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1.o0 SLFIM

This report sumarizes the work done under Phase T of a proposed
three phase program to engineer and demonstrate 7 iflatable Vertical
Float System" (Navy Contract N00019-67-C-0289>w1The results of this

Sstudy indicate that the design concept, as developed by the M artin
Marietta Corporation in conjunction with Uniroyal, Inc., represents a
feasible lightweight Inflatable Vertical Float System. Phase II of the
proposed program would consist of ocmplete engineering of the design
for the HRV airplane, in conjunction with Thurston Aircraft Corporation,
and the constLimction and demonstration testing of a single Inflatable
Vertical Float with representative systems. The Phase III effort would
ontist of outfitting the HRV airplane with the Inflatable Vertical

Hand performing full scale demcnstration tests in open oceanInts.
This proposed program will put to practical demonstration the

icncept of seaplane open ocean ASW operaticn, (f -rmlc 10 mi il, .,
1:: -The HRV is an approximate 173 modle scale representation of the PS sea-

plane. It is equipped with a hydrofoil and has satisfactorily demon-
strated take off and landing in seas three times the wave height permis-
sible with the basic hul ferenq5t). Then with the incorporationI J of the Inflatable Vertical Float System, the 11V will have open ocean
seakeeping capability and thus be a complete open ocean seaplane. The
"overall float system is shawnmi•-• Z•--

SInitially, design goals were established and all were achieved
within the scope of the study. These were, a system weight of 400 lbs
or less, a 30 second retracticn or extension cycle, capability to move
through the water at 6 knots, identical float construction and size,
and inflation system capability for two deployment-retraction cycles. •

I - The Inflatable Vertical Float Systai is made up of a central
telescoping coluinn which supports an A type flotation bag. Local
intermediate ribs are provided to maintain the ,cross sectional shape and
take any torsional loads. -T.s can be seen in Figure 1 and the details
in Drawing No. 818172. The IV airplane with the Vertical Float System
is shown "in theove��iguation d&wing (No. 818171).

U Extension of the Inflatable Vertical Float System is acccmplished
by a single 2r00 psig nitrogen stoMage bottle and associated pneumatic

* |system. Control is provided at the pilot station through two flow con-
*| trol valves which regulate wing and hull float inflation. The operating

pressure for the Inflatable Float System is 5 psig.

SThe following sections discuss in detail the studies wiýt-wqe
conducted and their results as related to the design of the InflatableI Vertical Float System.

I'



7 j AA

1 0 , 7





r-

3

.�- �

�

_ #1!?



I

Hr

-S--- I- -- I

:• i ~1-i 7 +,:I !•+
II I P I Il

I IS 1~ - ~S.

G I

II II
I I I I

I l S il I

S"

________ 
I: II

Sn, 

ii



-_ _- .-- PAGE43

--I
R�T .4�

A�?4J �

-4

I
B

( H

� I

* I

* I

( H
(7
( H

__ H
� � ( _____________________

7 II

- ii�i'J
�V4.Ap 848111

F



-,VTWLD 
A5 '-MOWN 

c

L- 

r

-< .A-,w 7 1 9 BIS'T'-

B " ONDINGL E25,

N '7-

6.6L

ro io itA mT
K7 -- ,6

LOC V- LOr ~tt~ brffg41



PAGE 5

A-5 5W-_

-AT .0930 VA

00T

V5 159 -3 DtX

-b I- It 
__00_ 

T

C"ý &004

~ I VERT7CAL ~CLOAr DES16M

____ __ ____ *~;]5I17 8181 7Z



/T4~ A6 U A

NO AfT A Z 3~C

FWD 540 FWA

0ýO0 E.TA." 4 
\\ 

5/...

.~ ~ TN NOI

- )T~L J..~ý

,,~~~•Ic.~~ 'y< .N \Ljnr r335'..C

DE . r\\f I (.L3O 
AD&A. 7

Fl.,S l'Z5EX~e IT A
51, V %' i L-L 'k'-Z. C OL >NPý

ALL l&FFL% LowL LFL W tJ D
I.- T-4 CE--MSoV. >%-174

L. 
A -$Ifi

IDETAW.- o

7 F eP NL Cý- fý r-,
-^LL -- 4Iv



smrs/ -Sc U

I'w_ JNIVWO.j

30" -, 30,

Q-W- 14C-

- -- I ---------

A7-7' IbO&I-T

.. 'D '._T T S

w- 0

4 11 2y -.- C -- <

YMV, ALý MJLVFLFS

?4 '4-NT

w .
/ I 4 -' 'T'' 04

/ /" Nk t A,

W Dr

-*TT

M-i/ 
VEP-4TI:AP FLON



___----------

F-F-

A-A -

- ~ *F- F

M-71



' LiLi� C�--j 
-

I 

,-- I-

N
K A- jK 7'
(2

� 
2

4N ( j� ( C f ( �-'.'�

V
I)

I 
�A2� 4C�,

�/

* 
a a

,-�o.t �1

Ii'

-1� 2
-- 1w 1�I

_ _tr1�



PAGE 7

-I-

3 329- 4C

L B-'

fqr'CAI. FLOATDE511V

8117



I

2 . 0 INTRODUCTION

The concept of a Vertical Float System to provide seakeeping cap-
ability to a seaplane has had extensive evaluation (References 1, 3
through 10) and testing. All the results show that significant wave
isolation is possible for the aircraft thus providing a usable ASW
mission platform. The Martin Marietta Corporation, with the assistance
of Uniroyal, Inc. and Thurston Aircraft Corporation, therefore proceeded
with the Phase I effort to develop and evaluate the Martin Marietta
Vertical Float concept. The Martin Marietta concept offers three prin-
ciple advantages over previous concepts. These are: the need for
flooding, the float system with sea water during the extension and re-
traction cycles is eliminated, thereby eliminating large heavy water
pumping equipment and the need for an air cooling or heat exchanger
system; the floats can be extended or retracted very quickly; and lastly,
it provides simplicity which inherently provides reliability. These
advantages are accomplished by separating the structural and flotation
functions.

I As is the case for many developed systems, the Inflatable Vertical
Float concept which was finally employed was the result of many inves-
tigations. During the early phases of engineering work, the fluid columnI approach appeared to offer advantages and development and test work was
completed. Appendix A summarizes the fluid oolumn test results, Con-
sidering that the fluid coluin approach required large retraction equip-

* Iment, a new direction was taken and the present concept evolved. The
-: reccamended approach basically separated the flotation and support func-

tions whereas the fluid column utilized a combined flotation-support
function.

