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DEPARTMENT OF THE ARMY
HEADQUARTENS, U.S. ARMY TEST AND EVALUATION CGMMAND
.ABERDEEN PROVING GROUND, MARYLAND 21005

AM -GE : '
STE-GE £9 APR 1963
mTBJECT Final Reports of Engincering and Service Tests of Effiuent
Fuel Tester, USATECOM Project Nos, 7-3-0239-07/09

Commanding General

U. S. Army Matericl Command
ATTN: AMCRD-JG
Washington, D, C, 20315

1. Reierences.

a. Final Report of Inteyrated Engineering and Service Test of Fuel
Testey, Effluent, RDT&E Project No. 1D643324D58810, USATECOM
Project No. 7-3-0239-06 with USATECOM letter to AMC, 6 May 1968.

b. Final Report of Engincering Test (Desert) of Effinent Fuel Tester,

Totamiter, 50 GPM and 400 GPM, USATECOM Project No, 7-3-0239-07,
January 1969, YPG. (Iaclosure 1)

c. Final Report of Integrated Engineering and Service Test of
Effluent Fuel Testcr, USATECOM Project No. 7-3-0239-09, March
1969, USAGETA. (Inclosure 2)

2, Approval Statement, Subject reports are approved.

3. B'ackgmv.md of Test. The effiuent fuel tester consists of a group of
components which provide 2 means of monitoring the effluent fucl stream
from a filter/separator to assure that fuel is not contaminated with water
or solids, Testing was conducted on a 50 GPM size unit and a 400 GPM
size unit at each test site.




AMSTE-GE 29 APR 1%y

SUBJECT: Final Reports of Enginecring and Service Tests of Lffiuent
Fuel Tester, USATECOM Project Nos. 7—3—0239-07_/09

a. An integrated engineering and service test (arctic winter) was
conducted by the U. S, Army Arctic Test Center from 12 December 1967
to 24 March 1968. The results of this test were forwvarded by reference
la. In view of the results of thc more extensive tests which are discussed

~ herein, the USATECOM position concerning suitability for usc in the arctic

is hereby withdvawn,

‘b. An engineering test (desert) was conducted by Yuma Proving Ground
from 27 May 1968 through 6 December 1068 (reference 1b).

c. An integrated engincering and scrvice test (intermediate climate)
was conducted by the U. S. Army General Equipment Test Activity from
February 1968 through February 1969 (reference 1c).

4, Test Resulis,

a. The equipment, as tested, failed to mcet essential requirements of
the approved military characteristics as follows:

(1) The effluent tester was not sufficiently accurate in registering the
presence of injurious amounts of contaminants as evidenced by a wide
variance between meter readings and actual contamination (Tables 1 and 3
and graph 1, Appendix I, reference 1b).

(2) The icoter failed to detect contaminants automatically and con-
tinuously as cvidenced by two failurcs of the amplifier at high ambient
temperatures (paragraph 2.4.4, reference 1b).

(3) The tester was not adequately resistant to rusting, The steel
condulit between the photocell and the conduit box on both testers
rusted (paragraph 2.4.4c, refercnce 1b).

(4) The tester failed to meet the criteria regarding operation in the
desert environment as defined in AR 705-15, Change 1, as evidenced
by two failures of the amplifier (paragraph 2.4.4a, rcfercnce 1b).
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SUBJECT: Tinal Reports of Engineering and Service TeSts of Effluent
Fuel Tester, USATECOM Project Nos, 7-3-0239-07/09

(5) The tester was not of one size. Two sizes (50 and 400 GPM
capacities) were furnished; two sizes were necessary for detecting
the wide range of flow rates. '

(8) The tester was not sufficiently rugged as evidenced by chart
recorvder failures (paragraph 2.5.4d, rcference lc).

b. An analysis of the final reports reveals that seven deficiencies
and six shortcomings remain,

(1) Deficiencies:

(1) The amplificr at an ambicnt temperature of 113°TF would
activate the contaminant warning bell and caused the fuel flow to
be shut off cven though there was no contaminant } - esent in the
test system (Appendiz II1, reference ib),

() When the ambient temperaturc was higher than 105°F, the
amplifier when activated by the contaminant simulator button being
depressed would close the control but would not allow the control
valve to reopen when the simulator button was released (Appendix
I, reference 1b),

(c¢) Fuel leakage frem the contaminant simulator button when it is
depressed creates a safety hazard (paragiraph 5a(1) below)).

(d) The amplificr contaminant meter readings were inaccurate
(paragraph 5a(2) below)).
‘»

(&) The recorder door was not adequately scaled to prevent damage
to the recorder when exposed to rain (paragraph 5a(3) below)).

(f)y The draft technical manual was not clear or accurate (paragraph
5a(4) below)).
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SULJECT: Final Reports of Engineering and Service Tests of Effluent
Fuel Tester, USATECOM Preoject Nos, 7-3-(230-17/09

(2) The test item lacked the sensitivity required for ce.coany solid
contaminants (paragraphs 2.4.2 and 2.4.5, reference lc).

(2) Shortcomings:

(@) Repair parts and required special tools were not furnished with
the test ilems (paragraph 2.2.4, reference lc).

(b) A second power supply batiery was required to permit uninterrupted
operation during frequent required recharging (paragraphs 2.4, 11 and
2.5.4, reference lc).

(¢) The dial indicator/chart recorder scale divisions are too large for
accurate reading (paragraphs 1,4c(3) and 2.4.2.4, reference lc)).

(@) Internal corrosion of the flow shut-off valve solenoid caused
failure of the flow shut-off sytem (paragraph 2,6.3, reference lc).

(¢) The socket head cap screws on the lamp holder were inaccessible
with available tools (cap screws should be compatible with the available
hex-head wrench) (paragraph 2.6,3d, reference 1c).

{f) The chart recorder failed once on each of the testers. They were
replaced by the developer and the cause of failure was not determined
{paragraph 2.6, 3e, reference Ic),

5. Comments.
*a. The following problems reported in final reports, rcferences
1b and’1c, have been reclassified as follows:

(1) Leakage of fuel from the contaminant simulator button was
reported as a shortcoming (paragraph 2, Appendix III, reference 1b).
Since leakage of fuel presents a potential safety hazard, it is reclassified
as a deficiency. '
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SUBJECT: Final Reports of Engineering and Service Tests of Effluent
Fuel Tester, USATECOM Project Nos, 7-3-0239-07/09

(2) There was a wide variance between amplifier contaminant
meter readings and actual contamination introduced for test purposes
(paragraph 2.4.5, charts 1 and 3, Appendix I, reference 1b). This
condition is reclassified as a deficiency because the meter indicated
much higher contamination than the actual amount.

(3) “The recorder door was not adequately sealéd. Thus, rain
could enter the recorder and cause it to become ronoperational. This
is reclassified as a deficiency (paragraph 2.4.4b, reference 1b).

(4) The draft technical manual was not clear or accurate (parugraph
2.5.4, reference 1b and paragraphs 2.7, 2.9, 2.10 and 2,11, Appendix
I, reference 1c). This is reclassified as a deficiency. Satisfactory
maintenance could not be performed with the furnished manual.

(5) The test item was not of one size capacity as specified in the
military characteristics and reported in paragraph 1.1, Appendix III,
reference le. This is classified as neither a deficiency ror shortcoming
since the concept of the two sizes did nof adversely affcct usage.

(6) Two shortcomings reported in paragraphs 2.1 and 2.2, Appendix
IIi, reference lc, relate to desired characteristics and are therefore not
considered to be shortcomings because they do not adversaly affect the
performance of the item,

b. The demonstrated reliability of the test item under intermediate
climatic conditicns was at least 90 per cent at 90 per cent coufidence
level based on 532 test hours, a missicn time of 15 hours and one
failure. The reliability of the items tested to detect contamination
accurately and stop flow is considered to be inadequate (paragraphs
2.4.2 and 2.4,5, reference 1c). Although reliability was not determined
for desert concditions because of limited test {imc, reliability is con-
sidered 10 t¢ unsatisfaclory because of the emplifier failures encountered
(Appendix III, reference 1b).
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SUBJECT: Firal Reports of Engincering and Service Tests of Effluent
Fuel Tester, USATECOM Project Nos, 7-3—0239-07_/09

6. Conclusions,

a. The items, as tested, and the draft technical manual are unsuitable
for Army use.

b. Thke maintainability of the efflucnt testers was unsatisfactory because

of the inadequ-~cies in the draft technical manuals as reported in paragraph

2.5.4, reference 1b and Appendix U, reference le., Maintairability should
be adequaie when the draft technical wamials have been corrected and
improved as recommended herein.

7. Recommendations.

a. All deficiencies and as many as possible cf the shortcomlncrs identified

_in paragraphs 4b(1l) and (2) above be corrected.

b. Two effluent testers (of each size) corrected 2s recommended herein
be furnished to USATECOM for check test.

¢. Corrected and improved maintenance packages be furnished for test
concurrent with the check test.

FOR THE COMMANDER:

£~ , 1 / S
&4 YT r;wm—&iwvt)
2 Incls . WILLIAM H. EUBBARD ™
1, *Final Rept 7-3-0239-07 Colonel, GS
2. Final Rept 7-2-0239-09 Deputy Chief of Staff
(3 cys ea inci)
Copies furnished:
CG, USAMC, ATTN: AMCQA-E
CG, USAMC, ATTN: AMCRD-ET
CG, USAMC, ATTN: AMCRD-R -
~ CG, USAMC, ATTM: AMCSF . : \
CG, USAMC, ATTN: AMCMA-M

CG, USAMC, ATTN: AMCMR-CP | \
(w/1 cy ea, incl)
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SUBJECT: Final Reports of Engineering and Service Tests ~f Effluent
Fuel Tester, USATECOM Project Nos. 7-3- 0239-07/09

Copies furnished {Cont'd):

CG, USACDC LnO (USATECOM)

(w/12 cys ea incl) '

CG, USCCNARC, ATTN: ATIT-RD-MD
(w/4 cy eu incl) ‘
CofE, ATTN: ENGTE-E /1 cy ea incl)
€O, USAMERDC, ATTN: SMEFB-CO
CO, USAMERDC, ATTN: SMEFB-HP
{w/1 cy ea incl)

ACSFOR, DA (w/1 cy ea iucl)

OCRD, ATTN: CRDME-1

(w/7 cys ea incl)

CO, USA Transp Eugr Agency

ATTN: MTT-TG

 Ft. Eustis, Va. 23604 (w/1 cy ea incl)
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U. S. ARMY GENERAL EQUIPMENT TEST ACTIVITY
FORT LEE, VIRGINIA

USATECOM 7-3-0239-09

Final Report of
Integrated Engineering and Service Test of
Effluent Fuel Tester

Conducted at Fort Lee, Virginia
March 1969
Abstract

An Integrated Engineering and Service Test of the Effluent Fuel Tester
was conducted during the period February 1568 - February 1969 to determine
the technical performance and safety characteristics of the test item as
described in the Military Characteristics, and as indicated by the particalar
design; and to determine the suitability of the fuel tester and its maintenance
pacikage for use by the Army, -

It was concluded that; the test item meets the requirements of the
Military Characteristics with the exception of the deficiencies and shortcorings
(Par. 1.4a and b); technical performance was satisfactory and sufficiently
accurate to register the presence of all contaminants to which it was exposed

~with the exception of the siliceous test dust; the test item is adequately reliable;

safety provisions and capability to perform safely are confirmed--(see addi-
tional precautions, Par, 2.9.3); and human factors considerations are satis-

" factory with minor exceptions (Pars. 1.4e and 2.7, 3).

It is recommconded that: the Effluent Fuel Tester be considered not
suitable for use by the Army under limited intermediate climatic conditions
(£10°% to 100°F.) until the two deficiencies and as many as practicable of the
shortcomings (App. iil) have been corrected; draft technical manual be revised
(Par. 1.6d and App. IV-D); a photocell and adapter with attached wires be
issued; and repair parts listed in paragraph 1. 6d be added to the prescribed
load allowance.
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f FOREWORD

The U, S, Army General Equipment Test Activity was responsible
for preparing the test plan, executing the test, and preparing the final
test report,

The test was authorized by letter, AMSTE-GE, Headquarters, dated

30 T .e 1965, subject, "Test Directive -« USATECOM Project No, 7-3-0239-
06/07/08/09--Fuel Tester, Effluent,"
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SECTION 1. INTRODUCTION

l.1 BACKGROUND

A need exists for monitoring the purity of fuel delivered into fuel
tanks of aircraft, combat vehicles, and other equipment. The purity
tolerance for aviation fuel is more stringent than for other fuels, and
experience of the military services indicates that JP-4 and JP-5 fuels are
more difficult to filter than other fuels. Therefore, equipment which will
satisfactorily meet aviation requirements for these fuels will in all likeli-
hosd, meet the requirements for other fuels. No satisfactory equipment
is available to detect harmful contaminants, liquid or solid, in a rapidly-
moving fuel stream. The present tests described in Technical Bulletin
QM-11-1, 27 December 1957, for determining water and sediment in the
effluent fuel stream of filter/separators are too involved for use as a quick
check in the field. Technical Bulletins prescribe the apparatus and equip-
ment for testing, the characteristics and design features of which do not
meet user requirements for an item of equipment suitable for monitoring
the purity of fuel as it is dispensed under field conditions.

