B

/m-mw

AD-A015 802

DYNAMIC AND STATIC EVALUATION OF EXPERIMENTAL INTEGRAL
FUEL TANK SEALANT MATERIALS

John H. Baker

Dow Corning Corporation

Prepared for:

Air Force Materials Laboratory
Defense Contract Administration Services Region

December 1974

DISTRIBUTED 8BY:

National Technical information Service
U. S. DEPARTMENT OF COMMERCE




r**-'san-‘*

- Best Available Cop)ﬁ 95129

o~

AFML~-TR-74-245

DYNAMIC AND STATIC EVALUATION OF EXPERIMENTAL

INTEGRAL FUEL TANK SEALANT MATERIALS

ADAQ15802

DOW CORNING CORPORATION

Midland, Michigan 48640

-

DECEMBER 1974

Final Report for Period 1 May 1972 ~ 31 July 1974

D D eN

D IRl
Approved for public release; 0T 16 g7
distribution unlimited. UD N
LGy g
B

AIR FORCE MATERIALS LABORATORY
AIR FORCE WRIGHT AERONAUTICAL LABORATCRIES
Air Force Systems Command
Wright-Patterson Air Force Base, Ohio 45433

Reproducad by

NATIONAL TECHNICAL
INFORMATION SERVICE

U % Napariment ol Commarca
Ynrngheld VA 22191




74

IINCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE /Whean Date Entered)

REPORT DOCUMENTATION PAGE BEF o o R T O ORM
REPORY NUMBER 2 GOVY ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

AFML-TR-74~245

4. TITLE (end Subtitle) 8. TYPE OF REPORT & PERIOD COVERED

Final ’

DYNAMIC & STATIC EVALUATION OF _
mg@'ru FL"EL TANK SEALANT 5. ieﬁzzun}cg:nzc. Repzr}T i‘:ela.za =

7. AUTHOR(®) 8. CONTRACY OR GRANT NUMBER(s)
John H. Baker P33615-72~C-1594

Q. PERFORMING OFGANIZATION NAME AND ADDRESS ‘ 10. ‘:‘:82F;AwOERLKE:E:‘TT.N%F:‘OBJEEEST. TASK
Dow Corning Corporation
Technical Service & Dev. Lab Project 7340
Midland, Michigqan 48640 Task 734005

1. CONTROLLING OFFICE NAME AND ADDRESS i 12. REPORT DATE
Elastomers & Coatings Branch December 1574
Normetallic Materials Div. !3. NUMBER OF PAGES
Air Force Mat'l Lab, Wright-Patt AFB,Qhi 81 pages

4. MONITORING AGENCY NAME & ADDRESS(if ditferent from Controlling Office) 15. SECURITY CLASS. (of this report)
Commander DCASR - Detroit unclassified
1580 E‘ Gr.a'nd BIVd' 15a. DECLASSIFICATION/ DOWNGRAUING
Detroit, Michigan 48211l SCHEDULE

t6. DISTRIBUTION STATEMENT (of this Report)

Approved for Public Release
Distribution Unlimited

7. DISTRIBUTION STATEMENT (of the absatrart entered in Block 20, (! dilferent from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS ¢Continue on reverse side if necessary and identify by block number)

Sealant Fuel containment
Dynamic testing Fuel resistant materials
Fluorosilicones Aircraft flight profile simulation

Environmental aging of sealants

720 ABSTRACT (Continue nn reverse side {f necessary and identify by block number)

This final technical report describes the investigation and
evaluation of experimental integral fuel tank sealants under
laboratory conditions simulating aircraft integral fuel tanks.

Materials investigated were Dow Corning® 77-028, 77-085, 3M
Polyester, TRW Polyimide, Polysulfide and AFML Viton. Thesge
materials were evaluated dynamically in a fillet gealed con-

LV

Taly

el

DD | rj;‘:"” 1473 FOITIAN OF 1 NOV 65 1% ORSOLFTF UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (Whan Data Enterad)




T o A R

—INCLASSIFIED

SECURITY CLASSIFICATION OF TWHIS PAGE(Whan Dats Entersc) R 1

figuration. This report also describes in detail the functions,
operations and problems encountered with the dynamic test
apparatus that has been designed and fabricated for the purpose
of evaluating experimental aircraft integral fuel tank sealants.
A portion of the effort was required to diagnose deficiencies and
mechanical failures of the testing equipment which resulted in
the lack of conclusive data in the report. As a result of these
problems, no conclusions can be made on the materials tested.

Personnel with expertise in the design and fabrication of testing
devices were solicited to critique the present sealant testing
apparatus and requested to submit recommendations for modifica-
tion or redesign. The proposed modifications and design plans
furnished by these firms are described and the recommended design
is explained.

R e g W

bv UNCLASSIFIED

JECURITY CLASSIFICATION OF THIS PAGE(Whan Date Entered)




PRI (P O "

!

-rreny ST

AFML-TR--74-245

DYNAMIC AND STATIC EVALUATION OF EXPERIMENTAL

INTEGRAL FUEL TANK SEALANT MATERIALS

DOW CORNING CORPORATION

Midland, Michigan 48640

-

DECEMBER 1974

L o B )

Final Report for Period 1 May 1972 - 31 July 1974

r—

Approved for public release;
. distribu%ion unlimited.

AIR FORCE MATERIALS LABORATORY
AIR FORCE WRIGHT AERONAUTICAL LABORATORIES
Air Force Systems Command
. Wright-Puttereon Air Force Base, Ohio 45433

|-

- A L

et L W

PR A T N




{
t

NOTICE

when Government drawings, specifications, or other data
are used tor any purpose other than in connection with a
definitely related Goverrment procurement operation, the
United States Government thereby incurs no responsibility
nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any manner
licensing the holder or any other person or corporatiocn, or
conveying xny rights or permission to manufacture, use, or
sell any patented invention that may in any way be related
thereto.

Copies of this report should not be returned unless
return is required by securaty considerations, contractual
obligations, or notice on a specific document.

This final report was prepared by Encapsulants and
Sealants Technical Service and Development Laboratory,
Dow Corning Corporation, Midland, Michigan, under Contract
Number F33615-72-C-1594, Job Order Number 73400540, with
the Air Force Materials Laboratory, Wright-Patterson Air
Force Base, Ohio. W. F. Anspach (MBE) was the Project
Engineer.

This technical report has been reviewed and is approved
for publication.

Pl ,‘) -
622§f%;qﬁ,~t'tfﬁwaazoﬁl

W. F. ANSPACH
P.oject Engineer

FOR THE COMMANDER

Nonmetallic Materials Division
Alr Force Materials Laboratory

-

.

el

TR T T ST JU o U I

ol mm

L T T T



PREFACE
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SECTICN 1

INTRODUCTION

Objective

The objective of this work was to develop, investigate, and
evaluate experimental integrai fuel tank sealants for advanced
high performance aircraft. These objectives were to be
attained under both static and dynamic conditions whic
simulate the environmert and conditicns encountered in air-

crraft integral fuel tanks.

