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ABSTRACT

The~factors involved in the desigiu and deove lopmnent of Deep Submnergence Vehie'le odec tricalliull,
pentraors conecoi', ad hrnesesareoutlited. Designs which-have seen use over theI s~ears are noted. Theadvantages and limitations of these designs are dtiled; :Recommeinzdations

fdr th.,p roper design of electrical1 penetrators, connwvtors and harnesses are offered. Suggested
test pro-rams to assure the design adequacy are detailed. While this~workis 1primarily directed
to components-used onDeep Submergence Vehicles) the Handbook notes that thiese corihponents
can be effectively used on other systems sucIh'is habitats, deep moored objects, and other

similar d'evices.



I PREFACE

The Deep Ocean Technology Handbook of Vehicle Electrical Cehiiectors, Penetrators and liar-1 nesses for=Deep OceanApplications was prepared as a guide, for designers, engineers, and

operatirg personnel concerned with the deep ocean environment.

IIt is a compilation of engineering criteria obtained from published sources, experimental inves-

tigations, and-consultations with electrical connector manufacturers, users, and deep submergence

f vehicle manufacturers and users.

The Handbook is based on:work~being performed under the Deep Ocean Technology Program. It

consists of presently available informationind will be updated periodically as work progresses.

The looee-leaf form of the Handbook is for convenience in incorporating subsequent additions ahd

-/ "changes.

Itwill be noted tlat~there-is information provided in the Handbook which is common to various

-, deep oceanconnector, penetrator and harness applications ,nd not only for-deep submergence

vehicles.

Considerable narrative material is included in-this edition of the Handbook. Whenmilitaryspec-

ifications are issued covering connectors, penetrators and harnesses, much of this material will
'be deleted in'futurerevisLons.
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ADMINISTRATIVE INFORMATION

I This Handbook has been prepared for the U. S. ,Navy under the sponsorship of Deep Ocean

Technology Prograit. The work was cosiducted under the technical direction of the Electrical'I Branch, Code 6157E, of the Naval Ship Engineering Center, Hyattsville, Maryland. The Electric

Boat division of General Dynamics Corporation-has~prbpared.this document as Phase ii task

* 1 under Contrut N'024-68-C-5434, Ser. 4636, Task 12318. The Program Manager ior-the Deep

Ocean Technology/ Program is the Naval Ships Systemii Coffihiad (SHIPS'03424). Mr. John Regan,

Code 6157E, has serv'ed As the NAVSEC Technical Agent on the Program.
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LI

Method of. Updating and Revising the flaidbook

This Handbookis designed to be periodically revised to reflect new information on electrical

, coninctor,, penetratorand harness materials, manufacturing techniques, and general technology
" gained via, theDeep Ocean Technology (DOT) 'Program. Maintenance and expansion of the Hand-

book is the responsibility of the NavalShip Systems Comimiand utilizing.the Naval Ship Engineering
Center as Technical Agent.

- As the Handbook is publishedin, loose-leaf'form, revisions and additiqns- can be made easily. A

User Comment Return Firm is included in the Handbook as a convenient means of obtaining feed-

back for additions or amendments. 'Individuals within the Navy and the non-military community

are encouraged to submit comments and additional data for future revisions of theHandbook.
Material received will be rviewed:by NAVSEC and consideied for possible inclusion in the Hand-

book at a: later date.
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INT11ODUC Th6N

This Handbook haes 5eenPrelxtred to pr6vid& -w ;ineering infformation and 6guidance 4n designing,

I testing, and installing/ele'ctfical penetrators, connectors:, and'harnesses on Deep Submergence-

Vehicles (DSV). Whil, theHandbook is primarily devoted to DSV applicaticns, the information

provided can be advan tageously applied'to systems and comp0!pents9 other than DSVs such ats
I habitats and deep moored electrictil-and electronic components. For instance, it ,will be noted

~that desigfi~critei'ia established for,'DSV electrical penetrators~is ailso applicable to'habitats or

' personal,transfer capsules. Also, the pires.,ureproof elec trical har'nesses used on DSVs are

similar in design to those~v.,hich-would~be-Provided to offer circuit continuity between deep moored!

electronic components.
~The Handbook is divided'Into the foilowing 4ectibons for presentation of the electrical penetrator,

connector and harniess-design data:

~SectionAl - Lists the electrical'distribution design information necessary at the initiation of a

DSV'electrical penetrator, coninector, or-harness development program.

Section 2 -. Offers a des ignanalysis for"DSV electrical. huill penetrator designs.

Section 3 - Offers a design a ,mlysis for pressure proof DSV electrical connector design.

Section 4- - Offers,-a design analysis for pressure proof DSV electrical-harness designs.

Section 5,- Disdusses thei materials selection considerations for designing connectors and pene,
trators~for use in the sea water environment.

,. Section 6 - Discusses quality control considerations to assure comptonent reliability.

Section 7 - Offers a brief bibliography on related subject items,.

SBTectiono8 Cers aeglpssary f9r prdssureiprofr'ciitricalrtonnectgrs a idpenetrat sgrs in

Section 9 - Includes a tftimber of tables which can prove useful to the designer.

prvddcnb datgosyapidosstm n opnn.ohrta Sssc s
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Section 1

EL ECTRICA L/EI4 ECTRONIC- DISTRIBUTION'-S YSWEM
V ERICLE"DESIGN CONSIDERATIONS

The engineer responsible for the electrical, harnessing system on a deep~subm~rgence vehicle

~ .~must have the follWing design information prior to the initiation of the design and development,

program:

a. Vehicle operating depth
-b. Vehicle test depthI c.- Shock~requirements
A. Vibration requirements,

e. Vehicle temperature ranges -- opeiating, storage,'and- transit

f. V ehicle hull material

g. Location of electrical-,penetrators in hull

h. Space limitations inbbard and outboard of the hull penetrators.
-Ii. Identification and location of all electr ical cornpofints,,outboard of the pressure hull.

j. Vehicle~service lifeI k; Vehicle fabrication schedule
1. -Assigned *eight- appro 'xim ation Tr'vehicle 'ele.ctricia/electronic system.I m. Anticipated vehicle cost -and budget for electrical distribution system.
n. 'Outboard electrical/electroinic coniponentdata,(see listing).
a. Vehicle component arrangement-drawing.

Thepreceding design information allows the- engilneer to'lay out~the entire electrical/electronic

system. It gives, him all the data-required to-select system -componentsasuch as connectors,

'penetrators. cables- and wiring.

Packaging underwater ele, trical /electronic systems -is definitelyj one of the -most critical design
considerations in thedevlelopmefit of DSVs. This.-system.includes not only the externally located
components but encompasses -all-cff the constituents from the internal contr-ol, or readbut-devices
in lde the vehicle to and including the external sensor or componefits. 'The individualeb cpoents

- whi'h comprise the overall electrical distribution system include the following:

a. Electrical hull ~penetrator.
b. Connectors mounted tothe penetrators.

c. Outboard cable which~rdfis from the penetratdr to theoutboard component.II 'u~ d. Conr'ftodr mounted to the outboard component.-
e. Outboard cable support and protection devices.

V* - f. Inboard cabling- (harness).

j-



It will~be noted that ilims b, c, and di could be grouiped together and deseri bed as thie outboard
harness assembly. See figure 1-1.

As seen in figure 1-2, there are many electricjl-conmponents mounted outboard-6f -the manned
sphere of _DSVs. These components service the followi ng systems:

a., Electrical power (batteries, motors).

[ b. Sonait(hydrophqnes, transducers).
c. Communicatioln (antennas,UQ)

d.Lighting

.e. TV cameras,

f. Safety actuating devices.

g. Water and mercury level sensors.

h. Junction boxes'.

i. Work performing devices (manipulators)

When discussing the,,outboard packaging system for DSVS, it caivbe noted that there~are-three

-basic classes of submersibles in operation: (see reference 1)

Class 1 - 5-25-tofi vehicles

Class 2 - 25-400 ton vehicles
IClass 17-00-7, 000 ton submarines.

Atypical)Class 1 vehicle6 !i used here to discuss the outboardpackagingsfstems. This type of
vehicle is-felt to offerthe basic'equipments that iare necessary for safes I)SVoperation. The

Classl2 vehicles, as can be epcted, are much more sophisticated with respect to the electronic

eqsuipments located outboard of the vehicle pressure hull. Table 1-lAs a listing of typical Class

v ehicle outboarid electrical' components.

L, l'SYSTEM ELECTRICAL REQUIREMENTS

Table 1-2 illustrates DSV electrical system requirements-_,ziiregard to electrical current and:

~ i~jvoltage levels typically encountered. As voltage potentials. range from 12 volts dc to, 440-volts'f ac, ,(wththe usual high limit for de voltages being near 12b volts), these systems do not impose

stringent requirements on electrical-connectors. Also, electrical currents range up to only sev-

'eral amperes for the majority of electrical, loads, and this magnitude of current is-not usually

considered a design problem.

J The only electrical loads~generally exceeding the previously mentioned current le 'els are various
externally, mounted motors-and underwater floodlamps.

1-2~
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Table i-1'. 'Ty pical Class 1 Vehicle Outboard Ele tridal Component List

Component Quantityo

'.-I" Main propulsion motor (7-1/2hp) 1

2. -Low thruster motor (2 hp) I

3. Hovering motor (2 ho) 1

4. Outboard main distribution box 1

5. Low-thruster reversing coiiiaactor box 1

6. Main battery box 2

7. Rudder drive motor and indicator box 1

8. Fuse container 2

9. TV cameras -- bow and sail 2

10. 33mm still camera- 1

11. Underwater telephone transducer I

v- 12. Fathometer transducer 2

13. Magnesynjcompass sensbr 1

14. TrackingIpinger 1

15. Radio antenna 1

16. Cable cutter (electrical) 1

17. Manipulator 2

18. Auxiliary ballast tank water lever sensor 1

19. Mercury trim tank level sensor 1

20. Strobe light 1

21. Payload lights 2

22. ,Bow light 1

23. Vlewport lights- 41

-5
---- ---- ---- ----
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Componentlist, table 1-1, shows thatover twenty components are located outboard on tile pres-

sure hull of this vehicle. On some DSVs, this number would be increased to over 400 with the ,,,

addition of more sophisticated sonar sensors, or tie use o f'lights to illuminate the many

viewports in a vehicle hull.

It is suggested that each-electrical/electronic component'located outboardiofthc DSV prs§ure

hull be iudentified as shown in table 1-3. A data shee containing the information listed in this

table will-provide the systems engineer with all of the information he requiresqpertaining to the

outboard component. The listing will identify the number, size and types of harnesses required

to service :each component and will assist in determining the number of penetrators and junction

boxes required toservice the equipmentslisted. With-this list, it is now possible to develop -

schematic diagrams as'sh6*n-infigures 1-3,and 1-4- 6

1.2 i V POWER DISTRIBUTION SVYSTEM CONSIDERAT'..NS

In general, Athe energy source on deep diving submersibles is located outside the pressure hull.

This is due to limited space available for containing the source within the hull. The displacement

of the energy- source reduces the overall vehicle submerged weight.

With theenergy sojrce located e xto nal to the pressure hull, there also are advantages in keeping i

the distribution equipment external. 'hese -advantage,,; include:

a. Reduction in'number and size of electrical penetrations through the hull.

b Reduction in cable length and voltage drops to large loads located external to the hull.

Utilizing pressure-compensated energy sources and external distribution centers, connectors

can be used topenetrate the enclosures. Hull penetrators will only be required for the power

cofit-r iid-signal leads actually- pasging through the hull.

The considerations of voltage, current rating, and maximum fault current must be incorporated

into the component-design. In addition, the Power Distribbtion:System engineer must be aware
of the component rating and utilize circuit protective, and current limiting devices to prevent the

component ratings from being exceeded.

1.2.1 EXTERNAL DESTRfIbtlii&N -;- Figure 1-5 shows a pssible distribution system for a

research submersible.-p9nnectors would be employed between theenergy source and external

disti'ibution boxes, betweeithe external distribution boxes and loads, and-one end of the cable

connecting the external distribution box to the hull penetrator. The connectors used between the 'A
energy.sourceband-the-external distributionlox must ! capable of carying the maximum fault

current generated by the energy source. 'bylselecting suitable sensing devices on the tie breakers

and feeder-breakers, the rating of the COiinnctors utilized in these areas must be sufficienttd

handle the maximum fault energy which may flow prior to tripping of the respective breal.:er.,

The purpose ofthe group feeder breiakers is to provide added protection to the connector between

thle xternal -distributioni center and the vehicle and the hull penetrator. The amount of powerlinto,

the-hull is less than the-power supplied by the energy source to the power reqtirements of the

[)! '1-12



Table 1-3. 'typical Outboard Etlctriecal/Eectroic Coiponient Cablinig-Systemi Data$lieet

3I1 Conipwient Name:

2., Co.nipotent CaseMaterial:

13. Component ,Elecirical, Receptacle:

4*. Onniponent Voltage Requirements:,

11 5. Component Amperage Requiremients:

6. Comionent Operating Frequency:

'7. Component Electrical and Acoustical~lnterface- Requiremnents:

8. Component Impedance Requirements:

9. Outboard -Component Harness Length:

10. Outboarct Component Harness Plugs:

111. Oditboard Component -Harness table:

12. Outboard Component,,Harness, Pr6tection'and Support Device:

13. Componenkt Hull Penetrator Requirement8

14. -"Inboard Connector tb Penetrator:

15 Inboard Component Wire Type and Size:

16. Inboard Electrical Connection'at Com n nnt Black Box:

J4,

1-13
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external loads. By utilizing this arrang~ement, the system oninweer can redIuce the requirements

of~the hull penetrator to values which'the group feeder breaker~s are capable of protecting,, rather

than the maximum fault ctirreiit which mnight 4low iflio-protectiox device was-incorporated.

1.2.2 INTERNAL DISTRIBUITION SYST EM, CONSIDERATIONS - - All signal and control cables

leaving~the component, enclosure -must also-pass through hull-penetrators. Simpilar to the main

power hull penetrator, allI cables leaving, through the control and signal hullpenetraitors should3be-protectedby feeder brea kers located in the internal -distribution center as shown-in figuilt

- 1-6.

Allcaleswhchpeetrate the hull shu eprot -,ted by circuit protective devices to reduce
the events ofic ae fal odton:eumesbehvn

the possibility of damage to hull penetrator6 and conniectors.'This prevents unlimlited power

outboard electrical loads, some means must be provided for penetrating the pressire hull with
-electrical conductors. In addition, these electrical conductors muist be identified and classified

so they can be located in a manner so as not to degrade electrical system performance by cross-
coupling.

In general, the-loads on a, submersible will place them in one of the following four level's.

4a. High power level. (motors, lights, main~power, etc.)_

b. Low power-level (relays, control, indicators, etc.),

c. Sensors (passive sonar, magnesyn compas's, etc.)

d. Em~iergency circuits (explosive squibs, etc. ).

Each level mentioned above must b e 'tfuther examined to ascertain the effects of the following

par-ameters on the system.-

a. Source of interference. (electromagnetic interference)

Ib. Circuit suf,'reptibilitk. (electromagnetic susceptibility)
c. Redundancy requirements.

d. Source of interference. (electrostatic :interference)

e. 'Circuit susceptibility. (electrostai nefrne

Only after this classification has'been completed does-a designerkFv.6 the basic, Information With

which'to start the more detailed design.

Assuming now thata detailed tabulation of all cable parameters is~available, a preliminary layout

can be started. O6bviously,. a cable carrying high power currentIroman SCRrnotor speed conitrol
-would-not be placed near a cable used'for an underwater recelvlngh4ydrophogne. This on-off type,

of control would generate lnterference-traniients'that would be vYery, difficult to filter out of the

very-low level signals in the hydrophone circuit.

3 Redundancy requirements, by specification or-special design, Would'also iecjuire physical
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I

se|iratlon'to avoid loss of both paths by severe damage at one area. Thesetwokexamples illus-

tL-ht ,iJhe, inore obvious parameterswhich decide cable layout. Unfortunately, not all cables

,presefi, such a clear-cut picture.

Theusi04submersible electrical system is ungrounded; that is, the nr..tnllic parts of the vehicle

aie: not noi'mally used to carryrelectrical power. 'thus, power sent out to a load on one~conductor
must 'Rirnon another conductor.

j In ihe caseof alternating current circuits, the-two- or three-conductor, path is usually twisted.

Thi is dofe toatry-to cancel the-alternating magnetic fieldfrom each conductor. In-order to
eliminate all the field, the~conductors must od&upythe same space. As this is impossible phys-

icallyi the twistedpair-is the next best configuration. A metallic shield is also used at times

when electrostatic shielding is also required. It cahibe seen from the above that if these conductors

W6ee physically -separated, reduction of the alternating- fields would be almost impossible.

Separation oi,direct current circuitconductors can-also raise serious problems Inductive-loadi

) , on dc power require special switch and circuit breaker-considerations. Separation of c nducto's,

perhaps t6tilize ceitain penetrators, couldpossibly make-a normally resistive load inductive.

If the coiductors-wd re separated byseveral-feet, a single turn loop oFconsiderable-areand

significant inductance could be formed, but theloop could prove to be most troublesome during

switching operations.

In addition,.a single turi loop would generate asubstantial magnetic field which could be fatal for

.certain other devices, such -as-magnetic compasses-and equipment for iiiagnetometer surveys.

Another area sometimes overlooked is the desirable separation of conductors capaole -of-carrying

high'levell fault currents from conductors attached to explosive-operated diveces. A nigh fiuf,
Ti current could possibly induce a firing current in'the-explosive squib and could prematurely a-,tivate

some system.

[> ]: The foregoing-'co, nsiderations define the tasks involvedn'the power distribution design. In gen-

eral, thefollowiig iecommendations are offered-for these applications.

I a. The connector orhUil penetrator must haye a power rating in excess of the maximum fault

current which may flow through the -re.Pective circuit as limited by clrcuit- protective

devices.

S. b,( On all-dc power circuits each polarity should be taken-through seParate connectors or

-pnetrators. However; conductor 4oop arcshould be .kept to -mlnmum to educethe

-effects of the magnetic fields generated dind their inteifeience with susceptible circifts.

c. ACpower circuits, especially three-phase 440 VAC, for exanple, should be carried through

a single nonmagnetic penetr4tor or connector. Beforeattempting to separate these-con-

ductors into separate penetrators-or connectors, a-long h ,d lookwould have to be taken at
the'inductive .-ating.effects offlese conductors separatedby-magnetic mkterials as

ij detrimental oiFven'-destructive heating of thesfmatirialS-could occur. If- nnmagnetic

------ 7 --~ --- -- -- - - -- ~- ---



:materlals are used in theuniagnetie field-between c6iiducto.41, the hleatlivr 0.fect Would be

greatly reduced. However, eddy, curreni'heatlng in any electrically conduc've-pidterial

would stilUremain.

d. 'Circuits susceptible to noise or interference should not he routed through a, connect ori-
penetrator which carries power and control circuits,It

Safety of the vessel Is the'prime consideration for these recoffirne,-ations. After an analit~s-of
'the loads and mission is-completed, ai~radeoff may be made. Deviations from the-above zjcom-j

4 niendations may be-made as a result of the tradeoffs based on analysis- of loads and mission.

:1. 2.4 ELECTRONIC COMPONENT INTERFERENCE ON'DSVs -- DSVs are subjectto acoustic
and'electrical interference. Instrument performance can be degraded by the blaftigriio

data and the-ifresentation of erroneous data.-

-Acouitieal~interference can be produced by se!' noise, self-noise and radiated, noise. There
Cekists ambient sea noise which must be-tolerAed. Self~noise is the noise that the vehicle
generates from its-own propellers, equipment, or machinery. Radiated noise is that noise which,

anothe' vessel, surface-or submerged; generates.

Opf p(ricuiar concern here is electrical-Interference. The limited space available on DSVs, and,

14ak-4tbxarfnes for that matter, causes interference problems which must be seriously con-

sitd-,rid ealy 'in the overall design phase-of electrical systems. Whei.-a cui'rent or voltage-is T
applied to conductors, magnetic and electrical field are formed aroundthe conductors as in

figure 1-T. "'The, magnitude of the int~erference depends upon the-fleld-strength, -themfield geometry,

th-rteofchnge of field and frequency and the susceptiiiyoh ecing:circuit. %refer- I
ence 2) the electrical, cable- field can-be contained *Lj conventional cable shielding methods as

shown in figure -1-8, but, the~magrietic fieid~poses serikus problems.. Power cables carry large -
eurrents and voltages and as a result, are surrounded by strong electromagnietic fields. -UI-s

therefore necessary to provide exotic shielding or to separate all power supply cables from the -

sensitive, transducer circuits. These circuits-must also pass through, hull. penetrators which doL

not service the power circuits. For this reason, separate penetrator designs are recommended

to keep the offending circuits separated. However, timesharing can also be considered. If
- L!

circuit A and cbrcuit B mutually interfere-with each-other when operated' simultaneously but~n
§ actual practice are never operated together, 'they can-occupy the same penetrator satisfactorily.

Eletrca interference has been a recurring prbe nall DSVs fabricated to date. -See- refer-.1
-ene 3foraddtinaldat- o~eectrical Interference.

.3'SYSTEMINTERCONNECTION CONSIDERATIONS,

Havngproeeed o hisstgein the design cletheniercan, now deyote hi'attentions to41 esrepofconcos penetrators and harnesses which interconnect the entire elec- F
syca 9stem on-the DSV. One point which cannot be overemphasized is:he need-for the-system

eierto insist on having electrical connectors located at the- outboard- components -andat the

F i ~ hull penetrators. Also, -one bsic type of design should be used on all of these components. One

-} 1420
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design typoi-s recommended to facilitate fabrication of hariyesses, arid the-logistics-problems

Swhich arise during fabrication and subsequent maintenance of the vehicles.

Electricai connectors are required outboard on DSVE to:

a. Provide an inierface between thezelectrical/eiectronic component manufacturer and the

vehicle manufacturer (or the user.)

b. Prov!,de a convenient'and necessary electrical test point for the~component during various

stages of manufacture, testing, installation and maintenance.

c. Allow prbper-packaging of the electrical component for handling, packing, shipipiig,.

storage and installation.

d. Eliminate the need-for the component manufacturer to provide the electfi rLcable'to a

distant, unknown juhction point on the DSV.

e. Provide a proper interface for maintenance and replacement Lf eiectrical components and

harnesses.

f. Provide a proper interface between components in a complex outboard electrical system.,

g. "Fcilitate-the manufacture, handling, and assembly process ofcomponents.

h. Provide forthe pressure-proof hermetic sealing of an electrical component.

i. Facilitate the hydrostatic pressure testing of outboard,electrical components and penetrators.

The following sections are, devoted to the design of electrical hull penetrators, component con-

ectors,, and outboardharne.4es which make up a large part of the DSV electrical distribution
= system.
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Section 2

ELECTRICAL PENETRATOR DESIGN

2.1 PENETRATOA CONFIGURAION

The primarymfunction of-an electrical penetrato- 'is to pass electrical power or signals through

the pressurii hull of they vehicle. The penetrator mustcbe designed'to seal and insulate the-con-

ductors as they pass through the hull. They mustalso be designed to preserve the watertight

integrity of the pressure hull at-all times. The hullintegrity must be preserved despite possibi6

Soutboard harness damage nd short circuit fault current conditions in the electrical circuitry .

Electrical hull penetrators are one of the most critical design components on:DSfri. Mechanical

-,failure of an electrical penetrator at depths could result inthe loss of the vehicle.

The following five basic penetrator designs are in use, on DSVs:

SI a. Single connector penetrator. (reference 3)

b. Multi-connector penetrator. (reference 4)

c. Potted and molded cable penetrator. (reference 2)

• d.. -Through cable penetrator with grommet cable seal. (reference 1)

e. Through cablepenetrator -with-0-ring cable seal. (reference 3)

] It is recommended that the selection of single and multi-connector penetrators be used on all

DSVs. The principal reasons for this recdmmendatibn is that the connector type penetrator

provides a needed harness disconnect point at the outboard'side of the pressure hull, and the

primary and secondary penetrator conductor seals can be tested for -pressure integrity prior to

installation on the vehicle. A connector type penetrator provides a positive, testable water barrier

<which is not dependent on outboard cables to provide a seal. Thefollowing paragra's explain

- and amplify the types of penetrators used on vehicles and the advantages and dimadvantages
associated with the use of each basic design.

This section is primirilydevoted to the design parameW associated with the connecia, typeL I pnetrators as this designis the one recommended.

2.2 PENETRATOR TYPES

The following is a brief discussion- ot 'e five basic penetrator typ used on udsrwater

vehicles.

2.2. 1 SINGLE CONNECTOR PENETRATOR B- The predominanceat oi enators used on

DSVstoday are the single connector type. The single connectors contain from two to over

fifty contacts. Usually one large cable ru from a plug mounted to the penetrator to a diitat

distributioh or junction.box. Se fgure 2-.

Ed-



In general, this type of penetrator is more suited to the small tonnage vehicles where-space

outside the pressure sphere is ata premium. For example,, in many vehicles the electrical

penetrators must'be located around the circumference of the window hull insert. Available

spacearound the windows, both inboard and outboard is very limited. Therefore, single con-

nector penetrators are used. This type ofpenetrator design is discussed at greater length

further on inthis section. iI
2.2.2 MULTIPLE CONECTOR PENETRATORS -- In sheer numbers, there are more multi-

connector penetrators in use today than any other type. These penetrators are~prlmariiy used

on attack and FBM submarines. See figure 2-4. Properly de igned, the penetrator allows a-

large number of wires to pass through-a minimum sized hole in the hull. The design also allows,

connectors to be used outboard at the pefietrator for each cable harness running to the penetrator.

The penetrator also allows the use of a connector dlrectly inboardof the penetrator body. In

)addition, the penetrator assembly can be hydrostatically pressure-tested prior to installation I
on the vehicle. The disadvantage of this type of perirator is the relativelyhigh initial cost.

2.2.3 POTTED AND MOLDED CABLE PENETPRATORS -- A ltted or molded type penetrator

Is one in which the conductors or cables are spliced or teriniuated to a header inside the pene-

trator body. The cables are then sealed tothe penetrator body with a potting compound or molded

rubber. See figure 2-2.

The potte penetrator design usually has a cost advantage in that It is less expenslve-to fabricate

the penetrator assembly when compared to a single-or multiconnector type. It has disadvantages j
in that tst points are not readily available outboard of the-pressure hull, and the conductor seals

inside the penetrator body cannot be pressure tested once fabricated. The resulting assembly then

consists of a penetrator with long lengths of outboard and possibly inboard cable which is more

susceptible to damage at installation. it-may also be more difficult to test the entire harness

assembly prior to Installation. Another major drawback is that should a cable be damaged in

service and water run-through-the cable to the penet;ator body, the entire assembly may have

to bi scrapped.

2.2.4 THROUGH CABLE PENETRATOR WITH CABIZ GROMMET SRAL -- Tbi'through cable

penetrator with cable grommet sealVinvolves the pressurzatior. of the rubber grommet pack1tg

material against the wall of the stuffing tube and the cable. See figure 2-1. An initial cable seal

is formed when the packing is presi4ied wiith the i"i o the gla ut inrai i lly, this iron-et

pirieurizatioii by the gland nut caused afairly high local loading on the cable. Tbe-pressure-on

the rubber grommet'lincreased With the subsequent increase in hydrostatic pressure u the

vehicle descends toits assigned depth. To functionproperly, this type ofpentator requires a

well designed outboard cable. The cable must be internally watertight, thatis, the conductor'

-strands and cable interstices must he filled with a mastic or elastomeric compound to-prevent

water passag through the Internali should the cable be damaged in service. In addition, the

cable must be designed to withstand the local ioading applied by the grommet. The dimensional

tolerances on this type.of cable must be closely controlled.

2-2
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The a0antages of this penetrator include low comparable costs and a noninterruption al the

electrical circuitry as is required with the use of, a comnector. Regarding the limitations of this

jam-type cable seal, the installer must determine theproper amount of, pressure to apply with the

gland nut so as not to damage the cable and condtictors and yet enough pressure to prevent inward

,cable movement when the penetratoris subjected to iiyorostatic pressure. The rubber grommet

packing may also recquire repressurization occasionilly to compensate for the compression set ,

of the rubber grommet and the cable jacket material cold flow. in this design, the grommet seals

the cable and prevints the cable intrusion into the vehicle. A cable clamp can also be placed out-

boaid to prevent cable intrusion. Cables with a diameter of,5/6 inch have been used with this

type of fitting. Cables with larger diameters have made use of the grommet cable seals in con-

junction with cable shear vailves. Stuffing tubes are uied in the shear valves to seal the cable-

but should the outboard cable be damaged In service, the valve handle located inboard> is turned

and it activates a cylindrical knife which cuts the cable and sealtthe cable hole located in the

valve. The limitations of this design include large penetrator size and considerable "weight as

well as the requirement for manual operation should 'a cable failure occur.

Shallow depth, low cost vehicles have used the grommet penetrator cable seal. Howeverthe L
present state of the art in penetrator designs does not~necessitate the further use of this type

penetrator on shallow or deep submergence vehicles.

2.2.5 THROUGH CABLE PENETRATORS WITH O-RM CABLE SEAL -- The 0-ring sealed

S cable pentrators haie been designed by the U.S. Navy Underwater Sound Laboratory (uow U. S.

Navy UnderseaSysteMs Center)or use 4 submarine radio fiquenci systems. See fibeen 2-6.

These systems usually require coaxial type cables, and as these solid conductor polyethylene

dielectric cables are quite rigid,, NUC engineers found that they could seal these cables with

oversize 0-rings. The polyvinyl chloride jacketed cable does relax and cold flow with time,

temperature and pressure, but notsuff iently to eliminate the ,litial pressurization of the fat

O-ring. In a sense, this design is similar to the pressurized grommet. However, the initial

rubber pressurization is achieed at installation through interference fits as' opposed to pres-
surizatio of therubber grommet'with a gland nu and-generally is of much lower initial pres-

surization than is necessary for a grommet seal. 'The 0-ring pressurization increases with the

application of hydrostatic pressure.

The designo above is strictly depth limited and can only be used with a most rigid construction

cable (such-as coaxiaitypes).

2 3- -PENETRATOR DESIGN-gCOMMKNDATIOINS

-2,3.1 PENETRAThR CL" --- As noted earlier, electrical connector type penetrators are V
recommended ior Dsvs. Three clasees of penetrators can be designed to satisfy-the oceanic

depths.- These are 0-2000-feet, 0-20,000 feet and 0-37,000 feet. While the primary design work

noted in thisHandbook is devoted to the 0-20, 000-foot operating depthdiscussion'is also centered

2-8 '
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to a limited e.,dent'on the other two operating depths. Furtherrd sign andAnvet-4 ating workz!n

theSedepth classes will be conducted as-the neod arises.

j Vaiious,'types of electrical penetrators are- cquired to satisfy the requirements of each DSV.

