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ABSTRACT 

In keeping with the general Deep Ccean Technology program objective 92 

of "developing the broea technological. base",. structural desigen considera- 2 

ATTCIT A a . . ° as or f 

tiens for replacing the existing nY-100 steel ALVIN/AUTEC pressure sphere 

wei ab tieanium sohere- ese anvestapated. Lvu.is . concluded that ande,000 

ft collapse depth an@’a 2000 poun] payload increase is‘abtainnble ntiliaing 

13 am Chick; 00,000; sieyieldesirergebh=tacaniwd.: otiescher ayelic, crecp, 
NO ae muy CNET RS. ess nae 

and \collapse: tests.of- a second full scale sphere is required. The npproci- 

iace Costu ofthe structucel phases) of such a.progrum-i2'2969,000. 
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+ INTRODUCTION 

Incressing the pivload of ALVIN by apprexisately 2/00 pounds ) 

vould provide additions! flexibility and utility in oceanographic 

operations. Accordingl;, a:prorosal has: boen meade to réplace ALVIN'S 
’ 

eyisliny HY2100, pressure sphere with aubitenimaspnece. -On 5S April 

1968 a conference was held to discuss the ramificatious of such a 

change, and as a result of this conference three ai-hoc groups. were 

formed ‘to. prepare: prelininary. studics on certwinvasrects of the 

change - Titanium Alloy Selicction, Vehiels: Changes, and Prdesare Cupsule 

Design Considerations. It was requested that these studies be avail~ 

able within two wecks, {19 April 1968), so that they could be discussed 

in detail at the next #LVIN conference on 26 April 1945. 

The results of tse design consideration studies are presented 

herein. In order to enure relevancy ,: the object of this’ s 

Gefined by the contributing group as follows: _ < ) 

- To determine the feusibilits of 2attnining an 12,000. ft 

colizpse depth with ea miniimm increnss of payload of 

2009: pounds,’ for. a Titanium suhere that soule be com 

patible with ALVIN, 

Members of the group ecatributs MeetOmunus Suede ere lice a Marcin ayn 

(NSRDC), Mr. A. Sharp (VHO1), 

Palermo (NAVSEC). 
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Enka 
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some of the more. obvious advantages of replacing the existing +) 

HY-1C0O sphere with a Titaniws: sphere are:- 

1... Increased payloud for ALVIN for vresent operating depth: of 

6000 ft. 

2. “Ability to double the existing opernting depth yet still 

increase payload over present system. 

3. Opportunity to evaluate a large titanium structure in the 

deep ocean environment. 

4. Opportunity to provide a "Tirst—-gen:ration". test ped venicle 

for -possibie D.0.T.. applications. 

5. Opportunity te ‘brevide DS5SP with acfirst cok at..a manned 

: Titanium. structure in the environmrent,.for possible DSSV. 

applications. ) 

6. Opportunity to systematically Gevelop and evaluate the 

techniques/methcdologies for certifying x Cavegony 2 Or 3 

material for deep submergence applications. 

In: order to exploit all of the possivle. advantages accruing: irca 

the replacement of the existing HY-190 sphere with a Lb niuia Sphere, two 

major structural chang2/alteralions were considered Cesirable:- 

.. increased huil thickness frem existing 1.33 into soproximately 

BUSHEY abel 

. increased forward viewing capacity —- to speinee th? scientist/ 
y 

cbserver.as well as the pilot. to sce forward. 
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Considereble research on the strengi erpical. shalls has been 

conducted at the Naval Ship Research and Develene: nt Canter (NSRBC).. The 

4 
Culamination of this work: has been the develotment of analysis«for the 

across @ eriticel are length. The development and-verification of the t 

NORDC. technique Ras bien well. docunented LA Lee oOpsme laverahune awd wit) 

howbe dlecussed herein, Suifies it to say, that semi-cmpi sical esistions 

: Ae) : h 
were dsveloped for th: Sieaaa| zs) and -inelastic (P2) cuckling pressure of 

initially imperfect czheres, by taking advantupe of. the WSRVC finding 

menon, sisghtly imperfect spheres can be treated by conzidcring the local 

geometry over a critizal are len 

where 

hea is average vickness over a criticsl are length 

(2, is local: radius to midplane.of “the shell over a critical ane lene 

5 

the shell over e-crizical arc o) Lae) and {<5 is loce: radius to. outsic 

length. 