Background

The temperature extremes encountered in the fuel tanks of
present and planned supersonic aircraft have pushed currently
available fuel containment sealants to the limits of their
capability. Now, more than ever before, it is necessary to
prove the capability of a fuel tank sealant and predict its

service life prior to selection for a particular aircraft.

Although there are "rules of thumb" regarding sealant physical

property limits for a particular application, it is not likely
that these rules can be confidently applied for all aircraft
cr sealants under consideration. The greatest problem in doing
s0 is the difficulty in correlating physical properties of
statically aged sealant specimens with dynamically stressed

sealant in an actual fillet seal configuration,
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Although efforts have been made to circumvent the problem

by dyhamically testing small sealed fuel tank sections,'in
many cases, these tests require a great deal of assembly time
prior to each test, and are frequently quite cumbersome. The
amount of material needed to seal one of these tanks makes it
very difficult to evaluate experimental sealants which are

usually available only in limited guantities.
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SECTION II

DYNAMIC TEST DEVICE

A dynamic test device has been designed and fabricated by

Dow Corning which takes into consideration size, quantity of
sealant required, and simulated environment, so that the
apparatus might be a convenient evaluation tool which would be

a help to subsequent scalant duvelopment programs.

The design of the equipment required the collecting of infor-
mation on aircreft fuel! «ark ccnditions €from reliable sources
throughout the aircraft industry. The information collected
has been covered in a previous report (AFML-TR-72-122), and,

as indicated, was inr scme instances very specific; in other
cases based on personal opinion confirmed at several sourcet;
and in other cases rather inconclusive and calling for some
degree of judgnent in weighing the importance of the information

in relationship to the equipment design.

The test apparatus was designed around the idea that sealability
is the key parameter in aircraft sealant performance and that
sealability depends upon a complex interaction of physical
properties and cannot be determined solely from physica:l
property data. Therefore, it was decided that the test would

include a representative sealed test joint which would perform

- 10 -~
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a fuel containmernt “unction =xactly as it would in an aircraft
and failure would be uefined as the pcint at which leakage
occurred. To accerplish that end, it was necessary to design

and fabricate a test apparatus completely new to the field of
materials evaluations. In so doing, the already numerous consider-
ations of the materials evaluation area have been superimposed on
the design and procedure problems associated with any new test
apparatus of such complexity. Thus, it was necessary to closely
scrutinize the validity ¢f each new piece of test data with an
eye toward possible imnvoirvzmenitc in the test procedures and
equipment, even if theoce mcdifications would reduce the signifi-

cance of data alreadr 2ccumulated.

Joint Design

In general, the aircraft industry felt the test joint shown in
Figure 1 was regpresentatiwe 5% thz average fillet seal. It
consists of a circular 3" diameter titanium cup sealed to a
titanium plate ky the test sealant. Joint deflection is
applied by holdinc¢ - =240 s*3tionary at its perimeter and
rotating the cup slichtlv. In addition, areas such as corner
joints and fasteners seem to be critical sealing points. The

corners because of the nulzidirectional stresses, and the

[}

fasteners primarily because of the large number to be sealed

without a fl-w.

Joint Movement

[}

The original aprarc o s =t lded a high frequency vibra-

tion irput, wh:ai, :11 persons contacted,
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was unnecessary. It was, however, suggested that in addition

to the torsional deflection originally proposed, there should

be a joint opening deflection. The design was subsequently
changed to include these modifications. The degree of joint
movenent depends to some degree on the type and thickness of
structural members used. Aluminum military aircraft structures,
for example, tend to have rather ihick structural members

(/2" to ¥/." in some locations) and are relatively inflexible.
Titanium aircrzft, hcwever, ducito the type of construction used
and the unique nature of the metal, tend to be more dynamic in

character.

Those sources contacted regarding aluminum aircraft felt minimal
movement should be expected in the sealed joints with which they
had experience while one source working with titanium structures
felt it was reasonable to expect .008" - .010" maximum move-
ment. In another instance, while specific joint deflections
were not available, joint movement in a titanium aircraft has
been transiated into a sealant regquirement of 18 to 20% elonga-

tion for satisfactory performance at operating temperatures.

One report (AFTR-6187) was cited as measuring the actual deflec-
tions on a B-45 aircraft by mounting a deflection meter on a
structural member and monitoring the movement of the aircraft
skin during flight. The report indicated frequent deflections
of .005" and occasional deflections up to .030". Although this
was not 4 current work, it was concluded by the source that it

should be relatively applicable to present aircraft.

- 13 -




SECTION III

PRINCIPLES AND MECHANICS OF EQUIPMENT CPERATION

Figure 2 shows é cross-section of one of the three test
cylinders. Each c¢ylinder is divided into a primary and
secondary chamber by a titanium diaphragm. A circular 3"
titanium cup sealed onto fhe diaphragm with the test sealant
acts as the test joint, and effectively separates the two
chambers by covering four °/s" openings in the diaphragm.
Heat is applied to the cylinders via radiant heat lamps
capable of producing +600°F, and the cylinders can be cooOled
to a possible -65°F by LN; injection through cooling coils
welded to the interior of the chambers. Jet fuel and fuel
vapor can be cycled in the primary chamber at temperatures
prescribed by the fuel tank temperature of the aircraft for

which the sealants are being tested.

A hollow shaft through the lower chamber, attached to the test
cup by means of a splined socket arrangement, is used to effect

a torsional displacement of the cup. A solid shaft running
through the hcllow tube contacts the back side of the titanium
diaphragm, and, through the use of a pneumatic cylinder, deflects
the diaphragm, thereby causing an opening of the sealed joint
around the perimeter of the test cup. Th2 degree of displacement
as well as the number of displacements per unit time can be

adjusted to approximate the conditions in a particular aircraft.
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Pressures in the two chambers are regulated in such a mannexr
that the secondary chamber is at a slightly lower pressure
than the primary chamber. In the event of a sealant failure
during the course of a test, fuel or fuel vapor enters the
secondary chamber and is sensed by a detection apparatus. A
relay activated by the detection circuit shuts off the fuel
supply, heat and refrigeration. Failure is visually indicated

by a pilot lamp.

Temperature Profile

Most military aircraft encounter peak skin temperatures of

375°F or less, with the peak temperature usually accounting for
less than 5% of the total flight time. The remaining flight
‘time consists of moderate speeds generating skin temperature
between 200°F and 300°F, or subsonic speeds possibly accompanied

by sub-zero skin temperatures.

Of more concern, at present, are aircraft cruising at extremely
high speeds. Maximum skin temperatures for the SST were pro-
jected at 440° - 450°F at certain points on the zircraft.
Approximately 70 - 75% of the flight time was to have consisted
of peak temperature exposure, requiring a fuel containment
sealant, ideally, to last approximately 30,000 hours at that

temperature.