These are as follows In the order ofdecreasing current carrying requirements:

a. 'Power

b. Control

c. Radio frequepy '

d. Signal

2.3.2 PENETRATOR DESIGN - 0-20,000 FEET -- As various connector type penetrator designs
are evolved, it becomes apparent that a modular type penetrator can be designe'to house all,

of the above functions in appropriate'contact configuration, size and number. , igure 2.-6(exploded

view) illustrates this-conclusion. The modular or building block concept is'highjy.;desirable be-
cause one envelope (with proper adapting internal parts) can satisfy ali~electrical functions

penetrating the hull of a submersible. Most of thiei-'ponent parts would~e identical forall

Sfunctions. One hull hole size would be standirdiied with no need,1fo varying size or configuration.

Contacts and contact housing components are the-only variables in the entire design. The improve-

ment onreliability, logistics and'reduction in cost is ani.dded benefit. Themodular construction

*4 i| " offers the required flexibility for an efficient system alteration, or change'to an entirely new one.

The internal dimensions of the penetrator shell make efficient use of space in accommodating 3

I ~Ibnumber 0, 48 number 16, 85 number 20, or a coaxioal cOntact withlsignal contacts.

- 'The design could be used at all lesser operating depths, but for greatest efficiency in terms of

weight and cost, the design would be most appropriate for 2.0001t020,000-foot depths. The

modular 'configuration consists of a penetratorshell se6 tion which houses compression glass

-sealed male contacts. The shell has male'threads at the outboard and inboard ends'for attach-

ing plugs or adapting items such as a-miilti-conmector *junction box outboard or a standard

type junction box inboard. The penetrator shell is shouldered outboard, providing a seal area

adjacent to the-hull. The external'threads on the inboard end also provide for fastening to the

hull by a retainer nut. Where~a multi-connector junction might best serve in a signal or control

function, the outboard plug is, replaced by a penetrator junction box for containing wirir.g and

Ai mounting up to ten receptacles. The junction box uses the same-threads as the plugand has a

l~itive lockingdevice'topreient inadvertentremoval The junctioni boxisprovidedwith-an-access

cover, which threads into the junction box shell. The coveris -sealed by an 0-ring face seal and

an O-ring radial seal. The shell is pentagonal in outer section and has a cylindrical bore.

The hull penetrator shell configuration used inthis modular design allows for two internal wiring

approaches, as follows:
j a. Two compression glass sealed male contact headers, double 0-ring sealed and secured by

threaded retainer sleeves in contact with polarizing rings. These headerf. are interconnected

by a potted wiring preform terminated with socket contaits. '(seeigure 2-7).
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'b. A one-pie'e shell construct ion'containing long male contacts -extending between inboard and,3

outboard socket contact engaging levels. The contacts are'indtidually compression g.3 j
sealed for their entire length'or-at inboard and outboard. levels,(see figure-4). This~des ,in

in far, t niror from a functional point of view, because it elinilntes four 0-ring seals and
two electrical interfaces,, and presents a continuous water damn extending~the entire length '
between inboart.aid outboard faces.

The Inboard elec".dcal cco.iiction-~for the penetrator Is accomplished by a plug, conventional/in
allroispects, except seals and mass. Being Anboard~it 6nly'requires--environmental type seals and

is constructed with less emphasis on strength and continuous corrosion-resistance in a sea-.Witer-A

envioniment. A-potted~cable end seal provides the requiied cable strain relief ati the plug.

VWiring of the multi-cornector junctionwbox penetrator can be accomplished by one of two methods.

One method us-a a prefabricated wiiing assembly wih-individual' internatl plugs w0hich connect to

the back of the receptacles. This would look much like, tk- assembly shown In figure 2-9. The

other- method employs a complete cavity filling wired preformr -which, slidesito p~lice through

iW56topopening.in the junction box shell, (see figure 2-10). the bottom marface df this preform -

engages (by socket contact) the header pin, contacts, located in the, penetrator shell. Socket contact
'4 locations around the periphery engage the pin contacts of the Wnividual receptacles. These pre-

formns are cylindrical in shape with-fiats at each receptacle lilterface area. The preformAs sized
fra slight interferance f it and cast from a low durometer. material such as silicone rubber. This

-appoach -facilitates wiring of the -jinction box and enhances its electrical reliability becausde all
conddorscanbe, properTly spaced and located, and the ii relatv position remains constant through-

r out~the lif 6 tWe penetrator.- Wiii is completed-,by inserting a double O-ring-eeaied receptacle

into,,each body~ hole -and -securing It with cap screws. This receptacle, has male contacts projectingj

from the back (engaging end) and is otherwise conventional, and maidi with a conventionaltype-
plug dpticrtbed'in other sections of this Handbook.
The cylindrical preform method of wiing is recommended because It does away with time con-,

- ~ suraing blind assembly Methods aid adds sIgnlficantlytooverall rellability. This method has a F7
fturther.advantage -in that itbjermits- wiring of a much smller diameter body, cavity, thus-reducing
1ha~overall-space -envelope and weight,

Outboard cable strain relief and protection per ijphera-to the multi-connector junction box shell
is afforded bya halo. like device. This device is a split clamp-on typei with a circular channei~for
securing the cabld'as -it exits from each plug. See figure 2-11.

ThPe, eTAO:sign o i eet Pal RAlpenTrato as with the design of any-component, requires the

consdertio ofmanydesgn actrs.These-are listed on table 2-1.

The following paragrapi:deal with the -desalgnkof eleertril, gonnector type penetrators reco 1 Oneilded
6i "se on DSVs.
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3 Table 2-1. Electrical Penetrator Design Factors

1. Configuration

2. CableEntry Configuration

3 3. Size

4. Fastening -,Penetrator to Hull

i 5. Sealing - Penetrator to Hull.

6. Hul Insert Tyle

! "7.- Insulation ahd Seal - Conductor

3 8. Flexibility - Design

-9. Material Selection

10. Corrosion Properties

11. Fabricabllty

43 °12. Safety

13. Strength

3/ 14. Stiffness

15. Thermal Propertiesj U 16., Cost

&I
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Together with basic design factors of table 2-i there are ,many design considerations which

strictly apply to electrical penetrators. Some of these cqnsiderations are as follows:

a. All penetrators, In order to preserve the,,necessary hull integrity in case of outboard cable

damage, inusthavetwo positive water dams withit their confines that will preclude water 1
entering the t*essure hull by-coursing alog the conductors. This applies unless it can be

demonstrated that one contact seal has sufficient sectioni-such that it affords an equal degree
of protection of pressure hullJntegrity. This barrier is best obtained by compression glass

sealed contacts in all receptacleheaders for deep depth applications.

b. There should be one redundant seal as a backup to the primary seal in all outboardopenings

in a penetratior shell. These would include openings for access covers and receptacle entry

holes. The exception would be where a structural sealing'weid Isused.

c. There should'be one redundant seal as a backup to:the primary seal between the penetrator

and hull. This applies uiless it can be demonstrated that one seal has sufficient section, that

It affords an equal degree of pressure integrity protection, such as a structural Weld.

d. Materials and configuration should provide inherent resistance to fault current damage that

would effectlhuil integrity.

e. Materials and configuration should provide Inherent resistance to electrolytic corrosion

resulting from stray leakage current. Very slight.differences in potential can erode-rel-
atively thick metal sections in a very short period of time, thus impairing hull integrity.

f. The possibility of a-critical degree of/galvanic coupling must be considered whenmaking a

material choice for the penetrator sheiLSurface contours and areas that nterface with the

hull should be such asto prevent entrapment of salt water which concentrates and contributes
to crevice corrosion. Where these-areas do occur, they should be-kepi at, a minimum by

f properlocation of sealing,gaskets. Areas that rempin-should be filled with a masticsealant.

It Is imperative that the method,of mounting the penetrator to the hull provide good electrical

continuity with the hull. Th,-;1ill is normally the anodic member ofthe electrical couple,

thus-affording the penetrator a high degree of protection fror,-corrosion.

g. The method of securing the penetrator ,to the:hull should also provide-for its easy removal.
If this is accomplished by an, Inboard locknut, the penetrator must be provided with'a torque

lOck which properlV'orlents the penetrator and prevents rotation on its seals during torquing

of the locknut. Thelocknut should be providedwilth an integral locking device to prevent loosen-

ing.

h. Unless- the-particular -system being serviced precludes an electrical disconmect, the inboard V

end of the penetrator shoutld be provided thi feature. A connector t this point provides a

test point for-checking outboard circuitry. It also greatly facilitates wiring and installation

of the penetrator, doing away with a long run of wires or cabiekthit must be threaded through
small openings and constantly protected agaInst'damage during fabrication, shipment and

Installation.
2-18
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I. Adequate wire-or ,cable strain reliefmust be provided at the inboard end of the penetrator

to prevent unwantedstrain on seals and wire terminations within the penetrator, or termi-

nationswithin a plug If a~connector is used.

j; The overall design should'be such that the penetratoi, can be completely hydrstatically

I pressure tested prior to installation. This should be done with all seal~conditions identical

to those at installation.

k. The'configuration of-the penetrator must be such that it can be easily wired without the need

for time coisuming or blind assembly procedures dictated by insufficient cavity or poor

internal contour. This consideration has a most important bearing on electrical reliability

of the penetrator.

1. The penetrator and its internal wiring must be designed to facilitate, in the greatest possible

manner any circuit repair or modification that, may be required.

m. All wire termina tions within the penetrator cavity should be-sealed and supported. This

combined moist ui barrier and strain reltef ,is readily accomplished by soft potting con -.

pounds.

n. Protection and means of securing outboard cables at the point of liepaiture from the pene-

trator is most important for system reliability.

o. All outboard cable assemblies attached to the penetrator by means of a-remniovable plug must

! j ihave a positive water. dam as close as possible to the plug receptacle interface, preferably
in the nose of the plug. This prevents Wter fiom flooding Into the receptacle from a damaged

outboard cable, and causing extensive electrical damage if the circuit happened to be
~activated.

p.,Any outboard electrical interface of. a j enetrator that canzbe.inadvertently exposedto sea

-pressure should withstand a test pressure in-the exposed condition of at least one and one-

:1 half times the operating presusre. Otherwise, hull integrityis jeopardized. Receptacles

in'which the contacts are compression glass-sealed very-effectively satisfy this requirement.

q. Electrical connector selection is a most important consideration, it is the one component

most initially affecting penetrator reliability.

-r.- The~deal enetrator . figuratton provides for packaging a high conductor density in a

minimum envelope having'minimum proje' tion from the hull.

s. Excess penetrator weight must be avoided. Any excess Weight reduces the submersible's

payload pound for pound.

t.-. The penetrator must be free of electrical (electromagnetic and electrostatic) and electro-

acoustic Interference fr all conductors passing tQ cough the penetrators.

u. A. leak detection system for the penetrator junction bx shouldbe considered.
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w. The selection of materials and the design of the power penetrator should be such that flooding

of the receptacle interface orof the penetrator internals through'some casuality of an energized

penetrator will not electrically burn its way through the seal(s) before the current protective

devices de-enei'gize the circuits.

2.4. 1 CONFIGURATION .-. Increased weight in penetrators brings about a loss~of payload on

subnersibles. Therefore, size, configuration and material selection play an important part in 4
the penetrator design. P'onetrators are essentially pressure vessels subjected to external pres-

sures. For this reason, they are cylindrical in shape. The diameter of the penetrator is held to

an absolute minimum. Just enough-space is'providedAo allow the cablesto enter the hull, exit

the penetrator, or alow the~connectors to be moufiied and wired. To date, most penetrators have

been fabricated fiom K-Monel, high strength steel3, type 316 stainless steel, 17-4 PH stainless
steel and 7079T6 aluminum. Future :penetator designswill undoubtedly make use of Inconel 625,

Hastelloy C, glass reinforced plastics, and Titanium. Material choice is made on the basis of

compatibility between the hull and connectors, !ith other materialsiand corrosion resistance,

yield strength, bulk modulus, wbight, machinabilityand availability considerations. Penetrator

configurations used in the past and at.present are-shown throughout this section.

2 4 2 CABLE ENTRY CONFIGURATIONS -- The cables can enter penetrators vertically, hori-

zontally 6i at ai angle. Cables that-enter the-fittitg in a vertical position offer the least design

advantages. For this design, cable.irot cfion becomes a problem, and it is necessary to bend

the cable at a right angle !n order to,9ecure it to the hull before it enters the penetrator. The

vertical cable entry also increapes the overall size of the penetrator. For these reasons it is

usually desirable to have thecables-enter the penetrator horizontally. Thus, the'cables can be

protected and,_supportediore easily and the ove all penetrator package size is (lessened. A

number of-configurati6ns are shown- in figure 2-12.

2.4.3- SItE -- The' overill diameter of the penetrator is primarily dependent, upon two design

factors:

a. Contact'layout diameter

b;'Penetrator shell'thickness L
"he crntact layout diameter is dependent on the size of contacts or wire idud; the insulation over

the contacts or wires; and the number of contacts or wires desired in the layout pattern. As the 1
-number of contacts, increases, the overall diameter of the layout does not, hicrease proportionately.

-For instance,. 24 number, 16 size contacts can be located within a 1-1/4 inch diameter'and 48

number 16 size contacts can be, located withina- 2-inch diameter layout.

The recetacle shell thickness-is kot strictly based on hydrostatic pressure considerations. Such

design elements as seals and fasteningmethods mustbe considered in the design. As designlay-

* -' outs are made, it is seen that the shel thickness, forAnstance, of a,24-pin layout will be as large

as that for a 48-pin layout. From this, it can be concluded that overall i.enetrator weight savings

J can be realized by using fewer penetrations having a high6r contact density; Also, the overall
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penetrator envelope. can be sigilficantly reduced by using smallei sized contacts within the,
penetrator. For instance; 85 number 20 size contacts Will occupy the same area as 48 ,s

number 16 size contacts. Figure 2-13 shows a typical penetrator envelope dimension develop-

ment for various pirn layouts.

2.4.4 FASTENING - PENETRATOR TO HULL -- This important penetrator design element is

probably one of the least controversial design selection items. As~seen in figure 2-14there are I
many possible methods of attaching the penetrator to the pressure hull. However, sincethe early

4 1930's most designers have used an internally 1,cated lock nut to fasten the penetrator body to

the hull. This design uses less space as compared to the flange bolted types. Several factors

must also be considered when designing the fastening mechanism. They are cost, watertightness,

ease of installation, ease of replacefn6nt,,strength and safety. One of the -simplest methods is

screwing it directly into the hull. This design is not favored, however, as it is impossibleto

properly polarize the penetrator. Also, threading the hull poses machining and stress concentra-

tion -0oblems. If a hull insert is used, threading. is more practical but problems could also be

introduced here due to distortion of the threads following insert welding into the hull..

As engineers are reluctant to'bolt directly into the pressure hull due to the initiation of stress

concentration areas the bolted flanige method may require a hull insert. Also, the boltedflfahge

penetratGor consumes a larger surface area at the outboard side of the hull.

Adhesive fastening can be considered, but as yet the confidence level of this type of system,

especially in a salt water environment, does not warrant its use at this time. The penetrator

can also be fastened to the hull by weld. This alsotakes care of thepenetrator to hull sealing

, requirement. While this type-of design is very conserving-of space, it is not recommended for

DSVs, however, as the attachment is rather permanent (welds require grinding for removal),

and this hampers replacement for maintenance and design changes. Also, problems sometime

arise due to-the need for performingbi-metallic welds. Some hull materials used in past yeai's are

not conducive to welding (7079 aluminum for instance). Asia result of the above the use of the

internal lock nut fastening methods is recommended.

2.4.5 SEALING - PENETRATOR TO HULL -- Asnoted earlier, the recomnendation has been

made to provide primary and secondary seals for the penetrator to the pressure hull. As seen in

figure 2-15 there are many-possible seal mechanisms to consider insealing to the hull. Adhesive,

sealing is a.possibility but is not strongly considered in this application due to the lack of avail-,

able data of adhesive systems in a salt Wtei exivi6rniiiiit, indthe if ggested rqurebinithat

the penetrator be easily replaced for maintenance, inspection and possible change'lf required

as is often-the c6.se~on a research vehicle due tomission equipment changes.

Thepenetrator couid be sealed withx-ajam type flat gasket., However, this method is not recom-

mended as this'type ofseal normally requiresrepressurzation from time to time. The-most;

positive method of sealing to the hull is welding. In this manner, a reliable seal is obtained. This [V
type -of seal is also rugged and not as apt to be damaged. However, as with adhesive type seals,
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it is not easy- to detach or replace the penetrator when repairs or changes are necessary. For

CAs reason it is not suggested for DSVs.

T)we automatic squeeze type gasket such as an O-ring has been successfully used for years as a

primary and secondary seal gasket. This type of seal offers the designer both flexibility and

-replaceability. O-rings seals are simple in design, compact, efficient, and ecot:omical. 0-ring

seals become increasingly more effective as greater pressure is applied in metal-to-metal C-ring

seal designs. O-ring extrusion is possible in radial seal applcations but this is countered with

the use of backup washers for high pressure applications. 0-rifigs are easiiy replaced and

readily available, thusfacilitatinig maintenance. 0-ring seal-designs have been used by the Navy

in similar applications with great success in past years. For these reasons, they are retommendcd

in this application as penetrator primary and secondary seals.

Another seal type which has found use in past years and has proven acceptable is the metal-to-

metal tapered seal. In this application, a tapered penetrator body is fitted into a tapered hole.

Eighty percent metal-to-metal contact isdesired to maintain the required seal. This type of seal

has been used as a secondary seal In a number of penetrator applications. One of the primary

reasons for the use of this type seal isthat the penetrator body provides reinforcement to the hull

sphere if the tapered interface is-properly designed. The disadvantage of this type seal ic the

fin r.machining-requiied to provide the proper metal-to-metal interface-between thepenetrat6r

and hull -which gefielely iequdirbs custom fitting of the penetrator to the tapered:hole.

2.4.6 HULL INSERT TYPES.-- A large nuiber of-hull insert types or hole con!iglirations-have

been-used-in underwater vehicles. The basic types are depicted in figure 2-16; For Instance, the

shallow, low cost vehicles have made use ochull inserts.with threaded holes. In this carethe

single connector penetrator is screwed into the insert and O-ring sealed on the face of the insert.

A ,umber of vehicles have made use of '. tapered hole-madhined directly into a thickeadd section

of the hull. Aiother vehicle penetrator hole is conical in shape. A plastic gasket is pressurized in

the cone area by:tightening'the penetrator body with.the inbotard-lock-nut. The other hull inserts

shown have been used-at various times on U.S. Navy vshicles. Mostuse full-penetration welds at

,the insert hull interface. The-penetrators are O-ringsealed to the hull inserts in all cases. As

seen in figure 2-17, the insert merely replaces the metal iemo'ed-in the hull for the penetrator

to pass through. The-hull insert material is the same as that used in the hull. A welded noble

metal claddinig is used- in the O-ring seal area in all cases for corrosion rebistance purposes

unless the hull material is-a noble metal.

Where possible, it is recommended that the penetrator be loose fitted and O-ring sealed in the

pressure hulI in a tapered hole. Should the external portion of the penetrator be sheared off, then-

the remainder -cl the shell would plug itself into the tapered hole. A tapered'hole is favored over

a stepped hole an sit.iwn in figure 2-16 due to the absence of tl stress concentration present in

a stepped hole.
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>3 A tapered hole in which the penctrator is interference fitted to the hole in the hull can be used.

However, It. has the disadvantage of being more difficult to machine as tne tapered fit ,msthave
3 at-least 80 percent contact to provide the desir-d bearing area. Also, complete interchangeabillty

between penetrators and all holes !nthe hull is somewhat Impaired due to type of select machining
.operations required to obtain the proper fit between all holes. This type of penetration can-intro-3 duce hull weight savings; however, as the peneikator can be often times designed to withstand

the hull hoop stresses present around the hole during vehicle deep submergence conditions. The

f 1penetrator shell is larger in diameter and is heavier to withstand the stresses imposed; however,
> £ the hull may not have to be-thickened in the hole area to compensate for the-hole placed in the hdll.

These factors must be considered during-the design of the vehicle pressure sphere.

2.4.7 INSULATrION AND CONDUCTOR SEAL -- As seen from the basic types of. penetrators

noted earlier, many types of seals are used to penetrate the hull of a submersible. These include'

a. Internally watertight cable-with stuffing tuba grommet or O-ring outer cabl, seals,
b. Singleconnector peretrators with contacts isealed and-insulated With plastic materials

such as epoxies,

c. Potted type penetrators 4'ith torminais sealed in plastic a.nd cable Sealed with molAed

f T elastomeric boots,

d. Multi-conpnector petrto..s utilizing primary seal connectors with contacts seale, with
compression glass or plastic:(epoxy) compounds. The-secondary wire seal in some cases

has been sealed with a stuffing tube grommet or a glass or-epoxy contact insert.

Not-all penetrators have used primary and secondary conductor seals pt the pressure hull of theTit submersible. This, however, -is felt to be mandatory for safe vehicle design. Should the primary
seal -fill then a-secondary Qeal, preferably located on the inboard side of the penetrator, would

S provide the necessary water dam to protect the vehicle until it can reach the surface.

Internally watertight cables (per MIL-C-915) have been used to penetrate shallow submersible

hulls. The cables have been sealed With primary and secondary stuffing tube grommet seals

(figure 2-!1. This type of seal is not recommended. The assembly cannbo be tested once installed,
therefore th& real is dependent upon-the workmanship of the cable manufacturer and the installing

. mechanic's skills and atttation to detail to properly seal-the cable internals. This is felt to be too
great a risk to take for a Critica, seal-condition of this type. This type of seal also does not allow

'> T a desired cable dtsconnect point at the pressure huli.

Another typro of seal used-is the potted and molded design as depicted in figure 2-2. Here the
primary'seal is a shouldered terfiilnal-press fitted Into a steel header insert. The secondary

seal is provided by epoxy potting terminal junctions in the penetrator shell. This type of fitting
- has proven acceptable. The primary seal can be hydrostatically pressure tested prior to molding

the cables to the penetrator, however, the secondary potted-seals cannot be tested. Another

; disadvantage to this type of penetrator is the lack of a cable disconnect point at the pressure hull.
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Single coniector penetrators which are screwed in, bolted or secured by a lock nut into a hull

Inseit are not acceptable In themselves as a DSV conductor seal as they do not-provide a secondary

wire seal. Should the connector be sheared from the hull, water would course through the open

hole In the hull. A secondary cable or condqctor seal is mardatory for safety considerations. A

number of designs have used a connector-prLrnry seal and a-,Ire Secondary grommet seal. This

design has been considered_accetab.e. However, it must be realized that-the wire secondary

grommet seal has hydrostatic pressure limitations. Also, the secondary seal is not readily test-

able prior to installation.

The, otimum design single connector penetrator is one in which the conductor seals are located

in the penetrator shell immediately inboard and outboard ofthe shell. The conductor seals should

also have-the capability of being pressure tested prior to installation on the vehicle. The second-

ary' seal should also remainintact and functioning should'the primary seal be accidentally destroyed;

These -. otures can best be 6btained by locating a connector inboard and outboard of the pne-

trator 'shell as shown in figure 2-3.

The multi-connec0t& penetrator is essentially tile same-as a singleconnector design, but with -

many connector slocated on the-outboard side of the penetratoi shell. In this-case, each connector

provides a wre.0rimary seal. Thewire secondary seal is usually-provided -by a-large connector

located on'the ,nboard side of the fitting as shown in figure 2-4.

In-summary, aqtingle cpninector penetrator is recominendedtwhere the outboard electrical sys-

tern dictates that -the jun tdn box be located at a remote p int on the-vehicle. In other cases, it

is~recommended'that the junction point-be located directly at the renetrator. Most designs in use

on United States-Navy subrhersibles use multi-connector pnetrators. Designs of this type ensure

that if one external cable is;damaged, the entire systemperformance is not jeopardized.-

2.4.8 FLEXIBLITY - DESIGN --- Flexibility, as it pertains to a penetrator, is the ability to be

changed or modified to accommodate various systems or mission-requirements. This can be readily

achieved by a mod%,larized or building block design. A perietrator shell is used which is sized !o

house power, control, signtiL,,:'d radio frequency circuits. The primary and secondary contact

-seals (header Inserts)can be chn~aged to accommodate these four types of circuits-as follows:-

-a. Forty-eight-No. 16 sie-contacts- control

-b. -Eighty-five-No. 20-size contacts -sign l

c. One coaxial-contact - radio frequency, additioral- contacts for control circuits can beincluded.

Three No. 1/0 contacts- - power

Secondly, the penctratoi is designed to allow the outboard cable junction box to be mounted diredtly

to the penetrator shell or at a locationi remote frm-the penetratoi. In this case,, a single connector

plg is connected to the peetrator -and the-cable-runs to-the junction box which is located close

to the components being servced.

The recommendation of a single penetrator shell size permits the use of one: size hole to be

A machined into the pressure- sphere of the vehicle. This allows switching of penetrator at any-time
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:3 during the Lfe-of tl'e DSV without replacenent-k-f the hull Insert. The design as recominunded
in this Handbook uffer~. the systemn engineer maximum flexibility In the des,,gn and use of circuitry
,for the DSV.

2.4.9 MATERIAL SELECTION -- The -select ion J -iaterial-in cui.ponent design is always one of
the mnost cikitical factors in the design process. For Instance, mat% rial choice affects corrosion
resistinde--of tlie-iw.-=trator in the sea water environment, the strength and consequent size and

weighi, of the penetrkator, the fatricability (miachinabihity) if the penetrator, the overall cost, -the
ability t withstand casualties, and the ability-of-the .materia ltowithstand %he thermalshock-ofIIthe oceanic environment. MAterials suitable for the mar in(.,-enrvironment 1.7 covered in section 5.
However, thel iJisCUSSi3r.here centers on the reasons for recommending titanium alloy for pene-

trators at 0 to lVQ,4oot -operating depths, MaWior factors jabf luenc Ing the-selection of titanium
are its excellent, strength't ;ieight ratio, corrosinresistnce in sea-water, and the material's
availability in various shape!s and sizes. Titanium is slightly more, difficult to machine than

stainless steel, and the cost per -pound of barstock is at least triple that of stainless steel at this

'ieThe weight of~titanium, however, -is, only-approximately half that of stainless steel,
Penettator weiglhtis'an important consideration on DSVs as it affects the-payload of the vehicle.

Figurei2- 17 ;js designed to graphically~relate the variables, controlling hull penietrator weight.
IT The analysis is somewhat simplified to avoid the confusicivof too much detaji. The~basic.pene-

trator form is depicted as a flat cover plate, and-twoholl1ow cylinders.of different diamneiies.

I Preliminary layouts using ar~bitrary combinations of receptacles dictated that -th% -larger cylinder
hav a. 4-inch inner diameter. Wiring spac~e requirements and hull conf iguratidii, led to establishing
the inaer diameter of the small -ylinder, at 1 3/4-inches aifid its length at 7 iniches; the large outer

cylinder was found to require a 7 1/8-inch lengtlv'to accommiodate the desired number of, recep-
tacles. The cover's dimensions are not arbitrary and must be found from stress equations as must

all other gboihe' Tic measurements. These are:

a, Outside diameter of the large cylinder of-the penetrator

b,. Ouitside diameter of the, smal1~cylinder of the penetrator- (see page 2-28)

These, lii -turn, are a. funcetion of material strength and mission hydrostatic -pres u~ and are
related through -elastic. stress equations. Once these variables are evaluated the. penetrator weight

ocan be- established. The curves bearing material- designations"ISST ty 3 16, ""Hastelloy C,"
etc, are-olotted by aiguffiig Various depth reluirements and calculatlgz corresponding-weights ,f
the~penietrator. Different-maierials-ha~e-differtint densities and-allowable stress levels, the latter

I. ~ determining the wall.thlckness of each- cylinder and the cover plate thickness and diameter. These
dimensions coupled with the material density alloW-the calculation- of penetrator weight. Thus, forTi -any material-a penetrator weigjht-can be calculated that cturrasponds-to a specific depth. The series

of poinits-established for Any one material in this mranner az o, then -joined -with a smooth curve. This
proessresltsin esalsigthe weight --depth rfiiationship for the-geometric form shown. The
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above proeedure Is repeated for all the materials censidered and results it the graph shown as

figure 2-17.V

Shown in the figure are two shaded areas. The upper region represents peneirators of outer cylln- T .

der wallithickness exceeding one-inch whlch:was arbitrarily chosen as the maximum wall thick- .

ness based on resulting penetratc, weight. The lower shaded area correspvonds to the minimum

a.lowable wall thickiness which Is dictated by geometric considerations. This represents the

least possible wall thickness consistent with-O-ring groove di. sealing areas required for the

receptacles penetrating.the cylinder wall and the cover attachbd to the tup-qf the cyr.nder; (No 7

cd.isideration of buckling failure was Investigated in the .lower region).

Included in the graph are the dashed lines intersecting the material curves. These are lines of con-

stait wall thickness (larger yInder) and are-provided as a convenid-nce in comnparing depth capa-

-bility and corresponding weight of penetrators of equal wal., thickness but-fabricatedfrom different-

alloys.

The configuration of recommended designs does not preclude the use of higlh yield strength steels,

nickel alloyed steel such as 316L, ainconel 625,or Hastelloy C for the low and medium penetrator

operating levels. 'However, their use as a substitute for titanium is difficult to justify when a

comparison is made in the categories of weight and'strength. Hydrostatic pressure experienced- "

at the:upper end of the operating range precludes their use in the recommended design. Therefore,

the use of titanium, composition 6, 6AL-4V per MIL-wT- 9047 is recommended throughout. The

oxygen content in this material should not exceed 1600 parts-permillion.

2.4. 10 SAFETY -- Overall safety considerations of the personnel ii the DSV is one of the major

objectives of the Handbook. The Failure Modes and Effects Analysis (FMEA) discussion in

section 6 aptly describes the-possible penetrator failure modes and the resulting effects on the

mission. This type of component and system aualysismust be conducted by the engineer tc assure

a-successful, design. The analysis also assists the design reviewer in evaluating the engineer's - -

designand possibly suggests areas where tests must be conducted to verify-the-design goals. The

penetritor design parameters noted earlier in this section are all directed to ensuring a sound

penetrator design which piovides proper system operations as well as required safety features.

2.5 JUNCTION BOX D]ESIGN PARAMETERS

Design aspectO that directly or indirectl affect operational reliability-of junction boxes are quite

similar-to and-in many respects-the saie as those affecting reliability of any electrical com-

ponents -subjected to the deep ocean environment. Some of the more critical areas of design that

mustbe appraised are listed below.

a. Sea.l design and seat redundancy which Is essential to maintain a high degree of electrical

Integrity.

b. Material used for contact insulating and sealing at all disconnect points must provide a

positive water barrier and be readily cleaned in case of accidental contamination from

salt water.
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, c. Compatibility of all materials when continually submerged in salt water.

d. Resistance of bonding and adhesive systems to long term degradation.