1.2 DESCRIPTION OF MATERIEL

The effluent fuel tester is a group of components which will enable an
operator in the field to instantaneously monitor the effluent fuel stream from
a filter /separator for water or solid contaminants to insure that contaminated
fuel is not issued to using units. The unit utilizes the scattered light
principle, scanning the liquid at full flow rate. A light source and photocell
arranged in a pickup head assembly detect the scattered light reflected
from solid or immersible liquid particles of contamination, The signal
produced is amplified for operation of a direct-reading chart recorder, for
actuation of an alarm bell, and operation of solenoid valve to terminate the
flow in the event contamination exceeds a certain pre-set level, The test
item components located within the hazardous area (as defined by the
Narional Fire Code) are fabricated in an explosion proof configuration (pickup
head assembly and electrically actuated sclencid valve). The additional
components (amplifier, chart recorder, alarm bell, and power supply
battery) are located outside the hazardous area and are not explosion proof.
Major components are shown in Figure 1.

1.3 TEST OBJECTIVES

To determine the technical performance and safety characteristics of
the Effluent Fuel Tester as described in the Military Characteristics, and
as indicaied by the particular design; and to determine the suitability of the
item and its maintenance package for use by the Army.
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Figure 1. Major components of effluent fuel tester.




1.4 SUMMARY OF RESULTS

a. The effiuent fuel tester was found to meet all requirzments of the
Military Characteristics except for the following which were designated as
deficiencies:

(1) The fuel tester was not of one size since a 2-inch pickup head
assembly with 2-inch automatic shutoff valve and a 4-inch pickup head
assembly with 4-inch automatic shutoff valve were furnished for test;
however, due to the wide flow rate range of up to 400 gpm, two different
sizes were found to he necessary with the 2-inch size being used from 0
to 100 gpm and the 4-inch for 100 to 400 gpm.

(2) The fuel tester did not meet the requirement for automatically
and continuously detecting contamination particles as specified by the current
military specifications for filter/separators since the sensitivity of the
item was not sufficient to detect unacceptable amounts of siliceous test
dust; however, detection of red iron oxide and water contaminants was
satisfactory.

b, Other requirements of the Military Characteristics not met by the
fuel tester, designated as shortcomings, were as follows:

(1) The fuel tester was not found to be capable of being used with
a separate device to assist in the detection of unacceptable gum content
as specified by applicable military specification; however, this require-
ment was judged to be unrealistic and not within the state of the art at
the present. N

(2) The test item did not include a visual warning device to permit
operating personnel to determine whether filter coalescing elements of
the filter /separator require ren~lacement; however, an audible warning
device was furnished and proved adequate during test operations.

c. Shortcomings detected during test operations included the following:

(1) The chart recorder furnished with the test item was found to be
inadequate as it did not possess the required durability,

(2) A second power supply battery is required to allow uninter-
rupted operation during frequent recharging.

(3) A dial indicator with smaller scale divisions and with a total
range of 0 to 20 ppm is needed to increase accuracy in reading. The dial




indicator presently furnished with a range of 0 toc 100 ppm is not needed as ;
critical contamination values are at the lower extremes, primarily below s
19 ppm.

d. An AC-DC converter would greatly simplify fuel tester operations
in a static installation where AC current is available.

e. A protective carrying case is needed to protect the amplifier,
alarm bell, and chart recorder components from damage and to allow for
much easier hand carrying,

f. Explosion-proof flaxible conduit instead of the rigid conduit should
be provided to reduce installation effort and simplify handling.

g. The test item experien~ed three unscheduled maintenance actions,
one of which was classified as afdilure. Maintenance instructions were
coasidered inadequate and caused excessive time to troubleshoot the
problems. Replacement of the solenoid, the recorder, and the adapter-
photocell (as a "component'') was easily accomplished. Daily maintenance
is the only scheduled maintenance for the test item. Although the test item
met reliability requirements, it did not meet maintainability requirements
because of the inadequacy of the main:enance instructions, troubleshooting
instructions, repair parts data, and special tool requirement.

h. Transportability tests were not conducted as the test items were
not received individually packaged; however, due to the lightweight and
small size of the test item it was judged to be capable of being transported
by rail, ship, and aircraft with a minimum of disassembly or preparation
and to be capable of being delivered in Phase 1I of airborne operations with
a minimum of packaging and protective materials provided it is packaged
as is normal to similar sensitive electronic equipment.

1.5 CONCLUSIONS

a. The effluent fuel tester meets the requirements of the Military
Characteristics with the exception of the deficiencies and shortcomings
shown in paragraph 1.4a and b and performs suitably under the intermediate
climatic conditions (#10°F, to 100°F.) to which it was exposed,

b. The technical performance of the fuel tester was satisfactory and
found to be sufficiently accurate to register the presence of all contaminants
to which it was exposed with the exception of the siliceous test dust.
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c. The fuel tester is adequately reliable, and its maintainability,
although presently inadegquate, will be adequate when the troubleshooting
instructions and repair parts data are improved and the lamp azsembly
fastener problam ie corrected. '

d. Safety provisions and capability of the test equipment to perform
safely are confirmed however, additional precautions are furnished in

paragraph 2.9. 3,

e. Human factors considerations of the test item are satisfactory
with minor exceptions listed in paragraphs 1.4e and ¢.7.3,

f. The item was designed with due consideration to value engineering
aspects.

1.6 RECOMMENDATIONS

It is reccmmended that:

a. The Effluent Fuel Tester be considered not suitable for use by the
Army under limited intermediate climatic conditions (,’-IOOF. to 100°E)
until the two deficiencies and as many as practicable of the shortcomings
(App. III) have been corrected.

b. The draft technical manual be revised to incorporate the changes
in Appendix IV-D and to illustrate the test itein as it will be issued,
including troubleshooting instructions that will enable the organizational
mechanic to locate malfunctions and their causes without excessive delay.

c. A photocell and adapter {(EPR L7-6) with attached wires be issued
as a component,

d. The following additional repair parts be added to the prescribed
load allowance:

(1)1 each Chart Recorder (14869) Model 88
(2} 8 each Rolls, Chart, Recording"

(3) 2 each Diaphrams for each coutrol valve

€]
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SECTION 2, DETAILS OF TEST

2.1 INTRODUCTION

a. The engincering test was originally initiated by the U, S. Army
General Equipment Test Activity (USAGETA), Fort Lee, Virginia, in
September 1964 in accordance with the Plan of Test dated August 1964
under the Project No. 7-3-0239-02 of which the fuel tester was one of
three such items tested. An engineering design test by USAGETA had
been terminated prior to the initiation of the <ngineering test and was
reported by letter report submitted in January 1965 (Ref, 1, App. V).
Subsequently, an interim report (July 1965) on the enginéering portion of
the integrated engineering and service test (Ref., 2, App. V) recommended
that the fuel tester be deleted from the test because it failed to meet the
specifications of the National Fire Code for equipme.t operating in a Class
I - Division I hazardous area. USATECOM suspended testing of this device
and tne items were returned to the developer for modifications. A :
separate test directive for the fuei tester was issued under USATI.COM
Project No. 7-3-0239-09 and testing on the fuel tester was suspended f
pending modification. Testing was continued on the other two fuel testers
and a final report was submitted on Project No. 7-3-0239-02 in November
1965. Modified test items were again submitted to this activity in February
1968 and engineering tests subsequently resumed.

b. The engineering test was conducted by installing both capaxity
test items into closed-loop fuel systems of similar capacity as shown in
Figure 2, This system conformed to MIL-F-8901B (Ref, 7, App. V) and
utilized equipment which for the mosat part is standard to the military
supply system, The test items were placed in series with a test fuel
storage tank, water and solids injection equipment, pumping unit, influent
and effluent sampling valves, and a cleanup filter separator. Maximum
use was made of glass piping in the test system to allow an actual visual
control on the test fuel during operations. Test system piping was arranged
so that the fuel could be circulated until the required cieanliness levels of
MI1.-F=-8901B were met, then contaminated at a controlled injection rate
with water or solid contaminants, pumped through the test item, and then
recleaned by the cleanup filter/separator prior to re-entering the fuel
storage tank. The test item performance was evaluated by comparing the
item's indicated and recorded fuel contaminat.on levels with laboratory
analysis of infivent samples, and calculated fuel contamination levels
determined from a measured total contaminant injection, length of injection
period, and test system flow rate. Maximuin use was made of lahoratory
controls and instrumentation, such as thermocouples and pressure gages.
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c. Test fuels utilized in the tests consisted mainly of autecmotive
combat gasoline (MOGAS) and JP-4; however, checks were also made with
aviation ga3oline (AVGAS-115/145), diesel tuel (DF-1), and combustion
ignition turbine engine fuel (CITE). Laboratory anaiyses for total water
were conducted by the Karl Fischer Method according to paragraph
4.6.7.4.2.1 of MIL-F-8901A and total solids analyses on fuel samples
were conducted by the Millipore Method in accordance with paragraph
4.6.7.4k, MIL-F-8901A, Water fuel saturation curves were corstructed
for each batch of test fuel utilized during the test. Each Karl Fiscner
determination was compared v.ith the saturaticn curve for the test fuel so
as to determine the actual amount of {ree water in the sample above the
allowed total saturation value for that specific temnerature at which the
sample was taken., Due to inconsistencies in vislues obtained from the
Karl Fischer analysis, greater emphasis was placed on fuel cuntamination
values obtained from direct calculations utilizing actual measursments.

d. In addition to formal engineering tests ccnducted, the item was
used extensively to monitor the effluent fuel flow during engireering tests
of various filter/separators,

e. The service test was conducted during the period 23 December
1968. through 28 February 1969. The test items were installed in a
c lo sed -loop fuel recirculating system at che U, S. Army General
Equipment Test Activity Petrolenmn Equioment Test Facility. The items
were operated and maintained by petroleum storage specialists (MOS
76 W). MOGAS was utilized as test fuel. Reliability of the items was
ascertzined based on 301 hours of operation on the 4-inch fuel tester
and 231 hours on the 2-inch fuel tester.

f. Transportability characteristics were determined by results of a
paper evaluation as well as actual transport over primary and secondary
roads at Fort Lee, Virginia.

g. Human factors were observed throughout the te °t, and user
personnel were questioned regarding ease of vperating, handling, installa-
tion, and maintenance of the item. '

h. Adequacy of the Draft Technical Manual (DTM 10-4930-.207-12) was
determined during operation and maintenance of the teet itém in accordance
with prescribed instructions and performance ¢f simulated maintenance
actions which did not vccnr normally during tests,

i, Safety characteristics were~ determined ar\! a list of recommended
safety precautions developed.
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2.2 INSPECTION (ES)

2.2.1 Objective

To deterinine the physical characteristics of the test items and to
iusure that they were in satisfactory operational condition prior to initia-
tior of tests.