Even more stringent are the temperature requirements of the

SR-71 type of aircraft which generate peak temperatures in the

- 16 -



550° - 600°F range, with the peak temperature again accounting

for a large percentage of the total flight time.

Sub-zero temperatdre extremes have been the subject for much
discussion. The generally accepted low temperature extreme is
-65°F, but at least two sources felt that -65°F was unrealisti-
cally low. Only one instance of actual temperature measure-
ment was cited, with the lowest temperature being recorded at
-45°F during flight at subsonic speeds. It is conceivable,
howeﬁer, that ground temperatures down to -65°F could be
encountered by an aircraft in isolated instances, and that

a sealant with poor low temperature flexibility might be

caused to fail due to the high joint deflections present

during taxi and takeoff.

Test Cycle Programming

Testing consists of repetition of a simulated aircraft flight
cycle. In order to synchronize the various test functions such
as heat, refrigeration, etc., a program card timer capable of
switching up to 30 functions is used for all three units. This
instrument uses programmable plastic cards and provides ¢ wide

latitude of possible simulated test conditions (Figure 3).

The following test cycle has been used on all specimens to date:

(Note: temperatures are merely representative.)



FIGURE 3 - PROGRAM TIMER AND PRUGRAM CARD

- 18 -




Cumulative Time Test Conditions

0 hours Pressure control on, fuel bypass line

open to fill chamber, fuel metering
valve set at 2 cc/min; all other

functions off.

0.30 hours Fuel bypaés closed, joint deflection

on. Heat on; temperature rises to 250°F.

1.00 hours Fuel evacuated from chamber; temperature

rises to 550°F.

2.50 hours Heat off: deflection off.

2.77 houvrs Recycle to time 0.

Test Equipment Capabilities

Based on specifications set forth at the inception of this contract,

as well as the information summarized in the preceding sections,

the d§namic test device (refer to Figures 2 through 6) was

designed to include the following capabilities:

1.

Temperature capability between -65°F and 600°F with

either extreme obtainable within 15 minutes.

Torsional deflection - adjustable over at least 0-.030"
rotary movement measured at the perimeter of the test

cup. Rate of deflection covers a range of 0-30 de~-
flections per minute, both clockwise and counter-clockwise.
Joint opening deflection - adjustable over at least

0-.030" opening at the perimeter of the test cup.

Deflection rate is adjustable between 0-100 deflections

per minute.
- 19 =~
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Chambers may be evacuated, pressurized with air or nitrogen,
or the air or nitrogen may be bled into the chambers while
evacuated.

Fuel may be ﬁetered into the chambers at an adjustable rate,
or they may be filled at a more rapid rate through a separate
fuel line. Fuel may also be rapidly evacuated from the
chambers at any time.

Sealant failure, indicated by leakage of fuel through a test

joint, is detected by a liquid sensing thermistor circuit

‘in the vacuum outlet of the secondary chamber. When leakage

is detected, the sensor automatically terminates operation
of the affected chamber.

All test functions are controlled by a program card timer
which can ke programmed for the desired seguence cf events

and recycled indefinitely.

- 23 -
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SECTION IV

SEALANT MATERIALS

Sealants evaluated under thi: program included:
1. Polysulfide {(MIL-5-8802)
2. Polyimide (TRW)
3. Poulyester (3M~EC-2263;

4, Low Modulus Fluorosilicone (Dow Corning 77-085)

Evaluation of these materials, which were exploratory in nature,
will hopefully prcvide a basc frcm which to direct further

studies.

Physical Property Determirations

The sealant specimens used in the static aging were prepared and
tested as follows: Die "C" tensile specimens and Die "B"
(ASTM-D412) tear specimens were cut from the cured slabs. These

were then tagged, weighed and placed in the fuel vapor aging

chamber. As specimens were removed from the chanber after agirg,

they were heated in a circulating hot air oven for 2 hours at
200°F to remove any absorbed jet fuel, then reweighed to deter-

mine weight loss.

Tensile strength, tear strength and elongation were then deter-

mined on an Instron test apparatus at room tcmperature, the

- 24 -
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temperature at which the aging was performed and, in some

cases, at a selected sub-zero temperature such as -45°F.

Static Fuel Vapor Aging

Fuel vapor aging was performed using the apparatus shown in
Figure 7. Tensile and tear specimeis were pre-weighed and placed
into the test chamber in stainless steel mesh baskets. The
chamber was sealed and vacuum was applied to maintain an in-
ternal pressure of 4 psia. JP-7 jet fuel was metered into the
chamber at approximately 2 cc/min. and the temperature was

raised to a point coinciding with the high temperature vapor
portion of the dynaric test cycle. The jet fuel supply system

used only new fuel, which was discarfé~d after each test.

Several specirens were removed from the chamber at selected
intervals of aging, ard physacal properties were determined
after the specimens were dried for 2 hours at 200°F and re-
weighed for weight loss determination. Total aging time
coincided approximately witnh the total high temperature dwell
time experienced by the material in the dynamic test up to

the failure point of the fillet sealed test specimen.

Static Test Results

The critical area for concern is the relatively poor properties
at 550°F, Hot elongation and tear propagation resistance are

particular.iy important when viewed in relationship to the dynamic

- 25 -
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deflection model shown in Figure 8. This figure is an enlarged
cross-section of a test joint in the area of contact between the
test cup and plate. Assuming that (c¢) is an imaginary sealant
filament, it can be observed that as the filament moves from
point (b) to point (a), it decreases in length, until at (b) the
length is essentially zero. 1In the test specimens being used,
however, it can be assumed that a very thin film of sealant

could exist at that point.

Since the joint opening and torsional deflection are set at
predetermined levels during the testing, it is possible to
calculate the extension of any filament (c). It is recognized
that the preceding model is a gross simplification of a very
complex stress analysis, but it does indicate that extremely
high sealant extension can occur near the joint contact point.
The high extension will be somewhat tempered by the fact that

during hand injection filleting of a pre~assembled aircraft

structure, the sealant may not be forced completely into the con-

tact area. Nevertheless, it is certain that eithey adhesive or
cohesive failure will cccur if sealant is forced within .100"
of the contact point, based on the high temperature physical

properties obtained thus far and the joint opening and torsional

deflections of .005" each.

Dynamic Test r.ocedure

The dynamic test specimens were prepared by first etching the

titanium panels in a 7% hydrofluoric/21% nitric acid solution

- 27 -
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and a final cleaning in acetone before applying the appropriate
adhesion primers. The cleaned, primed test cups were then placed
in the molding jig illustrated in Figure 9, and sealant was in-
jected into the jig around the outside of the cup. The titanium
panels were then placed in the jig on top of the inverted cup

and the top platen of the molding jig was placed on top of the
plate. The entire assembly was placed‘in a press and vulcanized

at the proper conditions for the particular material.

