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MIL-H-6083 FLUID CHARACTERISTICS:

c fluid manufacturers are reluctant to reveal the exact formulas of
positions of these fluids-are well known, and numerous details ca
| specifications. MIL-H-5606 and MIL-H-6083 are both based on
eum base stock with\a flash point of around 82 °C (closed cup). This base stock is
equired viscosities by the addition of polyacrylate viscosity index improver. The fluids
tain degree of.antiwear protection, which is achieved by the additign of approximately
psphate. Up'to 2% antioxidant may be present. Until recently, no|pour point

d be usedin either fluid, however, the latest E-revision of MIL-H-5606 permits them.
provide-rust and corrosion protection, and this is accomplished by the use of

s such’ as barium dinonyl naphthalene sulfonate or calcium alkylbgnzene sulfonate.
séfs out limits on the amount of chloride and sulfate that can be present in the

their products, the
be found in the
low-viscosity

sulfonate used. Both fluids must meet limits on the amount of particulate contamination present.

Some required properties for the two fluids are summarized in Table 1 below:
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TABLE 1 - Properties of MIL-H-5606E and MIL-H-6083D

MIL-H-5606E MIL-H-6083D
Viscosities (centistokes)
100 °C 4.90
40 °C 13.2
100 °C -- 14 minimum

Flash Point, ASTM D 92

200 °F (93 °C) minimum

Flash Poirt, ASTM D 93

Acid or Bajse No. (ASTM D 664)

Water (Kafl Fischer)

82 °C minimum
0.2 maximum
100 ppm maximum

0.2 maxinum
0.05% (500 ppm) maximum

3. (Continued):

Along with the dggree of particulate contamination, these are progerties likely to be

hydraulic fluid user.

3.1 Change in Fluid Properties of MIL-H-5606 and MIL-H-6083 During Use:

monitored by the

3.1.1 Viscosity: Thie use of polyarcrylate viscosity indeX improvers in these fluids is necessary in order

to achieve the
instability. U
hydraulic sys
weight fragm¢
temporary an
temporary los
that would be
lubricating pr
engineers, hag
the fluid viscg
in deciding w
drained from

p desired viscosities, but their presence creates the problem know
pnder conditions of high shearfsuch as are normally found in a high
em pump, the acrylate polymer is gradually sheared down in to lo
bnts, with a resulting loss-in fluid viscosity at operating temperaturg
d permanent losses.ih.viscosity occur. In the region of high shear

observed in thelaboratory. Since a loss in fluid viscosity may ad
bperties of thefluid, this form of shear instability must be considers
wever, since it is only temporary, it would not be observed by pers

hen:the fluid is to be changed out. In one study, samples of used
pperational F-4 aircraft by Wright-Patterson Air Force Base persor

I as shear
pressure aircraft
ver molecular

. Actually, both
there is often a

s with the result_that the pump or component does not see the same fluid viscosity

ersely affect the
bd by design
onnel monitoring

sity. /The permanent viscosity loss, on the other hand, must definitely be considered

MIL-H-5606,
nel, were found to

have 100 °F viscosities ranging from 13.76 centistokes to 12.12 centistokes. In many cases, the
viscosity loss is even worse, and 100 °F viscosities as low as 10 centistokes are not uncommon.
Some hydraulic systems are designed in such a way that the effects of such a viscosity change are

minimal; othe

rs, however, are more sensitive.
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3.1.1 (Continued):

3.1.2

3.1.3

3.1.4

Oxidation can also affect the viscosity of these fluids. A slight degree of fluid oxidation may result
in a viscosity increase; an excessive degree of oxidation may result in polymer degradation, with a
viscosity loss similar to that caused by mechanical shear. If the system is open or vented to the
atmosphere, some of the napthenic base oil, which is relatively low boiling, may evaporate, and the
remaining fluid, which contains all the polymer, will increase in viscosity. Occasionally, a "hot spot"
in the system may cause enough of the base oil to evaporate so that the polymer is actually
deposited in a solid or semisolid state, causing plugging of filters and freeze-up of vales and

servos. Finelydispersed metatpartictes T hydraatic fluids mmay actas a catatystjto oxidize the fluid.

Acid Number] Fluid degradation is often accompanied by an increase inthe acid number.
Oxidation, fon example, converts susceptible hydrocarbon components-of the base oil into
carboxylic ac|ds, which may cause corrosion of susceptible metal components.| How much acidity
can be tolerajed will again depend upon the configuration and metalturgy of the|individual system.