The critical: aro lengt: (La) based 6n nominel 
La zee eh qe 

Wow i fom 5(i- roy af 

& 

Sc S fa : s+ WHheeyrjynte «eo enn Ve tives ceent ana + a t= is Youngs Motulus with subscripts s and t.denoting escent and tangen: 
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Taking advantage of the mass of experimental data availad 

2 - ; . aunt 
MERDG, ‘cumvasi werevdevecoced relating the rahe ol 

ne forsndentined sustressarecvived) undaas. fabri caved huinioehereso-Nith 

these, curves: avaidable, it Ws possible: tovdeveion prediction type curves 

loc) otalseGine => (0 is) Ss as fe) oO ©) =) fs 9 0 4 Q Q D ae) ap Oy io} im) uS' ct Dh bre 2 a} ie) is) Gi ru oO i 
Gr. hy S w Sal viineator 

i € 
oo wy S o } 7) x 3 (erp w 3) fen 1) ne ) ©) ce ae iy per) pa vu) » Ellowahle deviations in scherici 

thickness or weignt-to-displacement ratio 

Gfd)to A. pya ChOSSmpNoutune: Prom tielsuha ly: of (CRT wes At Ss SSesi ole 

to develop curves relating collapse depth Lo WD ratio ROP a piven. or 

suned A, 

This game procedure was utilized herein for studying ALVIN. Fig 1 

) factor curve: bused von 2-120) —)if=150 (stecks. Ee shows the empirical reduect 

(Strain hardening materfals). The curves shown are the loser bound 

envelopes of experimenvs: results from machined, stress relievea an 

non stress relieved models. It should be noted that the non stress 

relieved models were fatsicated frem pressed: petels this they contain a 

Large Of Lesaaial owen consigerable number or seam welds and as 5 7 ‘ tS uo J 
is 

a 3) an as 

SUReSSes sin) Pigures <2and) 3, ane presented atypical ostress -surain (curves 

icuby. hacvox czerves, fer vwitanium. ‘ULilizine’ the cusves of 

+ 5 
be developed (2s Gescribsd [Rs Q fe) ns Figures 1,:-2, and 3 the curve cf Figur 

collapse depth, Finally the curves 

ral 
Pplottncetromgthe\ennver cn racine...) amet he lot hore Vries carves for 
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Since the ALVIN rll cont nine aesilisle vquavcniall geam,weld, 

aswell -esiwelds for wht four view ports ana hatch and: since the hull 

will te hot formed in tse hemispherical pieces, the as-fabricated hall 

shoulda perform at least as weli at the other as-fahricated hemispheres, 

ane probablyias, well as the stress, relieved “Wemisnheres. of rignure 1. 

Further it is nossible, depending upon the titanium alloy selected 

ete, that the shuld wad ce isincss) celcveds 

Thus ‘the best ensineering judgment of the strengtn of the Titanium 

hull for ALVIN, is that the failure should te defined somewhere betwee =) 

the limits of the strese relieved and the machined curve. (Fig 5). 

Further Figure 5 is bassi on an assumed ZN Wot Wiis eulvcniais probably 
SA tl AR SIO Re 

a conservative value. fowever, it was selected because it is felt that 

the distortions due tc widing the titanium sphere will bs greater than 

the measured distortion: vbtr zined from welded. HY¥-LOS spheres. Accordingly 

it is felt that the folfoving minimum collapse pressures and Wy ratios 

should be attaiszable*: 

Yield Strength Coltapse Depth Wp -basic Wiy-corrected Payload 
psi Ft. - inerease 

i Lbs 

100, 000 38,200 0.550 0.605 1975 

110,000 18,900 0.524 0.576 2.300 

120,000 18,300 0.502 O.'552 2550 

*It should be noted thai a similar technique ne used to predict th 18 
collapse depth for the W-100 ALVIN sphere. A depth of Ne abe oe 

in 16,000 ft. was predicteé based on a meximnum roneuned AN of 0.050 

~ 
v for 
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The basic WAp ravio is for the basic hull without penetrations. 

For the existing HY-102 4LVIN sphere, the inserts for the renetrations 
SS Se 

acyp inensased. the ibe O55 AG WGbimmbePeecent. Accordingly, 
oN 

the corrected wld ratic shown anove reflects a 11 percent increase on 

the basic Vy ratio. It is noted that optimization of the hull inserts 

7s 
will provably result ina slightly lighter structure than shown. 