The overall float system is illustrated in Figure 1.1. This sketch
shows the system installed on the HRV airplane for ocean demonstrations.

i 3The system and float design was developed in such a manner as to provide
minimum modification to the airplane, FPra Figure 1.1, it can be noted
that dual floats are used for the forward and aft hull locations. This
was predicated by the ground rule that the amphibian characteristics be
maintained for the demonstration airplane.

ii After the aircraft has landed in the water and becomes stationary,
the hull floats are rotated into the extension position by hydraulic
power, After rotationthe floats are expanded utilizing air bottles in
the aircraft. The air flow will be controlled at the pilot and/or co-
pilot station through the use of manual throttle valves, This will
allow adjustment during the lifting cycle and final trim position if
necessary. The fully extended position is controlled by built-in stops
in the telescoping structurl support member. With the aircraft in the
fully extended float position, ASW work may progress with but a minimal
water surface motion being transmitted to the aircraft platform. The
basic float sections, by virtue of their construction, will have inher-
ent damping qualities which are supplemented by additional doaper plates
at the bottom of the float. For the retraction cycle, the bags are
vented through the control valves while the buoyant forces compress the

I
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I floats until the aircragft has settled in the water. Two negator springs
are utilized in each float to provide a positive force for final retrac-

I tion when the buoyant forces approach a minimum value.

In order to provide the airplane with realistic operational cap-
ability. the following design goals were established and incorporated into
the Vertical Float System:

(1) The total Vertical Float System shall not weight more
than 400 lbs.

(2) The time required to deploy and retract shall not exceedI 30 seconds each.

(3) The float system shall be capable of moving through

the water at 6 knots.

(4) All floats will be identical in length and cross section.

< j (5) Air bottles stc*7ed on board the aircraft may be used as
S substitute power systems.

(6) The stowed air bottles shall have the capability to
•* I provide any pcwer load and two deployment and retraction

cycles.i I The canplete proran frcm the engineering to the actual demonstration
is a three phase effort. The first being the study and design evaluation
of the float concept, the second phase consists of manufacturing a single
float and testing the system concept, arid the third phase the engineering,
modification, installation and testing of the float system and HRV air-plane.

The following sections discuss the results of the Phase I evaluation
of the Martin Marietta Vertical Float concept.

ii
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3.0 DESIGN STUDIES

3.1 asin Cri~teria

In order that the Vertical Float concept could be demonstrated
on the HRV seaplane, the design criteria used reflected the practical
aspects of wsable hardware. The HRV aircraft is an approximate 1/3 scale
model of the PSA seaplane. Requirements of the full scale seaplane in-
dicated the ability to perform ASW searych in sea states up to sea state 4.
The re•ommendations of Reference 1 state that for -he P5A aircraft) a
clearance of 6 feet would be sufficient. This was partially proven through
the open ocean tests of vertical float supported PEM-5 airplane. Then for
the third scale demonstration, a mirdnriatr keel clearance of 2 feet was used.
This would allow a random maximtun wave height of 4 feet for the HRV air%-

v plane.
It be-cmes quite conceivable that an aircraft on an A-SV mission

must have# the capability to move to various locations. To provide this
capability, the float concept was designed for a 6-knot speed through the
water. The aircraft will use its own power for maneuvering. Water speed
will be controlled by the pilot's ability to sense speed or trim attitude
or through the use of appropriate instrmentation. To provide adequate
strength in the primary structure, a factor of safety of 2.0 was used.
This would allow a speed margin of 41% or a 2.5-knot tolerance.

The ability of any body to move through the water is dictated
by its drag characteristics which are a fnmction of the cross sectional
shape and speed. In order to determine the best cross section to use for
the floats, a representative number of cross section shapes was evaluated
for drag performance. The shapes considered are shown in Table 3.1 along
with their critical dimensions. These dimensions reflect the cross sec-
tioial area requirements of the HFV airplane, which are approxi;-ately 2
sq. ft.

TALLE 3,1

STRUT SECTIONS AND DIM21SIONS USED FOR DRAG STUDY

F ___ Chord Thickness 2eM t/c Reynolds. No.

Circle 1.6 ft. 1.6 ft. 4.9 ft. 1.0 1.23 x 106

[ Streamline 2.64 ft. 1.06 ft. 4.9 ft. .4 2.03 x 106

Ellipse 2.54 ft. 1.02 ft. 4.9 ft. .4 1.95 x 106
(2.5:1)

Ellipse 2.27 ft. 1.13 ft. 4.9 ft. .5 1.75 x 106jj• (:2.1)

F _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _



Using the data of Reference 2, the total drag, of the various -

sections was derived. This drag was made up of the following canponents:friction drag, wave drag, and interference drag. The latter component

is due to the use of dual floats at the forward and aft hull stations.
Skin friction coefficients were determined with Figure 3.1.1 for the re-
spective Reynolds number. The results of the drag study showed that both
the 40% thickmess streamline and ellipse had the best dra characteristics.
Figure 3.1.2 shows the relative drag characteristics as a function of
thickness/chord ratio. As a result of the drag study) the 50% elliptical
shape was selected for the float cross section. A study was then cam-
pleted to determine the strut drag as a function of speed. This is shrwnJ Iin Figure 3.1.3.

The aircraft's ability to move through the water, while the
floats are extended, will be a function of the float dreg forces and theI available thrust. Figure 3.1.3 shows the anticipated drag force per float
as a function of speed. Considering the HRV configuration with extended
floats, it becomes apparent that a significant nose down pitching moment
will exist due to the engine thrust-drag load couple distance. This
pitching moment and resulting trim angle may be alleviated by using the
stabilizer. An estimate of the stabilizer's effectiveness in the engine
slip stream was made by Mr. D. Thurston for the HRV aircraft. With this
infori•ation, the curve of available stabilizer moment was derived. This
is shown in Figure 3.1.4. Having this information, a study was made to
determine the trim attitude of the HRV as a function of speed. This is
shown in Figure 3.1.5 for no stabilizer moment relief and with stabilizer
mnrnent relief. Also shown is the bow impact angle. The 6-knot condi-
tion is attainable andin addition, the pilot will be able to sense aj bow impact before the structural capability is ecceeded.

In order to meet the requirements of a 30-second retraction or
extension cycle and to accomplish this with an air pressure system, itI was necessary to ý'-7sider a pressure source which had high internal pres-
sure. The float construction was configured in such a way as to maximize
its damping characteristics. In addition, this damping also minimizes theIl aircraft response to a seaway.

During the evaluation of the float packages, every effort was
made to keep the flight characteristics of the retracted float package
as clean as possible with a minimum of airplane configuration change.

3.2 ConfiLguration

In principle) it is desirable to have the vertical floats as
deep in the water as possible to minimize the response of the aircraft
to water surface perturbations. However, hydrostatically, as the length
of the float increases the water plane nmoent decreases which causes
hydrostatic instability. Keeping this factor in mind)a preliminary float
sizing study was made selecting a range of cg height above the float
center of buoyancy and float span.

