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Suptmomeitm data ●oo section6

1ULIW% sPzczPzcArmN”

lMCS, LIQUZD QUAMTm , UPACZIUI TYPT!, 7SAfiSI~ZSD
CESZPAL sPzcIF2fATIosmn

lhis apecifiatlon is nmtdato~ for um by all Oepartumnta
and Asancios of rho Dapnrcmtxttof Oofenao.

1. SCOPS

1.1 ~ Thi@ apeciflcntion covcro the gmncral roquircmats for transistorized,
capmcitor-typa, liquid-quantitySC.gco.

1.2 chssificatiml< Cagea shall be of tho followlns clasaes and shall produce
tho specified accuracies uitaninatilled in e.ccordanccwith HZL-C-7960
(see 6.2):

Claen I: t4 percent of indkation, i2 pareont of full stale
clans II: +2 percent of tndlc-mtlon,?33.7S~rcent of full S=lC
Claes 111: :1 percent of indication, KI.5 pcrcant of full male.

2. APPLICABLE DDWM?fiTS

2.1 me follewimg.dotunmnts, of the lesue in effecton date of lnvitackn for
bids or request for propom L, form a part of this spcciflcatimt to the extent
specified herein:

Federa1

QQ-P-616
QQ-z-325

Military

tuL-c-17/96
mL-P-116
IUL-E-5600
H2L-c-5572
tf2L-T-562fI
M2L-w-7139

Platin6, Cadmium (Electrodc~slted)
Zinc P18cins, Electrodeposited, Requirements for -

tible, I&dio Frequency, Coaxial, RC-179S/U
Reeervntlm, Mthods of
Electronic Squipmit, Aircraft,GeneralSpeclfitscicm for
Qsoline, Aviation, Gradea 80/87, 100/130, 115/165
mrbim Fuel, Aviation, Cradea JP-6 and JP-5
Wire, Electrical, Polytetrafluorocthylmte-Insulated, tipper,
600-VOLC
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HIL-S-7742

tUL-C-7940

, w-A-8625
n2L-c-14806

UIL-W-16878/l

M2L-L-i5467

~L-C-25516

j tUL-C-26482

211L-C-26500

PIL-L-27160

M2L-C-81511

HY.L-G-81704

Federal

FED-STO-595

Uflitary

i
~L-STD-100
FUL-STD-129

; MIL-STO-130
; MIL-STO-143

; H2L-STD-454
j l12L-STD-461

M2L-STD-462
SUL-STD-704
HIL-STD-781

, 2UL-STD-785

; lUL-STO-794
MIL-STD-81O

Screw Threads, Standard, Optimum Seletted Series: General
Specification for

Gase, Liquid Quantity, =Fcitor Type, Installation and
Calibration of
Anodic Coatings, for Aluminum and Aluminum Al 10YS
CM ting, Reflect ion Reducing, for Instrument Cover Glaaees
and Lighting Wedges
Wire, Electrical, Type B, 105”c, 6W Volts (Insulated, High
Temperature)
Lighting, Integral, Aircraft Instr-nt, General Specifit.ation
for
Connector, Electrical, Miniature, Coaxial, Environment
Resistant Type, General Specification for
Connector, Electric, Circular, Miniature, Quick Disccartect,
Environment Resisting
Connector, General purpose, Electrica1 SUnfature, circular,
Environment Resisting, 200”C Ambient
Lighting,Instrument, Integral,White, General Specification
for
Connector,Electric, Circular,High Oemeity,Quick Disconnect,
Environment Resisting
Glass, Aircraft Instrument, Lighting Wedge and ~ver

color s

Engineering Drawing Practices
Marking for Shi~ent and Storage
Identification Msrking of U. S. Military Property
Standerds and Speclficatium, Order of Precedence for the
Selection of
Standard Genera1 Requirements for Electronic Equipment
Electromagnetic Interference characteristics Requirements
for Equipment
Electromagnetic Interference characteristics, Measurement of
Electric Pover, Aircraft, Characteristics and Utilization of
Reliability Tegts Exponential Distribur.ion
Reliability Program for Systems and Equipments Development
and Production
Parts and Equipment, Procedures for Packaging and Packing of
Environmental Test Methods
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M2L-STD-838 Lubrication of IUlirnry Squipncnt
Ft529576 Flange. Attachment, Molded Tank, Plush ●nd

Molded. Circular
MS33585 Pointer, Dial, Standsrd kai~ of Aircraft
MS33639 CCoee, Instrument, Clamp-l@unted, Aircraft

(Copies of documents required by suppliers in connection with
ment functlom chould be obtained from the procurictg ●ccivicy
the cmtraccing of ficer. )

3.1 Praproductim.
temtictg.

IIecesaed, Pull

Instrument

specific prOcure-
or as directed by

Tbia apecifirntion makca provisions for preproduction

3.2 C-mnPOUenta

3.2.1 class I and clasn 11 w3Res~ Class I and clasa 11 sages shall consist of
one or more characterized-type tank unite , an indicntor, tocnlizer indicator,
and the associated r.anpensatinsdevice whirh ehall bo incorporated into the tank
unit and houned as s single unit unlens othcrwiae opproved by the procuring
activity.

o

3.2.2 Class III $@xe. The clans III gage shall ccntsist,ae necemmary, of one
or mmre tank units , an indirator, a totalizer indicacor, a fuel-attitude sensor,
a correction compucer, and a canpensatins device. Tank unite for class 111 gssee
tony be either characterized (see 3.11.1) or unchnracterized (see 3.11.1.1).
The number of tenk units shrillbe held to a tniniLTsIM.

3.3 Wn era 1 requirements.- The requireumnto of this specification are generally

applicable tO all typ@O Of 4~rCraft inacallati~n +=cin fuel in accordance with
H2L-C-5572, M2L-T-5624, or 91/96 octane fuel 15 used. However, due to the wide
varticion in fuel-tank tcpaclties, arrangements, numbers, specific details, such
as length of tank unit, ●nd arrangement of calibration of ecales shall be
supplied by drawings or part number.

3.4 Selection of standards ●nd sc.ecifirations. Scandnrds ond specifications
for necescxry cramodities and sewicea not specified herein slwll be oclected
in ●ccordance with laL-STD-143.

3.5 Hxteriala

3.5.1 FLsterialashall conform to applicable spccificncions as r.pecifiedherein.
When meter Lala ore used that ere not specifically deaigmoced, they shall be
entirely suitable for the purpose. TIIeuse of lightweight materials and weigttt-
saving desi.gn8SIUIL1be a major consideration and shcL1 be investigated and
exploited to the Srencest possibla extent.
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3.5.2 Funuue-proof umterials. Materials that are nutrients for fungi shall
not be used where it is practical to avoid them. Where used and not hermetical-
ly sealed, they shall be treated with a fungicid.slagent acceptable to the
procuring activity. NOwever, if they will be used in a hermetically sealed
inclosure, fungicida1 treatmant will not be necessary.

3.5.3 Norunazneticmaterials. Nonmagnetic umteriels shall be used for all
parts of the gage, except where mgnetic materials are essential.

3.5.4 metals. tletalsshall be of the corrosion-resistant type or suiLsbly
treated to resi.sccorrosion due to fuels, aalt spray, or atmospheric conditions
likely to be met in etorage or normal service.

3.5.4.1 DiB8imi2.armetalsl Unless euitably protected against electrolytic
corrosion, dissimilar metals shall not be used in intimate cortact with each
other.” Dissimilar metals are defined in N2L-S31J-454,requirement 16.

3.5.5 Protective treatment% wIIenmterials are used in the c.matruction of
the gage that are subject to deterioration when exposed to climatic and environ-
menra1 conditions likely to occur during service usage, they shall be protected
against such deterioration in a manner that trillin no way prevent compliance
with the performance requirements of this specification. The use of any pro-
tective cc.ating that till crack, chip, or scale with age or extremes of
cliumtic and envircmuental cmtditicms shall be avoided.

3.6 Deaixn and conatructicm

3.6.1 Class I and class II uaues. Class I and class II gages shall be designed
to Indirate the liquid quantity in a given fuel tank by measurement of the
electric capacitance between twp or more plates of an electroatatlc capacitor “
mounted in the tank. It shall ccnsist essentially of one or more tank units
and en indicating unit which @hall provide linear indication. The gage shall
also provide an output eignal for totalizatitm purposes, if required for
specificapplications as directed by the procuring activity. Incorporation of
the added totalizatiun feature shall antail the inclusion of an indicating unit
thich shall indicate the tots1 amount of fuel registered by the individual
gages. The tank unit (or units) shall be ao characterized that a constant
capacitance will be registered for each unit volume of fuel sensed.

3.6.2 claes III gage. me clas8 111 gage shall also operate tinthe capacitance
principal. Operation of the class III gage shall be similar to that of the
class I and class III gages except it shall be capable of applying sufficient
corrections to che indicator reading to overcome the errors introduced by fuel
attitude. The attitude which in selected as norml attitude for design pur-
poses shall be the fue1 attitude cmt6idered to be most nearly normal at the
average aircraft cruise conditions under zero roll and zero acceleration.

4
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3.6.2.1 Pucl nttituda sensor< The fuel attitude sensor shall be designed to
sense actual fuel attitude. Fuel attitude meosureuents shall be the actual
pitch and roll anslea, or canbimticnt of these engles, between the surface of
r.ftefuel and a reference plane through the tank which hae been selected ●s
be- ~ralled co the Eaurfaceof the fuel at zero ●cceloracion, zero roll and
at a nose-up (+) pitch angle which most ncnrly oqualn tho angle of the tank at
average cruise attitude.

3.6.2.2 Ceumutcr< The canputer shall be designed to generate correction data
to be used by the indicator ittproducing ,a corrected fual-qu.saticy reading.
ltte accuracy of the corrected readiu shall be 46 dtwn in able I. fie
~~tude Of the correction shell be based UpmItha follwittg:

a. Attitude of the fuel based upon fuel-attitude sansor ai~ls

b. Puel height based upon the @igMl from the fuel probes

c. Attitude correction data from stored dnta in the caoputer.

3.6.2.3 Fail-safe feature% Self-test circuitry shn11 be ittcorporated into the
canputer so thot a test pattern will be introduced into the system co varify
proper operation of the cunputer. If errntic operotion is detected, all attitude
correction signals to the indicator shall be clamped at zero and n sigml circuit

o

in the canputer shall be cloeed. ‘ibis signal circuit shsll bt capable of

0Wratin8 a 2~ d-c o.~-amp iOMP 10ad re~tely located to the exterior of the
cmqmter. p-r for tie lamp lad shall not be provided by the fuel Snse.

3.6.2.b @dica tor sx Cial provisions< The indicator for the cLYss III gage
shall be designed co accept capacitance-type fuel-quantity si8mls fran the
fuel probes and to produte an indication of fuel quantity. Accuracies shall
be within che tolerances specified herein based upon the bneic ca~citance
input. The indicator shrillalso bo dooigncd to usc fuci attitude correction
si8Mls from tho c.mputcr. Acturncy of the corrected signal ahnll be within
the tolerances specified herein based upon basic capacitance inpt signals and
a correction titbledetermined by the ga8e unnufacturer as necessary for
Correct ins the various de8rees of accicude error.