The predictions snown above indicate that from a structural 

standpoint it is possibis to attain an 18,000 ft collapse depth with 

payload increase within the general range of interest. Further, since 

the physical size of ths hull (6"-15" C.D) and the predicted collapse 

~ < (0s) i) he ra rw) (P) po co ree ) =) depth are within the capabilities of existing facilities 

from collapse tests of a2 full scale hull. Additional verification of 
+ 

the adequacy of the prediction curves will be obtained from tests of 

three titanium sphere mcdels currently under construction, scheduled 

for testing in FY69. 

“2 
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RELIABILITL/SAFETY 

The present HY-226 pressure capsule for ALVIN has a predicted 

collapse depth of appresimately 16,000 ft. The HY-100 steel pressure 

hull material has been videly used in marine structures (including 

structural mcdels with yield strengths in excess of 96,006 psi) and 

can be censidered as a celiable well documented inaterial. Thus for 

a given collapse depth, a deeper operating dpethjcan be justified for 

NS 

the HY-100 snhere. Conversely a minimum of @%bcrimental data exists 

on the collapse strength of spherical titanium hulls. Thus prudence 

would require a more cozservative approach in establishing an operating 

depth (oased on colla apse tests) for the titanium. The existing certifi- 

cation specifications require a minimum factor of 1.5 on collapse over 

operating depth - thus for the titanium sphere a factor sorewhat greater 

than 1.5 seems cesirabie at this time. In this regard a goal of 12,000 

ft as the collapse depth is feasible and should as a minimum permit 

operations to a depth cf 9,000 ft. When more extensive operational and 

test data are generated and the degree of confidence in the 

increased, an increase of the operating depth can be considered. 



i 

a 
I / WEY f 

wee ntl 

ih yrs \amee ead. ivtandia 

Need eer” : 
ite? 4 ae! RN ata 

why wg 



VIEWING/VIEWPORT IMPROVEMENTS 

There are a munbec of alternatives available concerning the 

viewport structure:-— 

1. Duplicate the existing viewport hull inserts for four windows 

2. Optinize the viewport hull inserts for four windows 

3. Provide two forward looking viewperts, side by side, by 

2] decreasing the size of and moving laterally the existing 

ee forward looking viewport, optimize the remainin 

inserts 

4. Optimize the viewport hull inserts for Tour windows, but 

utilize two ef the electrical penetrations at the forward 

window as peep-holes with associated optical system for 

~ 

viewing, and growth possibility to utilize fiber optics in 
~~. 

the future. 

The two week tins frame allowed for preparation of this report was 

not sufficient to permit structural analysis of the inserts in way of the 

viewports. However, based on past experience, optimization of the existing 

inserts is feasible and should be the miniinun that is done. It is further St, EE ee 

recommended that the peen-hole with associated optics/fiber optics be 

installed in the new pressure hull. 

Consideration must be given to the viewport materials and shape if 

decper operating depths are contemplated for the rebuilt ALVIN. Cyclic, 
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& + We ie} a ~~ to assess window configurations (internal diameter to thickness r: 

for various operating depths. The results of these studies will te used 

as the bases for evaluating and/or redesigning the windows. 

10 
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OTHER STRUCTURAL CHANG&S 

The insert at tke access hatch ean be optimized by utilizing the 

same procedure as developed for the view port inserts. The NSRDC has 

programmed Gifford's finite element analysis for these inserts. Unfortu- 

nately this analysis reqiires about one week set-up time for dividing 

the insert into the necessary elements, obtaining coordinates for the 

elements, etc, prior to solving the problem on the computer. Nowever, 

when the Titanium sphere project is officially initiated this computer 

program will be utilized for optimization of all hull inserts. 

Electrical pen:irator fittings compatable with the AUTESC vehicle 
(ace eR rE ES A CE AST SESE SED 

will be utilized. This entails providing opening for 23 fittings rather 
errr ser SE EI STE ES EN CED 

than the 12 now on ALVIN. This does not include, at this time, any 

necessary structural changes to the penetrators themselves to account 

for thicker inserts, desper operating depths, etc. 