2.2.2 Methou

A thorough inspection and inventery were made of the test items
and components received. Any demages and mechanical deficiencies were
recorded as well as serial number on each item. Items were weighed,
photographed, ard examined to insure that they ware of the most practical,
simple, and rugged corstruction,

2.2.3 Results

a. Two 50-gpm and two 400-gpm tes: items were received for
tests. Each itemn was found to be in a compl=te and undamaged condition.

b. Each itemn was disassembled into its major components avd the
following weig/its and physical dimensions recorded:

TABLE I

COMPCNENT W£iGHTS

Quantity Item Weight {lbs} per Item
2 2-inch Pickup Head (including coupiings) 19
2 +-inch Pickup Head (including couplings} 23
2 2-inch control valve 15
2 4-inch control valve 35
2 Control and instrument panel (including 23
amplifier, 2izrm beil, and recorder)
4 Cable 4
4 Conduit (50-{=et) 22

c. The test items were received by 1/2-ton truck shipment in a
crated condition. The 3hipping crzte was fabrizaved from 1/4-inch ply-
woud material and possessed the following dime=nsions;

Length - 32 inches
Width - 34 inches
Height - 60 inches

10




INo repair parts or batteries were received with the test iteras;
however, an adequate supply of repair components was on hand at this
activity as a result of previous tests conducted on the item {Proj. No.
7-3-0239-02). A list of recommended repair parts and components to
be furnished witn the test item was determined later in the test and is
indicated in paragraph 2. 6.

d. The constructior, materiel, and design characteristics of the
items were examined by engineering and service test supervisory personnel
and were judged te be simple, lightweight, compact, self contained,
inexpensive, and portble when compared to convertional means of deter-
mining water anrd solids contamination.

e. The fuel tester was found to incorporate materials and pro-
visions to provide maximum resistance to the detrimental effects of fungi,
humidity, rain, snow, and extremes of dust and dirt, and to provide a
warning device (audic) to alert operating personnel when fuel contamina-
tion reaches an unacceptable level; no visval warning device was included.

f. The test item was not found to be of one size though it was of
the same type, it did not provide a visual warning device, and it did not
have the capability of being used with a separate device to assis: in the
detection of unacceptable gum content.

g. Inspection of the items revealed no factors which could increase
the vulnerability of the systems in which the fuel testers may be installed.

2.2.4  Analysis

a. The physical characteristics of the fuel tester were ifound to
meet the requicements of the military characteristics with exception of
the following:

(1) The item was not of one size, requiring a 2-inch pickup head
and 2-inch solensid valve for 50 gpm fiow rates and a 4-inch pickup head
and 4-inch solenocid vaive for 400 gpm flow rates (essential).

(2) The item did not include a visual warning device to indicate
excess levels of contamination (desired).

(3) The item did not have the capability of being used with a

separate device to assist in the detection of unacceptable gum content
(desired).

11
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b. The pickup head assembly and solenoid valve designed into two
separate sizes for 50 and 400 gpm flow rates were judged to be the most
practical design due to the wide flow rate range. Test operations conducted
showed that the audible alarm was adequate and that a visual alarm was not
needed., The requirement to be capable of being used with a separate device
to assist in the detection of unacceptable gum content was judged to be
impracticable and not within the state of the art at this time,

2.3 PRELIMINARY OQPERATIONS (ES)
2,3.1 Objectives

To insure that test personnel and users of the fuel tester were
thoroughiy and properly oriented in the use of the test item and that they
were properly instructed in the method of installation, zeroing, calibration,
operation, and maintenance,

2.3.2 Method

a. Each capacity fuel tester vas installed and assembled as directed
in the draft technical manuval into th. engineering test system of comparable
capacity shown in Figure 2 utilizing MOGAS test fuel, On-the-job training
of engineering test personnel was conducted. The test items were zeroed
and calibrated as directed in the draft technical manual. Test fuel was
circulated through each test item for an 8-hour period. Water contaminants
at a rate of 0.01 percent of rated flow and solid contaminants at a rate of
0.016 pound per gallon of fuel flow were injected for a 2-minute period at
the start of each 15-minute flow rate interval. The fuel tester's performance
in indicating injected water and solid contaminants and terminating fuel
flow when contaminant exceeded the alarm setting was observed during
pumping operations.

b. User perscnnel were instructed as to the purpose of the effluent
fuel testers, the method of installation of the items in the simulated test
dispensing systems, and how to operate and maintain the items. instruction
counsisted of ! hour of lecture, demonstrations, and on-the-job training.

2.3.3 Results

a. With 1 hour of instruction and on-the-job training during fuel
cycling operations, test personnel could adequately install and operate the
fuel tester in a flow system.

b. In each instance when contaminants (water or solids) were injected,
the fuel tester immediately detected their presence by indications of the dial

12
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indicator, chart recorder, and alarm bell, The automatic fuel shutoff valve
terminated the fuel flow in each instance approximately 26 seconds after
detection of the contaminant by the dial indicator. Due to the large volume

of contaminants injected, the limits o the dial indicator were exceeded during
each injection causing the indicator and chart recorder to ''peg, "

2.3,4 :Analxsis

Personnel can be trained within 1 hour to operate and maintain the
effluent fuel tester. Personnel with MOS 76W20 require no additional
training and can adequately operate and maintain the test item with only
brief on-the-job training.

2.4 TECHNICAL PERFORMANCE (ET)

The following tests were conducted to determine the technical per-
formance of the effluent fuel tester.

2.4.1 Recd Iron Oxide Injection Test With MOGAS Test Fuel.

2.4.1.1 Objective. To determine the ability and accuracy of the fuel
tester to indicate the presence of various concentrations of red iron oxide
contaminants in MOGAS test fuel.

2.4.1,2 Method. Red iron oxide contaminants ranging from 0.5 mg/1
to 11,0 mg/l were injected in various predetermined concentrations into
the influent flow stream of MOGAS test fuel. The indications of the fuel
tester as recorded on the chart recorder were compared with calculated
values based on known actual injections to determine the accuracy of the
test item., Twenty injections of red iron oxide were conducted.

2.4,1.3 Results. The fuel tester was found to consistently indicate the
presence of iron oxide contaminants with concentrations as low as 0.5 mg/1.
Precise accuracy could not be determined due to difference in units between
the contaminants injected (mg/1) and the readout of the fuel tester (ppm).
Relationships between the different units were established allowing a general
indication of accuracy which was judged to be adequate for field determinatione.

2.4,1.4 Analysis, Concentrations (mg/1) of iron oxide injected were
plotted and superimposed on a chart uf contaminant indications (ppm) by the
fuel tester, Due to the difference in units, the charts did not coincide,
however, an obvious linear relationship existed as shown in Appendix I-A,
An injection of 0.5 mg/1 was found to yield a fuel tester indication of

13
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approximately 10 ppm. Since 0,5 mg/1 is the maximum allowable solid o
content ior fuel allowed by Specification MIL-F-8901B, the item was .
judged to be capable of indicating unacceptable levels of contamination
with iron cxide dust.

2.4.2 Siliceous Test Dust Injection Test with MOGAS Test Fuel, e

2,4,2,1 Objective., To determine the ability and accuracy of the fuel
tester to indicate the presence of various concentrations of silicecus test
dust contaminants in MOGAS tcst fuel.,

2.4,2.2 Method. Siliceous test dust contaminants (meeting the specifi-
cation of MIL-F-8901B) ranging from 2.0 mg/1 to 30.0 mg/l were injected
in various predetermined concentrations into a MOGAS flow stream on the
influent side of the test item, The indications of the fuel tester as recorded
on the chart recorder were compared with known actual injections to deter-
mine the accuracy of the test item. Twenty injections with siliceous test
dust were conducted.

2.4.2.3 Results. The fuel tester was fcund to consistently indicate the
presence of siliceous test dust contaminants in the flowstream during each
insgtance of injection except for concentrations below 20 mg/l. As with iron
oxide contaminants, the precise accurany was not determined due to the
difference in units; however, a definite reiationship between the different
units was established. The icem lacked sufficient sensitivity to detect
siliceous test dust contaminants to the level required by specification MIL-
F-8901B (0.5 mg/l),

2.4,2,4 Analysis. Concentrations (mg/1) of siliceous test dust injected
were plotted and superimposed on a chart of contaminant indications (ppm)
by the fuel tester. The charts did not coincide due to the difference in .
units, however, definite linear relationship existed (App. I-B) as with
iror oxide dust. The minimum concentration of siliceous test dust detect-
abie was 2.0 mg/1 which yielded a readout of approximately 1 ppm on the wa
fuel tester., Fuel tester values below 1 ppm can not be read from the dial

-

-

indicator or chart record. r as graduations are in 2 ppm. Bt
-
2.4.3 Water Injection Test with MOGAS Test Fuel.
-
i
2,4,3,1 Objective. To determine the ability and accuracy of the fuel -
tester to indicate the presence of various concentrations of water contami-
nants. '%
vl
-
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2,4,3,2 Method. Predetermined volumes of water contaminants were
injected into the influent fuel stream. Inject on concentrations ranged from
16 to 84 ppm. The indicated contamination values recorded by the chart
recorder were plotted on a curve for comparison with the actual concentra-
tion as calculated in ppm from the actual volum. injected, Twenty injections
were performed.

2,4,3.3 Results, The fuel tester was found to consistently indicate the
presence of minute concentrations of water contaminants in the flow stream
with a sensitivity sufficient to detect unacceptable fuel exceeding Specifica-
tion allowables.,

2.4.3.4 Analvsis

a, Contamination values indicated by the fuel tester were con-
sistently lower than the calculated values determined from the actual volume
injected. Indicated values when plotted on a curve and compared with
calculated values almost directly parallcled calculated values however, they
were lower by a factor of one-half as shown in Appendix I-C,

b. Due to limitations of the test injection system, the lowest
concentration of water contaminants obtainable by injection were 16 ppm
which yielded a fuel tester indication of 8 ppm,. It therefore appears that any
indication by the dial indicator or chart recorder above 2 to 3 ppm readings
when properly zeroed wcuid indicate contaminants in excess of the 5 ppm free
water allowed by Specification MIL-F-8901B,

c. Since all critical contamination values are on the lower end of
the scale, a dial indicator and chart recorder are needed with much smaller
dimensions and a much shorter range, approximately 0 to 20 ppm. This
would allow the test item indications to be read with much better precision.

2.4.4 Red Iron Oxide Injection Test with JP-4 Test Fuel,

2,4,4,1 Objective. To determine the ability and accuracy of the fuel
tester to detect iron oxide contaminants in JP-4 test fuel.

2.4,.4.2 Method. The test item was zeroed with JP-4 test fuel «s directed
in the draft technical manual and subjected to predetermined concentration

of red iron oxide ranging from 0, 10 mg/1 to 5.0 mg/1 contaminant injections
in the same manner as indicated in paragraph 2.4.1.2. Twenty injections

of red iron oxide were conducted,

2.4.4.,3 Results, The fuel tester was found to be capable of consistently
indicating the injected contaminants of red iron oxide in a JP-4 flow stream
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with concentrations as low as 0.5 mg/l. Precise accuracy could not be
determined due to the difference in units between the contaminants injected
(mg/1) and the readout of the fuel tester (ppm). Relationships between
the different units were established allowing a general indication of
accuracy which was judged to be adequate for field determinations.

2.4.4.4 Analysis, Concentrations of red iron oxide injected were
plotted and superimposed on a chart of contaminant indications (ppm) by
the fuel tester. Due to the difference in units, the charts did not exactly
coincide, however, an obvious linear relationship existed as shown in
Appendix I-D in which the two curves almost directly paralleled each
other. An injection of 0.1 mg/1 yielded a fuel tester readout increase of
1 ppm. Analysis of the curve in Appendix I-D showed an overall
equivalency of 1 mg/l red iron oxide contaminant in JP-4 test fuel
equaling a readout of 10 ppm -- throughout the entire subtest,

2,4,5 Siliceous Test Dust Injection Test with JP-4 Test Fuel.

2,4.5.1 Objective, To determine the ability and accuracy of the fuel
tester to indicate the presence of various concentrations of siliceous test
dust contaminants in JP-4 test fuel,

2.4.5.2 Method, Siliceous test dust contaminants (meeting the specifi-
cation of MIL-F-8901B) were injected in various predetermined concentra-
tions ranging from 5 mg/1 to 250 mg/1 into the JP~4 flow stream on the
influent side of the test item. The indications of the fuel tester as recorded
on the chart recorder were compared with known actual injections to deter-
mine the accuracy of the test ite.n, Twenty injections with siliceous test
dust were conducted.

2,4.5,3 Results. The fuel tester was found to consistently indicate the
presence of siliceous test dust contaminants in the flow steam durirg each
instance of injection except below 5.0 mg/l. As with iron oxide the precise
accuracy was not determined due to the difference in units, however, a
definite relationship between the different units was established. The item
lacked sufficient sensitivity to detect siliceous test dust contaminants to
the level required by the specification MIL-F-8901B (0. 5 mg/1).

