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Long-Term Storage of Missile Hydraulic Systems

PURPOSE :

Queries are not easily answered as to how long a missile hydraulic

system may be inoperatively stored without affecting its final performance.
This Aerospace Information Report summarizes the pertinent results of
hydraulic system practices leading to greater storability.
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Extensive tests were conducted on samples of MIL-H-5606A fluid that were

removed after ten years of operational storage in Minuteman Missiles.

testing showed
fluid occurred

The
that no deterioration in the functional capability of the
during the ten-year period.

The summary results of some of the more important documented fluid storage
tests follow. Other references to storage effects related to fluids will
be found in the discussion on seals, components and systems.
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Ssummary of Reference 1 Fluid Data:

Storage data from seven so

including

MIL-H-5606A (some MIL-0-5606 also)

two fluid manufacturers,
over long time periods, pro

urces,

indicated no changes in properties of

vided that

the surfaces in contact with the fluid are not in contact with air.
There is no reason why fluid, suitably formulated and kept in a clean,
closed system, cannot remain usable for three years or possibly longer.

Summary of Data from Reference 13:

Five~gallon (19 liter) sa

mples were

periodically removed from a stored 55-gallon (208 liter) drum of

MIL-H-5606A over a period of more than six years.
-space voided by the sampling.

Ambient air
Analysis of the samples showed

significant change in fluid properties.

Summary of Data from References 9 and 13:

puring a three-year

filled the
no

fluid-

seal-component test program samples of fluids placed in tin plate cans,

glass bot
intervals
other con

[]
The bags were leached, dissolved, or both by MIL<H
ainers showed no interaction.

Reference 12 Fluid Data: There was no conclusive e

operation
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summary of Data from References 2, 6 and 13: Fluid samples were removed
from the B-24 "Lady Be Good" aircraft after 17 years in the Libyan
Desert. The AN-VV-0-366 fluid met the original specification.

Storage Effects On Seals And Seal Materials: The greater majority of the

data available from the evaluation of seals for long-term storage has been
provided from shelf aging tests of elastomers. Data have been reported
from tests where seals were: individually packaged, loose in closed
cardboard containers, or in polyethelene bags. Uninstalled elastomers
suffer no serious degradation, at least for periods of 6 to 8 years,
regardless of whether they were stored in open containers or sealed.
aging at increased temperatures proved to be a reasonable procedure to
obtain accelerated aging though the estimate of the equivalent natural age
varied between 10/1 and 30/1 for 160 F (71°C) aging to 70/1 for 186 F
(86°9C) aging.

Oven
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Swell tests with Buna N and Viton A after three years showed both materials
were acceptable but that beyond three years the Buna N was somewhat more
satisfactory than Viton A.

Excessive seal stiction associated with long-term storage of flight control
actuators having polyurethane seals has been reported. The reason for the
stiction has not been determined.

The data from the aging and swell tests do not provide conclusive evidence
that seals are adequate in component installations. However, an indication
of the adequacy of seals in the installed condition has been shown by some
storage tests on linear actuators. Actuators incorporating O-rings of
various materials were stored to evaluate seal deterioration that would
lead to leakage and materlal cold flow that would lead to stlctlon. It was
concluded t : se¢ leakage
was observed

in only a few random cases.

The comparigon of the breakaway friction before and after 14, years storage
indicated sgme variation. One set of data showed the rangeé of breakaway
friction as|5 to 35 1lb (22 to 156 N) for the actuators priior to storage and
7 to 28 1lb (31 to 125 N) after storage. From these datarit must|be
concluded tHat no definite pattern was established that showed eyidence of
seal materigl cold flow (compression set) resulting(in increased|breakaway
friction following long-term storage. Another set/of data showed the worst
condition of change in breakaway force as 13 to 72 1lb (58 to 320(N). This
change on a|percentage basis is great, but from\a force magnitude basis is
usually insignificant in a 3000 psi (21 MPa) thydraulic system for a typical
missile application. However there have beén recent applicationg where
single-stage (low pressure gain) servovalves and small area actuators are
employed. A larde friction increase in (these applications may b
intolerable The other major point is.\that the increased breakayay
friction would only be encountered omythe initial stroke of the actuator
following l¢ng-term storage. Normal“-operating breakaway friction values
would be en¢ountered in subsequent,strokes.

Based on the percentage increase in average force, from the above data, a
testing agency's recommendation was that breakaway friction needed to be
reduced and|that an interim solution would be to exercise hydraulic systems
during storage. Since this conclusion was not formulated using all of the
facts, i.e.} breakaway«fotrce versus total available force, it sheuld be
considered 1nvalid. Furthermore the permanent solution to decreg@sing
stiction is|by redesign of the seal gland, which design should be
thoroughly ¢valuated prior to recommending the expensive program|of
requiring system,eXercising during storage.

There appeaks_-to be no just1f1ed cause to doubt the ab111ty to st
elastomeric
years. The summary of results of some of the more important documented
seal storage tests follows.

Other references to storage effects on seals will be found in the
discussion on components and systems. Section 6.3 contains a reference
list of material on seal shelf aging that became available too late to be
incorporated in this report.

3.2.1 Summary of Reference 13 Seal Data: Several independent evaluations have
led to the conclusion that elastomers stored outside of components
apparently suffer no serious degradation, regardless of whether they are
stored in open containers or sealed, at least for periods of 6 to 8
years. The worst variation in seal properties of Buna N O-rings after a
four year shelf aging test was as follows:

a. The change in tensile strength was + 14% from 1510 psi
(10.4 MPa)
b. The change in elongation was -22% from 226%
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¢. The change in modulus at 100% elongation was + 37% from
440 psi (3 MPa)
d. The change in Shore A hardness was +8° from 699,

Other tests were performed for shorter than three-year durations, and on
other materials with results consistent with the above data.