0. Prvision for adequate protection mud securing of all cablesdirectly at the exit peint from

junction box.

T f. Adequate saie in which to accomplish internal wiring with consistent results.

Eg. Adequate support.of internal wirii,gand the security of all electrwal connections. Most of

the..e 4esigm aspects are discussed in detail in.other sections of this Handbook.

h. The effects of electricil failure of the component on intercGnnected components.

JAn-outboard junction box can he thought of as an electrical conductor distribution point adequately

protected from the submerged ocean environment.

I Junction boxes can be-integral with, or attached-directly-to the electrical hull penetratoi. How-

ever, location of equipment being serviced often dictates the use of a junction point that is-remote

from the hull penetration. In this case, the junctioa box can be quite-similar in configuration to

-the peneti'ator attached- type or can vary som(what as it is-not.directly, associated with hull

integrity and human sairety in the event of failure..

Sevez il types of jurictioh boxes are -in current use. The siiplest type of junction is the molded type

-where a relatively large cable Containing many conductors breaks opt into sevel--spaller*cables

having a reduced number of condutors. -(see figure 2-18). The splice-point-is encapsulated:by

molding or potting. The initial' ci)t -of--this type is low but has. the obvious disadvantage ofinot

T having disconnect points. In-the-e6vn, . of damage;, t-svery likdly'that~the entire-haxness wold

I .have to be replaced. In addition, -the ha-ness" often r6eches ani'overall length that becomes
4f

ungainly to fabricate, ,properly protect, ind iutall.

A commonly used type of junctic- - -sbanc.-a, cylindrical pi'ojection of the penetrator whlch

is integral with or attached to the p&initrkor sk.-i1. -(see figiires 2-4 and 2-10). This cylinder must

I provide a pressure proof enclosure for the Iutevrornecting wiring between the hulrpehetrator and
the individual connectorized points. The dtnisiohs 6f the cylinder are dete:miiied by the following

K 1' factors. The bore diameter must be large enough for adequate access for wiring and prc,ide for

the minhiihufi-ndifig radius of the ti.l-cdiiduht6r sfze being used. The bore diarfie r;sbofild

be held to a minimum because this dimension plus-reqired wall thickness, a3 dictated by pre:,-

I sure, fixes the minimum allowable outside diameter end weight. The outside diametor derived

in this way-is normally suffici-Wnt-to provide the required surface area for receptacle mounting.

, :Receptacles can be mounted in one or more tiers as required, however, more tian two or three

tiers results in an excessive -projection from the hull which makes the penetrator more vulnerable

to damage with the Increase-in bnrling moment. This must be avoided. The junction box access

cover'is O-ring sealed and secured w.tth cap screws or welJed in-place as required. T rc-Pi-

-tacles are fastened to the cylinder by-internal retainer nuts, cap srrewsAn a ',jlt fhnxge, or welded.
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'Where tUe weld method is used and the cylinder material differs from that of the receptacle, a

bimetallic weld should be avoided and it buttering-weld used in the mounting area of the receptacle.

Buttering is recommended in O-ring seal areas if the parent metal Ls not sufficiently corrosion~resistant.

The detachable cylinder type of junction box has the advantage-of-removal for repair or modifi-

cation without disturbing the-penetrator or its seals.

The penetrator junction box should-provide a cable protection and securing device which is mountedIdirectly to the cylindrical junction box.

This provides for the support and orderly exit of the distribution cable assemblies at a point

clo&e by the connector where it is most effective.

When the cylindrical junction box is remotely located, it is normally mounted in the plane of its

longitudinal axis with the large cable connector at one end.

A slight variation of the cylindrical box can be made-for applicatien where number and size of

connectors are limited. This is accomplished by extending the shell of a relatively large outboard

penetrator plug sufficiently to-provide room for one tier of receptacles. This apprbach combines

outboard plug and junction box into one piece of hardware which is coupled to the penetrator:by a

standard plug coupling ring.

The choice 6f-straight or right angle plugs for junction box connectors depends to some extent

on proximity of adjacent equipment. However, it is good-praitlce to use right angle plugs where

the cable would normally exit from thejunction box in this -orientation. Furthermore, the con-

rnector tierspace envelope is minimized-withthe use of~right angle plugs.

Interconnecting wiring,in the junction box cavity should be as flexible as possible to allow for

relatively small bend radii without stressing the electrical connection., The conductors should

have a thin, abrasion resistant high temperature insulation such as a fluorocarbon/polyimide

per-MIL-W-81381. Insulation thickness is in-the 5 milringe. Thick insulations unnecessarily

limit the number of-conductors that can be passed through the-throat of certain configurations

and in other situations hamner the-assembly for lack of space. The proper choice of conductor is

- essential to a reliable wiring arrangement ii a necessarily restricted space. Conductors cin be

-terminatad-at junctiownpoints-by-soldering-or by crinpd contacts. Spacc restrictions favor the

use of crimped contacts. These can'be pins or-sockets as-rrquired. All: internal wiring and ter-

tminations h6uldLk -potted in place to preclude relative movement of contacts and wires. Under

certain conditions, a poyed inteinal plug assembly (figure 2-9) is adequate to secure the coatats

in place, with wire bundles individually and collectively tied.- It is-advisable to maintain a dry

cavity atmosphere at-assembly If the cavity is not completely filled with potting material. This

Prevents moisture condensation and any resulting insulation resistance deterioration. Where the

complete cavity containingthe internal wiring-Is potted, it is preferable to design in such a way that

the entire potted assembly is. removable for -modificat!on, repair-oi rtoplacement, as shown in

figure 2-6.
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At operating depths in excess of 20, 000 feet, the advantages of a- pressure compensated junction

box lecome very apparent. The -20,000-foot level is based on the use of titanium which has a very I
high strength-to-weight ratio. Other ca;tdidate materials would be sufficiently heavy in the re-

quired sections to dictate the use of a pressure compensated design at pressure levels-well be-

low the 20,000-foot operating depth.

The principal determining factors, whether or not to use a pressure compensated design, are

weight and the physical limitations of the material being used. Other considerations that should

be- made a part of trade-off studies Where either type-would satisfy the specific operating re-

quirements would include reliability, maintainability, and cost. These considerations would in

'turn be directly affected by- location, available space, vulnerability to damage from impact, and-

others of a similar nature;

Many of the configuration restraints placed on a pressure resisting type-of junction box can be

.g'iored-in the pressure eqialized approach. Therefore, in addition to a-cylindrical-configuration, I
there are many option$- ic', ,,Aing a- low profile pancake style with.cable assemblies radially

located.-

This form utilized less space, allows accessibility of internal wiring for repair or modification,

and can be provided with a flexible see-through window as adiaphragm. Additional pressure

compensation is provided by~a small bellows. This configuration can be connected directly to

the.penetrator:or used at a remote location. In either case, the use of pressure proof connectors

is recominndedto~provide a positive barrier to the entry of water from Lhe c6nnecting cable into

-the coripensatfig:fluid'area. This requirement -would apply equally to the use of oil filled cable

or conventioral-underwater cable types.

The choice of- material for the box is less- restrictive because-only relatively light sections are

required where there is no pressure differential. Material selection should be based on com-

patlbility" with the- material of attaching connbetors and all-around resistanceto the Salt water
environment.

keveral oils having good'dielectric characteristics have been used as a compensating fluid.

Basically, these are either a silicone base oil or a pharmaceutical grade-of mineral oIL The

principal considerations in making a choice would be compatibility of the oil with all other

-materialsnused in the junction box-and-ts -long-terma chemical stability. The specific grayity

of the oil would be a consideration only where weight is extremely critical or any In-leakage of

salt water must be segregated either-above or below the- oilevel. Also, the compressibility factor

of -the dielectric oil Is important as it affects the compensation system design. One of the possible

disadvantages of an oil tilled system is that a compensathiasytem may have tobeprovided.

This iidds space and weight to the-6ve:-all system. See reference Gi for recommended oil
selectlon data.

A-cofinectorized, molded elastomer -type-of junction bbx has seen limited USN application recently. I
Experience to date Indicates that it Is a reliable, relatively inexpensive design approach. All
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internal wiring and terminations are subjected to a fluid like pressure pattern, making special
additional supporting techniqu,)s unnecessary. The reliability of k.ng term service depends on
the stability of the elastomer and the metal-to-elastomer bid. This design approach consists5 of molding titanium receptacle mounting adapters and necessary interconnecting internal wiring
with crimped socket contacts at each end into the desired junction box form. The mounting adapters

A provide tapped holes and O-ring sealing surfaces for attaching the necessary receptacles. A

polygon design is recommended. This is shownin figure 2-19. This offers a minimum space
envelope consistent with good internal-wiring practice, cable distribution and mounting methods.

Some of the advantages include the following:- The design and fabricationrestraints-associated

with a pressure vessel are.nonexistent. The principal material is not subject to corrosion. Com-
I ponent parts are readily reclaimed if repair or-modificatioii become necessary. Additional

experience in the long duration application of-thit concept at higher pi.3ssure levels is necessary
before-it can be recommended over the more conventional type of junction box. This type would

normally be recommended for installation remote from the hull penetrator;

2.6 SUMMARY

This section has reviewed the various basic types of penetrators available. Design parameters
for a proper penetrator design have been licted. Recommendations ha ve been made for designs to

jsuit the various operating depth classes noted. Finally, the dOeign factors whicirmust be con-

sidered in any penetrator design have been discussei in, detail. Quality control considerations -as
4 i ell as lenetrztor design calculations, Failire Modes rand Effects Analysis, test requirements

5" and certificat,n requirements are noted in siection 6.

LI
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Sei:tion 3

ELECTRICAL CONNECTOR DESIGN

3. i CONNECTOR DESIGNS

Designs or pasing electrical conductors through the enclosure walls of pressure proof under-

water electrical components have been given many names over the years. The descriptiois

include:

a. Penetrator
b. Cable gland

c. Underwater connector1 Pressure proof connector

e. Cable seal

f. Cable feed through

g. Electrical splice

h. Submersible connector

For initial discussion, it can be considered that the device in question must seal a cable as it

* 'passes through a- Oressure proof, component enclosure. This being the case. the following basic
designs can be cbnsid.ered to seal the-cable-and provide the desired electrical continuity between

components:

a. Cable stuffing tube comiocient penetiator (reference4l).

b. Pressure proof electrical connector (reference 2).K: I c. Moldfd cable penetrator (reference 3).
d. Molded cable penetrator with insulated bushiig header insert(reference 4).

e. Flange mounted polyethylene molded plug penetrator (reference 5)

All of.these devices are similar in design'to those noted for electrical hull penetrators in the

previous section as they provide the same function; that of sealing conductors as they pass

j through a pressure proof enclosure. Cable penetrators for underwater electrical/electronic

components have been one of the most failure prone components on DSVs While failure of a

cable component penrtrator-may not be as critical as a hullpenetrator failure, many -missions

of DSVs 'have been aborted due tbthe failure of outboard-penetrators and harnesses on sub-

mersibles.

As seentIn figures 3-1 through 3-5, many basic devices can be used to penetrate cables, through

component enclosures. The cable stuffln, tube type penetrator is generally an inexpensive device

)4l but Is limited to hydrostaticpressures below 1, 000 psi and requires well designed" close toler-

anced cables and stuffing tubes to be-effective. The molded cable penetrakors (figures 3-3 and
3-4) can also provide an inexpensive seallig device, especially In quantties. The major
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3 disadvantage of thi.s type penetrator S that the penetrator irsust be scrapped if the cable is dam-

aged in service, and that the assembly does not provide a disconnect point at the component

enclosure. Figure 3-5 shows a polyethylene molded plug penetrator that is flange mounted to the

component enclosure. The assembly coulld 'Aso be polyurethane orneoprene molded. This design

is basically- an electrical connector with the receptacle mounted inside the enclosure. The recep-

tacle-in this caseis not apressure prooC device. Should a- seal failure occur in the plug assembly,

then'the component internals become floodrd and the unit is damaged beyond repair. This design

does offer the inherent advantages of connectors which provide an interface disconnection point

at the component.

IThe use of pressure proof electrical connectors at pressure proof and pressure compensated

I electrical/electronic components (see figure 3-2) is recommended. The principal reason for-this

is-that the connector type penetrator cable seal provides 2; needed harness disconnect point at the

II component. A secondary reason is that the pressure proof receptacle mounted to the compone-nt

enclosure ensures the-watertight integrity of the expensive electronic equipment should a failure

occur in-the, hacess assembly. Other reasons for using electrical connectors are as follows:

-. a. Provide an interface between the electrical/electronic component manufacturer and the

vehicle anufacturer and user.

b. Provide a convenient electrical test point for the component.

c. Allows properpackaging of the component for handling, packing, shipping, storageand

iistallation.

d. Eliminates the need for the component manufacturer to provide- the electrical cable to a

distant, unknown junction point.

-e. Provides a proper interface fori the maintenance-and replacement of components and cables.

f. Provides-an interface between components-in a complex system.

g" Faciitates-t~e manufacturing and assembly process of components.

h. Allows the-hermetic or watertight sealing of an electrical component pickage.

i. Facilitates the hydrostatic pressure testing of outboard electronic components or electrical

penetrators.

An electrical connector is -made up of a plug and a receptacle assembly as shown in figure 3-2.

The heart of the connector is the pin andsocket contacts. These two components make the elec-

-trical junction. Although i.n standard nonpressure pioof designs, these contacts may be located

j ~ In either the-plug or recepiacle; pin contacts are normally located in the receptacle, and socket

contacts-inthe phuqs in-pressure proof connector designs.

Vpi.,6st-underwater connectors in use today can be divided into four-types based on construction

4material, and can be described as follows:

a. Metal plug and receptacle

b. Molded rbber- plug and receptacle

c. Plasti, plug and receptacde

d. Underwater-disconnectable (make-and bre.k) connectors.

3-7
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This section discusses the recommended pressure-proof connector designs as well as design i
.Parameters for connectors which must be considered in any connector development program.

The connector recommendations are a reault of the work conducted on the Deep Ocean Technology

program.

3.,2 ELECTRICAL CONNECTOR TYPES T

3.2. 1 METAL SHELL CONNECTORS - - The metal construction which provides a rigid skeleton

has demonstrated the greatest degree of reliability on submersible equipments. The nature of

the design requires more component parts, is heavier and hasigreter initial cost. However,

these disadvantages are more than compensated for by its higher degree of reliability and its ,

resistance to installation and environmental damage. The added initial cost becomes insignificant 1
when related to the overall system cost and the critical role a connector plays in a system's

satisfactory function. A single connector failure can abort an entire mission.

The metal plug shell provides a rigid and adequate bonding surface for the cable 3eal and thus

provides adequate cable strain relief at'this point. The rigid construction makes possible a
greater degree of wire position control in molding a cable to the plug, and therefore, much lessi

change of electrical shorts or opens due to uncontrolledmigration of conductors during the cable

end sealing process. The metal shell provides a positive stop for controlled gasket squeeze in

seal areas between phg and receptacle and between receptacle and mounting surface. Metal has

the necessary strenth and dimensional stability- to provide, reliable threaded parts. A metal

receptacle shell provides the necessary support for a positive and reliable-pressure barrier in

[i., case of accidental exposure to sea pressure. Metal construction provides for a more reliable

mounting of lbdkhead types and an additional mounting method; a seal weld. An individual insula-

4 tor in combination with snap-in socket contacts provides good contact positioning with adequate

flotation for proper mating alignment. Metal bodies are best adapted for a:positive keying arrange-

ment to polarize plug with receptacle. Where both plug and receptacle shell are of a ndoresilient

material, a more reliable coupling can be accomplished. Elastomer-compression set and material

flow with resulting loosening is not-a problem.

3.2.2 MOLDED PLASTIC CONNECTOR -- The molded thermosetting resin type of connector

construction, figire 3-7 is relatively inexpensive and ideally suited to production in quantity. It

has many of the same advantages-of the all rubber type. These include: fewer-cou ponents,

Integral molding requires no internal seals, -no insulators are required as the structural material

is a good dielectric, the material is not affected by salt water corrosion and can not form a

galvanic couple to damage adjacent metal 0rts.

However, experience has indicated that plastics have. many- deficiencies as a connector fabricating

-material. Any one specific thermoplastic or thermosetting resin material does not seem to corn-
S bins the desirable electrica~propeties with all the required physical and mecha i6al properties

degree of dimensional stability, high impact strength, low mold shri nkage, low water absorption,F I high compressive strength and non-flammability.
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Fabricating requirements further limit-the material choice. These include good moldability, with

any necessary reinforcing fiber content, at reasonable temperatures and pressures. Some of the

more common defects found in molded connector parts include the following: Cracks at points of

3high stress which are generated in the molding process and proliferate with use; threads that

fail under load or are damaged by impact; failure in areas that mold resin rich and lack the.

3 necessary fiber content; seal surfaces that do not present the required finish due to excessive

Uflash or porosity;. molded connectors exposed to higher levels of pressure cycling have shown

evidence of minute fiber displacement followed-by fatigue and eventual structural failure.

Disadvantagesof the metal type connector include the need for additional individual contact seals

which are inherent in the integrally molded rubber type connector. Sealing surfaces are subject
to damage causing possible seal-failure. Metal parts are subject to-varying degrees of corrosion

depending on material choice and environment. This condition can be compounded by other inter-

-facing metals and/or stray-electrical currents.

Insulatig components must beprovided for electrical isolation of the conductors. Means of

securing and-sealing:these parts must also be provided. Applications that require'the metal

connector-to be subjected'to a-considerable degree-ofpre:Psure cycling call for Special attention

to the mainer of wiritig and how thie conductors-are-supported:i-n the back end-of the-plug between

the cable en&seaLadd ccnductor termination. Otherwise, faitigue failure of the conductor-can

Soccur. -Where noiresilieht parts interface at plug and receptacle, a minimum volume ;oid is

always presem-because necessary dimensional tolerances preclude interfacial contact at this

point. This void can account for someelectrical degradaRtion due to condensation of moisture in

contact area. This c an be significaht-depending on application and environmental temperatre

and humidify ranges.. ConAct insulation composed-of compression glass seals mustbe adequately

-protected from weldingtempe-tures when c66 omonents are fastened or sealed by this method.

j-J; -A representative, connector of the metal-type is shown, in figure 3-R.

A distinct disadvantage of this -orm of construction lies in interfacing various cable types with a

molded resin plug. The effectiveness-of the cable-end seal is iiiiited by boidability, and-cable

temperature restrictions.

The molded plastic connector -ha exhibited-serious design deficiencies to d.te, expeciaily for

: - higher-pressure applications. ;However, it isnot inconceivable that the-proper. cmbination of

material and design would produce a satisfactory connector for ;low pressure applcation.
3.2.3 MOWED .LASTOMER CONNECTOR -- The molded or cast-elastomer typeof connector

construction, figure3-0l, provides the least exlnsive- type of undern-ater connector. Basically,

this type of connector consists ofa length of cable whose conductors arc terminated with male -or

-female contacts. The entire terminal area-is molded or cast-integral with the cable-jacket. The

contacts are positioned by exter .almeans until curing or vulcanizing is complete. rhe geometry

of the molded area is such as to provide a sealig interface between plug and receptacle and
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provid'a for strain transition between contact area and cable. Due to the resilient qualities of the

mai:erii used, relatively thick sections are required to provide-adequate-polarization between

plug and, receptacle. This results ira large-connector. For-this reason, polarization, where

present iix this design, is normally~accomIlished by contact pattern or- two contact diameters.

19ither method is-inadequate because electrical contact between plug and receptacleis possible

prior tc proper aligiment and mechanical locking. For this reason, this type of connector is

-vulnerable to electrical mismating and contact-damage.

The materials mostoften used in fabrica ting this connector are neoprene, for pressure molding,
andpoiyurethane for cast molding. The neoprene molded connector is superior in several des~ign

areas. Howver, the inubility to piroperly control movement of the conductor during the pressure
molding process can lead to electrical opens and shorts that very often occur after the connector

sees the operating environment. Thusrreliability is seriously affected.

The all rubber type of connector, rot having a rigid.internal or externalstructure, does not

providefor positive and controlled compression-of interfacial seals. For the same reason, most

coupling andmounting devicez are marginal because the-materiallis subject to compression set.
Sealfailure can also occur whin'the connector is mated in a lowtemperature environment, due

t loss of-elasticity. Most deigns have little or no protection for -pin contacts.
This type of connetor constructionis not without certain advantages. Among these'are low

cost, -light weight., capability of.tithstanding considerable abuse, and-be~ause, it is integrally

,molded, fewer/,seals are required. Both plug and-receptacle withstand open face pressure equally

well. No material corrosion problem exists with this connector type. The material being a di--
electric precludes its contributing to galvanic corrosion of, adjacent~areas. Obviously, no separate

insu tingparts are riquiredL The resilient material provides for a void-free interface between

mated plug and receptacle.

3.2.4 UNDERWATER DJSCONNECTABLE CONNECTORS -- Underwater disconnectable or make

and break connectors are a definite requirement for] Peep Submergence Vehicle applications. For

itnstance; it is advantageousfor divers to have the,capability to disconnect cameratand light

hokising while the vehicle is still in the water. This zllows replacement of film-and lights on a
routine basis without the need to haui-the vehicle from the water. Another disconnectable con-
nector requirementAs one. timeelectricaldisconnect-that is-requircd~whent emergency drops are

' made of oiltrd mounted equipment-such as batteries andmanipuilators. These equipments

P would be-disconnected from the vehicle when-avehicle emergency rise-to thesurface isrequired.
In the case of manipulators, it may also be necessary to drop hr hould hy become entanged

during underwater operations.

The USN is presently conducting studies under the -Deep Ocean Technology pr-gram to develop

make-and break electrical connectors for underwater applications. Design, fabrication and test

work is presently underway, Results of-Th s design activity will be-included in-the-nextedition of

theHandbook..
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3.3 CONNECTOR DESIGN RECOMMENDATIONS 'K

3.3. 1 CONNECTOR CLASSES -- Similar to recommended penetrator designs, three basic con-

nector classes are seen to satisfy, the-DSV oceanic environments. These include the 0 to 2, 000,

0 to,20, 000 and 0 to 37, 000-fcot operating depths. For each operating depth, many types and

sizes of connectors are required to satisfy signal, control, power, and radio trequency require-

ments. Those have been defined in section 1 of the Handbook.

While the primary design work noted in this Handbook is devoted to the 0 to 20, 000-foot operating I
depth class, discussion is also made on the other operating depth classes. Further design-and

development work will be conducted in these areas as funds become available and the need arises.

3.3.2 CONNECTOR DESIGN - 0 TO 20, 000 FEET AND 0 TO 37, 000 FEET -- The basic connectbr

design recommended for 0 to 20, 000 and 0 to 37, 000-foot operating depths is shown in figure 3 -9.

The only basic design change between the two, is additional plug and receptacle shell material p
required for the 37, 000-foot depth connectors. The use of titanium plug and receptacle shells is

suggested for corrosion resistance and strength to weight ratios of the material. It will be noted

that bothplug and- receptacle have-compression glass sealed and insulated pin contacts which

withstaid the full operating, depth pressures. The plug is fitted with double ended socket contacts

on the front end and'a crimp type-socket contact on the rear end.

The double ended socket contacts are insulated with a silicone compound and the rear end of the

plug4s insulate-&With a glass filled epoxy compound. This potting material also serves as a j .

strenghening agd) ,ir the conductors which emanate from the cable. The potting compound is

housed in an aluminuni 6tckshell to which a, grommet type cable sealing clamp is also fitted. The

grommet holds the epoxy insidethe aluminum cavity during the potting operation. A polyurethane

boot is- cast- over the cable preotted area andcthe plug shell to provide the desired cable to
connector, seal. Although a 90 degree plug is shown in the'figure, straight plug designs can also'
be used. The plug is sealed to the receptacle with redundait gasket and radial typeO-rings. A

-titanium coupling ring is usedt6,engage and disengage the plug'from the receptacle.

The titanium shelled recepkacle houses the radial O-ring seal as well as the polarizing keys. A

crimp type socket provides the desired electrical connection at-the rear of the receptacle. The 13
contacts are insulated with a silicone rubber Insert. As seen later ii this section (figure 3-15)
many receptacle mounting methods are available. Figure 3-10 shos a receptacle design with a

removable headei insert. This design allows- added flexibility in, changl, contact patterns. It ii
also allows sealing contacts inheader insert-materials other thiji titaniVm.

3.3.3 COAXIAL CONNECTOR DESIGN -- The coaxial connector designrecommended, is shown H
in figure 3-11. The design is similar to the 20, 000-foot connectors as titanium is used-to fabricate

the plug and .receptacle shells as well as the coupling ring. The inner and outer contacts located-

in the receptacli are sealed and insulated with compression glass.
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I
3.4 CONNECTOR DESIGN PARAMETERS[

The primary function of a pressure proof electrical connector is to provide a watertight inter-

connection point for o, harness at the outboard component and at a hull penetrator. The connector

also seals the cable at these enclosures and prevents the cable from being forced into the enclo- I
sure due to-the hydrostatic pressure at various occan depths. At seen earlier, four basic con-

r.ector designtypeshave been used to satisfy vehicle connector requirements. This section 1
discusses the USN's recommended use of all metal connectors for depths to 20, 000 feet. The

designs discussed here employ the use of Deep Ocean Technology Program developed elastomeric

jacketed cables (see reference 6). However, with minor modifications to the rear of the con-

nectors, the designs recoimmnded can be adapted to also use metal jacketed mineral insulated,

polyethylene jacketed, oil filled, and frce flooding individually Insulated conductors.

This section covers the design of electrical connectors recommended for use on DSVs. The

development of a connector requires the consideration of many design factors. These are listed

in table 3-1. Together with these basic design factors, there are many design considerations

which strictly apply to electrical connectors. These are as follows:

-a. The connector, in order to preserve the watertight integrity of the component to which the I
ponnector is mounted, must have a positive contact water dam in the receptacle to prevent-

water- from entering the component.

b. There should be a backup seal for every primary sealused in sealing a receptacle to a

V Icomponent. This is not necessary, however, if the receptacle is welded to the component
!li housing.

i! c. Configuration and materis of corseti-boction should provide inherent resistance to electro-
lytic corrosion resulting from stray leakage current. Very slight differences in potential

[ can erode relatively thick metal sections in a very short period of time.

d. The possibility of a critical degree of galvanic coupling must be considered when making a

material choice for-the connector parts. Areas that interface with each other should be

such as to prevent entrapment of sea water which may lead to crevice corrosion.

e. The method of-securing the plug to the receptacle should also provide for easy removal.

f. Adequate wire or cable strain relief must be provided at the cable-to-plug or receptacle3

interface.

g. The receptacle design must be such that the receptacle web section can be hydrostatically

tested-prior to shipment by the fabricator.

h. All wire terminations within the plug or receptacle cavity at the-rear should be sealed-and

supported. This combined moisture barrier andstrain relief is readily accomplished by
potting comp-ounds.

i. A-positive water'barrier in tlie plug assembly is recomme~nded. Should the cble be darn.-

aged or severed, then-water will course up the cable only to the barrier in ihe plug. Av a

[~ii result, the receptacle-plug interface will remain unaffected.
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I Table 3-1. Electrical Connector Design Factors

1. Connector Types and Sizes

2. Configuration - Connector

3. Plug Design

4. Receptacle Design

5. Pin and Socket Contact Design

8. Fastening - Plug to Receptacle

7. Sealing - Plug to Receptacle

8. Connection - Conductor to Socket Contact

9. Insulation and Seal - Pin Contact

10. Insulatlon and Seal - Socket Contact

11. Seal - Cable to Plug

12. Electrical Requirements

13. Cable Strain Relief

i4. Material Selection

15. Corrosion Properties

16. Fabricability

17. Safety

18. Strength

19. Stiffness

20. Thermal Properties

21. Cost
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j. The receptacle or plug contact water barrier which may be inadvertently exposed to sea

water should withstand a test pressure in the exposed condition of at least one and one-half

times the operating pressure. Receptacles and plugs in which the contacts are compression-

glass sealed very effectively satisfy this requirement.

k. The ideal connector configuration provides for packaging a high conductor density in a

minimum envelope hiving minimum projection from the component being connectorized.

1. Excess connector weight must be avoided. Any excess weight reduces the submersible's

payload pound for pound.

m. The receptacle should be ,olarized to the component, if at all possible.

n. Redundant seals should be provided between the plug and receptacle interface.

,o. The connectors should be non-proprietary.

p. Connector contact resistance should be kept low as practicable.

q. The 'onnector assembly should be capable of operating satisfactorily in an air or sea

water avironment.

r. Mating plugs and receptacles shouldbe scoop proof. (The front face of the plug should not

hit aga-in3t the pin contacts when the plug-passes across the-front face of the receptacle.)

s. The connector assembly should have a mintimui ten year-service life.

t. The connector assembly, when mated to a cable, should be capable of withstanding 2000

hydrostatic pressure 'cycles at-the, specified operating depth.
u. The connector Should be designed to withstand'at least 100 matings and not show wear which

would be detrimental to the-connector's operation, electrically or mechanically.

v. The connector plug boot should have strain relief to withstand repeated flexing and maintain

a watertight bond between the cable/boot transition. and the watertight bond between the

boot/plug shell transition.

w. Mated receptacles and plug/cable harnesses should be able to withstand a high impact hJ
shock test and a vibration test without physical damage br significant discontinuities in the

electrical circuits and/or loosening of mated component parts. V
x. In no case should the connector be designed so that elastomeriL material relaxation may

permanertly endanger the pressure holding ability-of'the seal. -

y. Protective covers should be provided on all plugs and receptacles to protect t'Vie harness

and penetration components against contamination or handling, transportation, and instal-

lation damage.

z. Two polarizing keys should be provided each receptacle to mitch two keyways provided on

each plug shell.

aa. Straight and right angle cable entry at the rear of the plugs should be provided.

ab. Plug-to-receptacle seal should be provided and be composed of automatic squeeze type

gaskets (0-rings).

ac. A receptacle to component seal method should be provided.
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3.4.,1 CONNECTOR CONFIGURATION -- The connector design should be cylindrical due to
external hydrostatic pressure resisting requirements, the relative ease of sealing the cylindricalU plug-to-receptacle components, and the ease of fastening offered by cylindrical components.

Plugs for straight and right angle cable entry should be developed. The right angle plugs are an

undesirable, -but necessary component; they are more difficult to fabricate, wire, and mold but

in many cases can save valuable space. Naturally, connector diameters should be kept as small

as practicable fc: weight and space considerations.

