTRUMENTATION LIST




INSTRUMENTATION LIST
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*CNR - Calibration Not Required

All instruments calibrated at time of usage with a standard instru-
ment that is traceable to the National Buresu of Standards.

Manufacturer Model # lCilibrt:ion“Dn:i
Clarke Hess 24886 6 Sep 86
Clarke Hess 25095 8 Sep 86
~Clarke Hess  25096 21‘593 86
D.C. Voltmeter 0152 18 May 86
D.C. Voltmeter 1768 18 Jan 86
D.C. Voltseter 1282 6 Aug 88
D“.C. Voltmeter 655 4 Sep 86
T.1. Recorder 2070 CNR*
T.l. Recorder 0184 CNRw»
Temperature Readout 6638 8 Feb 86
D.C. Shuat 2179 5 Sep 86
D.C. Shunt 0658 21 Feb 86
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RELAY PRO JOINT RELAY
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LIGHT LIGHT
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MOUNT RELAYS USING MOUNTING BOLT FOR “DIESEL PRO" .
GROUND FOR HOT JOINT WILL BE CONNECTED TO MOUNTING BOLT UF DAY TANK
CONNECT TERMINALS “A** AND "B~ TO HEATER (BLACK TERMINALS)

CONNECT TERMINALS “C*” AND “D* TO THERMOSTAT (CLEAR TERMINALS)

LOOP TERMINAL ON BLACK WIRE (1) IS GROUND

CONNECT RED LEAD FRCM THERMOSTAT TO BLACK LEAD ON RELAY SIDE OF FUSE

PO LN

Test No. 1A Configuration, 30 kW Generator Set, 0°F, 23 October 1985
(Sheet 1 of 2)
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FILTER & HOT JOINT

DIESEL HOT
RELAY M\ rro JOINT
‘ _
Y
7™\ SIGNAL SIGNAL
\/ LIGHT LIGHT
*——o— >—— (=)
1.  MOUNT RELAYS USING MOUNTING BOLT FOR “DIESEL PRO"
2. GROUND FOR HOT JOINT WILL BE CONNECTED TO MOUNTING BOLT OF DAY TANK
3. CONNECT TERMINALS “A* AND “8"° TO HEATER (BLACK TERMINALS)
4. CONNECT TERMINALS “C"” AND “D*” TO THERMOSTAT (CLEAR TERMINALS)
5. LOOP TERMINAL ON BLACK WIRE (1) IS GROUND
8. CONNECT RED LEAD FROM THERMOSTAT TO BLACK LEAD ON RELAY SIDE OF FUSE

Test No. 1B Configuration, 30 kW Generator Set, -10°F, 24 October 1985
(Sheet 1 of 2)
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2. GROUND FOR HOT JOINT WiLL BE CONNECTED TO MOUNTING BOLT OF DAY TANK
3. CONNECT TERMINALS “A” AND “B“ TO HEATER {BLACK TERMINALS)
4. CONNECT TERMINALS “C" AND “D" TO THERMOSTAT (CLEAR TERMINALS)
5. LOOP TERMINAL ON BLACK WIRE (1) IS GROUND
€. CONMECT RED LEAD FROM THERMOSTAT TO BLACK LEAD ON RELAY SIDE OF FUSE

Test Ho. 1C Configuration. 30 kW Generator Set, -25°F, 26 October 1985
(Sheet 1 of 2)
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MOUNT RELAYS USING MOUNTING BOLT FOR “DIESEL PRO”

GROUND FOR HOT JOINT WILL BE CONNECTED TO MOUNTING BOLT OF DAY TANK
CONNECT TERMINALS “A‘* AND “B “ TO HEATER (BLACK TERMINALS)

CONNECT TERMINALS “C* AND “D* TO THERMOSTAT (CLEAR TERMINALS)

LOOP TERMINAL ON BLACK WIRE (1) IS GROUND

CONNECT RED LEAD FROM THERMOSTAT TO BLACK LEAD ON RELA.Y SIDE OF FUSE
INSTALL SWITCH IN THERMOSTAT CIRCUIT CF PRIMARY “DIESEL PRO "