In other evaluations, O-rings, which had reached the maximum allowable
storage age of four years under MIL-P-5516, were tested for an additional
four years of shelf aging. During this additional storage all seals were
not kept individually packaged. At the conclusion of this added four
years the maximum changes in properties resulting from the additional
four years of aging were:

i i ile psi
(11.9 to 11.3 MPa) (-5%).
b. An increase in ultimate elongation from 150 tol\16/0%.
b, A reduction in modulus at 100% elongation from 980 to
850 psi (6.8 to 5.9 MPa).
3, A reduction in permanent set at 50% elongation friom 2 to 1%.
b, An increase in specific gravity from 1.3% to 1.33.

From the results of this test it was concluded that,"O-rings orijginally
meeting MIL-P-5516 will be satisfactory for service after shelf] aging at
moderate temperatures for at least 8 years.

Commenﬁ: fest data obtained from the Mare Island Naval Shipyard show
that the teénsile strength of seals procured.under MIL-P-5516 inlcreases
with storage time to a value of +36% at l0“-years.

There are ho known existing specifications for acceptance of seals
following storage. This suggests that engineering judgment baskd on
experience|is used to establish the- adegquacy of seal properties| following
storage. Dbservation of the datafor the 0-4 year and 0-6 year| shelf
aging test$ with the data from'the fourth and eighth years shows that the
properties} with the exceptionrof tensile strength, tend to change only
by a small|amount after the fourth year. The amount of change [in tensile
strength rtcorded during tests does not appear to be deleterious to seal
use. These¢ observations'\therefore confirm that seals stored outside
components|are good for-at least eight years and probably more [than ten.

Summary of|Reference—10 Seal Data: A three-year seal immersion| test
showed that none.of the rubbers tested were degraded beyond uselfulness.
The tested|compdéunds were Viton A, Silicone LS53, Buna N, and oprene W;
all tested|perprocedures contained in MIL-P-25732A., The ASTM PD471-57T
volume swell test at 1600F (71°C) was judged a reasonably accurfate
acceleratedaging test The oven i i i by 10/1
or 30/1 depending on the process.

Comments: The most important result of the swell test was considered the

fact that after reaching maximum swell, due to fluid absorption,

continued immersion causes the extraction of a portion of the plasticizer
(present in Buna N and Neoprene compounds) and a resultant reduction in
swell.

summary of Reference 9 Seal Data: Viton A, Buna N, and Neoprene W seals

were tested in a three-year basic volume swell test and showed that Viton
A and Buna N were acceptable. Beyond three years Viton A appeared to
degrade more rapidly than Buna N.
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Four sets of 5 World War II aircraft servo cylinders were stored for
three years. Each cylinder contained a combination of new or aged Buna N
seals in the piston and gland installations. The actuators were stored
either filled or flushed and drained. This preparation provided eight
separate test configurations. Results of the test were: (1) the tensile
modulus of piston seals was greater than that of shaft seals; (2) seals
in actuators without fluid had a lower modulus than seals in filled
actuators; and (3) aged seals, those already installed five years prior
to the test, had a greater modulus than new seals. These results show
that an increased modulus means increased age and that the presence of
MIL-H-5606A is the major cause of aging. Of the three seal failures, two
were in cylinders filled with the fluid. This agrees with the conclusion
that fluid ages seals. All of the seal failures were of old rings
indicating a useful storage life in excess of eight years.

An evaluatlion of seal breakaway friction during one-half and gne-year
storage pegriods was performed using 108 aircraft servo cylindeys. The
cylinders [were equipped with either Viton A, aged AN Buna(N, MY Buna N,
Neoprene W, AN Buna N, or Fluorosilicone seals. 1In almost~-all |cases the
breakaway |[friction increased as a result of storage. (The MS Buyna N seals
were superlfior showing an average increase from 20 to 24 1lb (89 |to 107 N)
in the ong-half-year test and from 17 to 28 1lb (76 <to 125 N) irf the
one-year-tlest. Comparison of the results of the one-half-year |test to
those of tlhe one-year test indicated the majority Of the incregse
developed [during the first six months. Observation of the worgt case for
a single gctuator showed an increased frictiéh from 13 to 72 14 (58 to
320 N).

Comments: | The poorer results with Viton\after three years oil |[immersion

are probably due to a higher equilibrigm value for volume chande, due to
the fact tlhat Viton compounds generally contain no extractable
plasticiz]r.

The statenent that "the presence ,of MIL-H-5606A is the major cguse of
aging" is |[debatable. Assuming;a Buna N compound compatible with
MIL-H-5606A (i.e. - one which“has a small positive swell in this fluid)
the fluid |would serve to ptrotect the seals from the two of the |three
generally |recognized causes of aging - 1) continued vulcanization - that
is, contirlued chemicalyactivity of the unused residue of vulcanization
ingredientls in the compound, 2) oxidation and 3) volatilization of
plasticizdr. The flwid would not protect from 1) above, of coyrse.
Also, there may be’sSome loss of plasticizer, but in a compatible
fluid/seall system_this is really an exchange of fluid for plasfjicizer.

The conclysioen’a useful life in excess of 8 years" was made by the
author of |Réference 9 and does not appear to be supported by tgst results.