3.6.3 Autanatic fuel compensation The gage ehn1i incorporate cmpensntion
based cm the treasurement of the dielectric constant of the fuel and alwll in-
dicate utassof fuel when the dielectric constant and the density are related

in accordance vith tho folloving fornwloe uhcrc K is the dielectric cottatant
●nd D is the density in pounds per gallon:

..—

a. If 8rade JP-4 is nornmlly the cmly fuel used “inthe fuel tank, che
follovin8 forwla shall be used:

~ m 0.12192 [1 + 0.3373 (K+)]
D

o
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Test intolerances

‘aragraph class class class

Number Rocm Temperature I II HI

1.6.2a Indicator operation 0.5% fa 0.3% fs 0.3% fs
Indimtor totelizer output signal 0,57. fs 0.3% fs 0.3% fs

: Indicator dead spot 0.2% fs 0.1% fs 0.1% fa
).6.?.1 TU dry capacitance 1.0% Sv 0.5% av 0.5% Sv
}.6.3.2 cu dry capacitance L.5ZSV or 0.2 pf 0.2 pf

0.5 pf
b.6.3.3 TU calibration 1.5% Sv 0.4% Sv 0.4% Sv

table II table II table II
}.6.8 Complete gage scale error 2.07.ind 1.57.Lnd 1.O% imd

fl.o% fs — ——
,.6.9 Compensation 1.07. fs 0.37. fs 0.3% fa
h.6.10 Indicator SE o.75a Sv O.25% EV 0.25% SV

Indicator dead spot 0.2% fs 0.1% fa 0.1% fs
+.6. 10.1 Totalizer 0.75Z Sv 0.37. av 0.3% Bv

Totalizer dead spot i 0.2W fs 0.1% fs 0.1% f.9
b.6.Ll.l TU assembly 1.0% 6V 0.4% ev 0.4Z 8V
i.6.11.2 Cmnpensatar 1.57. Sv ;0.3% ev 0.3% 8V

or or or
0.5 pf 0.1 pf 0.1 pf

i.6.12 Voltage and frequency varf.atLon 0.5% fs 0.22 f8 0.2% fs
Dead spot 0.2% fs 0.15% fs 0.15% fs

Low Temperature

i.6.13 Indicator SE 0.75% rv 0.4% rv 0.4% m
I 0.5% rv;.6.13.1 SE after return to room temperature 0.3% n 0.3% m

$.6.14 TU dry capacitance 1.0% rc ,0.47. rc 0.47. rc
CU dry capacitance 1.0% rc 0.15 rc 0.15 rc

4.6.14.1 TU dry capacitance after return to
room temperacure 1.0% rc 0.32 rc 0.37. rc

cu dry capacitance after return to
roan temperature 0.5% rc 0.15 rc 0.15 rc

High Temperature
I

4.6.16 Indicator SE 0.75% n ~0.5% rv 0.5% rv
4.6.16.1 SE after return to room temperature 0.5% n ‘0.3% r v 0.3% n
4.6.17 TU and CU dry capacitance 1.0% rc 0.5X rc 0.57. rc
4.6.17.1 TU dry capacitance after return to

room temperature 1.0% rc 0.3% rc 0.37. rc
CO dry capacitance after return to

room temperature 0.52 rc 0.15 rc 0.15 rc

/“’•
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Table I. Accuracy (Cone)

c

Tent +Tol_c os
~aragraph C1OS6 class c1ass

Number Vibration I 11 III

$.6.19.2 India cor vibrn tlon failure 0.5% n 0.3% rv 0.3% rv
5.6.19.3 TU and W retxmnnce o.S%fa po O.z%fs po O.nfs pa

i.6.19.3.l TU dry .=.sPaciance after res~nce 0.5Z rc 0.3Z rc 0.32 rc
cu dry capacitance after reeonance 0.S% rc o.15zrc 0.152 rc

Extrmce Low Temperature

L.6.23.1 India tor SE 1.02 L-v 0.6% rv 0.6% rv
$.6.23.1.1 SE after retucn to room temperature 0.5% Iv 0.3% rv 0.3Z rv
6.6.23.2 IU dry capacitance 1.OZ rc 0.62 rc 0.6% rc

W dry capacitance L.(7Zrc 0.3 rc 0.3 rc
k.6.23.2.l TU dry cnpscitance after return to

room tcmperncure . 1.07.rc 0.3Z rc 0.3% rc
CU dry -pncimnco after returnto
cocatcmpcroture 0.5% rc 0.15% rc 0.15% rc

High Tempera turc Sxposurc

k.6.24.l TU dry capacitance 1.OZ rc 0.6Z rc 0.47. rc
CU dry capacitance 0.5Z rc 0.15 rc 0.15 rc

Water ImrsiOO
..—

.$.6.25 3U dry capacitance 2.0% rc 1.02 rc 1.0% rc
CU dry capscitnnce 0.70 rc 0.35 rc 0.35 rc

Humidity

4.6.26.1 TU and CU dry capccltance 1 hour
● fter exposure 2.0% rc 0.5Z rc 0.51 rc

4.6.26 .1.1 TU and w dry capacitance 24 to
48 hmtra oftcr expoeure 1.0% rc 0.3% Cc 0.3% re

Pungua

4.6.27.1 m d~ c=pncicance 1 hour after
exposure 1.0% rc 1.OZ rc

cu dry upcicance 1 hour after
expoaura 0.35 rc 0.35 rc

4.6.27.2 TU d~ C41pt3Cit41We24 to 48
hwra after cxponurc 0.3 rc 0.3 rc

7
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Table I. Accuracy (Cone)

Test kTolerances
?aragraph class class class
Number I II III

i.6.27.2 IX dry capacitance24 to 48
hours after exposure 0.15 rc 0.15 rc

SaIt Fog

i.6.28.l Indicator SE 1 hour after exposure 2.0% w 0.4% m 0.4% lx
i,6.28.2 TU dry capacitance1 hour after

exposure 2.0% rc 0.6% rc 0.6% rc
TIJdry capacitance24 to 48 hours
after exposure 0.5% rc 0.5% rc

cu dry capacitance1 hour after
exposure 0.25 rc 0.25 rc

CU dry capacitance24 to 48 hours
after exposure 0.2 rc 0.2 rc

Indicator Cycling

4.6.29 After cycling 0.5% rv 0.1% rv 0.1% rv
fpr fpr fpr

rc
rv
fpr
po
CIJ
Tu
Sv
fs
pf

ind
SE

.

.

.

.

.

.

.

.

.

.

.

reference capacitance
reference valuea
fran readings prior to test
total pointer oscillation
c~pensa tor unit
tank unit
specified value
full scale
picofarad
indication
scale error

8
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b. If grade JP-6 Or .7P-5turbine fuel and type 91/96, 100/130,●nd 115/145
octane fuals are nomsally used incerchan8eablyin the fuel tank, the follouin8
forwla sb#ll be used:

~ -0.12700 [i+ 0.28953 (K-1)]
D

3.6.4 Fire hazard.- fie electrical circuit of the gase shall be so designed
that the value and magnitude of the potentials applied to the tank unit (or
units) will not create a fire hamrd in the airplane fuel tank.

3.6.6.1 Tbe circuit shall be euch that tha currant LO the leado running to the
sensing electrodes of tank units and campenaacor oenoin8 units shell in no case
exceed 0.2 amp. TIIit?shall apply both to normal opereting conditions and to
any c’kanbinntitmof tho following abnormal condttkmts:

a. Short circuitin8 of any combination of electrode in che tank unit or
ccmpensa tor sensim mnit

b. Short circuiting of any capocitor or cmbinntion nf cnpacltore clecwhere
in the brid8e circuit

c. All switches and other adjusenc.ntsin the bridge circuit set co any denired
poeitinn.

o 3.6.5 Reliability prouram. The contractor shrillescablleh a reliability
aamurance pro8ram in accordance with tUL-STO-785.

3.6.5.1 Reliability. Yliega8e shall have a minfrmamacceptable cmaan-tium-
betueen-failures (lflTfF)of 3,000 hours durin8 ite service life demenscrated to
a 90 percent ccmfidence level.

3.6.6 LenRevic& The ga8e shall have an operating life epan (equipment longevity
aa defined in 142L-s2’D-781)of not less then 5,000 hours before wearcmt fnilures
occur or before the equipm?nt consistently fnile to tmet che M7%F index. Parts
requirLm8 repLecemccitwithin this time and tbe normal operating period nf uucb
parta shall bc reported by the cnncractor to the procuring accivicy.

3.6.7 )laintainabilitv< Maintainability of gngc cmnptmcnts shall bc et depnt-
I&#el repair fncflitias only except far ~8e calibration, remal of defective
Canpocmnta, end replaccnwmt of tauchcompnnenta which umy be accanplished at
field maintenance lCVC1. 8ach c.mpomerttshall be so designed as to require the
least repair time ccontically feasible as determined by veigbing the probable
savings due to lnu mnintecumce the asaimt the COSC of prnduCi~ a lov-tmain-
tenence-cimc conponent. The 8age shall be so designed that after it has bnen
calibrated, the cnlibracion will not drift to limite outside the specified
tolerance &rin8 the system m’8F period.

9
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3.6.8 Construction. The gage shall be so constructed that no parts will
work loose in service. It shall be built to withstand the strains, jara,
vibrations, and other conditions incident to shipping, storage, installation,
and 8ervice. Insofar as practicable, pivots, bearings, and gears shall neither
bind nor shake and shall be frictionlesB.

3.7 Perf0nn8nce. Unless otherwise specified by the procuring activity, the
gage shall be capable of meeting the requirements specified herein when subjected
to the follnwing condi tiona:

a. Tempera Cures - Temperature ranging from -65° to +71°c for cockpit indicators,
and temperatures ranging from -65° to +132°C for fuselage, wing, and external
tank canptments

b. Vibration - Vibration incident to service use

c. Humidity
Condensation

d. Fungus -

e. Salt fog

- Relative humidity up to 95 percent including conditions wherein
takes place in the form of both water and frost

Fungus growth as encountered in tropical cLimates

- Exposure to saIt fog for a period of not less than 48 hnur

f. Explosive atmo~phere - Operation in an explosive vapor within or
surrounding the equipment.

3.7.1 Electrouametic interference and suDr.pression The gage shall meet the
electromagnetic interference and suppression requirements of UIL-STD-461,
class Al, except as specified herein.

3.7.2 Tank unit in’unernion The gage shall operate as specified herein after
the tank units have been iImnerBed in water.

3.8 Interchangeability. All parts having the same manufacturer’s prt number
shall be functionsllY and dimensionally interchangeable. The item identification
and drawing number requirements of ~L-STD-100 shall govern the manufacturer’s
part numbers and changes thereto.

3.9 Standard electronic partt!. Unlee6 otherwise specified, electronic parts
and the application thereof shall be in accordance with M.IL-E-5400

3.10 Totalizer. The totalf.zerBhall consist basically of an indicator and, by
electrical means , shall total the indications of cwo or more individual linear
indicating g8ges. The individual gages associated with the totalizing gage shall
be designed to provide suirable electrical output signals for swmnation by the
totalizer.

10
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3.11 Tank Unit. lltnbanic tank unit shall consist of a suitable tapocitative
arrangmcent of QWU1llC ccutductors,such as a pair of concentric cyllndero
electrically insulated fr.=me~ch othor and forming ● three-wire capacitor. TIMJ
design ehnll ba cuch that the tank unit can be disaosdled ●nd rtaaeembledwith-
cut the use of special tools, cxcoptao approvod by cba proturing activity. It
shall be so ccmstmcted ae to p.mmit fuel, intowhich the unit two been lnmersed,
to rice freely to ito mtural level betwuon the conductor so thnt up to this
level, the fuel will servo as tho dielectric cubstanco. Above the level of tho
fuel, a mlxcura of air and vnpor will be tho diaicccric substance. Unless othor-
wi8e approvod, nonsemsing portions of the sanoin8 element tIbollnot exceed cho
follcwi~ dlmnnsions: 0.600 inch at tha fln~e and oridO.hOO inch at the oppooito
and for exttmnolly mcunted tank units, axcept that0.850 inch shall ba ●llovod
for the flangttend only for tank units Lttcludinstha c.anpcnsatorcapacitor, and
0.400 inch at both ends for internallymounted tmak units. XC shrillbo eo crn-
stmcted ● s to procluda tho fonmtim of depot.ite and nodknts botvoen the
cond.ctora. fia minimum allouablo distance between the conductors shn11 ba 0.125
inch. fie tank unit shrillbe dosigmd to nmka oloctrlcol con.noctlcnsroadLly
accessible for teati~ it and for makln8 calibration ●djustments uain8 a sub-
sticuto procieion co~citnnce. ~a materials used in the construction of the
tank unit shall be fmprovious to wnt.arand aircraft fuels.

