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Liquid Level Indicating Equipment, Electrical
This standard is issued under the fixed designation F 2044; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope 3.1.1 hysteresis-maximum difference in output, at any

1.1 This specification covers the requirements for electricainéasurand value within the specified range, when the value is
liquid level indicating equipment for shipboard low pressure@PProached first with increasing and then with decreasing
and high pressure tanks containing freshwater, feed watefi€asurand. _ _
potable water, seawater, wastewater, diesel fuel, lubricating oil, 3-1.2 insulation resistance-the resistance measured be-
contaminated oil, refrigerants, JP fuels, and various othefveen insulated portions of a liquid level indicating equipment
fluids. Application includes compensating tanks in which the2nd between insulated portions of a liquid level indicating
equipment must locate the interface. equipment and ground when a specified dc voltage is applied

1.2 Each liquid level indicating equipment typically consistsUnder specified conditions. . .
of the following components: 3.1.3 output—electrical or numerical quantity, produced by

(a) One or more sensing devices; a I|qU|d_ level |ndlcat|ng sensor or measurement system, that is
(b) Flexible interconnections, if needed; a function of the applied measurand.

(c) Primary indicator panel assembly; 3.1.4 pressure cycling-the specified minimum number of
(d) Auxiliary indicator panel assembly, when required; andSPecified periodic pressure changes over which a liquid level
(e) Portable indicator panel assembly, when required. indicating sensor will operate and meet the specified perfor-

1.3 The values stated in Sl units are to be regarded as tHEance. _ _
standard. The values given in parentheses are for information 3-1.5 process medium-the measured fluid (measurand) that

only. Where information is to be specified, it shall be stated ifOmMes in contact with the sensing element.
S| units. 3.1.6 repeatability—ability of a liquid level indicating

1.4 This standard does not purport to address all of the€duipment to reproduce output readings when the same mea-
safety concerns, if any, associated with its use. It is theurand value is applied to it consecutively, under the same
responsibility of the user of this standard to establish appro-conditions, and in the same direction.

priate safety and health practices and determine the applica- 317 response-the measured output of a liquid level indi-
bility of regulatory limitations prior to use. cating sensor to a specified change in measurand.

1.5 Special requirements for naval shipboard applications 3-1.8 signal conditioner—an electronic device that makes

are included in the Supplement to this standard. the output signal from a sensor element compatible with a
readout system.
2. Referenced Documents 3.1.9 wetted parts—liquid level indicating equipment com-
2.1 ASTM Standards: ponents with at least one surface in direct contact with the
D 3951 Practice for Commercial Packaging process medium.

2.2 ISO Standards: : .
9001 Quality System Model for Quality Assurance in 4 DeS|gn¢.a1t|on. o o _
Design/Development, Production, Installation, and Ser- 4.1 Designatior—Most liquid level indicating equipment

vicing® manufacturers use designations or systematic numbering or
identifying codes.
3. Terminology 4.2 Design—Liquid level indicating equipment typically
3.1 Definitions: consist of a sensing device that may or may not be in contact

with the process medium, a transduction element that modifies

T - o _ ~ the signal from the sensing device to produce an electrical
This specification is under the jurisdiction of ASTM Committee F-25 on Ships 15t and an indicator panel assembly to show the level of the
and Marine Technology and is the direct responsibility of Subcommittee F25.10 on . . . .
Electrical and Electronics. medium being measured. Some parts of the sensing device may
Current edition approved July 10, 2000. Published September 2000. be hermetically sealed if those parts are sensitive to and may be

2 Available from theAnnual Book of ASTM Standardgol 15.09. exposed to m0|Sture The Output Cable must be Securely

3 Available from American National Standards Institute, 11 W. 42nd St., 13th . . . .
Floor, New York, NY 10036. fastened to the body of the sensing device. A variety of sensing

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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devices is used in liquid level indicating equipment. In theare measured in the tank. The second column identifies the
most common types of devices, sensing techniques such &gquid or gas that interfaces with the measured fluid.
admittance/impedance, magnetic float, static pressure, diffeFwid Liquid or Gas

ential pressure, time domain reflectometry, radar, capacitive, . _

resistance tape-type and ultrasonic are used. The function §ﬁ2§2$:22:23 L‘fle' igmpressed air

the sensing device is to produce a measurable response to thei (diesel fuel, cargo fuel, gasoline) compressed gas

admittance, impedance, differential pressure, reflected energyfijshwléltervllpotable water, feed water Water
. . . . raulic oi steam
capacitance, or resistance of the fluid being measured. TH:‘%_S’ IP fuels ceawater
following is a brief introduction to the major level sensing Lubricating oil wastewater
technology design categories. Refrigerants
Synthetic oil

4.2.1 Sensing TechniquesThe sensing device typically gseawater
does not use any part of the tank structure as part of the sensingbine oil
device. Waste oil
4.2.1.1 Admittance and ImpedaneeThe admittance and Wastewater, sanliany waste o o )
impedance sensing technique uses the apparent resistance t§-4 Pressure Range-The liquid level indicating equipment
the current flow of an alternating current in the sensing devicénust be able to withstand the expected fluid pressures in the
circuit or its reciprocal with respect to the level of the measured@nk. Pressure range specification must take into account
fluid in the tank. expected pressures to be encountered in differing tank sizes and
4.2.1.2 Magnetic Float—The magnetic float sensing tech- fluid types for a particular sensor type. S
nique uses a float with embedded magnets to change the circuit4-> Display—The display for liquid level indication is
status of the sensing device and produce an electrical signifPically specified as analog, digital, or both.
proportional to the float’s position with respect to the level of ) )
the measured fluid in the tank. 5. Ordering Information
4.2.1.3 Differential Pressure-The differential pressure- 5.1 The purchaser shall provide the manufacturer with all of
sensing technique uses the pressure difference regardless of the pertinent application data shown in accordance with 5.2. If
ambient pressure to change the circuit status of the sensirgpecial application operating conditions exist that are not
device and produce an electrical signal proportional to the leveghown in the acquisition requirements, they shall also be
of the measured fluid in the tank. described.
4.2.1.4Time Domain ReflectometryThe time domain re- 5.2 Acquisition RequirementsAcquisition documents
flectometry sensing technique uses a high frequency electréust specify the following:
magnetic wave transmitted along a transmission line, wire, (&) Title, number, and date of this specification;
cable, or rod to determine the level of the measured liquid(s) by ~ (b) Manufacturer’s part number;
detecting changes in and timing the reflected energy. (c) Sensing technique;
4.2.1.5 Capacitive—The capacitive-sensing technique uses  (d) Application;
the change in capacitance of the sensing device to produce an (e) Pressure range;
electrical signal proportional to the level of the measured fluid () Display requirements (see 4.5) and indication range;
in the tank. (9) Indicator panel assembly mounting method;
4.2.1.6 Resistance TapeThe resistance-tape-type sensing () Indicator panel assembly requirements;
technique uses the change in circuit resistance in the sensing (i) System operating characteristics;
device to produce an electrical signal proportional to the level (i) Materials;
of the measured fluid in the tank. (k) Environmental requirements; . _
4.2.1.7 Static Pressure-The static head technique mea-  (I) Quantity of liquid level indicating equipment required;
sures the static (head) pressure caused by the measured liquid (M) Size and weight restrictions (see 7.5);
relative to the ambient pressure to change the circuit status of (n) Critical service life requirements (see 8.1);
the sensing device and produce an electrical signal proportional (0) Performance requirements (see 8.2);
to the level of the measured fluid in the tank. (p) Special surface finish requirements (see 9.1);
4.2.1.8 Radar—The radar technique uses a high frequency ~ (d) When certification is required (see Section 13);
electromagnetic wave transmitted through the air, including (1) Special marking requirements (see Section 14);
guided inside a hollow tube, to determine the level of the  (S) Special packaging or package marking requirements
measured liquid(s) by detecting changes in and/or timing thésee Section 15);
reflected energy. _(t) When ISO 9001 quality assurance system is not re-
4.2.1.9 Ultrasonic—The ultrasonic technique uses high fre- quired (see 16.1); and .
guency sonic waves transmitted either through the air or in the (U) Special warranty requirements (see 16.2).
liquid to be measured, to determine the measured liquid(s)
level by detecting changes in and/or timing the reflectecp. Materials and Manufacture
energy. 6.1 Sensing DevicesThe materials for the sensing devices
4.3 Process Medium-The following are the most common and wetted pans shall be selected for long-term compatibility
types of process media. The first column identifies fluids thasee 8.1) with the process medium (see 4.3).
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6.2 Material Inspectior—The manufacturer shall be respon- 9. Workmanship, Finish, and Appearance
sible for ensuring that materials used are manufactured, exam-g 1 Finish and Appearance-Any special surface finish and

ined, and tested in accordance with the specifications angpnearance requirements shall be specified in the acquisition
standards as applicable. requirements (see 5.2).