1 3.4.2 CONNECTOR TYPES AND SIZES -- Connector shell sizes should be kept to the smallest

number possible. Every effort shwiai be used to make one shell size accommodate more than one
Ipin configuration, bit not-to the detriment of physical and electrical characteristics of the con-

nectors. Table 1-2 lists the connector contact configurations required for recommended cable

types and -izes. Table 3-2 shows a tabulation of eight shell sizes and recommended contact

configurations for each size. Table 1-2 also showu- the justification for the sizes selected. Di-

-mensional sizes of the connectors can be compared roughly with the list of connectors for the

size 16 contacts and equating this to the diameter of MIL-C-24217 connectors.

The diametral requirements for connectors -in general are dependent upon the size of the elec-

trical contacts and the connector contact comlplement. With this factor-remaining constant for

all classes of connectors, the other dimetral considerations are the various hydrostatic pressure
requirements. Because this last consideration has the greatest effect upon connector weight, the

greatest possible weight saving will be made by using titanium for shell material, rather than

the more conventional stainless steel. Connectors for higher pressures should be-made from

ilighter and stronger titanium and, therefore, will be about the same overall diameter as the

MIL-C-24217 connectors.

Table 3-2. Recommended Connector Shell Sizes

SHELL SIZE NUMBER OF CONTACTS AND SIZE

20 16 -12 8 4 00000

2 5 3 1
[ 3 10 5 3 1

4 14 9 1

5 14 3

6 24 3

7 85 48

8 3
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Propkr connector design plays a greater role in determining._'-znector length than does sub- I
mergefne-pressure, Major considerations along this line include:,

ai, Proiide suficient~jength for proper engagement of the contacts and for plug and receptacle I
lead fv\ for straight iikting~cf plugs and receptacles.

*b. Make the'polarizing key long, enough topensure correct entrance and contact engagement.

c. Make theplug shell log enodgh to contain the elastomer boot bond and a hermetic water

block witfr contacts.

d. Provide enough space for a Wabk shell potting attachment.

3.4.3 ELECTRICAL REQUIREMENTS -- It has been determined from table 1-2 that dielectric

withstanding voltage requirements for c6ntrol ani'signal circuits on DSV's are minimal. As a 2
,result, -connector design& to service these typo Eirk cits will have a test votage of 1;000 volts

aM a service ritingof 300 volts. At the present time the maximum operating voltage for circuits

*of this type is 120 volts.. The power type connectors will have a test voltage of 1,900 volts and a

service rating of 600 volts-.At the priesent time the maximum operating voltage for DSV power

circuits is.440 VA: (rms).

-The proper sizes of contacts to satisfy -DSV' requirements have been selected and are shown in

table 3-2. Electrical connectors shouldbe.designed to number 20, 16, 12, 8, 4, 0 and 0000 size B
contacts to suit the various amperage requireinents of electrical/electronic circuits used on

DSVs (see table 2-2). The current carrying capacity of the materials used in electrical connectors U
is compared in table 3-3 with copper. As molybdenum is recommended in this design program

for the pink'contact in the glass-sealed connector components, it can be oncluded thatthe cuirent

carry ig capacity will be inrproved over presently used steel pin contacts. "

Table 3-3. CondictorPCrrent Carrying Capacity as Compared to Copper

MATERIAL PERCENT CONDUCTIVITY

Copper (99.95%ure) 100

Molybdenum 33L

Brass 26

'Steel<(B1113)- 4-1
Cadmium Chromium.Copper 90 U

TV
I[
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311 3.4.4 PLUG DESIGN -- The plug ehould be cylindrical and, in most cases, should hoths e

,ocket contacts, sealed and insulated in a plastic elastomeric, or glass insulator housing, Ti%.

plug should have-a threaded coupling ring and house the necessary plug-to-receptacle sea!, A

plug-to-receptcle polarization keyway should be provided. The necessary conductur-strair retiel

device should be designed to withstand the full hydrostatic pre. :ure loading as shouid.the plug

shell flange which is bottomed against the face of the receptacle. Material selection is a primary
consideration in the plug design.

At, the rear end of the plug pin contact, a crimp type socket contact should make the transition to'431P, conductor. The-front coatact should be a double ended socket contact sealed inside a silicone

At the rear of the plug web, a socket contact should be embedded in a material of high bulk

modulus and high compressive strength. This provides support for contacts and conductors when

they are subjected to high hydrostatic pressure loading. Tests conducted by the USN have shown

this area to be one o! the most critical in the design of a pressure proof connector Cyclic hydro-

static pressure loadifig of connectors has resulted in Z kinking and fracture of conductors inside

the plug shell In the area. These conductor failures have been attributed to the use of low bulk

imodulus potting materials such-as neoprene, or voids existing inside the plug. shell allowing the

conductors to bend and subsequently break. As a result, much design attention must be focussed

in the connector-cable inteiconnection area. The use of filled epoxy compounds as recommended

in section 4 is felt to be mandatory toprovide theproper strtural support for the conductors.

References 7 and 8provide further documentationfor this probnm area. Figure 3-12 shows

typical conductor kinking when unsupported and subjected to hydrostatic pressure loading.

Ali plug shells should have a feature erabling ,hem to adapt to either a right angle or straight

cable support and prepotting-form back shell. The proposed right angle prepotting-form back shell

can be positioned to give any desired exiting cable angular attitude. This angular attitude is the

positional relationship between the existing cable plug boot and the plug polarizing keyways. The

back shell cable clamp should be designed to accommodate a moderate range of cable edameters.

Outsized cable dlameters require a special clamp and prepotting back shell.

3.4.5 RECEPTACLE DESIGN -- Receptacles should be cylindrical. This shape is least expensive

to machine and lends itself to fastening and sealing more readily than other configu.ations. Glass

sealing manufacturing procedures are better adaptable to circular receptacles. The receptacle

should house one plug-to-receptacle seal and provide a seal!ng surface for the second seal. It

should also provide a thread for fastening the plug to the receptacle. Polarizing keys for the plug/

receptacle assembly relationship should be a part of the recetacles. A water barrier should be

provided for in the-receptacle at the web section. Methods of fa.stening receptacles to components

should be by use of a bolted flange, welding, or by a lock nut and flange. See fipure 3-13.
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With respect to the plug-to-receptacle mating sequence, the following mating sequence steps are I
recommended:

a. The plug is polarized to the receptacle with the use of keys and keyways. There is neither 1
pin-socket electrical contact engagement at this juncture; nor coupling of the plug to the
receptacle.I

b. The plug and receptacle having been polarized, the plug coupling ring now engages the

threads of the-receptacle.

c. As the coupling-ring is fastened to the receptacle, the pin contacts begin engaging the

socket contacts, and electrical engagement takes place between the pin and socket contacts.

Another important requirement in the plug receptacle design is the need for a scoop proofness. I
As seen in figure 3-14 the plug shell should not be capable of contacting the pin contacts in the

receptacle under any other than properly aligned mating conditions. This is especially important

for the smaller size contacts such as 20 or 16 AWG.

3.4.5.1 WELDING TITANIUM RECEPTACLES -- Titanium alloy (TI-6AL-4V) can be welded

with a high degree of reliability and the welds have the same high degree of corrosion resistance

as the base metal in a sea water environment (see reference 9). Fusion welding either by the TIG

or MIG process can be accomplished with or without filler wire. The more important factors in I
welding TI-6AL-4V are joint preparation, fit-up, and shielding of the weld and heated zones to

preclude pickup of contaminants from the air by the molten or hot titanium. Shielding may be I
accomplished by flooding the area immediate to the weld with an inert gas or may be accomplished

by welding in a chamber filled with-an inert gas and purged of the common contaminants, oxygen,

hydrogen, nitrogen and carbon. Both-metal and filler wire must be thoroughly cleaned. The weld

should be blanketed at the top and bottom with inert gas. Metal degreasing, should be accomplished

with alcohol or acetone. Never use steel wool or sand paper for dirt removal. A clean stainless1j

steel brush should be used for this purpose. The filler wire should be cleaned and the end removed

just prior to use. Wire feed should be continuous, not dabbed. Careful shielding is essential to

successful welding, and helium or argon must replace the air at both top and bottom of the weld.

-Resistance welding of TI-6AL-4V is also possible and-techniques- are much the same as would be-

ubed for stainless steel. Inert gas protection is not necessary due to the proximity of the mating

surfaces. Electron beam welding can also be used with this alloy.

Fusion welding by the TIG method is recommended for use on glass sealed contact connectors j
discusscdin this section. The method permits intense localized heat buildup without excessive

heat buildAup in the area of the:glass seal which could be damaging to the glass. TIG produces a

superior weld with the temperature restricting conditions imposed by the connector weld procedure.

3.4. 6 MATERIAL SELECTION -- Selection of plug, receptacle shell and coupling ring-materials

is one of the most important design decisi'ons to be made. The materials used affect the size,

weight and p'ojected life of the componentul, The most desirable materials are those with high
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corrosion resistance; specificadly Inconel, Hastelloy C, and titanium alloys whichhave demon- I
strated the highest'resistar ce to crevice corrosion attack ina sea water-environment. It will

also be noted that these xaterials also possess excellent mechanical properties because their 3
ultimate tensile strengths are in exce -, of 100, 000 pounds per square inch. These materials will

assist in-keeping the connector weight ,.0 2e to a minimumn. Non-metallic materials cart also

be considered. Although the mechanicaJ p,'operties of most o. the plastics cannot be compared I
with metals, many do offer excellent corro3ion resistance a well as weight savings. Some of
their limitations, however, include relatively low impact stxengthsas well as poor moisture I
absorption and aging characteristics.

The use of titanium for the pressure resisting components of connectors-and penetrators because

of its physical and corrosion resisting properties is presented elsewhere in this -handbook (sec-

tion5). When weight and space saving are desirable, they can be best obtained through the use
of a lightwex ,'t, high strength material such as titanium, because othe.r lightweight materials

do not have a strength or as good-co rosion resistant propert;-.s. Table3-4 is-a listing of

specific gravities of materials which can be considered'in connector and penetrator design. i
3.4.7 PIN AND SOCKET CONTACT DESIGN -- Pin and socket contact configurations, 'pecific

resistivity of materials, plating, dimensional tolerances, surface finish, hardness-of metal and
conductor termination and-design are all important considerations in tie development-of-an elec-
trical connector. Contacts should have low specific resistivity-and should approach the current

carrying, capability of copper (see table 3-5). Pin and socket contacts in the siiding area should
I be-gold plated in accordance with vIL-C-45204 and underplatedt with a copper flash (reference 11).

Surface finishes are to be smooth t,0 ensure a mating action whicit.will not tearoor scratch the-
contact and at the same time provide maxmum surface engagemeit between-the pin and socket

contact. Every effort willbe ma4de to use slandardcontact configurations. The most logical

choices are MIL-C-22857, MIL-C-39029, and NAS' 1599. These contacts should be uced with

standirdMS crimping- tools TIL-T-22520 and MS 3191. Where glass insulation is used, the glass-
sealed contacts ahould be fabricated from molybdenum. Br-.ss and bronze should be used When [I
pressure requirements do not call for the.glasS or ceramic insulations. Molybdenum is preferred

over the conventional B1I3 steel because the contact resistnce-r lower and'the pins are stiffer

~ and not so easily bent or damaged. See table 3-6. When glass-insulated pins require the use, of

solder pots, they should conform to the requirements of MIL-C-5015. Contact sizes larger than

16 size should conform to the requirements of MIL-C-5015. Table 3-7 gives the contact pin
-diameters that should be usedi in all connector groulxs.

4.8 CONNECTION - CONDUCTOR TO SOCKET CONTACT -- The cable conductors can be ii
electrically connected to the socket contact pins by solder, crimp, or caperpin insertion. All of
these methods are compatible with the connector design, considered from a space -viewpoint.-

Welded, clamped, or wire wrap methods are not seriously considered because of the relatively
large space required to make a multicontact assembly.
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3 Table 3 -4. Approximate Specific Gravities, of Materials

SUBSTANCE SPECIFIC GRAVITY
Gold 19.3

Rhodium 12.4

Lead 11.3 - 10.7

Silver 10; 5iiMolybdenum 10.2
Brasses, Yellow 9.96 - 7.70'

31Coppar 8.95 - 8.89

Hasteltoy C 8.95
Cupro-Nickel (70-30) 8.94

Si~icon-Bronze 8.91 - 7.09

Phosphor-Br~onze 8.88 - 8.7t

Tin Bronze (Cast) P-.85 - 8.60

Monel 8.84 - 8.48

Berylco 717 (Be-Cu-Ni) -8. 81
K Moniel. (Ni-Cu-Al) 8.49
Admiralty Brass- 8;-52
XTnconel 825 8.44 0" 808

leaded Naval Brass 8.44

Naval Brass 8.41

Manganese Bronze 8.36
Beryllium Copper 8.24 -8.18ICr-Ni-Fe Superalloy 8.17 7. 88
Stainless Steel (Aus) 8.02 -7.75

216 SST 7-.'95

fY 90, 100, 150, & 230OAlloy-Steel 7.9
Armco 22-13-S-Stainless Steel 7.9-
Carbon Steel 7.83

17-4 PH Stainless Steel 7.79
Stainless Steel (Fer) 7.75 - 7.47

Stainless Steel (Mar) 7.75

Wrought Iron 7.69IiTin 7.30 - 7.25rjZnc: 7.17 - 8.64
-High Lead-Glass 6.22
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Table 3-4. (Cont'd)

SUBSTANCE SPECIFIC GRAVITY

Titanium 4.73 - 4.43

Epoxies (Cast) Ht Res 3.2 - 1.15

Phenolics (molded) 3.0 - 1.24

Aluminum Alloy 6061 2.71

Epoxies (Cast) GP 2.4 - 1.12

Borosilicate Glasses 2.3 - 2.1

TFE Flurocarbor 2.4 - 2.1

Melmines 2.0 - 1.43
Silicones (Molded) 2.0 - 1.6

Epoxies (Molded) 1.85

Diallyl Phthalate (Gi) 1.59 - 1.55 (1.63)

Polysulfone 40% GF 1.55

PVC 1.55 - 1.16

Nylon Type 6/6 40% GF 1.52

Nylon, Glass Filled 1.51 - 1.30

Polycarbonate 40% GF 1.51

AcetfAl 20% GF 1.53

Polycarbonate 1.51 - 1.20

Styrene Acylontrile (S. A. N) 33% GF 1.46

Polyesters (Cast) 1.46 - 1.06

Acetal 1.43

ABS Resin 40% GF 1.38

Polysulfhide Rubber 1.35

Polyphenylene Oxide (PPO) 30% GF 1.27

Neoprene Rubber 1.25 - 1.20

Silicone, Urethane Rub. 1.25

Phenolics (Molded) 1.24 - 3.0

Nylon 6,11, 66 & 610 1.14 - i.09

ABS Resins 1.07 - 1.01

Water - Sea Water 1.02 - 1.03

Water 1.0

Water, Ice %).88 - 0.92

Polyethylene (AD) 0.96 - 0.94

Polyethylene (MD) 0.94 - 0.93

Natural Rubber 0.93

Polypropylene t,. 91 - 0.90

Butyl Rubber 0.90
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I Table 3-4., (Cont'd)

3 SUBSTANCE SPECIFIC GRAVITY

American Hardwoods 0.7 - 0.4

America . Softwoods 0.5 - 0.4

The specific gravity of a solid or liquid is the ratio of the mass of the body to the mass of an

equal volume of water at some standard temperature.

To obtain density in lb/cubic inch, multiply by 0. 0361. To obtain lb/cubic foot, mltipy by

62.43 (from reference 10).

LI

lt

1I
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Table 3-5. Electrical Resistivity of Metals

ELECTRICAL RESISTIVITY
(MICRO OHM - CM)

MATERIAL High Low

Silver 1.59

Copper 2.03

Gold 2.35

Commercial Bronze - 90% Annealed 3.90

Red Brass - 85% Annealed 4.70

Rhodium 4.51

Beryllium 5.00

Molybdenum 5.17

Low Brass - 80% Annealed 5.40 -

Tungsten 5.48

Beryllium Copper 5.82 4.82,

Zinc 6.06

Cartridge Brass --70% Annealed 6.20

Aluminum and its Alloys 6.30 2.80
Yellow Brass, Annealed 6.40

Leaded Brasses 6.60 4.10 J
Palladium 10.80

Free Cutting Steels 14.30

Platinum 14.90

Phosphor Bronze 16.00 3.60

Magnesium Allows 17.00 5.00

Carbon Steels 19.00 14.30

Cupro-nickel 37.00 15.00

Ferritic Stainless 72.00 40.00

Martensitic Stainless 67.00 60. 0O
Austenitic Stainless 78.00 69.00

Titanium and Alloys 176.00 90.00

(from reference 10)
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3 Table 3-6. Specific Stiffness of Metals

Specific Stiffness E/P 106 In. or Stiffness - Weight ratios are obtained by dividing modulus of
I iticity in tension (psi) by density (1 lb. /cu in. )

YIELD STRENGTH TENSILE STRENGTHI

MATERIAL Ratio High Low High Low

Beryllium 657 55 45 90 60

Molybdenum and Alloys 27 105 82 125 95I ritanium and Alloys 111 150 40 240 145

Carbon Steels 106 188 58 237 15

Aluminum and Alloys 105 26 8 60 22

Ferritic Stainless 104 s0 45 85 65

Martensitic Stainless 104 105 25 125 65

Free Cutting Steels 102 100 co0 110 70

Magnesium Alloys 102 44 19 54 --

Austeritic Stainless 100 55 30 115 80

Rhodium 94 -- -- 300 73

M Tungsten 84 220 -- 220 --

Cupro-Nickles 68 73 -- 60 44

Beryllium Copper 64 35 25 80 60

Red Brass 85% 54 10 -- 70 --
Common Bronze 90% 54 10 -- 61 --

Leaded Brass 53 20 17 80 55

Phosphor Bronze 53 28 14 130 65

Copper 53 10 -- 35 32

Low Brass 80% 51 '12 -- 74 --
Yellow Brass 49 14 -- 46 --
Palladium 39 5 -- 28 20

Platinum 27 5.5 -- 30 28

Gold 17 30 -- 19 --

(from reference 10)
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Table 3-7. Pin Contact Design Information

STRANDED WIRE SIZES
PIN DIAMETER ACCOMMODATED

CONTACT SIZE (Inches' -. 001) IN CRIMP BARREL

4/0 .500 4/0 - 2/0

1/0 .357 1/0-2
2 .283 2 -4

4 .225 4 -6

6 .178 6-8
8 .142 8-10

10 .125 10-12

12 .094 12 -14

16 .0625 16-204! 20 .040 20-24
22 .030 t .0005 22 -24

23- .027+.0005 22-24
*24 .025 1 .0005 24 -26

*26 .020 t .0005 26-28

*28 .015 t .0005 28-30

*MA -Recommendations in STDS Proposal No. 1017

0oi

A
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The-primary requisite for the selection of a connection in this design is good conductivity and

mechanical strength. The mechanical aspects of the joint are critical, since the connection is

subjected to mechanical stresses during actual service conditions.

Soldering is the most widely used method for making electrical connections. Soldered connections,

however, have been vigorously attacked by electronic firms in hie past fifteen years as unreliable.

I In missile components, with thousands of electrical connections, 100 percent reliability is re-

quired for perfect missile functioning. All electronic component manufacturers are agreed that

the reliability of a soldered joint depends on the man who makes the joint. If he follows accepted

soldering procedures then a good joint will result.

In the past decade, crimped electrical connections have come into general use. In this-design, a

contact is percisely crimped to a conductor with a special crimping tool; each connection can be

made the same way each-time (reference 12). For these reasons the use of crimp joint connec-

tions is recommended in this design.

Cable shields should be terminated with inner and outer military standard crimp rings with pig-

tails terminated at the contacts. This standard system has proved-most adequate over the years
in all cable connector environments. Also, the Raychem Corp. solder sleeves are considered
acceptable for terminating-cable shields.

3.4.9 FASTENING - PLUG TO RECEPTACLE -- Of the coupling mechanisms to be-considered

for fastening the plug to the receptacle, the two mostused in the connector industry for cylin-

Idrical connectors are threaded and bayonet-type coupling rings (references 13, ii and 15). Other

types used with rack and panel type connectors do not apply here. Due to plug-to-receptacle

111 sealing considerations, the threaded coupling ring offers the most positive fastening and sealing

mechanism for underwater use. A tool, however, is required to ensure proper mating of the plug

and recept4cle and to prevent loosening under vibration-and impact shock conditions. This coupling

mechanism has proven satisfactory in past years as v-ry few underwater dry connector matings

are made during the life of an assembly. Bayonet-type coupling rings are normally best used

in quick disconnect applications, such as are required with laboratory test equipment where many

matings are required during the life of the components.

Consideration should be given to the use of stub Acme and the standard V thread design for threaded

coupling rings. The coupling ring material is chosen for its corrosion resistance, weight, and

galling and seizing properties. A hook or pin type spanner wrench should be used to operate theThe ouping or he roofligtweihtconectors Should'be fabr'icated
coupling ring. The coupling ring for the pressure pr of lightweight conn s

from titanium.U 3.4.10 SEALING - PLUG TO RECEPTACLE -- Water leakage paths at the plug and-receptacle

interface should be sealed with two automatic squeeze-type gasket O-rings. This type of seal has

1  proved most adequate in past years. Redundant flange and radial gaskets are used as a-safety

moure should one gasket be inadvertently omitted or damaged by installing personnel. This
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metal-to-metal O-ring seal has proved to be one of the least troublesome design elements in the
underwater connector developments of the past fifteen years (reference 16). Standard O-ring

compounds of BUNA N satisfy the environment very well and have proven adequate over a ten-

year span. Figure 3-15 depicts recommended O-ring dovetail groove dimensions for plug-to-
receptacle primary seals.

3.4. 11 INSULATION AND SEAL - PIN CONTACT -- Pin contacts which are normally part of the

fixed receptacle in unde.water applications, are generally sealed in ceramics, elastomers, glass,

and plastics. The insulation serves both as a dielectric and a seal to resist the forces of hydro-
static pressure which may be transmitted through the plug and cable assembly. More important,

-should the cable or plug become damaged, the conductor seal must prevent the full water pressure

from penetrating further into the system (component or pressure hull). While glass, ceramic,

and silicocera.min pin insulations will be used for high pressure applications, combinations of

plastics (epoxies) arn z!?stomers can be used for low pressure applications. In order to take

advantage of the outstanding sealing characteristics of glass, ceramics, and silicoceramic

materials, high pressure plugs should also use this sealing principle. It is expected that these

materials will be able to: first, protect the cable harness should the plug-to-receptacle seals

fail, and secondly, protect the receptacle should the harness cable be dainaged. As stated

earlier, it is recommended that the high pressure connector pin contacts should be double ended

pins and will require a socket contact at each end. The low pressure pin contacts would have

crimping pots at the back end.

For the underwater electrical connector designs being considered, of primary concern is the

sealing and insulating of the electrical contacts within the receptacle or plug shells. This applies

particularly to the hermetic seals. A conductive path must be provided through the pin contacts

without existence of-electrical leakage paths through or across the surface of the insulating

material. Connectors must be electrically sound when delivered by the connector manufacturer,

they must stand the rigors of storage, installation within components, shipboard installation at

9" the shipyard, and during their life, be maintainable. The USN has found in the past ten years that

-compression glass sealing contacts is one of the most effective sealing methods available.

This method was developed to provide the most positive sealing technique available. See reference

17 through 26 for information on glass dealing. Glass sealing has been classified as a Grade A

fj; =seal in accordance with MIL-S-8484 (USAF) (reference 27). A Grade A seal is defined as, one

which is accomplished by fusion of metal with ceramic materials, including also the fusion of

metals by welding, brazing or soldering; the fusion of ceramic materials using heat or pressure,
N

and the fusion of ceramic materials into a metallic support. The use -f compression seals between

- J metal and glass falls within the Grade A classification. Under-the development mentioned above,

the use of compression glass sealing techniques has resulted in the issuance of three underwater

[I connector military specifications (MIL-C-22539, MIL-C-22249 and MIL-C-24217).
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The hermetic seal between the pin contact and the web section within a receptacle must produce

a receptacle capable of being pressuee tested up to one and one-half times the connector operating

depth. The glass insulating seal material around the receptacle pin contacts should be designed

on the basis -that the length of the electrical creep path across the surface of the glass will with-

stand-35 volts per m1. at the following conditions:

a. Room temperature

b. At sea level
c. Relative humidity of 50 percent

Costs are greater than those incurred in the manufacture of plastic connector or molded elastomer

connectors. Glass beads must be held to a minimum outside diameter to provide a compact pin
layout to yield a compact connector envelope. Another problem encountered when using hermet-

ically sealed contacts occurs during the firing process in manufacture; namely, obtaining a void
free bead, crack free, and uncontaminated surface of the glass insulation.

To obtain good quality glass insulation, the manufacturing process has to be rigorously controlled

and requires a greater technical ability. Glass defects will cause low insulation resistance, the

connector to break down electrically at a low voltage, and-cleaning difficulty because of entrapped

moisture or dirt within the glass cracks or voids. For a hermetic connector to be completely

effective, the glass sealing surfaces must be readily cleanable following exposure to water. These

defects have been classified as major (MIL-C-24217) and therefore cannot be tolerated.

Another difficulty encountered is the loss of float in hermetically sealed receptacles, that is, the

built-in ability of an electrical contact to move slightly within its insulator, thus adjusting itself

to any small amount of contact misalignment.

During the assembly process of the plug and receptacle, float will take care of a small alignment
problem. Fixturing receptacle shells, pin contacts, and glass beads during the firing process

has to be done to very close tolerances to overcome the loss of contact float.

3.4.12 INSULATION AND SEAL - SOCKET CONTACT -- The socket contact Insulation and seal

is normally located in the plug. The insulator should-seal the contact to the plug body and provide
I proper electrical insulation. Also, the insulation should provide rigid support for the contacts

to withstand the high hydrostatic forces. Candidate materials for this component include glasses,
ceramics, plastics, and elastomers. To protect the cable-harness, it is desirable to seal the

socket contacts and insul4tor to the plug to prevent water flow into the plug internals should the
plug be inadvertently disconnected in water. With this protection and proper cleaning, the harness

assembly can be used again.

The selection of insulating materials for electrical connectors should be based on an appraisal of

the electrical, mechanical, thermal and chemical requirements of a particular application in

relation to the properties of potential candidate materials.
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In this selection process, fabrication characteristics, including tooling, required tolerances,
production rate, and material cost must also be considered.

Electrical-properties important in a particular insulator application include:

a. Dielectric strength

b. Insulation resistance

c. Dielectric constant

d. Dissipation factor

e. Arc resistance

f. Tracking resistance

g. Corona resistance

Mechanical properties include:

a. Tensile strength and ultimate elongation

b. Flexural strength and modulus
c. Compressive strength

d. Shear strength

e. Impact strength

f. Hardness

g. Dimensional stability/linear shrinkage

Thermal properties that are important include:

a. Coefficient of thermal expansion, relative to dimensional stability
b. Heat aging resistance - affecting dimensional stability and other properties
c. Short term temperature resistance

d. Heat deflection temperature

l ;e. Thermal shock resistance
f. Flammability

Chemical properties of importance include:

a. Moisture/water resistance, absorption
b. Resistance to cleaning solvents

c. Ozone resistance

d. Sunlight/weather resistance

AAll insulating materials have specific desirable characteristics and other properties that are less
than optimum. The selection of an insulating material represents a compromise or balancing of
desired properties with property limitations.

Dielectric strength is the material property of greatest concern in considering insulating materials.
This breakdown occurs when the applied electrical stress exceeds the dielectric strength of the
insulating material. "When a solid dielectric has been punctured, the insulation is weakened and
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continued leakage (as a direct short circuit) results in a complete breakd, .n. The capabihiiy of

withstanding voltage impingment is one of the most important electrical properties in a plastic

part" (reference 28).

This property is evaluated by withstanding a voltage test. A specimen is subjected to ac voltage

increased at a controlled rate. The major material variables affecting dielectric strength results

are: thickness, area, directionability, time, temperature, humidity, frequency (reference 28).

Insulation resistance might better be defined as electrical resistance. It is the combined effect

of surface resistivity and volume resistivy. "Surface resistivity is extremely sensitive to vari-

ations in surface moisture content and, therefore, to changes in relative humidity. Volume

resistivity in most plastics is very high at room conditions and requires long-time e:posures at

elevated humidity to reach equilibrium values (reference 28).

Dielectric constant (or permittivity) of a plastic is the relative ratio of the ability of a given

volume of dielectric mterial between two conductors to store electrostatic energy compared to

an equal volume of air as the dielectric. This is very critical in high radio frequency applications.

"The dissipation factor (or loss tangent) of a plastic is the ratio of the parallel reactance to the

parallel resistance, or the tangent-of the loss angle. When actual values are small, the dissi-

pation factor (tangent) is practically equal to the power factor (sine) which is the ratio of the

power in watts dissipated in the capacitor formed by the plastic dielectric to the effective volt-

amperes. In most all electrical applications, it Is desirable to name a low value of dissi.ation

factor in order to minimize-the conversion to heat-energy and to reduce the effect of power loss

on-the network. Many microwave and radar applications require that the dissipation factor be

held to extremely low values so that the signals or transmissions are not distorted by the dielec-

tric. In coaxial cables, the dissipation factor is useful in estimating the contribution of dielectric

losses to the total attenuation" (reference 28).-

"The loss factor ol-a plastic is the product of the dielectric coj.stant'and the dissipation factor,

and is proportional to the energy loss in the diel.ectric. In practically every inulating-application,

a low value of loss factor is desirable in order to reduce the heating of the material and to mini-

mize the effect on the rest of the network. This is particularly important at high frequepciF3

because, with a given loss factor, the power loss increases directly with frequency" (reference

28).

Arc resistance refers to the characteristic of insulating materials to resist carbonization (usually

called tracking) of the material surface between electrodes due to voltage breakdown.

Track resistance measures the ability of the solid insulating material to withstand the action of

arcs-produced by conduction through the surface films of a specified contaminant containing

moisture. Charging of the insulation during arc-over has a degrading and accumulativ. effect.

Flash-over is an electrical breakdown of an insulating material such as air surrounding two

insulated parts.
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I Corona relates to the ionization of air surrounding a conductor and is caused by the influence o!

high voltage. (See reference 29.)

"3 The desired physical properties-of insulators as noted earlier are straightforward and do not

require much explanation. In ppst years, the compressive strength, impact strength and dimen-

sional stability of the socket contact insulators have been cf great importance. The design of the

MIL-C-24217 connector required insulator materials with these properties because the plastic

.icts as a load bearing member when the plug is subjected to hydrostatic pressure. Materials

such as delt In, polycarbonate, epoxy, melamine, and diallyl phthalate were evaluated. Glass-

filled diallyl phthalate was the only candidate material which fully met the physical requirements.