3.11.1 Chnractarized tank units. Chnractorizod tank unito shall be do.signedto
provide a linanr rolationnhip betvmn the electrical capacitance and tho volm
of fwl eansed. TIM basic deoign shall bo auitnblo for produci.n~high-capacimnte
ratios (as a largo ratio betwoon tftomaxfcIuMand minimum capacitance par unit
(le~th) ) and for followi~ calLbrc.tlon cuweo with a hl#t dcgrtw of accuracy.
lltebaeic deoign ohall postman good production adaptability. The oize and wol@t
>=11 be kept to the mintmum crnniotent with high-qualityaircraft inotcumant
deoi~.

3.11.1.1 Oncharnctarixed tank units. Whom npccificd by the prOCUri~ activity
(mea 6.2), tank uxticnfor clam 111 gages shall bo uncharaccerised (possess ●

linear relacionnhip betvecn tho capacitance and tank-unit hoi8ht).

3.11.2 tbmmtirm tman. Tank unit dcmi6na eball be exteraal top—ted,
externnl bott— uated, internallymountad. and any othor typo ●s required for
Llpecifkimtallation,.

3.11.3 MOuntinxflame. ThO axtarnal tOp- arufbotton-mounted typesshallbe
daaigned and coastmtted for installation in a fuel tank fitti~ which has d&-
sions conformiq to MS29576-6, or an otherwise specified by tha procuring activity.
nlo — providad for -ti~ the internally wunted tank tit ehsll be
entirely suitable for tho PJrpoao and shall bo aubjcct to approval by the pro-
CU* actidty.
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3.11.4 Connector housin&. Por externally mounted type tank units, the
projection of the carinectorhousing beyond the flange surface shall be
held to the mimiamxnpracticable to facilitate “mounting.

3.11.5 Seal. The external-mounting type tank-unit connector head shall
be an en=ed cmnparbment no sealed ae to prevent the entrance of fuel
and moisture.

3.11.6 $kan3ensator sensirw unit. The compensator senains unit shall meet
the same general requirements as the tank unit. 1: shall be designed to
extend a minimum distance fran the bottcm of the fuel tank in which it
wilI be installed. The unit shall be designed to tmke electrical termims.la
readily accessible for testins the unit and for Mking calibration
adjustments using a substitute precision capacitance. The compensator
sensing unit may be contained within the tank or my be a separate cmn-
ponent. The requirements of 3.11.3, 3.11.4, and 3.11.5 shall apply to
flange-mounted compensator sensing units which are separate components.

3.11.7 Tank-unit coatin&. Fach tank unit End each compensator unit
shall be coated to prevent moisture absorption. The coating shall com-
pletely cover all surfaces ttit would otherwise be exposed to aircraft
fuel and shall not be affected by fuel or uormnl fuel additiven. The
coating m terial sha11 be applied in uniform thickness and shall not
affect the empty capacitance or If.nearityof the probe. Electrical
connectors or terminals shall not be coated. When tteceaeary,tfm
coating shall be baked in accordance with the material manufacturer’s
standard practice.

3.12 Indicator

3.12.1 The indicator shall be an electrical receiver which shall
ccmtinuoualy indicate the quantity of fuel in pounds. The indlcator
desigm shall conform to the sen6itlve and normensitlve dial presen-
tations ahawn on figures 1, 2, and 3. Provisions shall be incorporated
to permit the addition of level warning switching mechanisms ●nd oyt -
put sigMl controls, such as potentiometers, an required for specific
applications.

3.12.2 Indicator caee. The case design shell be in accordance with 3S33639.
‘i%ecane shall be constructed of a msterial suitable for hermetic sanling.
The material shall be uniform in texture and shall have a smooth external sur-
fsce. The cane sha11 be so designed that the internal mechaniem nmy be remov-
ed from the case, replaced, and the case resealed vithout using special tools
and fixtures unless approved by tbe proturing activity. The hermetic

12
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NONSENSITIVE

o
Height or Width of Line

hrkiUg# Length or Craduati~
:.010 2.005

I Main Dial: I I I

FICUSE 1. Indicator, 2-Inch case

o \
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o FL

TOTAL
FuEL

OUANTITY

LBS X

ENTER
AS AP

NONSENSITIVE

DIMENSIONS IN INCHES.
OTHERWISE SPECIFIED,

TOLERANCES: DECIMALS

UNLESS

* .005

Height or
Narkings Length

Nain Dial:
Numerals

Total Fuel Quan
Najor Grad
Minor Grad
LBS X

0.140
o.llo—
0.188
0.125
0.100

Ek__k-

SENSITIVE

.062vrL,093

I
3

~ .125

----1
Width of Line
or Graduation

:.005

0.025
0.020
0.031
0.015
0.015

0.015
0.010
0.010
0.010
0.015

FIGURE 2. Indicator, Total izer, 2-Inch Case

SUB- OIAL
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NONSENSITIVE
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SURFACE

Height or Width of Line
Markings Length Or Craduacion

Zo.olo 20.005

win Dial:
Numerale 0.140 0.025

Fuel Quantity 0.110 0.015

Xajor Grads 0.140 0.025
Uinor Grads 0.100 0.015

FIGW 3. Indicator, l-l/2-Inch Case
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sealing shall be so accomplishedthat the seal will not be dependentupon
materials which might be affected by the action of any at-sphere to which the
indicator may be eubjetted. The length of the case for the nonsensitive
indicator (see figures 1 and 2) shall not exceed 4.25 inches and the length of
the case for the sensitive indicator (see figuree 1 and 2) shall not exceed 5.0
Inches. The length of the cane for the indicator conforming to figure 3 ehall
not exceed 6.5 inches.

3.12.2.1 FillinR Im?dilml.The filling medium shall be of at least 98 percent
purity, free of dust particles, and shall contain not mmre than 0.006 milligram
of water vapor per liter (dewpoint -65”C) at the Ellliwg preesure. The filling
Aium shall be a mixture of 88 to 92 percent nitrogen and the remainder helium.
The absolute pressure of the filling medium in the case shall be approximately
1 atmaphere.

3.12.2.2 Thermal shock. The indicator shall withstand repeated sudden tempera-
ture changes ranging frmn 85” t5°C to 5° *5eC and return to 85° i5°C without
damage to the indicator or evidence of moisture penetration within the indicator.

3.12.2.3 Indicator lightiw. The indicator shall be integrally lighted. The
lighting system shall be in accordance with H2L-L-25467 for red lighting or
M2L-L-27160 for white lighting. The color of the lighting shall be as specified
by the procuring activity (see 6.2).

3.12.2.4 Lamp location, The lamps shall be located in6ide the inst—t case
and ehall be so installed that replacement may be accomplished only at a repair
depot. No provisions shall be made for field replacement.

3.12.3 Cover Rlass, The cov,erglasfishall be suitable for hermetic sealing
and shall be clear, flat, and free from flaws which would interfere with tbe
normal reading oE the instrument. The thickness of the cover glass shall be
the minimum practicable and shall be entirely suitable for the purpofieintended.
The cover glass shall be in accordmce with ~-G-81704 and shall be coated In
accordance with HIL<-14806.

3.12.4 ~ The indicator dial fihallbe fastened securely to the cafieor to
the fram6 of the indicator @chanifim in suth a manner that it Al 1 not 100S=”
nor turn when the inst—t ifisubjected to environmental conditi.cm.especified
herein. The dial material shaIl be suitable for the application and subject to
the approval of the procuring activity. For subdial sensitive indicators of
the types shown on figure 2. the imer portf.onof the subdial shall be recessed
a distance sufficient to asfiurechat the outer surface of the pointer will be on
aPPrOxi~tely the same plane as the numerals placed on the main dial.

16
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3.12.6.1 Dial and cower Rlaas locaticm~ The disunce between the front surface
of the bezel and the oucaide surfaca of the covor Blase rIbll not exceed 0.062
inch. The distance batveen the inside surface of the cover glass and the dial
eball not exceed O.125 inch.

3.12.4.2 Dial acale,- Tbe dial acnle shall be 8radLUItedand numbered at even
intervals to indicate quantities in pounds. The intervals sIw1l be determined
by the capacity of the tank and the ecale length h order to obtalm a ocale
having sufficient 8K0dU8ti011Sand numcrale for easy rcadin8 withnut owrcrowding.
For nonsensitive type indicators, the indicating ocalo ehc.11provide n minfmum
scale angle of 320”. The main indicotin8 ocale for aubdia1 sensitive-type
indicators sha11 provido a mfnimum ecnIc an81e of 225” and a maximum sw le up
to 270”. The zero position shall be at approximately 7 o’clock (see 6.4).

3.12.4.2.1 me dLal ac.aleshell be mnrked according to the following procedure:

a. Indicator dials shall be calibrated in pounds

b. Dinl gradwrtioos ahnll be uniformly spaced

c. The end point of the calibration shal1 be the number of pounds obtalned by
multiplying tho tank volume in gallons by the end point density. (Tank volume
means that part of the total volume which is measured by the gage)

Ud. The scale end shall be the last division befme the end point (for exmmple,
if the weight of fuel at the end polnc 16 6,480 panda and tho minor graduation
represent 200 pounds, the sw le end will be the minor 8raduatiIm reproecntin8
6,400 pounds).

3.12.6.3 DirJlmnCkinRsu All mnrkingo aholl be ao durable es co withstand
service usage and shrillbe mnrlredas ahnun cm figures 1, 2, and 3. The grndw -
tion umrkings for the main dial shall be lineor within 53”30’ and the graduation
uarkfngs for the subdLa1 sha11 be linear within il” for indicators conforming
to figures 1 and 2. k’hereverprnccicable, ench major graduation ahnll be
identified by a efngle ntmmral.

3.12.L.3.1 Xarking dimensiane< Dial nurkf.ngdimonaiortashall bo .s8ahoun on
figures 1, 2, and 3.

3.12.6.6 Dial ffnish,- The dial.background. mounting bezel, gaskets, aod spacer
ring shall be finished in block, color No. 37038 of FSD-STD-595. Uhite markinss
shall be in accor&nce with color No. 37875 of FSD-STD-595.

17
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3.12.5 Pointers. Unless othervise spaciffed herein, the
shall conform to ns335a5. The pointer shall be light end

)a
indicatar pointer
sufficiently rigid to

prevent oscillation under vibrati.m and shall be firmly attached to the
associated mechanism. A single pointer shall be used and shall move clockwise
to show an increase in contents (see 6.f$).

3.12.5.1 Pointer lenRch.- ‘fhepointer length shall be such that the pointer tip
will extend into the scale a distance equal to 1/5 the length of the shortest
graduation 21/64 inch.

3.13 Electrical cable< External unshielded connector cable wire e.hallbe Type
RM-22 in accordance with MIL-W-7139. Coaxial cable shall be Type RG-179/U in
accordance with tlIL-C-17/94. Internal hookup wire sha11 be type B in accordance
with FfrL-w-16878/l. Electrical cable used within the fuel tank subject to the
action of the fuel shall be entirely suitsble for the purpose intended. In
applicati~s where the temperature may exceed 70”C in compartments of the aircraft
structure thrcugh which the electrical interconnecting cables will be routed,
the cablas shall be a type designed for high temperature use and shall be
subject to approval of the procuring activity. Internal wiring shall be neat
and shall be accomplished in such a manner that individual wires may be easily
traced. Wires shall be tied to the terminals prior to soldering.