7. Physical Properties 10. Inspection

7.1 Enclosure—Unique or special enclosure requirements 10.1 Classification of InspectiorsThe inspection require-
shall be specified in the acquisition requirements (see 5.2). ments specified herein are classified as follows:
7.2 Liquid Level Indicating Equipment MountirgLiquid (a) First article tests (see 10.2) and
level indicating equipment is commonly mounted using brack- ~ (b) Conformance tests (see 10.3).
ets or similar hardware. 10.2 First Article Tests—First article test requirements shall
7.3 External Configuration-The outline drawing shall be specified, where applicable. First article test methods should
show the configuration with dimensions in SI units (inch- be identified for each design and performance characteristic
pound units). The outline drawing shall include limiting specified. Test report documentation requirements should also

dimensions for electrical connections if required. The outline?® Specified. o

drawing shall indicate the mounting method with hole size, 10.3 Conformance TestsConformance testing is accom-

center location, and other pertinent dimensions. Wherdlished when first article tests were satisfied by a previous

threaded holes are used, thread specifications shall be providedgauisition or the product has demonstrated reliability in
7.4 Electrical Connectioa-Electrical flexible interconnec- Similar applications. Conformance tests are usually less inten-

tions shall be provided with each liquid level indicating sensorSive than first article tests, often verifying that samples of a
as specified in the contract (see 5.1). production lot meet a few critical performance requirements.

7.5 Size and WeightThe user may have intended applica-

. . ‘ . . e X -9 11. Number of Tests and Retests

tions in which size and weight are limited. Size and weight . h b f : b
restrictions shall be specified in the acquisition requirements 111 Test SpecimeaThe number of test specimens to be
(see 5.2). subjected to first article tests shall be specified and should

depend on the liquid level indicating equipment design. Gen-

erally, one liquid level indicating equipment of each type (that

_ i o s, sensing technique, application, pressure range, display, and
8.1 Service Life-The user may have a minimum specified jngication range) shall be subjected to first article testing.

service life requirement that may be critical. Critical service

life requirements shall be specified in the acquisition required2. Test Data

ments (see 5.2). 12.1 Test Data—Test data shall remain on file at the
8.2 Liquid Level Indicating Equipment Performaree  manufacturer’s facility for review by the buyer upon request. It

Performance tolerances are usually specified in percent ¢§ recommended that test data be retained in the manufacturer’s

indicator full scale. Critical performance requirements shall beiles for at least three years or a period of time acceptable to the

specified in the acquisition requirements (see 5.2). The followhyyer and manufacturer.

ing performance characteristics and environmental exposures

may or may not be important to each user’s intended applical3. Certification

tion. 13.1 When specified in the acquisition requirements (see

8. Performance Requirements

Accuracy

Response time

Repeatability

Hysteresis

Insulation resistance

Specific gravity

Fluid conductivity

Tank wall proximity

Inclination

Spike voltage

Salt spray

Pressure

Vibration

Shock

Enclosure

dc magnetic field

Electromagnetic interference (EMI)
Immersion

Supply line voltage and frequency variation

5.2), the buyer shall be furnished certification that samples
representing each lot have been either tested or inspected as
directed in this specification and the requirements have been
met.

14. Product Marking

14.1 User specified product marking shall be listed in the
acquisition requirements (see 5.2). The minimum data to be
clearly marked on each liquid level indicating equipment shall
include the following:

(a) Manufacturer's name,

(b) Manufacturer’s part number,

(c) Serial number or lot number,

(d) Date of manufacture (not required if serial number is
traceable to date of manufacture), and

(e) Excitation voltage.

15. Packaging and Package Marking

15.1 Packaging of Product for Deliver+ Product should
be packaged for shipment in accordance with Practice D 3951.
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15.2 Any special packaging or package marking require- 16.2 Responsibility for Warranty-Unless otherwise speci-
ments for shipment or storage shall be identified in thefied, the manufacturer is responsible for the following:

acquisition requirements (see 5.2). (a) All materials used to produce a unit and
) (b) Workmanship to produce the unit.
16. Quality Assurance Special warranty requirements shall be specified in the

16.1 Quality System-A quality assurance system in accor- acquisition requirements (see 5.2).
dance with ISO 9001 shall be maintained to control the quality
of the product being supplied effectively, unless otherwisel7- Keywords
specified in the acquisition requirements (see 5.2). 17.1 level indicator; liquid level; sensing device; tank level

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements established for U.S. Naval shipboard application shall
apply when specified in the contract or purchase order. When there is conflict between the standard
F25(LLIE)M-99 and this supplement, the requirements of this supplement shall take precedence for
equipment acquired by this supplement. This document supersedes MIL-L-2B8@f] Level
Indicating Equipment (Electrical)for new ship construction.

LIQUID LEVEL INDICATING EQUIPMENT (ELECTRICAL)

S1. Scope MIL-S-901 Shock Tests, H.I. (High-Impact); Shipboard Ma-

S1.1 This specification supplement covers the requiremeng@inery, Equipment and Systems, Requirements for
for electrical liquid level indicating equipment for use in low _ MIL-S-16032 Switches and Detectors, Shipboard Alarm
pressure and high pressure tanks aboard naval ships containigystems _ o _
freshwater, feed water, potable water, seawater, wastewater,MIL-STD-167-1 Mechanical Vibrations of Shipboard
diesel fuel, lubricating oil, contaminated oil, refrigerants, JPEQuipment (Type I—Environmental and Type ll—Internally

fuels, and various other fluids. Excitedy , -
S1.2 The values stated in Sl units are to be regarded as theMIL-STD-461 Electromagnetic Interference Characteristics

standard. Inch-pound units are provided for information 0n|y.ofGSubsystems and Equipment, Requirements for the Control
Where information is to be specified, it shall be stated in spf

units. MIL-STD-1399 Section 070, Interface Standard for Ship-
board Systems, D.C. Magnetic Field Environnfent
S2. Reference Documents MIL-STD-1399 Section 300, Interface Standard for Ship-

board Systems, Electric Power, Alternating Curfent

S2.4 NEMA Standards:

250 Enclosures for Electrical Equipment (1000 V Maxi-
mumy)’

S2.1 ABS Rules:
Rules for Building and Classing Steel Veséels
S2.2 ISO Standards:
9001 Quality System—Model for Quality Assurance in
Design/Development, Production, Installation, and Serviting
S2.3 Military Standards: ] ) . ) )
MIL-C-17 Cables, Radio Frequency, Flexible, Coakial S3.1 Terminology is consistent with that of Section 3 and
MIL-C-915 Cable and Cord, Electrical, for Shipboard Use, the referenced documents.
General Specifications or ) ]
MIL-C-24231 Connectors, Plugs, Receptacles, Adapters>4- Designation
Hull Inserts, and Hull Insert Plugs, Pressure-Proof, General S4.1 Designatior—For this specification, liquid level indi-

S3. Terminology

Specification for cating equipment designations shall be assigned as specified in
MIL-L-17331 Lubricating Oil, Steam Turbine and Gear, S5.1 and listed in the format below:
Moderate Service Example: F25(LLIE)M-MF-SW/AR-LP-A-005/245/250
Specification MF SW/AR LP A 005/245/250
F25(LLIE)]M  Sensing Application Pressure Display Indication
. . o technique range range
4 Available from American Bureau of Shipping, 2 World Trade Center, 106th S4.2 s4.3 S4.4 s45 S4.6

Floor, New York, NY 10048.
5 Available from American National Standards Institute, 11 W. 42nd St., 13th
Floor, New York, NY 10036.
8 Available from Standardization Documents Order Desk, Bldg. 4 SectionD, 700
Robbins Ave., Philadelphia, PA 119111-5094, Attn: NPODS. 7 Available from NEMA, 1300 N. 17th St., Suite 1847, Rosslyn, VA 22209.
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S4.2 Sensing TechnigueThe sensing technique shall be (e) If pressure range is HP, the maximum pressure required (see

designated as follows: S4.4);
AZ — Admittance/impedance (f) If deviation requests are not required when departing from
CA — Capacitive material guidance (see S6);

DP — Differential pressure

MF — Magnetic float (9) If the maximum height of any individual component is

RD — Radar other than 3048 mm (120 in.) or maximum weight of any
g:?iif:ga;‘rﬁziff;teyggmet individual component is other than 16 kg (35 Ibs) (see S7.6);
SP — Static pressure (head) Y (h) If primary indicator panel assembly is panel or bulkhead
US — Ultrasonic mounted (see S7.9);

S4.3 Application—The fluid to be measured shall be desig- (i) If more than one liquid level display is required for the
nated as follows. The first two-letter designation identifies the?fimary indicator panel assembly (see S7.9);
fluid to be measured in the tank. The second two-lettef)) If volumetric accuracy is required (see S7.9.1);
designation identifies the liquid or gas that interfaces with theK) If a control circuit is required and whether settings are to be

measured fluid. two high, two low, one high and one low, or two high and two
Fluid Liquid or Gas low (See 87'_9'2); . . o

() If alarm lights are required on primary indicator panel
CF — Comami_nated fu_el AR — Air ) assembly (see 57_9.3);
CO — Contaminated oil CA — Compressed air . .