Finished specimens (Figure 9) were then bolted to the botton halves
of the dynamic test apparatus and deflection levels were set at
.005" torsional movement and .005" joint opening using the de-
flection meter set-up shown in Figures 10 and 11. The test
chgmbers were then completely assembled and the test cycle was
initiated. When leakage through the test joint was indicated
electronically, the standard procedure was to first check the
leak detector housing for the presence of fuel, and then to dis-
assemble the affected chamber and visually examine the specimen.
The specimen was then removed and rechecked for leakage by
pulling a vacuum on one side of the specimen and checking for

air leakage through the sealant fillet. This was accomplished by
placing a bell jar, half filled with water, on one side of the

panel and inspecting for air bubbles when the vacuum was drawn.

Dynamic Test Results

Poor performance of the sealants tested to date can be accounted

for by a number of failure modes.
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FIGURE 11 - TORSIONAL DEFLECTION
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The PRC-8802 polysulfide sealant has been partially tested both

statically and dynamically.

Dynamically, the material has survived 4 hours at -65 using
.005" torsional deflection and .005" joint opening. Test chamber
pressure was maintained at 5 psia on the primary side and 4 psia

on the secondary side. The fuel uséd was JP-7.

Sponging occurred in the fillet during two separate attempts to
test the material with a 140°F liquid fuel soak and a 250°F vapor
exposure. The first attempt was made on specimens cured for

7 days/R.T. and the second on specimens cured for 15 days/R.T.

‘h polyimide sealant prepared by TRW under a separate Air Force
sponsored effort was tested dynamically with emphasis on low

temperature performance.

Three specimens were prepared by TRW and brought to Dow Corning
for testing. No physical property specimens were made available
to Dow Corning but, superficial examination of the specimens

showed that the sealant was a very high modulus, resinous material.

The fillets were very thin (approximately .100" to .150"), and
had been applied in several applications using spray coating

techniques.

The first of the specimens was installed in the test unit and
. found to leak almost immediately due to a small void formed
during lay-up of the fillet.
_33_
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The second specimen also leaked immediately, but testing was
initiated checking the leak rate volumetrically at periodic
intervals while lowering the temperature of the test unit

step-wise to -65°F,

The leak rate over the 2% hours required to lower the tempera-
ture to -65°F averaged about 2.5:milliliters/minute. After a’
20 minute dwell time at -65°F, the leak rate increased and
stabilized at approximately 20 milliliters/minute. The speci-
, men was bubble tested under water with vacuum (approximately
28" Hg) on one side of the panel, and leakage was confirmed

visually.

A third specimen was tested dynamically at ~45°F for 8 hours
with no leakage occurring. The specimen did fail during the
first hot cycle using a % hour, 250°F liquid fuel socak, and a
1% hour, 450°F vapor exposure. Failure occurred while heating

to 450°F following the 250°F soak.

TRW personnel returned té Dow Corning in September, 1973, with
additional polyimide samples which failed to survive long

enough to collect any performance data.

Polyester samples were prepared using a 3M material. Samples
were also prepared using a modified version of the same basic
material. The modified sealant contained fiber reinforcement
and was supplied by the Air Force Materials Laboratory. Dynamic

test results are shown in Tables I & II.
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Table
Dynamic Testing of Reinforced 3M Polyestex
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The first fow spuca.ens showed sians of adhesive failure, but
the problem was eliminated by applying a brush coat of sealant
thinned with a srall guantity of acetone prior to the applica-
tion of the primary fillet. The brush coat was air dried for

2 hours, then oven dried arc cured for 1 hour at 300°F. The
primary fillet was applied ard the recommended cure cycle was
followed. Although this procedure eliminated the adhesion
problem, iu: did not significantly improve performance in the
dynamic test. Splits and cracks around the fillet were the
primary modes of failure after three test cycles at 250°/500°F,

No difference was noted in the two types of materials.

Dow Corning® 77-085 sealant was tested usinj a double seal
fabrication technigue. The purpose of this approach was the

studv of tear propagaticn from an internal source being terminated
by the interface. As shown in Table III six cycles at 250°/550°
was obtained. The single seal sample used previously failed

after two cycles. Physical property loss at high temperature

ig believed to be the cause of faijilure.
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SECTION V

ST’TATUS OF FQUIPMENT AND DATA

The data presented in this report thus far was collected by
the previous principal investigator, Mr. Gary Snyder. Mr. Snyder

was replaced by the writer in Augqust, 1973.

A brief orientation to the test eguipment and a study of past
performance gquickly revealed inherent deficiencies and mal-
funetions that had been plaguing the test apparatus for some time.
A delay in the completion of previous contract work had been
primarily due to equipment deficiencies and down-time. This

delay in completion of the previous contract and additional
equipment problems, with resultant down-time on the present
contract, have contributed to the lack of conclusive data in

this report.

These problems have been due to poor equipment design and
fabrication, as well as simple wear which perhaps may alsoc be
related to the design. 1In either case, repairs and/or modifi-
cations have resulted in loss of operating time and excessive
expense. A summary of the major problems are as follows:
A. The time involved for set-up of one sample is 5% hours.
B. Accuracy of initial adjustments for movements are lost
because dismantling of the sample is required to remove

the gauge and install the upper chamber half.




Improper torquing of sealant can occur if cam or sample

are misaligned.

when the test cycle terminates because of a fuel leak, there
are three possible causes: sealant failure around the test
joint; sealant failure around the attaching bolts; or seal
failure at the chambér flange; the latter two being equip-

ment failure and undesirable. .

Deflection and torque adjustments are erratic and inconsis-

tant due to wear and alignment.

A possible safety hazard exists if a chamber seal ruptures
and fuel contacts hot lamps (two fires have occurred because
of this). A malfunction of a solenoid could create a fuel

spill hazard when chamber is opened.
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SECTION VI

EQUIPMENT DEFICIENCIES

Analysis of past and present problems plaguing the equipment

led us to conclude that there were four major areas contributing

to the equipment failure. A brief description of the four

major areas contributing to equipment deficiencies are:

Chamber design and sample mounting - The chamber flange
désign does not provide for a leak-proof seal. A gasket
material has not been found which is satisfactorily re-

sistant to the high temperatures and jet fuel. Sample

- mounting is time consuming because of alignment problems

and the necessity for sealing the mounting bolts (see

Figure 2).

Torque assembly - It is nearly impossible to meter and main-
tain a proper adjustment. The reasons are under-design of
components, wear, no provision for a direct readout, and
time consuming set-up (see Figure 12).

Derlection mechanism - Problems include erratic adjustments,
unccntrollable X" displacement of deflection shaft at all
times, no direct readout on movements, major adjustments
provided by shims under the valw= base and time consuming
set-up (see Figure 13).

Supportinc devices - Valving and metering devices are
inadequate. Solencid valves are not reliable; the vacuum remains

erratic and the leak detector is unreliable (see Figure 4).