The increase from 13 to 72 1lb (58 to 320 N) would have negligible effect
on many 3000 psi (21 MPa) missile hydraulic systems. Lately, however,
there have been applications where single stage servovalves and small
actuators are employed. Such an increase could not be tolerated in these
applications. It must also be recognized that the World War II actuators
were built to a state-of-the-art technology much lower than the missile
technology of today.

summary of Reference 1 Seal Data: Storage tests were conducted to

evaluate deterioration of seals leading to leakage, and cold flow
{(compression set) of seals leading to stiction. The objective was
accomplished using 147 World War II servo cylinders stored for 14 years.
The actuators contained AN6227-23 and AN6227-19 O-rings. The test
results identified four internal leaks and no external leaks. The
average breakaway friction after storage was 16.4 1lb (73 N) before
cycling and 12 1b (53 N) after cycling. The range of breakaway friction
for all of the actuators after storage was 7 to 28 1lb (31 to 125 N) as
compared to a before storage range of 5 to 35 1lb (22 to 156 N). The
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average breakaway friction increased 30% while the maximum friction

reduced 20% during the 14 years.

The testing agency concluded

that

deterioration of seals was not a serious problem and that the cold flow
(compression set) of seals resulting in stiction needed some attention.
Missile storage for three years was justified by careful selection of the

servo design and seals,

required exercising of the hydraulic system during storage.

Comments:

breakaway.

An interim solution to stiction was suggested as

The data showing the change in stiction (breakaway friction)
resulting from 14 years storage do not consistently show increased

Because of this it must be assumed that some seal

configurations provide leakage control without resulting in increased

breakaway friction with time.
it was not intentional, it must be concluded that design practices

developed
investigat
to recomme
suggested

Component Pe

ion of design improvements should be explored thoroug
hding the costly procedure of exercising during storg
by the testing agency.

rformance Resulting From Storage: Long-term Storage
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have been in
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accumulators

A few servov
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and they sho
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procedures,
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valves not o
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be avoided.
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storage for
902E wet tor
type. The p
before and a
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periodically
approximatel

tem components have been collected for intentionally
components, equipment installed in missiles and airdg
entionally stored, and equipment recovéred from Worl
had crash landed and remained lost for many years.
interest were on hydraulic servovalves, actuators,

lves having two to three yearsxof service life were
additional two to three years)\of storage without ex
ed no performance deterioratiion. This was true eve
drained from the hydraulic‘system due to faulty ca

Since this has been achieved, even though

can be
. The

hly prior
ge as

data on

raft that
d war II

The data
pumps, and

tested

rcising,
though

ping

These data are contrasted) to data obtained by testing
hat had been partially,filled with fluid which resulted in the

erating after two yedrs of storage. Storage result
e the inconsistency ;in performance of servovalves wh
11y filled. The risk associated with storing a part
lic system is not ‘justified and as a general practid

ests were gonducted on three servovalves before and
wo to three years. Two of these valves were of the
ue motor{type and one was a Moog Model 2054B dry tor
rformance tests showed no significant differences in
ter/performance, The data comparing 46 shelf-stored
o0 Zlsimilar valves installed in missiles that were

éxercised showed no performance differences after

such as
ich are
ially

e should

after

Moog Model

gue motor
the

It can be concluded that by using proper storage procedure hydraulic
servovalves should be expected to operate per their performance
specifications after at least four years of unexercised storage, and in
many cases after longer storage durations,

Information to be learned from the storage of linear actuators is primarily

related to the evaluation of seals during storage.

discussed in

Section 3.2, Particular information related to the

This has already been

actuator

itself indicated that piston rods moved freely and there was no corrosion

of parts after 17 years inactive storage on the Libyan Desert,

Other

actuator component test data resulted from tests where obtaining particular
seal information was not the test objective,

The data available allow comparison of storage results where there was no
exercising, to storage with infrequent exercising, and with frequent
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exercising.

in components and such wear increases the probability of failure.
failures are not attributable to storage.

The data support the fact that frequent exercising causes wear
Such
The comparison of 46 shelf-

stored actuators to 71 actuators stored in missiles that were infrequently

exercised revealed no failures in either case.

conclusion that

This supports the
actuators, when properly designed can be stored

continuously inactive at least three years and possibly up to 10 years (as
a limiting value for seals) without affecting performance significantly.

Pump storage data reflect the same conclusion as that made above with

respect to actuators.

component.
after 17 years

specification.

very long stora
of approximatel
might well be ¢
minimum of oper

Motor pump pack
after three yea
month. Similapy
demonstrated an
units in the fi

The possible 19
not experienced
porosity of elq
of high pressur
diaphragm of hy
allowed without
allowable leaks
established per

Accumulator stg
all shown that
resultant press
accumulators of
an outdoor envi
maximum of 12%

An installed bl
Ice Cap was fou
charging pressy
accumulators in
cases the bladd

Without exercising,

Frequent exercising reduces the storage life
the pump in the "Lady Be Good"
of inactivity, passed its original procurement

of a

aircraft,

The satisfactory performance of this particular unit after

v 125 hr. 1In the case of missiles, shorter servicepl
xpected since the missiles are normally stored folllow
ating time.

ages from the Polaris program showed no perfiormance d
rs of fleet service where they were exercised once ps§
ly the hydraulic pumps from the Atlas praegram have
average discrepancy rate less than 1/20)0f one percsd
eld with approximately one per month operation.

ss of air precharge from hydraulic*accumulators is a
by other components in a hydraulde system. The naty
stomeric materials results in axslight leakage of "sdg
e gas through or past the O-rihgs, or through the bldg
draulic accumulators. Therefore, some air leakage sH
defining the condition as-a' storage failure.
ge depends on the particular system design and its
formance requirements.

rage tests, with bothv'piston and bladder accumulatorg
some leakage will .occur, although in most cases the
ure drop has begen insignificant. Twenty-three pistor
various sizes~were stored for a minimum of three yeg
ronment. Thg leakage averaged 1% for all 23 actuatorn
or 90 psi, «(620 kPa) for the worst single case.

adder aecumulator in a B-17 for 23 years on the Greer
nd to have only a 25 psi (172 kPa) drop in the origir
re o£ 350 psi (2413 kPa). The majority of the bladde
spected after storage had broken bladders. 1In almost
er~ruptures were the result of an improper design pr§

and not attrib

: G | '

is concluded that the remainder of the accumulators tested,

failure details

= 3= 3 n 1 £ 1 | . o~ =
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were not available, failed in a similar manner.

tes,
for which
The

istory

ife
ing a

hange
r

nt of

problem
ral
epage"
dder or
ould be

The amount of

, have

rs in
s and a

land
al
Y

all
ctice
it

averade precharge leakage rate for piston type accumulators stored so that
leakage could be periodically measured was 0.3% per year of storage.

