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1. Wawasung { Gaseous-Fuel )

2. faumaasien ( Liquid Fuel )

3. @awwaawds ( Sotid Fuel )
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[ Wi ( Vegetable Fuel )

weiudRd ( Animal Fuel)
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UNIULS ( Mineral Fuel )

Some Petroleum Traps

Anticlinal Trap

wit g 1T va

Stratigraphic Trap

|

Tragr at an unconformity

{A surface of ernsion
buried by later iayers)

Traps at a

Salt Dome

(A mass of salt thai
has flowed upward
from a layer below)
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ATNANRN ( Stability )

2
Ll

o
muummﬂmu@“mmmmﬂuucﬂm ﬂﬁﬂ‘}ﬁlﬂﬂ%‘@ mmmﬂus"ﬂ"mmmqmu 1‘141’1?'1@31‘1’3»
v
AINA muuﬂwmmmm @”ﬂﬂlﬂhﬂﬂﬂ{]ﬂﬁ‘ﬂﬂ'ﬂ@ﬂ‘ﬁm‘ﬁu LAZNINam ?i@dﬂ’]i‘WﬂﬂL‘Nﬂﬁ‘
( Polymer) ﬂﬁﬂn’mnﬂ'ﬂ@ﬂmﬂ‘ﬁu (Oxidation) mAAm et #i m‘a“ﬂﬂfn ensitien (Gum)

v
L3 1 L] LA -3 L3 a* A
anafinneasanly ssuuviasi avfilamedangs uavau q 14

USuneuansmeia ( Lead Content )
mmmwlmdm’tumq I Tetraethyl Lead ( TEL ) Lﬂuﬂﬂﬁ‘ﬂ?uﬂ'ﬂUW@]Eﬂ,u?ﬂﬂ@Q A0

’meulumuumu%ummﬁmu e tlaetunistien ( Antiknock )

a ( Color)
Alsngluiunniuenarutu@iiFanmsis wesdunisuentiia viewnsn
tastnduiteventssmaasingi Slfsdutu dei
a. AVIATION GASOLINE (AVGAS) 80/87 ( LEAN 80/ SUPERCHARGE 87 ) 'RED
. AVIATION GASOLINE (AVGAS) 100 ( LEAN 100/ SUPERCHARGE 130) GREEN
. AVIATION GASOLINE (AVGAS) 100LL ( LEAN 100 / SUPERCHARGE 130) BLUE
wanani denadluatisuenienuararsasanieily Lﬁﬂcﬂﬂi’muéﬁ’nmm%mmuam

oty 7 uatned famq‘la‘nmuﬁm‘lummsnmmnmﬂmmwmmNﬂmnmﬁmﬂimmﬂu‘lmauﬂ

o) osldanuanBau " ﬂa*un@ulunqsmmauﬂmmwmmrmmnmmuu*] pnE)

2. dndfuamselani ( JET FUEL ; Aviation Turbine Fuels )

Wuatoadmasiund wheteiy il udnmsinuuanssanneisssusrensiasiuly
o Aqlais mmﬁ*muw.fgﬂmmwmmmwmumumm@n uoiazdnagzann 134vs ez L
AR i u@nmnuummummmm@q Stability ) el Itinsuaaneda wiaideuszudnafuly
09 U5 ﬂ'L**nmumuumm Aewlaviy utseandu 2 4lia Ae

2.1 thifuennreilavisiennswidad W JET A1

2.2 Srdfuarniasdleviumms 1 Jp-s __
| uanmnﬁﬁmﬁmsmuquammwLﬂu'lﬂmm?@ﬁwuﬁ ( Specification ) 141 ARG I
( Combustion Quality ) ,AMANFDU ( Heat Content ) , ANAIAA ( Stability ) , §Rs1n1sssine

{ Volatility ) ,aau8za1A ( Cleanliness )



10

qmmwnmm"lmﬁ { Combustion Quality }
5 |
o ot A 1 = o v c .
Raruasnreshiuiasnt niatallssBrEnm uazaratmwey fngfauainnng
@ b ar o c‘ éj 1 a o
wninfazfasliineudhioiundasmuisreugann Juagiuasdlrznaulalazaniuou e

wnws ARz ngiAuan

AnAnNSau ( Heat Content )

t i o j = s = 1 -
azfipafiAnannudaugs Walunslssudnaanoussduiuniddiseazinands

AYTHAYAY ( Stability )
paflacuaesiags Wefitdinduden wedlhhdudew viessudafeUiiamiaal