Reference 30 should also be referred to for electronic mater.a's selection considerations.

The-iollowing listing was compiled by a major insurance company. They noted that approximately

i 85 percent of electrical apparatus failures were due to insulation failures.

Major Cause of Insulation Failure in Service (reference 29).

a. Unusual surge voltages.

b. Faulty design with insufficient margin or use of unsuitable materials.

c. Mechanical damage due to improper handling or introduction of foreign matter.

d. Contamination on the accumulation of dirt, oil, moisture or the chemical due to faulty

maintenance or improper operating conditions.

e. Moisture absorption which reduces insulation resistance and dielectric strength levels.

f. Thermal aging-as a result of excessive operating temperatures whi' h render the insulation

vulnerable ta many causes of failure.

g. Corona deterioration at points of high voltage stress.

As the glass sealed pin contact header section in the plug shell supports the hydrostatic pressure

loading, the-socket contact insulator and seal in the front face of the plug is not considered a

critical material selection problem. A compression molded slicone rubber compound is recom-

mended at the-rear of th? plug shell as the material must insulate and support the conductors in

this area. Table 3-8 offers property values for the insulator materials considered in this Ldy.
3.4.13 SEAL-CABLE TO PLUG -- The major design consideration in this seal is to provide a

I ;;watertight joint between a rigid non-elastic material (the plug) and an elastomeric material (the

cable). See figure 3-16. A hermetically sealed connector is useless if water leaks between the

cable and plug.

The automatic squeeze gaskets, such as the O-ring and Quad ring, are used universally to seal

spaces between two rigid nonelastic surfaces. These gaskets have also been used with some succeri

for sealing the relatively rigid coaxial cables to meL..t, rut are not at all practical with flexible3 electrical cables. The seal concept is based initially on sealing the gasket material at installation;

hydrostatic pressure then helps to increase thn effectiveness of the seal. However, the relative

flexibility of the cable prohibits the use of automatic squeeze gaskets. The initial pressure on the
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D-256

TEST METHOD D-638 D-695 D-790 120 D NOTCHED

TENSILE COMPRESSIVE FLEXURAL IMPACT

PROPERTIES STRENGTH STRENGTH STRENGTH STRENGTH

MATERIAL lb/in2  lb/in2  lb/in2  ft/lb/in

Diallyl Phthalate 7,000 29,000 17,000 4.0/6.0

(Glars-Filled) 9,500 28,500 19,000 9.0

Polycarbonate 9,000 11,000 12,000 14

Pol carbonate
40YGlass Filled 18, 000* 18,500* 26, 000 5

Nylon 6/6 11,200 15,000 14,600 1.75

Nylon 6/6 Glass Filled 19, 290 16, 000 22,000 2.5

Acetal 10,000 5,200 14,100 1.4/2.3

Chlorotrifluoroethylene 4,600/5,700 2,000 3,500 3.5

PVC, High - Impact 7,000 - 12,000 1.5

Polypropylene 5, 000 8, 500 6, 000/8, 000 0.6/2.5

Fluorocarbon - FEP 5,000 2,200 7,800/10,700 3.1/7.3

Fluorcarbon - TFE 500/4,000 1,700 No Break 1.0

ABS, High - Impact 5,100 7,000 8,000 2.4

Phenolic - Glass
(Molding) 9,900 - 26,000 24

Melamine - Glass Reinf
(Molding) 5, 800 20,000/25,000 16, 000/24,000 4/6.0

Epoxy - Reinforced 5,000/16,000 25,000/26,000 9,000/30,000 0.3/30.0

Acrylic " 10,000 12,000 5, 000 0.3

Using Tubing
Data

Melamine, 3ass Fabric 23, 000 22,000 - 11

Melamine, Glass Fabric 30,000 22,000 30,000 9

Melamine, Cotton Fabric 10,600 20,000 - 0.75

Epoxy, Glass Fabric 40,000 22,000 10
(1/2-inch dia. )

Epoxy, Glass Fabric(H. T.) 38,000 40,000 55, 000 10
1/8-inch bar

Polyphenylene Oxide 10,500 15,000 2.6

1/2-inch bar
Polysulfone 10,200 15,400 15,400 1.3~1/2-inch bar

Polyurethane 4,500/8,000 20,000 700/1,000 No Break

Silicone 850/925 - - No Break

r -) Z-Average Minimum

*Maximum Working Strese; Intermittent Stress at Room Temp; Tension = 4000, Com,

NOTES:
Melamine - Exceptional Dielectric Strength Under Moisture Conditions; More Stable
Epoxy --- Has Lower Water Absorption, Better Insulation Resistance, Lower Loss

Mechanical Properties, Slightly Better Machinability & Higher Cost
Thermosetting lAminates Are Tough and Don't Creep Within Wider Range
The Yield Strength Is The Ultimate Stre~ngth (There Is No Plastic Flow)



-D-621
D-256 D-648 D-570 122 0 F/2000 PSI

D-790 120 D NOTCHED 264 PSI LOAD CONTh* 1JOUS 0 73 0 F COMPRESSION
FLEXURAL IMPACT HEAT HEAT MOLD D-635 MOISTURE SET UNDER
TRENGTH STRENGTIF DISTORTION RESISTANCE SHRINKAGE FLAMMABILITY ABSORPTION LOAD

lb/in2  ft/lb/in F. F. in/in in/min % in 24 hr.

17,000 4.0/6.0 400 400/450 .001-.004 Self Extinguish 0.09 NIL
19,000 9.0 490 450/500 .002 100 0.11 NIL

12,000 14 275 250 .005 Self Extinguish 0.35 0.009

26, 000 5 300 .0009 Self Extinguish 0.14

14,600 1.75 200 250 .007-. 015 Self Extinguish 1.5 1.4

22,000 2.5 498 250 Self Extinguish 0.7 0.3

14,100 1.4/2.3 255 185 1.1 0.20 0.5

3,500 3.5 .155' 390 .010-.015 NIL NIL

12,000 1.5 160 Self Extinguish - -

,000/8,000 0.6/2.5 140 250 1.0 0.01 3.1

!800/10,700 3.1/7.3 167 390 .03 None 0.01 0.40

No Break 1.0 120 500 .002-.006 None 0.05

8,000 2.4 185 - .001-. 010 1.3 0.28 1.38 4

26,000 24 - .001-.0012 0.35

!000/24,000 4/6.0 400 300 .002-. 003 Self Extinguiah 0. 1 - 9

000/30,000 0.3/30.0 210-500 300 .001-. 015 Will Burn 0.6 -5

5,000 0.3 202 190 .002-. 006 1.2 0.3 1.4 3

1"x3"xl/8"

11 0.7 7

* 30,000 9 2.0 7

- 0.75 0.9 7

10 0.1 5

/2-inch dia.)
55,000 10 0.15

1/8-inch bar
15,000 2.6 375 .007 Self Extinguish 0.06 2

1/2-inch bar
15,400 1.3 345 300 .0076 Self Extinguish 0.22 2

1/2-inch bar
L 700/1,000 No Break 150/180 .008-. 012 Slow Burning .60-. 80 6

- No Break 1% per 10 C 400/500 .2-.6% - 0.12% by

weight

Temp; Tension = 4000, Comp. = 6000 Steady 2000 psi For Min. Creep, Stress Cracking Over Period of Time

.isture Conditions; More Stable Electrical Properties Under Moisbre Cond., Excel. Arc Resist.
tion Resistance, Lower Loss Particularly At Power Frequencies, Slightly Better
hinability & iigher Cost .. ... -

n't Creep Within Wider Ranges of Stress & Temperature With Laminated Thermosets
h (There Is No Plastic Flow)



Table 3-8. Plastics Properties

-D-621
-570 1220 F/2000 PRI
73 0 F COMPRESSION D-150 SPECIFIC
TURE SET UNDER DIELECTRIC COMPOUND REPRESENTATIVE AVG. MIN.
RPTION LOAD CONSTANT @ TYPE TRADE NAME PRICE
24 hr. 60 cyc./sec. ($ '1b) V

i0.09 NIL 4.2 Diall 52-20-30 Diall, IYpon, Durez, Rogers, Alme 1.175
0.11 NIL 3. 6 (1 MC) Diall FS-4

.0.35 0.009 3.2 Lexan, Merlon 1. 175

'0.14 2.96 (1 MC) GR Lexan, Gr
1.5 1.4 3.64.0 Nypel, Chemstrand, Zytel, Catalin .875
0.7 0.3 4.0 Flberfil G-1 Fiberfil
0.20 0.5 3.7 Delrin, Celcon .65
iNIL 2.65 Kel-F, Plaskon 4.70

- 3-4 Exon, Geon, Xyran, Bakelite, Opalon .255
s 0. 03.1 2.3 Escon, Profax, Tenite, Avisun .25

p0.01 0.40 2.5 Teflon 10OX 9.60
0.05 - 2.1 Teflon, Halon 3.25
e0.28 1.38 4.2 Lustran, Tybrene, Cycolac, Kralastic .395

Fiberite Fiberite
0.35 4031-2194

0.1 9.7-11.1 Cymel 3135 Cymel
0.6 - 5.4 Hysol, Fiberite

0.3 1.4 3.5 Acrylite, Zerlon Lucite, Plexiglas .455

0.7 7.2 (1 MC) Nema Grade G-9 Formica FF-60
2.0 7. 8 (1 MC) Nema Grade G-5 Synthane (GMG)
0.9 7.1 (1 MC) Nema Grade MC Formica CH-41
0. 1 5.0 (1 MC) Nema Grade G-10 Formica FF-91

: 0. 15 5.3 (1 MC) Nema Grade G-11 Formica FF-95

0.06 2. 58 60 cyc PPO
(1 MC)

0.22 2.82 Bakelite 1.25

.60-. 80 6.7-7.5 Te.i:n, Estane, Roylar 1.32
12% by 3.6/3.0 ItTV silicone 630/ or G15/30

ht

Time
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Figure 3-16. Cable-To-Plug Seals
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gasket is soon lost by creepage or cold flow of the cable jacket material. When the initial seal is 4
lost, a seal between the two materials is not possible at low pressures (approximately 0-30 psig).

The automatic squeeze gasket, then, has limited use here. i1 t
The automatic lip seal is the second consideced. A cylindrical rubber boot is compression molded

to the cable jacket, then the boot is interference fitted to a metal shell to form an initial pressure

seal. The external hydrostatic pressures only increase the seal effectiveness. This design has

been used by several manufacturers for underwater connections but this seal is not considered to

be the best, Because the rubber is tensioned over a metal sleeve, it can relax over a period of

time and lose the initial seal. In view of this possibility, a more effective, reliable and permanent

seal is necessary.

The jam and floating seals are made by slipping a rubber grommet over a cable, placing the cable
and grommet in a stuffing tube, and pressurizing the grommet in a gland nut. The floating gasket

has a spring (lockwasher) to assure constant pressure on the grommet (packing). The jam seal is

not seriously considered since it has been superseded by the floating packing seal for flexible

cable applications. The jam seal requires intermittent grommet pressurization to maintain a seal

due to cold flow of the cable jacket and grommet material relaxing over extended periods.

The floating packing design is an outgrowth of the jam seal. A spring is placed in the stuffing gland

for constant pressure on the packing over extended periods despite cable material cold flow. The

design has found wide acceptance for sealing submarine cables since World War U; however, the

seal is not entirely reliable. Submarines have experienced seal failures. In view of this fact, and

more stringent high hydrostatic pressure-design requirements, this seal is unsuitable for out-

board submarine applications ond was not further pursued.

Past experience has shown that this seal can best be accomplished with the use of an elastomeric
material such as polyurethane or neoprene properly bonded to the cable and plug body. The selection

of the best elastomeric material to suit the application, giving consideration to resistance to the

sea water environment, bondability to cable jackets and materials, and molding methods which

best suit the application is most important. The material and adhesive finally selected must include

the following property considerations:

a. Strength and toughness

b. Elasticity and resilience

c. Bonding potential

d. Environmental stability

e. Insulation resistance

1. Application methods

g. Water permeability
h. Material plastic flow
I. Fatigue life

j. Compression set

k. Water absorption
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I The recommended cable-to-plug seal design is discussed in further detail in section 4 of this

Handbook. Specific material selection is discussed in that section.

3.4.14 CABLE STRAIN RELIEF -- Cable strain relief is often the least considered design

element in the development of a cable seal assembly. T his feature should be incorporated, how-

ever, in any cable seal to provide a gripping area to prevent the cable from exerting an axial

force on the cable seal when subjected to hydrostatic pressures. For instance, where slip-on-

grommet cable seal packings are used a cable strain relief clamp should be provided on the front

face of the gland nut. The grommet should seal the cables but should not be required to prevent

cable movement.

The strain relief should also prevent an axial force from being applied to the individual conductors

in handling the plug-cable harness. The most common cable strain relief methods are as follows:

a. Clamping (the best examples of which are the cable clamps used with AN type plugs),

b. A pressurized grommet that is also a moisture seal,

L c. Molded rubber boots, and

d. Kellems Company cable grip (figure 3-17).

For the connector design recommended, the cable strain relief is incorporated in the external

'" cable seal in the form of the molded rubber boot seal and the clamp at the rear of the prepotting

back shell (figure 3-18).

t 3.4.15 PLUG ADAPTER FOR CABLE PROTECTION -- At the back end of the plug boot a cylin-

drical molded rubber section can be provided for installation of flexible corrugated tubing, The

tubing can serve as cable protection against physical damage, provide shielding protection against

external electrical interference, or it can act as the external member to house conductors in a

free flooding installation. Figure 3-19 shows a typical installation.

3.4.16 CONNECTOR ACCESSORIES

3.4.16. 1 PRESSURE PROOF COVERS -- Pressure proof plug and receptacle covers (or caps)

are necessary accessories for DSV connectors. The covers provide a watertight envelope at the

* mating faces of the plugs and receptacles when they are not normally mated to their counterpart

• Iconnectors either in service or during test programs. The pressure proof covers should be

designed to withstand one and one-half times the operating depth presEures of the connector. The

L, I basic design of these components is straightf6ikward as seen in figure 3-2). For the designs

recommended in this Handbook, the plug and receptacle cover material should be titanium.

The plug cover is essentially a one piece body which houses a radial O-ring seal with accompanying

backup washers. Spanner wrench pin holes are drilled into the body to facilitate coupling. The

* receptacle cover is basically a two-piece assembly. The body is similar to the plug shell without

the socket contacts. The standard plug coupling ring is used to make the cover to the receptacle.

The receptacle shell houses the O-ring gasket in a dovetail groove.
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3.4. 16.2 PROTECTIVE COVERS -- Each fabricated plug and receptacle should be fitted with

protective covers on the front and rear faces. These covers protect the mating and sealing sur-

faces as well as the contacts located within the plug and receptacle shell. These protective caps

also keep foreign matter from entering the cavities of the plug arid recept:tcles. The protective

covers (caps) can be fabricated from any reasonably high impact pl:atic such ao polycarbonate,

nylon, ABS, and delrin among others; or from a metallic material such as aluminum. Covers of

this type are absolutely essential to assure the quality of the connectors throughout the mn'nu-

facturing, test, shipping, and installation cycle.

3.5 SUMMARY I
This section has reviewed the various basic types of available connectors. Design parameters
for a proper connector have been listed. Rtecommendations have been made for connector designs
to suit the various ocean depths classes. Faially, the design factors which must be considered

in any connector design hiave been discussed in detail. Quality control considerations as well as

connector design calculations, Failure Modes and Effects Analysis, and test requirements are

noted in section 6.

0III
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I Section 4

PRESSURE PROOF ELECTRICAL HARNESS DESIGN

.4.1 HARNESS CONFIGURATION

,Pressure proof electrical harnesses are another very important design item on DSVs. Faifure

of a harness assembly naturally means the loss of the systWra to which the harness is attached.
The seriousness of the loss is, however L-trictiy dependent on the criticality of the system.

(The loss of a prop-isloii &66r harness would abort-the Pi:xEsion while the loss of a light may

not.) When considering penetrators, connectors and harnesses, many failures on the DSVs to

date have been attributed to harnesses. The reasons for failure range from improper design,

fabrication, misuse in service, and cable-damage at installation, during maintenance operations V

and during vehicle mission.

TAs discussed here, a pressure proof harness assembly-is a cable-with connectors wired and

sealed to each-end. (see figure 4-1) The harness isused outboard of the DSV pressure hull and

usually runs from-the hull electrical 15netrator to an outboard electrical componeni, or from an

outboard distribution box to an electroniccomnponent. As seen in figure 4-2 many types of har-

ness assemblies can be considered and have actually been used on submersibles. However, the

predominance of haritesses used to date make use of iubber jacketed cables. Metalnheathed

Smineralinsulated cables have been used on a fe, LMropean DSVs, but most all United States

DSV designs:have made use of conventl6.ial neoprene jacketed cables of the SO or MIL-C-915.

A few iU. S. fabricators have used oil filled -cables.

Concurrent with the DeepOcean Technology- (DOT) electrical connector and penetrator develop-

ment program, Navships assigned theNaval Ship Research andfDevelopment Laboratory (NSRDL)

to the task of developing eleerricaf cables to be used in assembling pressure proofaharnesses.

This work is well documented in the DOT cable Design Handbook published by NSRDL, reference 1.
The designs being developed and tested by NSRDL are made up of annealed-copp6r conductors

insulated with a plastic such a3 polypropylene or chemically cross-linked polyethylene. The con-

ductors are twisted together, and the voids in the cable are filled with an elastomeric type filling

compound. When shields are used, they are made up of served tinned copper strands i-oviding

85 percent minimum coverage. The cable is sheathed with a neoprene or polyur -thz.e material.

A manual for the fabrication and test of pressure proof electrical harnesses is also being pre-

pared under the DOT program. The manual covers harness fabrication procedures, cable and

connector inspection procedures, and test procedures.

4.2 -HARNE1S DESIGN PARAMETERS

The primary-function of a pressure proof harness assembly is to provide an electrical intercon-

nection point- from the electrical hll penetrator to the outboard electrical/electronic companent.
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As seen earlier, many basic designs have been used hi thi past forty years- to satisfy tile DSV

requirements. The lurnes8 configurations used in past years have been-primarily based onl cable

availability due to the short cable lengths and large number of.cable types required for each

vehicle design. This problem is being solved with-the development of various cable types and

sizes undei the DOT program. These cables along with the connectors under development will j
provide a well-designed harness assembly. These harness details will be covered in a iorthcoming

military specification for DSV pressure proof harnesses.

The following design parameters must be considered in developing a watertight harness assembly:

a. Materi-ils of construction must be resistant to corrosion in a sea water environinct.

b. Adequate wire or cable strain relief must be provided at the cable-to-connector interface.

c. All wire terminations within the plug or receptacle cavity should baald k'nmd supported.

This combined moisture barrier and strain relief is readily accomplished by potting

compounds.

d. The harness assembly must be capable of withstanding a hydrostatic test pressure equa!

one and one-half times the operating pressure.

-e. The harness assembly must be as light weight as practicable.

f. The harness size should-be as small as practicable (diameter of the cable, overall-size of

the connectors).

g. The harness assembly should have a minimum ten year service life.

h. The.haxness-assembly, when-mated to the counterpart coinnectors, should be capable of

withstanding 2000- hydrostatic pressure cycles at the apecified operating depta.

i. The-connector cable boot should have strain relief to withstand repeated flexing and main-

tan a watertight bondbetweenthe cable/boot transition and the watertight bond between

the boot/connector shell transition.

-j. Harnesses should be capable of withstanding a high impact shock and a vibration test

without physical damage, loosening of conponent parts, or significant discontinuities in

the electrical circuits.

k. Theharness should be designed to withstand normal abuse encountered in handling, instal-

lation; and maintenance.

1. The cot-nector boot-should be designed to allow a minimum cable bending radius at the

cable/connector -exit area.

m. The connector potting compounds and boot materials should be readily available and not

require extensive handling and use precautions.

n. The connector boot mold should be a-single design and not pose assembly and use -problems.

o. Standard military tools should be specified for crimping conductors to contacts.

p. Wire stripping tools should be specified that will not damage the wires being s3-ripped.

q. Every effort should be made to make use of solvents and materials which do-not require

special safety precautiors or cause skin irritation to the technicians using these materials.

r,. Wires should be crimped to-contacts wherever possible.
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A s. Wiring, spottli, g..:U i,. 4)spUction, and-test proLUdIreS should be as simple and direct
ot pr'acticable.

t. Adhwieves and primers, used to s. ' tun neclor bout to the cable jacket and connector

%hlt0l must pruvide ,a telulci s bond in I set water Clnvit onnient [lr the required ten year

service life of the harness.

u. Tho connector wiring an( molding desigi. uetuld be such that lve conducors will not.ie
kinked-in the wiring operation or under hyur.nstatic cycling conditions.Pv. -Connector potting compounds should be sp.ecified that 1?.tve minimum curing shrinkageproperties.

f4.2. I CABLE DESIGN CONSIDERATIONS - - When considering cable design, the DOT "lHandbook

of Electric Cable Technology for Deep Ocean Applications", Reference 1, should be consulted.

T 4.2.2 CONNECTOR DESIGN CONSIDERATIONS -- Pressureproof electrical connector design

considerations are covered in section 3 of this Handbook. Adherence to the design details outlined
In this seeion should lead to a sound connector design and allow the fabrication of quality harness

assembly.

4.2.3 CONNECTOR-TO-CABLE WIRING AND MOLDING CONSIDERATIONS -- The following are

design considerations for fabricating a pressureproof harness:

a. Preparing the ends of the cable.I b. Connecting the conductors and shield to the contacts.

c. Cleaning and priming the cable jacket.

d. Cleaning and priming the couiector shell.

'j e. Potting the connector internils.

f. Molding the connector/cable boot.

g. Testing the completed harness.

h. Packaging the harness prior to installation.

i. Material selection c.onsiderations.

I 1 j. Mold design.

i k. Molded boot configuration.

This phase of the pressureproof harness design is considered to be the-most deiiandlng as it

-requires the marrying-of a-ronrnector to i-cable. This interface-areals critical as-tne-nterconnec-
ftion is subjected to ziydrostatic pressures in service, and the assembly of the two components is

no-better than the technicians .are when making up the joint. Two basic functions are accomplished

when terminating-a harness. The c, Ale-conductors-are electrically connected io the connector

contacts, and the cable-is sealed to the connector to assure a watertight joint.

The following are recomm, nded techniques and fabrication procedures for wiring and molding a

connector to a cable:
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4.2. 3.1 WIRING AND MOLDING MANUAL,- A wiring and~ moldinti ninual should bc- available

to the technician prvior to flhe start of any conlnectur asselznbly process. Iteferenrves 2 and 3 are

examnples of such documents. Also, at ni., being p~repared by tile USN whilI P etains to the
procedures necessary to wire atnd niold thc_ DOT dleveloped conznec-ors to tile DOT developed

I~ 1Z- cables. The technician who wires and molds tile harness mtust be nmost familiar with1 thle manualI

he is using and miust be qualified to the pi ucesses containedl III the manual. It is well 'or the

manual to-contain techiniciani qualification procedures to ut-sure that he Itechnician is indeed fa-

miliar with the process and qualified to execute thle techniques requ~ired to mnake dp a harness,

4.2.3.2 PREPARING THE CABLE ENDS -- 3 ne wirrgamding mInut ed bye te ehician

must include sketches of p~roper- cutting, eiigths for .3ach type cable to be terminated. The cable

jacket-and binder tapes should be removed with a sharp knife or razor bladed tool. Careimust be

taken not to-cut the conductor or shield insulations. Elastomeric cable filler3 shouldbe remove~dT

at this tim.z. The basic insulation over the connectors should be removed with a thermal stripping
toolto revnt ickig te cnduto-strands. The individual strands of the conductoirs must be

cleaned to remove the strand sealant. Care must-be taken Zo-havethe conductor and shield-lengths

prepared as specified on thesketch in the manual so not to-inipose undue stresses on any one

conductor when-terminating them to the contacts.

4,2.3.3 CONNECTING THt. CONDUCTORS -AND SHIELDS TO THE CONTACTS -- As noted-in

2ction 3, ijiechanical crimping methods are reconm endedwherc possible to mechanically and,

electri tally connect the contacts -to the conductors and shields. 'The -military and -indusiky have

found this method to be most reliable in service and-more easily qualityc-controlled than other

inethods~us'ed previously. Sith methods as wire wrapping are equal ly reliable but are no~t suited

to thesedoisigns. as they occupy more spac.O than is avillilble. Condudibi'-crping- tools.-iabri~ated

in accordance with MIL-T-22520 should be usedl to crimp signal and control cable wires up to and

including 12 -AWG. These-tools are detailed on Military-Specification sheets M03192, MS3194.
and MS3198. The crimping tool locators are detailed on MVS3!91 md the-quality control gages for

-the tools are detailed on MS3196. A hydraulically opprated crimpirng-tool as specified in-
MIL-T-22909 is used to connect wires larger than 12l AG. Reference 4 is an excellent source

for general crimping information.

-F rom the techniques described in reference 5, K . seent1.t-inner and outer crimp rings ift
conjunction with a pigtail lead-can be used to-tetm.inate shields. Also, a one piece-insulated

Bufndyr Corp. UNIRING-ha§-beefi widely used. The Raychem Cor p; Solder Slepvcis-anh-e-

mination method which has found wide use recently. One-advantage car-the solder sleeve is that

the design conserves space in~back of the connector. Space availability in this area is at a minimum.

All three methods are acceptable. Their use is primarily dependent on which one the terminating
activity- is most comfortable using.
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In cases where crimped contacts cannot be used, then the wire-can be connected.to the contacts

with solder. A resin core solder (60 percent tin, 39.15 percent lead, 0.-25 percent antimony) in

accordance with Federal Specification QQ-S-5?1 should be used, 'An electric soldering iron with

a rating of 60 to 100 watts should be used for the smaller contacts. The iron should be maintained
at 600 F. The larger size power cables should make use of a 250 to 300-watt soldering iron.

MIL-STD-440, NAVSHIPS 250-700.2, MIL-STD-454 Requirement 5, MIL-S-6872 and MIL-S-45743

all relate to proper soldering procedures and quality control of same.

4.2.3.4 SEALING THE CABLE TO THE CONNECTOR -- The cable seal of a deep submergence

electrical connector must function in the following areas:

Ja. It must support khe conductors and transmit hydrostatic end forces to the plug body in a

manner minim iqg. strand buckling and subsequent flex fatigue under pressure cycling.

b. It must provide a positive seal against water, moisture, dirt or other contamination, and,

c. Provide cable support to reduce conductor strain under tension flexing and vibration.

The effectiveness of a cable seal design in supporting end loads has become increasingly impdr-

tant as higher pressures and endurance to pressure cycling are required. Under pressure, the

material within the plugj sleeve acts as a composite column (see figure 4-3). Ideally, this column

Phould transmit eid forces to the plug body with compression/deflection characteristics that

preclude elastic instability and plastic flow in-the conductors. Inpractice, this has not been fully

realized and overa particular pressure level, eventual fatigue failure, usually in flexing, wili

1 occur after so many pressure cycles. Connectors-with higher endurance were obtained when the

elements of the composite c6iumn were more closely matched in compressioh/deflection char-

if acteristics. The physical properties of the better filling materials were quite different from

typiclI cable seal materials; establishing the adoption of a prepoting step.

At this time, it is felt the prepotting material should have-the followinggeneral physical charac-i teristics:

a. High compressive modulus, bulk modulus indirectly
b. Low'viscosity, for maxim.am penetration:and lowvo! coPtet

c. Lowshrinkage, for low voids.qnd residualstress ievels

d. Adequate thermal cycling-and mectanical shock resistance|
Compounds based on epdxies and some f-Ahe more reactive, one shot urethane systems more

closely approach'-the above requirements. The systems selected should probably be moderately

filled (t inerease strength, modulus, and reduce-shrinkage} within-thelimits-of-not-excessively

increasing viscosity. Filling should also improve thzcrmal cycling and mechanical shock resistance.

The following materials are felt to offer properties consistent with prepottirg material requ~re-

ments, These compounds are presently being evaluated by the-USN under the D6" program.
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L ::::Z t2 Parts by Weight Manufacturer

Sonite 41 Hardener 20 grams Smooth-on Mfg. Co.572 Communipaw Avenue
Jersey City, N. J. 07304

: ERL 2772"Epoxy Resin 100 grams Union Carbide Corp.
. Plastics Division

~270 Park Avenue
iiNew York, N. Y. 10017

222-0803 Hardener 2 grams Union Carbide Corp,

Milled Glass Fibers 90 grams Owens-Corning, Fiberglass Corp.

717 Fifth Avenue
New York, N. Y. 10017

'iThe following commercially available compounds are also being-further evaluated for this

application:

Stycast 2651 100 grams Emerson & Cuming, Inc.
Canton, Mass.

ai Catalyst 11 8 grams

Marblette Resin 121 100 grams Marblette-Corp.
Long- Island City, N.Y.

Hardener 91 10 grams

The molded cable. s- seal provides lateral cable support, restraint in tension, and the
all primary seal against water and moisture penetration. Babically, the seal is automatic in nature

and dependent on three factors:,

a. The bond between-the conformal seal and the connector shell,

b. The bond between the seal, and

c. The cable jacketing and the elasticity and resilience of seal itself (figure 4-3).

Three processes aie used for fabricating cable seals. For neoprene jacketed-cables, compression

molding, with or without a transfer operation, and urethane casting (molding) are common. With

polyethylene.jacketed cable, injection molding with polyethylene is standard practice.

Compression and transfer.molding with neoprene -compounds have long been utilized for molding

-connector sealgIn-underwater applications. The cured properties of-neoprene-compounds, cpe-

cially when compounded for low-water absorption, have resulted in connector seals with excellent

long-term performance. Adhesive systems foe' bonding neoprene compounds to metals and cured

neoprene citble jacketing, provide high perfo, ming rubber tearing bonds under a broad range of

. process conditions.
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A neoprene compound which has been successfully used by the US' in this application is as U
follows:

Components Parts by Weight

Neoprene WRT 80.0

Neoprene KNR 20.0

Neozone D 2.0

Stearic Acid 0.5

FEF Black 15.0

MT Black 30.0

Light Process Oil 4.0

Red Lead 20.0

Thionex 2.0

Sulfur i.0

NOTE: The compound is sufficiently .-afe to allow incorporation of all ingredients and
still provide rood storage life and handling characteristics. For maximum C
storage life, the material should be kept in a cold room -40 F or below.

The Dayton Chemical Products Laboratories, West Alexandria, Ohio, metal primer, Thixon P4,tA
-in -conjunotion, with the Thixon adhesive, thixon NM-2 has provided satisfactory bonds of, neoprene

[4 to stainless steel connector shells.