A reservoir indicator rod seal in the Maverick Missile hydraulic power

package was experiencing spiral failure due to friction on a dry rod.

The

package was redesigned using a two-stage rod seal - the primary seal being
a Buna N O-ring and the secondary seal a TFE filled fluorosilicone O-ring.
The space between was not vented,

Dburing three and one-half years of field experience with approximately 1500
accessory power units delivered to Minuteman program no external leakage of
pump shaft seal or static O-rings has been observed.. The overall results
of the component storage tests tend to indicate that there should be no
difficulty in inactively storing missile hydraulic system components for at
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least five years when up-to-date design practices are utilized.
available pump data support his conclusion, additional pump storage testing
would provide a larger data sample from which more accurate conclusions
could be drawn, particularly in respect to pump shaft dynamic seals.

Though the

The summary results of some of the more important documented component

storage test

s follow.

components will be found in the discussion on seals and systems.

summary of Reference 5 Component Data:

Other references to storage effects related to

Three Weston servovalves were

tested after two to five years of installed storage in a stored F9F-8 jet
buring the storage period all of the preservative fluid had

aircraft.
drained fr

was indicated.

om the aircraft system.

Considerable service life of aircraft
The test results showed no deterioration of performance

due to pri
of two val

summary of

Of ServicCe Or storage totaling SixX years, nine month
ves and eight years, six months for the third valveés

Reference 3 Component Data: Six units each of-doub

accumulatg
(3280 ml)
a minimum
nitrogen g
checked.

week. No
less than
of 90 psi

Summary of]

rs having capacities of -25 (410), 50 (820), and 200

were stored with five lightweight 25 cu in.% (410 ml)
of three years following an initial 750 psig (5170 K
recharge. Accumulator breakaway friction{was period
Pressure and temperature of each unit_were monitored
evidence of seizing of seals was observed. Leakage

1% for all accumulators with the worst leakage case

(620 kPa). .

Data from Reference ll: The recovery of items from

aircraft,
Ice Cap, Y
fluid samp
engine dri
and rubbern
however, I
serviceabl
recovery 1
period.

Summary of

which crash landed in 1942 inlgood condition on the
as accomplished in 1965. Inc¢luded in the recovered
les, a hydraulic turret transmission, a cowl flap cy
ven pump, spherical accumudlator (with rubber diaphra
samples, Component evaluation has not been complet
reliminary tests have'shown the equipment to be very
e. The accumulator_air pressure was 325 psi (2240 K
ndicating a loss, of 25-50 psi (170-340 KPa) during t

Data from Refierence 6 and 2: A number of hydraulic

were remoy
for 17 yes
aircraft |
componentg
unloading
cylinders
valve, chg

ed from a .B24-D aircraft which had remained in good
rs on theé) Libyan Desert following a crash landing.
ad beenin service for approximately 125 operating h
were.a main system pump, hydraulic motor, relief va
valve, accumulator, turret transmission, filter and
The motor, right main gear cylinder,.swivel joint,
ck)valve, turret valve assembly, gun charger, nose ¢

5 for each

le shell
cu in.
units for
Pa gauge)
ically
each
hveraged
being 12%

a B-17
Greenland
L tems were
linder, an
ym) hoses -
bd ;

ba) after
he 23-year

components
tondition
'he
burs.
Lve,
tarious

relief
bar

The

cylinder,
inspected,

and another actuating cylinder were disassembled and
The pump, left flap cylinder, swivel joint, relief

valve,

check valve, accumulator, and small cylinder were tested in the "as

recovered"

condition.

Exterior inspection of components showed little or no corrosion, piston

rods moved freely, were coated with oil when extended, and were shiny in
appearance. Drive shafts rotated freely by hand and bearings were good.
The pump was tested to the original production test and met the delivery
requirements of a new unit, Both the interior and exterior of the motor
were exposed to sand during the crash. The drive shaft, however, turned
freely by hand and there was no internal corrosion or deterioration. The
motor pump pressure test showed acceptable performance and the motor had
normal cylinder block 1lift, volumetric efficiency, and differential
pressure. Leakage was above normal due to sand scoring. The scoring was
determined to be caused by large amounts of sand ingestion during ground
service., Sand ingestion was so severe that 14 aircraft on the same
mission had to turn back due to sand in the engines,
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3.3.5

3.3.5.1

3.3.5.2

summary of Reference 13 Component Data:

Pumps: A relatively low failure rate appears to be applicable to
hydraulic pumps in dormant situations. Exercising at period intervals
is an important factor. Leakage is the primary mode of failure.

Pump storage data consist of the results of storage of a large number
of units for six months to three years with exercising at 90-day
intervals. Comparisons are made to storage of a small number of units
for 10 years with exercising once per week for nine years and once per
two weeks for the final year. The data also show the results of
storage of two units for 17 years without exercising.

Analysis of these results show more failures for the highly exercised
equipme an was experience no
failureg after storage for the units that were not exerciséd|{ Where
failure|times during storage were available, which was for - the
three~y¢ar tests, the failures were evidenced predominantly pt the end
of the three years.