TurzudnanaAniudgs uazluseudnanisldanu

ANFINFTELUR ( Volatility )
& T ] L7l 2 = 8 g oas 4 =|I s %’ o & o
praalfinnnzunnisiantul uazdeefiindeiulesn allaaiunisgeydazsniduandaiy
o =y i [} D’ 1 ni = °l
nanfiuly L%'ammﬁaﬁl::ﬁﬂﬁﬂWMEJ wazen ndlFaavanauiazad g usvgomgiing avsiad

aotlwles1d wazsewme a1 n

ANACaR ( Cleanliness )
’UI L n} 2 : 3 . 1 ¢ 5 . lﬁj of
wfuiasiadlaszetnlmanndaluilen uazansuaouasesing ) Feflaunasidfisaciv

asnlan ( Visual ) aunseisruadnldawnsodenals

AT 2.5 nTATIAsagIeAn ( Visual Check )

1k

a 0 o
fun : ANerad U.dan. A0e (NwE)

a




11

rula 4 =, -1 o
Awivia T Ae Bewm@a

ATNWILLIY / ANV ( Density / Specific gravity )
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T™ 38-301-1
T.0. 33-1-37-1

A 5.2 Dip Tube Sampling
ﬁm » T.0.33-1-37-1
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JET A-1

Physical & Chemical Requirements

SPECIFICATION

PROPERTY

LIMIT

TEST METHOD

APPEARANCE

Colour,Saybolt

COMPOSITION
Total Acidity,mg KOH/g
Aromatics, % vof,
or Aromatics, % vol.
and hydrogan Content, % mass

Sulfur, Total, % mass

Sulfur,Mercaptan, % mass
or Doctor Test

Hydroprocessed fuel in batch, % vol,

VOLATILITY:
Distillation: (Pressure Corrected)
Initial Boiling Point ,Deg.C
Fuel Recovered
10% vol. At Deg.C
20% vol. At Deg.C
50% vol. At Deg.C
90% val. At Deg.C
End Paint,Deg.C
Residue / Loss, % vol.
Fiash Point, Deg.C
Density at 15 Deg.C kg/m°

FLUIDITY
Freezing Point Deq.C
Viscosily at -20 Deg.C, eSt (mm/S)

Clear bright & visually free fram solid matter
and undissolved water 2t normal ambisnt
temperature

Report

0.015 max
22.0 max
25 max
Report

0.30 max

0.0030 max
Negative

Report

Report

205 max
Report
Report
Report

300 max

1.5/1.5 max
38 min

775-840

-47 max

8.0 min

ASTM D 158

ASTM D 3242
ASTM D 1319
ASTM D 1319
ASTM D 3701
ASTM D 12686

ASTM D 3227
ASTM D 4952

ASTM D 86

ASTM D 3828
ASTM D 1296

ASTM D 2385
ASTM D 445




COMBUSTION
Specific Energy,net MJI/KG
Smaoke Point,mm.
or Lumincrneter Number
or Smoke Point,mm

and Naphthalenes,% vol.

CORROSION
Corrosion,Copper, Classfication
(2h @ 100 Deg.c )
Corrosion,Silver, Classification

(4h @ 50 Deg.c)

STABILITY
Thermal Stability ( JFTOT ) Control tamp, 260 Deg.c
Filter Pressure Differential ,mm Hg

Tube Deposit Rating (Visual)

CONTAMINANTS:
Existent Gum, mg/100mL
Water Reaction
Interface Rating
Microseparometer (MSEP),ratings
fuel with Static Dissipator Additive

Fuel without Static Dissipator Additive

ADDITIVES:
Antioxidant ,mg/L
In Hydroprocess Fuels (Mandatory)
In Non-Hydroprocess Fuels (Optional)
Static Dissipator ,mg/L (Mandatory)
First Deping, STADIS-450 (RDE/A/621)
Redoping, STADIS-450 (RDE/A/B21)

{Cumulative Concentration)

CONDUCTIVITY:
Electrical Conductivity,pS/m

47.8 min

25 min

45 min

19 min

3.0 max

1 max

2 max

25.0 max
Less than 3 ,max

No "Peacock” Or"Abnornal”

7 max

1k max

70 min

85 min

17.0-24.0
24.0 max

3.0 max

5.0 max

50-450

ASTM D 4809
ASTM D 1322
ASTM D 1740 «
ASTM D 1322.
ASTM D 1840 '

ASTM D 130

IP 227

ASTM D 3241

ASTM D 381
ASTM D 1084

ASTM D 3948

ASTM D 2624

JET A1 (2)