!!
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The preliminary float sizing method was similar to the one
used in Reference 1. Basically, this derivation of float size determi.n-
ation was based on an empirical approach derived frtm the Navy's require-
ment in SR 59B. This specification defines the required displacemmnt of
tip floats. Relating this equation to a Vertical Float System yields the
followirn equation:

-A W h sin 0 + 0.1 b + .06' "2]
2 pty sin 0 T

where:

JA = Required float cross section (ft 2 )

W = Weight of the aircraft

f- = Float span

P0 = Density of sea water (64 lb/cu ft)

a = Angle of heel desired

S = Wing area (ft 2 )

h = Effective height of cg above center of buoyancy

of float, (ft)
b Span

The first tern of this equation represents a neutral stability require-
ment, while the other terms define a wind under the wing and righting
mcnent margin. In using this equation for the pitch plane, the windunder the wing term was dropped since it does not reflect a realistic

condit" ans

The basic design data and configuration for the HRV airplane
are shown in Fignne 3,2.1, Using this data the required float diameter
was determined for h varying from 4 to 12 feet and float span varying

frmn 3 to 20 feet. The results are shown in Firares 3.2.2 through
3.2.4. Figure 3.2.2 shows the required float diameter to maintain neutral
stability for a 140 heel angle. Figures 3.2.3 and 3.2.4 show the re-
quired float area in the pitch and roll planes as per SR 59B9 respectively.

I The selected float dimensions were now evaluated as per the air-
craft configuration0. Keeping in mind that minimum airplane modification
work be done and keeping the amphibian quelities, it was decided to use
four hull floats (two forward and two aft) and two wing floats. Keeping
all the float dimensions equal to ninimize float construction cost, thepitch plane float selection was critical, Using this, the following

float dimensions were selected:

I
I



16 I
Hull Floats .2) -. Area 3,8 ft 2  L"xigth = 4.72 ft.

Wing Floats L r•ra = 1,9 rt2  length = 2.42 ft.

This results in a bucyqant: force dis tribution of 79, A% of the weight on
the hull floats and 20.5% on the wing floats. in order, to minimize the
dnqg, for the iqater' maneuver rquirvewntt an elliptical cross sectional
shape wkith a 2:1 chord to thicj<ness .atio was used. 'Tis results in a
float cross section which 4•s 2.2 foot lonmg and 1.1 foot wide. 11Te genexvl
u-rmigement of the HRV ainr:rft with vertical floats is shown on drawing
018171. The resulting float span for the wing ws 24 feet while the hull

, float Iongitudinal span was 14,,6 feet. The wing and for-'ard hull float
span was predicated by aircreft strucrtual provisions. Float centerline
locations were kept as symmetrical as possible with the existing HRV cg
location in order to mdnimize any fore-aft shift.

Using these values) a summary of the HRV Vertical Float System
practical dimensions follows:

Float Float

Load Distribution 73.5% 20.5%
Displacement - lb ].193 (2) 307
Float Dimension (Ellip. Axis) 2.21 x 1. 1 ' 2.2' x 1.1'
Float Area 3.8 ft 2 (2) 1.9 ft 2

Submerged lenpth 4.72 ft. 2.42 ft.
Total Length 7.7 ft. 7.7 ft.
Semi Span (frnn cg) 7,3 ft. 12 ft.

Initially) it was hcped that the HRV airplane with the Vertical
Float System would represent a scale version of the PSA airplane as re-
ported in Reference 1. The major difference occurs in tha percentage of
weight displaced by the hull and wing floats. The P5A uses a 70%-30%
split between hull and wing while the HRV is close to a 80%-20% ratio.
A stiidy was made to determine sensitivity of the support ratio to float
cmss sectional area for the HRV airolane. The results are shown in
Figure 3.2.5. It becones apparent that for the HRV airplane it would be
impractical to use the 70%-30% ratio used in the P5A airplane, The only
way to change the buoyant displacement ratio is to increase the float
spans. This would mean extensive additional rework. for the HRV airplane
which from the study ground rules is iudesibmble.

The resulting final selected float system configuration will
give a reserve buoyancy of 22% in pitch and 67% in roll. These are
considerably higher than those of the F5A airrýa. With the associatedI downward shift of the aircraft cg due to the Vertical Float System weight,
the reserv righting moment margin will increase still more thus provid-
ing ample stability. This is a desirable direction in any test t','pe
program which seeks to prove a design concept.
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A final check on the float system .was made by determining the
nmetecentric height. This is summarized in Figure 3.2.6. For both the
roll and pitch axis) the metecentric height is positive.

3.3 Hcdrod•ma.ie Considerations

A great number of studies have been made evaluating the re-
sponse characteristics of various vehicles end float configurations in a
seaway (References 3 through 8). Since the primary goal of this study
was to prove the feasibility of the Martin Marietta Vertical Float design
concept, no formal hydradyna ic studies were made. Additionally, the
demonstration HRV airplane represents a 1/3 scale model of the P5A air-
craft. The PSA platform has had extensive model hydrodynamic testing
(References 1, 10 and 11). All of these indicated desirable hydrodyýnamic
features.

The major conclusion of all the studies and test results indi-
cate that the Vertical Float Systems must have damping devices incorpor-
ated to minimize response. The studies conducted in both References 1
and 9 used a damping plate area to float cross section area ratio of 3.0.
The investigation of Reference 5 used a ratio of 5.0. The dampers which
are recammended for the HRV aircraft Vertical Float Systemw used a ratio
of 3,0. Considering the construction of the actual float bag, additional
inherent damping characteristics exist, The elliptical cross section has
a greater wetted area than a circular oneog the extension of the ribs
beyond the outer perimeter of the inflated shape will act as damping de-
vices, and the torus type inflated segments will impede continuous verti-
cal flow. As a result, it is felt that the scale test of the demonstration
HRV will have much more damping than its prototype P5A.

1..
3,4 Detail. Deam~

This section discusses the studies made and results to prove
the feasibility of the Inflatable Vertical Float System. The studies made
did not seek to optimize the total system weight, but rather to pmove the
resulting system was workable within the established design weight goal.
For optimum airborne haware, a price per pound of weight may be evaluated
and worthwhile savings might be realized. There are four basic components
which comprise the proposed Inflatable Vertical Float design concept.
These are the main telescoping support tube, the inflatable bag and metal
ribs, the extension/retraction mechanisms and the inflation system. The

T following sections discuss these components in detail.