Presently potting and molding with urethane compounds ie finding increasing use in fabricating

deep submergence cable seals. This may be attributed to a number of-factors:

a. Low compound viscosity permits casting or molding at low pressure with less potential of

voids,

b. Low or intermediate temperature curing are within the temperature limitations of all

insulating materials, and

c. Tooling and process control with urethanes, are not as critical as in the compression or ]
transfer molding of neopreae.

C

Polyethylene injection molded cable:seals to polyethylene jacketed cables are utilized in underwater

applications because of a unique combination of excellent dielectric- characteristics, particularly

at high frequencies, high electrical-resistivity, low moisture permeation and low water absorption.

The latter two c',aracteristics contribute to the above electrical properties -in a continued water

environment. Also, the initial material cost and thermoplhisic processing capabilitt3s-'of PolIy-

ti ethylene resins offer important economic considerations when larger quantities are inve!ved.

While polyethylene offers specific advantages in the cable insulation and jacketing area, associated

terminations and connectors present formidable fabrication problems. This is because the only

reliable long-term seal or bond to a polyethylene cable jacket is produced by molding with a

similar- type polyethylene; obtainlng~a fusion bond to itself. When a bond-is required betweena

polyethylene seal and a metal shell connector or penetration, a process requiring closely con-

trolled metal gurface preparation and the molding variables of pressure, temperature, and time,
Sis involved.
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Polyethylene resins are produced with a range of basic molecular properties suchas average

molecular weight, molecular weight distribution, and density. These properties in turn determine

3 most mechanical properties, thermal processing cha'acteristics a:.d environmental s tress-

-cracking resistance. The latter environmental factor is singled out because of its Importance in
most polyethylene applications. A property related to molecular weight, termed melt ifidex, is

a good index of a polyethylene resin'b resistance to stress-cracking. Resins with low melt indexes

have higher melt viscosities when molten and show better stress-crack resistance.

To obtain the highest.mechanical and environmental resistance properties, polyethylene resins

used in tufu r water cables and molded seals should be of the highest density type with low melt

index. The high density, low melt index resins, however, are the most difficult to process. Even

with proper resin selection, fabrication equipment design and process operation play a major

role in the end result. Polymer degradation reflected in reduced mechanical properties and

eventual stress cracking can occur If incomplete melting occurs, or if the material is heated to

too high a temperature' or for. too long. Mechanical working of an uncompletely melted polymer

can also markly ralse the melt index and eventually lead to stress cracking.

Other considerations in polyethylene molded connector and penetrator seals include some limita-

tion on the size and complexity of the seal by the nature of the material and process involved.

-High density, low melt index resins have high-melt viscosities and require fairly high molding

temperatures and prissures. On cooling, residual stresses formed in the part on cooling can'I combine with externally induced stresses to induce stress cracking. The connector/penetrator

design must take into account the wide-difference in the theimal--coefficients between polyethylene

and metal. This situation combined with the polyethylene .j high elasec- fodulus can cause appre-

ciable stress to develop.

Many potential problems can be envisioned if-the production-of polyethylene cabling systems were
attempted on a shipyard level. Moding polyethylene seals to connector and cable penetrations,

even if the type were small and simple, is beyond shipyard capability. Glean rooms and extensive
control of materials and processes are used by the few facilities that do this type of molding. If

shipyard molding were confined to less crtical inline splice operations, special equipment-and

process controls would still have to be instituted.

The functional performance -and reliability with neoprene or urethane type of cable seals are

related to a number of physical properties of the cured compounds. These include:

< _ a. Tensile strength

b. Ultimate elongation

c. Tear strength Toughness index

d. Modulus of elasticity

e. Moisture permeability

f. Water absorj)tion

g. Electrical properties
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h. Adhesion to metals using adhesion primers

i. Adhesion to cable jacketing, usually neoprene, using adhesion primers

j. Environmental stability

. Changes in physical properties

2. Chances in adhesion

Thephysical properties are fairly self-evident. With experience of various design/development

programs in underwater connectors and-related hardware, including observations after long-term

service, we have weighed some properties as more important than others.

At depths to 2, 000 feet, the physical property profile of medium hardness, low water absorption

neoprene compounds, and 70-80 Shore A durometer polyether-based urethane compounds, have

beeni aatisiactory without prepotting. At deper depths and extended pressure cycling, the need

for prepotting with a higher modulus, lower void material has been established.

Finally, the area of adhesion p3rformance and environmental resistance cannot be overemphasized.

Cable-seal failure, after a design has been adequately tested and proven, can be traced invariably

to poor bohdirg. The latter may be -due to improper screening and selection, or to poor shop

practices. When molding urethane to connectors, the primers and urethane specified in the-QPL

[ listing of MIL-M-24041 should be used. Shop practice that may contribute to poor bonding perfor-

mance include: poor surface preparation, contamination, inadequate proportioning of two-part

fi: primers, and use of depleted or over-aged materials.

Metal surface preparation should include vapor phase degreasing before and after grit blasting

with a clean, relatively coarse, non-ferrous grit, The residual grit should be blown off with

clean, filtered, oil-free, compressed air. At no time should the surfaces to bebonded be touched

or handled. Metal surface preparation should be performed justprior to bonding, iU possible.

Cable jacket surfaces should be lightly solvent-wiped with a volatile active solvent,, then roughened U
with a clean, coarse open-grit emery cloth-or piece of sanding disk. The surface should be lightly

} dusted off with a clean dry brush or wiper, but at this point, no solvents should be used.

Some facilities feel they must use a solvent-wiping technique on metals. In this operation the

pieces are progressively swabbed with solvent-moistened cloths and the slvent wiped offbefore -

it has time to dry. This operation requires oil;.free solvent 'and clean, soap-free cloths.

Vapor phase degreasing is far superior to solvent-wiping. In vapor phase degreasing, the con-

Litamination-is -removed by- a-refluxing action in which,the-pure solvent vapor condenses on the cold
workpiece, dissolves the contamination capable ofsoluti3n, and drips off the connector sleeve.

This action ceases when the metal reaches the ,ipor temperaiture and it serves no purpose to4 ~ leave the connector shell in the degreaser for longer times.

Contamination of the metal surface can occur in handling or just standing in air. The primer can

be contaminated during mixing or by improper resealing of the original containers. Containers,

mixing spatulas and application brushes should be solvent-wipedwith a disposable wiper and clear
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5 solvent before use. When handling solvents, always pour the solvent out of the container, not

holding "'he cloth or wiper to (ie spout. The latter procedure could possibly transfer contaminants

to the solvent supply. Release agents are also a source of potential contamination. Without ade-

quate directioa, the typical technician applies too heavy a coat of a release agent, be it the silicone
type or a-fluorocarbon. With urethane compounds, one part Dow Corning DC-20 diluted with thre.

iparts-of hexane provides a release system with minimum buildup when wiped on and quickly wiped

off with disposable wipes.

Inaccurate weighing of two-part primers may sometimes provide less than optimum results.

Many two-part primers have fairly broad latitude in mixing and when less than typical bonding

occurs, the possibility of a depleted reactive component should also be investigated.

Isocyanate cujing agents react reacily with atmospheric moisture and lose some of their strength.

T Bottles and containers containing reactive components -should be opened for short as possible

periods, their seal closure wiped, and then resealed.

It is recomme-ded that connectors be prepotted with a high compressive modulus epoxy compound,

followed by molding the wired and potted assembly with primers and urethane specified in

[ MIL-M-24041.

" !4.2.4 SUMMARY -- This section has reviewed the various types of harness designs available.

Design parameters for proper harness configurations have been listed. Recommendations have

been made for the fabrication of harnesses to suit the various ocean operating depths. Quality

control considerations and harness test i'equirements are covered in section 6.

24
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Section 5

MATERIAL SELECTION GUIDELINES

FOR OPTIMUM PERFORMANCE IN SEA WATER

5.1 !A',r7RIAL SELECTION

tThis section deals with factors governing thc choice of engineering materials for use insea

water and is divided into two parts. The first-part devotes itself to metal alloys, and the ;econdVpart considerL, nun-metalics (i.e. , elastomers and plastics). A bibligraphy on sea water corro-

sion is provided in the Ilandbook to give the reader a more extensive exposure to factors which

should be considered when designing for the sea water environment.

5.2 METAL ALLOYS

The engineering use of metal alloys in sea water is, for the most part, influenced by a material's
resistance to corrosion, If a material exhibitb a low corrosion resistance, a sufficient degree of
degradation of the material can occur resultLng in possible failure of the component. Therefore,

it. is imperative that the designer be aware of the corrosion aspects of a material before incor-

.4 , porating it into a submersible system.

Corrosion is affected-by such a wide number of variables that it is difficult to simply rate mate-

rials as acceptable or unacceptable. This is primarily due to the fact that the phenomenon can

occur naturally (the extent of which is affected by several environmental factors as well as vari-

ables geverned by the material itself), and additionally, it can be induced by ina6propriate design

application or improper material processing. Corrosion of alloys can occur in several ways, the

most common forms being:

a. General or uniform corrosion and pit'",g

-b. Crevice corrosion (not limited to man-made crevices)

c. Galvanic cell corrosion

d. Selective phase corrosion (including intergranular corrosion)

', e. Stress corrosion cracking

f. Corrosion fatigue

g. -Erosion due -to -cavitation.

Corrosion resistance is as much a function of environmental variables as well as the nature of

the metallic alloy and the different corrosion mechanics described above can be influenced greatly

by the following environmental factors:

a. Time (ranging-from less than one hour for some cases of stress corrosion cracking-to

years for general wasting.)

b. Temperature
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c. Oxygen content of water

d. Saltnity/chlorinity of water

e. Service depth

f. Proximity of ocean floor and its make-up.

g. Water velocity at the object surface.

h. Water turbulence

i. Metal alloy condition (welded, cold drawn, etc.)

j. Stress level in the material (residual or-imposed loads).

5 k. Load cycle rate and magnitude.

1. Existence of- protective films (anodizing, paint or other applied coating).

m. Presence of similar alloys or nonmetallic materials

n. Object geometry.

o. Presence of dissimilar metals with regard to type. of metal alloy, proxinity and

extent of exposed surfaces.

p. Presence of marine fouling organisms and their affinity for- the material.

q. Presence of leakage electrical current.

Not only do-the above factors influence the-degreeof corrosion of a metal-ally, but the envi-

ronmental factors may influence one another as well. Mission variables of'a- submersible -such

as -operating depth, location,- and length of submerged time will influence or determine environ-

mental variables such as water temperature, oxygen content, salinity, marine, organisms, water

velocity, etc. By simply changing-the location of a mission, a whole new set of variables which

influence corrosion can le generated. This example illustrates why the topic of corrosidnresis-,

tance cannot be easily categorized as good or bad for a particular alloy and emphasizes the need

to analyze the problem on a case basis.

The best approach to understanding the problem and instituting general guidelines isto define

the mechanics involved for each type of corrosion and establish the relation between alloy and

-environmental factors in producing such corrosion.- By doing this, a tabular resume of metallic

alloys can-be formed with sorne general comments concerning their advantages and disadvantages

for use in sea water. Figure 5-1 serves-as an aid in Selectfn' - table--material- candidates for

use in sea Water; the ultimate choice as to what constitutes t,,-. optimum material will-be dictated

by other factcrs-such as strength, cost, avallaLlbity, ease-of fabrication forming, or welding, etc.

5.2. 1 GENERAL OR UNIFORM AND PITTING CORROSION -- Corrosion Is the result of an

electrochemical reaction between a metal alloy with its-corrosive environment. Uniform corro-

, I sion occurs when-Ahe surface microstructure Is relatively homogeneous and access of the :orro-

sive fluid to-the metal surface Is unrestricted.
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PIttiiig orrosion, on the other haid, involves chemical activity in localized regions such as sur-

-face grain b6..ndaries or shlelde areas where a localized galvanic couple can be established.
Pitting can be of spacial concern in sheet, or thin plates as Complete penetration can result.

5.2.2, CREVICE CORROSION -- Crevices or crevice-like formations can cause localized galvanic

couples in the vicinity of the crevice. Stagnation of the sea water ipresent in this formation-can

g-nerate concentration cells. These cells-are caused by any of three basic occurrences and are

known as oxygen, metal ion, and-active-passive cells. The first type of cell originates when
sea water becomes stagnated in a crevice formation and a differential oxygen concentration in

the sea water results. This leads to a localized galvanic cell between the two zones with the

metal surface adjacent to the ox ygen depleted water -becoming the anode. As an electric current

is established-from metal to sea water in the oxygen-poor region, accelerated pitting corrosion

can result.

A similar mecianism exists in metal-ion concentration cells where a metal, which displays a

tendency to go into sea water solution, generates an ion rich solution in or near a crevice. The i
proximity of sea water containing a lesser amount of dissolved metal gener'ies an electrical

couple between these two regions. The metal adjacent to the water with a lowei Ion concentration B
A! becomes the galvanic anode and Is attacked.

'The active-passive cell 'an occur with alloys-that develop protective passive films on tbeir sur-

faces. ,Crevlces or stagnation zones in the adjacent sea water result in oxygen depletion which

prevents the protective film from reforming once it is penetrated or destroyed. -Accelerated
corrosion results in-this area from the resulting oxygen cell formation.

MaterL:Rls susceptible to-crevice corrosion respond in varying degree to different tyyes of crevice

formation, consequently, the resulting degree of corrosion is difficult-to predicL ct

5.2.3 .GALVANIC CELL CORROSION -- When two dissimilar metals are in electricil contact

and' immersed in a sea water electrolyte, they establish an electrical poteitial which causes the

more :negative or active metal to corride. The corrosion is the result of teactive metal dis-

solving-in the electrolyte in contact with it. The galvanic scale establishes how severe a-galvanic

couple will exist-and how serious will be the'resultant coriosion. The further apart the-cbnstit-

uent metals are In the series, the, more accelerated will be the corrosion.

When an underwater component design employs dissimilar metals, several measures cani be

employed to reduc2 or eil.fnate the galvanic couple. Choice of materials close to one another-

~ I in the galvanic series will minimize the corrosion acceleration potential. An active material or L
anode of a-couple must never be use a-,- fabrication-of a small load'bearing member. This item:

is normally fabricated-from the- more noble metaldue to the fact-that galvanic corrosion rate-

varies in direct relation to the ratio of wetted area of cathode to anode. Coating of the cath6dic

material decreases the area ratio and reduces the galvanic action. This procedure is often !ised

in conjunction with cathodic protec-0on. Cathodic protection consists of providing a sacrificial

5-4



anode electrically connected to the member that would otherwise be the anode of the galvanic

_1 couple. This allows the sacrificial anode to be consumed in preference to the material to which

it is attached.

SI Galvanic couples can often be avoided by electrically insulating the dissimilar metals using such

passive materials as acetal (Delrin) gaskets. It must be remembered that galvanic couples3 can be used to the designer's advantage also. A prime example of this is the stainless steel hull

penetrator mounted to asteel pressu 'e hull. Creation of a galvanic couple protects the stainless

I penetrator from suffering the pitting corrosion that woulo t'it if the two were electrically

isolated. By generating the galvanic couple, the hull becomeb the anode; atteching zinc anodes

to the hull allows theseto be, sacrificed in the galvanic couple. The result of this procedure is

to eliminate extens!ve pittiig-of the penetrator and limit or prevent hull corrosion by painting

and attachment of sacrificial anodes to it.

5.2. ' SELECTIVE PHASE CORRCION -- A dangerous type of corrosion is that' in which par-

ticuiar constituents of certain alloy structures are attacked by sea water. Some alloys containing

iron, zinc, aluminum, or nickel are subject to selective phase corrosion. The prime danger in

? jj this type deterioration is that In many cases the component may retain its original shape and appear-

arce but has lost much of its mechanical strength allowing it to escape visual detection while

causing a hazardous situation. It is of particular significance when encountered In thin sections

such as threaded fasteners or -in seal surface areas such as O-ring grooves.

I This type corrosion can be found in some cast iron alloys, brasses or bronzes containing more

than 15 percent zinc and some aluminum bronzes with less than four percent nickel content.

Austenitic stainless steels are victims of a closely related type of selective phase corrosion

I called intergranular corrosion when, reheated to the 800 F - 1,650 F range. The -sensitizing of
the alloy in this temperiture range causes carbon to combine with the cb)'oifinum and results inSprecipitation of complex chromium carbides at the grain -boundariaS when cooled. Immersion in

sea water causes chromium-poor grain boundaries to corrode rapidly. Intergranular corrosion

is a common occurrence in regions adjacent to Welds in stainless steels when improper alloy

grades aire used. Intergranular corrosion can be avoided in three ways:

a. Restrictcarboncontent of alloy'to 0.03 per(cent max. (304L, 316L grades).

b. Stabilize the carbon with titanium or coiumblum (321, 347 SST and FE-NI-CR alloy 20CB,

NI-FE-CR alloy 325 are-examples).

c. Prevent-precipitation of carbide formation by quenching from temperatures above 1950 F.

5.2.5 -STRESS CORROSION CRACKING -- This phenomenon occurs only in certain alloys under

Ua prescribed set of conditions, in a marine environment. Basically, what occurs Is that the metal[ alloy, while under ,constant tensile load (imposed and/or residual) and subject to a particular

corroslie atmosphere, can experience cracking in relatvely short time periods. The crack

which may result is usually initiated at a stress raiser such as a pit or other material flaw.
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5.2.6 CORROSION FATIGUE -- This type of material attack is generally similar c, tresS cor--

rosion cracking inasmuch as the material must be subjec4t to S.-corrosive environment; however,

the load in this case .nust be fluctuating. Corrooion fatigue is fairly rare but has been of'recent

concern in suspension and tow wire ropes and also in recent ship propeller studies.

5.2.7 EROSION CAVITATION -- This mechanism occurs on such components as valves,

hydrofoils, pump inlets, pump impellers and ships' propellers. Flow separation and water

velocity characteristics such as eddy currents create localized low pressure pockets resulting

in alternate gas bubble formation (boiling at low temperature and pressure) and collapse. This

process involves a large energy release in the form of minute bubbles impinging on the compo-

nent creating highly localized regious of stress very similar to sandblasting. The result may be

rapid removal of surface films resulting in accelerated pitting -or erosio r In the region of bubble
collapse. Design materials have been divided into four categories which-vary from highly resis-

tant to unsuitable for this type application. At normal erosion-tendencies, inherent corrosion

resistance to sea water appears to have a significant effect on resistance to cavitation erosic..

Some tests at high level cavitation show little or no difference in cavItation resistance for the
same, metal in sea water compared with fresh water except for some steels.. For additional
information on the basic types of corrosion, see references 1 through 10.

5.3 CORROCiON GUIDELINES FOR SPECIFIC METAL ALLOYS

Some of the more commonly-used metal alloys used in the sea water environment are given

preliminary evaluation in the following table:

Table 5-1. Corrosion Behavior of Common Alloys'n Sea Water
(From references l and 2) C

ALLOY ALLOY
Type Designation Resistance Remarks

Nickel Hastelloy C Excellent Limited vailabillty. Difficult to
fabricate.

Inconel 625 Excellent New alloy with limited service
cexperience. More easily fabricated

'then Hastelloy C. Available as
wlie rope.

Monel 400 Good Pits (5r15 mils per year)- in stagnant
sea water. Excellent resistance to
velocity. CuNI-70301ts a better
general - purpose choice, but
1 MONEL 400 may be used-when the
greater strength- is required. High
strength versionIs-K-500. Use-cathodic~protection.

Inconel 718 Good High strength levels (130-170 ksi)
available, but use, somewhat limitedH by pitting attack;
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O ATable 5-1. '(Cont'd)

ALLOY ALLOY
Type Designation Resistance Remarks

Stainless Alloy 20 Good Best resistance to pitting of more
Steel common stainless steels. Pitting,

in stagnant water 5-10 mils per year.
Should be provided with cathodic
protection.

Type 316 -Fair May pit in excess of 50 mils peryear in stagnant water. May be-used
'for outboard equipment if in electrical

contact wih hull and cathodic protec-
Ttion is used.

Type 304 -Poor Do not use.

Type 302 Poor Do not use.

Type 303 Poor Do not use.

Type 310 Poor Do not use.

Type 400 Do not use.'
Jseries

Type 216 Relatively new alloy.

ARMCO New alloy, manufacturer claims
22-13-5 corrosion resistance superior to

316 :type.

Notes concerning the use-of-'tainless steel:

Where permissible SST alloys are used, all mechanical fasteners (nuts and bolts) used should

]be coated with zinc chromate pasteprior to installation.

Isolated connectors or components of CRES-such as cable connectors, lights, cameras, arms,

etc., must either be grounded directly to the pressure hull or'electrically connected to anodic

materials such as zinc or aluminum allo- anodes. However, it is preferable that these items

be designed from other materials whenever possible. Isolated connectors-or components are

those pieces of equipment which are independent of any direct electrical connection with the

pressure hull.

a When stainless steels-are used; they should be types 316 or 316L for wrought forms and ACI

GradesCF-8M or CF-3M for c. stings. Where-welding is require.,. 316L or CF-3M should be

J ,, used

Although 17-4 PH stalnless'steel in the H1025 or higher temperaturecondition is less.susceptible

to pitting and stress corrosion cracking than the 300 series stainless steels, it does require

cathodic protection when exposed to-sea-water. To protect from general corrozion (light surface

rusting), 17-4 PH stainless.steel should be painted. 174 PH stainless in the H900 condition is

inot-acceptable for use in sea water.



The use of type 303 or 3C3 Se should beprohibited in any sea water applications. 'rwse materials

have inferior corrosion resistance compared with types 304 or 316.

Use of other 300 series stainless steels may be considered on an individual case basis with

approval by a materials review agency.

Application of Welded Materials

Low carbon grades of austenitic stainless-steels are preferred for welded assemblies to reduce

the susceptibility to carbide precipitation in the grain boundaries of the heat-affected zone.

,Carbide precipitation removes chromium from the grains of the metal and forms relatively

stable chromium carbides. The result of this is that a galvanic cell is set up between the grain

boundary carbides and the adjacent area of the grain. In a sea water environment, this heat-

affectedzone becomes very susceptible to intergranular corrosion. The precipitated carbides

can be dissolved by an annealing heat treatment after welding; however, if,'annealing is not practi-

-cl, the low-carbon grades which are less susceptible to carbide precipitation should be used

f.r welded components.

Alloy Alloy
Type Description Resistance Remarks

-Copper CuNi 70-30 Excellent Will suffer slight corrosion, but is
Base one of'the best general -,purpose

alloys for sea water. Outstanding
for piping. Very good for low velocity'
and stagnant sea water; iesists pit-
ting and crevice corrosion.

CuNi 90-10 Excellent Somewhat less resistant-to general'
corrosion than 70-30 alloy.

Casting NiAI Bronze Good Use MIL-13-21230 Alloy 1.
Alloys
Oly NiAIMn Bronze Good Use MIL-B-21230 Alloy 2.

(Superston)

Notes: Copper-Base-Alloys - In general, most of-the copperbase alloys are resistant to sea

water corroson-but are-subject to other corrosion effects. For example, some aluminum

bronzes are subject to dealuminumification in the absence of nickel. Therefore, nickel aluminum

bronzes must contain a- minimum-of four percent-nickel for sea water uses.

The high-strength brasses such as manganese bronze are subject to stress-corrosion cracking

and must be used with caution.

High zinc brasses are subject to dezincificatlon and should not be used in sea water without

review by a maierlal review agency.
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Alloy Alloy

Type Designation Resistance Remarks

'Titanium Pure ri Excellent
Base

T i-6A1-4V Excellent Each production lot used should be
evaluated, for resistance to stress-
corrosion cracking in sea water, and
in any organic solvents which are
likely to-come in contact with the
alloy

Aluminum 5000 Series Good 5083 best, 5086 also good. Use A-356
Bas2 for castings. Must be isolated from

mild steel or other cathodic metals.
Close proximity-to copper alloys may
cause severe pitting even though the

aluminum is el-cirically isolated.
-Fasteners used with aluminum alloys
must-be aluminum alloy, stainless
steel or zinc cadmium plated steel

. !.! (non-immersion) and coated with zinc
chromate sealant.

,Alumi'nurn 6061, A-356 Fair-Good Remarks-above apply. Responds well
~ - ~ -Base to cathodic protection. Is often used

j because of availability, but 5083 or
5086 is the alloy of choice.

2000 Verypoor Do not use.

7000 series Poor Do not use for .critical components.
Some, but not all 7000 series alloys can
can be used successfully if painted and-provided with cathodic protection.

Magnesium Very- Poor Do not use.

Carbon ard Fair Must be protected by painting and
Low -alloy anodic protection.
Steels

5.3.1 COMPATABILITY OFMATERIALS -- Alloys such as 300 series stainless steels and

LI Ni-Cu (Monel) alloys which are susceptible to-crevice corrosion should never be used in sea

water applications where they are in contact and form a crevice with the-same alloy, another sus-
-ceptible alloy, or with a non.t-metallic material. Theymay be used in contact with alloys that-are

significantly less noble (anodic) provided that the surface area or wall thickness of-the less noble
alloy is sufficient to support and increase corrosion-that will occur-as a result of the galvanic

.couple.

In sea water, copper-base alloys (70-30 Cu-Ni and bronzes) may-be either anodic or cathodic to

stainless-steel (304 and-316)-depending on whether the stainless steel is -in the passive or active
condition. Therefore, the direct coupling oi copperbase 2,lloys to stainless steel in sea water

shf.ould be avoided wherever possible.
- 5-9
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If design requirements- are such that use of copper-base alloys joined to stainless steel cannot

be avoided, the following guidelines shoud be followed:

a. In connectors such as langes, the faying surfaces between the copper-base alloy and stain-

less should-be coated with zinc chromate paste. The stainless steel part of the component

should either-be grounded to the hull or galvanically protected with zinc or aluminum anodes.

The zinc chromate paste assists In protecting the stainless in the crevice and should be

replaced when depleted.

b. In any application where copper-base alloys and stainless steel are coupled together, they

must be cathodically protected. As a general rule, the stainless steel part of the component H
should be coupled to sacrificial anodes. If this is not practicable and there is a secure

electrical connection between the stainless steel and copper-base alloy, then the copper-
base alloy could be coupled to the anodic'material.

c. All designs where copper-base alloys and CRES must be coupled together should be sub-

mitted to materials engineering personnel for review and approval.

In the galvanicseries in sea water, titanium alloys are on the noble end relatively close to type

316 stainless steel (passive) and Monel. Therefore, titaniam alloys are cathodic to most materials

when coupled-and exposed to sea water and the- rules governing galvanic corrosien should be

'applied. Unlilea type 316, stainless steel and Monel, titanium alloys are generally not suscepible

[ to pitting and crevice corrosion (some titanium alloys are-susceptible to pitting in very hot

sea water).

5.4 CORROSION CONTROL BY COATING OF METALS

The prevention and control of corrosion of metal-exposed to sea water servie- is generally ob-

tained by-the use of organic coatings (although other means and combinations:are used). Organic

coatings protect metals from corrosion by interposing acontinuous, inert, adherent film between

the metal and the environment.

The most important factor affecting the performance of any coating (no matter how good-it is) is

preparation of the surface to be coated. The surface should be completely free of rust, loose

dirt, scale, loose paint, oil, grease, saltdeposits, and moisture. Also, surface and ambient

tempe'raturesshould:be, generally, between 40 and 85 F. Blast cleaning is the most effective

method of cleaning-steel metal surfaces, but should be used with cautiontoavoid damage to

nonferrous metal surfaces. Also,, blasting should be avoided where electrical equipment--and

apparatus are involved to avoid contamination and damage, and power disc sanding and/or grind-
Ing or chemical treatment should be used.

A wide choice- of -coatings- are available to provide corrosion protection In sea water. Some
examples of the various generic systems are as follows:

Vinyl F-117 (one coat 0.5 mil), F-1.19 (four coats at 1.5 mils each)

F- 117 (0.5 Inil), F-14N (two coats at 2.5 mils each)

F-417? (0.5 mil), F-116 (two coats at 1.5-mlls each)

5-10
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Epoxy (MIL-P-23236)

Devean-202 (2 mils and Devran 203 (two coats at 3.5 mils each)

Devran 202 (2 mils and Devran 215

j Target (one coat red at 8 mils and one coat black at 8 mils)

Amercoat 83 (2 mils), Amercoat,84 (two coats at 3 mils each)

Intergard 4421 and 4424 (5 mils)

E poxy-Isocyanate (MIL-P-23236)

IDevran 202 (2 mils), Devran 203W (two coats at 2.5 mils each)

CuDevran 202 (2 mils), Devran 215W (one coat at 6 mils)

3 Isocyanate (iMIL-P-23236)

Laminar X-500 primer,(1.5 mils), X-500 and topcoat (three coats at 1.5 mils each)

3 Coatings should be applied accoedlir, to manufacturer and/or military instruction.

5.5 GUIDELINES FOR SE-LECTING METAL ALLOYS FOR SEA WATER SERVICE

j Table 5-2 presents a-tabular collection of cardidate material properties. The materials-included

represent the majority of the engineering alloys-available to designers of sea water service
'1: equipments.

Table 5-3 provides a c6ncise collection of data concerning alloy corrosion and compatibility. It

includes all the materials beingcon3idered in the current state of the art and-some projected for

use in the near future.

5.6 -,14-METALUCS

i Extensive testing has been don-e over the past several years in establishing many plastic materials

suitable for marine application. However, due to the wide range of environmentalvariables as

well as processing variables and lack of standard test methods in many instances, data has shown

a great, degree of scatter. It. is not uncommon to find contradictory data, concerning tests bf this

nature. Materials of the same, generic type in shnilar deep ocean environment have been reported

by some investigators to have displayed no effects on their mechanical properties while tests by

others rnported severe degradation. -In order to be aware of possible unsatisfactory materialsi

all materials showing adverse effects from deep ocean environmental tests are summarized in

table 5-5.

i Notall test data reflects wide scatter or is of a contradictory nature. Much of the- informati6n

gathered by researchers, althbugh Showingcorsidrrable scatter,, can establish:general trends.