JP-8

Physical & Chemical Requirements

SPECIFICATION
PROPERTY L M|T‘ TEST METHOD
APPEARANCE Clear bright & visually free from solid matter
and undissclved water at normal ambient
termperature
Colour,Saybolt Report ASTM D 158
COMPOSITION
Total Acidity,mg KOH/g 0.015 max ASTM D 3242
Aromatics, % vol. 25.0 max ASTM D 1319
Olefins, % vol, 5.0 max ASTM D 1319
Suliur, Total, % mass 0.30 max ASTM D 1268
Sulfur,Mercaptan, % mass 0.002 max ASTM D 3227
or Doctor Test Negative ASTM D 4952
VOLATILITY:
Distiflation: (Pressure Corrected) ASTM D 86
Initial Boiling Paint ,Deg.C Report
Fuel Recovered
10% val. At Deg.C 205 rnax
' 20% vol. At Deg.C Report
50% val. At Deg.C Report
90% vol, At Deg.C Report
End Point,Deg.C 300 max
Residue / Loss, % vol. 1.5/1.5 max
Flash Point, Deg.C 38 min ASTM D 3828
Density at 15 Deg.C,kg/im’ 775-840 ASTM D 1296
Calculated Cetane Index Report ASTM D 975
FLUIDITY
Freezing Point Deg.C -47 max ASTM D 2386
Viscosity at -20 Deg.C, eSt (mm3/8) 8.0 min ASTM D 445

|




COMBUSTION

Specific Energy,net ,MJ/KG 42.8 min ASTM D 4809
Hydrogen Content, % mass 13.4 min ASTM D 3701
Smoke Point,mm. 25.0 min ASTM D 1322 1
or Smoke Point,mm _ 19 min ASTM D 1322~
and Naphthalenes, % vol, 3.0 max ASTM D 1840 -
CORROCSION
Corrosion,Copper, Classiication 1 max ASTM D 130

(2h @ 100 Deg.c)

STABILITY

Therma! Stability ( JFTOT ) Control temp, 260 Deg.C ASTM D 3241
Filter Pressure Differential ,mm Hg 25.0 max
Tube Deposit Rating (Visual) ‘ Less than 3 ,max

No "Peacock” Or"Abnornal”

CONTAMINANTS:

Existent Gum, mg/100 mL 7.0 max ASTM D 381 -

Water Reaction, Interface Rating 1B max ASTM D 10094
Particulaie Contaminant, Total,mg/L _ 1.0 max ASTM D 2276
Filtration time, minute 15 max ASTM D 2276

Microseparometer (MSEP),ratings ASTM D 3948
Fuel with all additive except Cl & SDA | 85 min
Fuel with all additive except SDA 70 min

ADDITIVES:

Antioxidant ,mg/L 24.0 max

In Hydroprocess Fuels (Mandatory) 17_?_24_0
[n Non—Hydroprc;vcess Fuels (Optional) 24.0 max
Stalic Dissipator ,mg/L (Mandaiory) to be added
Fuel System [cing Inhibitor (FSIIY, %vol, 0.10-0.15 ASTM D 5008

Corrosion Inhibiter (CI), mg/L 14-92.5 .

CONDUCTIVITY: - o

Electrical Conductivity, pS/m 150-450 ASTM D 2624

JP-8 (2)
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AVIATION GASOLINE (100LL)

Physical & Chemical Requirements

SPECIFICATION

PROPERTY

LIMIT

TEST METHOD

Appearance

Colour, visusa|

Colour, Lovibond

Corresion,Capper Strip
Density at 15 Deg.C, kg/m’
Total Sulfur,% mass
Existent Gum,mg/100 mL
Freezing Point, Deg.C,
Specific Energy,MJ/kg

Reid Vapour Pressure at 37.8 Deg.C,kpa
Knock Rating,
Lean Mixture Motor Method Octane Number
Performance Number
Distitlation : ( Pressure Corrected )
Initial Beiling Point ,Deg.C
Fuel Evaporated
10% vol. at Deg.C
40% vol. at Deg.C
50% vel. af Deg.C
80% vol. at Deg.C
Finat Boiling Point,Deg.C
Residue / Loss, % vol.
Sum of 10%+50% Evaporated Temperature,Deg.C
Oxidation Stability, 16 Hours
Potential Gum,mg/100 ml
Precipitate, mg/100 m|
Tetraethyl Lead,gPb/L { mi TEL/US gal )

Water Reaction
Interface Rating

Volume Change

Clear bright & visually free from solid matter

and undissolved water at normal ambient

temperature
Blue
Blue
1.7-3.5
No.1 max
Report
0.05 max
3 max
-B0 max

43.5 min

38.0-49.0

99.5 min

130 min

Report

75 max
75 min
105 max
135 max
170 max
1.5/1.5 max

135 min

6 max
2 max

0.56 ( 2.00 ) max

2 max

2 max

ASTM [ 4476

ASTM D 2392
ASTM D 130
ASTM D 1298
ASTM D 1288
ASTM D 381

ASTM D 1266
ASTM D 2385

ASTM D 323
ASTM D 2700

ASTM D 909
ASTM D 86

ASTM D 873

ASTM D 2599

ASTM D 1084




MIL-PRF-5606H

TABLE li. Properties of finished fluid.