FO — Fuel (diesel fuel, cargo fuel, CG — Compressed gas (m) _If aUd|b|e_ alarr_n r_:md alarm aCkHOWIEdge switch are
gasoline) required on primary indicator panel assembly (see S7.9.3);
P Freshwater, potable water, ST — Steam (n) If a protective shield is required for primary indicator panel

HO — Hydraulic oil SW — Seawater assembly (see S7.9.4);

iZ—JLP-s,.JP'fueIS.I WW — Wastewater (o) If auxiliary indicator panel assembly is required. Specify
— Lubricating oi H H H :

RF _ Refrigerants elthgr panel or t_)ulkhead.mounted, and what is required in

SO — Synthetic oil addition to a liquid level display (see S7.10);

SW—SegWaterl (p) If portable indicator assembly is required (see S7.11);

Ty __ibime & (q) If epoxy coating is required (see S7.13); _

WW — Wastewater, sanitary waste (r) If special purpose equipment is not to be provided (see

S4.4 Pressure Range-The pressure range under which the S7.14);

sensing device shall operate shall be designated as fO||OWS'(S) If indicator dial is not to be furnished blank or if additional
) ‘information is to be identified on the dial or if dials are to have
AP — Vacuum pressure of 749—mm mercury (29.5-in. mercury) to 138 kPa

(20 psig) inclusive. other than black letters, numerals, and graduations on a white
VP — Vacuum pressure of 749—mm mercury (29.5-in. mercury) to 689 kPa background (see 37.15.1);

(100 psig) inclusive. . . . . . - .
LP — From 0 kPa to 689 kPa (0 to 100 psig) inclusive. (t) If red illumination is required for liquid level display (see

HP — From 696 kPa (101 psig) to maximum pressure as specified (see S5.2). 87-15-2);
. . . . (u) If audible signals are required for any remote station (see
S4.5 Display—The display shall be designated as follows: S7.16);
g:g’i‘;'t‘;? (v) If dc magnetic field strength requirement is other than 400
C — Analog and digital A/m (see S8.16 and 512.2.15);

(w) When first article tests are required (see S10.3);

S4.6 Indication Range-The indication range shall be des- ?? sampling and acceptance numbers for Group A and Group
y

ignated by three numbers, separated by a slash. Each num
shall represent a height in millimetres above the bottom of th N ;
b g ) If the inclination angle is other than 45° (see S12.2.8);

tank. The first number shall indicate where liquid level . ; .
) Special product marking requirements (see S14);

indication shall begin. The second number shall indicate wher . : ; :
liquid level indication shall end. The third number shall (38) Special packaging or package marking requirements (see
S15);

indicate the total height of the tank. ' ) , .
(bb) When 1SO 9001 quality assurance system is not required

S5. Ordering Information (see S16.1); and

S5.1 The buyer shall provide the manufacturer with all of(cC) Special warranty requirements (see S16.2).
the pertinent application data in accordance with S5.2. If S5.3 First Article Tests—When first article testing is re-
special application operating conditions exist that are not in thguired, the buyer should provide specific guidance to offerors

testing (see S11.1 and S11.3);

acquisition requirements, they shall also be described. whether the item(s) should be a preproduction sample, a first
S5.2 Acquisition RequirementsAcquisition documents article sample, a first production item, a sample selected from
shall specify the following: the first production items, or a standard production item from
(a) Title, number, and date of this specification; the manufacturer’s current inventory. The number of items to
(b) Part designation required (see S4.1); be tested in accordance with S10.4 should be specified. The
(c) National Stock Number (NSN) if available; buyer should include specific instructions in acquisition docu-
(c) National Stock Number (NSN) if available; ments regarding arrangements for tests, approval of first article

(d) Quantity of liquid level indicating equipment required;  test results and time period for approval, and disposition of first
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articles. Invitations for bids should provide that the buyer S7.6 Size and WeightUnless otherwise specified (see
reserves the right to waive the requirement for samples for firs§5.2), the maximum height of any individual component shall
article testing to those bidders offering a product which hase 3048 mm (120 in.). Unless otherwise specified (see S5.2),
been previously acquired or tested by the buyer; and thabhe maximum weight of any individual component shall be 16
bidders offering such products, who wish to rely on suchkg (35 Ibs).

production or test, must furnish evidence with the bid that prior S7.7 Interchangeability—In no case shall parts be physi-
buyer approval is presently appropriate for the pending concally interchangeable or reversible unless such parts are also
tract. The manufacture of items before buyer approval shouléhterchangeable or reversible with regard to function, perfor-
be specified as the responsibility of the manufacturer. mance, and strength.

S7.8 Flexible Interconnections-Electrical flexible inter-
connections, including tank penetration cables, shall have high
pressure pin connections in accordance with MIL-C-24231 on
high pressure tank penetrations. Flexible interconnections shall
permit easy repair, replacement, substitution, or bypassing of
sensing devices. No interconnection boxes or junction boxes

hall be installed inside of any tank. Flexible interconnections

S6. Materials

S6.1 General—Toxic materials shall not be used in potable
water applications.

S6.2 Metals—Unless otherwise specified herein, all metals
used in the construction of liquid level indicating equipment
shall be corrosion resistant or treated to provide corrosio
resistance. Dissimilar metals s_h_all not be used in contact Wi_t hall be Type | or Type Il as specified herein.
each other unless suitably finished to prevent electrolytic S781T | Flexible | ioRsT | flexibl
corrosion. The materials for wetted parts shall be selected far ~ "~ ype exible InterconnectiorsType exible

. ; . Interconnections shall be used in FO, CF, CO, WO, and JP
:icarlljg:i]dtecr)rrnggzr?g)::béﬁ[)g)(see S8.1) with the contacted ﬂUId’applications. For sensing techniques other than TD, the cable

S6.3 Flammable Materials—Materials used in the con- shall be shielded, water-blocked cable consisting of watertight
struction of liquid level indicating equipment shall in the end primary conductors, insulated with crosslinked (XL) modified

configuration be noncombustible or fire retardant in the mospelyalkene and with an outer layer of XL-modified polyvi

lidene fluoride. The primary conductors shall be water
hazardous of atmosphere, pressure, and temperature to . .
expected in the application. Fire retardance shall not b ocked and wrapped with polyester tape. The shield shall be

achieved by use of nonpermanent additives to the material. in-plated copper and water blOCk?d and wrapped with anpfcher
S6.4 Fungus-Resistant MateriaisMaterials used in the polyester tape layer. The cable jacket shall be XL-modified

construction of liquid level indicating equipment shall not ethylene-tetraﬂuoroethylent_a copolymer. The; final cablefqrmg-
support the growth of fungus lation shall meet the physical characteristics as specified in

S6.5 Solvents, Adhesives, and Cleaning Agedtghen MIL-C-915. For TD sensi_ng techniques, the cable shall be

nents, no degradation shall result during in-service use. ~ S7.8.2 Type Il Flexible InterconnectiorsType I flexible
interconnections shall be used in applications other than FO,
S7. Physical Properties CF, CO, WO, and JP applications. Type Il flexible intercon-
S7.1 Configuration—Each liquid level indicating equip- nections shall be of watertight flexing construction in accor-
ment shall consist of the following components: dance with MIL-C-915 and MIL-C-915/8, Type DSS, TSS,
(a) One or more sensing devices, FSS, and 755. The cable outer jacket shall be butadiene
(b) Flexible interconnections, if needed, copolymer with an acrylonitrile content of 4& 10 % by
(c) Primary indicator panel assembly, volume. The final cable formulation shall meet the physical
(d) Auxiliary indicator panel assembly, when required (seecharacteristics (tensile strength, elongation, bending endur-
S5.2), and ance, and so forth) as specified in MIL-C-915. For TD sensing