INSTALL INDICATOR LIGHT ACROSS DAY TAN.. SOLENOID |

@NgAEWN

Test No. 2 Configuration, 30 kW Generator Set, -25°F, 5 November 1985
(Sheet 1 of 2)
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LOOP TERMINAL ON BLACK WIRE (1) IS GROUND
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Test No. 3 Configuration, 30 kW Generator Set, -25°F, 7 November 1985

(Sheet 1 of 2)
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Appendix M
Photos-Regency Net (Modified 15 kW) Sound
Surppressed Generator Set Towed Assemblage
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Appendix N
Battery Charger for EMU-30 Generator Set
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EMU-30 BATTERY CHARGER, MODIFICATION OF

1.9 BACKGROUND

The subject battery charger is identified as Teledyne Inet model
rumber 3500044, part number 68E22793. It was originally designed to charge a
Nickel Cadmium battery manufactured in accordance with Military Speci-
fication MS 24498-1. A complate description ¢f the charger prjor to
modificatior. s contained in Technicsl Manuals (T. 0. 35C2-3-426 seriés).

Information from thése manuals is repeated herein only when it is directly

‘applicable te a circuit modification, or necessary to clarify the discus-

sion,

* During the spring and summer of 1979, a modified version of the
battery charger was developed to charge two lead acid batteries connected
in series, type MS 35000 BB-249/U 2HN. The modification was incorporated
into EMU/EA Generator Séts utilized 1h the Patriaf HiSsile System during |
the fall of 1979, S o
This report"degcrihes the dévglopment aﬁa tééting of the modified.

éharger.
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z.ri" ~CONF! GURATION PRIOR T0 MODIFICATION

2.1 Easeline Schematic o _
A schema+1~ diaqram of the unmodifiad battery charger cirzuitry

is shown in Figure 1, It is extracted from page, 4-59 of T.0. 35C2-3-436-1

and is 1nc1uded to provide an overview of all c1rcu1trv w1.h1n the cnarger

Attent1on is d1rected fo the 1ower r1ght hand corner of the
schematic, where VR2 is erroneously jdentified as a 9.7 Voit Zener diode.
The illustrated parts breakdown in T.0. 35C2-3-436-4 identifies this diode
as a 1NG36A, which has a specified operating voltage of 9.0 Volts I 5%.

This was verified by inspection of battery charger components during
the modification program.
2.2 Internal Power Conversion

The battery charger obtains DC power from an internal trans-
former-rectifier ana a switching voltage converter or chopper as shown in
Figure 2, EMU-30 line voltage {208V, 4004z, 3 phase AC) is applied through
1.5 Ampere fuses to Transformer T1. The secondary output from T1 {approx.
31 Vrms) passes through a three phase fuil wave rectifier (rectifier bridges
CR1 plus 1/2 CR2) to filter capacitor Cl and a power chopper circuit on.
power rodule A2. The chopper is switched at a rate of 2000 to 3000 o
Hz by the pulse wicdth modulator circuitry (IC2 and Q1) on control module A3,
Positive and negative transients from the chopper and choke which exceed
the voltage across Cl are clipped by two diodes on bridge CR2. Filter

choke L1 then converts the resulting square wave to its average DC voltage

_1eve1. This DC powe= then passes through fuse F4 to the battery and other

auxiliary loads.
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2.3 Voltage Control Loop

A resistive voltage divider network and a voltage comparator
provide the feed-back signal necessary for ¢losed loop operation of the
regulator. A block diagram of the voltage control locp i5 snown in
Figure 3A, and a schematic diagram of the resistivg network and comparator
is shown in Figure 3B.