Property Test Limits Reference .
Acid number, mg KOH/g (max) 0.20 4.4.3 -
Barium content, parts per miflion (max) 10 4.4.3
Copper strip corrosion, ASTM standard (max) No. 2Ze 443
Corrosiveness and oxidation stability
(168 hrs at 135 + 1°C) 4.4.3
Change in acid number (max}) 0.20
Metal specimen weight change, mg/cm? (max)
Aluminum +0.2
Cadmium plated stee! @ 0.2
Copper ® +0.6
M-50 Steel +0.2
Magnesium +0.2
Percent change in viscosity at 40°C -5 to +20
Separation of inscluble materials or gumming of the fluid None
Evaporation loss, percent {max) 20 4.4.3
Flash peint, *C (min) 82 443
Foaming characteristics @ 24°C 443
Foaming tendency, ml (max) 65
(valume at end of five-minute blowing period)
Foam stability, ml (max}) Complele . .
(volume at end of ten-minute settling period) Collapse : -
Iscthermal secant bulk modulus @ 40°C and 27.6 MPa 1379 . 4435 &
(4000 psig), MPa {psi) (min) (200,000} Appendix A
Low temperature stability See 3.6.2 4.4.3 S
Pour point, °C (max) -60 443
Rubber swell, standard synthetic rubher L., percent 19.0 to 30.0 4,43
Solid particle contamination 4.4.3
Filtration time @ 25°C + 5°C, minutes (max) 15
Particle count See fable it
Gravimetric anaiysis, mg/100 ml (max) 0.3
Steel-on-steel wear (average wear scar), mm in diameter {max) 1.0 4.4.3
Viscesity in centistokes at -54°C (max) ' 2500 443
Viscosity in centistokes at -40°C (max) 600 443
Viscosity in centistokes at 40°C (min) 13.2 443
Viscosity in centistokes at 100°C {min) 4.90 4.4.3
Water, parts per million iotal {max) 100 443

{1) There shall be no pitting, etching, or visble corrosion on the surface of the metals when viewed under magnification of
20 diarneters.

{2) A slight discoloration is permitied.

" (3) Any corrosion (diseoloration) produced on the surface of the copper shall be not greater than No. 3 of the ASTM D 730
copper carrosion standard.

- (4) A ring of small bubbles around the edge of the graduate shall be considered compiete collapse.

- m@mﬂmmmﬁmjﬁ PN HYDRAULIC FLUID,PETROLEUM BASE ; AIRCRAFT ,MISSILE

AND ORDNANCE (MIL-PRF-SSOGH) T -




MIE-PRF-23699F

33 Chemica] and physical requirements, All classifications of the fubnicating wil shall

conform to table 1,

TABLEL Physical, chemieal, and performance requivements.

Charactaristic Requirement Test method
ASTM or SAE } FED-STI-79]
Acid aseay Report -— LRIV HRTY
(526321}
Viscosity, ¢St ASTM-DZ532 —
51 ~40°C {-40°F), macitum 13,000
Pervent changs afier 72 hours at 40°C (<40°F), &5
Aximym 2
Viscosity, cSt, ASTM-D44S =
ar J00°C I2ZF) 0-5.40
2% 4G°C (104°F), minimum 23.0
Flash point, mnimum - 246 ASTM-D92 —
{475°F)
Pour poiot, maximum ~54°C ASTM-DI7 —
{-65°F)
Tol acid pumber, maimum 1.00 SAE-ARPS0RS —_
Evaporation loss, percent by weight, 6.5 hours at 10 ASTM-DST2 —
204°C (A00°F), mavximum 3/ : : .
Foaming, foam volume, ml, mexdimum 4 ASTM-D1892 —
5 mimes acration at 24°C (75°F) 25
1 mimute settling at 24°C {75°F) none
3 mimutes permtion at 93.5°C (200°F) 25
1 minute setling at 93.5°C (200°F) none
5 minutes aeration a2 24°0 (75°F} {afler st at 25
93.5°C, above)
1 minute setiling at 24°C {75°F) none
Rubber compatibility - 3604 and 3433
Rubber sweli, percent ) 37
SAE-AMS3217/], 72 hours at 70°C {158°F) 5-25
SAE-AMS3217/4, 72 bors at 204°C (400°F) 3-25
Stmdard silicons rubber, 95 hours at 121°0 525
{(250°F) . ki)
Tensile strength Joss of stindard silicone rubber,.
Compatibility . Compatible — 34035/
Turbidity None
. |_Sedunent, mgl, maximum . 20 .