- 41 -



FIGURE 12

TGR

YT

QouUr

(a
oy

ASSENBLY




 empme S —~= B —— N ]

———

Pm——nnms
—— e

LD I8 I 4 D0 SR

R RORRE Patd DO

-

-y me e .

S —— Yo, W
f e
e gl

P P




A
v




SECTION VII

CORRECTIVE ACTION

A decision to halt all testing in November was initiated based
on the preceding discussion. It was felt that the equipment

in its present design could not be operated efficiently

enough to produce reliable and reproducible data. A recommen-
dation was made that expertise outside Dow Corning be consulted
for the purpose of designing and building an improved test
device. With the permission of the Air Force, an analysis of
the équipment was conducted by design and fabrication companies
in the area. Evaluation of their propesals resulted in the
selection of three companies for further investigation. The

three companies were:

l. Sebewaing Tool & Engineering Company .
Sebewaing, Michigan
Cost Proposal: $10,000 to $12,000 to design and
rebuild three units

Estimated Time: 6 months

2. K.L.C. Enterprises, Inc.
Saginaw, Michigan
Cost: $74,000 to design and rebuild three units

Time: 12 months
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3. Allied Tool & Die Company
Saginaw, Michigan
Cost: $60,000 to design and build one unit

Time: 6-8 months

Following is an evaluation of the proposals and recommendations:

Sebewaing Tool & Engineering Company

Approach: (1) utilize existing concept and equipment
(2) enlarge components to reduce wear,
design fine adjustments
Advantages: (1) cheap, fast
(2) precision drilling of sample lineup holes
(3) would solve problems temporarily
Disadvantages: (1) seal material not proven
(2) no direct readouts on movements
(3) subject to wear, mechanical linkage
(4) limited deflection movements because of
a proposed cam roller mechanism
(5) machining and hardening of materials
not included in price quote
(6) joint design restricted in shape and

movements.

K.L.C. Engineering (Figures 12 and 13)

Approach: (1) perform a case study costing $500 analyzing

the problems and proposing recommendations.
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(2) sample attachment redesign
(3) chamber seal redesign
(4) include a third movement
(5) improve torque and deflection adjustments
and accurate movements
Advantages: (1) third movement may provide additional
data ofrimportance'
(2) fast sample installation and set-up
(3) would solve problems temporarily
(4) claims to have a seal made of a reliable material.
Disadvantages: (1) deflection motion of the cup is a distinct
separation action rather than separation
produced by the bending action of the plate.

(2) sample thickness is increased to reduce
bending of the plate when the cup is raised
from the plate.

(3) precision sample set-up. Alignment of the
holes in the samples would have to be jig
drilled.

(4) mechanical movements are subject to wear,
need lubrication in the hot chamber area,
and thermal expansion is not compensated for.

(5) adjustments are manual; calibration is
needed frequently.

(6) installation at Air Force cost, not in-
cluded in price.

(7) high price and long design and fabrication

time.



Allied Machine Company (Figure 14)

Approach: (1) a preliminary design proposal package
{2) demonstration of this type system being '
"utilized by General Motors
(3) Electro hydraulic system to produce movements
(4) Chamber and sample mounting redesign
Advantages: (1) limited mechanical linkage, reducing the
wear problem
(2) constant read;ut of displacement or load
over entire temperature range
(3) compensates for thermal expansion automatically
(4) input, varying frequency and amplitude to
produce unlimited types of movements
(5) chart recording capabilities of load or
displacement continually.
(6) not limited to this device or test. This
equipment could be used for a number of other
tests or fﬁnctions.

(7) it is proven, reliable, and highly recommended

concept.
Disadvantages: (1) high price and possible time delay in
fabrication
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Proposal Recommendations

Dow Corning recommended that the testing device proposed by
Allied Tocl and Die be considered for design and fabricAtion
because of the‘equipment's (a) flexibility; (b) accuracy;
(c) data producing capabilities; (4) low maintenance; and
(e) proven concept. This recommendation was based on an
ethical and moral obligation of Dow Corning to produce and
report valid data and to recommend the best design for the

contract requirements.
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SECTION VIII

SUMMARY AND CONCLUSIONS

Dow Corning has determined that the dynamic testing apparatus,

in its present condition, cannot generate valid data on every

type of sealant that may be evaluatéd in the program. In addition
there are other areas, particularly in the adjustments for dynamic
motion, which if redesigned could significantly improve machine
downtime as well as data validity. For these reasons, all

testing on contract number F33615-72-C-1594 was terminated in
November, 1973. With Air Force approval, personnel expert

in the design and fabrication of such test apparatus were soli-
cited for critiquing of the present test devices and were re-

gquested to submit recommendations for a new or modified design.

The Air Force agreed to have K.L.C. Enterprises conduct a
detailed diagnostic study and design proposal. This diagnostic
study was purchased and provides additional information support-
ing the need for a redesign of the existing fuel tank sealant
testing apparatus. The complete report is supplied in Appendix A.
Although this report pointed out the existing problems and
proposed corrective action, the purchasing of this type equip-

ment was not recommended.

Dow Corning did agree with the preliminary design concept

proposed by Allied Tool and Die and recommended that a detailed
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design and fabrication package be purchased from Allied. With
Air Force approval, this design and fabrication package was
purchased and is supplied in Appendix B. Dow Corning recommends
this design and test device be fabricated and purchased by the
Air Force for further testing and evaluation of fuel tank

sealants.
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DIAGNOSTIC REPORT
ON
SEALANT ENVIRONMENTAL TEST MACHINE
AND
RECOMMENDATIONS
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DOW CORNING CORPORATION
SEALANT EVALUATION GROUP
12CL19116-N
BY

NEAL B. VANCE
SYSTEMS ENCINEER

AND
ROBERT M. DYKES
DIRECTOR OF ENGINEERING
K.L.C. ENTERPRISES, INCORPORATED
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PREFACE ) l

The interior of an aircraft structual space is to be sealed at
appropiate joints and flanges to form a liquid—tigﬁt enclosure
containing jet fuel, Jp-7. '

The sealant joint must retain its seal when exposed to JP-7
while being subjected to thermal and mechanical phenomina associ-
ated with the aircraft's motion.

The purp;be of the dynamic test chamber is to duplicate this
environment while monitoring for sealant leaks in order to estab-
lish acceptable sealant criterion.

The chamber is divided into an upper and lower pﬁrtion separated
by a planar surface to which is sealed a test "cup".

Once the chamter is closed, the chamber is purged of oxygen

with nitrogen and evacuated, ¢ psia upper and 1 psia lower.