A buildup in the base number (that is, an increase in alkalinity) would normally not be expected
during fluid uge. Should it occur, contamination should be-suspected. A high bajse number in fresh
MIL-H-6083 quggests the presence of excess base in the sulfonate rust inhibitoy. Also, an
abnormally low base number would indicate a loss of\corrosion inhibitor during $ervice. Quality
assurance prpcedures should, of course, detect and' reject such fluid before it i ever introduced
into a system

Flash and Firg Point: One of the major drawbacks of both MIL-H-5606 and MIL-H-6083 is the low
flash point of the base stock. A further'drop in flash point during use would obvjously be
undesirable, and would probably reflect contamination by some low-boiling flammable solvent. An
increase in the flash point could indicate evaporative loss of base oil, or possible excessive
contaminatiof with nonflammable solvents such as trichlorotrifluorethane or trichloroethylene.

Water Conter
because of th
water from th
adverse effeq

t: The watercontent on both fluids is controlled by the specificati
e nature(of the sulfonate rust inhibitor, has more of a tendency to
E envifonment, but paradoxically the sulfonate tends to protect the
ts of.the water it picks up. However, hard precipitates of barium s

bns. MIL-H-6083,
Dick up excess
system from the
Lifate may be

formed, whicl can cause wear of component surfaces during fluid circulation. Also gels may be
formed, which can result in system blockage. MIL-H-5606 is not particularly hygroscopic, but
inasmuch as it is not a rust-inhibited fluid, an increase in moisture content beyond the specification
limits could be more serious. Unlike the phosphate ester type hydraulic fluids, which have often
contained controlled amounts of water, gross amounts of water in hydrocarbon hydraulic fluids are
usually undesirable and should be removed.

It should be noted that a maximum of 500 ppm H20 by-weight in MIL-H-6083 may lead to cold
weather operating problems for this fluid owing to ice crystal formation. Ice crystals can clog small
orifices and filter elements in hydraulic systems. As an alternate, MIL-H-6083 can be vacuum
dehydrated to maintain water levels below 200 ppm H20 by-weight.
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4. MIL-H-83282 AND MIL-H-46170 FLUID CHARACTERISTICS:

Although MIL-H-83282 was designed for hydraulic systems that previously used MIL-H-5606, and MIL-
H-46170 was likewise designed to replace MIL-H-6083, these two fluids are significantly different from
the two petroleum-based fluids discussed in Section 3. Both MIL-H-83282 and MIL-H-46170 are
formulated with a polyalphaolefin synthetic hydrocarbon base stock. The specifications require that
this base stock have flash and fire points of 205 and 245 °C (open cup) respectively. Thus, these two
fluids are significantly less flammable than MIL-H-5606 and MIL-H-6083 and are often referred to as
"fire resistant." | i i uirements, the
specifications pefmit the addition of blending fluids such as diesters in concentratiens up to 33%.
Tricresyl phosphate is recommended to meet the antiwear requirements, and@xidat|on inhibitors of the
phenolic type arg specified in amounts not to exceed 1%. MIL-H-46170, likesMIL-H-6083, must
provide significarjt rust and corrosion protection to susceptible components: No paifticular inhibitor is
required, but the priginal versions of the specification suggested that’'acceptable results could be
obtained by the yse of barium dinonyl naphthalene sulfonate. Vis¢osity index improvers and pour
point depressant$ are not permitted in either fluid. Both fluids have to meet particlgd count
requirements usyally denoted as classes defined in NAS 1638:

Some required pfoperties for the two fluids are summarized below:

TABLE 2 - Properties of Mll=H-83282C and MIL-H-46170B

M{L-H-83282C MIL-H-A6170B

Viscosities, ceptistokes
(ASTM D 445)

100 °C 3.5 minimum 3.4 mjnimum

40 °C 14.0 minimum 19.5 maximum

-40 °C 2200 maximum 2600 maximum
Flash/Fire Points (ASTM.92) 204.4 °C/245 °C minimum 218 °C/246 PC minimum
Water (Karl Figchef) 100 ppm maximum 0.05% maximum (500 ppm)
(ASTM D 1744)
Pour Point (ASTM D 99) 55 "C maximum -54°C maximum
Acid or Base Number 0.10 maximum (ASTM D 664) 0.2 maximum (ASTM D 974)
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4.1 Change in Fluid Properties of MIL-H-83282 and MIL-H-46170 During Use:

4.1.1 Viscosity: Neither of these fluids contains a viscosity index improver and, as a consequence,
neither is subject to the shear instability and viscosity loss observed in MIL-H-5606 and MIL-H-
6083. Oxidation of MIL-H-83282 and MIL-H-46170 normally leads to an increase in viscosity,
although under ordinary operating conditions the increase will be low. Finely dispersed metal
particles may act as a catalyst to oxidize the fluid. A decrease in viscosity, on the other hand,
usually indicates the presence of some low-viscosity contaminant such as fuel or solvent.

4.1.2

4.1.3

41.4

Acid Number:
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Diesters are S
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hcid generation through hydrolysis must be taken into account. Bg
y contain substantial amounts (up to 33%) of lubricant diesters, in
w temperature and seal swell characteristics. Esters are manufag
cohols and acids, with water being formed as a byproduct. Howe\
the reverse reaction can also occur; esters can feact with water to
esultant increase in acid number. This reaction, called hydrolysis,
bsents a problem except where gross contamination by water is a

b Points: The relatively high flash and*fire points of MIL-H-83282
hose of MIL-H-5606 and MIL-H-6Q83, have been a major reason {
tic hydrocarbon fluids. In the fi€ld, the changeover of aircraft hydr
b MIL-H-83282 was often carried out by simple attrition, with the s
hs make-up when the levelof MIL-H-4606 became low. Thus, ther
tures of MIL-H-83282.ahd MIL-H-4606 having flash and fire point

feflect contamination by low-boiling solvents or fuel,
MIL-H-88282 and 500 ppm maximum for its rust-inhibited counter

lightly*hygroscopic, and tend to pick up moisture if drums or contai
or extended periods of time prior to filling a system. Compressed

reservoir sup

Degradation of the two synthetic hydrocarbon fluids may be accclmmpanied by an

L-H-46170, the

th fluids

order to achieve
tured by the

er, at high

form alcohols and
is extremely slow,
actor.

and MIL-H-46170,
or the increased
hulic systems from
nthetic base fluid
P are many aircraft
b intermediate
ystem, lower flash

t: The watercontent of the two fluids is controlled by the specificItions at 100 ppm

art MIL-H-46170.
ners are allowed to
air if used for
ontains no rust

brcharge may also be a source of moisture. Since MIL-H-83282 ¢

inhibitor, the presence of excess moisture could present a problem for susceptible metal parts and,
of course, over long periods of time, the possibility of hydrolysis must also be considered. If the
fluid temperature is high enough that the moisture can evaporate from the system, there is usually
no problem. Because of the presence of the rust inhibitor, MIL-H-46170 is less susceptible to
problems caused by moisture, however, gross amounts of water are obviously undesirable. It
should be noted that a maximum of 500 ppm H20 by-weight in MIL-H-46170 may lead to cold
weather operating problems for this fluid owing to ice crystal formation. Ice crystal can clog small
orifices and filter elements in hydraulic systems. As an alternate, MIL-H-46170 can be vacuum
dehydrated to maintain water levels at or below 250 ppm H20 by weight.
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5. EFFECTS OF CONTAMINATION:

5.1

5.2

Contamination of the fluids can occur from many sources. The effects of moisture have already been
discussed in 3.1.4 and 4.1.4. This section will deal with particulate and solvent contamination.

Particulate Contamination:

Modern hydrau
systems comp
microscopic-si
act as abrasive
standards, but
system, wear d

fluid. In-line filfers partly compensate for this problem, but, nonethgless, an incre

contamination i
Solvent Contan

Two types of s¢
components, a
Federal Specifi
the fluid. They
trichlorotrifluorg
hydraulic syste
were eventually
Gelatinous slug

lic systems are extremely sensitive to the presence of small particles. Certain

i i r scored by

ed debris in the fluid. Particles may also lodge in seals and gaskéts where they can
on moving parts. All four fluids when originally packaged meet r|gid particle count

his cleanliness is compromised as soon as the fluid containers arelopen. Once in the

bbris such as particles of metal and seal material rapidly:reduce the cleanliness of the

hse in particulate

S a common cause for fluid change-out.

hination:

Ivents have traditionally been used in flushing hydraulic systems and cleaning

nd both periodically find their way intethydraulic fluid. Hydrocarbon solvents such as
cation P-D-680, if present in sufficient quantities, can lower the flash and fire points of
may also cause excessive swelDof seals and gaskets. Chlorinatef solvents such as
ethane and trichlorethylene ¢an cause serious corrosion and sludging problems in
Ms. There are well documented cases of valve sticking in MIL-H-8606 fluid, which
traced to the presence of chlorinated solvent and moisture at elevfated temperature.

been contamin

ges containing chlarine have been reported in systems where MIL-H-83282 had
ted with trichloretrifluoroethane. As a result, the Air Force has mgved away from the

use of chlorinaged solvents in.servicing hydraulic systems, but these solvents still[persist in many
industries. Thg amount of-chlorinated solvent that can be tolerated in a fluid withput causing

corrosion and

ludge is hot known with any degree of certainty; it depends to some extent on the

system design pharactetistics. Contamination by solvent is another common cauge for fluid change-

out. Chlorinat

sojvent contamination removal from the fluid by purification is an|alternative to fluid

change-out. TheZse of vacuum dehydration equipment, has, in many cases, prdvided a suitable

alternative to fluid replacement.
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6. RECOMMENDATIONS-SUGGESTIONS FOR CHANGING OUT A HYDRAULIC FLUID:

6.1

6.2

6.3

It should be noted again that there are no absolute rules for determining when a hydraulic fluid has
become sufficiently degraded or contaminated and can no longer perform satisfactorily in a given
system. It is better, however, to be conservative when a doubt exists. Usually the cost of the fluid is
considerably less than the cost of the hydraulic system, and it is better to sacrifice a few gallons of fluid
that may still be usable than to risk failure of a key pump, valve, or servo. An alternate action would be
to condition the fluid with purification equipment. With that in mind, the following guidelines

summarized in theattached Tables 3 and 4 are offered:

MIL-H-5606 an

MIL-H-5606 an
centistokes, or
substantial deg
flash point belo
or flash point ¢
temperature, rg
5606 exceeds |
MIL-H-6083 be
maximum for th
contamination,
chlorine and wa

MIL-H-83282 a

MIL-H-83282 a
10%, or when t
point below the
viscosity at 40
fluid should be
for removal. F(
recommended

i MIL-H-6083:

d MIL-H-6083 should be changed out when the viscosity at 40 °C

when the acid number has increased by 0.2 over itg’ original value
radation will have occurred by the time either of these two limits is
W specification limits is also cause for changing out the fluid. An in
puld signal evaporation of the base oil. A chahge in system design
ther than a change of fluid, is suggested hiere. When the moisturg
|50 ppm, the fluid should be changed. *A*higher amount of water g
cause of the presence of the sulfonate*rust inhibitor; 550 ppm is th
is fluid. The total chlorine content'an indication of the amount of

should be kept below 200 ppm.CPurification to undersaturate the f
iter contamination is a safegiéard.

hd MIL-H-46170:

hd MIL-H-46170-should be changed out when the viscosity at 40 °(
he acid number-has increased by 0.2 over the original values. A g
specification‘limits is also cause for change-out. Any significantd
br 100 °F, for example, 15% is usually an indication of solvent con
changed*promptly. For MIL-H-83282, a moisture content above 3
r MiLvH-46170, higher levels of water can be tolerated, and 600 p
maximum for this fluid. The total chlorine content, an indication of

Hrops to 10
Usually

met. A drop in the

crease in viscosity
or operating

e content of MIL-H-

an be tolerated in

e suggested

thlorinated solvent

uid with respect to

C has increased by
rop in the flash
bcrease in the fluid
amination and the
DO ppm is grounds
pm is the

the amount of

chlorinated solvent contamination, should be kept below 200 ppm.