3.4.1 Telescoping Support Tube

A design evaluation of the telescoping support tube dic-
tated a full understanding of the complete vertical float load system.
Three essential structural elements make up the load transfer system.
These are the inflated baR, the support ribs, and the main tube. Figure
3.4.1-1 schematically indicates how the applied loads are reacted through
the structural system. Part (a) of 3,4.1-1 shows the inflated bag. SinceI!

I!
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V

V the maximum water head pressure is 3,42 psi and the dynanic pressure due

to a 6-knot velocity is 1.40 psi (totaling 4.82 psi), an internal work-
ing pressure of 5 psi was selected. Thus)the bag fabric is kept always
in tension and the support column locked in the extended position.

As is indicated in part (b) of Figure 3.4.1-1r the ribs serveStwo essential functions. Firstq they provide the lateral strngh to the

bag (maintain the cross sectional shape) and second, they tr~anrfer axial
"and torsion loads to the support column. The two end ribs, in addition

to performing rib functions, also act as pressure bulkheads and transmit
the net pressure force to the suppoit colu -. Then, as shown in part (c)
of Figure 3.4.1-1# the support column carr. ;s the net forces to the air-
craft.

A survey of the float load conditions showed that the most
critical condition for structural design was the 6-knot condition. This
condition results in both maximun lateral and manent loadings for the
support tube. The relative attitudes of the float structure during load
conditions are shown in Figure 3.4.1-2. Aircraft drift conditions with
the associated wave surface load pertubations were also investigated but
did not exceed the load environment of the 6-knot condition.

Taking the critical loading condition, an iterative type solu-
tion was applied in order to determine the final tube moments. This is a
typical approach to laterally loaded col'•.n structure. The resulting
support tube shear and moment curves are shown in Figure 3.401-3.

The structural design problem involved in a telescoping load
A support member is to provide adequate strength and stability and yet have

structural elements which will not bind under load and deformations. The
design philosophy used is essentially as follows. ile the support tube

.U is in the extended position, it must have maximum load carrying capability.
Therefore, in this position, the joint configuration tolerance is held to

a minimum. Since during retraction the critical design 'loads are signi-
ficantly less, the tube tolerances may be increased to provide greater
freedan of motion 0

The determination of required tube and joint thicknesses in-
volved the evaluation of numerous design parameters. The preliminary tube
configuration is shown in Figure 3.4.1-4 along with a typical joint cross
section. Taking the critical applied loads from Figure 3.4.1-30 the tube
thickness was determined for overall strength requirements. Using these
thicknesses, a step column analysis was perfonied to determine the allow-

able column load. The results indicated that overall column stability wasJ not critical.

As far as local tube stability is concerned, the largest D/t
value is 21,3 which is again not a structural design restraint. The
structural design of the joint to transfer moment was accnplished by
short coupling the mament over 2/3 the joint length. 1iis assumes that
the pressure distribution is triangular, with a peak at the joint-tube

I



25

ends. The equivalent triangular load was then applied to the tube as both
a point load and a circumferentially distributed load varying as a cosine

1ý function over 900. A visual representation of this may be seen in the
sketch on Figure 3.4.1-5. Generally) the thickness requimed equation takes

7' the following form (References 11-13).

't CT P 1/2
a

where

P = Equivalent load (3b)

= Allowable stress (lb/in2 )

cT = Factor reflecting load take-out assunption

t = Thickness (in)

The variation of c is shown in Figure 3.4.1-5 for a concentrated load
case and a distributed load case, Fron this figures it is obvious that
for the concentrated load case) the required thickness is a function of
effective width only while in the distributed case, the thickness re-
quired is a function of both effective width and radius.

A typical variation of thickness required as a function of
malent, tube overlap, and tube diameter is shown in Figure 3.4,1-6. This
figure is based on the concentrated load case. In reality) this approach

r- tends to predict conservative structural requirements since there is no
path for a concentrated load input. Actually)the joint design problem
is one of ccnpatibility between structural and mechanical deflection.
Since it was t'elt that a formal theoretical investigation could not be
justified during this study and in order to gain insight into the actual
hardware problems which might exist, a sample Joint was made at company
expense. Figures 3,4.1-8 and 3.4.1-9 show a picture of the model joint.

A graphical representation of the selected tube and joint
thicknesses as compared to the required thickness is shown in Figure
3.4.1-7. Generally,it shows that the lower tube section is critical for
overall bending) and the joint thickness is determined by the uppermost
joint bending requirements. In order to minimize the production costs,
a constant thickness tube was selected along with a constant thickness
Joint. The tube diameter variation is a function of joint thickness.
It appears apparent that significant weight reduction could be accomplish-
ed; however, the requirvment of the tubes sliding within one another
dictates that the cnly way in which additional thickness could be removedi is by machining or chen-milling pockets into the tubes to approximate
"the tapering design requirwnents. This is too costly and is not recam-
mended.

'" 4
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The elliptical cross section which is used for the
float is doubly symmetric which under zero degree angle of attack will
have its load center at the 50% chord point with no resulting torque.
Under angle of attack conditions, howevert the load center could move
slightly forward (40%) and result in torque loads. These torque loads
are transmitted through the tube sections by virtue of the joint key.
The individual ribs transmit local torque to the tube through 'the full
length tube slot and rib finger.

The ribs were sized by considering than as elliptical
frames loaded periferially and reacting loads at the tube. Only the
ribs which are located at tube junctions are fixed to the tube in all
directions. The intetmediate ribs are "floating" by virtue of the rib
tube and rib finger-rib slot tolerances, Under load the ribs will
"bottom" out and transmit load into the tube.

The entire structural support system analysis consider-
ed that the inflatable bag would take no applied loads. Actually, the
bag will have inherent bending and torsional stiffness. The load ability
will nevertheless represent a second order effect.

3.4,2 Flotation Bag Test Unit

The design concept developed for construction of the
.flotation module assumes that the module assembly will be restricted
in vertical movement, so that the aluninum formers will be constrained

7- from exceeding the maximum used in design of the module.

In the current design for the flotaticn module, this
maximum separation was established at 4.0 inches. The flexible portion
of the module was then designed to oonform to a radius of 2. 0 inches
when fully inflated.

Transfer cf the stress from the flexible inflated fabric
to the rigid aluminum formers is acoamplished through an adhesive bond
"developed between the fabric and th- aluidnun former.

tDesien P trs

1. Operating Pressure, 10 psi

2. Dasign Pressure, 50 psi (min.)

3, Former Spacing, 4.0 inches

4. Module Radius, 2.0 inches

U"
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Stress AnalYsis

The applied stress in a typical section taken through the flexible
module wall is shown in Figure 3.4.2.1.