(e) Portable indicator assembly, when required (see S5.2). techniques, the cable shall be FEP-jacketed coax cable in
S7.2 Magnetic Float Liquid Level SwitchesMagnetic float ~accordance with MIL-C-17/127.
liquid level switches shall be in accordance with MIL-S-16032. S7.9 Primary Indicator Panel AssemblyThe primary in-
S7.3 Microprocessors-When microprocessors are used to dicator panel assembly shall be as small and lightweight as
perform processing and control functions, built-in test (BIT) practicable and arranged for bulkhead or panel mounting as
shall be provided in the form of firmware residing in program- specified (see S5.2). Unless otherwise specified (see S5.2), the
mable read only memory. To assist troubleshooting, BIT shalprimary indicator panel assembly shall provide only a single
indicate basic failure modes of the equipment such as powediguid level display. The primary indicator panel assembly shall
supply parameters out of tolerance. consist of devices such as regulated power supply, signal
S7.4 Testability—No mechanical or electrical disassembly conditioners, controls, and indicators required for proper op-
shall be required for the purpose of obtaining access to tesration. When specified (see S5.2), a control circuit to be used
points or adjustments, except for removal of a cover plate. for actuating an external device, such as an alarm or pump,
S7.5 Safety—For JP, CF, CO, WO, and FO applications, thewhen liquid level reaches predetermined points shall be pro-
portions of the liquid level indicating equipment inside the tankvided. Other functional components and parts not included in
shall be in accordance with the hazardous area requirements thie sensing device assembly shall be contained within the panel
ABS Rules for Building and Classing Steel Vessels, excepenclosure. Where multiple displays are combined on a single
flexible interconnections shall be in accordance with S7.8. primary indicator panel assembly, there shall be no interaction
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between the individual tank liquid level indicating equipment S7.11 Portable Indicator Panel AssembiyWhen required
circuits except that a common power supply and operationglsee S5.2), the portable indicator panel assembly shall meet the
test device may be used. requirements of the primary indicator panel assembly (see
S7.9.1 Signal Conditioner~The signal conditioner shall S7.9), except bulkhead or panel mounting provisions are not
provide a continuous output signal from 0 to 200 pAdc, 4 to 20'equired.
mAdc, 0 to 10 Vdc, or 1 to 5 Vdc. The signal conditioner S7.12 Mounting—Component mounting devices or brackets
output shall be uninterrupted from empty to full or over thatshall be supplied with the liquid level indicating equipment.
portion of the tank to be measured. Unless volumetric accuracy S7.13 Coating—For all seawater applications and when
is specified (see S5.2), the output signal shall be proportional teequired (see S5.2), the stationary metallic parts of the liquid
the actual liquid level height in the tank. When volumetric level indicating equipment which may come in contact with the
accuracy is specified, the output of the signal conditioner shaljuid to be measured, excluding flexible interconnections, shall
be proportional to the actual liquid level volume in the tank,be powder epoxy coated.
and the contrac_ting activity will furnish the tank c_:apacity S7.14 Maintainability—The liquid level indicating equip-
curve. Volumetric accuracy shall not be accomplished byment shall facilitate assembly, disassembly, fault isolation,
modifications to the indicator dial scale or display. operational test (for example, setting or checking alarm set-
S7.9.2 Control Circuit—When specified (see S5.2), a con- points and setting or checking full-scale meter deflection), and
trol circuit shall be provided that has two (two high, two low, preventative maintenance without the aid of special tools or
or one high and one low), or four (two high and two low) special purpose equipment. Unless otherwise specified (see
independently adjustable settings, each of which controls &5.2), special purpose equipment required for initial setup,
two-pole double throw switching device with a contact ratingequipment change, or troubleshooting shall be provided with
of 1 A (inductive) at 115 V, 60 Hz. the liquid level indicating equipment. Functional pans shall be
S7.9.2.1Control Circuit Setpoints-The high level control readily identifiable, accessible, and removable for replacement.
circuit setpoints shall be adjustable from 50 to 98 % of thelf possible, all equipment components, excluding float when
indicated range. The low level control circuit setpoints shall beused, shall be maintainable outside the tank.
adjustable from 2 to 50 % of the indicated range. No mechani- S7.15 Liquid Level Display—Liquid level displays shall be
cal or electrical disassembly shall be required to access th@to 200 uAdc, 4 to 20 mAdc, 0 to 10 Vdc, or 1 to 5 Vdc; high
control circuit setpoint adjustments except for removal of aimpact shock resistant; and watertight or sealed electrical
cover plate. A control circuit test means shall be provided tdndicating meter types in accordance with one of the following:
verify the alarm setpoints and control circuit operation. (a) 42 in., 250° with nominal scale length meter;
S7.9.3Controls and Indicators-The following controls (b) Panel mounted, edgewise meter;
and indicators shall be mounted on the front panel of th€c) Digital bargraph-type panel meter with minimum 4-digit

primary indicator panel assembly: display and minimum 51-segment (101-segment preferred)
(a) Power-on light (white lens), analog display. Light-emitting diode type preferred; and

(b) Power-on switch, (d) Digital panel display with B digits graduated 0 to 100 %
(c) One or more liquid level displays, only. Light-emitting diode type preferred.

(d) Operational test device, S7.15.1Dials—Unless otherwise specified (see S5.2), lig-
(e) When required, alarm lights (see S5.2), and uid level display dials shall be furnished blank, except for

() When required, audible alarm and alarm acknowledgeminimum and maximum travel points. The dial shall be readily
switch (see S5.2). Multiposition switches and controls may beemovable and replaceable from the front of the liquid level
used to combine functions. display without disturbing the pointer or other parts of the
S7.9.4 Protective Shield-The protective shield, when re- liquid level display. The dial surface shall be suitable for
quired (see S5.2), shall be rigid, transparent, shatterproof, andarking by an installing activity after the liquid level indicat-
positioned as close to the indicator as possible to protect theg equipment has been calibrated to a particular tank. When
indicator from accidental damage. The protective shield shalyjraduations are specified, they shall extend uniformly over the
not trap moisture and shall be easily removable. full range of the liquid level display and shall be multiples of
S7.10 Auxiliary Indicator Panel AssemblWhen required 1, 2, 5, 10, 20, 50, and so forth. Multiples of any other numbers
(see S5.2), the auxiliary panel enclosure shall be as small aff fractions are not permitted. The minimum number of
lightweight as practicable and arranged for bulkhead or panéraduations per dial shall be 24 and the maximum number of
mounting as specified (see S5.2). Unless otherwise specifigifaduations shall be 200. Dials shall begin and end with a
(see S5.2), only a liquid level display shall be mounted on thétumbered graduation. Markings such as “O” and “F” shall not
front panel. The liquid level display shall be of the same typebe used. When required (see S5.2), additional information shall
as on the primary indicator panel assembly. In the event obe identified on the dial as specified by the contracting activity.
failure of the auxiliary indicator panel assembly, a device shallnless otherwise specified (see S5.2), dials shall have black
be provided on the primary indicator panel assembly to allowetters, numerals, and graduations on a white background. The
isolation of the auxiliary indicator panel assembly. With theindicator pointer shall be black.
auxiliary indicator panel assembly isolated, the primary indi- S7.15.2Red llluminatior—When red illumination is speci-
cator panel assembly shall continue to operate as specifidigbd (see S5.2), the primary indicator shall have white letters,
herein. numerals, and graduations on a black background and shall
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contain internal red illumination. The letters, numerals, andAccuracy shall be in accordance with S8.3 after measurement
graduations shall appear white under ambient white light an@f insulation resistance.

red under ambient and internal red light. The indicator pointer sg8.6 Specific Gravity—For applications in which the fluid is
shall be either red illuminated or silhouetted against the dialFo, CO, WO, CF, or JP, accuracy shall be in accordance with
Red illuminated dials shall be readable in all levels of |nC|dent883 when Subjected to Changes in Specific gravity. Manual

illumination up to 0.3 lux. The lighting circuit shall be adjustments shall not be permitted or required to obtain
ungrounded and shall be energized from a 6-V supply witthccuracy.

separate external terminals.