The output voltage is sensed by a resistive network consisting of
sensor module TC3 and resistors R17, R18 and R21 on controi module AJL
Temperature compensation is provided by a thermistor in module TC3, and
voltage adjustment is provided by a 1000 OHM potentiometgr. For a given
temperature apd a given setting of the potentiometer, the output from the
resistive network (Vn) is directly proportional to the output from the
regulator (Vo). Therefore:

Vn = K Vo (at 25°C, K is approximately 1/3)

_ Vn is applied to a voltage comparator, where it is compared to a
Fixedm§}O”VoTt reference obtained from Zener diode VR2. The comparater
produces signals which indirectly adjust the regulator output voltage so
that Vn is always equal (within one half of a millivolt) to the 9.0 Volt
reference. For example, if the resistive constant K is equal %o 1/3 as
oreviously assumed, the feedback signal through the comparator will
continuously adjust the regulator output voltage to a value of 3 times
the 9.0 Volt reference signal from Zener diode VRZ.
2.4 Current Limiting

Current limiting is accomplished by a circuit which bypasses the

output of A3IC3 to ground, thereby overriding the normal operation of the
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pulse width modulator AJICZQ As shown in Figure 2, current through
the battery is sensed by current shunt R1. The voltage drcp across Rl
is applied to the emittéf to'base jhnction of A3N2, wﬁich conducts when
its junction threshold of 0.6 to 0.7 Volts is approached. Because of
output ripple and noise at the millivolt level, current 1imiting begins
at 8.5 to 9.0 Amperes, which {s somewhat less than one would expect from
the .06 OHM current sensor.
2.5 Adjustment Procadures .
_ Adjustment and test of the battery charger is specified in

drawing A 735020, and also on pages 6-209 of T.O. 35C2-3-436-1, The test
set-up calls for an output voltage of 27.5 Volts with a current drain of
only 1.1 Ampere. These valués are not realistic, because the charger must
suppiy an auxiliary servicing cyrreht of 4.4 Amperes (for operation of the
fuel boost pump and other devices) as well as the charging current for the
battery. Therefore, the optimdm “end of charge" or float voltage for the
battery should be set with a charger;output current of at least 4.4 Amperes.
2.5  Regulation '

Tne reaulation curve for_thé Unmpdified charger is shown in

Fioure 4.
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3.0 LEAD ACID BATTERY CHARGING REQUIREMENTS

A study was made of available literature and reference material,
and findings were discussed with military users and manufacturers ¢f the
MS 35000 BB-249/L ¢ HN battery. Generally, as the voltage of a storage
battary rises during charge, the final or maximum value reached at the
completion of charge depends on several factors. Among the major factors
are (1) charging current, (2) temperature, (3) concentration of electrolyte,
and (4) composition and structure of the cells. ‘

Figure 5 shows the variation of final voltage with temperature
and rate of charge for lead acid cells, Although this figure appliies to
a different type of battery, it closely approximates the characteristics of
the MS 35000 BB-249/U 2HN and illustrates the basic nature of changes involved.
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3.1 Charger Qutput Voltage

The choice of a nominal output voltage for a single stec, voltage
reguiating charger depends on the above factors, and in addition entails
a rather arpitrary trade-off between two objactives. The first objective
is to iasure that the battery is restored to a fully charged condition
within a reasonable lengcth of time. This inevitably dictates "over-
charging" the battery at the end of the charqging cycle with a voltage that
is saveral volts higher than the quiescent open circuit voltage of the
battery; The second objective is to aveid excessive 1oss of water (due
to electrolysis) during prolonged operating periods of the system., This
“rade-off must, of course, be based on the anticipated operating schedule
of the system.

A practical formula for the quiescent open circuit voltage of a
lead acid battery is given in the Standard Handbook for Electrical Engineers
by Fink and Carroll as follows:

Voc in Volts per cel)l = Specific gravity + 0.84.
Hence, for the MS 25000 battery with & specific gravity of 1.280, the
cpen circuit vbltage will be 25.44 Volts.

[t was decided that a voltage leva. of 30.50 Volts (at 25° C)
is a suitable choice for the "end of charge" or maximum voltage which the
charger will apply to the pattery.

3.2 Temperature Compensation

With regard to the variation of charging voltage with temperature,

it was concluded that the voltage should decrease with increasing temperature

at a constant rate of (.0063 Volts/cell/degree Ceisius over an operating range
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of ~15°C to +52°C (+£°F to +125°F). Over this temperature range, the charger

output voltage would vary from roughly 33.5 to 28.5 Volts, HNo attempt was

made to extend the range ¢f temheratnre compensation down to -54°C (-65°F)

for the following reasons:

4.0
A
following

All vendors stated that it was impractical to charge the

MS 35000 8B-249/U 2HN battery at these very low temperatures,
citing extreme viscosity of the electrolyte, and very low
charging rates as almost insurmountable problems.