Figure 3,4.2,1

A practical approximation of the wall stresses developed during pres-

surization is determined as follows:

s 9 = Pr = 50(2) 1 100 lbs/inch

eg = = 100 x 100 = 19.5%

"ea = e = •0.195(2.0) x 100 = 0.56%

•- sa eaE = 0.0056(512) = 2.9 lbs/inch

whei-e:

S 9 = Circunferential stress, Ibs/inch

P = ~Pressuwe psi

r = Radius, inches

= Circumferential elongation in wall, percent

E = Modulus of coated fabric

I
I
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ea = Axial elongation in wall, percent

CO = External perimeter of module wall, inches

Sa = Average axial stress, lbs/inch

The results of this approximation show that the major stress occurs
in the circumferential or girth direction, Therefore, the design par-
ameters to be met in the flexible wall structure follow.

1. Minimum wall girth strength in 450 filament bias
fabric - 100 lbs/inch

2. Minimum shear adhesion of 450 filament bias fabric
to aluminum former - 100 lbs/inch

This adhesion level is required in order to permit developing the 100 lbs/
inch stress in the flexible wall.

Contstruction

Fabric. Uniroyal coated fabric 5200 was chosen as the material to be
used i construction of the four module flotation unit shown in Figure
3.4.2.2. This is a 2 oz nylon fabric with equal strength in both warp and
fill, coated with a NBR elastamer. The coated weight is 0.045 lbs/sq ft.7,This coated fabric is essentially leak tight; however, in order to avoid
the possibility of developing or incorporating a pin hole defect, it is
used as a two-ply construction, This two-ply 450 bias construction has
a demonstrated minimum strength of 128 lbs/inch of width and, therefore,
meets the minimum fabric strength requirement.

Adhesio A critical parameter for the successful performance
""of the `infae --tation module is maintaining adequate bonding of the5200 fabric material with the restraining aluminun former. A Uniroyal
proprietary metal preparation process was used to prepare the Alclad
aluminum series proposed for construction of the formers which includedthe followvin:

Alclad - 2024-0
Alclad - 6061-T6
Alelad - 2024-T3

The prepared metals meere then treated for adhesion using a Uniroyal pro-
priet&-y system involving the use of Ty Ply BN. Referring to Figure3.4.2.2, the 0.010" layer of 3010 NBR elastamer was then bonded to thealutminur fonner-, using heat and pressure. Each former was visually in-
spected for cmntinuity of adhesion. Test samples duplicating this adhe-
sion system indicated a shear strength of 194 lbs/iLich width of seam whenthe sample had a 1.0-inch miniman adhered length. This system, therefore,g met design requirements.

I
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Adhesion of the 5200 coated fabric to the bonded 3010 was achieved
using Uniroyal adhesive 3242. Test samples prepared with this adhesive
system showed a shear strength of 104 lbs per inch width when the sazmple
had a minimizn adhered length of 1.0 inch. Thnis shear strength would be
increased approximately linearily up to 1. 5 inches. This adhesive system
also met min~nium re.quirenents,

Fabrication of Test Modules

Single Module Test Unit. A single test unit was prepared to verify
the construction to be usWd in fabricating the four module test unit.
Figures 3.4.2.5 and 3.4.2.6 show the overall single cell unit. The fab-
rication process discussed for the four module unit was followed in its
entirety.

The primary objectives for constructing this single unit covered
the following:

I a. Verify inflated shape of module.
f b. Verify minimnu burst strength.

c. Observe collapsability of module.

Pressur-ization Test - Single Module. The module was inflated with
air to 5 psi and the surface soap tested. No leaks were found. The
module shape conformed satisfactorily to the anticipated design shape.

The test unit was then collapsed to observe ability to nest. A very
normal pattern of collapse was observed indicating no design change re-
quired to favor module nesting during collapse.

TThe test unit was then held at 10 psi for 24 hours with no observed
change in module properties.

In a final pressurization to failure test, the module was pressur-
ized with water to 60 psi, at which time the restraining test jig failed
and the test was terminated. However, the module had not failed at thisr pressure. Figure 3.4.2.5 shows the overall single module test specimen.

The performance of the single module test unit confirmed the adequacy[ of the design proposed for the four module test unit.

Fabrication of the Four Module Test Unit

The four module test unit is shown in general design in Figure
3.4.2.2. Details of construction are shown in Figure 3.4.2.3 and Figure
3.4.21•.4

The detail of preparing the aluninum. fonner for attachment to the
flexible wall structure is shown in Figure 3.4.2,3. The fabrication
technique used was discussed under the section on adhesion and will not

S I be repeated here. An important attribute of this method of construction

I|
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is that each fomer may be critically examined for quality of adhesive
bond to the former, with the option of rejection of defective parts.
This insures that there will be no exposure to adhesion failure in a
full scale model i•volving 20 to 30 assembled modules.

The prepared a.runinur formers are then adhered to the flexible wall
structure shamn in detail in Figure 3.4.2.4.

The basic rmodule is oonstruited on a soak oirt mandrel conforming
with the inflated shape of the module shown as (I). The 5200 coated
fabric material is then fabricated into the wa2ll structure as indicated
in Figure 3,4.2.4. Adhesive 3200 is used to adhere the various fabric
layers. A 0.010" NBR gun tape 5137 is used to seal the respective edges
of the 5200 fabric shown as (6).

Revied of Figure 3.4.2.4 shows that four layers of 5200 fabric are
involved at the aluninumn former extending out approximately 1.5 to 2.0"
from the former. This added thickness should serve to minimize possible
danage to the fabric by the metal forner. The two ply of fabric shown
at the outcer periphery of the module has adequate strengthbut because
of its thinner wall section serves to facilitate "cupping" of the module
for good nesting during collapse for final, packaging. Figures 3.4.2.7
and 3.4.2.8 show the final fabricated four module units.

Proof Testing of Four Module Test Unit

The four module test unit was pressurized to 5 psi with air and soap
tested. No leaks were observed.

The test unit was then inflated with air to 10 psi for 24 hours. No
structural change was observed in the test module upon completion of this
test, The test unit was collapsed for packaging. The collapsed configur.-
"ation is shown in Figure 3.4.2.9. Measurements made on the collapsed

* unit were as follows:

(a) Thickness of four collapsed modules through the metal
formers including the two terminal formers each 0,25"
thick was 1,5 inches.

"(b) Thickness of the four collapsed modUies at outer periphery
of flexible wall 3.1 inches. This thickness dimension in-
cludes the cupping of the first module which in itself was
24,0 inches.