( MIL-PRF-23699F ) Wi 1
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MIL-PRF-23699F

TABLEL Physical. chemical, snd performance requirements. contimied.
Characteristic Requirement Test method
" ASTM or SAE | FED-STD-79t
Storage stability
Low temperahire, ﬁwac]cs at <18°C (0°F) | No crystallization, —_ u
separation or gelling.
Qualification sample Conform to 3,3 and - &f
Stored for threa years at 34. ¥
-40 to +60°C (40 to +140°F)
First production qualification sample Pass the conformance — &
Stored for 12 months at - inspection. 8/
24° £5°C {75° £10°F)
Thermal stability and mrrosivi'ty at 274°C 3411
(525°F)
Viscosity change, maximum 19/ 5.0 percent —
Tota) acid number chanpe from onginal, 6.0 —
maximnm
Weight of mezal change, maximum 4.0 mg/em® -
Sedlm:nt 1y e —_ 3010
" “Wisual undissolved water none -’
Seduncnt threugh 1.2 micron filter, 10mgh -~
Total ash content, maximom 1 mg/l
Shear stability, viscosity loss at 40°C 4 percent ASTM.DZE03 —
(104°F), maximum 13/
Trace metaf content, pasts per million lal -
(ppm), maximum 2
Aluminum (AD) 2
Iron (Fe) 2
Chzomivm (Ce) 1
Silver (Ag) 1
Copper (Cu) il
Tin (So) 2
Magnesium (Mg) 2
Nickel (Ni) 2
Titanium (1) 10 .
Silicon {Si) - 2
Zinc (Zn) 2
Lezd (Pb) 3
i _Moly.mm Mce)
STD and | BTS Class
10/
= | classes

-

( MIL-PRF-23699F ) Uil 2
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MIL-PRF-23699F

TABLE L. Physical, chemical, and p&rformancc reduirements, continned.

b) 72 howurs at 204°C (400°F)
Viscosity, percent change 10/
Total acid pumber change, maximum 15/
Metal weight change, mp/em?, maximum
Seee]
Silver (Ap)
Aluminum (Al)
Magnesium (Mg)
Copper {Cu)
Titanium {Ti}

Shudge content, (filt=red through 10 um),
mg/100 ml o], maximum

S41S | Oto+225

3.0 20
.2 =02
0.2 02
02 =0.2
0.2 0.2
+).4 0.4

30 25

Characteristic Requirement Test method
: ASTM or SAE | FED-STD-191
Corrosion and exidative stability — 5308 15/
2) 72 bours at 175°C (347°F}
Viscosity, percent change 10/ Sto+15 | Ow+10
Total acid number chanps, maximum 15/ 2.0 10
Metal weight change, mg/em?, maximum
Steel .2 cH02
Silver (Ap) 0,2 02
Ahminum (AL 0.2 0.2
Magnesium (Mg) 0,2 +0.2
Copper {Cu) 0,4 204
Titanium (1) —_— —
Sludge content (filtered through 10 pm), 50 " 25
mef100 m! of oil, maximym
Corrosion and oxidative stability — 5308 ]5/

S$TD and | HTS Class

* Clazses -

( MIL-PRF-23699F ) wiui 3
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MIL-PRE-23659F

TABLE!. Physical ehemical. and performance requirsments, conitinued,

.= Characteristic Requirement Test method
' ASTM or SAE | FED-STD-791
- Corrosion and oxidative stability — 5308 15/
¢) 72 hours at 218 °C (425 °F) -
- Viseosity, pereent chonge 10/ Report Report

Total atid number change, maximym 15/ | Report | Report
Metal weight change, mg/em?, makimum

Siee! =02 +0.2
Silver (Ag) 02 +0.2
Aluminom (Al) 202 0.2
Magnesivm (ME) -_— -
Copper {Cu) - ' — —
Titanium {T7) . 02 202
Sludge content (filtered through 10 gm), 50 25

mg/100 m] oil, maximum

1/ Alterate methods may be used if acceptable to the qualifying activitys kowever, only
FED-STD-761, method 3500, “Monobasis Acid Components of Syntheric Evier Lubricarrs by Gas
Chromatography,” sheil be nsed for referes tests.
2/ The initial viscosity shall be determined 35 =1 minutes after the viscometer is placed in the bath
- maintzined at -40° %1.05°C and again at 72 hours £5 mimnes after completion of initial viscosity.
< 3/ . Bathtemperature shall be maintained at 204°C 21°C (400°F 2°F), and 6.5 boar test period.
ASTHMEL, Thermometzr $0F shall be used. Air temperaturs shal] be maintained st 204°C 21°C
(400°F £2°F), using a preheater, if necessary. )
.. 4] Complets fosm collapse is that point at which no more than a single row af bubbles rermaim
) around the cylinder wall and air injet tube. If this ring of bubbles around the Gylinder wall
. containg gagments having two or more layers of bubbles and the difference inheight of the foam
in the ring is not greater than 10 milliliters (ml), complete foam collapse is the point at which a
) break oceurs in the ring of bubbles without subsequent reforming of the ring.
SAE-AMS3217/1 and SAE-AMS3217/4 shall bo tested in pecordance with FED-STE-791,
method 3604, “Swelling of Synthetic Rubber by Aircraft Turbine Lubricants.” Standard Silicooe
Rubber ghall be tested in accordance with FED-STD-791, method 3433, “Compatibility of
Synthetic Aireraft Turbine Lubricants with Silicone Rubber.” o
Ses parsgraph 4.4.1 for test method details.
See parapraph 4.4.2 for test method.
‘See paragraph 4.4.3 for test method, .
Tentative qualification approval will be given to products meeting all other tests of the
qualification inspection (see 4.2). Final qualification approval will be swanled upon successful
. gompletion of the extended storage stability tests. Faiture to pass the extended siorge stability
- yests is.cause for withdrawal of qualification approval (see 4.43). "
<10} Compared with viscosity of new oil sarriples tested at 40°C {(104°F):
1Y/ Sediment measurement may b& made using a silver menibrane filer, .
12/ . the tolal sediment does not exceed | mgfl, the ash coptent does not need 1o be delermined.