The chamber may then be hcated (600° F., max) or cooled (-60°F. iiin)
and JP~7 introduced into the upper chamber. At this time
mechanic;l apparatus deflect the cup in various directions,
amplitudes and frequencies. Deflections are designed for .030"
wax. in any direction. '

1f the sealant between the planar surface and the cup ruptures,’
a leak detector senses fuel in the lower chamber and shuts

down the test. Conditions of the test are recorded including

time of shut down.
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I1I. TEST CRITERION ' .

1. Joint Design.

It has been stated that the radius type "cup”" joint is

based upon aircraft flange joints containing radii where

the radius blends into, and meets the flat surface. At

this point the sealant thickness goes to zero.

N : “cup" gealant
gealant thickness

approaches 0

planar surface

buring mechanical testing the "cup” is moved in and out

(relative to view above) ¢ .030" and raised from the sur-

face .030“. This causes sezlant rupture in the very thin
section, since elasticity must be near infinite with seal-
ant thickness near zero.

Acceptable sealants arc those which do not continue to
rupture and separate to the outside surface over the period
and conditions of the test.

However, the radius design may not repregent *worst case"”
design. If .an aircraft joint were ever constructed using
a square edged flange to planar surface, it may be that
the sealant's mechanical rupture would ke different.

In the case of principle tensile or compressive loading

of the sealant in the di-ection noted (to be discussed in

detail under "Y" weflectior), the difference is noted below.
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Given equal deflections (Ad) of both the radius and square

edge flange cecsigr., and ecual sealant fillets, the proba-
bility exists that the square edge design would fail first
dur. to Ly<L; for any height less than radius R, i.e. %

cuiressicn wiuld ke hither

This case would also hold true for enlongation with Ad in

the opposite directicn. Here § enlongation would be higher

in the scuare edce design.
The author raises this pecint for the use of the subscriber.
It may be ge:eral practice in aircraft construction to

always include radii at such joints. However if certain

extruded or machined flanges or joints are used with square
4

'edges, then the point reguires consideration.

Mechanical Motions

Two Directions of motion are ncw spelled out in sealant
testing. As shown below, the flange (actually a "cup" of
3" outside diameter) is to be moved in the + X dica.*ion
.030", -X direction .030", and +2 directiocn .030", relative

to the planar surface. (Since the deflection of x‘is smali

compared to tha cup radius, we shall consider linecar motions).
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Both these directionzcl mot..ne place the sealant in princi-
ple teasion {enlongiticn of polymer chains) where as ¢ Y
motion (which on thc prescnt test is not used) would sub-

Ject the secalant to Loth principle tension and compression.

Si..ce tensile and compLessive ..oé.ii &re not generally equal

for sealants, it is felt the +Y motion (or compressive
loading) is essential ©o a conclusive sealant evaluation,

especialiy sincc +¥Y mc.:ca 2 ac llkely to occur as ¢ X

noticn in a roel str.ctureo.

PROBLEM ARCAS.

1.

“¥" pefiec*ion

X dcfectinn is designed to occur with a twisting motion of

the cup with recpect Lo the planar surface. The torque ic

tranrsmit+<ed to the cup thrdugh a hollow torque shaft. The .

. “g
cup is attached to the shaft by four #10 socket head cap

screws. At thc drive end of the shaft is a crarv arm
attached to an adjustable eccentric driven by a variable
spocd DC motor through a gear reducer.

The design in principle is gufficient, however, the systen
suffers from "under-dcesign”. It is estimated that a high
modulus scalant at -65°, deflected & full .030" could

develop torquec in cicess of 200 P, Lbs.
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2.

None of the devices now used could accomplish this load.

In fact, at room temperacure with normal mcdulus scalants,

torque has been reported at 65 Ft. Lbs, for oaly .010"

deflection. At prescnt, most of the real deflection is

iost in the eccentric device, the crank arm, the torque

shaft, the cup attachment device, znd slippage in the screws

at the cup.

It ie recomacnded that this mechanism be replaced. See

section on “Proposal”.

*"2" Deflection

~

Z deflecticn is imparted by a rod up through the centecr
of the hollow torgue ghaft. A button on top ¢f the xod

deflec&s the plancr surface up to a theoretical cup/plane/

. seal separation of .030". Present actuator is a "pancake”

air cylinder. As the rod deflects the plane, the cup raises
the cup attachment vhich requires a splined attachnent to
the torqgue shaft. _ .

As the rod deflects the center of thé plane, the cup raises.
However, the adhesive strength of the sealant between the
cup and the plane also advances a "ditk" of the plane under
the cup. The distance to the fixed edge of the planc froem
the sealant is long enough to allow this "disk" deflection
to occur for almost the entire stroke of the actuator. The
"fixed" cdge is also subject to movenment sirnce the plane is

sandwiched between gusket materiuls hy frictional force and

not accurat:ly inechanically keyed or coweled to prevent motion.
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3.

‘It is reconmended that this system be replaced. See section

on “Proposal”.

"y" Deflection

No Y deflection or principle compressive loading is now

éﬁecified in the test. It is recommended that this be

added. See section on "Proposal”.

Data Integritv

Because of the sealed environmental chamber, it is diffi-
gult to monitor cefloction within the chamber during the
test. Known instruments or transducers could not with-
stand the thermal énd chemical variations, with accept-
able econony ané reliability. .
At pregent, the deflection tests are "set-up" before the
chamber is sealed. This it acceptable in principle. How-
ever, this process is very time consuming and may introduce
errors since.all the planar surface clamping screws nust

R .
be removed afier set-up so as to seal the chamber. It is
possible that the planar surface could move at this cime,
compromising the test data.

As mentioned under "X" Deflection and "z" Deflection, both

deflection values are subject to errors caused by mechani-

cal variationes.

PROPOSAL

A sunmmary of the problems noted include:

1.

2.

Test Sample consiruction and test procedure contributing
to lack of test conclusiveness.

"X" deflecticn mechanical device errors and lack of data



4.

"integrity.

|
®"2® deflection mechanical device errors and lack of data

integrity. : \
Absence of "Y" deflection fcr principle compressive load-

ing evaluation and lack of test conclusiveness.

TEST SAMPLE
The test samplc construction appears to be a major con-
tributor to test error and inconclusiveness.
A. Problens
a. The cup is not ragidly attached to the torque shaft
and reclies on friction from the socked head cap screws
to prevent angular slippage between the cup and shaft.
b. The planar surface is not rigidly attached to the '
chamber flanges and relies on friction to prevent
angular and deflective slippage.
€. The planar surface is allowed to deflect contributing
to":“ geflection data error, because of long distcance
to chamber fiangcs ané lack of planar thickness to
dncrease rigidty.
d. The sealant lay-up does not correspohd to typical
aircraft construction techniéues, which is done by
hand. Test Lay-up is done ir a press with dies form- F
ing the €illets under high pressure with accelerated
polymerzation and cure rates.
e. The radius joint Gesign may nct be representative of
joint designs found on aircraft. Alternatives may

include squarc edge or inversted radius (£illet) types.

l’; o]
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- Radius Squrre ' - Pillet

~ B. Proposed Solution

.‘.