2.4.5.4 Analysis. Concentration. (mg/1) of siliceous test dust injected
were plotted and superimposed on a chart of contaminant indications (ppm) s
by the fuel tester. The charts did not coincide due to a aifference in units,
however, a definite linear relationship existed (App. I-E), as with iron
oxice though not as regularly as with MOGAS test fuel. Differing from
siliceous test dust injections with MOGAS test fuel which showed an almost
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direct equivalency of 1 mg/l injection equaling 1 ppm fuel tester indication,
siliceous test dust injections with JP-4 test fuel showed test item sensitivity
to siliceous test dust in a JP-4 environment to have greatly decreased. An
injection of 5.0 mg/1 resulted in a fuel tester indication of slightly less than

1 ppm. Appendix I-E shows *that large quantities of siliceous t:st dust con-
taminants were required to yield fuel tester indications with the tester indi-
cating a value which was approximately one~-third in ppm of the actual injected
concentration in mg/1.

2,4.6 Water Injection Test with JP-4 Test Fuel.

2.4,6.1 Objective. To determine the ability and accuracy of the fuel
tester to indicate the presence of various concentrations of water con-
taminants,

2.4,6.2 Method. Predetermined volumes of water contauminants were
injected into the influent flow stream. Injection concentration: ranged
from 14 to 160 ppm. The indicated contamination values were plotted on
a curve for comparison with the actual concentration as calculated in ppm
from the actual volume injected. Twenty injections were performed.

2,4.6,3 Results. The fuel tester was found to consistently indicate the
presence of minute concentrzations of water contaminants in the flow stream
with a sensitivity sufficient to detect unacceptable fuel exceeding specifica-
tion allowables.

2.4,6.4 Analysis

a. Contamination values indicated by the fuel tester were con-
sistently lower than the calculated values determined from the actual volume
injected. Indicated values when plotted on a curve and compared with cal-
culated values almost directly paralleled calculated values, however, they
were consistently lower by a factor of one-half to one~third as shown in
Appendix I-F,

b. Due to limitations of the test injection system the lowest con-
centration of water contaminants obtainable by injection during the test was
14 ppm which yielded a fuel tester indication of 7 ppm. Judging by this re-
lationship which was essentially constant for injections conducted, a fuel
tester indication of 2 to 3 ppm would indicate contaminants exceeding the
specification allowed by MIL-F-8901B (5.0 ppm).
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2.4,7 Automatic Shutoff Valve Reaction Time Test.

2.4.7.1 Objective. To determine the capability and time required for the
fuel tester to terminate fuel flow upon detection of an unacceptable amount
of contamination.

2.4.7,2 Method. Utilizing the 4-inch 400-gpm fuel tester, the alarm set
was positioned at 20 ppm so that the alarm would activate when the simulator
button was depressed. Upon depression of the simulator button, the lapsed
time was measured between activation of the alarm until the fuel flow was
terminated as determined by observing a flow meter,

2,4.7.3 Results., The fuel tester was found to be capable of completely
terminating fuel flow upon detection of a contamination level in excess of
the alarm set adjustment, however, a time lapse averaging 26 seconds
occurred,

2,4,7.4 Analysis, Lapsed time determinations required for the shutoff
valve to terminate fuel flow upon detection of unacceptable contaminants
ranged from 26 to 27 seconds at an operating pressure of 32 psi at the rated
flow of 400 gpm. Due to the time lapse of 26 seconds requirad before the
fuel flow is completely terminated, it would be necessary to locate the shut-
off valve at a distance downstream from the detector head, caiculated from
the flow velocity, to prevent contaminated fuel from passing the shutoff
valve,

2,4.8 Power Supply Evaluation,

2,4,8.1 Objective., To determine if a decrease in strength of the power
supply battery results ir a subsequent decrease in accuracy.

2.4.8,2 Method. Utilizing a fully charged battery, the fuel tester was
subjected to continuous operation. At periodic 30-minute intervals, the
simulator button was depressed to simulate contamination and a check maae
of the battery strength with a DC voltmeter,

2,4,8,3 Results. A decrease in battery strength to the point where a need
for recharge was signaled caused no resultant decrease in test item accuracy.

2.4.8.4 Analysis, After 15 hours of operation, battery strength decreased
to 11 volte causing the alarm bell to sound and signaling the need for a re-
charge. The readout indication gave the same reading in ppm upon depiession
of the simulator button as it did at the start of the test,
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2,4.9 Automatic Shutoff Valve Operational Evaluation,

2,4.9.1 Objective. To determine the capability and reliability of the
shutoff vaive to effectively terminate fuel flow in the presence of repeated
injections of unacceptable contaminants.

2,4,9.2  Method, The 400-gpm test item was subjected to fifty water
injections and fifty solids injections of 30 ppm and 30 mg/1 respectively
with the alarm adjstment control set at 10 ppm. A rated flow of 400 gpm
at 30 psi was maintained during the test.

2,4,9.3 Results, The shutoff valve successfully and reliably terminated
fuel fiow for 100 repetitions without failure when the fuel tester was exposed
to unacceptable contaminant injection.

2.4.9.4 Analysis. In each instance, fuel flow termination was complete
though an average of 26 seconds was required for the valve to activate after

the contaminated fuel was detected by the fuel tester,

2.4.10 Performance with Various Fuels.

2,4,10.1 Objective, To determine the relative difference in performance
of the fuel tester when exposed to various petroleum fuels,

2.4,10.2 Method., The fuel tester was zeroed with jet fuel (JP-4) in a
static condition. When depressed, the simulator button yielded a value of
50 ppm. The item was then exposed under static conditions to diesel fuel
(DF-1), combustion ignition turbine engine fuel (CITE), motor gasoline
(MOGAS), and aviation gasoline (AV(AS), and the zero reading and
reading with the simulator button depressed were recorded.

2.4.10.3 Results. Values obtained with the different fuels showed that
fuel coloration definitely affects readout, raking it imperative that the
item be rezeroed whenever fuel types are changed.

2.4.10.4 Analysis. After being zeroed with JP-4, the fuel tester yielded
the following values when exposed to the indicated fuels:

Zero Reading Simulator Button Depressed
Fuel ppm _ppm
JP-¢ 0 50
DF-1 4 60
CITE 8 61
MOGAS 10 55
AVGAS 10 40
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2.4.11 Performanre Monitoriniof Effiluent Fuel Stream from Test Filter
Separator

2.4.11.1 Objective. Tc determine the performance of the test item when
ingtalled on the effluent flow stream from a test filter/separator during -
Specification MIL-F-8901B injection tests.

2,4,11,2 Method

a. The 4-inch and the 2-inch offluent fuel testers were installed
on the effluent side of a 350-and 100-gpm test filter separator respectively
and used to monitor flow during the series of contaminant injection tests
described in Specification MIL-F-8901B.

b. Each item was utilized for a total of 250 hours wii. flow
rates, pressures, fuel temperatures, fuel tester indications, and laboratory
analyses for solids and water being periodically recorded.

2.4.11.3 Results

a. The fuel tester was found to be very useful in monitoring the
performance of the filter/separator being tested as it provided an instanta-
neous indication when contaminants were passed even though it did not
differentiate between water or solid contamination. The item also furnished
a permanent chart recording of contamination and shut off the flow stream
automatically at the desired alarm set position,

b. It became evident that an additioral power source battery was
needed to maintain operation on an 8-hour per day basis.

c. It was also found that a AC-DC converter would greatly
simplify fuel tester operations ir the field where AC current is available.

d. Repeated problems experienced with the chart recorder
evidenced the need for a more durable chart recorder to wicthstand field
handling.

e. It was found that a protective carrying case is needed to pro-
test the amplifier, alarm bell, and chart recorder componeuts from darnage
and to allow for easy hand carrying.

Z. 4,11.4 Analysis

a. During the tests of the filter/separator, frequent problems
were encountered with faulty filter/coalescer elements, The effluent fuel
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tester proved extremely useful in detecting these failures long before a
failure was made esvident by visual means or laboratory analysis. Subject
failures characteristically ¢.curred with an initial very slight increase

of approximately 2 ppm which was irmmediately detected by the fuel tester.
As *he failure worsened the effluent ccnatamination increased, being verified
by laboratory analysis which required several hours, and finally by visual
means. In each instance the filter/coalescer elements were removed,
examined, and found to have ruptured end caps which had allowed con-
tamination to pass. Without the iuel tester, this failure would probably have
gone undetected until it increased to a point where it could be detected by
visual means.

b. When operated on a continuous 8-hour per day basis it was
found that the power supply battery requirec a recharge after 1to 2 days
operation. . This need for recharge was signaled by a ~ontinvous ringing of
the alarm bell, Since several hours are required for a battery recharge,
the fuel tester cannot be operated, A second baitery ia therefore needed
to allew continuous operation.

c. It also became evident that if an AC-DC converter had been
provided with the fuel tester, the AC current available inthe area could
have been utilized eliminating the need for batteries and greatly simplifying
the operation. In most non-mobile type installations in the field,AC current
is available, and for mobile type installation batteries will be required.

d. Frequent problerns with the chart recorder furnished with the
test items were experienced requiring frequent replacement. The chart
recorder was very delicate and sensitive to handling. A more durable com-
ponent to withstand field handling is rec¢uired. ‘

e. Test operations showed the amplifier component, with alarm
bell and chart recorde. to be very bulky, difficult to handle, and subject to
damage as presently mounted on the plywcod frame. These three com-
ponents should be mounted in a lightweight protzctive carrying case.

2.5 OPERATIONAL PERFORMANCE (ST)
2.5.1 Objective

To determine through normal cperations by users in standard POL
distrilyution and dispensing systems, the capability of the test items to
reliat ly and accurately detect and registor the presence of ha. aful con-
taminants; and to detsrmine the capability of the test items to be casily and
readily installed on or attached to standard or proposnd POL distribution
and dispensing systemas.




2.5.2 Me:thod

3. The fuel testers (2- anc 4-inch) were iritiaily installed and
crerated in 2 ci~sed-lcop fuel recircuiating system at the USAGETA
Petroleum Equinment Test Facility, Fort Lee, Virginia. Operations
consisted of civcuiating MOGAS through ke fusl testers whick were
utilized on the effluent side of a 600-gpm filter/separator. Contami-
nated conditions were simulatzd hourly by depressing the simulator
button on the Z-inci and 4-inch pickup heads.

b. Tre test items were subsequently taken to the Petroleum
Training Area, UI. S. Army Quartermastar Pctroleum School, Fort
Lee. whure students installed them in a fuel system supply point after
being instructed in instailaticn and operatiorn procedures.

c. The 2- and 4-inch items were then atrached to 1, 200- and
5, 900 -galloi tankers respectively. Cperations consisted of driving the
tankers over a specified distance and then cycling fuel through the fuel
testers. :

d. Observations were made regarding the durability, maintain-
ability, and reliability of the test items as well as the capability of the test
items to be easily and readily installed and committed to use, including.
time and m:eu 1nvolved. The compatibility of the test items witu associated
equipment was observed and evaluated. The ability of user personnel to
operate the items eflicivntly was recorded and assessed.

2.5.3 Resuits

—

a. Operations on the test items (2- and 4-inch) were simiiiar.
The 4-inch fuel tester was cperated for 301 hours in the closed loop
recirculating system. During this time, contaminants were simulated
396 times and fuel flow " as terminated each time without failure. The
battery utilized as the energy source ior the item was replaced and re-
charged 17 times or roughly after every 17 hours of operation. The 2-
inch itemn was operated for 231 hours during which time contaminants were
simulated 324 «imes. The item failed to terminate fuel flow 2 times out
of tiie 324 iime; contaminants were simulated. The battery utilizea with
the 2-inch item was replaced and recharged 12 times or roughly after
every 19 hours of operation.

t. The fuel resters were installed, operated, and maintained by
petrocleum storage specialists (MOS 76W). One hour of instruction, including
demonstratione and on-the-job training, was required for the operator
nersonnel to effectively utilize the test items.
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o . Time requirel (o install the 2-inch item on a 1, 200-gallen tanker
was approxizaaiely 15 minutes (Figure 3). The time required to irstail the \
h 4-inch iuel tester in a 5, 0C0-guilon tanker was ore-hai’ hcur. The tanker
trucks with the installed fuel testers were driven a specified distance of 1.4
miles over rough roads and terrain a total of 2C times. At the end of each
ran, contaminated conditions were simulated three times while ivel was

Ycing cycled. Both ite:na functioned properly each time contaminants were
simulated.

d. Thne focllowing failures cccurred during service test operations
at Fort Lee:

X - {1) The recorder -*t‘lized with the 2-inch fuel tester malfunction=d
g after 23] hours (Rei. EPR L7 A similiar malfunction of the recorder
utilized with the 4-inch iters. alsc cccurred.