w

ek

-
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TABLE £. Chemical, physical, and performance requirements.

MIL-PRF-7308L

i Characteristic Requirement Test Method
l Grade 3 Grade 4 ASTM  FED-STD.791
I Particulate contamination !
! (3micron filter) FTM 3013
Coutaminant, mg/liter 5.0 max 3.0 max
Filtering tme, min |
0.95 liter (I quart) 30 max 30 max
223 mililiter (7.5 ounce) 7.0 max
Acid number (T.A.N.), mg KOH/g 030max” | 0.5max’ D664
Viscosity at 205°C (401°F), cs 1.1 min D445
Viscosity at 100°C (212°F), cs 3.0 min 4.0 min D443
Viscosity at 40°C (104°F), cs 11.5 min 17.0min | DS
Viscosity at -51°C (-60°F), es
at 35 minutes 17 % ]OJ may 2 % 103 max D2532
at 3 hours 17%10 max” | 20 % 10" max” D532
at 72 hours 17 % 10" max 20 % 10’ max D25332
Flash point, °C(°F) 210(410)min 21{d10)min D92
Evaporation loss, at 205°C 30 max: 15 max® D972
401°F), %
Foarning (static) ] FTM 3213
Foam volume, ml 100 max 100 max
Feam collapse time, sec 60 max 60 max
Feaming (dynamic) FIM 3214
Foam volurae, ml
Collapse time, sec :
80°C (176°F) at 1000 cc/min 100/60 max @ 100/60 max !
80°C (176°F) ar 1500 ce/min 150/60 max ;150 /60 max -
80°C (176°F) at 2000 cc/min 200066 max [ 200/60 max
110°C (230°F) at 1000 cc/min 100/60 wax ¢ 100/60 max
110°C (230°F) at 1500 cc/min 150/60max  §  150/60 max
110°C (230°F) at 2000 cc/min 200/60max ¢ 200/60 max
Deposition test (WADC) : FTM 5003
Deposit rating 1.5 max i 0.7 max
Acid number change, 20 max 20 max
mg KOH/g
Viscosity at 40°C (104°F), 100 max 100 max
% change
Oil consumption, ml 100 max 100 max |
Lead comrosion, g/m’ 53 max" 9.3 max " ' FIM 5321
Corrosion test at 232°C (450°F) ETM 5305
. 2 4 4
Silver, g/m 4.5 max~ +4.5 max
2 45 4.6/
Bronze, g/fm 4.5 max +4.5 max

=
{ MIL-PRF-7808L ) WJUn 1
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MIL-PRF-7808L

TABLE I Chemical, physical, and performance requirements. (cont}

Characteristic Requirement Test Method :
.. _ Grade 3 Grade 4 ASTM FED-STD-791
Thermal stability and cormosivity FTM 3411
l at274°C (325°F)
ar
- Viscosity change, %~ 5.0 max
Total acid number change, 6.0 max
mg KOH/g
Metal weight change, 4.0 max
m gj(:m2
Shear stability, viscosity loss, % 4 max D2603 "
|
Trace metal content, ppm, maximuam® l
Aluminum (A1) 2 2 :
Iron {Fe) 2 2 |
Chromium (Cr) 2 2 i
Silver (Ag) 1 1 ;
Copper (Ca) 1 1 l
Tin (Sn) n* Y
- Magnesium (Mg) 2 2
F: Nicke! (Ni) 2 2 ’ -
Titanium (T1) 1 1
g
.. Silicon (51) 2 2
) Compatibility ; FrmM34a0s " | -
Turbidity None None
Sediment, ml/200 ml oil, maximum
MIL-PRF-7808 0.005 0.005
MIL-PRF-23699 0.005 0.005
MIL-C-8188 - 0.03 0.05
Storage stability
Low temperature, § weeks no crystallization,
at -18°C (0°F)y*¥ separation or gelling
Accelerated, 110°C £ 1°C
(230°F = 2°W)¥ i
Lead corrosion, g.ﬁ’m2 :
after 48 hours . 40 : :
after 168 hours 230 | l
Extended, after 3 years, meet conformance . f
ambient temperature inspection (ses 4.3)% |
y AT LLﬁmﬁﬂmﬂN‘ﬂﬁ 284 LUBRICATING OIL ,AIRCRAFT TURBINE ENGINE ,SYNTHETIC BASE
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MIL-PRF-23827C

TABLEI Physical properties.