General C(Xmient

T The four module test unit was fabricated of NBR coated 2 oz nylon
fabric. The NBR fabric was used as an expedient because it w;s avail-
able as a production itan at Uniroyal. This material is functionally
satisfactory for test evaluation purposes, The NBR coating is deficient
in outdoor aging properties when acmpared with the preferred Neoprene or
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Paracril OZO coatings. Therefore, a similar system of adhesion for a
Neoprene or Paracril OZO coated fabric will be demonstrated should the
better aging material be selected for construction of the initial pro-
duction module assembly.

The actual fabricated and tested four module unit described in
this report is samewhat heavier in weight than required due to an over-
sight during fabrication of not trirving the first flexible wall fabric
to the peripheral dimensions shown in Figure 3.4.2.4. Thereforet an
excess of 2.0 oz is included in this test unit. This material is un-
bonded in the area to be cut out and therefore does not alter the seam-
bond efficiency.

3.4.3 Float Actuation System

Since a high pressure air system inherently actuates
very quickly, an all-pneumatic system was selected to meet the design
goal of extending the float system in 30 seconds. Having decided to use
a gas system, the problem of providing the stored energy must be consider-
ed. Two approaches seemed feasible to obtain the canpressed gas. First,
atmospheric air could be carnpressed by an engine driven canpressor and
then dried and stored in an air tank. This approach would be heavy and
result in a cc'nplex system to insure dry air. As a result, it was felt
that a precharged gas bottle system would be simpler and more reliable.
To circumvent the moisture problem (nozzle exit temp. =-150F), a nitrogen
gas system was selected. A schematic diAgram of this system is shown in
Figure 3.4.3-1. If air were substituted for the nitrogen gas, a drier
would have to be incorporated into the system.

A brief study was made to ascertain the storage voline
requirements as a function of storage pressure. The basic float system
requires 75 cu ft at 5 psig for an •xtens'on cycle. This is equivalent
to 101 SCF. Figure 3.4.3-2 shows the r*, .-ti inship between storage pres-
sure and volune along with a storage vessel diameter. Three system pres-
sumes were evaluated assuming a 3/16" diameter tube and a choked flow
orifice. The assu. [on of choked flow enables one to neglect any back
pressure effects. Each sys' -- was sized to meet the voltme and time
requirements for single and double cycle operation. The pertinent . -
sults of this study ar% summxarized in Table 3.4.3-1.

ST"ible 3.4.3-1

Storage Bottll Time
Pres~s a Dia..a. (Prel) No. Bottles

i000 psi Single 1.46 ft. 39 sec, 2
Double 1.80 ft. 15, 63 sec. 1

2000 psi Single 1.15 ft. 22 sec. 2
Double 1.45 ft. 8, 39 sec. 1

S3000 psi Single 1.04 ft. 17 sec. 2
Double 1.28 ft. 6, 18 sec. 1
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IA
The above numhei•- are based on no leakage and no contingency. Consider-
ing, the time element and volume requirements, the 1000 psig system was
dropped from consideration. As expected.the 3000 psig system is the
smallest and fastest acting. However, according to the data in ReferenceI 114, the 3000 psig bottles have limited availability, Thierefore, the 2000
psig system was selected from the inflation system.

As previously mentioned, 101 SCF are required per infla-
tion cycle. At 70oF the nitrogen gas weighs .00735 lb/ft3 or a total of

7,42 lbs per cycle. In reality, the system will have inherent leakage.
To compensate for this a contingency of 30% by weight was designed into I
the system. The required weight then is 9.5 lbs of nitrogen per infla-
tion. A single and dual cycle nitrogen system was designed. Typical re-
sults of pressure and weight available as a function of time are shown
in Figure 3.4.3-3 for the single cycle and Figure 3.4.3-4 for the dual
cycle. For the proposed single cycle system, the time required for full
inflation is about 21 seconds. The double cycle system will inflate the
-floats fully in 10 seconds for the first cycle and then requires 32
seconds for the second inflation. Both systems meet the required design 7
goal of 30 seconds.

The recoamended pneumatic system for the HRV aircraft will
be a 2000-psig single nitrogen storage bottle. This will represent the
most reliable and lightest weight system. The selection of a 2000-psig
system was predicated on having maximum recharge availability. To insure
that the f-oats will reach a final retracted position, a mechanical re-
traction force was provided. The simplest way to acoamplish this was
through the use of negator springs (constant force) mounted internally.
A value of 80 lbs per float was selected. This then allows approximately
40 lbs to act as a locking type load for getting the floats to their final

retracted T e system operational sequence is as follows (Reference
Figure 3.4.3-1). After the aircraft has been landed and brought to rest
on the water surface, the hull floats are rotated into the extension
position. The two-position-selector valve is placed on the extend position.
Next step is to place the three-position-selector valve on the wing posi-

i tion. With the wing flow control level, the wing floats are allowed to
extend into a position which equals the hull float position.

After the wing floats have been positioned, the three-
position-selector lever is placed on the both position. Now with one hand
on the wing flow control valve and the other on the hull flow control valve,
the floats are extended. Any unusual motion of the "ircraft will be sensed
by the operator and corrected through the appropriate flow control. A full
down indicator will then be actuated ccmpleting the extension.

For retracting the floats, the two-position-selector lever
is placed on the retract position. This will allow the system to vent to
the atmosphere. The three-position-sel-ctor level will still be on the
both position. Now both flow control valves will be opened and the pressure
will vent. In addition to the pressure venting action, two forty lb negator

I
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springs per i±oat help to bring the system back into the final retracted
position. Once. the floats have been retracted, the hull floats are ro-
tated into the flight position and the aircr-aft is prepared to take off.

3.4.4 Weight Sumwry

An evaluation of the Vertical Float System was made to
assess the weight. The present design was based on keeping the manufac-
turing, osts to a minimun. This approach will always yield a heavier
system. In order to indicate what might be accmplished by a weight re-

* duction effort, a column of potential weights is shown. Table 3.4.4-1
surmarizes the present and potential weight breakdown.

Table 3.4.4-1

=EIGHT SUMMARY

Item Deninstration System Potential System

Float Weight

Support Tube 22.1 17.6
Intermediate Ribs 15.3 13.4
End Ribs 1.5 1.4
Uniroyal Bag 3.2 3.2
"Danping Plate 4.7 3.8
Hull Fittings 1.8 1.7

Total per Float 48.6 41.1

Total for 6 Floats 291.6 246.6

System Weight

Storage Bottle* 60.0 40.0
Tubing 5.4 4.5
Pneumnatic Caoponents 5.0 4.0

J Sub-system Total 362.0 295.1

HRV Modifications

Structural * } 35.0 31.0
Mechanical

STOTAL 397.0 326.1

*Reference Figure 3.4.4-1j� *Estimated

The total system weight is within the established design goal.
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I 4.0 AIRCRAFT MODIFICATION

The incorporation of the Vertical Float System on the HRV aircraft
will create condition for which the airplane was not designed. Since the
float stations were located at anticipated structural hard points, the
overall structural strength requirents should not change significantly.
In this phase of the contract)only the general arrangement was established
as depicted on Drawing No. 818171. Hcowever, the Phase II or early Phase
III engineering effort must evaluate in detail the bnfluence of the Vertical
Float System loads. The following paragraphs discuss same of the major
studies which must be completed on the HRV airframe.