S8.7 Fluid Conductivity—For applications in which water
S7.15.3Display Visibility—The display shall be clearly - bp

S ; Lo ,of any type is present, accuracy shall be in accordance with
visible from a distance of 3 ft and from a viewing angle of 45 S$8.3 when the water conductivity is in the range of 3 to 10 000

from normal, both vertically and horizontally. . puS/cm. Manual adjustments shall not be permitted or required
S7.16 Audible Signals-When audible signals are required {4 qptain accuracy.

for any remote station (see S5.2), the audible signal shall be - .
actuated by the signal conditioner output or a control circuit .88'8 Tank Wall PrO_X|m|ty—Accuracy Shal.l be in accordance
adjusted to a predetermined level (see S7.9.1 and S7.9.2). with S8.3 when the distance from the sensing device to the tank

walls is reduced.

S8. Performance Requirements S8.9 Inclination—Accuracy shall be in accordance with
S8.3 when the liquid level indicating equipment is inclined.
Differential pressure sensing devices with ranges less than 20

ment shall b? constr_ucted for a life of 25 years of (_)peration.in' of water may compensate for hydrostatic pressure changes
S8.2 Sensing Device OperatienThe sensing device shall . o5iaq by the inclined geometry.

QOt use any part of the tank structure as part of the sensing S8.10 Spike Voltage-Accuracy shall be in accordance with
evice. . ) )
S8.3 after spike voltage is applied.

S8.3. Accurac
y S8.11 Accelerated Life (Endurance}The liquid level indi-

S8.31 Liquid Level Indicating Equipment Accuraey y . :
Liquid level indicating equipment accuracy shall be as follows:cating equipment shall withstand the effects of the accelerated

(a) Actual liquid level as “height in the tank” or “volume in the life test. The temperature range shall be 0 to 60°C except for
tank” (volumetric accuracy), whichever is specified in $5.2,5T (Steam) applications in which the temperature range shall

S8.1 Service Life—Electrical liquid level indicating equip-

shall be within=3 % of full scale and 'be 0 to 100°C. Performance shall be in accordance with S8.3
(b) Repeatability of the indicators shall be withirt % of full throughout the test. After completion of the test lapd cleaning,
scale at any point on the scale. the base metal shall not be visible through the finish nor shall

$8.3.2 Control Circuit—Accuracy of adjustable control cir- there be any evidence of blistering, softening, separation from
cuit setpoints shall be as follows: the base metal, corrosion, or other coating failures. Flexible

(a) Hysteresis of dead band make and break of the contrdterconnections shall not exhibit any signs of deterioration nor

function when operated through down and up cycles shall ndg°"rosion of connector pins and housings. Upon completion of
exceed+3 % including instrument hysteresis and dead bandhe accelerated life tests, accuracy and response time shall be in

and accordance with S8.3 and S8.4.

(b) Repeatability of the control point contact shall be within S8.11.1Power Supply-The power supply shall be compat-

+1 % of full scale. ible with Type | power input as specified in MIL-STD-1399,
S8.4 Response Time Section 300. Nominal power input voltage and frequency shall

S8.4.1 Indication Response TimeLiquid level indicating e 115V, 60 Hz, single phase. Changes in input voltage and
equipment shall have an indication response time of 0.5 s dfeduency within+5 % of nominal shall have no deleterious
less for liquid level change rates up to 1 in./s. Indicationeffect on the power supply. Accuracy shall be in accordance
response time is defined as the time difference between wheth S8.3.

a liquid achieves a specified level and when the liquid level S8.12 Enclosure—Liquid level indicating equipment to be
display indicates that specified level within the accuracyinstalled partially or totally outside the tank shall meet all test
requirements of S8.3. criteria in NEMA Standard 250 for Type 4X enclosures.

S8.4.2 Control Circuit Response TimeControl circuit ~ Portable liquid level indicating equipment shall meet all test
response time shall be adjustable and shall have a minimusriteria in NEMA Standard 250 for Type 6 enclosures. Opera-
control circuit response time of 0.5 s and a maximum controfion shall be in accordance with S8.3.
circuit response time of 20 s. The indication response time shall S8.13 Pressure—Sensing devices that may be exposed to
be in accordance with S8.4.1 regardless of control circuiseawater or the fluid being measured, complete with entrance
response time setting. Control circuit response time is definefittings and interconnection fittings, shall withstand the pres-
as the time difference between when a liquid reaches a setpoistire test without physical or electrical damage and without any
level and when the control circuit activates or deactivates théeakage or signs of leakage around any of the fittings. Flexible
switching device associated with that setpoint level. Accuracynterconnections shall show no evidence of liquid intrusion or
shall be in accordance with S8.3. evidence of mechanical or electrical damage. Accuracy of all

S8.5 Insulation ResistaneeThe liquid level indicating readings shall be in accordance with S8.3 throughout the test
equipment insulation resistance shall be not less than @0 M and for the postinspection reference measurement.
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S8.14 Vibration—Liquid level indicating equipment shall procedures normally used in production. First article tests shall
show no evidence of mechanical or electrical damage oconsist of the tests specified in Table S10.1. Failure of any
loosening of pans when subjected to the vibration test. Opefiquid level indicating equipment to meet the requirements of
ating controls shall not change status, and there shall be n@is specification shall be cause for rejection.

transfer of switch contacts during, or as a result of, the g10 2 10Order of First Article Tests-With the exception of

vibration test, ACC.““’?‘CY sha!l b? n accordgnce with S8.3. the immersion test which may be performed at any time, the
88'.15 Shock-Liquid [evel |nd|cat|ng equipment shall ShQW tht specimens (liquid level indicating equipment) shall be

no evidence of mechanical or electrical damage or loosening Osybjected to the tests specified in Table S10.1 in the order

pans as a result of shock tests. Operating controls shall n T '
change status, and there shall be no transfer of switch conta(? g;egu';‘gg/ deviation in the test order shall first be approved by

as a result of shock tests. Accuracy shall be in accordance wi
S8.3. S10.3 Conformance TestsLiquid level indicating equip-
$8.16 DC Magnetic Field—Unless otherwise specified (see ment samples in each lot offered for delivery shall be subjected
S5.2), liquid level indicating equipment shall meet the 400-to the tests listed in Table S10.2 and shall be conducted in the
A/m dc magnetic field environment requirement of MIL-STD- order listed. Failure of any liquid level indicating equipment to
1399, Section 070, Part 1. Accuracy shall be in accordanceeet the requirements of this specification shall be cause for
with S8.3. rejection.
S8.17 Electromagnetic InterfereneeThe liquid level indi-
cating equipment shall meet the requirements of Table Il of
MIL-STD-461, except as modified below:

TABLE S10.1 First Article Tests

CE101—The test signal shall be applied only to the ac power Test Method Requirement
leads of the test sample. Accuracy 51222 S8.3
CE 102—The test signal shall be applied only to the ac power Response time S12.2.3 S8.4
leads of the test sample. Insulgt.ion res_istance S12.2.4 S8.5
CS114—Only limit Curve #2 shall apply with the frequency  fh ooty oo oo
range limited to 10 kHz to 30 MHz. Tank wall proximity S12.2.7 s8.8
RE101—Only the limit curve for 50 cm shall apply. 'S”C_'L“aﬁolft‘ zggg Ssssfo
RS103—The frequency range shall be limited to 10 kHz t0 18  »rceierated e 13910 s 11
GHz with an electric field strength test level of 10 V/m. Enclosure S12.2.11 s8.12
Accuracy shall be in accordance with S8.3. \F;I’E;S“”Js gggig ggﬁ
S8.18 Flexible Interconnectior-Type | cables shall resist Shock S12.214 S815
swelling and show no evidence of liquid intrusion or evidence dc magnetic field S12.2.15 S8.16
of mechanical or electrical damage after immersion testing in :fr']erﬁgfs?;ig"“ic interference gggi‘; gg-g
JP-5. Removable flexible interconnections shall meet the — '
insulation resistance test requirements of S8.5 after completion
of immersion testing. TABLE S10.2 Conformance Tests
S9. Workmanship, Finish, and Appearance Test Method Requirement
S9.1 After fabrication, parts and assembled equipment shall  Group A
be cleaned of smudges; loose, spattered, or excess solder; weld General examination s104 S1.6 and 51.7
metal; metal chips and mold release agents; or any other ¢ oog " %" siz24 585
foreign material that might detract from the intended operation,  Accuracy S12.2.2 s8.3
function, or appearance of the equipment. Wires and cables  Supply line voitage and S12.2.18 S8.11.1

frequency variation

shall be positioned or protected to avoid contact with rough or

irregular surface; and sharp edges and to avoid d-amage toSlO 4 General Examination-Each sample equipment shall
conductors or adjacent parts. There shall be no evidence of )

burns, abrading, or pinch marks in wire or cable insulation thai € subjected to a general examination to ascertain that the

could cause short circuits or leakage. The clearance betweéﬂateria!’ parts, testa.bi.l?ty, input connectors aqd color code, size
wires or cables and heat generating parts shall be sufficient nd weight, accessibility, workmanship, design, proper cable

minimize deterioration of the wires or cables. arness dress, creepage and clearance distances, safety require-

ments, and treatment for prevention of corrosion are in

conformance with this specification. The fit of parts shall be

observed with particular reference to the interchangeability of

such parts as are likely to require replacement during the

(a) First article tests (see S10.2) and normal service life of the equipment. Examination shall also