- Property Requirements
- Corrosiveness (copper stip), maxinum 1/ lb
- Dirt, particles per mi of grease, maximum:
- 25 -- 74 micrometres dizmeter 1,000
75 micrometres diameter or larger none
Dropping point, °C, minimum 165
Evaporation, percent, weight loss in 22 hours at
100° £0.5°C, maximum 2
Gear wear, mg/1,000 cycles, maximun;
under a 2.3 kg load 15
under a 4.5 kg load 35
High temperature performance, hours, ar 121°C, 2/ 1,000
minimum
Load carrying capacity, mean Hertz load, minimum 30
Low temperature torque at -73° +1°C;
. starting, Nm, maximum . L.O0
. mnaing (after 60 mmutes), Nmr, maximum 0.10
Odor No odor of rancidity, perfume, or free
- alcohol
- Oil separation, percent, weight loss in 30 hours,
. maxinmm 5
- Oxidation stability:
Bomb oxidation, pressure drop, Kpa, maximum: .
in 100 hours 70.00
in 500 hours 105.0
Penetration, (0.1 mm):
unworked, minimum 200
worked ~270 - 310
= ZMPAN meamﬂuﬂ’ﬁ 189 GREASE ,AIRCRAFT AND INSTRUMENT ,GEAR AND ACTUATOR SCREW
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TABLEI. Physical propertics ~ Continued.

Property Requirement j
Rust preventative proparties, maximum -
passing rate 2

Storage stability a1 40° +2°C , penetration (0.1 mm)

unworked, minimum 200

worked {change from original), maximum 30
Water resistance, at 38° »3°C, .

percent lubricant washed out, maximum 20
Worked stabiity, penetration (0.1 mr) ' 270375

L/ The grease shall show no green color in that portion contacting the COpPpEr skrip.
2/ Average of four rups.

3.4 Workmanship. The grease, when examined visually, shall be a smooth homogenous
mixture, free of lumps and abrasive material. When worked with a spatula on a glass surface, the
grease shall exhibit uniformity and ability to spread with 4 straight edge to a smooth surface.

4. VERIFICATION

4.1 Classification of inspections. The inspection requirements specified herein are classified
as follows:

a. Qualification inspection (see 4.3).

b. Conformance inspection (see 4.4).

4.2 Inspection conditions. Unless otherwise specified, all inspections shall be performed in
accerdance with the conditions specified in wbles I and 11 on unworked grease. The physical

‘requirements specified in table 1 apply to the average of determinations made on the sampie,

4.3 Qualification inspection. Qualification inspection shall consist of all the requirements
and tests in table 1.

4.3.1 Sampling, Qualification test sareples shall consist of a minimum of 5 kilograms (kg) of
grease for which quatificartion is desired, B

A1 me\‘iﬂmﬂuﬁ'ﬁ 1839 GREASE ,AIRCRAFT AND INSTRUMENT ,GEAR AND ACTUATOR SCREW
1 =:=
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Table 3-1. Conversion Chart for Refieling Units

Trazy oL

Turbine Fuel Turbine Fuel Aviation
Non Aviation (High Flash Point Turbine Fuel
Leaded { Leaded } (Kerosene Type) Kerosene Type) Aviation
Gasoline | Gasoline JP-8 JP-5 JP-7IPTS | Kerosene | Diesel

Leaded Gasoline A C C Cb . C,D,E c c
Non Leaded Gasoline A A B BD B,D.E B B
Turbine Fuel Aviation —
{Kerosene Type) JP-8 B B A B,D B,D.E A B =
Tisrbine Fuel Aviation am
(High Tlash Point Kerosene =
Type) JP-5 B B A AD B,D.E A A Z
Turbine Fuel Aviation . 5
JP.I/IPTS B B A AD BD,E A A &
Ifergsene B B A B.D B,D.E A B a
Diessl B B B B.D BDE A A udm
Note 1: When draining railear and tank vehicle particular attention should be given to sumps, pumps, filters, heses and -m
other components likely to trap quantities of liquid. * W
Note 2; In all cases, lines ste. are to be drained to fullest extent practicable and the following action taken: -ﬁ

{A) None; [ili with desired product. A

(B) Flush with desired product, drain, fill with desired product. (See Neote 1) m 3

{C) Inepect for and remeve all slidge, in particular traces of lead and gum. Flush with desired product, drain, fill m ]

with desired preduct, ww
(D) Test for flash point, . &
(&) JPTS or JP-7 will be Joaded only in aluminum, stainless steel equipment, or equipment lined with approved epoxy m
coating. If cleaned, clean with hot fresh water not exceeding 136°F (57°C) and dry thoroughly.