Voltages in excess of 34 Volts would be applied to the fuel
boost pump and other DC accessories as well as the batteries.
Military users generally remove the batteries during sub zero
temperatures, store them in a heated space, and replace them
as required for use. Therefore, a capability for charging

at the specified lower limit of -54°C is unnecessary. In
fact, because of inherent limitations in the temperature
sensing hardware, this capability would entail a risk of
dangerous overcharging at a voltage of more than 36 Volts

if service parsonnel were to start a cold soaked EMU 30
shortly after installing a warm battery. |

SUMMARY QF DESIGN QBJECTIVES o

redesign of the battery charger was Qndertaken with the
ob&ectives.

a. Retain basic circuit configuration insofar as practicable.
b. Provide an end of charge voltage of 30.50 Volts at 25°C.

¢. Provide negative temperature compensation in the amount

n
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|

of C.0063 Volts/cell/degree Celsius over a temperature range
of =15°C to +52°C. |
d. Provide additional current capability to accommodate the
auxiliary servicing current of 4.4 Amperes as well as a maximum
battery charging current of at least 6.0 Amperes,
5.0 MODIFICATIONS AND SUPPORT DATA
3.1 Control Module A§ o o
In order to achieve the new voltage and temperature characteristics,
the following changes were made:
Zener diode VR2 was changed from IN936A (9.0 Volts I 53)
to 1N2622A (9.3 Volts * 4.3%).
« Potentiometer R18 was changed from 1K OHM to 2K OHM. .

+ Nominal resistor R27 was removed.

* Resistor R17 was changed from 21.5K CHM to 28K CHM,

* Resistor R21 was changed from 20K OHM to 28K OHM.

The new values fbr VR2 and R18 eliminated the need for nominal
resistor R27. Increasing the value of R18 increased the temperature co-
efficient but decreased the output voltage. The decrease in output voltage
was restored by higher values for VR2 and R21.

A plot of the voltage versus temperature characteristic of the
modified system is shown in Figure 6. Generaliy the temperature character-
istic conforms to the vendor's recommended rate of 0.0063 Volt/cell/°C
over the temperature range of -15°C to +52°C. At lower temperatures, the
output voltage approaches an ultimate limit of 34.1 Volts.

Figure 7 is a regulation curve of the battery charger with the
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" modified A3 board installed. The limitations caused by Transformer Ti

and current sensing resistor R1 are shown. Tl causes excessive voltage

droop and R1 causes premature current limiting.

o

o2 Current Sensing Resistor Rl

As previously explained, tnis resistor controls the current

R ML el

limiting action of the regulater. Its value was changed from 0.06 OHM
To 0.045 QHM. This change shifts the onset of current limiting from 8.7

Amperes to 11.5 Amperes.

T mTmETET e T e s e o me o m o e

Figure B shows the requlation curve of a battery charger unit
configured as follows:

+ New A3 bourd

* New R1 = 0,045 OHM

* 01d Transformer T1

This curve shows that the performance of the charger is seriously degraded

by the characteristics of the old transformer. It also shows the effect
of a ten volt variation in the AC input voltage to the charger. The limit-
ations of the old transformer would be particularly critical at low operat-
ing temperatures, where charging voltages of up to 34 Volts are required.
3.3 Transformer T1
| A new transformer was designed to provide the required output
voltage throughout the operating range of the charger. The voltage versus
current regulation of the old and new transformer are shown iﬁ Figure 9.
This figure also shows the test circuit used for these measuraments,

The new transformer provides a suostantial improvement in

regulatizn and superior temperature characteristics. The temperature rise

=
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of the new transformer over a 30 minute period in a charger providing
a continuous output of 5 Amperes was mearured at 20°F, The temperature

rise of the old transformer under similar conditions was measured at 40°F.