Particulate Contamination:

The tendency to generate debris that shows up as particulate contamination in the hydraulic fluid
varies considerably from one hydraulic system to another. Likewise, the sensitivity of individual
systems to the degree of particulate contamination in the fluid differs greatly. A rapid increase in
differential pressure across an in-line filter is an indication that the fluid is excessively contaminated
with particulate matter and further analysis of the fluid is recommended. In this area, the individual
must, to a large extent, establish his own guidelines as to when the hydraulic fluid is excessively

contaminated.
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TABLE 3A - MIL-H-83282 Hydraulic Fluid Characteristics and Suggested Use Limits

New In-Service
Property Test Method Unit & Limit Fluid Limit
Viscosity ASTM D 445 Centistokes, 14 +10, -15%
Min @ 40 °C
Flash Point ASTM D 92 °C, Min 205 205
(Open Cup)
Acid Number ASTM D 664 MG KOH/Gram 0.10 0.30
Max
Total ASTM D 1744 PPM 100 300
Water (Karl Fischer) Max
Free ASTM D 2709 Percent By None No Measurable
Water (Centrifuge) Volume, Max Fre€ Water
(£.01%)
Total Gas PPM 50 200
Chlorine Chromotographic Max
Particulate SAE ARP598 Max Count Per NAS 1638 1638B
Contamination Counter 100 mL Sample Class 4-6 Class 7
Automatic Size Range
Micrometers
5-15 10K 64K
16-25 1K 11.4K
26-50 150 2025
51-10Q 20 360
Over 100 5 64

TABLE 3B - MIL-H-46170B Hydraulic

Fluid Characteristics and Suggested Use Limits

New In-Service
Property Test Method Unit & Limit Fluid Limit
Viscosity ASTM D445 Centistokes, 19.5 +10, -15%
Max @ 40 °C
Flash Point ASTM D 92 °C, Min
(©pen Cup) Type | 218 218
Type Il 204 204
Acid Nurmber ASTM D 664 MG KOH/Gram 0.20 0.40
Max
Total ASTM D 1744 PPM 500 600
Water (Karl Fischer) Max
Free ASTM D 2709 Percent By None No Measurable
Water (Centrifuge) Volume, Max Free Water
(<.01%)
Total Gas PPM 50 200
Chlorine Chromotographic Max
Particulate SAE ARP598 Max Count Per NAS 1638 1638B
Contamination Counter 100 mL Sample Class 4-6 Class 7
Automatic Size Range
Micrometers
5-15 10K 64K
16-25 1K 11.4K
26-50 150 2025
51-100 20 360
Over 100 5 64
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TABLE 4A - MIL-H-5606 Hydraulic Fluid Characteristics and Suggested Use Limits

New In-Service
Property Test Method Unit & Limit Fluid Limit
Viscosity ASTM D 445 Centistokes, 13.2 Min 10.0 Min
Min @ 40 °C
Flash Point ASTM D 92 °C, Min 82 82
(Open Cup)
Acid Number ASTM D 664 MG KOH/Gram 0.20 0.40
Max
Total ASTM D 1744 PPM 100 150
Water (Karl Fischer) Max
Free ASTM D 2709 Percent By None No Measurable
Water (Centrifuge) Volume, Max Free\Vater
(<.01%)
Total Gas PPM 50 200
Chlorine Chromotographic Max
Particulate SAE ARP598 Max Count Per NAS, 1638 NAS 1638B
Contamination Counter 100 mL Sample Class 4-6 Class 8
Automatic Size Range
Micrometers
5-15 10K 64K
16-25 1K 11.4K
26-50 150 2025
51-100 20 360
Over-100 5 64

TABLE 4B - MIL-H-6083E Hydrauli¢ Fltid Characteristics and Suggested Use Limits

New In-Service
Property Test Method Unit & Limit Fluid Limit
Viscosity ASTM D,445 Centistokes, 13.0 Min 10.0 Min
Min @ 40 °C
Flash Point ASTM D 92 °C, Min 82 82
(Open Cup)
Acid Number, ASTM D 664 MG KOH/Gram 0.20 0.40
Max
Total ASTM D 1744 PPM 500 550
Water (Karl Fischer) Max
Free ASTM D 2709 Percent By None No Measurable
Water (Centrifuge) Volume, Max Free Water
(<.01%)
Total Gas PPM 50 200
Chlorine Chromotographic Max
Particulate SAE ARP598 Max Count Per NAS 1638 1638B
Contamination Counter 100 mL Sample Class 4-6 Class 8
Automatic Size Range
Micrometers
5-15 10K 64K
16-25 1K 11.4K
26-50 150 2025
51-100 20 360
Over 100 5 64

PREPARED UNDER THE JURISDICTION OF
SAE COMMITTEE A-6, AEROSPACE FLUID POWER ACTUATION AND CONTROL TECHNOLOGIES
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