Note 3: This modified table complies with NATO STANAG 3149,

'
L4 4, 0 f
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 MAVAIR 17-15-50.3 S CyeY \ -
. TM 38-301-3' - ' / -
T.0. 33-1-37-3 4
+ -
ENGINE: 185-GE-21 ' -
e ‘ ’ AIRCRAFT: (F-5) ) . ]
- B JOAP ATOMIC EMISSION
. Fe Az At Cr Cu Mg T :
7 ; | Abnormal Trend
(PPM Increase 10 2 2 3 k] 4 3
in 10 hrs)* . .
Normal Range .14 0 0-1 0 0-1 0-3 0-6 ,
Marginat Range 11.28 12 2.3 1.2 1-4 4-10 7
High Range .| a8 | 36 4.5 3-8 59 1121 8-9
Abnormal 50+ T+ 5 9+ 10+ 22+ 10+
Average Conceniration Other Elemenls:
Ni=1* Pb=2 5i=3 Sn=7 Mo=|
- = If the caleulated PPM trend value is equal to or greater than the wend PPM value limit,
. the engine has an asbnommal rend.
Y L. - . . D
%0 ATOMIC ABSORPTION T -t
3= : :
e Fe Ap Al . Cr Cu Mg : Ti
T Abnormal Trend A
" (PPM Increase 5 2 * 2 2 3 i
1 in 10 brs)*
Normal Range * 0.5 0 0 0 0-1 0-1 0
Marginal Range’ . 6-14 1 l 1-2 2 p20) NIA
High Range: 15-24. 2-3 2 34 3.4 3.9 1
Abnormal 25+ 4+ 3+ . 5+ S5+ 10+ 2+
.Average Concentration Other Elemenis:
d If ,the calculated PPM 1trend value is equal 1o or greater than the wend PPM valve timit,
' the engine has an abpormal rend. . :
. A-50  Change 3 Mew '
»
- = '3 T
N ALEAIL SN AR AV 189 IATRsEUA J85-GE-21 (F-5)




TM 38-301-3
T.0. 33-1-37-3

. - . o o j/ NAVAIR 17-15-50.3

-
. - i ENGINE; JR3-GE-21 (Conty
2. ’ AIRCRAFT: {F-5)

No. 2 main besring is a major prohlem erea Melectable by JOAP. These [ailures usually oceur rapidly, Muintain close
-

. surveillance even when small increases in Fe are noted. Migh Fa ungd Cu {with/without Ag) indicats main or aceussory
benring defect, Suspect first, Noo'3 and No. 2 main hearings, nex:, Axjs "g" accessory hearing. High Ag alons indicates

IP-4 conlamination of lube system: recommend inspection ¢f fuel oil cooler andfor juel pump,

[Feje ni
E& cr

Fel& Cr, Ni

| [F]& 1. o
- @&_

:& Cr, Ni, - 8i '
) E] & PTO and Nao. 2 bearing retainer . B
}" Cr, Ni, Mg Accessory drive gearbox spanner nuts
- v
Y E & Cr, Al Mos. 2and 3 bearing bollsfrollers and races
Accessory drive gearhox seal nsling rings
- Accessory lube and scavenge pump rotors, liners and blules
- Accessory oil conler housing, uil pressure transdueer, oil tnk and froot frame sump .
Rotor wear in front frame sump o
& Mg, S Accessary filter bypuss refiel valve housing
) & Accessory lube and scavenge pump housing

Cu, Mg, Si

& Accessary lube and seavenge pump heorings
Ak Fe, Pb, Si

Main and PTO bearing capss .
& Fe, Ag Accessory drive gearbox bearing cages

, Change 3 A-S0A/(A-50B blank)
-
-
{7l Anlauelu wioeens F-5
2 uapainasnnretinlauslu wsaseus J85-GE-21 (F-5)
L
- “

PTO shaftgear bearing shim
No. 1 bearing rages '

No. 1 bearing rollers and front frame casing

No. 2 and 3 bearing support

Actessory drive gearbox and PTO bearing balls/icollers and races
Accessary drive gearhoy seal and bearing housings

Gearbox bearings spisning in liners, PTO scavenge ube

Main bearing carbon teal runners

No. | beating compressor rotor front shaft

No. 2 bearing locknut and cam preasor driveshalt

No. 3 bearing locknul and wrbine wheel shalt

FTO radial driveshnit, bevel gears, hearing housing, axiat benring support and retainer
Accessory lube wnd scavenge pump spur gear, lube filler and oil cooler valve
Accessory drive gearbox shaft and bevel gears -

No. 1 bearing inner race nnd carbon seal runner (-21)
Na. 1 bearing compressor rotor front shaft (-Z1 only)

Aceessory drive pearbex gear locknot .
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Hydrometer Scale Reading For Transparent Liquids
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