Data generally-has shown agreement that, hydrostatic pressure level has n signif icant effect on

water permeability of solid non-metalUics. Other data confirms-that certain damaging types of

marine borers will attachthemselves and inflict mechafil injury to almost all plastics and

elastomers, depending on exposure conditions. Bulk modulus and compressibility information is

difficult to obtain and notablyJlacking, in most literature and vendor material specifications. What
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ROPERTIES

PSTAINLESSSTEELS: 
0

216 ANNEALED -- 0. 287° 100 55 45 60(a)

304I . ANNEALED 149 0.29. 28 82 35 60 34
304L ANNEALED 143 0.29 2"8 81 33 60 38

316 ANNEALED 149 0.29 28 80 30 60. 38
316L ANNEALED 146 0.29 28 I 8 34 55 38

ARMCO 22-1i3-5 ANNEALED -- 0.285 28 100 55 40-E-4-0

HANDENABLE SST:

17-4PH HlS0 N.S.(c) 0.281 28.5 145 125 19 ,-80

ALLOY STEELS:

(d)HY-80 0.285 29 N..(c) 80 20 VG

HY-1 00 0.285 29 NS.(c) 100 18 VG
(d)
(d)

HY-130/150 0/285 29 N.S.(c) 130/150 19 VG

ACCE

6061 T6 95 0.098 10 45 40 12 :-'14 WHE]

7079 T6 145 0.099 10.3 78 68 14 FAIRY) ANO(

NOTES: (a) For 107 cycles (d) Very good
(b) Not fully Investigated (e) Requires post weld seat treetment
(c) Not specified () Low cycle note



Table 5-2. Conspectus of Properties of Alloys

for Sea Water Application

CORROSION RESISTANCEN

0. 0OO 0ES CODIIN 0 x

.. a P.4 >

z W,

PASSWATE 3.5 (BETTER THAN 316 SST) -50
IN SENSITIZED

9.6 PITTING YES CONDITION 50 Ex
9.6 PITTING YES NONE 50 Ex

IN SEN4SITIZED
8.9 GOOD IS CONDITION 50 Ex

PASSIATE 8.9 GOOD YES NONE 50 Ex
(BETTER THAN 316L)

6..GO

PAINT 6. GOOD SLIGHT LOW N.T / S,4 GOO

ri2

(d)
VG PAINT -- POOR SLIGHT LITTLE/NONE -40 Ex
(d)VG PAINT -- POOR SLIGHfT LITTLE/NONE -40 Ex
.(d)

VGPAINT -- POOR SLIGHT LITTLE/NONE -35 GOOD

ACCE T (c)-
WHEN ANODIZE 13 VERY GOOD SLIGHT SOME 300 GOOD
ANODIZED PAINT OR

ANODIZE 13.1 POOR HIGH- HIGH 300 POOR

'5-13
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PROPERTIES 
tzA'E-' V U , 4

CANDIDATE OR :z r04
METAL FIISH ___ __ ____0

COPPER ALLOYS:

Cu-Ni-Fe (CA 716) -ANNEALED 0.-32 22 -..70 -35 -30. *-

(CAST)
Cu-Ni-Be (CA 717) SOLUT. -0. 318 22 77 38 42 2 ' 2,0)

TREAT'ED
Cu-Ni-Ce (]N- 732) 0. 319 22 88 55 33--

NICKEL-ALUMINUM
BRONZE JANNEALED N.S.' 0. 279 17.5 90 48 18 -- --

-NTCKEL COPPER ALLOYS:

MONEL 400 (Ni-Cu) ANNEALED 121 .0. 319 26 80 35 40 42(h)
MONtL K500 AGE-

(Ni-.Cu-Al) HARDENER 248. 0. 306 26 130 90 2- 4 0(h) '

NICKE L-BASE SUPER
ALLOYS:

INCONEL 600 ANNEALED - 137 -0.-304 -31- 90. 5- 36.5 47 49

INCONEL-625 ANNEALED -- 0. 305 29.8 12 0/15C 60/95 60/3p -45

INCOLOY 325 COLD DR-AWN -60 0.294 28.3" 85/105 35/60 50/3 - -

& ANNEALEE
HASTELLOY C HEAT 241 0.323 29.8 121 57.3 47.5[-

ITREATED ___ I_____ __

NOTES: (g) Estimated- (n) In, mud ocean floor and sea water
(h 'For 108 cycles (n) Good machinability when annealed
(1) Perylco 717 '(n) Alsovweldable to steels
0j) MvIL-B-24059, Amnent (p) Extralow Interstitial (low temperature strei
(k) Stagnant sea water (q) Anudizing or lithium cirbonate-treatinent av
(1 i) Cotroiled atinosphere (contamination)- Fatigue strength impaIred



Table 5-2. (Cont'd)

CORROSION RESISTANCE

6- , I T

CO Z. h~ .... S G O E --g -- I .

, orz , , T Uw STi

3...,. ._ 9. GOOD ~ SI NONE T, ) ~E
30 -4 0w

18 - -- ---o' " "" F-- SLIGHT NONE -- _ --

40 ..- 7.7 PrTTING~k YES(k) NONE 55 GOOD
[ 4() -- 7.6 PITiTING'z k~) NONE 35 GO

08P

0 0

47 49 .. 7. LOCAL k)  YES NONE - S

6/p45 ... '7.1 -EXCELLENT NONE NONE ,,.15(g) (d.o G.S7TTING

475 2 -- . 8.2 EXCELLENt NONE LITTLE - 10 FA R
- _ NONE

sea water
ni a"nealed,

ow tempe-atur sPIrength) 5-5
rbonatetreatrent NOaNlable -- GO

47-------- - -- 7.- OA~) YS NN

- - - - - - - - - - - - - - - - - -- - - - - - - - - - - -



PROPERTIES 0

K-E..

CONDITION 0
CANDIDATE ORO ZZ

METAL, FIIS-4c

TITANIUM -ALLOYS:

TI (COMMERCIALLY -- 25 0.,163 15 65 55 20 -- GOOD
PURE) GO(

TI 6AL-4V ANEAIED 330 0. 160 15/ 140 130 -- 12 -- FAIR SUE
17.5 COl

TI 6AL-W(ELI) (p)  ANNEALED 530 0. 160 15/ 140 130 -12 FAIR
17.5

ULTRA-HIGH-STRENGTH
STEEL:

(S)12 N lMARAGING AGE HARDENED 390 0.290 28 188 180 14 85 GOOD
18 Ni ANNEAL, AIR i) (n)COOLED AND 500 0.290 26.5 255 240 10 110 FAIR

AGED
(f) (1)

9 Ni 4 COBALT . 20 HE3AT TREAT 0.284 28.9 195/22C 173/194 19/12 105/ GOOD
CARBONK QUENCH-& 1- 110

DOUBLE TE -PERED -!

10 Ni 2 Cr 1-Mo 8 C E 390 200 180 Vi -- VERY
,-- ,,IGOOD

NOTES: (q) Anodizing or lithium carbonate treatment available-- (s) 250 grade
Fatigue stre . th impaired (t) Experimental (one heat)

(r) For 10" cycles



Table 5-2. (Cont'd)

CORROSION- RESISTANCE

0 - 0P4 01, 01C-

0 P4 0 1-4 - 0

NONE
-- GOOD (q) 4.-8 EXCELLENT NONE V LITTLE -- GOODIt

GOOD-WHEN (WEWL'
-- FAIR SURFACE (q) 5.8 EXCELLENT NONE NONE 5 G06D

CONDITIONED (ANNEALED:
-- FAIR (q) 5.8 EXCELLENT NONE (DITTO) 5 GOOD

85 GOOD PAINT 6.3 -PITTING- -- LITTLE z GOOD
(i) (n) * POOR 0 (e)

.110 FAIR P AINT 5.9 PITTING- -- LITTLE GOOD
POOR

105/ GOOD EAINT .4 POOR V LITTLE GOO
110 POOR

-- VERY' -- GOOD LITTLE FAIR-
G__GOOD GOOD

[il (one heat)
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Table 5-3. Penetrator and Hull Materkal Compatibility

HULL MATERIAL PENETRATOR MATERIAL

ARMCO
Yield Str. TI6A1-4V Inconel 625 Hastelloy C 22-12-5
X 1000 Annealed Annealed Heat Treated Annealed

r: - Type lb/in Sy = 125,000 Sy = 60,000 Sy= 57,000 Sy = 55,000

HY-80 80 Maypolarize - Expected to Usually a third Little data and
Steel more noble than polarize under choice to-titan; no experience

I the steels either most conditions- lum or Inconel wirihthis alloy.I way. Weld over- more noble than 625 on the basis Should be quite
lays on hull pene- steels. High of ava!iabllity. noble but may pit.
trations required probability of Comparable cor. Corrosion be-

SHY-150 130 for sealing surface, good results, rosion resls- havior similar
Steel Monel overlay has particularly if tance but may to 316 CRES.

Y been used, but this 625 is used. not polaiize as Inconel 625
causes severe galvanic well as Inconel should be good
atblck'of adjacent 625 or titanium. overlay.
HY-80. Other mate-
rial, such as
Inconel 625, must

1 1 -18 0 180 be-considered for
Steel -overlay

I 18% Ni 190
iMara-

ging
- Steel

HP 9-4-20 180

Ni-Cobalt
Steel
Alloys

HP 9-4-25 175

- I Ti6AI-4V 125 Expect excellent Essentially Same nobility Probably less
compatibility - same nobll- as titanium, noble -than ti-

4p best choice. ity as titan- however, In-. tanium - but
ium. Expect conel 625 is a questionable.

V good results, better choice. Not- recommended.
G.R.P. -- The material of

T7, the hull penetra-
J. tion will grovern-

expect no problem
with the G.R.P.,

per Sol.
Aluminum 60 Hull strongly anodic with respect to penetrators, This would require
Alloy coating of penetrators to reduce corrosion.
7079-T6
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Table 5-3. (Cont'd)

Material Compatibility

The compatlbility of various alloys with respect to each other, in sea water, cannot be expressed

adequately in a brief table. The table must, therefore, only serve as a general guide and each

application must be considered separately.

For the purpose of this report, it is sufficient to list the most important factors which must be [
considered to assure compatibility, these are,

a. The area ratios of the two alloys involved.

b. Water flow over the area, and the velocity.

c. Zinc anodes in the area and the potential to add more anodes, if necessary.

d. Geometric crevices - compatibility in general does not assure freedom from crevice

corrosion.

e. Polarization and how the specific geometry and environment will affect this polarization.

'In-general, the penetration alloys listed are more noble than the hull alloys, as manifest by their

relative positions on the standard table of Galvanic Series in SeaWater. Since polarization can

alter the relative positions of alloys in this series with time, galvanic series relationships should

be used only as a starting point. They do, however, point up one significant factor, the anode or

sacrificial material will usually be the pressure hull. This suggests that coating of the penetrator

with some finish system which would effectively exclude sea water-from contacting the penetrator

would be efficient. Small holidays in the coating on a penetrator should not present any particular

corrosion problems.

With steel-pressure hulls, it is common to weld overlay the peneiration area with MoneI to provide

a corrosion resistant seating surface for the penetrator. This practice requires re-evaluation

because Monel is strongly cathodic to the hull steel and does not polarize, consequently, a Monel

overlay causes severe galvanic corrosion of adjacent hull steel when it is exposed. This condition

is usually prevented by coating of the overlay. Work is now underway to evaluate other alloys, such

as Inconel 625 for hull penetration overlays. The corrosion behavior and polarization characteristics

of 625 should be much more satisfactory than those of Monel. Regardless of which specific alloy is

used for an overlay, its compatibility with the hull alloy and with the penetrator alloy must be evaluated.
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data was readily available is included in table 5-7 and references 12, 13, 14, 15, and 16. Very

little information is available concerning low cycle fatigue of plastics; wlux. has been obtained

deals mainly with glass reinforced'types (see references 17 and 18). A listing of materials which

might find use in sea water application appears as table 5-6. It is based on limited data obtained

from a literature search and reported physical and mechanical material properties.

5.6. 1 DISCUSSION -- The data obtained from the technical literature search, because of its

contradictory nature, clearly indicates the need for thoroughly testing any candidate material

under actual service conditions. It should be stressed that nearly all of the data contained in the
following tables reflects the properties as measured on test specimens after the immersion

periods. The properties so obtained are not necessarily an indicator as to the suitability of the

material in sea water. The only fair evaluation of any material for its intended environment is

the determination of its critical properties while in its environmental medium. Some recent

testing of materials under simulated marine atmospheres (temperature controlled pressurized

tanks containing sea water) have shown that results may be quite different than those obtained

by testing of the specimen at room conditions after removal from its test environment. The

importance of knowing a material's properties under actual service conditions should h,' given

primary consideration in determining its suitability for use (see reference 19).

Nominal-values for impact resistance, hardness, tensile and compression strengths, water

absorption, temperature limitations, formability and dimensional stability as well a;s other

critical properties of certain generic types of plastics are presented-in table 5-4. The data in most
useful for comparative purposes. Complete testing must be performed to accurately establish

critical properties asthe material formulation and processing have a strong influence on the

-material capabilities.

5.6.2 MATERIAL PERFORMANCE -- Some material properties which serve as indicators as
to the suitability of non-metallic compounds in sea water are: tensile strength, dimensional

stability, service temperature, dielectric strength, etc. These are relatively fmillar terms

and require no further explanation. However, there are other critical properties 'ith which

one is usually less acquainted and are also effective in revealing a material's suitability in water.

Those that are significant-and-require description are: low cycle fatigue life, creep under

hydrostatic pressure, bulk modulus, compressibility, permeability and water absorption under

hydrostatic pressure, and hydrolytic effects of -sea water. These are defined below.

5.0.2.1 LOW CYCLE FATIGUE LIFE -- This property is Intended to signify the life expectancy

of a component subject to repeated loading such as that encountered in submersible service. A

material that displ ys excellent steady state stress capability and has characteristically low

resistance to loadi:3% after a specified number of load applications would reflect poor low cycle

fatigue life and would be unsuitable as a non-metallic material candidate.

_5-21

) - -. - - - - - - - -- - - - - -



References 17 and 18 deal with fatigue cycling of epoxy-glass reinforced laminates subject to

cracking and 'onsequent redueun of meehanical propertie3 due to long term exposure to repeated

loading. The major problem in ensuring high fatigue strength In laminates is preventing water

from penetrating and infiltrating the composite along the reinforcing fibers. Data on water pene-

tration Indicates that fresh water has greater destructive effects than sea water.

No low cycle fatigue data was found for solid plastics and manufacturers do not normally supply

this Information.

5.6.2.2 CREEP UNDER HYDROSTATIC PRESSURE -- Creep is a time dependent phenomenon

in non-metallic subsiances and is a measure of a materials resistance to plastic flow or shear.

Some plastics may display high resistance to loads applied for short time intervals but have ,

little resistance to smaller long-term loads. Other factors which affect creep strength are temper-

ature and specimen shape. Temperature increase usually decreases creep strength. Much of the

data presented was obtained from bar test specimens of circular or rectangular cross sections.

Applications of this data would not be strictly correct if the ultimate design components were

not of similar geometry and loaded in the same manner. Most materials exhibit a different resis-

tance of tensile creep than bending creep; consequently, the data must correspond to the type of

load pyrevailing in the design application. A convenient method of designing within a material's

creep limitations at a specific temperature is to make use of the reduced or apparent elastic- mod-
ulus. This design constant is obtained through empirical data for a given temperature, load range

knd type of load.

5.6.2.3 BULK MODULUS -- This quantity is the ratio of change in pressure to fractional change
I. in volume at constant temperature of a. material and serves as an indicator as to how much move-

ment (strain) will occur within a material under hydrostatic pressure.

5.6.2.4 COMPRESSIBILITY -- The inverse of bulk modulus, compressibility, can be defined as

the fractional volume change per unit increase in pressure. Neither quantity is readily available

from manufacturerers; consequently, most of the-data found in table 5-7 was calculated from the

[ : references given. All polymers (e.g., styrene, polyethylene, epoxy, nylon, etc.) show compres-

sibilities (volume reductions) of 10 to 15 percent up to 11,000 atmospheres and 20 percent at

20,000 atmospheres. This volume reduction Is a ri.sult of reducing the material's free volumeL 2. and increases with increasing temperature to 11,000 atmospheres. It has been hypothesized by

investigators that the volume changes above 11, 000 atmospheres are due to-measuring inaccuracies

and also possible molecular structure changes in the ampcimens themselves. The degree of

compressibility of cross-linked polymers does not differ from that of linear. The amount of Com-
pression (volume change) at any temperature and pressure is not constant but appears to be

' 1 time dependent.

5.6.2.5 PERMEABILITY AND WATER ABSORPTION UNDERAHYDROSTATIC PRESSURE --

Permeability is a measure of the extent to which water can pass through or into a barrier (the

material specimen) without physically or chemically affecting Et. Large hydrostatic pressure
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does not increase permeation. The data on this property (table 5-5) shows that high pressures

jeither cause permeation-to decrease in some materials or have no effect at all. Permeability

is expressed in percent weight change of test specimen.

j 5.6.2.6 HYDROLYTIC EFFECTS OF SEA WATER -- This variable is usually expressed qual-

itatively as it describes chemical reaction of a substance with sea water. In nearly a"l cases

where hydrolysis occurs, it results in deterioration of the material's mechanical properties. It

-has also been found that fresh water would be a more aggressive agent than sea water where

chemical reaction occurs. A good example of this property variable is the reversion which some

polyurethanes exhibit when exposed to high humidity at elevated temperature. The hydrolytic

reaction which ensues results in the cured material reverting to a liquid state, seriously lacking

in the mechanical properties displayed in its solid condition.

5.7 GUIDELINES FOR SELECTING NON-METALLIC MATERIAI.S FOR SEA WATER SERVICE

Tables 5-4, 5-5, and 5-6 present a concise collection of -material properties which should be

considered in choosing non-metallics for use in sea waier. The information presented, although

fairly accurate, is dependent on such a wide range of variables that absolute quantities may not

:1 be as significant as the comparison of the quantity among the materials. Due to variations in

compou ding and processing techniques involved in preparing test specimens, strict adherence to

j iabsolute quantities is not advisable. Data for this nature should be obtained from preproduction

samples tested in a meaningful and realistic environment.

Table 5-4. Some Deleterious Effects Of Deep Ocean Environment

Upon Plastics And Elastomers

I MATERIAL CONDITIONS REMARKS REFERENCE

Epoxy laminate - 111days in the ocean at Approx. 16% and 2% losses in 20
filament wound 5700 feet. comp. stress and comp. mod.;

resp.; 32% loss of interlaminar
shear strength

Urethane foam - 111 days in ocean at Up to 18% loss in comp. str.
high density 5700 ft. (10% def .)

1 Molded polyurethane 2+ years in ocean at Color change:, 6% wt. loss, 21
-(Chem Seal 3503) 5000 ft. slight softening, splitting.
Polyethylene-- med. 2 years In ocean at Severe splitting
dens. 5000 ft.

Neoprene (Faitrprene 2 years in ocean at Severe cracking, shrinkage and
M5580) 5000 ft. loss in weight and hardness

Acrylic 751 days in ocean at All of these materials showed 22I Polyester laminate 5640 ft. (36 F) significan: losses in tensile,
Phenolics compression and flexural
EPOXY strengths.
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I
Table 5-4. (Cont'd)

MATERIAL CONDITION REMARKS REFERENCE

Polyurethane One week In 3% salt Up to 54% loss in tensile 23
(PR 1535 & water at 120 F and strength, 4% 'loas in elong.
1547) 1000 psig 30% loss in tear strength

and up to 80% loss in
electrical resistance

Neoprene 18 months in ocean at Hardened 14 pts, and 11% wt. 24
Polyethylene 5 to 35 ft. loss-cable jacket split

longitudinally

Silicone (125C, 10-300 days in water All these materials showed 25
gen. purpose white) at 50-70 C significant increases (12-

Polyiinyl chloride 32%) in mutual capacitance
Natural rubber after 300 days in water at
Hypalon 500c
Hycar
Butyl
Polyethylene

Acetal One year 2370 ft. in 'All of these materials were 26
Nylon ocean from sediment attacked-by marine borers

tPhtiolic laminate to 3 ft. above sedi- to varying degrees under
P olyparbonate ment specific conditions [3
Teflon
Cellulose acetate
Polyethylene
Acrylic-ektruded
Polystyrene .l
Polyvinyl chloride

Silicone

Butyl, neoprene, These materials were not
natural rubber, affected by marine borers
Geon (PVC), and were in excellent
Bakelite PVC,. condition.
polyethylene nylon,
-teflon, polypropylene,
PVC, SBR

52

I
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I

I3
TENSILE COMP

MATERIAL HARDNESS IMPA'T 2 PROPERTIES PROT

Acetal plastics 1475-90 0.8-1.6 TS 8-11 ksi CS i
R 118-120 10%

E '7-75% Mod.:l Mod. 400-1000 ks

Acrylic plastics M 80-105 0.3-0.5 TS 7-11 ksi CS r
E -2-10% Mod.
Mod 350-500 ki

R 99-120 0.5-4.5 TS 5-9 ksi CS 4
E 15-50% M~od
Mod. 200-400 k

ksi

Acrylonitifle R 85-109 3-8 TS 5-6.2 ki CS
butadiene- E 6-60% Mod
stlyrene plastics Mod. 230-350

.ksi

M 65-100 1-2.4 TS 8.5-19 ksi CS
E 2.5-3% Moi
Mod. 600-

Diallyl phthalate E 61-87 0.3-15 TS 5-60 ksi- CS
13 Mod.000- 

M 108-115 E - MoMod. 600-
2200 ksi

I2Phenolic M 124-128 0.2-0.36 TIS 7-8 ksi CSIlastics E 1-1.5% Mo
Mod, 750-[1000 ksl

E 54-101 0.27-18 TS 5-18 kai CS
E 0.13..0.5% Mc
Mod. 2500-
3300 ksi

Phenylene R 118-120 1.5-2.0 S 9.6-18 'si CS
oxide plastics M 70-94 E 4-80%

Mod. 380- 14
1330 ksiI

Polyarbonate R 106-120 1.2-17.5 TS 6.5-25 ksi C
plastics M 70-95 E 0.9-50% M,

Mod. 350-170G
kst



3 4 WATER.'

TENSII2 COMPRESSIVE 5 WATER ABSORPTION DMENSIONAL BONDABILITY TO ABSORPJ
CT PROPE/RTES PROPERTIES FORMABILITY AT PRESSURE STABILITY ELATOMER ORPERME)

!1.6 TS 8-11 ksi CS 16-18 ksl Moldable 1000 psig 74D, RT Good - Difficult. 0.22-0.20

10% deflection (CM, IM, EX) 4.75% 4 mUslin. Special surface 1. 9-3gm/10,

E 7-75% Mod. 450-670 Mach. Fresh water after long propw-ation. 24 hrs/mil
Mod. 400-1000 ksi 0.29% Pacific immersion in Chemlok 220,

ksi Sea water 2500 psig water EC 711,
24 mos Narmco 3135A.

etc.

0.5 TS 7-tlksi CS 12-18 ksi Moldable Sea water 24 mos, Good OK, nat. rubber, 0.3-0.4%
E 2-10% Mod. 370-460 (C, CM, IM, EX) 0.51% urethane,
Mod 350-500 km mach. 2500 psig Pacific acrylics, epoxy

ksi Ocean

'4.5 TS 5-9 ksi CS 4-14 ksl Good As above 0.2-0.4%

E 15-50% Mod. 240-370
Mcd. 200-400 ksa

'cal

TS 5-6.2 ksi CS 7-9 ksl Moldable 100 psig 74 D RT Good - OK. Modified 0.2-0.45%

E 6-60% Mod. 170-200 (IM, CM, EX) 1.05% weight 0.2-1.7% epoxy adhesive

Mod. 230-350 ksl Mach. gain 24 hrs. and solvent

ksi Fresh water 122 F based cements
2000 psi

2.4 TS 8.5-19 ksi CS 12-22 ksl Moldable Good OK as abov. 0. 18-0.4%

E 2.5-3% Mod 130-180 (CM, IM)
Mod. 600- ksl Mach.
1000 ksl

3-15 TS 5-60 ksi CS 20-65 kst Moldable "" Good OK neoprene, 0.12-0.35

E - Mod. - (CM, IM, EX) epoxy adhesive

Mod., 600- Mach.
2200 kal

'2-0.36 T 7-8 ksl CS 10-30 ksl Moldable -- Good OK. Epoxy, 0.1-0.2%
Eo 1-1.5% Mod. - (CM, IM) rubber and
Mod. 750- Mach. urethane

L 1000 ksl adhesives

27-18 TS 5-18 kMi CS 20-30 kel Moldable 1.82-3.77% Good Aa above 0.10-1.

E . 13-0.5% MoM. - (Cm, IM) Sea water Pacific
Mod. 2500- Mach. 2500 psig 24 mos.
3300 'sl

5-2.0 TS 9.6-18 ksi CS 16.5.49.8 Mdtble Good As above 0.06-0.

E 4-80%- ksi (IM, CM)
Mod. 380- Mod. 370- Mach.
1330 ksl 1300 ka

.2-17.5 TS 6.5-25 ksi CS-12,5-21 ksi Moldable 0.33% Pacific sea Good OK. Polyester, 0.07-0.

E 0.9-150% Mod. 345-1500 (CM, IM, EX) water, 24 mos. epoxy, and 3-4x10-

Mod, 350-1700 ..l Mach. 2500 psig urethane cements gm/cm/ki 1n2/ C

imp" -



Table 545. N'ominal Physlcal Properties for
Some Generlc 3'ypei of Plastics
Intended For Electrical Use In
Deep Ocean Environment

WATE'R7  USE FUL8
L BONDABILITY TO ABSORPTION CONTINUOUS DIELECTRIC8

EATNR OR PERMEABILITY TEMPERATUX 'STRENGTH REMARKS

L ificlt 0 2-0 2% 2 F max. 500V/mil Nominal properties-for- acetal bomo-
Special surface 1. 9-3gm/O0in. / polymer- copolyer and class filled
preparation. 24 hrs/mil plastics. Good electrical properties,
Chemlok 220, abrasion resistince 2)ld dimensional
'EC 711, stab ility over a w ide, iemperature
Narmco 3135A range. Not easily bouded. Mechanical
etc. * methods probably best.

OK, nat. rubber, 0.3-0.4% 200 F max. 400-550 Cast and-molded methyl methacrylate.
urethane, V/mul Excellent outdoor weathering and
acrylics, epoxy dimensional atabilifty, 'Kasily

scratched.

As above 0. 2-0. 4% 160-185 F 400-500 Impact grade acrylics.
max. V/miu

OK. Modifited ().2-0.-45% 160-210 F 350-550 lKigh impact grade. Tough-good
epoxy adhesive max. V/mil impact and structural properties. Can

and slventbe-electio plated-which might be.1ehfiW
ad solvents in coioiig water permeative.

based-ls cementsrdes

-OK as above 0. 18-0.4%A 200-230 F - 04%gasfle rds

OK neoprene, 0,12-70.35% 300-450 F 390.450 Nominal properties for filled (glass,
epoxy adhesive max. V/'mii syn. f iber and minaral)- compounds.

High moisture, electrical'and
chemical resistance.

OK. Epoxy, 0. 1-0.2% 240-260 F 300-400 Nominal properties for unfilled
rubber and V/miu phenol-formaldehyde reiin.' Good

7 urethane dimensional stability and electrical
adhesives properties.

As above 0. 10-1.2% 250-550 F 140-400 Nominal properties-for mica and
V/mil glass fiber filled phenolics and

melamine.

As above 0.06-0.07% -.27 to 400.1050 Nominal properties for unfilled and
'375 F V/mil -filled (20-30% glass'), polyphenylene'

oxide and modified phenylene oxide..

OK. Polyester, 0. 07-0. ;5% 220-300 F 35G1-500 Nomnir~Al properties for unfilled and
epox, ad 34x1~ 15 V/10~L filled (10-40% glass) andABS

urethane cement g/cm/hr/pocabnt ises
in2 / Cm Hg
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2 TENSILE
3  COMPRESSIVE

4

MATERIAL HARDNESS IMPACT PROPERTIES PROPERTIES

Polyester M 94-70 0.8-22 TS 8-20 ksi CS 15-30 ksi
plastics Barc 1 E 5-300% Mod. -

Mod.

Polypropylene R 30-100 0.5-15 S 2.9-9 ksi CS 3-8 ksi
plastics E 3-700% Mod. 150-

Mod. 100- 300 ksi
900 ksi

Polysulfone R 120 1.3 TYS 10 ksi CYS 14 ksl
plastic M 69 E 50-100% Mod. 340-370

Mod 360 ksi ksi

Nylon plastic M 94 1.2-6 TS 13-35 ksi CS 13-24 ksi
E 75 E 1-10% Mod. -

Mod. 50-180
ksi

-Epoxy plastics M 55-120 0.2-30 TS 2-30 ksi CS 1-40 ksi
E 1-70% Mod. -
Mod 1-3040

ksi

1. Rockwell jirdhesses per ASTM 15785 unless otherwi3e noted.
2. Izod impact in ft. -lbs/inch of nodwh per ASTM D256.

3. Tensile properties - ASTM D638 at 73 F

4. Compression properties - ASTM D695 at 73 F
5. C=castable, CM=compression moldable, IM~injection moldable, EX=extruda

machinable
6. Coefficient of linear thermal (-22 F to 68 F) expansion per ASTM D696. T

an indication of dimensional stability (thermal).
7. Water absorption (%) per ASTM D570. 24 hrs, 73 F. Water permeability da

available. See App. F of Reference (a).
6. Dielectric strength per ASTM D149, Short time method. Volts/mil

Tabular data were oblMained from Modern Plastics Encyclopedia 1968-69, Mate
Issue and Manufacturers' data.



WATER 7

TENSILE3 - COMPRESSIVE 4  WATER ABSORPTION DIMENSIONAL BONDABILITY TO ABSORPTIO!
PROPERTIES PROPERTIES FORMABILITY 5  AT PRESSURE STABILITY ELASTOMER OR DERMEABI]

TS 8-20 ksi CS 15-30 ksi Moldable Fair to Good OK. Epoxy, rub- 0.02-0. 15%
E 5-300% Mod. - (C, CM, IM) depending upon her and urethane
Mod. Mach. system cements

S 2.9-9 ksi CS 3-8 ksi Moldable Good Difficult. Special 0.01-0. 10%
E 3-700% Mod. 150- (CM, IM) surface treatment. 1.4 gtntz/cm/
Mod. 100- 300 ksi Mach. Epoxy or rubber- in2 sec/cm
900 ksi phenolic cements. Hg

TYS10 ksi CYS 14 ksi Moldable Good 0.22%
o E 50-100% Mod. 340-370 (C, CM, I)

Mod 360 ksi ks l MRch.

-S 13-35 ksi CS 13-24 ksi Moldable, 0.2-2.0 24 hr Fair to poor Difficult. Neo- 0.2-2%
E 1-10% Mod. - (IM) Fresh water depending prene and
Mod. 50-180 Mach. upon water nitrile cement

ksi absorption

'TS 2-3 ) ksl CS 1-40 ks Cast, Moldable 1.3% Fair to good OK. Pheiillc- 0.04-0.27%
E 1-70%- Mod. - (CM, IM) (filament wound) depending upon neoprenc, epoxy
Mod 1-3040 Mach. 111 DA45 type epoxy sys- phenoliz-nitrile

kst 2500 psi sea water tern. and neoprene
cements

iess otherwise-noted..

ASTM D256.