3.13.1 Cable length. Accuracy and sensitivity of the gage shall not be adversely
affected by increasing or decreasing the tank unit interconnecting cables within
the limit of from 5 to 200 feet.

3.16 Electrical connectors (new design)~ For Army and Air Force new designs,
electrical connectors shall conform to K2L-c-81511. Individua1 coaxial-type
connectors shall not be used. Where coaxial contacta are required, they shall
be a part of the connector special Insert arrangement. Tank probe electrical
connections shall either terminate at terminal studs or pigtail leads may be used.
Unless otherwise specified, connectors for new Navy designs shall conform to
PtIL-c-26500,NIL-c-26482, or NIL-c-81511, with PUL-C-81511 connectors preferred.
Connector on bulkheads or fiel probes exposed to fuel or fuel vapore shall be
hermetically sealed, fuel-resistant types conforming to K2L-c-25516.

3.14.1 Electrical connectors (old desim~ Electrical connectors for replace-
ment parts for existing designs or previously designed gage components shall be
can~tible with existing equipment.

3.15 Incvt electrical pover~ Unless otherwise specified, the gage shall
operate in accordance with the aircraft electrical power characteristics
specified in MIL-sTD-704.
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3.16 Pointer overshoat. The gage shall be designed to
of the poioter. In approachi~ null, the pointer @ha11

U2L-C-26988C

provide steady Lndication
not ovorshoat the fim 1

position .mre than one time ond ah611 retu”m co the final position within 2
aecondm.

3.17 @librotfon ndluamcntu Manna eball be pravided for .rdjusti~ the
electri=l circuit for ranse and calibration of the indicator. Adjustmcnte of
the inditatorpointer shall be such that a change in the full adjustmentvill
not appreciablyaffect che position of the inditator painter at the zero point.
The empty and full adjuatmenta shall provide such sensitivity that adjustments
can be easily accampliehed under service o“prations. The odjutrtntentsshell be
located in the bridge section of the Lndicator aridnot in the tank units. l%e
adjustments shall be of efficient ronge to cmpmumtc for all rnnufacturing
tolerances in the saga and the fuel ta”nko, and aho11 provide suth a sensitivity
that adjustments can be eaoily accanplinhed under service operations. The design
shall be such that the gage, including the compensator , can be accurately and
easily checked, when tbe gage La installed in the airplane, by tm?an6of
suitable test equi~nt.

3.18 Cage failure indication. The gage shaii be provided with a readily
accessible terminal ccmnection for “se with o remote test switch to indicnte
failure of gage operation. Operation of the ext.arnnlteat stitch shall CaUSe

the indicator pointer to rototo countcrclorkviae fr.ann balance point PIIany

Q’

OEC1OU c.fthe dial.

3.19 Tbrended faoceners. Unless otherwise specified, threaded fascenera shall
conform to ?tIL-s-7742and M2L-STO-456, requirement 12.

3.20 Lubrication .- tibrication, if required, shrillbe accanpliahod in accordance
with H2L-STD-83S. bbric.ants ehall conform to opplicnbla Covermmcnt epccifi- .
cacioms, unless othervise approved by the procuri~ activity.

3.21 Finishes and protective coatinna “

3.21.1 Aluminum-alloy parts. Aluminum-alloy parts, where practicable, shall be
covered with an anodic fiLm conforming to K2L-A-8625.

3.21.2 Steel rnrts. Steel prts ahnll be cadmium plated in accordance with
w-P-416, type 11 or 111, as applicable, and of a class that la ttdequatcto
achieve the degree of protection required , or zinc plated in accordance with
QQ-Z-325.

3.22 Identification of praduct. Equifraemt,assemblies, and parts shall be
marked for identification in ●ccordattcewith K2L-S2TI-130-

19

0

Downloaded from http://www.everyspec.com



FiIL-G-2698@C

3.23 Workmanship. Worhnship shall be in accordance with NIL-STD-454,
requirement 9.

3.23.1 Screw assemblies. Assembly screws and bolts shall be tight. The word
tight means that the screw or bolt cannot be appreciably tightened further,
without damage or injury to the screw or bolt or threade.

3.23.2 Riveting. Riveting operetions sha11 be carefully performed to insure
that :he rivets are tight and satisfactorily headed.

3.23.3 marLI. Gear assemblies Bhall be properly alined and meshed, end shall
be operable without interference, tight spots, loose spots, or other irregular-
ities. Where required, gear assemblies shall be free from backlash.

3.23.4 CleaninE. The gage shall be thoroughly cleaned of loose, spattered, or
excess solder, metal chips} and ocher foreign material after final aseembly.
Burrir,sharp edges, and resin flash sha11 be removed.

3.23.5 Dimensions. Dimensions and tolerances not specified shall be as close
as is consistent with beat shop practices. Where dimensions and tolerances may
affect the interchangeability, operation, or perfo-nce of the gage, they shall
be held or limited accordingly.

4. QUALITY ASSURANCS PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the contract
or purchaae order, the supplier lB responsible for the perforuatce of all in-

spcti~ requirements as specified herein. Except as othervise spcified in the
contract or order, the supplier MY use his own or any other facilitie8 suitable
for the perfornunce of the inspection requirements specified herein, unless dis-
approved by the Government. The Govermmnt reserves the right to perform any of
tbe inspections set forth in the specificstion where such inspections are dee=d
necessary to assure supplies and services confomn to prescribed requirements.

4.2 ClaseLficacion of resca. The inspection and testing of gages shall be
classified as follows:

a. Preproduction teats

b. Quality confornwnce tests.

4.3 Test conditions

4.3.1 Item tests. Ga8e tests shall apply only vhen complete systems (indicators
and tank units) are on the ctmtract or order. when only individual units are cm
order (indicators, tank units and compensators , or tank units or ccmpenaatoro) ,
the testing specified herein that applies only to the unit shall be conducted.
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4.3.1.1 Tank unit mats. li%enorder calls for a vari$cy of -nk unite. tbe
test mica selected shall representas IEYOYof the followingcategories as are
represented on the order: (1) FAICIItype mounting; (2) longest and ebortest unite;
(3) lntemdinte lengths; and (6) tink units raprosenting those equipped with
each different type of discrete level sanaing devices (thocmiators, flat
avlttbee, et cetera).

6.3.2 Standard atmospheric c.mditionac Wtenevar the preesure and temperature
.edsting at the time of the teat are not c.petifieddefinitely, it ie understood
that the test is to be msde at atmospheric pressure (approxlumtely 29.92 inches
ifg)and at room temperature (approximately 23-C). When tests are nude with
atmospheric pressure or room temperature differing materially from the above
values, proper allwance shall be mnde for the differcnte from the specified
condition.

6.3.3 Poaicionu Unloos otherwiso spccificd, the indicator ohall be tested
vith the dial in the nornml operating poeitiun.

4.3.4 Test Per= Unlees othervise specifiedherein, the gages ehall be teeted
with 115v 400-Hz single-phase a-c power or 28V d-c powr, as applitoble.

6.3.5 Master test standards

D

.3.5.1 Master test instrument. Uhan tooting of the inditator requires the ucm
of auxilia~ capacitance (other than supplied by the tank unite or co+mwator
bite) , such capnc Ltanco shell be mpplied by precision variable or fLxed
tapacttora. The accuracy of the precision capa:itorn at 25°C ehall be 0.2
percent for ~pncicences in exceae of 50 pf and 0.1 pf for capacitances less
than 50 pf.

4.3.5.2 Rnster tnpacltance bridxe. When testing of the tank unit or canpen-
sator unit re uiras measurement of thair capscitnncoa, a mnstor tapocitance
bridge sha11 be used. The accuracy of the bridge at on ambient tcmpcrnture of
25°C shnlL be 0.2 pcrccnt for cmpocitancao in excass of 50 pf and 0.1 pf for
CaPcitnnces less than 50 pf.

4.3.5.3 Totalir.erinputs. The contractor ehnll furnish, vfth the totalizer,
a eet of three gages and aultable calibrationcharte to serve ●s tn~ce for
tenting the totalizer. or. In lieu of the gagea, the contractor IMY twbmlt
artificial devicee
are nutm.ltted,the
signals fran thosm
tbe indicators.

s~lating the totnlize; .~nfit’signal. If artificial devices
contractor shall provide sufficient data to verify that the
devices are equivalent to tho tot.nlicmroutput aigrmla frm
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4.3.5.4 Master test standard tolexance correction. The test standards shall
be alibra ted againat precision laboratory standards. Error curves shall be
established eo that the error attributable to the test standards can be sub-
tracted algebraically from the teat data. Thus , the teat data will represent
true readings determined dawn to the extent of the accuracy tolerances of the
calibration standards.

4.3.6 Nominal fuel. Nominal and end pofmt fuels specified herein shall be
suitable fuels having the follcwing characteristics:

Dielectric Density Dielectric Dennity
Constant (Nominal) conetaut
(Nominal)

(End Point)
Lbs Per Cal. (End Point) Lbs Per Cal.

JP-4 2.090 6.539 2.245 7.191

JP-4 and
Octane 2.041 6.299 2.262 7.191

JP-5 2.156 6.854 2.236 7.191
Octane 1.990 6.000 2.088 6.593

4.4 Preproduction cestin~

4.4.1 Teat samples< When tests are required for a specific application, tbe
teat samples shall coneist of two gages composed of the follm?ing ccunp.menta,
as applicable. When tbe contract or order 18 for other than a complete ga8e,
the test samples shall consist of two of each component on the contract or
order. If testing requires the use of crnnponentanot on the ccmtract or order,
tbe output signals for such components may be sirmlated within the accuracy of
the actual ccmpcment tolerance allowance.

a. Tank units necessary to operate the system

b. The indicator designed to operate with the system

c. A totalizer indicator if the two gages are designed to operate with the
totalizer; othervise, one totalizer will be required for each gage

d. For class 111 gases, the ccmtputerand fuel attitude sensor

‘. ●

e. Intermediate devices, such as selector switches , relays , and equivalent
capacitors used as simulators for individual tanks, et cetera.
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6.6.2 Reproduc.ttan tests.
tests specifiedunder 4.6.

4.5 gualitY confonmnce taeta. Quality conformancetests .sttallconsist of:

mL-C-26988C

The proproduction teats tdtnllconsist of all the

a. Individual tests

b. Snmplirtsteete.

4.5.1 .Indlvidualtestn< Each component or goga, an applicable, shall be
subjected to the fellcwiq tests as described under 4.6:

a.

b.

c.

d.

e.

ExaminntiOn of product

Indicator operationan roan temperature

Taok unit and cmnpcnsator serming unit electrical capocltance

Tank unit and ctapansntor eanoing unit leakage

Dielectric strength

O
f. Individual teats of applicable lighting spccificaticm.

4.5.2 SamrJlfna Cenca

4.5.2.1 s.sMPlingPlan A< llteccrnp.mento of mm gaf$eshall be selected at
randan frcm cacb 100 or less produced on the contract or order and subjected
to the following tests no described under 6.6, as applicable:

Indicator

a.

b.

c.

d.

e.

f.

6.

h.

o/

Individual tests

Sealing

Canplete gage scale error ●t room temperature

Indicator ocnlc error ●t room temperature

V01ta8e and frequency variation

Indicator scale error at lW temperature

Indicator scale error at high tcmperoturc

Sampling plan A tests of applicable lighting specification.
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Tank unita and cmmensa tore

a. Individual teata

b. Cmnpenaaticm

c. Tank unit and compensator sensing unit dry =Pncitance

d. Tank unit and canpensator sensing unit capacitance at low temperature

e. Tank unit and c~pensator seneing unit capaciUnce at high temperature
(see 4.3.1).