Preliminary investigations indicate that the added deflections 

attendant with the use cf titanium in the pressure sphere should not Gh L | 
ec | 

cause binding of the retzase mechanism. However some redesign nay b= Dutta 

necessary in the area of the penetration for the release mechanism shaft. welsh tuhehon Becaramocs (aes bauer 
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TEST PROGRAM 

It is 

will be cles sed as 

by NAVSHIPS 0900-028-2010 (1 Juiy 1967). 

specified a model 

model the more det 

the structural testing requirements of a Category 3 

it. is recommenied that a full scale model be 

hulls should te constructed and the one with 

tolerances (out-of svnericity, etc) should be selected 

esults of this test should provide a minimun 

remaining sphere, 

to the collapse.tests on the sphere, a proof test on 

conjectural whether the titanium allcy 

a Category 2 or a 

Lest to des 

selected for ALVIN 

Category 3 Material as specified 

truction is necessary, and 
wees ee Oe

 
the larger 

ailed the evaluation. Thus e full scale model would 

- Further a full scale model 

Therefore 

coat fee 

material. 
th 

tested to destruction. 

e SU) protouype 

the worst dinensional 

ones WaRine dere 

collapse pres sure for the 
ay an ae sees 

Gas ala also verify the design <e In addition 
Nm ee 

iC (0 
the remaining sphere ve 

<n ie oe 

would also be required. 

‘The preliminary tests program as presently envisicnse 

eyclic, creep and hydrost 

and e proof 

remaining sphere. 

date. 
ose 

WEG We Syepivebaeieelhi’ AoIL welysre ete: 

ae oudidmemeduce 

atic collapse tests of the one pressure svhere, 

operating Gepth of Lhe 

A detailed test program wiil be developed at a ruture 
TEN SEES SY A SCP ET SES 



Ps. 

4 

a4ivy 

{ 

® , 

4 ns 

5 

i] 

‘ 

}« 

5 

j ? 

y 

Lat | 

sa 

‘ 

vi 

i< 

i 

"ie 

j 

he 

nt 
7 

’ t 
* 

j 

‘ 

“a 

f 

ri sae 

| 
To 

if ne 

ar 

‘* 

a rag ots ae Py fe 

“ipert Be 2ata Circa 

©) row 

dnb rue pit) oe) 

>» ,dhetiy goinlee 

ral Lota! ont ; 

4 an ' > i340: 

4 ’ “oo1) » Rie 

ie 4 nial et if ; 

ar { : “ray AR ig 

OA eae 

aii ae ‘i (ala aa ; 

4 J hi bai at ae y a. 

i'tole on ha 

praea ie ' = 

a Bioode eh Onl 

i> ma) Ss ie vete?d 

ev efAt Yo gtleagg 

ie 

ot) oF o 

wootes ila beset 

os at 



COST ESTIMATE 

The total cost estimate for building, testing and certifying a 
cee ae 

Titanium pressure sphere for ALVIN is approximately 1.é million dollars. 
ww 

This value was arrived at as follows: Peerage 

Material (2 -- spheres) fo OXHO) Mos). uy *6/lbd. 144,000 a 

Fabrication (2 spheres) 14,000 its at $50/1b 700,000 ee 

Instr, Test, Analysis, Report (Spheres) 125,000.45 4 

$969 , 000 

U5) 
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CONCLUSIONS 

1. An 18,090 ft collapse depth with a miniimun of 1975 pound payload 
A en mene ee ae ~ “ocean! 

increase is possible for a titanium sphere of the same outside dimen- 

sions as ALVIN. The following basic thicknesses are required for the 

yield strengths shown: 

a. 100,000 psi yield - 1.81 inches 
<a 

b. 110,000 psi yield - 1.72 inches 

¢. 120,000 psi yield - 1.65. inches 

2. The inserts for the view ports and hatch can be optimized from the 

existing for a further slight weignt saving. 

3. Additional forward viewing capabilities can be accommodated. 

4. Additional electrical penetrators to be compatible with the AUTEC 

vehicles can be accommodated. 

5. Binding of the hull release mechanism is not considered a problem. 

6. Two prototype hulls should be constructed - one for cyclic, creep 

and collapse tests;the other for use in ALVIN/AUTEC. 
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RECOMAEN DATION 

In keeping with the Deep Ocean Technology program objective of 

Wye wcevelooing the broad technoloeical base...." A titanium sphere 

for ALVIN/AUTEC should be built and evaluated in tne ocean environment. 

However it is essential that a duplicate full scale sphere be subjected 

to cyclic, creep, ard collapse tests. These recommendations are based 
Beh 

on structural design considerations only. 
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