The most obvious study for structural integrity will be a omprehen-
sive evaluation of overall float-airplane loadini conditions. Having
derived these, ccranrisons can be made of Vertical Float System loading
conditions with existing strenýth.

I Local structural problems will involve specialized desim condition
or self-equilibrating load systems due to mechanical motion requirvments.
For the Vertical Float System, the first category of local problems effects
both wing and hull floats, while only the hull floats will require rota-
tion into the retracted position. Both wind and hull floats will exper-
ience take-off and landing water loads. These loads must have a primary
p•th through the float structure. To acccmplish this) a positive locking
device will be used. The wind float in its retracted Dosition must Dro-
vide structure to accammodate the wing float loads. Although engineering
intuition indicates that airloads will not provide any critical structural
requirements, the airload conditions should be checked. The mechanical
type design considerations will be most severe for the hull floats (Refer-
ence Section A-A 0 Drawirg No. 818171). Here, the problems of actuator
support structure, lock support structure, etc., must be designed along
with checking existing strucctine for any induced mechanical loads.

Campramise situations may occur where the HRV airplane could be re-
stricted to a given operational envelope in order to minimize structural
weight penalties.

The installation of the inflation system should pose no severe pro-
blems. In most cases) the access availability may create same special
considerations. With all the incorporated weight items) it may be neces-
sary to evaluate the HRV weight and balance effects on flight perfornance
aid stability.

S I
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5.0 PROPOSED PýX •PAM FOLTfT4-ON

The proposed progm~n will be accomplished as follows. Phase II will
consist of initial engineering of the complete Inflatable Vertical Float
System for incorporation on the hRV aircraft and a development test of
one float and associated systems. A detailed outline of the Phase II
"effort may be found in Reference 20. Phase III will consist of final
enaineering of the camplete float system, the incorporation of the cam-
plete system on the HRV aircraft, and a deycnstration test of the aircraft
and float system.

Phase II will carry the Inflatable Vertical Float concept through
the layout design stage for each float and all associated systems for
"their deployment and stowage. Layout designs will be acccmplished to
define the necessary modifications to the HRV airplane for incorporation
of the float system. One full scale float assembly will be built and
tested to hydrodynamic loads while immersed in water at various angles
and depths. The test will demonstrate not only that the buoyancy forces
can be adequately supported without excessive distortion or deflection
of the flotation bag of the suxpporting telescoping colutn but also that
"the float system can be repeatedly extended and retracted without bending
failure or excessive wear. The test specimen will be affixed to a struc-
tural steel fixture situated on an existing steel platform on the Martin

•- Marietta Corporation dock or on an open-well barge. See Figure 5.1.

Phase III will canprise final engineering incorporating changes re-
sultirg from the development testing of Phase II, the modification of the
-HRV airplane, and demonstration testing of the airplane and float systems.
The modifications of the HRV airplane will consist of installing the six
float assemblies, two on the bow, two on the hull afterbody, and one on
each wing, replacing the Lxisting wing tip floats. The installations will
include systems for deployment and stowage of the floats and also associated
"cockpit control. All instrumentation and equipment required to document
the demonstratiop testing will be installed. The demonstration will con-
sist of actual water landings, float deployment, retraction and stowage,
and airplane takeoffs. The tests will be done in smoth and rough water
to illustrate oemplete operational feasibility of the Vertical Float con-
"cept.

4,
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L A-2

A pin ended fluid colisn assembly was tes ted under externally
• applied axial loads.

The assembly included a reinforced rubber hose approximately four
inches inside diameter clamped to alurfinum aJloy end fittings# and filled
with water at various pressure levels, The overa l length was about four
feet eight inches.

The externally applied column loads were equal to about eighty-five
pcrcent of the axial internal pressuse loads for incremental internal
pressures up to four hundred pounds per square inch. The maximun external
load was about forty-th_-ee hundred pounds without column failure.

At internal pressures above four hundred pounds per square inch,
slippage of the end fittings introduced considerable beam column bending
so that the tests had to be discontinued, The failing strength of the
column could not be deternined.

The effective modulus of elasticity of the reinforced rubber hose
was estimated fran strain gage readings recorded during the tests. The
estimated value in the axial direction is one hundred fifty thousand
pounds per inch. This value is sonewhat in question because of slippager of the end fittings during the tests.

The weight of the reinforced hose was less than five pounds and
quite flexible when unpiessurized.

The installation is shown in photographs in the badk of this report.
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F ~INRODUCTOh

The following test was conducted using a rubber fluid colurnn
assembly 56-3/16 inches long. The assembly included a reinforced
rubber hose, ,49.5 inches long with an O.D. of 4.22 inches, manufac-
tured by the U. S. Rubber Company. The reinforcement was nanifest
by proprietary longitudinal mid circular winding patterns of plastic
strands, The rvsulting hose was flexible in a relaxed condition. The
"hose ends were secured to aluminum hardware with steel clamps. TMe
hardware was designed to form a fluid seal and machined to receive
fluid injection tubes and ball ends which were mated with socket blocks
when the assembly was mounted for test. An exploded view of the end
la~rdware is shown in ohotographs B-84317 and B-84318.

Three sets of strain gages (one transverse and one longitudinal
per set) were attached to the hose 1200 apart on a circmiferential line
rmidway frcm each end.

v Additional details pertinent to the assembly ae ah•own below:

1. Total weight of rubber fluid oolumn with end hardware
attached but without ball ends - 23.5 lbs,

S2. Weight of ball ends - 2.398 Ibs. each (sockets not
included).

S3. Weight of one end fitting without ball end - 9.35 lbs.

4. Weight of hose alone - 4.8 lbs.

5. Length of hose - 49-1/2 indhes.

S6. Circmnference of hose - 13-1/4 inches.

7, O*D. of hose - 4•.22 inches.

S8, I.D. of hose - 3.97 inches.

9. Hose wall thickness - 1/8 inches.

1 10, OveUll length of oolumn with ball ends attached prior
to installation in the test machine - 56-3/16 inches.

¶1
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PROCEDURE

The hose asserdbly was filled with water, then installed vertically
in a 400,000 pound Bald4in-Lima-iamilton Universal Testing Machine. A
socket block was provided to receive each ball end. The installation
is shan in photographs B-84265 and B-84266. A hydraulic pump and pres-
sure gage were connected to the assembly to provide the various levels
of internal pressure desired. The vertical load was applied by use of
the test machine. Appropriate instrumentation provided both transverse
and longitudinal strain readings.