5.4 fFuses and Maximum Current Tests |

Fuses F1, F2 and F3 were changed from 1.5 Ampere to 2.0 Ampere ]
ratings. Fuse F4 was changed from.a 10.0 Ampere to a 15 Ampere ra%ing.

Short circuit tests were conducted on a completely modified unit |
to verify current limiting action. This was done by shorting the DC output
lines for a péeriod of 10 seconds. The maximum shdrt circuit current,
measured with a convertional D'Arsonvail DC Ammeter (Sii pson model 375)
was measured at 13.25 Amperes.

The short circuit current waveform was determined hy measuring
the voltage drop across resistor R1 with an osciiloscope. The waveform
was found to be a saw-tooth ranging from 11.1 Amperes to lu.% Amperes,
with a calculated average value of 13.8 Amperes. These values are well
within the specified ratings of components used in the power switching
circuitry.

3.5 Location of Sensor Module TC3

Since the thermistor can control the output voltage of the charger,
the location of this sensor module is critical. It has been found that
changes in the location of the module within the battery compartment can
alter the output voltage by as much as 1.5 Volts.

During the modification of units in the field, the sensor module
was meunted as shown in Figure 10. The metal attaching flange of the

sensor module was sandwiched between the upper and lower sections of the
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battary container assembly. When the length of adjoining wire permitted,

it was secured in place by passing the battery container holt through the

eye of the attaching fiange of the sensor module.

Tnis mounting arrangement is not considered cptimum, but was neces-

sary to conform to the installation schedule. See paragraph 7 for further

comments and recommendations.

5.6 Output Characteristics of

Completely Modified Charger

The regulation curve of the completeiy modified charger for a dattery

temperature of 25°C is shown in Figure 11.

Nominal characteristics of the modified charger are tabulated belcw:

Output current

Voltage regulation
- Calibration at 28°C
Short circuit current
Temperature compensation

Maximum obtainable output
voltage at -54°C

11.5 Amperes

0.1 Volts/Ampere -

30.4 Volts at 5.0 Amperes
13.25 Amperes

-0.0063 Volts/cell/“C
34.1 Volts
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6.0 SYSTEM TESTS WITH EMU 30 GENERATCR SET

An aight hour test run was conducted to determine the affect of
continuous charging for prolonged periods on the battery. Immediately
prior to the run, the charger was bench tested and calibrated to a 25°C
setting of 30.4 Volts at 5.0 Amperes. The condition of the battery electre-

lyte before and after the run {s tabulated bolow.

ELECTROLYTE START FINISH
Temperature 66.5°F 97.0°F
Specific Gravity ‘ 1.245 1.280

After four hours of running, the charger output had stabilized to a

level of 30.3 Volts, with an output current of 1.6 Amperes for the battery
and 4.4 Amperes for auxiliary loads. For the remainder of the run, there
was no discernible change in the charger output, and moderate gassing of
the electrolyte was noted. At the end of the run, there was no significant
changs in the level of the electrolyte.

Several test trials were conduéted t0 determine the charging time
required to replace the 0.6 Ampere hours which is consumed in starting the
EMU-30 turbine at normal ;pbient temperatures. The tests indicated a re-
covery time of six to nin; minutes depending upﬁn the condition of the

battery.
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7.0 RECOMMENDATION

3ecause of the control the thermistor has on the output voltage
of the charger, it is important that the thermistor be mounted in the
same thermal environment as the battery to provide prooer charging voltage.
As it is physically impractical to submerge the thermistor into the battery
electrolyte and still maintain ease of battery service, it is recommended
that the existing thermistor be mounted on the battery hold down frame,
awvay from the turbine exhaust area, using the existing hardware and lengthen-
ing the thermistor wirirg. This recommendation -is based on the assumption
that the battery hold down frame will provide fairly good thermal ccntact
with the battery case, and that the installation will cause ro major
croblems during inspection and routine maintenance.

For optimum temperature sensing it is recommended that the thermistor
be packaged in a thermally cohductive material and mounted directly on the

battery case. See Figure 12.