: The practice of exercising a system to determine whether it
tisfactory operating condition is a reliability test|, not a
the capability of the system to be stored. Repeated| exercising
t parts and failures resulting from slUch wear should| not be
attributed to a result of storage. The above data tend to amplify this
comment

Actuatofrs: Note: The results of actudtor storage tests incfluded
inactivé shelf storage data and data.for exercised equipment| in system
installations. Some of the data utidized in this reference ffor
actuator component discussion will-be discussed as system dafta later in
this report. Other data discussed in this reference as actuptor
componeht data were primarily‘the result of seal storage tesiting which
has already been discussed. \These data are not summarized here.

Actuatofs suffer serious degradation if they are not exercis
storage Failure rates.\for unexercised actuators are on th

d during
order of

50 timep higher than for exercised actuators. If properly designed and

exercispd, actuator (failure rates can be maintained at a realsonably low
level ih storage conditions.

The actlhator storage data compare five parts stored for 17
without| exercising with 90 parts, some stored for a maximum
years, having'little exercising and 11 parts stored in exce
years vwjithUfrequent exercising. The data also compare 117
having p“Mmaximum of 46-month storage, where 40% were inacti
stored and 60% were periodically exercised in missile systems.

There were no failures of the five aircraft servocylinders stored for
17 years or the 117 missile actuators of which 40% were shelf-stored.
Eight of the eleven actuators frequently exercised failed during the 10
years of storage. Of the 90 parts stored from 1 to 3 years, five
leakage failures were observed in comparison to 38 other failure
conditions for the actuator. Based on these data samples and the
others mentioned in the above comment, failure rates were calculated.

Comment: The excessive number of failures within the sample of 90

parts indicates a poor actuator design or an actuator where development
had not been completed. This type data should not be used to show
storage capability because the parts should be expected to fail from
other causes. The eight failures within the field of eleven actuators
frequently exercised emphasizes the comment made previously that
exercise produces wear leading to component failure. The most
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significant data from this reference show that no distinction in
performance after storage could be made between actuators that were
shelf-stored and actuators periodically exercised in missiles., It can
be concluded from this that exercising is not necessary to ensure
operational capability of actuators after at least three years storage
and possibly much longer.

3.3.5.3 . Sservovalves: Servovalves, like actuators, do not suffer particularly
from dormancy provided they are properly designed and periodically
exercised. In general, their failure rate does not change
significantly with time under these conditions.

An F9F-8 aircraft with three servovalves was stored for 2.5 years.
MIL-H-6083 preservative fluid was lost during the storage period
through [improper capping. € valves operate
storage [period. Each of the 117 actuators mentioned in the
discussilon were fitted with a servovalve, Fluid in these '‘systems was
MIL-H-25598. All of the valves, whether periodically exerci
missile |or shelf stored, successfully passed performance tests after
storage. Similar 2520 valves from 630 missiles showed no fajlure -
during gix months to two years storage with periodic exercising of the
missiled. :

Comment: The servovalve storage data indicatetacceptable storage for
at least three years because valves stored, without exercising were as
acceptallle as those that were exercised. _It is, therefore, ¢oncluded
that exdrcising does not appear to be required.

3.3.5.4 Solenoid valves: Forty-six hydrauliclisoclenoid valves all fajled to
operate |after five years of shelf storage prior to customer delivery.
Failureq were attributed to fluid causing sticky sliders, but cleaning
did not |relievé the stickiness. )

Comments: The data present for’the 46 solenoid valves do not|appear to
be a valid storage test. There are no data to indicate the valves
operated successfully before storage. Acceptable operation Before
storage |[is further questioned by the fact that valve cleaning did not
cure thg sticky condition. Cleaning would have cured the stickiness if
‘the fluild were responsible,

3.3.5.5 Accumulators: Diaphragm and bladder-type accumulators exhibilt
relativegly high storage-related failure rates. Failure rateg for the
diaphragm, bladder, and piston types of accumulators could b¢ reduced
considenably/by better design and closer control over gas charging and
hydraulijc, fIuid filling procedures, With present designs, a¢cumulators
are not |[recommended for use in systems that are to experience long
dormant periods. A better choice is the use of boot-strap type
reservoir with mechanical pressurization.

Six hundred 3 to 5-inch (76 to 127 mm) diameter piston accumulators
stored on the shelf for two years without fluid and the pistons
bottomed, all leaked when tested. Thirteen of thirty missile
accumulators stored in the missiles from one to three years failed. A
number of these failures were attributed to shipment. The missiles
were not reqularly exercised. Eleven bladder accumulators on 30
missile trailers, stored for one to three years, were found ruptured.
The causes of failure were all a function of improper design which
allowed overstressing or scratching of the bladder. Five percent of
the bladder accumulators in 26 B-26 aircraft reactivated after two
years storage had to be replaced. The bladder accumulator in a crashed
B-24 was recovered after 17 years. The deformation of the bladder
indicated the air charge held for a number of years prior to rupture of
the bladder. Reservoirs on the 26 B-26 aircraft which were reactivated
after two years storage satisfied aircraft requirements,
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Comments: During storage, some leakage of air from an accumulator is
to be expected. As long as that leakage is not sufficient to affect
the required performance of the system, no fajlure should be considered
to have occurred. H=asurement of precharge pressure to determine air
leakage is convenient, but must be done at the same temperature each
time. A false indication of leakage can be obtained if the air
precharge of the accumulator is introduced by other than an isothermal
process.

The piston accumulators tested include dynamic piston seal
installations and static seal installations similar to those in linear
actuators discussed in Section 3.2.4. The design of the actuator seal
installations showed that sealing during long-term storage can be
achieved and should be as adaptable for the accumulator liquid seal

L3 L - = b . ] >
designs S—It—rs—ror— acttator—aesS T

The stordge data for bladder accumulators indicate that by \proper
design practice these accumulators can also be made to sUrvive
long-tern storage. However, the use of piston instead of bladder
accumulafjors is still considered the best design practice.