4.5.2.2 Sampli~ plan B. Unless otherwise specified (see 6.2) , the ccmpments
of two gages shall be selected at random fran the first 10 produced on the con-
tract or order and subjected to the following tests as described under 4.6,
as applicable:

a.

b.

c.

d.

e.

f.

6.

h.

i.

j.

k.

1.

m.

n.

Sampling plan A teste

Vibration

Speed of response

Electramgnetic interference and supreaaimr

Inditetor magnetic effeet

Extreme 10U temperature exposure

High tem~rature exposure

Tank unit water inmersion test

Humidity

Fungus

salt fog

Indiurtor cycllng

Thermal shock

Explosive atmosphere

.

. ●

‘““)0
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0. Reliability

P. L0n&v3vity

q. sCL@i~ plan B tests of appliabla
cnntxaat, ●nd Ltmp circuit tests my be
of the testing activity.

lightingapccificationexcapt life,
fmrfamed earlierat.~e discretion

4.5.2.3 *I ectfon and retaat% When nrm item selected fr~ ● production nrn
fails to wet the spccifitntiun, no items SCI1l cm hand or later produced ahnll
be accepted until the extent and cause of failureara determined.

6.5.2.3.1 Individual teste my Corrcittue<For operatlunal reasona, individual
testsMY be ccmtinuedpending the Lnvoetigntinnof e SCC$P1lW test failure.
But final acceptance of items CM bend or later produced shall not bn rxidountil
it le determined tbnt items meet sL1 the requirramnts of the spccificction.

6.5.3 Defects in it- alreadv accepted~ ‘IbeInveatlgstitm of a teec failure
could indicate that drifcctauwy exist in itesu already ●ccnpted. If so, the
contractor shall fully odviae the procuring activity of 411 defects likely co
b.sfound ●nd me.thode of correcting them.

o

Teat rmth.ada

. .1 Ramlnatlnn nf Drnduct% Tire~ge shall ba excrninedto deterud.necompli-
●nce with the rcqulr-ts ●pacifiedherein with “respectto ~nsirmc,
rnterials,vnrbcnchip, polyurethanecontfng,marki~, ●nd ●ll other requirrrnmte
mt covered by tests. .’

6.6.2 Indicator operation at roan trmrwmatura. IIIeindividual ●nd tocalixer
india tore identifiedby the aaum nmnufacturor<apert number abal1 be checked
individuallyagainst fixed design calibration data to determine:

a. T&t tbe scale error at each eajnr graduatin i.rrrlchfntbe toleranco
s~cified in r.cbleI. The ●tale error of each indi=tor shall bc determined
under conditions of botb intrcasing and decrecaiag rcad~e

b. tit the pointertill travel from zero to full ocaln indication in 1 minute
or lees for rtoncennitive-typeinditatnra ●nd 2 minutt.eor leaa for sensitive-
type “hdicatora

c. T&t, where applicable, the aut~t eignal ●t each mjor graduccion is within
tha tolerance specified in table I. l’hir.teet in requiredonly for those
indicctora tf!atprnvida ●ignnla for total lzera .
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d. That level switching mechanisms and
incorporated in the design for specific

other items such as potentimtater.s
applications operate properly

e. That the pointer moves smoothly over the cmnplete range of the indicator

f. That a11 external adjustmenta function correctly

g. That all adjustnientaassociated with canpensation are properly set

h. That the dead spot driesnot exceed the tolerance specified in table I for
dead spot at roan temperature. The dead spot shall be determined as follows:
The input capacitance of the gage system shall be slowly varied by means of the
master test instrument, fIrat in one direction and then in the other. The
capacitance change required to produce indicator rotation shall be noted and
shall be com~ted aE a percentage of the tots1 in~t capacitance range for
vhich the gage is calibrated: this rmrcenta~e is defined as the dead amt.
For tots li;e;s, a suitable input ai~l pr~ided by the rester test instrtmtent
shall be employed in lieu of input capacitance

i. That tbe pointer does mot overshoot the null position more than once.

4.6.3 Tank unit and compeneator sensing unit electrical capacitance

b.6.3.l Tank unit. The dry capacitance of each tank unit shall be determined
by a nmeter capacitance bridge. The capacitance value established shall wt
differ from the respective value specified by more than the tolerance shown
in table I. This teat may be canbined with the tank unit calibration test.

4.6.3.2 Compensator sensinE unit~ The dry capacitance of each cmnpensator
sensing unit shall be determined by means of the master.capacitance bridge.
‘lhecapacitance value established shall not differ frcm the value specified
by more than the tolerance shown in Lsble 1.

4.6.3.3 Tank unit calibration. The empty capacitance of each of the tank units
eball be determined by means of the master capacitance bridge. Jiach tank
unit shall be individually inuuersedin a representative fuel sample to the
levels specified in table II and the added capacitance attributable to fuel
aball be measured. The added capacitance values shall agree with the specified
value6 within the tolerances shwn in table I. The unit shall then be subjected
to and shall meet a 3-wire electrica1 leakage test in accordance with HIL-C-79fb0.
Yach tank unit sha11 measure in excess of 10 times the values specified fnr tbe
complete tank unit (probe) circuitry.

.,
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Table 11. Individual Tank unit Calibration MU

!5

ktci&btof
Pual -el

AddtJd capacitance Attributable to FUel,

in Xncbes
Rxpressed in Percentof TotalAdded
mmcitnncc For CmpIete Iutnnrsiun

franBottan Tanb.Unlt Tank Unic Addi tional Tank Unica,
of Tank Unit No. 1 No. 2 ●s ●pplicable

— —

NOT2 : 2’be&tn required to ctmplete the ●bove table shall be
●dded by the manufacturer.

4.6.6 IWWu de ae~ When cfmplate ~ge error teata are not

called for, attitude .YenncJrand cmputer accuracy shall be determined by
cmaparins the rmgnitude of the accwl accitude correction outpt of the attitude
correction ayscem with the required cc.rreccitm necaasary for that particular
pitch and roll attitude and tank qusntity. To perform thie tast, the attitude
sensor and cwnputer shall be cleccricnlly connected nod o calibration run made
at the attitudes and tank ca~cities shown in tablo 111. Tho fuel ~ge
tranufacturershall fill in appropriate pitch and roll ●tticudaa and correction
coltnmtBna determined by htn design data. Actual correction and percent error
shall be as determined by cent. At least fc!urtypical pitch and roll attitudes
aholl be selected at each tank capacity llstad. The percant error nhall be the
required correction UILUMB the actual .correcciun divided by the required correction
and expressed in percent. 2%1s error shall be no 8ranter than 1 percent.

Tank
Percent Attitude
Full Piccb Bol 1

m
60
60
80
100

“TABLE III. Attlcude CorrectionCalibrationoato

TANK o

Requ 1red Acttml Percent
Correction Correct ion Error

—
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4.6.5 Tank unit and caupensator setralnuunit leskaRe. Tank unite and clEIpen-
sator u.nitsof the externally mounted type sha11 be installed in a suitable
pressurechamber equippedwith the proper size fLange fittings. A pressureof
30 i5 psi shall be applied wfthin the pressure chamber, and no leak shall be
detected on the outer side of the tank unit mounting flange and connector heed

assembly. A suitable liquid shall be used for detecting the presence of air
bubbles. The duration of this test shall be 5 mfnutes. A Iesk shall be cotr-
sidered as a ptric.dicbubbling frcm a specific area at a frequency of at least
one bubble each mfnute.

4.6.6 Dielectric strength. There sha11 be no breakdown of insulation of any
of the equipment hen it is subjected for 1 minute to a teat voltage of 500V
rms ac at a commercial frequency applied between any pair of points desired by
the tenting activity. If tbe design of the gage is such that there exists
betveen the test points a number of electrical circuit elements which form a
conduct Irtg path for a lterruatirtg current which would be rksmsgedby the test
voltage, these elements sha11 be removed prior to application of the test voltage.
Where hermetically sealed enclosures are employed, the above test shall be
conducted prior to sealing the enclcmuret.. After the enclosures are sealed and
pressurized tith helium, the same test shall be repeated vith the exception
that the voltage shall be reduced to 200V and shall not be conducted betveen
points where circuit elements would be damaged by the test voltage.

&.6.7 SealinR. Hermetically sealed components of the gage shall be tested
for leaks by meat-taof a mass spectrometer-type helium leak detector. The leak
rate shall not exceed 0.01 micron cubic foc.t per hcur at a preamtre differential

eof approximately1 atmosphere.

4.6.8 Crmplete gage scale error at romn temperature (classes I and 11)4 The
gage shall be electrically connected and the tank unit (or units) shall be in-
staLied in a suitable test chamber. The externa1 campermator sensing unit, if
used, shall be installed in the correct position with the ,tankunit (or units)
in the test chamber. The gage shell be set to read zero with tbe dry tank
unit (or units) and tbe compensator eenslng unit , and set to the added capaci-
tance values specified for complete immersion in rtomina1 fuel. The gage shall
be set to read nominal full. The master test instruments hall be removed,
nmninal fuel shall be poured into the test chamber to the levels specified in
table II, or IV, as applicable, end the inditator readings shall be noted. The
difference between the obsemed readings the the specified readinge shall not
exceed the tolerances of table I.

28
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Table IV. Cago System calibrationtitA

1
H
F
i
f
0
T

eight of
uel Iavel ~Facitnnce of Indicator
n Inches Total Tank @mpemse cor Reading in output
rom Bottan Unit Cape.cit-emcesensing unit Pcunda (Al1 Siglul
f Lowest for NmIInal for NmirLY1 Major Dhl Where
.smk Unit Fuel, pf Fuel, pf Grduntima) Applkable

-

NUTS: The data required to ccmplctc the above table shall be added by the
manufacturer. Thc last four columns of this table fihall be extended
to Lncludo ca~citance values and total ixer output sigttaleup to and
includiog the higheec major dial graduation. The cafmcitnnce values

o listed in the extended portinn of the second column am to ba
interpreted as applicable co these tests on which mnetor teat inatru-

. . meats are connected in lieu of tbe tank unite. .

6.6.8.1 ~ The claos III gnge shall be.
electricallyconnected as specified in 4.6.8. If an actual fuel tank is not
available for thio teat, an alternate test method umy be used which shall
simulate the various altitudes by inflicting the appropriate fuel levels an
the individual probes and tilting the fuel attitude sensor to the proper attitude.
The gate shall be tested within the mnge of attitudes for vhich it is designed
to operate at norm l-ground, noranl-cmise, at enth full degree of pitch and
roll attitude, and Ot ccrnbimtione of thaaa attitudan. If the contract or order
does not include the probes assotf.atodwith tho eyntm, the probe capacitnuten
may be sfnulated by use of precision variable copncitom. The accuracy shall
be within the tolerancespacified in table I for class 111 complete gege scale
error.