B {2) After 301 houre of testing, the 4-inch fuel tester could not
be correctly zeroed due to a short in the system and the deteriorated
accuracy of the photocell (Ref. EPR L7-5).

(3) After 136 hours of operation, the 2-inch item failed to shut
down fuel flow when contaminated conditions were simulated due o a
failure of the solenoid which activates the shutoff valve.

£.5.4  Analysis

a. The contiruous operation of the test items and the resuliting
necessity that the batteries utilized as the energy source must be recharged
dictates the need for two batteries to bs supplied with each fuel tesier

rather than the one whizh is now supplied. Availability of 2 battery charger .
is also necessary so that continuous operation of the fuel testers car be ‘
assured. The test items should also be equipped with an AC-DC ccnverter

so that other available scurces of electricity could be utilized in lieu of the

vatteries.

b. Iustaliation and maintenance of the fuel testers were easily
accomplished although extensive manual changes are necessary to facilitate
the=e cperations. The test items were easy to handle, move, assemble,
and disassemble. Handling and movement of the fuel testers could be
erhanced by replacing the rigid cable conduit with an explosion-prooct
flexible cable which could be rolled up into a more compact configuration.
Operator personnel were able to understand the operation of the items and
no additional skills or specialized training requirements for MOS qualified

personnel were generated.




*NOoNna3 JoNquw) uolreB-00Z 't ® U0 PAIILISU} X9I60) [ON] YSul~7 °¢ oanByg




ey e 1 T S AP

oo |

¢. The installation of the test items on the tank truckes was re-
latively easy to accomplish. The shutoff valve was not utilized in these
operations due to the distance between the pickup head and the valve that
is required to compensate for the rate of flow and the time lag that
exists between the detection of contaminants and the activatior and com-
plete closing of the shutoff valve. Modifications to the tankers and/or
the fuel testers would be necessary tc make the use of the fuel testers
on the trucks entirely adequate.

d. The chart recorders furnished with the test items were
exceptionally sensitive and not sufficiently rugged to withstand field service
conditions. The otker components were adequate and displayed a high
degree of compatibility with each other and with associated equipment,
althcugh some modifications are necessary when used with tanker trucks
as stated.

2.6 MAINTAINABILITY AND RELIABILITY EVALUATION (ST)

2.6.1 Objective

To determine whether the test item meets maintainability and
reliability requirements for the service intended.

2.6.2 Method

a. One 2-inch 50~gpm and one 4-inch 400~gpm fuel tester was
used and maintained under service type test conditions in a TCE environ-
ment at Fort Lee. The test items operated 24 hours per day until 532 hours
were ac- arnulated.

b. The test items were technically inspected before and after the
service test.

c. Accumulated records of unscheduled and simulated maintenance
and repair parts usage and service life data were summarized and
evaluated. (Scheduled maintenance, direct support, and general support
maintenancewerenot prescribed or required because of the nature of the
test itern) Computations were made to determine maintainability and re.
liability indicators as required by USATECOM Regulation 750-15. Tables
I and III show the definitions and equations used to compute those indicators.

d. The unscheduled and simulated maintenance actions were per-
formed by 63K40 and 76W20 MOS personnel from USAGETA, utilizing the
basic issue items and common tools of the general mechanics tool set and
organizational No. 2 common tocl set, FSN 4910-754-0€50.
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TABLE I

MAINTAINABILITY, RELIABILITY, AND AVAILABILITY SYMBOLS

The symbols listed below will be used as variables in the computations in

Table III.
Ry {x; 1-)

w41, 2rf2

1-ol
MTBF
MDT
MTTR

MTEM

26

The loweir confidence limit on reliability

Chi-square value for a confidence level of 100 {1-e} % and
2r/2 degrees of freedom

Mission time

Confidence coefficient

Mean time between failures
Mean downtime

Mean time to repair (failures)

Mean active maintenance downtime
Mea_n time between maintenance
Maiﬁ."t’enance ratio

Inherent Availability

Achieved Availability

Operational Availability

Operating time (hours, miles, etc.)

Active maintenance man-hours (scheduled and unscheduled)
Active maintenance clock hours (scheduled and unscheduled)
Unscheduled active maintenance clock hours

Downtime in hours (include active and inactive maintenance
time for both scheduled and unscheduled maintenance actions)

Number of failures

Number of maintenance layovers (include both scheduled and
unscheduled maintenance actions)

Active maintenance man-hours to correct failures

Active maintenance clock hours to correct failures
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MAINTAINABILITY, RELIAQI,LITY, AND AVAILABILITY COMPUTATIONS

TABLE 11

*Indeterminable due to division by zero.

2-inch  4-inch  SAMPLE
Mission Time (x) = 15 15 15
Confidence Level (1-¢ = 0,90 0.90 0.90
Noc. of Failures (r) = 0 1 1
Operating Time (b) = 231.0 301.0 532.0
Maintenance Man-hours (c) = 0.6 8.1 8.7
Maintenance Clock hours (d) = 0,6 10.1 10.7
Unscheduled Maintenance -

Clock hours (f) « 0,6 10.1 10.7
Downtime (g) = 0,6 10.1 10.7
No. of Maintenance

Layovers (s) . 2 2 4
Maintenance Man-hours (p) - 0 8.0 8.0
Mairtenance Clock hours (q) - 10.0 10.0
COMPUTATIONS:

MDT = (g/s) = 0.3 5.05 2,67
MTBF2(b/1) . % 3ol 532
M=(d/s) = 0.3 5.05 2.67
MTTR (man-hours) = (p/r) - % 8.0 8.0
MTTR (clock hours) =(q/r) - % 10.0 10.0
MTBM-= (b/s) | - 1155  150.5 133.0
MR= (¢ /b) = 0.0025 0.0269 0.0163
A{=(MTBF/(MTBF+MTTR (clock hours))) « 1.000 0.9678 0.9815
Aa =(MTBM/(MTBM+M)) - 0.9974 0.9675 0.9803
Ao =(MTRYM/(MTBM+MDT)) = 0.9974 0.9675 0.9803
RELIABILITY; Ry, (x, 1-&) = exp/ - x)gz l:, 2:42 } = 90 percent

2
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e. Draft Technical Manual 10-4930-207-12 furnished with the test
item was used by cperators and organizational maintenance personnel for
all maintenance actions and was evaluated for completeness, accuracy,
gimplicity, and clarity.

2.6.3 Results

a. Prior to beginning the service test, the maintenance test pack-
age (App. IV-C) was verified and the test items were technically inspected
and repaired as necessary tc returr them to a satisfactory condition.

b. Daily maintenance, consisting of cleaning and visual inspec-
tions for leaks and loose wiring connections, required approximately
0.1 hour each operating shift. Slight leakage occurred at the inlet and
outlet threads of the pickup heads, and temporary repair was made with
a sealing compound. Daily maintenance time is not included in main-
tenance and reliability computations.

c. The solenocid-operated ''three-way valve'' malfunctioned (EPR
L7-1) at 136 test hours and was replaced (App. IV-B),

d. The zero test and adjustment of the indicating meter could not
be accomplished as indicated in DTM 10-4930-207-12 because the instruc-
tions did not apply to the configuration of the itemtested (EPR L7-3) and
btecause a special tool, a short angle hexagon wrench for socket head
capscrews (''Allen wrench') was not provided (EPR L7-2). Improvised
methods were used to remove the screws from the larnp holder assembly,
and the adjustments were accomplished {(App. IV-B).

e. The chart recorder (Par. No. 14869, Model 88) malfunctioned
on each test item (EPR L7-4), and they were replaced (App. IV-B).

f. Simulated maintenance performed at 301 hours on the 4-inch
fuel tester revealed it could not be calibrated. All major components
were replaced in an effort to isolate the cause. Short circuits and a de-
fective photocell were finally diagnosed as the causes of the malfunction.
The photocell and the window assembly were replaced, the bare wires in
the adapter and tube assembly were repaired, and the item was calibrated
satisfactorilv (EFR L7-5).

g- Removal of the photoczll during simulated maintenance revealed

chanzes in the configuration when compared with Figure D-1, Page D-21 of
the Technical Manual; and the instructions in Figure 3-1, Page 3-4a were
inadequate (EPR L7-6). The component could not be replaced without
possible damage,
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h. Maintainability of the fuel tester is considered inadequate (Par,
2.5 through 2,11 of App. III) based on a comparison of the test results
with the criteria stated in paragraph 2.2b of the test plan.

i. The test item met the reliability requirements (Tables II and
III; and App. IV-A).

j» One special tool was required to remove the lamp holder
assembly as stated in paragraph d. A hexagon wrench did not {it in the
space allowed for the removal and installation of the socket head capscrews,
and improvised tools were used to remove the capscrews.

k. Repair parts used in the conduct of the test are shown in Appendix
IV-B. These parts were obtained by substitution from like-type items
available to the test team. Many parts were not assigned part numbers
(EPR L7-7) in the technical manual.

1. DTM 10-4930-207-12 was inadequate for troublestooting the
test item and for replacing the photocell (EPR L7-7).

2.6.4 Analysis

a. The maintenance test package is considered inadequate because
DTM 10-4930-207-12 does not contain up-to-date illustrations, parts data,
and satisfactory instructions (EPR L7-7). The inspection and service upon
receipt were satisfactory.

b. Daily maintenance is not excessive and is simple and adequate.
The leakage at the inlet and outlets of the pickup head is attributed to
quality control of the threads on .he pickup head. The 3/4-inch taper
per foot normally associated with pipethreads may not be precise due to
marufacturing methods (lathe cut versus die cut),

c. Malfunction of the solenoid-operated 3-way valve (EPR L7-1)
is classified as a shortcoming because the mission could be completed
with the operator manually closing the proper valve upon signal from the
alarm which indicates contaminated fuel. Troubleshcoting instructions
te identify the above malfunction are inadequate, and instructions developed
during the test were submitted on DA Form 1598, Cause of the malfunction
is attributed to internal corrosion of the solenoid piston. The corrosion
was observed during disassembly and inspection of the solencid, and it was
probably due to storage for 4 years after initial use.

d. Instructions pertaining to the present test item configuration
were requested from the developing agency; and reccmmendations were
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submitted concerning the use of hexagon head capscrews (Item 26, Figure
D-1 of the technical manual) instead of the socket head capscrews, or the
inclusion of a special short angle hexagon wrench. Improvised methods
used to remove the lamp holder assembly are not satisfaciory.

e. The fuel tester recorder is a very sensitive component and
appears to be a high mortality item. Repair of the item is programmed
at organizational level. Mechanics with MOS 63K40 were unable to repair
the item, and it is recommended that it be repaired at general support or
depot level.

f. The malfunction of the photocell is classified a failure because
the fuel tester could not be accurately calibrated and would operate below
an acceptable level for reliable monitoring of contamination. Cause of
malfunction is attributed to a delective photocell and a short circuit.

g. Photocell removal problems resulted from a design change and
inadequate maintenance instructions. The present photocell configuration
unites the photocell and the adapter intc a single component which should
be replaced as a component (EPR L7-6).

+ h, Maintainability of the fuel tester is conegidered inadequate
because the technical manual instructions, illustrations, and parts cata
are not satisfactory for field use until updated to correspond tn the item
to be issued.

i. The test itemindicated 90-percent reiiability at a 90-percert
lower confidence level, This was based on 532 test hours, a 15-hour
mission duration, and one failure.

j. A special tool will nct be required to remove the lamp holder
assembly if hexagon head capscrews are used in the component as
illustrated (Item 25, Figure D-1, Page D-21, DTM 10-4930-207-~12).

k. The repair parts used indicate a high degree of interchange-
ability with older items. The following additional repair parts
are recommended for the prescribed load zllcwai~e:

1 each Chart Recorder (14869} Model 88
8 each ‘Rolls, Chart, Recording

2 each Diaptrams for ipdividual size control valves
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1. DTM 10-4930-207-12 requires major revision and updating to
permit satisfactory performance of all authorized maintenance.

2.7 HUMAN FACTORS EVALUATION (ES)

2.7.1 Q_bl'ective

To observe the effectivenezs of the man-item relationship during
operational use and to assess the degree of ease, simplicity, and effort
in operating, installing, and servicing the items in normal use.

2.7.2 Methoa

Throughout all testing, observations were made and recorded
concerning the degree of design simplicity inherent in the test items
relative to users' ability to easily and readily handle, install, operate,
and maintain the items.