Strain readings were taken at internal pressure increnents of 100
psi up to 400 psi with vertical load increments of 200 pounds up to 200
psi and 250 Dounds beyond 200 psi. The load limits were 1000, 2200, 3000
and 4300 pounds for internal pressure lvels of 100, 200, 300 and 400 psi

L• respectively.
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RESULTS

The lcngitudinal strain readings obtained at various internal
pressure levels and cortesponding loads are tabulated in Table No. I,
Figures through 4 sho load-strain curves developed from the tabulated
data. Figures 5 and 6 show curves displaying the relationship of inter-
nal pressure and applied load respective to cir•anferential strain.

The initial misaligrment was estimated to be about mne-quarter of
an inch. However, the pressure cycling caused slippage of the end
fittings that resulted in continuwus increase in misalignment. The
bending induced by the increased misaligment limited the load carrying
capacity of the assembly to 4300 pounds. Had there been no increase
in nisalig~ment it is believed the failing load would have been muchI higher.
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F DISCUSSION

Since sawe column bending was detected in the longitudinal direction,
it was necessary to separate the bending and axia'. effects which, due to
the placement of the strain gages were recorded as one by the strain indi-
cator. This would then permit a determination of the modulus of elasticity
presumably exhibited by the column material. Toward this end, the strain
indicator readings in the longitudinal direction were evaluated with sights
focused on an average elongation or compression which the hose might be
considered to experience without bending (i.e., transfoming the bending
load into an equivalent axial load), between successive loads,

Exanple: Internal pressure at 100 psi

load (lbs) Strain (p in/in x 30)

Ga&Le13L Gage UL Gage 2L

S200 - 8 +30 +47
400 -16.5 +18 +37.5

In view of the bending and the signs of the strair readings, it is
r evident that the neutral axis passes through a plane such that gaswes IL
L, and 2L are on one side and gage 3L is on the opposite side. Assuming

that the strain is linear around the outer edges of the hose, there should
exist a wtralr, midway beteen gages 1L and 2L of +38.5 i in/in x 10 in the
case of the 200 pound load and one of +27.8 v in/in x 10 in the case of the
400 pound load,

In view of the strain gage locations (1200 apart on the same cross
section), these two strain readings are expected to be on the same diameter
with the respective strain readings of gage 3L. which maKes the situation
analogous to the problem of a hollow cylinder being subjected to a pure
bending load at its midlength, except for the fact that the stresses on
the nose are not equal and opposite.

SConsider a diameter through gage 3L for a 200 pound load. The strain
readings on either end are -8xl0-b in/in and +.8.5xl0-5 in/in. If we
assume that a strain of +30,SxlO-S in/in reflects a difference in stretching

r of one side over the otherg the stresses due to bending can be considered
equal and opposite and the strain is an indication of an elongation or con.
pression in the ax:tal direction. For a 400 pound load, the differezoe in
stretch of one side over the other is 27,8x10- 5 in/in - 16.5x10- 5 in/in or
+ll.3x10- 5 in/in.

Consider the two successive axial strain indications for the two suc-
cessive loads. To determine the modulus of elasticity, it is now necessary
to convert axial load to stress and plot it as a function of axial strain
and develop a curve, the slope of which is the modulus, The modulus E would
be,
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400-200 400-200

E stress Area x 10 5  irD x 105

200

2 12.56 x i05 .83xi0 5 lbs/in

This is the modulus in the longitudinal direction in lbs/in.

Figure 5 represents the transverse strein reactions at three points
on the sawe cross sectioni, 1200 apart, due to pressure variations within
the hose. The transverse strain gage is not affected by bending loads.
Therefore the strain readings are considered representative of a condition
of pure radial pressure. The modulus then can be read directly from the
internal pressure vs strain curve.

F
V •RErERCE

ER 14230P9 April 29, 1966, An Inflatable Vertical Float System.
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Table I V

LWIT~UDINAL STRAIN~ READ)INIS

ij_0,p•i•Interml ?ressur)

ModulusGage Readings (as measumed by
Load (in/in x 10-5) Diff. in A Load x 105
(lbs) 3L Avg. Rdgs. A &m. Rdgs.)

* 200 - 8 +30 +47 +30.5 EXI0 5

19,2 I7r
400 -16.5 +18 +37.5 +11.3

19.8 10.0
600 -24 + 4 +27 - 8.5

800 -32 - 8 +16.5 - 3.5S21.0 9°6
1000 -40 -21 + 6 -24.5

1.
S(200 psi Internal Pressure)

200 +50 +98 +108 +85.3

400 +38 +78 + 98 +71.3

V 600 +28 +62 + 87 +59.0 12.3 16.3L10.7 18.7
800 +19 +49 + 77 +48.3 1i0/3 19.4

1000 +10 +37 + 67 +38.0
!9.3 21.5
1200 + 3 +26 + 57 +28.7

S11.2 17.9
1400 - 5 +15 + 48 +27.5

17.0 1.1.81600 -12 + 5 + 40 +10.5
8.5 23.5*

1800 -20 - 6 + 32 +19.0

1510 13.32000 -27 -15 + 25 + 4,0
13,0 15.42200 -33 -25 + 20 -9.0SAvg. 16.51

E u 1.32X10 5 lb/in.

S• These data not utilized.



I
I A-9

Table 1 (contd)

LW,(ITUDINAL STRAIN READINGS

(300 vsi Internal Pressure)

IModulus

Gge Readings (as measured by
lad (in/in x 1.-5) Diff. in A Load x 1

iiI (Ibs) 3L IL -2 Avg. Rdgs. t Avg. Rdgs.)

2000 + 7 +74 +110 +63.7
3.8 65.7*1 2250 - 5 +52 + 93 +67.5S25.7 9,73

2500 -16 +34 + 81.5 +41.8

I 2750 -27 +20 + 72 +19 22,8 10,95

22.5 11.10
3000 -38,5 + 6 + 64 - 3,5i'Avg. Jo.59

E= .845x10l0b5in,

1 (400 psi Internal Pressure)

j 3000 +20 +85 +130 +78,3

3250 + 8 +65 +116 +63.0 16.3.
•! I+ 815 29.4*.

1 3500 - 5 +47 +106 +71,5
+14,0 17.9

3750 -17 +32 + 97 +57,5i +32.5 7.7*

""O000 -30 +21 + 89 +25,0

+19.0 13.24250 -42 +14 + 82 + 6.0IAvg, 15,80
E 1.26x105 lb/in.

*These data not utilized.
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