(b) Conformance tests (see S10.3). check all controls, adjustments, displays, indicators, liquid
S10.2 First Article Test—First article tests shall be per- level indicating equipment description, mounting devices,

formed before production. First article tests shall be performedignal conditioner, operation, control circuit (including failsafe

on samples that have been produced with equipment andesign), primary indicator panel assembly, auxiliary indicator

S10. Inspection

S10.1 Classification of InspectiorsThe inspection re-
quirements specified herein are classified as follows:
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panel assembly, portable indicator panel assembly, protective S12.2.1 Reference MeasuremertWhen specified in the
shield, sensing device design, and maintainability as applicabledividual test, a reference measurement shall consist of
(see S7 and S9). measurements of the indicated level versus actual tank level.
(When volumetric accuracy is required (see S5.2), the actual
S11. Number of Test and Retests tank levels and the indicated levels shall be converted to
S11.1 One liquid level indicating equipment of each typevolumetric levels using the capacity curve supplied by the
(that is, sensing technique, application, pressure range, displagontracting activity.) The measurements shall be measured at a
and indication range) (see S4.1) shall be subjected to firghinimum of ten equal increments.,¥2 % of full scale, for both
article testing when specified (see S5.2). increasing (upscale) and decreasing (downscale) level. The
S11.2 An inspection lot for conformance inspection shallliquid level shall be maintained at each checkpoint for a time
consist of all liquid level indicating equipment of each type sufficient to obtain a stable measurement, but not longer than
(that is, sensing technique, application, pressure range, displa80 s. Reference measurement accuracy shall meet the require-
and indication range) (see S4.1) produced under the samments of S8.3. For fluid/water interface liquid level indicating
conditions and offered for inspection at the same time. Samequipment, the following conditions shall apply:
pling and acceptance for Group A and Group B testing shall bga) The tank shall be filled over the entire normal operating
as specified (see S5.2). When the number of rejected equipange (height) of the sensing device. The tank shall be full of
ment, in any sample, exceeds the acceptance number for thatter, full of the measured fluid, or full of some combination
sample, the lot represented by the sample shall be rejected.of water and the measured fluid.
(b) The liquid level indicating equipment shall indicate 0 % of
S12. Test Methods the sensing device normal operating range (height) when the
S12.1 Test Conditions-Except where the following factors tank is full of water.
are the variables, or unless otherwise specified in the individugt) The liquid level indicating equipment shall indicate 100 %
test procedure, the tests specified in S12.2 shall be conducteglthe sensing device normal operating range (height) when the
with the liquid level indicating equipment operating under thetank is full of the measured fluid.

following conditions: (d) The two fluids shall not be agitated in any way to create an
(a) Ambient temperature shall be 231.0°C. emulsion. The two fluids shall be allowed to separate and form
(b) Relative humidity shall be 5& 5 %. a distinct interface before any measurements are taken.

(c) Supply voltage shall be 115 ¥ 5 %. S12.2.2 Accuracy

(d) Supply frequency shall be 60 Hz 5 %. S12.2.2.1Liquid Level Indicating Equipment Operation and

gfe)) EOS;SOIIngaIiineC;TWt]heeneuﬂtrﬂe?]rt nsor:gl]lalbzoilqté%nﬁte d to Accuracy—The sensing device shall be conditioned first by
q gy equip raising and lowering the level between 0 and 100 % of the

simulate shipt_;oard insta]lation and measure the liquid leveéensing device normal operating range (height) for three
along the vertical centerline of the test tank (see S12.1.1). consecutive cycles. Three reference measurements (see

_(g)_quum_i Ie_vel |nd|ca_t|ng equipment shal_l be configured to S12.2.1) shall then be made in succession. Accuracy shall be in
indicate liquid level height over a vertical distance equal to the

. . . ; accordance with S8.3.
normal operating range (height) of the sensing device. N . .
(h) The fluid/gas or fluid/water used shall be the same as the S12.2.2.2Control Circuit Accuracy-The detection points
intended application (see S4.3), except that ordinary tap watdf" the high control circuit setpoints shall be tested at 50, 75,
having a minimum conductivity of 400 uS may be substituted®d 98 % of the sensing device normal operating range
for seawater interface applications. For CF applications, thénheight). The detection points for the low control circuit

fluid used for testing shall be JP-5. For CO and WO applicaS€tPoints shall be tested at 2, 25, and 50 % of the sensing
tions, the fluid used for testing shall be lube oil 2190 in device normal operating range (height). The liquid level shall
accordance with MIL-L-17331, or equal. For CF/AR and be raised above then lowered below each detection point three

CO/AR applications, the fluid used for testing shall be waterSUCCESSive times. The control circuit accuracy shall be in
having a minimum conductivity of 400 uS with a 3-0.25-in. accordance with S8.3 at each control circuit setpoint tested.

layer of JP-5 for CF/AR and lube oil 2190 in accordance with S12.2.3Response Time Testdhe test tank (see S12.1.1)
MIL-L-17331, or equal, for CO/AR applications. shall be used to subject the sensing device to changes in liquid
(i) The fluid temperature shall be 25 10°C. level at a constant rate. Where it is impractical to achieve the
S12.1.1Test Tank-The test tank shall be a carbon steel testfil/empty rate specified, this test may be performed by simu-
tank coated for surface ship seawater tanks. The test tank shéting the change in fluid level (for example, raising or
be large enough to exercise the liquid level indicating equiplowering the sensing device by means of a pneumatic cylinder)
ment through the normal operating range (height) of thedt the same rate specified.
sensing device for tests specified herein. The tank shall have aS12.2.3.1Indication Response Time TesThis test is ap-
sight glass or similar device with sufficient resolution andplicable to all liquid level indicating equipment. When an
accuracy to determine the accuracy, repeatability, hysteresiadjustable response time is provided, the liquid level indicating
and dead band requirements of S8.3. equipment shall be adjusted to its minimum response time
S12.2 Tests—The liquid level indicating equipment and all setting. The actual fluid level and the level indicated by the
associated test equipment shall be energized for a period @ifjuid level displays shall be monitored. The test point levels
time sufficient to ensure complete warm-up. shall be 20, 50, and 80 % of the liquid level indicating

10
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equipment normal operating range (height). The fluid levekircuits and between these circuits and ground. The insulation
shall be increased at a constant rate af D.01 in./s through resistance measurement shall be made immediately after a
the test points and then decreased at the same rate through thenin period of uninterrupted test voltage application. How-
test points. The elapsed time from when the actual fluid levegver, if the indication of insulation resistance meets the
reaches a test point level to when the liquid level indicationspecified limit (S8.5) and is steady or increasing, the test may
equipment indicates the test point level, within the specifiecbe terminated before the end of the 2-min period. The accuracy
accuracy requirements (see S8.3), shall be measured boist (see S12.2.2) shall be performed after completion of the
upscale and downscale. The maximum elapsed time shall hasulation resistance measurements. Performance shall con-
the indication response time. Performance shall conform to thform to the requirements of S8.5.

requirements of S8.4.1. S12.2.5 Specific Gravity Test

S12.2.3.2Control Circuit Response Time TesThis test is S12.2.5.1 Fluid/Gas Interface TestThis test applies only
applicable only to liquid level indicating equipment with g fluid/gas interface applications in which the fluid is FO, CO,
control circuit(s). When two high control circuits are provided, WO, CF, or JP. Two accuracy tests (see S12.2.2) shall be
one setpoint shall be set at 50 % and one at 80 % of the liquiderformed, one using water as the test fluid and the other using
level indicating equipment normal operating range (height)an organic fluid with a specific gravity of 0.86 0.02, such as
When two low control circuits are provided, one setpoint shall,pe oil. The liquid level indicating equipment shall not be
be set at 20 % and one at 50 % of the liquid level indicatingytered, modified, or manually adjusted during each accuracy

equipment normal operating range (height). When one highes or petween the two accuracy tests. Performance shall
and one low control circuit is provided, their setpoints shall be,qniorm to the requirements of S8.6.