2.7.3 . Results

a. Observations of test teams revealed no factors that czused any
difficulty in the ability of operators to install and maintain the test icerns
although extensive changes in and additions to the Dréaft Technical Manual
are required to facilitate these operations,

b. Transportation and handling of the test items were easily
accomplished due to their relative light weight and compactness, with
exception of the amplifier component, alarm bell, and chart recorder
which should be mounted in a protective carrying case as indicated in
paragraph 2,4, 11. 3e due to its brlkiness and sensitivity to damage as
presently mounted.

c. The test items are easy to operate, assemble, and disassemble,
requiring not more than 1 hour of orientation and training for the operators
to be able to utilize them in a safe and sufticient manner.

2.7. 4 _lealzsis

The man-item relationship is effective with.regard to user personnel,
however, a protective carrying case is needed for the amplifier, alarm bell,
and chart reccrder components for easier hand carrying.
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2.8 VALUE ANALYSIS (ES)

2.8.1 Objective

To determine if the test items have any unnecessary, costly, or
nice-to-have features which might be eliminated or redesigned to reduce
cost.

2.8.2  Method

Threughout the conduct of the test, observations were made and
users were questioned concerning features which could be eliminated or
modified without compromising the performance, reliability, durability,
or safety of the test items.

2.8,3 Results

Based on observations by engineering and service test teams and
questions of users, the test iteme have no unnecessary, costly, or
nice-to-have features.

2.8.4 Analysis

The test itemns are adequate with regard to cost awarcness in
design and manufacture,

2.9 SAFETY EVALUA.TION (ES)
2.9.1 Objective

To determine and confirm the safety characteristics of the test item.
2.9.2 Method

During the engineering test perioG, observations were made for
detecting any condition which might present a safety hazard, to determine
the canse, and to note steps takén (o alleviate the hazard encountered. A
safety release was issued as a result of engineering tests in accordance
with USATECOM Regulation 386-6 prior to initiation of service tests.
Service tests adhered to ~efety procedures developed during the engineering
test phase and embodiec in the safaty release, Confirmation of the safety
characteristics was in accordance with USATECOM Regulation 385-7,
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2.9.3 Results

During testing, it was determined that the following precautions
should be taken to enhance the sufety of the test item.

a. Preasure test the pickup heads of the fuel testers to 125 psi
before installation to insure that they are leakproof and glass lenses are
completely sealad, :

b. Position tha amplifier alarm assembly outside the hazardcus
area at least 25 feet fror the pickup head and in an area having good vapor
drainage away from the ampiifier and bottery since these  omponents are
not explosion proof.

¢. Pos..ion the power supply battery an additicnal 25 fect from the
amplifier component, or a minimum of 50 feet from the pickup head, also
well away from vapor drainage. '

d. Utilise sparkproof tools when working with the items,

e. Ineure all explosion-proof conduit connections are completely
sealed. -

f. Insure that power supply is off whenever cc-necting or dis-
connecting any of the components in the hazsardous areas.

§. Insure that the pickup head assembly has metal-.>-metal contact
for bonding with the pipeline in which it is installed,

2.9.4 Anllzlil

The fuel testers zre capable of being opersted without hazz=4 to
operator personnel providad that the recommended precautions listed in
paragraph 2.9.3 as well as other normal safety procadures for operating
similar POL equipment are ocbserved, T*e draft technical manual should
empha. e safety procedures, '
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SECTION 3. APPENDICES

TEST DATA

MC:3AS Rec Iron Oxide Injections
MOGAS Siliceous Teat Dust
MOGAS Water Injections

JP-4 Red Iron Oxide Injections
JP«4 Siliccous Teat Dust Injections
JP-4 Water Injactions

HMUQ®»

FINDINGS

DEFICIFNGIES AND SHORTCOMINGS
MAINTENANCE EVALUATIONS

A Mauitenance and Reliability Analysis Chart

B Parts Analycis Chart

C Mzeinterance Package Literature Chart

D Recommended Changes to Drafc Technical Manual

REFERE!ICES

DISTRIBUTION LIST
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APPENDIX I-A
MOGAS—-RED IRON OXIDE INJECTIONS
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JP 4-WATER INJECTIONS
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APPENDIX IV. MAINTENANCE EVALUATION
APPENDIX IV-A

MAINTENANCE AND RELIABILITY ANALYSIS CHART

INSTRUCTION SHEET - DESCRIPTION

Functional group number as indicated in the Maintenance
Allocation Chart (vef AR 310-3) of the assembly or sub=
assembly. The sequence number of the waintenance operation
is in parenthesis below the group number.

Component and related operations as indicated in the Main-
tenance Allocation Chart. Operations assigned to depot
level maintenance are not shown,

"Maintenance Level, Prescribed, The maintenance level pre-

scribed by the Maintenance Allocation Chart or the parts
manual, whichever is appropriate, is indicated using the
following code: C - Operator/Crew; O - Organizatiomal;
F = Direct Support; and H ~ General Support.

Maintenance Level, Recommend=d. Usze the code l2tters, C,
0, ¥ or H to indicate the level of maintenance recommended
by the test agency.

TM Instructions, Adequate. An X in this column indicates
the TM irsiructions covering this maintenance action are
adequate,.

TM Instructions, Inadequate. When the TM instructions are
considered inadequate, ins:rt the tezt agency reference
number used ou the DA Form 1598,

Active Maintenance Time, Mc.-hours and clock hours required

for the maintenance operaticu to the nearest renth of an hour,

1f the cperation wus not actually performed but was revieved,

the estimated active maintenance time {# indicated by using the
prefix E. (Unusual ¢ifferences in mainteuance times for the

same operation should be expliained in the body of the test report.)

Lifc. The nunber of operational hours (esseatial) and miles,
events, etc., &3 requived in the test plan, sccumulated during
the test prior to the occurrence of the malfurciion or scheduled
service, {(Under the ilfe figure erter fu parenthesis the :
sequence wmber for which that particular apervation was last
performed followad by the appropriate lite unit; {.e. M, H, etc.)
"$" will be placed in this celumn 1f the operation wis performed
on a sampling basis 2nd nut because of an actual failure,

IV-A-1

51




X

APPENDIX IV-A
MAINTENANCE AND RELIABILITY ANALYSIS CHART

INSTRUCTION SHEET (Cont'd)

9. Reason Performed. The symbol "Unscd" will be shown in this
column if this operation was performed as a result of unached-
uled maintenance. If the operation was performed and recorded
as a required portion of a scheduled maintenance service, the
symbol "Scd" will be used. If the operation was performed
only to verify procedure and tool requiremonts, not to correct
a malfunction, the symbol "Sim" will be used.

10. Remarks. If the operation was not performed a: a result of
using the sampling technique authorized by AR 750-6, one of
the following remarks will be entered:

a., Reviewed - not performed.

b. Neither reviewed nor performed due to (No.
TF's) or (insufficient service test time).

c. Other as appropriate,

If an EPR is related to the operation, the EPR refersence
number will be shown. When the operation was performed to
correct a failure as defined in this regulation, it will be
indicated by the word "Failure" in this column,

: SZ W-A-Z




PP T e e,

oy
" 4]
M .uco«uaum&.aou AITIIGETTIS2 U PIpNiouy 3Jou JWI] IDUWTIIUT iy
WOTIVAQYTEY pEaY dnyojd o ITNS3I Iyl SEA JUIMIDV[AIYy
"WAIT  UOUT { oS -~ R s *0 x 0 0 D SRR B A
‘WalT  Youl g ‘Yosg x% J¥¥T0 JaxG"0 X o 0 eyeT DT s
) pacerday
6~ ¥4dz yosun ¥T0€ * * x 0 ) 133d%PV | 0l
__pooweiday )
: ‘G=-LT1 udd yosun *TO¢ * * X o} 0 1192 o3oud | Jodn
- poowiday
f . Kiquassey .
“S=L1 4 yosum *TOE * * X 0 ¢ mopuypm | w7
- - doy
©S33TUQNRS 30U ¥ad : X paoey o
203TWBR0% YOoUT-Y yosum 10€ 1°0 10 0 o 39p1009% | (i:
. paryedad
cmtred G-A-T ¥dW yosun *T0€ 0°g 0°01 X 0 ) omoy dn %Td | KT -
-«
"wWB3T RAD 05 Woui-g yosun 1€2 T°0 T°3 X 0 0 SANICSC wil
“1~£T ¥ad ‘wo3T paserday
2799 WD 0S YPUT=-Z yosun 9¢1 $*0 $°0 x o o prouaios |
£930% 3DTAILS DICITY
203 1898 cSuw Hmm.ﬁw paayeday
*Tel TBTITUL SUTI yosum 0 #E°0 kg 0 P 0 ) 1o3eInmIS [ (T
ot 6_ 8 p) s S Z ]
SHNOH v.GO%I 31vnd uh“:.c
~NVH 9| ~30YN!) -30V SKOILVY 30|
o SINN-W IVBINIO-H| 03ILVIIY
SHYYNIAN d3NHOAM3Ad| SENOH-H ANl SNOILONNISNI 3 - N ‘ON
EF]) SONYNILNIVHN NiL NZO¥0~- 0| iNINOINOD | 2NOUS
ALY ,IWNKU\ 43d0~- 9 ;
T3IAIT LNlvymw
LUVHI SISATYNY ALINBVITIY GNV IONVNILNIVN
V-Al XIGNZday

b Mttt NN Li



-

LYVHD SISATVNY ALINIBVITI3Y OGNV 3ONVNILNIVA
V-Al XIANIdIV

wys 1°0 1°0 b4 0 0 aowTdoq
(€=1£71 W4d) : . . X . o oy
a3enhoprur SuojIONIISUY wys %0 %0 ] porw et
pyous108
*Ken~g
CIATPA
] 20184
1013000

] S33wm03nY 0%
Iuawmd ynbg

ﬂ‘O.«uuUWﬁﬂ %
wys 10 19 X c 0 adwyday
s v/ 1°0 1°0 X 0 0 189
wys Y/N 10 1°0 X o) ) 309dsuy
wyS V/N 1°0 1°0 X o) ) CER ZETTS

£1233wg 19N

£1233vg 90

— ol 6 8 y) 9 s ¥ 3 F {
SNOHSENOK| 31vND|3L mé.auw
- m-Z(S M¥JO01D| -IJOVYNI| ~-30V nﬁemt ~3¥d| SNOILVYYHILO

S3N-W TVEINIO-H| 03ivIIy

SHEYIWIY G3NHOJNId| SHNOH-H ANtLL SHOILONYLSN! - 123%i10-4 aNvY ‘ON

JALLOY M3INID/¥MId0-D
q3A37 _ANIVA B
QaIVUIIS

IV-A-4

-y
ol




LHVHD SISATYNV ALITISYIT34 ONV 3ONVN3ILNIVW

V=A1 XIGN3dIV

*3u2vodmo2
aya o3 arqeorrdde 30N Y/N V/N v/N V/N o 201A23S
. : A1quassy
AOPUTM H
qina 3IY3¥l’ _
wys €0 | €0 0 0 aoeyday
s 1°0 1°0 4] 0 30adsul
. Lpquassy
NW@.«Q&
Y311
*£7v0 pomaYADY 0°1g 0" Ty X (] 0 1yeday
uys 8'0 8°0 X 0 0 aderdoy
uts £°0 €°0 X 0 0 isal
wyg 1°0 1°0 X ) 0 10adsu]
wys 1°0 § T1°0 X 1} 9 3971A19S
pweR dn3yoigd 60Z%
wrs S0 . S°0 4 X 0 0 aoweyday
wys 1°0 1°0 1 x o] 0 323adsul
riely ‘1194
83271A3Q
Surteuldys BOTY
- ol 6 8 )] s | © > £ z T
SHNOHISUNOIY] 3LvND]31vN
~NVW | 3001)| -3aV¥N!| - 30Vv| -WOJ3¥ -JUd|{SNOILYYILO
SITIN-N AVHINIO-H CG21VIINM
SHHVYWN3Y JINHOAUId| SUNCH-H 3Nt SNOILONMASN 1o53¥810-4 ONVY ON
NOSV3Y 3317 |3ONVNILNIYN Nl NZ2NO-0| LNINOINOD | dNO¥D
IALLDY M38D/8360~ D
TIAIT LINIYN
MG IVIUKIS