The basic cup size of diameter, material thickness,

. and height should be retained. However, the cup holding

b.

attachments should be variable enough to hold different

cup configurations thru rigid pins to eliminate slip.

-

page. .
The planar surface to which the cup is sealed is to

be mechanically pinned to the chamber flanges to pro-
vent slippage for angular torque loading (X Geflection)
and insvre rigidness during 2 & Y deflection.

As in (B) above, holding the outer flange of the planar
surface in positive mechanical rigidity will help avoid
*2° ceflection data error. However, the single most
important improvement in "z", as well as "X" and "Y"
data,{nte;rity would be to increase the thickness of
the planar surface to eliminate deflection in this
surface altogether. An examination of the test pro-
cedure and objections would perhaps point this out.

In actual flight it is probably true that the joint

(cup) and the adjoining surface {planar surface) may

both be undergoing deflections with varying degrees

of dcpendence to each other. The joint may be expesi-

encing mechanical loads, say from main wing support
b!

Ty
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deflections, whereas the planar surface may be deflect-

ing from air surface pressurcs. Observing the motion

.0f the joint in direction, amplitude and frequency

and likewise for the plane, implies a fixed coordinate

axis space somewhere unrelated ané "stationary"™ to some

other location with regpect to both these members.

"If in the course of observing both motions from our

unrelated “stationary” point, we compiled data for
both, describing their motion with time, it is mathe-
matically and logically true that we could combtine
this data to describe the motion of one while con-
sidering the other stationrry. That is, move our
coordinate axis space to one of the two moving mem--
bers and maxe our observations from that point of the
ogher member.

It follows that the moving member must ~.ve indepen-

dent direction, independent frcquency, and independent
A

amplitude in each of the X, Y, and 2 directions in

order to duplicate the relative metion,

Our proposal recuircs that the planar surface be increase?
in tﬁfbkness to elimincte its <deflcction and motion

and to independently control the motion of the cup

in direction, amplitude and frequency.

The increcascd thickness of the planar surface will

not add substantial time to the pre-heat cycle since

‘the diamcter of this planar surface will be reduced

to dccicase the deflective momemnt arm from the chamoe:

e
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‘flange to the test cup, and thus regquire an almost

equal amourt of heat to bring the planar surface up

to temperature.

d. We strongly recommend that sealant lay-up be done by

hand or other methods which closely duplicate the

method required during actual aircraft construction.

The data generated by this may be an added benefit

in establishing methods and criterion for the air-

craft companies in acceptable scalant lay-up.

e. As previously noted, propnsed fixture design should

include the flexibility to test variations of the

thrce possible jcint designs; radius, sguare, or fillet.
Also the proposed design incorporates the flexibil-

ity to add joint decigns of many wvarious configura-.
tions including grooved mastic ceals and other var:ia-

tions.

X DEFLECTION

X defléction error is resuli of undersized torque chaft and
absence of an accurate adjustment device.

Our proposed design would provide a torque shaft with enough
torsional strength to minimize torsional deflection error
and accurate adjustment/read-out device to insure the test
is truely represented by the read-cut.

Also by improving the test sample construction as noted pbrc-
viously, unwanted dcilectione or slipping motions contri-
buting to X deflection data crrors would be eliminatea,

X deflection ampliitude in + or - cirection and X deiler

RN
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frequency would be independently adjustable within the

parameters of the test.

Z DEFLECTION

2 deflection errors princjpally occur due to test sample

construction. By increasing the rigiéitv of the planar

- surface and its mounting coniiguration, our porposal would

insure that if the 2 deflection shaft raises some Zo dis-

tance, the cup would raise ofZf the planar surface and sub-

ject the sealznt to the same Z, enlongation. 2 deflection

amplitude and freguerncy would be independently adjustable

Ed

within the parameters of the test.

¥ DEFLECTION

Y deflecticn was not included in the present test machine
design. As noted earlier we feel that the test is not con-
clusive unless the sealant polymer is subjected to both
tensile and compressive type loading.

Our proposal would allow the sealant to be compressively

loaded in any independent angular position from 0 to 3590

at independently adjustable amplitudes and freguencies.

’

."y. COST ESTIMATES

l.

Engineering

Good engincering design for this machinec centers around
top gquality test fixture design with tolerances into the
tenths of a thousandth of an inch as reguired. Any less

rigorous approach will cnly result in down-time, frustra-
L4
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tion and inconclusive results.

Our proposal eliminates the errors inheritant in the old

design by carefully considering the purpose and parameters

of the test and the associated driving members, through

all possible error-causing linkages to the prime mover.

Total system engineering will include:

1. Frame design to fit within the confines of each machine
space 1if possible,

2. Total engineering cf mechaaical systems to tolerances
and accuracy required, including X, Z, and Y deflection
systems.

3. Interfacing present fuel, heat, cooling, purge and
vacuum systems utilizing "explosion proof" techniques.

4. Additional contrcl systems for DC drives, "explosion

proof" construction design.

2. Build
Due to the corrosive nature of high-temperature JP-7, much
of the chamber and mechanical system will require stainless
steel construction.

Portions of the deflection system components will require
precision grinding and assembly.

Purchased items will include two additional variable speed
drive systems (one drive system is on hand in present

equipment).

|)\



|
The main frame will require jig boring for <orrect fixture

alignment. \

?oth engineering and build estimates asgsume that portions

of the existing system will be used on the new system. If
iu the opinion of the engineer it is discovered that these
systems do not meet the <c=curacy and reliability requirements

of the new design, then additional costs may be incurred.
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APPENDIX B fl‘bq‘o

Aptil 15, 1974 d—— e

Dow Coming Corporation
Midland, Michigan 48640

Attention: Mr. John Baker

Refercnce: Air Foczce Contract No, F33615-72-C-1594
Gentlcmen:

We arc pleased to subnit the following Design Proposal for

.the tecst unit for testing of your =calants for airplane wing
gas tanks as per your specifications,
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PROSPECTUS--

An ELECTROHYDRAULIC, SERVO-CONTROLLED
Fatieuez TesT SvysTem oF CLosep Loop Desicn
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PROSPECTUS— An electrohydraulic, servo-controlled fatiguec test system
of closed loop desiga, for mechanical testing of sealants for
aircraft components of titanivm, and/or other components subject
to a variety of tension, compression, and torsional fatigue, iun a

simulated environment.

Generzl Information

The test systexa described in this prospectus will evaluate

scalant adhesiou aud fatigue resistance. The systen is comprised of

established testing concepts commonly employed in industry, universitfes,

and government facilities. It is the preferred test wmedium where
eccuracy and reliability are prime considerations. Calibration of .
both load ané displacement functions is traccable to the Kational

Bureau of Standards. Both of thesec paradeters way be monitored

continuously during the testing proceﬁure.