set at 80 and. 20 % of the _quuid level indicating equipment S12.2.5.2Fluid/Water Interface TestThis test applies only
normal operatm.g.range (helght),.res-pectlvely. , to fluid/water interface applications in which the fluid is FO,
S$12.2.3.2.1Minimum Control Circuit Response Time Fest CO, WO, CF, or JP. Two accuracy tests (see S12.2.2) shall be

;I.'he cort1t'grol (fl'_rhcu:ctl S.Q?" b? ?}djllljsbteq o its mdini;num refpotns erformed, the first using water and an organic fluid with a
Ime Setling. The fluid lever shall be Increased at a constan raﬁ ecific gravity of 0.86+ 0.02, such as lube oil as the test

of 1 = 0.01 in./s through the test points and then decreased ids, and the second using water and another fluid with a

the same rate through the test points. The elapsed time frogbecific gravity of 0.78+ 0.02, such as kerosene, as the test
when the actual fluid level reaches a test point level to when thﬁuids The liquid Iével in.dic:'ﬂing equipment sr,1all not be

contrql cwcwt' activates or deactlvates the switching device ltered, modified, or manually adjusted during each accuracy
associated with that setpoint level shall be measured bot
est or between the two accuracy tests. Performance shall

upscale and downscale. The maximum elapsed time shall beonform to the requirements of S8.6
the minimum control circuit response time. Performance shalf d o

conform to the requirements of S8.4.2. This test may be done S12.2.6Fluid Conductivity Test-This test applies only to
concurrently with S12.2.3.1. SW, FW, WW, CO, CF, and WO applications. Three accuracy

tests (see S12.2.2) shall be performed using water with a

S12.2.3.2.2 Maximum Control Circuit Response Time . .
P different electrical conductivity for each test. The three test

Test—The control circuit shall be adjusted to its maximum L
response time setting. The fluid level shall be increased at gonductivities of water shall be & 2, 500+ 50, and 10 000

constant rate of 0.25 + 0.005 in./s through the test points ang 20 MS/cm. The conductivity of the water shall be controlied
then decreased at the same rate through the test points. TR Varying the concentration of sodium chloride in solution
elapsed time from when the actual fluid level reaches a te}Ith the water. The liquid level indicating equipment shall not
point level to when the control circuit activates or deactivated® altered, modified, or manually adjusted during each accu-
the switching device associated with that setpoint level, and thEaCY test or between the accuracy tests. Performance shall
elapsed time from when the actual fluid level reaches a te§onform to the requirements of S8.7.
point level to when the liquid level indication equipment S12.2.7 Tank Wall Proximity Test-The sensing device shall
indicates the test point level within the specified accuracype located at a corner of the test tank that is formed by two
requirements (see S8.4.2) shall be measured both upstate agehtinuous steel walls and shall be equidistant from each of the
downscale. The maximum elapsed time between when thivo adjoining walls. The distance to each wall shall either
actual fluid level reaches a test point level to when the controprovide 1 in. of clearance between the sensing device and the
circuit activates or deactivates the switching device associategall or shall be the minimum distance specified by the
with that setpoint level shall be the maximum control circuit manufacturer up to a maximum of 4 in. An accuracy test (see
response time. The maximum elapsed time between when tH&12.2.2) shall be performed. Performance shall conform to the
actual fluid level reaches a test point level to when the liquidequirements of S8.8.
level indication equipment indicates the test point level within - S12.2.8Inclination—The accuracy test (see S12.2.2) shall
the specified accuracy requirements (see S8.4.2) shall be the performed except that the liquid level indicating equipment
indication response time. Performance shall conform to thend the test tank shall be inclined 45°, unless otherwise
requirements of S8.4.2. specified (see S5.2), to each side of vertical along both the
S12.2.4Insulation Resistance Tesf{The insulation resis- fore-and-aft and athwartship axes of the tank, for a total of four
tance of the liquid level indicating equipment shall be deterpositions. Reference measurements (see S12.2.1) shall be taken
mined by applying 50 Vdc between electrical input and outpuin each of the four inclined positions. The actual liquid level

11
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shall be measured at the inclined vertical tank centerline(@) Decrease the input voltage to the lowest limit of the
Performance shall conform to the requirements of S8.9. equipment voltage tolerance band.

S12.2.9 Spike Voltage TestThe liquid level indicating (b) Maintain chamber temperature at the lowest operating
equipment shall be subjected to an input supply line voltagéemperature and input voltage at the lowest limit foh while
spike of 2500-V positive peak amplitude; the voltage wave-equipment continues to operate, then measure performance
shape shall be in accordance with MIL-STD-1399, Sectiorparameters specified in S8.11.

300, Fig. 2, Voltage Spike Impulse Wave Shape. This spik€c) Return input voltage to nominal value. Decrease input
shall be impressed at normal supply line voltage and frequenciyequency to the lower limit of the equipment frequency

while the liquid level indicating equipment is operating. The tolerance band.

accuracy test (see S12.2.2) shall be performed at the conclusi¢d) Maintain chamber temperature at the lowest operating
of the test. Performance shall conform to the requirements demperature and input frequency at the lowest limit for 1 h

S8.10. while equipment continues to operate, then measure perfor-

S12.2.10Accelerated Life TestLiquid level indicating ~mance parameters specified in S8.11.
equipment shall be subjected to the accelerated life test d€) Return input frequency to nominal value.
specified herein. Throughout the test, the temperature of th) Increase temperature to 256 5°C and maintain relative
fluid in the test tank shall be within plus or minus 5°C of the humidity at 90 to 100 %. Maintain this condition for 2 h.
required test chamber temperature. The liquid level in the tankg) With equipment operating at 25 5°C and relative
shall be continuously cycled from empty to full throughout the humidity at 90 to 100 %, decrease input voltage and frequency
test. If the test tank is sealed from the ambient environment, th the lower limits of the equipment voltage and frequency
humidity inside the test tank need not meet the test chambéolerance bands. Maintain this conditionrf@ h and then
humidity requirements. Performance shall conform to themeasure performance parameters specified in S8.11.

requirements of S8.11. (h) Repeat S12.2.10.3(g) with input voltage at the upper limit
$12.2.10.1 Initial Test Conditions-The test shall begin 0f the equipment voltage tolerance band and input frequency at

with the following initial conditions: the lower limit of the equipment frequency tolerance band.

(a) Equipment set up in a temperature-controlled chamber at 2 Repeat S12.2.10.3(g) with input voltage and frequency at

+ 5°C and relative humidity of 90 to 100 %. the upper limits of the equipment voltage and frequency

(b) Equipment energized. tolerance bands.

1—Nominal line voltage of 115 V= 5% and nominal (j) Repeat S12.2.10.3(g) with input voltage at the lower limit of

frequency of 60 Hz + 5 %. the equipment voltage tolerance band and input frequency at

2—Fully operational for 2 h. the upper limit of the equipment frequency tolerance band.

(c) When equipment internal temperature has stabilized, pe(k) Repeat uniform temperature rise test of S 12.2.10.2(d).

formance parameters shall be measured as reference test déljaMeasure performance parameters specified in S8.12 at the

for comparison with subsequent tests. end of the uniform temperature rise test of S 12.2.10.3(k).
S12.2.10.2Temperature ConditiorsAfter initial test con- (M) With equipment operating at the highest operating tem-

ditions have been satisfied, temperature testing shall be peperature of the range specified and relative humidity at 90 to

formed as follows: 100 %, increase input voltage to the upper limit of the

(a) Reduce chamber temperature, at a uniform rate in not lesgjuipment voltage tolerance band, maintaining input frequency

than 4 h, to the lowest operating temperature of the rangat the upper limit of the equipment frequency tolerance band.

specified and maintain relative humidity of 90 to 100 %. (n) Operate fo4 h atthis condition and measure performance

(b) Maintain chamber temperature at the lowest operatinggarameters specified in S8.11.

temperature of the range for 4 h. (o) Maintain input frequency at the upper limit of the equip-

(c) Near the end of the fourth hour, measure performancenent frequency tolerance band but decrease input voltage to

parameters specified in S8.12. the lower limit of the equipment voltage tolerance band.