The statdment that accumulators could better be réplaced by bgot-strap
reservoins in systems requiring long dormant storage is not anm option

that can |be exercised by the designer. The purpose for the a¢cumulator
is to prqvide a capability for satisfying transient requirements in the
system. |[This capability cannot be satisfied by a boot-strap reservoir.

3.3.6 Summary of |Reference 2 Component Data: Fifteen hundred Minuteman
integrated |[hydraulic power packages have.been delivered over a 3-1/2 year
period. Field experience with these packages has shown no evidénce of
external flJuid leakage. Some internal\dynamic shaft seal leakage was
reported; However, this is not attributable to storage effects.

Two thousand Polaris motor pumps(were delivered in a four-year period
with 500 hdving service life injexcess of three years. These unpits when
returned fyom fleet use were.tested and the data compared to performance
data obtained at the time of manufacture. No perceptible differences
were indicgted. The compoOnents had been exercised once per six|months
when stored outside the(missile and once per month as part of the missile
checkout in service.

Eighteen hyndred Atlas hydraulic power unit pumps were delivered in an
eight-year |period.~ Of these, 100 hHad a service life of 7-1/2 ye¢ars, 500
had a life|in e€%cess of 5 years, and 1000 had a life in excess ¢f 2
years. Th¢ pumps were éxercised during missile fill and bleed procedures
for 30 seccnds approx1mate1y once per month In addition, the pumps were
operated 2
encountered have been from 1eakage and have averaged less than 0.05% of
the units in the field.

3.3.7 Summary of Reference 15 Component Data: 5,819 helium stored gas tanks
used to provide power for the hydraulic blow-down system in the Falcon
missile were tested prior to refurbishment. The nominal initial charge
pressure was 7200 psi (50 MPa) and the average storage time was 9.5
years. 211 units failed to meet the minimum acceptance level of 6500 psi
(45 MPa) of the failed units, 105 still had half the original stored
energy, 22 were below the 50% mark, and 84 were essentially empty. The
tanks were spherical welded 4340 steel with all metal sealing in high
pressure areas and a usable volume of 20 cubic inches (330 ml).
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3.4

Hydraulic System Storage Effects:

Long-term storage test results for

complete hydraulic systems are available for both aircraft and missile

systems.
inspected were found to have faulty hydraulic systems.
discrepancies with the hydraulic systems could be attributed to
preparation for storage.
the original system design. Such test results as these are not
valuable to the study of long-term storage capability.

Aircraft which were stored up to two years and subsequently
The majority of

improper

Other discrepancies were obvious weaknesses in

considered

Field service storage of both Nike and Terrier missiles has provided data

leading to hydraulic system design changes which have improved t
life of these missiles.
discrepancies attributable to storage over three-year periods.

experience gained by redesigning for improved storage is valuabl
it shows the age—to—be—gained ri-eie destegning
long-term skorage life. These advantages are mainly in use ofru
seal configpirations and component design with minimum leakageVp9g

The storage| of more than 5700 surface-to-air missiles forup to
demonstratefl that the number of hydraulic system discrepancies
0.1% value And could be considered random. Random disCrepanciesg
from faulty| seal installations, faulty or damaged sealing surfac
like. Thesp conditions produce leakage as a function of operati
not as a fuphction of storage time.

Other publiphed results of missile hydraulic system storage are
surface-to-purface missiles.
than 10% of| the missiles removed from shelf.storage during the f
weeks. Thepe failures cannot be attributed to storage: more co
they are a fesult of seal gland design- 0r poor assembly practice
single missfile that was stored two years without exercising had
hydraulic system discrepancies.
hydraulic system storage is a practical design consideration.

Long—-term stkorage tests on a missile actuation system using MIL-

revealed plhgged filters in somé ten- to thirteen-year-old systgms.

filters werp 2 micron nominal, 15 micron absolute, and were plud
globules of| viscosity improver additive and microparticles of si
source of the silica particles was not fully explained. However
problem apppars to be the gumming up of the fine mesh filter wit
viscosity improver, which then collects any micro contaminant in
and blocks [fluid flow.

Approximatelly 110\hydraulic power units from the Maverick progra
removed and| tested by the USAF over a five-year period, with the
unit seven jéars old. The performance, checked hot and cold, wa
affected by—age—The—=es didTro i

are not operated during their storage life. As a result, the un
been approved for a nine-and-one-half-year service/storage life.

A Eq cl = = U Y C .

An aging/surveillance effort by the USAF of yearly physical chec

he storage

The redesigned systems have demonstrated no

The

e in that
ms for
p-to-date
tential.

three years
as near the
result
es, or such
ng time and

for

One group of 157 missiles had leaks in more

irst two
rrectly

s. Another
no

Thi®) result demonstrates that nlissile

H-5606A
The
ged with
lica. The
, the basic
h the

the system

have been
oldest
s not

Phese units

its have

ks of the

rubber goods in the Falcon missile program, coupled with missile firing .

reports, Q.C. reports and other reliability data, has resulted i
allowable storage life of nine years for the power plant and
servopositioners.

A series of storage tests was performed on the Sprint Missile fi
second stage control systems. These systems provide Freon-~injec
the first stage, and warm-gas powered hydraulic vane control on

stage., Various hydraulic components and complete systems were p
dormant storage for periods up to eight years. These test artic

n a minimum

rst and
tion TVC on
the second
laced in
les were

monitored for fluid leakage in storage, and were tested for performance

following storage. Components were primarily evaluated for brea

k-out
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3.4.3

friction level; systems were tested for dynamic response characteristics,
with identical tests performed before and after dormant storage. Results
indicated that component performance parameters and system dynamic
performance were essentially unchanged with storage.