4.6.8.2 In lieu of nominnl fuel, any suitablefuel my be used the dielectric
constant of which has e knovn value between 2.00 and 2.10. If the dielectric
conetnnt differs from the ncrminalvalue, the specifled indicacor rendf.ngsahsl1
be multiplied by the correction factor Listed in toble V or VI corresponding to
the accual dielectric constuot of tho fuel.
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Table V. Compensator~ librationTable (JP-4 Fuel clnly)

Lelectric
instant

1.85.
1.86
1.87
1.88
1.89
1.90
1.91
1.92
1.93
1.94
1.95
1.96
1.97
1.98
1.99
2.00
2.01
2.02
2.03
2.04
2.0s
2.06

[ndicator
leadtng
Percent
Full scale

75.34
76.03
76.71
77.40
78.07
78.74
79.41
80.07
80-74
81.40
82.06
82.71
83.36
84.00
84.65
85.29
85.93
86.55
87.19
87.81
88.43
89.06

Correction
Factor

0.8286
0.8362
0.8437
0.8512
0.8586
0.8660
0.8734
0.8807
0.8880
0.8953
0.9024
0.9097
0.9168
0.9239
0.9310
0.9380
0.9450
0.9519
0.9589
0.9657
0.9726
0.9794

Dielectric
Constant

2.07
2.08
2.09
2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
2.21
2.22
2.23
2.24
2.245
2.25

Indicator
Reading
Percent
Full Scale

89.67
90.28
90.93
91.50
92.11
92.71
93.31
93.91
94.50
95.09
95.67
96.26
96.85
97.42
98.00
98.57
99.14
99.72
100.00
100.28

Correction
Factor

0.9862
0.9929
1.0000
1.0063
1.0130
1.0196
1.0262
1.0328
1.0393
1.0458
1.0522
1.0587
1.0651
1.0714
1.0778
1.0841
1.0903
1.0967
1.0998
1.1029
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Table VI. Compensator Calibration Table (J’P.4PIXl and &t~ne puel~)

Indiutor Indicator
8eading Reading

dielectric percent Correction Dielectric Percent Correction
:onstant Pull Scale Factor Cannt.ant Pull Scale Factor
— . . . _.

1.85 74.70 - 0.8527 2.07 89.45 1.0211
1.86 75.40 0.8607 2.08 90.09 1.0284
1.87 76.10 0.8687 2.09 90.72 1.0356
1.88 76.80 0.8767 2.10 91.35 1.0628
1.89 77..49 0.8846 2.11 91.98 1.0500
1.90 78.18 0.8925 2.12 92.61 1.0572
1.91 78.87 0.9003 2.13 93.23 1.0643
1.92 79.55 0.9081 2.14 93.85 1.0714
1.93 80.23 0.9159 2.15 94.48 1.0785
1.9fl 80.92 0.9237 2.16 95.09 1.0855
1.95 81.59 0.9314 2.17 95.70 1.0925
1.96 82.26 0.9390 2.18 96.31 1.0994
1.97 82.93 0.9467 2.19 96.92
1.98 83.60

1.106f4
0.9543 2.20 97.53 1.1133

1.99 86.25 0.9618 2.21 98.12 1.1201
2.00 84.92 0.9693 2.22 98.73 1.1270
2.01 85.58 0.9768 2.23 99.32 1.1338
2.02 86.23 0.9863 2.26 99.92 1.1406
2.03 86.88 0.9918 2.242 100.00 1.1619
2.04 87.53 0.9992 2.25 100.50 1.1473

2.041 87.60 1.0000
2.05 88.17 1.0065 =
2.06 88.s1 1.0138
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&.6.9 Compensation. With the empty and full adjustments set as in the gage
scale errOr at roam temperature test, the tank unit (or units) and compensator
sensing unit shall be canpletely irmnersedin each of two fuels, and one having
a known dielectric ccnmtant less than 1.95 and the other having a known
dielectric conetant greater than 2.15. The difference betveen the two resdings
shall not exceed the tolerance specified in table I.

4.6.10 Indicator em le error at roan temperature. The indi=tOr shall be
assembled and connected to msster test instruments in lieu of the tank unit (or
units) and ccmpsnsstor sensing unit. ‘l’hemaster teat instruments shsll be set
respectively to the spscified capacitance values corresponding to smpty tank
and canplete i-rsion in nominal fuel, and the indicator shall be adjusted to
read zero and nominal full. Once set, the adjustments shall not be altered
during the remainder of the tests. The master test instruments shall then be
set .to the capacitance values spscified in table IV. T%e observed readings
shall be recorded. indicator scale error and the dead spot shall not exceed
the tolerances shovn in table 1. Where applicable, the output signals for the
totxlizer shall be recorded for each test point.

4.6.10.1 The indicator associated with the totalizer shall be tested by msans of
a maater test instrument. l%e observed readings shall be recorded. Scale errors
and the dead spot tolerances shall not exceeJ tie values specified in table I for
the totxlizer at rocm temperature.

I+.6.1O.2 Reference values. The reference values specified herein are the
original scale error and dead-spot rsadings of each Lndi-tor after being pro- .0

I p:rly adjusted to read zero and n.animalfu1l. (See 4.6.10 and 4.6.10.1.)
1.

4.6.11 Tank unit assembly and compensator sensing unit dry C;uacitsnce
1

4.6.11.1’ Tank unit dry carxacitsnce. The dry capacitance of the assembled tank
units providing a single indicscion shall be measured at room temperature with
the master capacitance bridge. The value obtained shall agree with the specified
value within the room-temprature tol-ante specified in table I fourthe Uink
unit assembly.

4.6.Il.2 The dry capacitance of the c.xnpensatorsensing unit determined in the
I canpensstor sensing unit test shall be recorded. The capacitance value

established shall not differ from tbe value specified by the manufacturer by
more than the tolerance specified in tsble I.

4.6.11.3 Reference carncitance~ The observed readings specified in 4.6.11.1
and 6.6.11.2 will be referred to hersafter as

4.6.12 Volta~e and frequency vnrtitiom.
be tested at three different positions on

The
the

reference capacitances.

completely assembled gsge shall
indicator dial, approximately
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D-C Volta Re

M2L-G-26988C

rc.aximmindication, under the follwing voltage and

A-C Voltage Frequency

a. 28 115 400
b. 25 105 360
c. 25 125 440
d. 29 115 400
e. 29 105 360
f. 29 125 440

The change in indication fran that obsemed under condition ‘h” sha11 not
exceed the annunt speclfied for vol cage nnd frequency variation in urblc I.
The dead spot of the gage shall be determined nt midscala indication uxtdor
c~ditirms “b” and “’f”and shall not excocd tho totnl input capacitance range
by mnre ch8n the nnuunc specified in table I for voltage a“d frequency variatl~
dead spot.

6.6.13 Xnditator scale error at lW tenmerature< The indicator sha11 be placed
in a tcmpcrttcurechamber and subJected to -34” t2°C for a minhnum period of
4 hcwra. The master teat instrument shall be maintained at roan temperature.
At the end of this period and vhile che unit is still at the low tamparnture,

o

tale readings shall be determined by means of the master test instrument. llte
tale readtn8s shrillnot dtffer fran the reference valuau by more than the
Colernnce spetified Ln rnble I for low tcmponrcure. ‘mis test and other tests
hereafter specified covering tho mm cquipnent altnllapply to indicators
associated with gngos (with and withat the totalizing feature) and totalizers.

4.6.13.1 When the unit has returned to room cemperat”re, scale readings shall
again be determined by means of the timster test instrument. The scale readings
shall not df.ffer from che reference values by more than the tolarnnce opecified
in table I after the indicator has retutncd to room temperature.

4.6.14 Tank unit and cautinsntc.raeneinn unit capacitance nt low temperature.
The tank unit assembly (see 4.3.1.1), including the compensator sensing unit,
shall be placed in a temperature chnmber and subJected to -54” tZ”C for a min~
period of 4 hours. At the end of this period and while the tank unit asee~ly
La still at this temperature, the dry capacitance shall be determined ond shall
not differ from the reapectlve reference apnci tnnce by more thnn the tolerances
specified in table I for che rank unit and crmpcnsmtor unit undnr low temperature.

ft.6.14.1 When the units have raturned to room ccmpcrature, the d~ ~Wcita”ce
shall again be determined and shall not differ frmn the respective reference
capacitance by more than the tolerances specifled in table I for the tank and
caupentmtor units nfter they have returned to roan temp.?racure.
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4.6.15 Attitude sensor and c.mputer (low temperature). Uhere appliahle,
the attitude sensor and compwter shall be placed irIa temperature chamber and
subjected to -54” t2°c for o minimum period of 4 hours. At the end of this
period and while the units are still at this cempt!rature,the test specified
in 4.6.4 shall be performed. The percent error (table 111) shall not be
greater than 1.5 percent.

4,6.15 When the unite have returned to room temperature,the caLibration test
(6.6.4) shall again be performed. The error (table 111) shall not be greater
than 1.0 percent.

4.6.16 Inditator scale erro~ at high temperature. The indicator shall be
placed in n temperature chamber and !subjectedcd a temperatureof 71” +2-C
for a minim& period of 4 hours. ‘L%emaster cesc In.sctnment shall be m!iintained
at room temperature. At the end of this period and while the indicator is still
at the higb_tempernture, scale readings 6hall be determined by means of the
master.,tastinstrument. The scale readings sha11 not differ from the reference
values%y more than the tolerance specifLed in tabie I for the indicator under
high temperature.

4.6.16.1 After the “nit has returned to room mmperacure, scale readings shall
again be determined by means of the master test instrument. The scale readings
shall not differ frcm the reference values by more than the tolerances shown in
table I for the indicator after it has returned to room temperature.

4.6.17 Tank unit and cmrm.ensatorsensing unit capacitance at high tetrm=ature.
The tank unit assembly (see 4.3.1.1), including the canpeneator eensing unit,
shall be placed in a tempcrat”re chatier and subjected to a temperature of

Ifi” i2°C for a minimum r.eriodof 4 ho.ro. At the end of this period and vhile
~ tank unit a.?semblyis still .. this temperature, the dry &pcitance shall
~ determined and shall not differ frau the respective reference capacitance
by ❑ore than the tolerances specified in table I for the tank and compensator
units at high temperature.

~ L6.17.1 ~e” the “nits h.gvereturned to roan Cem+rat”re, the dry capacitance

I

shall aBain be determined and sha11 not differ frtm the respective reference
capacitance by more than the tolerances shown in table I for the tank and
compensator units after they have returned to room temperature.

&.6.18 Attitude sensor and cmmuter (high temperature)h Where applicable, the
dttitude eenaor and cc”nputershall be placed in a temperaturechamber and s“bjectid
to a tesmeratute of 71” t2°c for a mininwm c.eriodof 4 hours. At the end of

!this period and +ile the units are still at this temperature, the test specified
in .4.6.4tthallbe performed. The error (table III) shall not be greater than

, 1.5 percent.
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b.6.18. 1 When the units hove raturnod to roam temperature, the teat specified
in 4.6.4 shall ag@in be conductad. The error (table 111) shallnot be greater
than 1.0 percent.

4.6.19 Vibration

.5.6.19.1 Ylbration error The vibra titnterror tests shall be conducted .nt tho
ccaponenta of cho gage na follow:

.3.6.19.1.1~ r vibration reoonance< fin indicator ahnll be elettrl-lly
connected to a rruscar tast instrument. The indicator shall be subjected to a
rescmence starch in accordance with I’UL-S’L’O-810,mathod 514, procedure 1,
pert 1, equipzk2nc cntagoty (a) , eurvo 0, axcapt if the indicator1s to be
installed unisolnted panels, curvo Z e.hellapply. The frequency of epplhd
vibration shall be varied SIWIY throughout the rango spectflcd. ‘fl_mmaxfxxm
dcxble amplitude of the pointor oscillation shall not exceed 0.5 percent of full
scale indication, and the pofntor variation fran lta original poniciutt shall not
be greater than 0.5 percent of full ecale indication. rho cast shall be
ccnducced tican indicator roadin8 of zero and at a mlnfrmm of tw additional
points selected by the procuring activity.

b.6. L9.2 Jndicator vibr4ticm failure< The indi-tor shall be electrically
connected as specified in the indicator vibration resonance test. l%o ittdlct!tor
shall be electrically onor6Lzad and then adjueted co read epproxlmetely mtdncala
by means of the rruaeccrtent unit. The indicator shall be .wbjectod co rcoonance
swell and vibration cycling in accordance with MIL-ZID-8L0, method 514,
protedure 1, ~rts 2 and 3, aqui~nt tacegory (a), curve B, except if the
Lndlcacor iB to be installed in unisolated paneln, curve Z nttnllapply. At the
conclusion of this test, ● scale reading shall be established by !maot of the
umster cent ittstrtnm?ntand ehnll ❑ot differ frcanche reference values by more
than the tolerqncce apncificd in cdble I for indicator vibration failure. The
indicator shal1 be inspuctod thoroughly for damage or defocto resultin8 fran
this test.