(d) Increase chamber temperature, at a uniform rate in not lep) Operate fo 1 h atthis condition and measure performance

than 6 h, to the highest operating temperature of the rangparameters specified in S8.11.

specified and maintain humidity at 90 to 100 %. (g) Maintain high temperature and humidity conditions but

(e) Maintain chamber temperature at the highest operatingeturn input voltage and frequency to nominal values.

temperature of the range specified for 4 h. (r) Operate fo 1 h atthis condition and measure performance

(f) Near the end of the fourth hour, measure performancgarameters specified in S8.11.

parameters specified in S8.12. (s) Reduce temperature to 256 5°C and maintain relative

(9) Reduce chamber temperature, at a uniform rate in not legsumidity at 90 to 100 %. Maintain this condition for 2 h.

than 6 h, to the lowest operating temperature of the rangg@) Repeat temperature, voltage, and frequency cycling tests of

specified and maintain humidity at 90 to 100 %. $12.2.10.3(g) through (s) with relative humidity at 90 to 100 %
(h) Maintain chamber temperature at the lowest operatingor not less than eight cycles.
temperature of the range specified for 2 h. (u) Repeat uniform temperature rise test of $12.2.10.2(d).

S12.2.10.3Voltage and Frequency Cycling Conditiers (v) Repeat temperature, voltage, and frequency cycling tests of
After completion of the 2-h low-temperature conditioning S12.2.10.3(m) through (r) with relative humidity at 10 to 20 %
period specified in S 12.2.10.2(h), perform the following:  for not less than ten cycles.
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(w) Reduce chamber temperature, at a uniform rate in not lessounted to simulate shipboard installations in an empty tank
than 6 h, reduce relative humidity to 45 to 55 % and returnand shall not be restricted from normal operation and move-
temperature, voltage, and frequency to nominal values specinent. The equipment under test shall be energized in the

fied in S12.2.10.1. _ N normal manner. At the conclusion of the test and before any
(x) Operate fo 2 h atthis condition and perform accuracy (see adjustments, accuracy shall be measured (see S12.2.2). Liquid
$12.2.2) and response time (see S12.2.3) tests. level indicating equipment shall be physically examined for

S12.2.11Enclosure Test-Each liquid level indicating evidence of mechanical or electrical damage or loosening of

equipment enclosure to be installed partially or totally outsideparts. Performance shall conform to the requirements of S8.14.
the tank shall be subjected to the tests in NEMA Standard 250 512 2 14 Shock Test-Liquid level indicating equipment

for Type 4X enclosures. The portable indicator assembly sha%

. . hall be tested in accordance with Grade A, Class 1, Type A
be subjected to the tests in NEMA Standard 250 for Type ! w yp

. uipment as specified in MIL-S-901. The liquid level indicat-
enclosures. Performance shall conform to the requirements ?r% equipment shall be energized in the normal manner
S8.12. .

... Components of the liquid level indicating equipment, including
S12.2.12 Pressure Test-The components of the liquid

level indicati . including flexible i ) sensing devices, shall be mounted to simulate shipboard
evelindicating equipment, including flexible Interconnections,;qt4jation in an empty tank and shall not be restricted from

subject to immersion in the measured fluid, shall be installed i rmal operation and movement. If individual components of
a pressure vessel to simulate actual tank installation so thata} e liquid level indicating equipr.nent must be shock tested

parts of the components, especially connections and fittingse arately because of size or weight, the complete liquid level
are submerged and remain submerged except when test con £P y gnt, P d

tions state otherwise. Before testing, the pressure vessel Wimdicating eq.uipment shal[ be connect(_ad together (electrically
the liquid level indicating equipment installed shall be filled and mechanl_cally) as deS|gn_ed, energl_zed, and the output and
and allowed to soak fol h atatmospheric pressure. Except for control .CII’CUIt signals monitored durmg the test. At the
the AP pressure range (see S4.4), the rate of pressure Char{:g%pclusmn of the test and bef_o_re any adjustments, the accuracy
shall not be less than 10 Ib/fs. For the AP pressure range, the Shall be measured as specified in S12.2.2. The liquid level
rate of pressure change shall not be less than 5 3in. indicating equipment shall b_e physically examme_d for evi-
S12.2.12.1Pressure Test ProcedureThe pressure test dence of mechanical or electrical damage or loosening of parts.
shall consist of three successive fill and empty cycles. Th&€rformance shall conform to the requirements of S8.15.
pressure vessel shall be filled in ten equal increments through S12.2.15DC Magnetic Field—The liquid level indicating
the sensing device normal operating range (height) at atmequipment shall be tested in accordance with MIL-STD-1399,
spheric pressure and level readings taken at each increme&@ection 070, Part |. Unless otherwise specified (see S5.2), the
The specified pressure (see below) shall then be applied amdagnetic field strength shall be 400 A/m. Performance shall
held for 1 h. While maintaining the specified pressure withconform to the requirements of S8.16.
compressed gas, the pressure vessel shall be emptied in ters12.2.16Electromagnetic Interference Test&EMI tests
equal increments and level readings shall be taken at eadhall be in accordance with the test methods specified in
increment. The pressure shall then be reduced to atmospheffj -STD-461, with the modifications as specified in S8.17.
for 10 min and the cycle repeated twice. During the th'rdUpon completion of the EMI tests, an accuracy test (see

pressure cycle, an insulation resistance measurement (S8 2 2) shall be performed. Performance shall conform with
S12.2.4) shall be made on the sensing device at both thgg requirements of S8.17.

specified pressure and at atmospheric pressure. The sDeCiﬁedSlz.z.l?FlexibIe Interconnection Immersion TestVhen

for the test shall follows: . . -
pressure for the test shall be as follows %ended for use in tanks containing CF, CO, WO, FO, or JP

a) AP pressure range sensing devices shall be subjected to
E)s)ig. P g g ) type fuels, flexible interconnections shall be submerged in JP5

(b) VP and LP pressure range sensing devices shall plor a continqou; period of 45 days. The test fluid j[emperature
subjected to 150 psig. shall be_ maintained at 25 10f’C. Re_movable fle_X|bIe inter-
(c) HP pressure range sensing devices shall be subjected to 16pnnections may be tested with a simulated shipboard instal-
% of the maximum pressure specified (see S5.2). lation using test flxtu_res to _replace sensing devices. A_fter
S12.2.12.2Posttest InspectioaUpon completion, the completion of immersion testlr)g, t.he erX|pIe mtgrconngcuon
sensing device shall then be removed from the pressure vesShall undergo a physical examination and insulation reS|star_1ce
and disassembled to the maximum extent possible withod€St (Seée S 12.2.4). Performance shall conform to the require-
affecting sensing device performance or integrity. The sensingients of S8.18.
device shall be examined for any physical or electrical damage S12.2.18Supply Line Voltage and Frequency Variatien
and leakage or signs of leakage. The sensing device shall thésquid level indicating equipment shall be operated at normal,
be reassembled and a reference measurement (see S12.2ZxvEximum, and minimum steady state voltages and frequencies
taken. Performance shall conform to the requirements of S8.18see S8.11.1). The liquid level indicating equipment shall
S12.2.13Vibration Test—Liquid level indicating equipment remain at each configuration for 15 min. A reference measure-
shall be tested in accordance with Type | (environmentalynent (see S12.2.1) shall be performed before and after each
vibration of MIL-STD-167-1. Components of the liquid level transition. Performance shall conform to the requirements of
indicating equipment, including sensing devices, shall bes8.11. I.
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S13. Certification (a) “LIQUID LEVEL INDICATOR,”

S13.1 The purchase order or contract should speciff?) Component name,
whether the buyer shall be furnished certification that samples®) Manufacturer’s name, L
representing each lot have been either tested or inspected i National Stock Number (NSN), if available,
directed in this specification and the requirements have begyf) Date of manufacture, and

met. The purchase order or contract should specify when Designation (see 54'1),' ,
report of the test results shall be furnished. Otherwise, the A [abel plate marked with manufacturer's part number and

purchase order or contract should specify that all test dat3"al number shall be permanently affixed on the front of each
remain on file for three years at the manufacturer's facility forndicator panel assembly.

review by buyer upon request. S15. Packaging and Package Marking

. S15.1 Packaging and package marking shall be in accor-
S14. Product Marking dance with Section 15.

S14.1 Marking—Unless otherwise specified (see S5.2), all .
major liquid level indicating equipment components shall beS16. Quality Assurance
marked or provided with label plates. Markings on plastic or S16.1 Quality System-A quality assurance system in ac-
metallic materials shall be made by stamping, engravinggordance with 1ISO 9001 shall be maintained to control the
stenciling, or rubber-stamping with smudgeproof ink coveredquality of the product being supplied effectively, unless other-
with a coat of clear lacquer or silk screening. Label plates shallvise specified in the acquisition requirements (see S5.2).
be made with engraved or stamped markings. At a minimum, S16.2 Warranty—Any special warranty requirements shall
labels and markings shall contain: be specified in the acquisition requirements (see S5.2).

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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