A series of tests was conducted on a quantity of 25 Minuteman Stage I
Nozzle Control Units that had been on operational status in silos for 8-12
years. These 25 integrated systems each contained one electric
motor—-driven hydraulic pump and four electrohydraulic servoactuators. All
units met their original leakage requirements and the Nozzle Control Units
all passed an additional endurance test that was intended to simulate
another 10 years of silo life. As a result of this evaluation program, it
was determined that no deterioration in functional capability of the
Minuteman hydraulic hardware occurred during 8 to 12 years of operational
service.

The summary|of results of some of the more important documented’yehicle
storage test{s from which hydraulic system data are available\folllows.

Summary of Reference 1 System Data: A survey was made of 120 hydraulic
system mapufacturers and users regarding hydraulic problems reflated to
three-year storage of systems using MIL-H-5606A and similar bape fluids.
Forty replies were received containing useful information. In|summary,
six had problems with moisture in the fluid, thgee with air in| the fluid,
four with|dirt in the fluid, three with fluid.thickening with gpge, eleven
with aging of elastomeric seals, five with skiction, and four had no
problems.

Comment: |All of the above mentioned problems have been discuspged earlier
in this report and were concluded not to6 be storage problems pjrovided
that prec@qutions are taken in preparation for storage such thaft storage
is not injtiated with a contaminated system.

Summary of Data from Reference 5¢ An F7U aircraft was stored [for two
years after considerable seryice life. After the storage peripd a
flyaway inspection was performed. This inspection revealed 78| aircraft
discrepangies, 31 of which were connected with the hydraulic system. One
was consiflered attributable to preservation. 1Inspection of O-rings on
the airframe indicated-that these O-rings would have deteriorajted even if
the aircraft had been ‘kept operational.

Comment: |A number/of the hydraulic discrepancies were attributed to such
things as|missing )lockwire—--this indicating that there was litftle
aircraft preparation prior to storage. Without knowing that the
hydraulic| system was satisfactorily prepared for.storage, the
discrepanfties evaluated in the flyaway inspection cannot be aclcepted as
being the|lresult of storage or even inferred that they occurreld during
the storage period.

sSummary of Data from Reference 4: A number of aircraft, B-26's and
F-100's, were stored from one to two years with no special storage
preparation, preservation, or maintenance during storage, except that the
fluid was changed in some aircraft hydraulic systems prior to storage.
Reactivation of the aircraft following storage required considerable
replacement of components including 100% replacement of seals in £fluid
disconnects. Reasons for replacement are not specifically given although
leakage may be implied. In many cases fluid needed replacement due to
contamination. It was concluded that the information obtained could not
be used as an accurate storage analysis, but was to be regarded only as
general information.

Comment: The lack of thoroughly examining the aircraft prior to storage
is emphasized by the author's remark: "If leakage was observed, it was
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stopped." This remark indicates that the cause of such leakage was not
investigated and the replacements following the storage may have been
required due to the inadequate maintenance of the system. The evidence
of contamination is also typical of a system inadequately prepared for
storage, Symptoms of this condition have already been discussed in
earlier report sections. The 100% replacement of fluid disconnect seals
indicates poor component design rather than seal storage inadequacy.
3.4.4 Summary of Reference 9 System Data: Eighteen months storage of a number
of groups of Minuteman missile power system hardware showed no
objectionable change in dynamic performance or prohibitive leakage
attributable to storage. All systems were exercised, but each group was
exercised at a different interval from the others.

3.4.5 Summary of be
were delive

years serv
units are ¢

missile ché¢ckout.

powered by
thylene
oxide leak$, After two years service. life, 2% of the(systems reported on
had dynami¢ seal leakage attributable to wear during operation periods.
The advanced configuration of these packages incofporates an improved
battery poyered electric motor drive., Results of{ field service| in excess
of three ye¢ars for 1000 units indicated that there were no probllems
except rangiom isolated leakage discrepancies attributable to mighandling.

The initial configuration of the system was
ethylene okxide fuel and 5% of the mentioned stored systems had

500 Terrier hydraulic control systems were delivered| within a
Seven hundred of thesecunits had seven to ning years
Fifteen hundred had (nore than five vears of [life with

More than
ten year pé¢riod.
field experience.

3.4.6

Comment :

3500 more than three years life. No system was stored more tha
without a disassembly inspection. .As part of a shipboard missi
system was|functionally checked each 30 days for the first 36 m
then at 6-month intervals. When(the missiles were removed from
the storag¢ and disassembly cycle was repeated. Some of the ab
systems haye had more than five cycles of this procedure.

Initial copfigurations of the Terrier hydraulic system exhibite
leakage of |both pressupization gas and hydraulic fluid. The mo
configuration, using solid propellant to generate pressurizatio
exhibited o system~storage problems.

ixperience with stored hydraulic systems has benefite
Nike and Terrier‘programs in that the advanced configuration ha

n 6 months
le the
bnths and
ships,
bve

3 some
re recent
n gas, has

i both the

-

~3

incorporated design changes to improve the storability. The em
storability (as an 1n1t1a1 des1gn con51derat10n should be glven
attention S
suggestions on general de51gn practlces for storage )

Summary of Reference 13 System Data:

phasis on
ore
general

A survey of more than 5700 surface-

Comment :

to-air missiles, stored from six months up to three years, indicated a
total of seven hydraulic leaks, five of which were at the end of three
years of storage, More than 1100 missiles had two years storage without
failure. The storage period included some time in a depot, where the
missiles were exercised each 90 days, and some time in the field, where
there was no exercising. The percentage of time in the field is
unknown. A single surface-to-air missile, in addition to the above, was
stored 38 months without exercising and exhibited no failures.

Without more explicit data on the exercising history of the
above system it is difficult to evaluate the probable cause of the
failures. These failures, however, were on less than 0.13% of the total
number of missiles and may, therefore, be considered random
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discrepanc

ies. A certain number of random discrepancies occur

in each

assembly process and result from such things as faulty O-rings or O-ring

installati

ons, damaged sealing surfaces or O-ring grooves, etc.