4.6.19.3 ~ank unit and cccwxmmator vibratitntc The tank unl t and cmnpanancor
shall be subjected to vibration in emch of three mutually perpendicular azaa Ltt
accordance vlth KLL-8TD-8L0, method S14, eqttipm?nt category (a), cutvo Z, axcept
chat the frequency ranga shall bo from 5 to 2,000 Hz. All parts of the sn80
shall be electrically connrnctod to cuch othar and to the roster teat irmtrwcent.
The 8a8e shall be adjuated to reed approxf.umtely mldscale by mans of tka mater
cent instrument. IhO tank unit and the compcmsa tor sensin8 unit ahnll bc mmmtcd
as a separate item with the flnn8e (on f14nge-mtnnttcdunits) fixed to tha
vibration stand and vi th end ●nd center eupparta subscnnt inLly in ●ccordnnco
with types being providad for the respective airplnnc appl lcacion. The intasrnlly
mounted tank units shall .YLeobe mcunted on a test stand in a mamncr almilar to
chat beln8 fol10-d in tho rc.zpectiveairplane tnatnLlation.
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4.6.19.3.1 Resonance search. part IL A resonance search sha11 be conducted
in accordance with FIIL-STD-810,method 516, procedure I, psrt 1. The resonant
frequencies of the tank unit or units shall be determined by varying the
frequency of the appLied vibration slowly through the range of frequencies at
the vibratory accelerations not exceeding those specified along three Wtully
perpendicular axes. Tbe test specimen shall be vibrated at the indicated
resonant conditions in accordance with the schedule and time table specified in
4.6.19.3. During vibration, the maximmm double amplitude of the indicator pointer
oscillation and pointer variation frcnr,its original Betting shall be noted to
determine that they,do “ot exceed 0.3 percent of full scale indication. Following
this test, the dry capacitance shall be determined and shall not differ fran the
respective reference capacitance by more than the tolerances specified in
table I fourtank and canpenaacor units under resonance vibration. The tank and
caupensator unit, or “nits , shal1 be thoroughly inspected to determine that no
damage has occurred as a reeult of this test.

4.6.19.3.2 Resonance dvell. part 2.- A resonance dwell teat shall be conducted
in accordance with M2L-STD-81O, method 514, procedure 1, p8rt 2.

4.6.19.3.3 Vibration cycling. Dart 3. A vibration cycling test shall be
conducted in accordance with HIL-STD-81O, method 514, procedure I , part 3.

4.6.20 Sveed of response. For nonsensitive indicators, the pointer eba11
travel from zero to end-point or from end-point to zero within a period of
1 minute at room temperature, and for sensf.tive indicators of the sub-dial type o
the pointer travel period for the main pointer shall be within 2 minutes. After
the indicator has,been rw+i”tainedat -55°C for a minimum period of 2 hours, the
time required for the pointer to travel over the design range sb 11 not exceed
that specified for the room temperature test by more than three times.

4.6.21 Electromagnetic interference and s“pression. The gage shall meet an
electromagnetic interference and suppressiontest in accordance with u2L-sTD-462.
The methods sha11 be as specified in ~L-sTD-461 for class Al equtpaent.

4.6.22 Indicator magnetic effect. Tbc indicator not operating, sha11 be rotated
in a vertical plane abmt a short bar nmgnet compass with the nearest part of
the indicator 5-1/2 inches frti and magnetically ease cm west of the center of
the compass. Starting directly under the canpass, the indicator shall be held
in positions 0“, 45°, 90”, 135”, 180”, 225”, 270°, and 315” from the initial”
position. At each of these positions, the indicator shall be rotated on its own
horizontal axis until it is in its rto-1 upright position. The horizontal
~gnetic field intensity shall be O.17 to 0.19 oarsted. The deflection of the
canpass at any of the specified positions shall not exceed 5“. The test shall
then be repeated with the indicator operating at rated voltage.
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Excr.em low tem.perature exposure

6.6.23.1 .zttdicntorscale error. The lndlcator shall & tested ●a n~cified in
4.6.13. ●xcept that the unit 61UL1 be uintnined at ● temporacuruof -65” +2-C
for a period of 48 haura, and the ceagmrature raIcad co -56” i2°C for a pariod
of 26 hwrs. Ouring the last h hours of the 2L-batr period at -54*C, cho
pressure aball be reduced to 0.82 inch u ●bmoluto, o? leas. At cmplecicm of
the 24-hour period and while at the temperature ●nd pressuro opocifind, the
indicator till be tested to determine tit the ocole roaditt@ do not differ frtcn
the reference values by more titanthe tolarance specified in table I for the
indiuttor at extreum low temperature.

4.6.23.1.1 when cbe indicator has returned to roma tamporatura, acmlo rmadinga
shall again be determined by means of the master test instrument. . Tho ecalo
readlnge aha11 not differ frm the reference valuoo by moro thantho colarnncc
specified in table I for the indi- tor after rocutningto rotm tumperaturo.

4.6.23.2 Tank tntit●td crmpemator senninu unit. lltatank unit ●aeecsbly(non
4.3.1.1), including the canpenaator acnsing unit, shall bo tented as doacribed
in 4.6.14, except that the asmmbly ahaii be umintainod at ● tctmparaturaof
-65” t2°C for ● period of 48 hours, and the tcrnporatura then raised co -54” 12°C
for a period of 2A bourn. Ouring the last 6 bourn of tbo 2b-h.aurpariod at
-56-C, the prentntre shall be reduced to 0.82 inchfigabsolute, or lesn. At the
ccrnplecitntof the 24-hcur period, and utti le at the t.muparacure and prensure

ospecified, the dry capnclunce siuclibe measured and ohall not differfrm tho
renptctlvereferencecnpscicanceby more than tha tolarancou speclfiod in table I
for the tank and compensatorunits at extreme lW temperature.

4.6.23.2.1 When che asaembly hss returned to room temperature,tbe dry capacitanma
shall asain he determined and mhnli not differfrccmtbo rcferoncofaIvciunces
by more than tbe Coleranceenpecifiedin table1 for Uttkand cozpnsator units
after theyhave returned to room temperature.

4.6.23.3 Attitude ●naor and ccumuter< U%ere appii~ble, the ●ttitudo censor
and canp!utershall be cesced as specified in 4.6.4, except that the units till
bt maintained at n teqerature of -65” i2°C for n period of 68 bourn, and tho
temperature then rai~ed co -34● iZ-C for a period of 24 hours. Ouring the laat
4 hcure of the Z&-hour period at -54-C, the pressureshnil bo reduced to 0.82
Lnch ffgsbsoiute, or less. At the cmspletion of the 26 houx period and while
at the sa= temperatureand pressure , the test specified in 4.6.4 shall be
perfonmed. Ztteerror (table 111) ehall not be 8rencer than 1.5 percent.

4.6.23.3.1 When che ucticshave returned to romn tcmparature,tho test apacified
in 4.6.4 shall again be performed. T%e error (table111) shall not axceod
1.0 percenc.

37

0

Downloaded from http://www.everyspec.com



MIL-G-26988c

4.6.24 High temperature exposure

1

4.6.24.1 Tank unit and cmrmensator sensirm unit. The tank unit aseembly (see
4.3.1.1), and cccnpensatorsensing unit shall be tested as described in the tank
unit high temperaturetest, except that the assembly shall be mintained at a
temperatureof 132° +3°c for a period of 24 hours. When the as~emhly has
returned to roan temperature, the dry capacitance shall again be determined and
shall not differ from the reference capacitance by more than the tolerances
specified in table I for tank and cmnpenaatorunits under high temperature
exposure conditions.

4.6.24.2 Attitude sensor and canputer. Where applicable, the attitude semor
and computer shall be tested a8 described in 4.6.4 except that the units shall
be maintained at a temperature of 132” +3°c for a period of 24 hours. When
the units have returned to room temperature, the error, table III, shall be no
greater than 1 percent.

6.6.25 Tank unit water immersion test. The tank unit nsmzmbly shall be mounted
in a suitable tank. 2%c tank shall then be filled to approximately three-quarters
of its ca~citv with JP-5 fuel conformirm to H2L-T-5624. After the capacitance. .
reading and the fuel level have been not;d, sufficient distilledwater”shall be
poured into the tank to cover the cmnpeneator sensing unit, if it has one or
approximatelyone-fourth of the uncampermated tank unit, and the tank shall then
be sealed. The canpen=tor sensing unit shall remain mhmerged in distilled
water for 1 minute. The tank shall then be inverted for 1 minute and restored
to lta norua1 upright position f?r 5 minutes. This procedure shall be repeated
4 times, with the time required to invert the tank being 5 seconds. The water
shall be drained fran the tank and. ifnecessary, fuel shall be added to restore

lj: ht e original fuel level. The capacitancerendin~ shall be noted after 5 minutes.
The change in capacitance from the original reading shall not exceed the tolerances
specified,in table I for water LmmerBLon. The unit shall then be subjected to
and shall meet the 3-wire electrical leakage test specified in MIL-G-7940.

I Individual tank units shall measure in excess of 10 times the values specified
i for the complete tank unit (probe) circuitry. If the compensatorunit :s a

separate unit, it shall also meet this tent.

I

4.6.26 Humidityu All component of the gage, except thoee that are hernmticelly
sealed, shall be subjected to the humidity tent in accordancewith ~L-sTD-810,
method 507, procedure 1. Tvanty-four to forty-eighthours following this test,

I the unit sha11 be subjected to and shall mwet the 3-wire electrica1 lesl=se
test specified in FUL-G-7940. Individual tank units shall measure in excees of
10 times the values specifLed for the cmnplete tank unit (probe) circuitry.

1
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6.6.26.1 Tank unit and crcngensatorsensing unit.
of expasure to humidity, the dry capocitancc ohall
differ frrmnthe reference camcitnncc bv more than

K2L-C-26968C

Within 1 hour after cmpletian
be determined●nd shall not
the tolerances soecified in.. —-–

table I for the tank and coui>naator un~tn 1 hour after exposure to humidity.

6.6.26.1.1 Berveect26 ●nd 48 hours after exposure co humidity, tho dry tapscl-
r.anteshall again be determined and shall not differ frm the referencecaplci-
rance by runrethan the tolecnncesttpecifiedin table I for tbc tank and calIpeIK-
sators 26 to 48 lrnursafter the humidity teat. There shrillbe no evidence of
corrosien or deteriorationthat would affect mtbeequent operationof the gage.

4.6.27 Fungus< All ccacpomnto,cxecpt those that ore completelyhermrimlly
sealed, shall be subjected to a fungus test in accordance with tffL-STD-810,
uathed 508, procedure I, for 4 period of 28 day6.

4.6.27.1 Tank unit and compensator sensinR unlc< Within 1 haur afcnr remnval
fron the fungus test chamber, the dry capaciunce shall be dctccmf.nadand shall
not differ frmn the reference capacitance by mre thnn che colerantea specified
in cable I for the tank and canpensotor units 1 hour after the fungus test.