The basic purpose of this particular test systea is to measure

- the fatigue resistance of sealants used to bond together sircraft components

formed from titanium alloy shcet stock. Specimens can be tested under
controlled atumospheric and environzental conditions which simulate
actual conditions expected in the functional life of the sealant, and

ecan include total fmaersfon in cirerz{t turbine engine fuel.




The closed loop design and control for this test system means
the system is contiruously monitoring itself. Load and disp}aéement
levels determined at the bezinning of each test will ;elf ad%ust
to vaxiables not related to component failure. The sysﬁem irpediately
tetninatés all test functions when the test is éonpleted. Completion

may be defined for the system in the following terms:

« « « Exceeding preset limits for load and/or displacement'
e e e Leakage from the atwospheric chamber

e « . Reaching a predetermined number of test cycles.

The closed loop concept enables unattended 24-hour/day testing.

Thie test system also works effectively for testing any
other small pzrt which might be subjected to repetitive mechanical

loading 9f a controlled nature.



. ELecTroAYDRAULIC Servo-CoxTrouLED FATIGUE TEST SYSTEM . ’
BASIC REKTIGIS— L |

| Dual Closed Loop Test Specirmen in -} S 7 _ o .
Control System Atmospheric Chambe - L e !

sV

~ . .
(Comrand) ,
. . o’

|

Servomnct

Legend

i 1. Pegasus control unit provides - q .
' _ continuous surveiilance and 1 Hydraulic Power Supply
control over the entire system. ' ' (3000 psi)

2. The test specicen §s fixtured for
rapid set-up in a chamber capable .
of simulating the various environments e
) in vhich scalants a2rc to be proven.

3(a & b). Servo-Actuators (Hydfaulic
rams), that provide the linear
force required for testing.

4, Standard hydraulic pover supply,
system psi adjustable, 500-3000.

L= Load Cell S§V= Scrvovalve




The Closed Loop for Mechanical Test Control

A closcd loop control differs fron conventional test control
systems in that the closed loop is self-controlled within the parameters
you establish, "The éystcm itself knows the physical position and
fuucti;nal effort of each of its components at any given monent.

The system uses this information to compensate for variables during
‘the test. For example, changes in testing temperature may vary

the test m:terials' resistance to deflection. This may alter the
effort required to maintain your preset load and displacement
parameters. The closed lcop controls continuously monitor these
eriteria, and adjust the system functions to maintain c0t;stant

load and ¢'.splacement levels throughout the life of the test specimen.

Vhen preset limits for load and displacement are exceeded
As vhen the speciwen fails, or when a leak occurs inm the atmospheric
chamber, the system "dumps." That is, all power is removed and

hydraulic pressure {s released within ten milliseconds. This

instantaneous teruination pfgvents "hammering" of the interfaces
at the defect, and mokes detailed inspection possible at the physical

point of failure.

Closcd loop control happens to be economical bccauée of
rcduced vanual surveillence. Efficiency is superior because of its
potential for uninterrupted operation. (One technician can corduct
tests on several gervo-controlled systems at the same time.) The
eritical value of the closed loop control, however, is that no amount
of human surveillance can supply the control, accuracy, and verification

that ave absolutely essential in the design of afrcraft componcats.
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éycic Counter
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Control
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!-. - +JVV\/WV- Dynamic Command
i Q;apic.Command_’ . _

POSITION FEEDBACK

Limic
Set

*FDS~= Failure Duﬁp Solenoid

. Quosep Loor Cextrol SvsTen (PosiTicy coNTROL & Load coNTRoU)

Circuitry shown is for a singlc-actuator systed.)
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* Sumer e m s e ae

Servo Amp
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.( Servo-actuator

"FDS

. (TEST SPECIMEN)

o QLoad cu:,‘

1]

C

'S

Posi:i::
Transcus:

Hydraulic Power Supply

Hotcs' -Svsten can be controllcd with a static command and/or a dynamic command.

- =Provides direcct readout for load and for position.

~Diagram shows system sct for position failurc detection to
encrgize FDS, removing all hydraulic pressure, deactivating motur aad pu:p.
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Fixturing

3 Cusion fixtures for the test svstem are designed in conjunction
ﬁith S;anda:d hydrauliz rza mounting configurations to provide tha‘
tension-compression and rotaticnal acticn specified for the sealant
test. Fixture details related to the test specimen itself are

-

designed for quick and easy specimen change.

Included in the fixturingz are provisions for the required
atwospheric and envircnnmerntal variables=—- minus 65° to plus 600° F,
pressurization with air or nitrogen, and capability to totally imcerse

.the specizen in aircraft zurbire eagine fuel. Existing Dow equipment

will be used wherever possible without compfomising test criteria.

&

All linkage and transmission hardware are designed for
simplicity of operation, and therefore good reliability. We find
this an important conmsideration in achieving consistant test results.

There are no caxs, screw actuators, or rack and pinion linkages

in the test system.’



—_—

]

LY

——

Advantapes of In-Bouse Testing

F o1 s eom wewm weew e e

Electrohydraulic servo~contrclled f{stigue test systems are
well-established, and are widely usced in industry and governmeat.
The tethnology is well develop~d, which malkes this test mediunm

seadily accessible to Dow testing laboratories.

There are natural azdvantages with in-house testinz in coatrol,
information turhazound time, and consistency of test methods. In-house
testing is the most dependadble ceans of assuring the security of
test data. Tests perforzed in your own iacixities by your own
technical personnel gencrate familiarity with the product.itselfo-

a factor that is generally considercd vzluable in the developmeat of

.

new products for critical gppliczticrce.

™
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Component Specifications* .

The electrohydraulic servo-controlled fatigue test systea

described in this prospectus will provide a minimum of .030 P-P

1fnear motion at 100 cycles/minute, and through fixturing, 2-3°

.

rotary motion at the same rate. S ' ) S

v

Electronics— in free-standing console with Sola Isolation

transformer, cooling fan, writing top drawer, casters.
~ N .

’ Two Exa

— c 20 FTurcticn Generators
— Two Pegc 1

s 1
sus 5513 ioad and displacement servo-controllers
snatic zerc cot z2ction
— One Tek-.ronix 510 3N-Dil Storage Cscilloscope with

dual trace amplifier and dual time base.
— One AC power on-off and punp on-off control panel
— Necessary cocmunications cables for electronics

Hydraulics-—-

servo-valves, load cells with 500-1b rating,
LVDT with 6-inch total stroke, and required

~- Two miuni-uydraulic accezsory wodules with hoses
=~ One PS-10F-20-18 Standzrd Hydraulic Power Supply

Fixturing-- to be determined after review of existing Dow fixtures
in order to prevent unneccessary duplication.

Services—-- T

-~ Completion of one system for checkout at Allied Tool
prior to installaticn in your facilities

-~ Training of Dow personnzl in use of the systen

=~ Maintenance and troubleshooting manuals

ns