Leakages

as a result of random discrepancies is not a function of storage

duration,

but a function of system operating time.

A survey of 157 surface-to-surface missiles showed that more than 10% of

those removed from storage in the first two weeks leaked.
six-week period an additional 10% leaked.

storage af
stored for
no failure
Two leakag

Comment :
considered
would most
over such
additional
exercising
due to ope€

DESIGN PRACTI

ter 17 weeks.
two-year periods.
S.
e failures resulted.

the result of storage. Poor design or improper ingf
adequately represent the reason for such a highAfail
@ short time duration. The results of storage Of‘the
missiles indicate storage capability for two _years ¥
is safer than storage with exercising becausé’ there
ration.

CE FOR LONG-TERM STORAGE: A missile hydraulic systen

designed such
operationally
Some general
criteria affe
although somg

reliability alspects of the design.

The particuld
must be eval

also be of vallue
to list critdria

that after seven years of inactive stdrage the syste
reliable if proper design criteria are initially emp
criteria are listed below as a guide'to designers. 1
ct, to various degrees, the storability of a hydrauli
of the listed items may be thought to be more import

r criteria applicable for alselecgted hardware configy
ated on the basis of the.@pplication. References 1 3
in selecting applicable criteria. No attempt has
in the order of jimportance.

Over the first
All systems were removed from
Two additional surface-to-surface missiles were
One was stored without exercising and had
The other was stored and exercised each six-month period.

nnot be

allation

ure rate
two
ithout

is no wear

can be
m will be
loyed.
hese
c system
ant to

'ration
nd 7 may
heen made

a. Keep |the total number of linear inches (millimeters) of ejternal
segls, in particular.dynamic seals, to a minimum.

b. Maintlain slightly(pressurized (5 to 75 psi) (35 to 517 kP4g)
condition throughout the system during storage, if possible, to
avoid entry_of*contaminants and to provide a positive inlet
pregssure for\ systems employing a hydraulic pump(s).

¢. Bottlled gas. should only be used when the bottles can be igolated
by [pburst” discs, squib valves, etc., from the remainder qf the
sysgtlem' during storage.

d. Use a self-contained system, sealed and not requiring connection to
ground check-out during the storage period.

e. Select a fluid acceptable for both the operation and storage
temperature randes and use only fluid additives that are essential.

f. Use a helium leak check prior to filling the system.

g. Eliminate reconnectable fluid fittings and use modular packaging
techniques wherever possible.

h. If onboard filtration is required, use wire mesh filters where

pos

sible.

If finer filtration is required (i.e., for precision

servo performance), a fluid without a viscosity index improver
should be considered.


https://saenorm.com/api/?name=596205b49646d999331de700891d2dcc

SAE AIR974A Page 16 of 21

i. Take adequate contamination precautions by carefully controlling
manufacturing and assembly and preventing water, air, and solid
particles from entering the fluid prior to and during filling.

j. Know the storability characteristics of the materials in the system.

5. CONCLUSIONS: The ability to store a missile inactively for as long as five
years prior to its operational use has to some degree been considered
impractical because "a hydraulic system cannot be stored for five years."
This conclusion has been based on assumption rather than fact. Data to
"support" the above conclusion have been taken from the same reference
material mentioned throughout this report. A closer examination of this
data reveals the fallacy in assuming that all failures that occur during a
storage period are the result of storage. Most generally the failures
attributed to oyt) or were
due to the initial conditlons where storage preparatlon was not_provided.
Unknown operational history of components prior to storage and Yag¢k of the
advantage of |advancements made in technology during the stor@ge p¢riod were
also factors. The storability picture is made even more negative|by
assuming a theoretical failure at the end of a test, even if none|occurred,
in order to ¢stablish a failure rate.

Tests have included inactive seven-year storage of hydraulic systems in a
functional milssile. Shorter duration hydraulic system storage tegts have
shown that wilth adequate preparation prior to storage, no problem
attributable |to storage will be encountered. Té&sts of longer duration than
seven years, |lusing components typical of thoselin missile hydrauljc systems,
leave no doulbt that such components may be stored for seven years|without
affecting performance. The proof is more gconclusive for components in
nearly new cgndition, which would be the ©ase for missile componefts in
storage, as dompared to aircraft components which have a long servyice life
prior to deadtivation or storage.

The storage df seals and fluid for(as long as seven years has been proven
acceptable if]l correct storage procedures are employed. Seals, both loose
and installed in linear actuators, have been successfully tested for storage
life in excegs of eight years.\. Fluids, if free from contamination and
additives that support agglomeration with time, should be considered
storable for [indefinite peérjiods. Fluids of the 5606 type which ipcorporate
a viscosity ilmprovement t@dditive, may be stored well in excess of |seven
years if the [amount ofyair, water, and particulate contamination 3re
minimized prilor to storage.

se i6a known contamination generator; therefore, serious
d be-given to the need for exercise before establishing a
ckout procedure which includes periodic operation of |the

System exerc
thought shou
mandatory ch
hydraulic sys

In summary, there is a substantial amount of storage test evidence that will
support the conclusion that missile hydraulic systems may be inactively
stored for more than seven years without affecting subsequent system
performance. This presumes that the system is adequately prepared for
storage and up-to-date design practices are followed.

6., REFERENCES: A substantial amount of the research performed in the field of
long-term storage has been initiated through the Society of Automotive
Engineers (SAE) A-6 Committee, Panel on Long-Term Storage. A number of the
reports listed below are outputs of this research. An additional
bibliography related to long-term storage is included for reference and
information; however, because of time limitations this additional material
was not used to prepare this report.
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