4.6.21.2 Bem.!eecr24 and 48 hours ofter subjected to the fungus test, the dry
capacitance Of the conponenta shall again be datetntined and shall not differ

frrn the respective reference capacitances by more than the tolerances CIpec ificd
in table I for 26 to 68 hours after the fungus test.

u 6.6.28 Salt fox. All parts of the Bago that ore outside of the fuel cell shall
be subjected to a salt fog test ICCaccordnnca with PUL-S.TD-81O,method 509. At
the cmnpletion of this test, the ctmnprmcncashall be .subjecccdco the following:

4.6.2B.1 Indicator scale error< Scale readings sho11 be determined by mearm ‘.
of tte master test transmitter. The scaIe readings shal1 be taken within 1 hour
after removal of the indicatorfrm the test chamber and .ghsllnot differ frm
the referencevalues by more than the tolerancesapocif~ed in table I for tb
indicator 1 hour after exposure to salt fo8. ThOr@ ahal1 be no evidenteof
corrosion or ocher deteriorationufcichwould affnct eubaequent operecicm of
the gage.

6.6.28.2 Tank unit and cmpenaator sen~i”n units The dry capcltance eholl be
determined vithin 1 hour after the units havo been removed fran tha test chamber
and shall not differ fran the reference capacitance by moro than the tolernncca
specified in table I for the csnk and compensator units 1 hour after ex~mtre to
salt fog. Betve.en26 and 48 hnura aftar chc unitn hove bcon removed frmn the
rest cltrunberthe dry cnpacitnnce shall again be determined and shall not differ
fr~ che reference values by mre than the tolerances specified in cable I for
che units 24 to 68 hours after exposure to salt fog. There shall be no evidence
of corrosian or deterioration that would affect subsequent oparation. ‘Tventy-frmr
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to forty-eight hours following this test, the unit shall be subjected to and
shal1 meet the 3-wire electrical leakage test specified in K2L-G-7940.
Individual tank units shall measure in excess of 10 times the values fipecified
for the ccmnpletetank unf.t(probe) circuitry.

4.6.29 Indicacor cycling. The Indicator shall be electrically connected to the
master test instrument (variable capcitor simulating the tank unit assembly).
During the cycling procedure, the capacitance shall be continutnmly varied so
that the indicator pointer will move from zero to end point and return to zero
within 5 minutes *1 minute. The total cycling period shall be a minimum of
5,000 cycles and shall be conducted in 12-cycle intervals. After each interval,
the indicator sha11 be deenergized electrically for a minimum of 10 minutes
between cycling intervals. After the cycling test, a scale error test shall be
ccntducced. The readings established shall not differ from those established
(by the last room temperature test prior to beginning this test) by more than
the tolerance specified in table I for the inditator after cycling. This test
is applicable to all indicators and totalizers identified by the manufacturer
by different basic part rmmbers.

4.6.30 Therml shock. Hermetically sealed components of the gage shall be
eubjected to a total of 8 cycles of alternate innzersionsin tap water maintained
at 85” 25-C and 5“ 25”c. The length of the time for each bath immersion shall
be 30 minutes; not more than 5 seconds shall elapse between bath Lutttereiqns.No
evidence of moisture penetration nr damage to che inclosure shall result frcxn
this test. Follcwing this test, the test specimen shall be resubjected to the
eealing test.

@

4.6.31 Explosiveatmosphere. Sach set of tank units and cmapensators shall
be placed within the explosion chamber and connected as a complete gage system
to their respective indicator or indi.aators. The hermetically sealed indicator
maY Or IW.+Ynot be placed within the chamber at the discretion of the testing
agency. With norms1 power applied to the gage system, an explosive atmosphere
test shall be conducted in accordance with I.UL-STO-81O, procedure I. Yrovisiuns
shall be made to measure the current in the Leads of the tank unit and com-
pensator circuitry. While the tank units and canpensators are in the explosive
atmosphere, and with normal operating electrical power applied to the gage
system, short circuit conditions shall be induced between the tank unit and
cmnpensator cap9cit0r poles. The current ,yi-easuredin the tank unit and canpen-
sator leads shall not exceed O.2 amp. Ouring each step specified in procedure 1,
the short circuits shall be 8pplled between the capacitor plates of each tank
unit and compensator unit under test for a minimum of 10 times. Any explosion
resulting from this test shall be cause for rejection.
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4.6.32 Reliability. A minfnrtmof three teat eamples shall be subjected to ●

reliabilitytest in accordancewith N2L-STD-781,test level F. Accept-reject
criteria shmll be in accordance with teet plan I. No preventive maintenance
shall ba per forumd during this teat.

4.6.32.1 MCY cycle< Tbe Stantird method of temperature cycling specified in
H2L-S2’D-781shall be ueed chroughcwt tho reliability tact. Curing the heating
period only, the gnge shall be electrically encrgizad with nor-l operating
voltage and frequency and shrillha opcrotionellycycled using fuel to activate
the rank units throu@ a range of approximately 15 to 85 percent and back to
15 percent within 5 minutes *1 minute.

6.6.32.2 ?bc gage n~le error teat shall be conducted at leaat three tImen
each week. The indicator shn11 be observed daily on regular work days for
obvious failurea . At leaet once each week, wtten tho gage h4s reached

appr=~tely room temperature, the gngo shall Mac the tank unit and ccanpensator
water inmm2rt31.mtear.

f+.6.32.3 Failure critcrin. lthcnperformanceof the gage is not within the
accuracy requirements specified herein, at least one failure shall bo chorged
against this test. If aubaequent analysis reveals thnt eevaral parts have
deteriorated, each shall be counted as a failure unless one part caused the
other part to fail.

o.6.33 LOmxevity. Testing of two of the rclinbility teat samples shall be
‘ continued through a longevity test in accordance with 4.6.32 and test plan
~11 of NIL-STD-781. The oparoting timr shall be 5,000 hours m ench of the
two teec samples. Pmvcntive maintenancemy be perforated during thin test.
Failures shall be rccordcd and the equi~ent shn11 be rep irod; howvor, the
ratio of equipnmt operating tk.me to fa llures shall be a ~F of 3,000 haurs or
better.

6.6.36 FLrintalnnbtllcy demonstrateion. The aaea of field-level maintainability
shall be demon$treted to the extent of (o) tnlibrating the gage system after it
has been purposefully decal ibraced and (b) measuring the ciak? required to dis-
assemble and reassemble tho tank unit for cleaning or replacement, or both, of

defective parts. Recalibration of the gage system shall include adjustment at
full tank, ●djustment at rmpty tank, recheck at ful I tank, and recheck at empty
tank. Full-tank conditions my be slmuloted by nddlng praclsion capcitors to
the dry capncitance of the probes. Recnllbracion adjustmmt shall not require
more oar recheck operation at f“l 1- and at empty-tnnk conditions to bring the
calibration sufficiently close to meet tho sage syetm ecale-er ror-at-roau-

temperature accuracy requirements specified herein. Recalibration end subsequent
gage accuracy checks shall ba accompliohcd in not more than 60 ❑lnucea. Dis-
assembly of the tank unit and compensator shall be demons trnced by replacing the
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insulators betveen the capaclcor surfaces, cleaning the capacitor surfaces,
replacing the wiring, and reassembling the tank and ccznpensatorunite , or both,
within 20 minutes. After reassembly, the tank unit or canpensator, or both,
shall meet the test specified in 4.6.3.3.

5. PREPARATION FOR DELIVERY

5.1 Preservation, packaging, and packing

5.1.1 Levels A and B. Preservation ehall be in accordance with MIL-P-116,
method II, and packaging and packing shall be in accordance with fUL-STD-794.

5.1.2 Level C Level C packaging and packing sha11 be in accordance with the
manufac-c-rcf.al practice.

5.2 Marking for shitanent. Interior packages and exterior shipping containers
shall be marked in accordance with MIL-STD-129.

5.2.1 Reinspection date. Reinspection date markings shall be in accordance
with the instructions of the procuring activity.

6. NUTES

6.1 Intended use. The gages covered by this specification are intended for
use in indicating the quantity of fuel (in pounds) contained in fuel canka of

I jet and turboprop aircraft.

ii”@.1.l Clasa II or class III ftaues. Class II or class III gages, an specified in
;the contract, will be used for new aircraft design. Class I gages may be used as
replacements for old designs where accuracy of the old design is comparable to
class I accuracies.

6.2 Ordering data. Procurement documents should specify the following:

a. Title, number, and date of this specification

b. Class of gage required (see 1.2)

c. When uncharacterized tank unite are required (see 3.11.1.1)

I d. Color of lighting required (see 3.12.2.3)

I ‘. When sampling plan B tests will not be conducted (see 4.5.2.2)

f. Levels of packaging and packing required and reinspection date markings
(see section 5).
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6. 2.1 OIibrntion dntn.- Tho contractor
on 8 by 10-1/2-inch ~pcr, two COPi CS of

following infonfmtinm:

HIL-c-26988c

wllI futninh the pr,~uring occtvicy.
ca{ibrotiun data containln~ the

a. Type of airplane Series

b. Tank or tanks for ~lch calibration npplics

c. Puel gage system no. Cabling diagram

d. List of all componentsof the gage system with the mnnufacturcr’spert
numbers

e. The uwnufncturer’.g part no. and dry capcitanccs of nll individual tank

f. Oata for tank unit nssembiy

(1) Dry capacitance

units

(2)

(3)

o a.

(1)

(2)

(3)

h.

i.

(1)

(2)

j.

Total cnpacitanca for ccmplece inzuerei.min nominal fuel

Added capacitance due co canplete immersion in nominal fuel

b Ca for campensator sensing unit

Dry capacitance

Tots 1 capacitance for complete inxneraicntin nantna1 fuel

Added capacitance due to complete f.atmersionin nainal fuel
--

Relative position of tank units corresponding to locntione in the airplane

Oata for indicator dial calibration

Pounds of fuel cquivalant to full scale indication

Pounds of fuel equivalent to nmnina1 full indlcation

Data [0 canplete cables II, 111, IV, and VII.

.
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Table VII. Totalizing Indicator Qlibrat ion Oata

Input Signal IQdlc8ti0D in Pounds of Fuel
Throughout Complete Scale

6.3 Definitions. For the purpose of this specification, the follm?tng
definitions will apply:

6.3.1 Amplitude. Amplitude is the distance fran the mean posit ion “COeither
exrrenw. Double amplitude is two times the amplitude.

6.3.2 Zero noinc. Zero point is the beginning of the dial graduations which
represents an indication of zero fuel quantity (dry unk unit).

6.3.3 Full scale indication. Full scale .ndicacion is the Indication correspond-
ing co a full tank of fuel having an end point density as defined herein.

6.3.4 Oensit~. knsicy values are refacive values and are defined as the ratio
of the apparent mass of fuel co the true volume. The apparent mass ia the value
obtained by weighing the fuel in air at 15.6”C, 50-percent relative humidity,
and 760 mu of mercury pressure against brass weight of specific gravity 8.4, with *
no cor”rectiorm being applied for air buoyancy. The true density of alrcrafC fUels
in about 0.009 pound per gallon greater than the apparent den?lcy.

6.3.5 Nominal full. Nominal full indication is the indication corresponding
to the full tank of nomim’1 fuel as specified herein.

6.6 I“tern,ational standardization a~reement. Certain provisions (see 3.12.4.2
and 3.12.5) of this specification are the subject of international standardization
agreements ASCCAS 10/10 and Scanag 3339. When amendment, revision, or cancellation
of this specification is nronosed. the departmental cuscodiann will inform their
respective Departmental
be taken respecting the

6.5 nar&.sl indicia.
changes with respect to

S~andardi~ tion Oiftces so that appropriate action WY
international agreement ccmcerned.

Asterisks are not used in this revision to identify
the previous issue due to the extensiveness of,the
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6.6 Supersea8i0n data. This epecificatioo supersedes K2L-G-26988B(uWF) . It
also supersedes NSL-C-7B17, K2L-G-7B18, and mL-C-B798 (ASC) for new daai~
of chns I gages.

Custodians: “ Prep4rhg activity:
Army - AV Air Force - L1
Nsvy - AS
Air Force - 11 Project No. 6680-0113

Eeview activities:
Army -
Navy -
Air Force - 82
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