5%

IV-A-5




X Ll quosey
MOPUTM
, 1190 o3oyg
<9-{71 ¥dd 9Ienbapeuy .
* 3I® SGOIIONRIISUY wys €°0 €°0 X 0 0 aoceydoy
*Aj1eu1a1xd 3Id9dsul wis 10 1°0 X 0 0 3oadsuy
; L1quossy
- 119D o3o0yd
wys s*o S°0 X /] 0 ?37e1day
wys 1°0 1°0 X 0 0 309dsur
uys 1°0 1°0 X e 0 3D2YAIIS
. Iojenwis | 60Z%
miS S5 | s°0 X 0 0 soev1doy
.hﬂnﬁummwm.mv uyanm .
po3oadsuy aq Ayuo urd wys $°0 G0 X 0 0 309dsul
qing 4371
wyYs L*0 L0 X 0 o aoe1day
*L1quassesIp Suianp _
pa3o3dsuy aq Ljuo un) wis T1°0 1°0 X 0o 0 10adsul
1] 6 8 4 9 ] L4 3 e 1
mc:gmc Hl 21vnd whgcauazuﬂ fo 1
- ~-NYWN zu@&o _~30WNI] -30V¥|-NOJ3Y| -Su4ISNOLLYY
SITIN-N . VS SNdy-H| 031v13y
SXNVYN 3N CINUOJAId| SYNOH-H Nl ENOoLLONYASHI i238:0-3 aNy ‘ON
NOSV3IX 3417 [IONYNILNIVWN| Ni ‘ NZ240- 0| AN3NOdWO | enious
ALY ¢ M3¥D/¥3d0-3
i T13A3T ANIYN
@I IVIINIS

LYVHI SISATYNY ALINIGVIN3Y ONVY 3JONVNILNIVR
V-AI X.dN3ddV

IV-A- 6

56




~
w
L343 1 1°9 1°0 X 0 o) LRSS CIN
12picdY | O1ITY
‘12437
violIeziaesio I p2puwes
-JO392 j0u &3 Atedoy o X a 0 ayeday
*f=l7 pue IZ-{T UIH 93S wys 0] 0 X 0 ) aoeyday
*g-47 pue 7=l ¥l 99S |, wis o 1°0 1°0 X 0 0 1sal
*¢={1 pue T='1 ¥IA 99§ wYS _ 10 1°0 | X 0 0 jvadsut
*C={1 pue ZT=l7T HIT IS ays T'0 1°0 X 0 0 ; ?ILIQITD ~
R _ '
*€=i{1 pue Z~/T ¥IH 39S wy¥s 1°0 1°0 X 0 0 Isnipy M
: 12131140y -
SIUBWNIISUY 01ZY
wys €°0 €°0 X 0 c soeydey
‘LiquassesTp Sunranp :
poadadsuy ag Lquo uw) wis 1°0 1°0 X o 0 Joadsur
*ATqQUWOSSESIp U0 ,
1daoxe a7qedT1dde JoN V/N V/N v/H V/N V/N ) 201A3S
(] ) 8 4 9 | e » £ [ t
SENOHSENOH| 31vnd! 31wd[dION ulﬂuu_muw _
ozgmxnv%o - 1& -3av u!OWum -3dd] SNOILLYHIA4O!
S31im-N TVY3IN39-H| 031vI13Y
SREYNIY nuaﬂﬂowu%a SHMNOH -H INIL i SNOLLINYMLSNI 123810~ 3 aNv ‘ON
v 3417 [EONVNILNIVN Wi  NZO¥O- 0| LNINOGWOI | JNCUS
2AILOY M2¥D/ 8340~
[ T3A3T LINIYN
CAIVIHIS
LUVHI SISATYNY ALITIEVIIIYN ONVY 3ONVNILNIVW
V~AI XIGNZddV




-
*pans 1Ay wys 0°Ig | 0°1g X 0 Ifedoy
s 0 §°0 X 0 asw day
.a ﬂoc ﬂoo N o Ugd“pau
WIS 1°0 i°0 b'¢ 0 , |®1Axes L14
~m s Y IATVA
103300 oty
84S pynid £y
*19aa]
jodep moleq popIow
=wodd31 jou sayedey vV/N v/ v/N 0 aye By
uys 1°C 1°0 X 0 sowydey
uys 10 [ 1°0 ¥ 0 3wy
wys 10 | 10 X 0 392dyu] |
*?1qeoyYdde
POIOPISUOD JON V/R V/N V/N 9331q9FT8D
wys 7°0 20 snfpy
01 S ] 4 F ] 1
a:%% 3 SNOHLYY
SINN-N — IVYINIO-HNI GILIVIIY
SNUYN IS G>NU0NId| SUNOH-H Ul_.... SNOILONYL SNI 19310-4 ANY ‘OM
NOSVYIY 2317 BONVNILWIYN Ny NZ8v0- 0! LNINOINO.) | dNOUS
ANLDY I.BUCU\C&&OOO
; TIAIT LNIVW
G IVINWIS
LHUVHI SISATYNY ALINIEVITIIY ONVYV 3ONVNILNIVN

V-Al XIQN2dav

IV-A-8

58




q
(90z% dgoap meg)|  peuwieds
. PIRRBTOT
(O T
g ‘vaywA
wyy £°0 S0 X 0 0 aavydoy
wis €0 €0 X 0 0 jandsuy
ey
V/N V/N Y/N Y/R ¥/N 0 SRt |
Ll 3 €*0 $°0 b ¢ 0 o F3ouT By
wis €0 €9 X 0 0 iedeuy |
Lyquoosy
wexyde 10
— P Fro
_ a ; —
S31MN-x - NIRIeE g 0aivnas
SNYYMIN oﬂﬂﬂﬂ%ﬂi a..%o.ﬁ.: INiL !pr.:ﬁuz. 1030~ 4 anNy ON
4 BONVHILNIVW i NZOUO - 3| L8INOINOO | 2n0OuD
IAILDY _ N3/ 8240~ )|
| HAAIT LNIVA )
GRIVIIS

LEVYHD SISATVEV Al

V=Al XIONRIdV

IGYI138 NV 3ONYNIINIVW

59

iv-A-9




GENERAL:

60

APPENDIX IV-B

PARTS ANALYSIS CHART
INSTRUCTION

This chart is a list of the parts which were used in main~
taining the test item. Parts will be grou ~d in this chart
by functional groups and in Federal Stock number (PSX)
numerical order within each group.

DESCRIPTION

Group Number (Sequence Number). Parts usage by maintenance
operation is indicated by cross referencing the group number
and sejuence number in Column 1 of the Maintenance and
Reliability Analysis Chart.

Federal Stock Number., Record the Federal Stock Number,
Technical Services Part Number, Manufacturer's Part
Number, or Drawing Number in this order of preference,

Noun Numenclature, Self-explanator§.

Maintenance Level, Prescribed. The maintenance level pre-
scribed by the parts liat under review. Use the code:

C - Operator/Crew; O - Organizational; ¥ - Direct Support;
H - General Support.

Maintenance Level, Recommended, The code symbols C, O,
F or d indicate the maintenance level recommended by the
test ageucy.

Part Life. The number of operating hours (esgential) and
miles, rounds, effects, etc., &s required by the test plan,
accumulated by this part. This is True Part Life and should
agree with the part life reported on the EPR. Each entry ia
this column is followed by the appropriate 1ife unit symbol;
i.e., H, M, or R, etc.

Reason Used. The symbol "Unscd" will be shown in this
column if this part was renlaced as a result of unscheduled
maintenance, If the part was replaced as a required action
of a scheduled maintenance service, the symbol "Scd" will
be used. If the part was consumed to verify procedures or

tools, not to correct a malfunction, the symbol "Sim" wiil
be used.

Remarks. If an EPR {s related to the part used, the EPR
reference number will be jnserted in this column. When

the part was replaced to correct a failure, as defin:cd in
this regulation, it will be indicated by inserting the word
“Failure" in this column.

1v-B-1
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APPENDIX IV-C

MAINTENANCE PACKAGE LITERATURE CHART

INSTRUCTION SHEET - DESCRIPTION
COLUMN
1. Give Army or menutacturer's publication or draft manual nunber,

2. Number of copies received., Insert "0" if none were supplied.
Use Fara IIT i, Chapter 9, of AR 310-3 as a gulde to detzimine
those manuscripts and publications that should aceompary the
test item. Manuscripts and publications cortaliued in the
maintenance package should cover cperaticne and functions
through general support mesintenance and should specify the
categories involved.

3. Complete title.

4, Fill in date manuscript (MSS) or publication was geceived.

5. Fil) in aate test item cr materiel was recei-ed,

6. TInsert "X" in eporopriate Llock. Minor errors on 1598 forms
are .0t in themselves sufficient reason to Term « manuscript

inadequute. Evaluation may be omitted if fewer than 25% of
the specified mainterance operations were performed.

7. Insert date 1598 form was forwa=~ded and 1598 fcrm reference No.

8. In addition to appropriaste remarke, explein if msnv .cript was
not evaluated.
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RECOMMENDED CHANGES TO DRAFT TECHNICAL MAMUAL

APPENDIX IV-D

ECORD OF COMMENTS ON PUBLICATIONS opwcy v Oica of th Asaroon s Chiel of Soalt

oAYR

26 February 1969

For use of his form, see AR 310

[3;117-—~“-ra1
; el Tester,

USATECOM Project No. 7-3~0239-09

nc, t’

REVISION NOTES FROM

DTM 10-4930-207-12, Qperator & Organizational Msintenance Manual, Puel

Tester, 50 GPM, Molel 861-F-LS=2-FE, December 1966

[hg ]

NO. raGE

PARAGRAPH

Ling ®

COMMENT (Exact wording of reconsmended ohenge muat be given,)

3 | le4a

4 | 1l«4b

5 | l=7a

7 |{2-2b

9 [ 2-2¢

10 |2-2d

11 2~3a

12 | 3-1

Section
v

Section .
v

Figure
1.3

Figure
l-4

Figure
1.5

Section
11, 2«5

Figure
2u2

Figure
2«2

Figure
2«3

Figure
2=4

Figure
2=6

3-1

Change: "Preoperational test and adjustment 315"
to “"Preoperational test and adjustment - 3-i2",
Explanation: Preoperational test must be performed
before "Indicating meter zero test and adjustment 3-12"
can be performed,

Change: "Amplifier sensitivicy calibration 3.13"
and "Alarm setting adjustment : ' 3.14"
to "3=~14" and "3-15", respectively,

Explanation: Change necessary in order to correspond
with change in item 1 above,

Deletes WAL o m Adjustment”; add: '"Plug Calibration
Screw," ,

Explanation: "Plug Calibration Screw” is used as nomen-
¢lature on Page 3=7a, Fig 3=4,.and it zppears logical.

add_a gection of conduit to the {llustration.
Exolanation: For identlification purposes,

Letters A and B on the line leading to the control valve
are not lettered on the test item, Additional identifi-
cation is desired. ;

Explanation: Self expanatory.

Correct spelling: Dismantling,
Explanation: Spelling error,

Delete: "Alarm Adjustment”., Add: "Plug Cslibration
Screv'",
Explanation: Same as item 3,

Delece: "Figure 1.," Adds "Figure 1l-5,"
Explanstion: Figure l=5 is the wiring diagram,

'Delete: "Figure 1." Add: "Figure l=5.,"

Explanation: Same as item.§ above,

Delete: 'Figure 1." Add: "Figure 1-5."
Explanation: Same as item 8 above.

Delete:v "Alarm Adjustment”; add: '"Plug Calibration
Screw."
Explanation: Same as item 3 above.

See EFR L7-2. The hollow head screws furnished with test
item require a wrench shorter than the one furnished in
standard mechanics tc¢l set,

- FORM
(-1 49811

* Roloronce to line number within the parairaph o aubparsdraph.