.~ Thermistor-Resistor

Epoxy-Urethane (
Potting Material

To Wiring
Harness




@
]
|
|
|
|
_
]
|
|
]
|
]
|
r g2
T ]
,.
w g .
w n
ﬁ a >
| 8
[7%]
(-4
[ ]
" -
|




I. REFERENCED DOCUMENTS

1.1 Government Documents, The documents listed below were used in the
preparation of this report.

SPECIFICATIONS
MIL-G-52884 Cenerator Sets, Diesel
Engine Driven, 15 thm
200 kilnwatts, 50/60 and 400 (Tactical),
Hertz, General Specification For
MIL-G-52889 Generator Sets, Diesel Engine
Driven, 5 kw, 60 Hertz and 10 kw,
60 and 400 Hertz Tactical, Utility,
General Specification For
STANDARDS
MIL-STD-209 Slinging & tie down provisiorns for
lifting & trying down military
vquipment,
MIL-STD-454 Standard Ceneral PRequirements for
Electronic Equipment
MIL-STD-U61 Electromagnetic Emission and
Susceptibility Requirements for the Control of
Electromagnetic Interference
MIL-STD-633 Mobile Eiectric Power Engine
Generator Set Family Characteristic
Data Sheets
MiL-STD-705 Generator Sets, Engine Driven
Methods of Tests and Instructions.
MIL-STD-882 System Safety Program Requirements
MIL-STD-1332 Definitions of Tactical, Prime
Precise and Utility Terminologies
for Classification of the DOD Mobile
Electric Power Engine Generator Set
Family
MS53028 Chasis, Traller: 3/4 Ton,
2 Wheel, Military Design, M116A1
MS53029(AT) Trailer, Chassis 1 1/2 Ton, 2 Wheel,
M103A3 & M103A4
MS53030(AT) Chassis, Treailer: Generator, 2 1/2 Ton,
2 Wheel, Military Design, M200A1
MS53031 Chassis, Trailer: 2 Wheel, 3 1/2 Ton,
M353

ARMY REGULATIONS

AR-T0-38 Research, Development, Test and
Evaluation of Materiel for Extreme
Climatic Conditions
AR-T0-T Nuclear, Biological, & Chemical
Contamination Sur:ivability of Army
Materiel
MISCELLANEOUS

Evaluation of Development Test IIl of 100 kW, 50/60 Hz Generator Set, DED,
TECOM Project No. 7-EG-335-100-007,dtd 23 September 1974
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MEPGS
MIL-SPEC
MIL-STD
MoPP
MTBF
MTBOMF
NBC

NDI

OMF

QDR
RAM-D
RFI

ROC

SDC
Secs
SSDED
STE/ ICE
TACOM

ABBREVIATION and ACRONYMS

Built In Test Equipment

Chemical Agent Resistant Coating
Commercial Generator Set and Assemblages
Dscibel Adjusted

Diagnostic Connector Assembly

Diesel Engine Driven
Distribution/Illumination System Electrical
Departaent J>f Defense

Equipment Improvement Report
Electromagnetic Interference
Electromagnetic Pulse

Fahrenheit

Feet

Fiscal Year

Gasoline Engine Driven

Government Furnished Data

Cas Turbine Engine Driven

Herts

In Accordance With

Integrated Power and Environmental Control Systems
Infrared

Kilo Watt

Pounds

Load-Sensing Electric Hydraulic
Milliamperes

Military Adaptation of Commercial Items
Mobile Electric Power.

Mobiie Electric Power Generator

Mgbile Electric Power Generating System
Military Specification

Military Standard

Mission Operational Protective Procedures
Mean Time Between Fallure

Mean Time Between Operational Mission Failures
Nuclear, Biological, Chemical

Non Developmental Item

Operational Mission Failures

Quality Deficiency Report

Reliability, Availability, Maintainability, Durability

Radio Frequency Interference

Required Operational Capability

Sample Data Collection

Seconds

Signature-Suppressed Diesel Engire Driven

System Test Equipment/Internal Combustion Engine
Tank Automotive Command
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ABBREVIATIONS and ACRONYMS

TAMMS The Army Maintenance Management System
™ Technical Manual
Vde Voltage direct current
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