159
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APPENDIX IV-D

RECORD OF COMMENTS ON PUBLICATIONS |osecy s S a1 Abviun it o gl | %% Februsry 1969

froser—rrerTester A e T T TR -
USATECOM Project No. 7-3-0239-09

REVINON HOTES FROM DM 10=4930-207-12, Operator & Organizecional Mlintemnco Mmual. Fuel

Tester, 50 GPM, Model 86l-F=LS=2~FE, December 19466

";': PAGE PARAGRAPKH LINE * cogutm (Exact wording of recesmended change must be given,)
12 3-1 3=1 Explanation: Either the screws must be changed . to
(Coptinuéd) standard hexagon head type, as indicated on Page D»21,

Fig D=1, item 26, or a special wrench furnished witb
| the test item,

13 | 32| Pollowing Add: Paragraph 3-5a
: Par 3«5 - Valve, Solenoid, Three way (04845)
of Sec LMB314A25, Fails to close vhen lolcnoi.d is
I11 energized,
Probsble Cause Roseible Remedy
Low batter& voltage Charge battery

Loose electrical connections Check and tighten sll
" electrical connections -

Short circuit in electrical Repair short circuits

system. Use multimeter to ‘and replace defective
check for continui:y and units

short circuits

Inoperative solenoid Replace solenoid
Check as follows: ‘operated thrase way

a. Disconnect tube assembly valvae, 1LMB314A2S
at Port C, Fig 3-8
b. Energize valve assembly by
pushing simulator button.
Fuel should stop flowing
through Port C.
c. If fuel continues to flow
through Port ¢, the solemoid
is defective,

Explanation: Service testing developed the abov:
instructions when the valve solenoid, three way,
| malfunctioned, EPR L7=-1.

14 3=4 | Section | 4 Delete period after "light.”
v, 3-10 . Explanation: Sentence continues on next page (3-5),
ending after "photo cell.,"

15 3-4aL Figure Delete: "Photo Cell". Add: "Adapter."
3-1 Explanation: Photo cell is inside of adapter. Adspter

is the nomenclature used for parts data, Page D=10,
line 1, Fig D=1, item 15,

¢o to line her within the paracroph or subparagraph.

DA. o 1598 1V-D-2 . 65




S AL 4 e e ae s o oA
S e T T T e T g T

APPENDIX IV-D

RECORD OF COMMENTS ON PUBLICATIONS l;.’.'..‘:;‘.?'o’?f'&ﬂ":o.'.‘&?."..’..'..a."c'.fl.:'c it I "2¢ pebruary 1969
W’ or Eorce Davaloament,
¥ .

—USATECOM Project No, 7=3-0239-09

REVISION NOTES

Fuel Tester, Int. Engineer-Service Test,

rrom DTM 10-4930-207~12, Operator & Organizational Maintenance Manual,
Fuel Tester, 50 GPM, Model 861-F=LS~2~FE, December 1966

17EM
NO.

PAGE

PARAGRAPK LINE °* COMMENT (Exsct wording of recenwmended change must be given.)

16

17

19

20

21

22

25

26

&

J=4a

3=-6

36

37

3-6a

38

Cc-7

c=8

D=10

D-10

D=-10

D=10

Figure Add additional instructions to remove photo cell follows
3-1 ing "Step 4."
'Explanation: Instructions are incomplete (EPR L7~3),

3.17 ' Ravise muruétionn (EPR L7-3) and re-nizber paragraph
from "3-12" to "3e13." _
Explanation: Paragraph 3=15 should be paragraph 5«12
because paragraph 3-15a2 and 3-15b zust be performed
bafore indicating meter can be ad justed to iero.

3-13 Change paragraph 3-13 to 3-14,
. anation: To accommodate item 17,

=14 Change paragraph 3«14 to 3=15,
Explanation: To accommodate item 18.

Figure Correct illustration,

33 Explanation: The pickup head being tested does not heve
an electrical connector (EPR L7+3), and a special ghort
angle hollcw head wrench 1is required to follow the
instructions, : .

3-15 Change to paragraph 3-12,

Explanation: Paragraph 3~15a, 1 and 2, preoperational »
tests and adjustments must be performed prior to present -
paragraphs 3-12, 3-13, and 3-14,

4210 Col | Delete "0"; add “D", :
Anplifier | H Explanation: Depot maintenance allocation is recommended
to repair because tools, skills and spare parts are not
adequate at "0" level,

4210 Col | Delete "0"; add "H".
Recorder | H | Explanstion: Same as item 22.

Section 2 Agsign part number to bdody pickup head, 50 GPNM,
I1 Explanation: Parts cannot be ordered without a part
Rpr Parts number, .

3 Assign ract number to body pickup head, 400 GPM.
Explanation: Same as item Z4,

6 Asgign part number to cover, junction box.

¥xplanation: ‘Same as item 24,

? Assign part number to gasket rubber.
Explanation: Same as ftem 24.

RO Drse 10 1106 Auinbor within the porucieph or suRp IO Lrop

bo  oem, |5§§ 1v-D-3




AP?ENDIX IV-D

RECORD OF COMMENTS O PUBLICATIONS

REVISION NOTES FROM

fus.ge? Fuel Tester,

1=3=0239=09

ot use of this farm, see AR 31031 TRG Bropanen . DATE g
:”ney is Office of tha Assistunr Chiet of Stelf 26 Pebruaxjr 1969

Int. Engineer-Service Test,

DTM 10-4930-20/=12, Operetor & Ovganizetioral minzmm.c )hnul.l’uel

Teste

178

NO. PACE PARAGAARY

LINE ¢

30 GPM, Model 861-F~L8=2-FE, Ducwiber 1963

COMMENT (Exact wording of rec - ke musl be glven,)

39 (D14

40 | D=1S

41 | D=15

42 | D=16

43 | D=16

l

28 |n=1l1 | Section 2

II, Repair
Parts
29 {D-12 2
30 |p-12 3
31 |D-12 4
32 |p-12 5
33 | pe12 6
3% |pe13 | 2
35 |D=i3 3
36 [ D-13 [
37 (D14 2
38 | D-l4 5

o

Assign part number

Explanation: Same
Assign part number
Explanation: Scme
Assign part mumber
Explanation: Same
Assign part number

Explanation: Same

Assign part number
Explanation: Same

Assign part number
Explanation: Same

Assign part number
Explanstion: Same

Assign part number
Explanatian: Same

Assign part number
Explanation: Same

Assign part number
Explanation: Same

Asaign part number
Explanation: Same

sign part number
planation: Same

®

!

7

Assign part number
Explanation: Same

g Assign part number

; Explanation: Same

J

Assign part number
Explanation; Same as

uign part number to screw machine, lightshield mtg.
Explanation: Same as item 24,

to screw machine, photo cell mtg.

item 24.

to screw cap socket hesad window mtg,

83

to
as

to
as

to
as

to
a3

to
as

to
as

to
as

to
a8

to
as

to
as

to
as

to
as

to
as

item 24.

screw machine window mtg.
item 2‘00

screv, cap hexagon head cover mtg.
item 24,

screw uchino adapter ntg,
item 240

nut,
item 24,

connector,
item 24,

ferrules.
item 24,

fuse.
item 24,

adapter, male,
item 24,

adapter pipe.
item .24,

connectors,
item 24,

elbow, pipe to tube,
item 24,

tube assembly VALVE,
item 24,

vasher diaphram: Valve.
item 24,

° My lorence o 1ing Rumbor within NG PO LI8PA 3r subpevasraph.
D (411 ‘ g 56
tTEC e




APPENDIX IV-D

RECORD GF COMMENTS ON PUBLICATIONS

DATE

26 Febl‘ua;y 1969

For usz of s form, s.e AR 310.3; the proponen
agoney is Office of the Assistont Chief of $:0ff

JUtJECT

————
REVISION NDTES FROM

Fuel Tester,

Int. Engi.neer~Service Test,
o 1=3-0239=09

DTM 10~4930-207~12, Operator & Organizational Maintenance Manual

Fuel Tester, 50 GPM, Model 861=F~-LS=2~FE, Decembex 1966
'::;‘ PAGE PARAGRAPM LINE * COMMENT (Exact wording of reconmended change munat be given.)
a4 | D=17 | Section 2 Assign part number to tube assembly.,
II and | Explanation: Same as item 24.
Repair 3
Parts
45 | D=17 4 Assign part number to valve control, solenold operated.
Explanation: Same as item 24.
46 | D~18 6 Assign part number to bolt machine.:
Oxplanation: Same as item 24,
47 | D-18 7 Assign part number to washer lock.
Explanation: Same as item 24.
48 | p=18 8 | Assign part number to wusher flat.
Explanation: Same as item 24,
49 | D=18 9 Assign part number to nut, plain hexagon,
Explanation: Same as item 24,
50 | =20 5 | Assign size and material to tubing.
Explanation: Parts cannot be ordered without size and
material being given.
51 | D=23 | Figure 15 Deleté' "Elbow'; add: '"Valve" solenoid, thzee way.
D=3 "'kglanatio ¢ Error in nomenclature,

® A ‘erence 1o Iine numher within m' pate raph or

il parnSraph,

FORM
. Vece s

1588

1V~ ;=5




1.

3.

6.

APPENDIX ¥, REFERENCES

Final Lettcr Report of Engineer Desigu Test of Efrluent Fuel Tester,
USATECOM Project No., 7+3«0239-01, dated 19 January 1965.

Interim Letter Report, Engineering Test Portion of Integrated EST of
Fuel Tester, Effluent, USATECOM Project No. 7=2-:239-02, dated 2 July 1965.

DA Approved Military Characteristics for Effluent Fuel Tester.

Test Directive, ~ USATECOM Project No. 7-3-0239-06/07/08/09 - Fuel Tester
Effluent, dated 30 June 1965.

Plan of Test for Integrsted Engineering/Service Test of Fuel Tester,
Effluent, dated August 1964,

Safety Release = USATECOM Project No, 7-3-0239-06/07/09, Engineering
Service and Envirommentzl Tests of Fuel Tester, Effluent, 50/400 GPM
Fuel Tester.

Military Specification MIL-F~8901B, 15 August 1966, Filter/Separtors,

Aviation and Motor Fuel, Ground and Shipboard Use, Performance Requirc-
ments and Test Procedures For,

69
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UNCLA SSIFIED
Security Clasaification

/rean -y
DOCUMERY CONTROL DATA - R&D

(Focurity clrositication o’ title. body of abasrect orvd indening annctation muel be ratered whon tHhe cverell regort s Classifiad)

V. ORIGINATING ACTIVITY (Corporste suthor) Fl REFORT SECURITY C LASKPMICATION
Department of the Army UNCLASSTRIED
i. 5. Army General Equipment Test Activity 3 encur

Forr Lee, Virginia 23601

3 REPORT TITLE

Integrated Engineering and Service Test of Effluent Fusl Tester

4. OERSCRIPTIVE NOTES (Type of report end inclusive dates)

Final Report
$. AUTHMOR(S)} (Lou! nume. firet name, Initicl)

GAFFORD, Daniel S.; WEDELL, Frederick G., 2LY; HARVEY, Joseph T.

6. AEPORT DATE 7a. FOTAL NO. OF BAGRS 74 NO. OF ARP3
¥arch 1969 73 7 B
Sa. COUTRACY OR JRALIY N, 90 ORIGINATOR'Y REPONT NUMSKR(S)

d PrOJECT NO.

USATECOM 7-3-0239-09 ,
€. b. T R RE® 2 s S, F
] g':q'l’”"g ORT NO(S) {Any other numbers (3t ay be sssi(ned
d

10-AVAILABILITY/LIMITATION NOTICES This document may be further distributed by any:

holder only with specific prior approval of CONmanding*General U, S. Army Mobility
Equipment Command, St. Louis, Missouri.

11. SUPPL EMENTARY NOTES 12. SPORSORING MiLITARY ACTIVITY

B U. S. Army Yobility Equipment Command
- Nome- ' ' St. Louis, Missouri

¥ Chavacteristics, and as ind’ ated b; the particular design; and to determiner the

L

t3. ABSTRACT

An Integrated Engineering and Service Test of the Effluent Fuel Tescer was con-
 ducted during the pericd February 1968 - February 1969 tc determine the techuical
performance and safety characteristics of the test item as Jescribed in the Hilitar*

suitability of the fuel te. .er aad its maintenance package for use by the Army.

Yt was concluded that: the test item meets the requirements of the Military
Characteristics with the exception of the deficiencies and shortcomings (Par, l.4a
and b); technical performance was satisfactery znd sufficiently accurate to regise
ter the presence of all contaminants to which it wae exposed with the exception of
the siliceous test dust; the test item is adequately reliable; safety provieions
and capability to perform safely are confirmed--(see additional precautions, Par.
2.9.3); and human factors consideraricns are satisfactory with minor exceptions
(Pars. 1.4e and 2.7.3).

It is recommended that: the Effluent Fuel Tester be considered not suitable for
use by the Army under limited intermediate climatic conditions (+10° to 100°F) un-
til the two deficiencies and as many as practicable of the shortcomings (App. III)
have been corrected; draft technical manual be revised (Par, 1.,5d and App. IV-D);

a photocell and adapter with attached wires he issued; and repair parts listed in
paragraph 1.6d be added to the prescribed lcad allowancz,
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