73 F

, IM=injection moldable, EX=extrudable, and Mach.=

.86 F) expansion per ASTM D690. This is given as
-ermal).

hrs, 73 F. Water permeability data not readily

'rt time method. Volts/noll

lastics Encyclopedia 1968-69, Materials Select.



Table 5-5. (Cont'd)

WATER7  USE FUL
L BONDABILITY TO ABSORPTION CONTINUOUS DIELECTRIC8

ELASTOMER OR PERMEABILITY TEMPERATURE STRENGTH REMARKS

OK. Epoxy, rub- 0.02-0. 15% 250 F 350-400 -1inal properties for unfilled, glase
n ber and urethane V/mll . .jd (17) and molded sheet poly-

cements esters. Properties vary widely with
formulation. Generally used with
reinforcing fibers.

Difficult. Special 0.01-0. 100o 320 F 450-660 Nominal properties for unmodified,
surface treatment. 1.4 gms/cm/ V/mul inert filled, glass reinforced, rubber
Epoxy or rubber- in2 sec/cm modified and copolymer polypropylenes.
phenolic cements. Hg Can be electroplated, -which might

improve other properties.

0.22% -150 425 V/mil Nominal properties. Can be electro-
340 F plated, which might improve other

properties such as permeability,
scratch resistance, etc.

Difficult. Neo- 0.2-2% 400 F max. 400-500 Nominal propertiei for type 6/10
prene and V/ril nylon 20-40% glass filled. Water
nitrile cement absorption and dimensional stability

will depend upon amount of filler.

OK. Phenolic- 0.04-0.27% 400 F max. 235-550 Nominal properties for cast, molded,
upon neoprene, epoxy V/rll filled, and flexibilized, filled
sys- phenolic-nitrile and unfilled epoxy resins.

and neoprene
cements
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Section 6

RELIABILITY AND QUALITY CONTROL CONSIDERATIONS

6. 1 INTRODUCTION

fl The following definitions apply to this section of the Handbook:

RELIABILITY of an item of equipment is the probability that the equipment will operate satis-

factorily for at least a given interval of time (or number of cycles) when used under specified

operating conditions and maintenance programs.

U MAINTAINABILITY is the probability that a failed item of equipment will be restored to operating

conditions in not more than a specified interval of down time when maintenance and administrative

conditions are stated.

QUALITY CONTRDL is the set of disciplines and techniques which ensures that the manufacturered

item conforms to the design specifications.

The most urgent problem associated with the failure of components subjected to deep submergence

pressures on vehicles has been the control of quality (see reference 1). This control of quality-

S has been absent during one or all of the various stages of manufacture, assembly, test, handling,

shipping, and installation. Certainly -poor component design has been responsible for many system

failures in past years; however, many failures have been rightfully attributed to inadequate man-

ufacturing and installation quality control. The following paragraphs in this section are addressed

to quality control and reliability considerations in connector and-penetrator design.

The following is a listing of problem areas that have been identified in past years as failure modes

for connectors, harnesses and penetrators:

a. Inadequate bond of the molded connector boot to the cable.

b. Inadequate bond of the molded connector boot to the connector shell.

c. Voids in the mold boot of the connector.

d. Damaged cable jackets in the mold cable clamp area, especially in neoprene molded boots

jwhere the cable is held in the mold.

e. Cold soldered joints at the conductor-to-socket connection.

9. Damaged springs in the socket contacts.

g. Damaged coupling ring or receptacle threads.

h. Improper mating of the plug to the receptacle, thus not allowing the proper interface seal

to be made.

i. Chipped or cracked contact insulator materials.

J. Bent pin contacts.

k. Porous or cracked receptacle-to-component weld.
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I. Damaged or scratched O-ring seal surfaces.

m. Damaged or improperly molded O-rings. 3
n. Improperly positioned or sized polarizing key.

o. Oier sized (too thick) pin contact gasket.

p. Improperly bonded pin contact gasket. 3
q. Conductor fatigue failure inside the connector.

r. Conductor kinking and breaking in the cable harness. j
s. Out-of-spec plug and receptacle dimensions.

t. Conductor breakage due to high impact loads on .- cable or a sharp cable bend radius.

u. Short circuit due to foreign materials at the plug-to-receptacle interface.
v. Swelling of seal and gasket materials due to the use of improper cleaning solvents.

w. Dielectric withstanding voltage breakdown of contact insulations. I
x. Short circuits at the condactor-to-connector termination due to foreign materials in potting

compounds.

y. Loss of plug-to-receptacle seals due to foreign particles on the seal surfaces.

z. Conductor breakage due to axial tensile loads on the harness.

aa. Dislodged keys in the receptacles resulting in loss of polarization.

ab. Inadequate spacing between conductor terminations (movement during molding operation)
in plug or receptacle which leads to electrical failure when cable seal is flexed or subjected

to sea pressure.

ac. Relaxation of the springs on the socket-contacts with use to the point where contact- surface

becomes critical and leads to eventual electrical burn-out. U
ad. Electrical failure resulting from flooding into conductor termination area when female

portion is exposed to sea pressure as a result of no protection with pressure proof covers.

ae. Corrosion of contact surfaces resulting in a critical potential drop across the contact

surfaces, resulting in eventual burn-out.

af. Failures resulting from general lack of quality control during manufacture which were

undetected due to inadequate testing and inspection following fabrication.

ag. Electrical degradation of connectors resulting from stress cracks developing in plastic

bodied connectors during manufacture or in service.

ah. Lack of adequate plug-receptacle polarization in basic connector design which leads to pin-

socket contact damage and eventual failure of the connector.

ai. failure of threads in plastic bodied connectors due to in-service handling.

aj. Plastic plug coupling ring failure due to impact forces in service handling.

ak. Excessive molding flash in rubber connectors in the plug-to-receptacle seal areas resulting

in seal failure.

al. Variation in durometer hardness and/or fit between molded rubber plug and receptacles,

resulting in seal failure.
am. Seal failure of all molded rubber connectors following mating and unmating in arctic

conditions.

6-2
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an. Pin contact damage at installation or in service duo to inadequate protection provided by the

receptacle shell.

ao. Socket contacts improperly positioned in plug insulator, preventing proper electrical

J contact with the pin contact.

ap. Wear through of the cable jacket due to improper support on the vehicle resulting in flooding

i3 of the harness.

aq. Improper crimping of the contact to the conductor resulting in an eventual open circuit.

ar. Improper termination of braided shields resulting in braid ends piercing conductor insulation.

as. Plug-to-receptacle seal failure due to use of improperly sized O-rings.

6.2 METHODS FOR CONTROL OF QUALITY

The control of quality (assuming a properly designed component is to be manufactured and installed)

can be invoked in the following - manner:

a. Control and identificatiorn, stocking, issuance of all material received in plant as well as

verification of all material received.

b. Provide and maintain a description of procedures for control of quality.

c. Maintain a procedure to assure that the latest applicable drawing, technical requirement

and contract change information will be available at the time of inspection.

d. Maintain calibrated gages and other measuring and testing devices necessary to assure that

components conform to specification requirements.

e. Establish and maiitain inspection at appropriately located points in the manufacturing process

to assure continuous control of quality.

f. Establish and maintain packaging devices for properly handling and adequately protecting the

components in-plant.

g. Inspect and test the completed components.

h. Establish and maintain a system for identifying, serializing and certifying completed

components.

i. Provide adequate procedures and instruction for control of stored supplies and finished

components.

j. Provide procedures for protecting components during transit.

k. Maintain adequate quality control records throughout all stages of contact performance of

inspections and tests including checks to assure accuracy of inspection and testing equip-

ment and other control media.

1. Establish and maintain a failure reporting and analysis program.

m. Establish quality control procedures for installation and maintenance of components.

n. Ensure that people working the job are familiar with procedures and control and have

manuals available for reference.

The above quality control requirements MUST be written into the documents which provide for the

fabrication and installation of the subject connector, cables, harnesses, and penetrators. The

lollowing documents are required to assure quality:
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a. Cable specification

b. Connector specification

c. Penetrator specification

d. Harness, specification

e. Harness wiring and molding manual

f. Harness and penetrator installation and maintenance manual

With close adherence to the above procedures, quality can be controlled and assured in connectors,

harnesses, and penetrators.

Design verification tests for DSV electrical connectors and penetrators are required to ascertain

that the newly developed component hardware will meet the physical, environmental and elec-

trical requirements imposed by service conditions. It would be most desirable to conduct all of

these component tests under actual environmental conditions and in a given operational sequence

time frame. For obvious reasons, this is not practical. As a result, alternate test methods have

been devised over the years which include the use of sequential testing techniques. These tech-

niques which relate to the particular service env'i.onment are widely used to verify and qualify

new connector designs.

In the sequence method of testirg, the component is initially examined to be sure that it was

manufactured in accordance with the assembly and detail drawings. This initial product exami-

nation allows the technician to verify that-conponent deterioration or failure (mechanical or

electrical) if any, which occurs during the test program is a result of the test program and not

an initial component condition. For these reasons, insulation resistance, withstanding voltage,

and contact resistance determinations are made at the outset of the test program. These tests

are normally repeated at the conclusion of the program to note changes that may have occurred

as a result of the mechanical and en'ronmental tests conducted during the test sequence.

The insulation resistance test is conducted to determine quantitatively the condition of each contact

seal or insulator prior to exposure to other types of tests, and is used as a means of detecting any

subsequent electrical deterioration resulting from these other tests. A minimum insulation re-

sistance of 5000 megohms should be maintained tlrough-out the test schedule. This allows some

margin for deterioration after Installation in the actual operating pnvironment, 5000 megohms is

specified in the DSV test procedure.

The dielectric withstanding voltage test is also specified at the beginning of thp test sequence to

ascertain that the insulating component has been properly fitiricated. The test is repeated after

all physica: testing has been completed. The reason being, to detect any insulator flaw that could

develop as a result of physical testing. For these designs, a test voltage in excess of three times

the service voltage rating Is recommended. For instance, a 1,000 volt (ac-rivi) is ",sed for the

300 volt connectors, and a 1,900 test voltage is recommrended for the 600 volt service-rated

power type connectors.
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Tile contact resistance test is conducted to provide the systems engineer kith deLtiled perfornance

l data on the c ninector- being tested. This gives the engineer an accurate Indication of tie vultage

drop incurred across the mating piln and socket contacts. Also, the contact resistance test is

* normally run at the termimtion of any test sequence that includes expoure of the contacts to an

environmen! that could result in significant oxidation. This would include salt spray and long-

term ,open face salt water hydrostatic tests.

iAcoimector durability test, which involves mating ar,( unmating counterxtrt connectors a number

of times, serves as a conditioning test )rior to perf,.-ming, t.! physical and environmental test

I sequences. The test also checks the adequacy of the coupling mechanism in withstanding the

mating cycles it will see during its service life. Component wear and galling characteristics of

the threads can be checked during this test. The durability test recommended for deep submergence

I connectors is -100 mnating cycles.

When the components have been visually examined, electrically checked and conditioned, they are

subjected to simulated service environment tests, including hydrostatic pressure (static), thermal

shock, vibration, high impact shock, and hydrostatic pressure cycling.

A hydrostatic pressure test is recommended to check the effectiveness of the seals at the.

a. Plug-receptacle

, b. Receptacle-component, and

c. Cable..connector interface

[ The connector and penetrator envelopes are also checked for their ability to withstand the hydro-

static pressures. Unless the components are pressure compensated designs, the connectors and

*1 penetrators can be classified as pressure vessels and should be externally hydrostatically pressure

;i tested to verify design calculations. The test pressure increments selected for a static test should

simulate the entire range of operating depths with a maxiaum test pressure of one and one-half

times the pressure at maximum operating depth. The 1. 5 pressure factor provides a reasonable

safety factor far meaningful proof testing. A sufficient number of pressure increments should be

I employed between minimum and maximum pressu- to ensure safety and provide specific data in

case of failure. It is particularly important that the component be cycled several times from 0 psi

to a -minimum pressure to confirm seal iunction. This is particularly true for pressure actuated

gaskets such as O-rings. This demonstrates that minute leakage will not occur as the gasket moves

I into optimum sealing position. The hold time at pressure for each increment should be sufficient

for the gas ,et to reach an equilibrium condition; five minutes is normally adequate. Maximum

pressure should be held for 24 hours in order to ensure thMa l the test item is completely leakproof.

The purpose of a hydrostatic pressure cyling test is to simulate an operational pressure profile

over an extended period of time. Ideally, the rate of pressure buildup and pressure decay in each

-! cycle should approximate operational rates. Lack of test equipment to accomplish this-plus the

Ij unreali tic time that would be required for the recommended 2000 cycles preclude this approach.

6-5



As a result, the principal requirement is a pressure change rate that will not be so rapid as to

create unrealistic shock stresses on the equipment being tested. Equipment being tested should I
be electrically energized so that continuity can be continuously monitored throughout the test at

the various levels of pressure. In this way, time of failure can be pinpointed. High and low

pressure hold times must be sufficient for the sealing gasket to reach an equilibrium condition.
Periodically (every 50 - 100 cycles) the pressure should be held at the high and low levels to

a'tlow for complete recovery of electrical conductors to a steady state relative position. At this

time, the equipment tnder test should be de-.energized and a continuity and insulation resistance

test made. This will show up any malfunction caused by the cycling pressure up to that time.

Thermal shock tests are conducted next to assure that the materials of construction can with-

stand the thermal shock conditions that the components may see in service. Service thermal

shock could include arctic surface conditions (to -65 F) to water temperatures of 30 F. The high
temperature cannot be considered extreme or pose material problems. However, the low tem-

perature can and does pose material problems. Elastomeric materials must remain flexible j
under these conditions. Cable and cable boot materials must not crack when flexed, and O-rings

must maintain their inherent squeeze capaoility. The thermal shock test can be most important

when considereing the use of all plastic or all elastomeric type construction connectors.

,'fibratiou. on DSVs is not considered severe. P~ossibly the greatest vibrational forces acting on 4

a vehicle are during air or surface tranoportation conditions. Nevertheless, vibration is a fact

of life on DSVs and therefore must be tested to assure the uninterrupted operation of the elec-

trical circuitry. Also, the vibration test checks the ability of all fasteners to remain locked in

their desired position during the test. The components are checked for interruption of circuitry

in excess of 10 milliseconds during the test. Also, the component is visually examined foilowing

the test for broken or loose parts.

High-impact shock tests are conducted to determine the ability of the components to withstandIshock of the same severity as that produced by collision impacts. Their collision impact could

occur during transportation or handling of the vehicle or during service operations. In this test,

we are interested in maintaining the uninterrupted electrical circuitry during high impact shock.

Also, the physical Integrity of the penetrator and connector must be maintained. The components

must remain intact and in place In an undamaged condition as a result of the specified impact

shock.

In addition to the sequential-test schedule that has been described, a series of isolated area design

verification icsts is highly desirable. These additional measurements and determinations complete

-the verification of the design. These would include the following supplementary tests and measure-

ments:

A connector current rating determination is most useful to the system designer. This rating must

j .Ibe extablished using a specific set of environmental condititions and related to a specific cable
: I and terminating technique to be meaningful. The determining criteria for this measurement would
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be a temperature rise consistent with good material and system performance. Where identical
installation conditions (o not apply, tile system designer would at least have some basis to which

he could relate his particular requirement.

Current rating established in this manner for a connector must be adjusted downward where the

particular application requires increased conductor bundling; packaging causes a higher steady

state temperature within the connector, or the ambient operating temperature Is expected to b"
I significantly higher than tile temperature standard under which it was originally rated.

It is recommended that contact resistance measurements be taken after long-term exposure of

the contacts to ordinary shelf life environment, and exposure to salt water for a length of time

that they would reasonably be exposed in application. This procedure will determine the adequacy

of contact plating or, in the case of materials such as molybdenum, if plating is required.

Individual gasket seal tests are recommended where a series of seals exist as part of a primary

and secondary sea water pressure barrier or one is redundant to the other. This is essential to

Iprove that the redundant seal or seals are functional and properly designed.

The design contour of the cable-to-plug seal should be verified by multiple flexing over a minimum

Ibend radius mandrel.

This will verify molding procedures (seal), adequacy of the cable strain relief, and effect on the

3conductor termination within the plug.

Strain gage measurements taken in the area of conductor termina.tion within the molded plug to

Scable seal during life test hydrostatic pressure cycling can be used to detect damaging conductor

displacement.

I Fault current tests should be run on mated connectors and hull penetrators to determine if system

pressure integrity could be affected by forces generated by a fault current of a time duration that

could be anticipated with normal system current limiting or fusing devices. The test fault current

is selected on the basis of potential current available from the as-installed system power source

reduced by the total impedance in the circuitry. Elevated temperature associated with a fault

I current should not affect the operational qualities of materials used in fabricating the component.

Plug coupling nut torque requirements should be made for each thread size. This will ensure that3 0-ring seals are properlycompressed without over stressing the threads, resulting in the asso-

ciated problems of galling.

6.3 PENETRATOR CERTIFICATION DATA

Unquestionably, one of the most important design elements of Deep Submersible Vehicles are hull

I penetrators. These include viewports, personnel hatches, hydraulic and pneumatic piping pene-

trators and electrical penetrators.

As defined In reference 2, certification is "the procedure including application, review, surve7

and approval of a submersible". With regard to electrical hull penetrators, we are coace.': -d with
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the penetrator design and material certification of these compmnents prinr to their use oil sub-

mersibles. At present, at least four documents have been prelx,,'ed to provide guidel.,,es for the

sdesign and certification of submersibles. These are noted in references 2 through 5.

These manuals have been written in the past three years to provide guidelines for overall vehicle

design. In the area of electrical penetrator design and certification, these guidelines should be

updated to include the items noted in table 6-1. The following is a discussion of the items noted

in table 6-1.

Table 6-1. Recommended Certification Requirements for Electrical Hull Penetrators for

Submersibles

a. Design requirements and guidelines

b. Failure modes and effects analysis

c. Design calculations

d. Materials selection evaluation

e. Assembly and detail drawings - penetrator and hull insert

f. Qualification test procedures

g. Production test procedures

h. Handling procedures

Si. Installation procedures

j. Maintenance procedures

k. Penetrator material verifications

I. Penetrator seal material verification

m. Penetrator installation v rification

P n. Penetrator production test data verification

o. Periodic penetrator inspection review

The following breakdown describes the certification requirements for electrical hull penetrators

in detail.

6.3. 1 Certification Design Requirements for Electrical Hull Penetrators should include the

following:

a. Vehicle operating depth

b. Vehicle test pressure

c. Electrical hull penetrator test pressure

d. Vibration

e. Physical shock

f. Amperage

g. Voltage

h. Frequency

I. Temperature

j. Vehicle hull and insert materials

k. Hull penetrator space limitations
6-8
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6. 3. 1. 1 Design guidelines for penetrators should include the following:

5 a. Electrical conductors passing throuigh tile pressure hull should be provided with primary

and secondary conductor seals.

b. The penetrator should be sealed to tile pressure hull or insert with primary and secondary

seals.

c. All openings (penetrators) into the penetrator body such as covers or receptacles, should

il be fitted with primary and secondary seals.

d. Penetrators must be fabricated from acceptable corrosion resistant materials and must be

compatible with pressure hull and insert materials.

e. The electrical/electronic systems which use electrical penetrators must provide fault

current protection to the penetrators.

:2h If. An electrical/electronic circuit check or test point should be located directly inboard of

the electrical hull penetrator.K g. The penetrator must be capable of withstanding 2000 hydrostatic pressure test cycles at the

penetrator operating depths.

G. 3. 1. 2 A failure mode and effects analysis (FMEA) should be provided for the penetrator as
part of the certification package. The FMEA whic.. has been prepared in this section of the Hand-
book will provide an adequate guideline for penetrators of the future, regardless of the varied

designs which may be used in future years.

6.3. 1.3 Detail design calculations as a result of hydrostatic r-essure loading must be provided

with each certification package. An example of the calculations required is offered in this section

of the Handbook.

f 6.3. 1.4 A material's selection dissertation should accompany each certification package. This

analysis should verify that corrosion resistant materials are used throughout the detail design

and that the materials are galvanically compatible. Reports, documents and tests should be issuedT i to show the material's design adequacy. The Bibliography section of this report lists a number of

excellent reports in this area.

6.3.1. 5 The availability of as built penetrator and hull insert assembly and detail drawings is

probably the major key to a certified penetrator design. These drawings list materials of con-

struction and intimate details of design which allow the certification to be made. No certification

should be attempted without detail drawings. The certification apprcval document should identify

the drawing number, the latest revision, and the date of issue. Subsequent changes to these

drawings should require another brief certification review. A General Note on the penetrator

assembly drawing should be included to flag this requirement.

i 6. 3. 1. 6 Penetrator qualification test procedures are discussed in greater detail in this section

U of the report. These should be followed.

6-9
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It will be noted that corrosion resistance is absent from this listing. The MIL-STD-202 test,

Method 101B is strictly a comparative type material and coating test, and is applicable here.

Corrosion resistance can be obtained through a proper material selection program. The effec-

tiveness of the materials selection can be judged with the annual penetrator inspection review. I
6.3. 1.7 Each electrical penetrator installed on the vehicle must have been subjected to production

tests. These tests are included in this section of the Handbook. Documentation should be available
for review at the shipbuilder's plant to verify that these tests have been conducted on each J
penetrator installed. Each penetrator must be serialized in order thatIproper documentation

procedures can be maintainel throughout the fabricating, test, installation and use cycle of the

component. i
6.3.1.8, 9, & 10 Penetrator handling, installation and maintenance piocedures should be pro-

vided to assure that the shipbuilder and vehicle user and maintainer will properly handle and use

the penetrators. It is felt that these procedures can best be detailed in a Vehicle Maintenance

Manual. These manuals are always provided to the vehicle purchaser to cover all systems and
hardware on the ship. The electrical penetrators should be no exception. This section of the

Handbook provides guidelines for handling, installation and maintenance.

6.3. 1. 11 & 12 Verification of materials of construction for the penetrator components and seal

materials should be available at the shipbuilder's plant at all times. The verification forms

should accompany the certification package.

6.3. 1.13 Verification should also be provided to ensure that penetrators have been installed in

accordance with estabishlud procedures. The-installed verification forms should be detailed in IT
the Vehicle Maintenance Manual. The procedure should require that two personnel initial the

installation dccument.

6.3. 1. 14 The penetrator manufacturer should also provide verification that the penetrators have

been fabricated in accordance with the procedures established and delineated in the penetrator

assembly and detail drawings. This verification can be in the form of initiated manufacturer's

process control-sheets. This data should form a part of the certification package.

6.3. L 15 Periodic (annual) penetrator inspection is felt to be necessary. The penetrators should

be fully inspected for any evidence of corrosion. At least 20 percent of the installed penetrators

should be removed for inspection of the gasket materials. This inspection is necessary to assure

that the corrosion resistance of the material used in the penetrator design is truly corrosion

resistant in this application.

6.4 PENETRATOR TR3T REQUIREMENTS

Three series of tests are most important in the design and production of DSV electrical penetrators.

These are:

a. Design verification

b. Preproduction qualification u
c. Pr,,uction (quality assurance)
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Design verification tests are conducted to prove the adequacy of the design for the intended use.

These tests are rather extensive but justified in light of the critical nature of the components

being tested.

Preproduction qualification tests are couducted to show evidence of the fabricator's ability to

manufacture the penetrator components. ThesL tests allow the fabricator to be placed on the3 Qualified Products List (QPL) for the applicable penetrator specification.

Production or quality assurance tests are conducted in fabricator's plant at time of manufacture

to assure the quality of the products prior to shipment to the t.ustomer.

All of the above test programs are necessary to assure the design and manufacture of reliable

components.

Design verification testing of the penetrator components should follow the basic test program

outlined in table 6-2. Additional testing which could be conducted in the design and development

program should cover the following areas:

a. Torque values for all threaded assemblies should be established by actual tests.

b. A series of impact tests should be conducted on the shallow depth (0 to 2000 feet) penetrator

with the molded plastic resin shell to determine the degree of shock it can tolerate, and

the location of an intended predetermined shear plane that would be located outboard of the

primary header water dam.

c. The pressure compensated pznetrator junction box component tests should include tests of

• i diaphragm fastening methods; tests to determine diaphragm flexing requirements and tests

to determine the degree of gas inclusion that could be tolerated in the compensating fluid.

d. A power rating should be established for each type of penetrator depending on electrical

contact size. This rating should be determined under a specific set of environmental test

conditions more severe than the ocean environment. This rating, affords the user a method

of relating the penetrator to his application requirements.

e. Prior to conducting the sequential tests of table 6-2, each primary and secondary seal

i should be subjected to a series of hydrostatic pressure cycles to determine their effective-
.'' ness at both high and low pressures.

Preproduction qualification tests should follow the basic test program outlined in table 6-3. It

will be noted that the sequential tests are diminished in number when compared to the design

verification tests. Once the design is verified, the main concern of the user is to verify that the

fabricator can work with the materials required to produce a satisfactory product.

The Production or Quality Assurance tests should be conducted as outlined in table 6-4. These

tests should be conducted on each completed assembly prior to shipment to the customer.

The tests noted in tables 6-2, 6-3, and 6-4 are discussed in further detail in this section. The

following section provides the test procedures for connectors as well as the requirements for
Sto Inc.
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Table 6-2. Design Verification Sequence Testing of Penetrators

*CONTROL UNMATED MATED

TEST NO. TEST TEST PENETRATOR PENETRATOR

I Examination of Product -- X X

2 Insulation Resistance -- X X

3 Continuity -- X X I
. 4 Circuit Resistance -- X --

5 Temperature Rise .. O-,X

(125Tof rated current)

6 Withstanding Voltage 2-3 X X

7 Hydrostatic Pressure-Static 2-3 X X

8 Thermal Shock 2-3 -- X
9 Vibration 2-3 -- X 3

10 Mechanical Shock 2-3 -- X

11 Hydrostatic Pressure-Static .... X
12 Withstanding Voltage .... X

13 Insulation Resistance .... X

14 Examination of Product .... X

15 Short Circuit Fault Current (Dry) .... X

16 Hydrostatic Pressure-Static .... X

17 Insulation Resistance -- X X
18 Continuity -- X X

19 Short Circuit Fault Current -- X X
(as created by flooded conditi n)

20 Continuity -' X X

21 Hydrostatic Pressure-Static -X X

22 Insulation Resistance -- X X

*Value as specified in detail requirement paragraphs.
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Table 6-3. Preproduction Qualification Test Sequence-PenetratorsI
*CONTROL UNMATED MATED

TFST NO. TEST TEST PENETRATOR PENETRATOR

1 Examination of Product -X X

2 Insulation Resistance -- X X

j 3 Continuity -- X X

4 Contact Resistance -- (each mated pair of contacts)

5 Withstanding Voltage 2-3 (Headers X
only)

6 Hydrostatic Pressure-Static 2-3 X X

7 7 Thermal Shock 2-3 X X

8 Withstanding Voltage -X X
9 Insulation Resistance -- X X

1 10 Examination of Product -- X X

*Value as specified in details requirement paragraphs

J iTable 6-4. Quality Conformance Test Sequence - Penetrators

*CONTROL UNMATED MATED
TEST NO. TEST TEST PENETRATOR PENETRATOR

1 Examination of Product -- X X

2 Insulation Resistance -- X X
3 Continuity .... X

4 Withstanding Voltage 2-3 X X

5 Hydrostatic Pressure 2-3 X X

6 Examination of Product -- X X

TI
.'Value as specified in. detail requirement paragraphs
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6.5 CONNECTOR TEST REQUIREMENTS

Three series of tests are also very important in the design and production of DSV electrical 3
connectors. They are:

a. Design verification 3
b. Preproduction qualiiication

c. Production (quality assurance) 3
Design verification tests prove the adequacy of the design. These tests are extensive but justified

in view of the critical nature of the components being tested.

Preproduction tests show evidence of the roanufacturer's ability to fabricate the connector com-

ponents. These tests allow the fabricator to be placed on the Qualified Products List (QPL) of

the applicable connector specification. |
All of the above test programs are necessary to assure the reliable design and manufacture of

connectors.

Design verification testing of tho connector components should follow the basic test program

outlined in table 6-5.

.Preproduction qualificatinn tests should follow the basic test program outlined in table 6-6.

These sequential tests are diminished in number when compared to design verification tests.

Once a design is verified, the main concern of the user is to verify that the fabricator can work

with the materials specified to produce a satisfactory product.

The production tests should be conducted as outlined in table 6-7. These tests should be run on

each completed connector assembly prior to shipment to the customer.

6.5. t CONNECTOR PERFORMANCE AND TEST REQUIREMENTS -- The following test and

performance requirements should be utilized to determine the adequacy of an? connector and

penetrator used in underwater service.

6.5.1. 1 INSULATION RESISTANCE -- Connectors should be insulation-resistance tested in

accordance with Method 3003 of MIL-STD-1344. The resistance should be measured between all I
adjacent pairs of contacts and betweefi the metal shell and each contact. The Insulation resistance

2 should be greater than 5000 megohms.

6.5.1.2 CONTINUITY -- All mated connectors and wired contacts should be checked for continuity

with a standard circuit tester. There should be no evidence of open circuits as a result of this

test.

6.5. 1.3 CONTACT RESSTANCE -- The contact resistance should be measured in accordance

with the contact resistance test of MIL-STD-1344. The potential drop should not be greater than
that determined to be adequate during the design program.

61
6-14

I_ ,



I

I Table 6-5. Design Verification Sequence 'resting of Connectors

MATED
EXAMINATION *CONTROL WIRED

TEST NO. OR TEST TEST PLUG RECEPTACLE CONNECTOR

1 Examination of Product -- X X X
2 Insulation Resistance -- X X X

3 Continuity ...... X
4 Contact Resistance -- X X

5 Withstanding Voltage 2/3 X X X[ 6 Durability ---- X
7 Hydrostatic Pressure- 2/3 X X X

Static

8 Thermal Shock 2/3 X X X

" j 9 Vibration -- X
10 Shock -- X
11 Hydrostatic Pressure- -- X X X

Cycling

12 Withstanding Voltage -- X
t 13 Insulation Resistance -- X X X

14 Examination of Product -- X X X

I *Value is specified in detail requirement paragraphs.

61
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Table 6-6. Preproduction Quahfication Test Sequence-Connectors

MATED

EXAMINATION *CONTROL WIRED
TEST NO. OR TEST TEST PLUG RECEPTABLE CONNECTOR

1 Examination of Product -- X X X

2 Insulation Resistance -- X X X ,

3 Continuity ...... X

4 Contact Resistance -- X X --

I 5 Withstanding Voltage 2-3 X X X

6 Hydrostatic Pressure- 2-3 X X X
Static

7 Thermal Shock 2-3 X X X

K. 8 Withstanding Voltage -- X

9 Insulation Resistance -- X X X

10 Examination of Product -- X X X

*Value as specified in detail requirement paragraphs.

Table 6-7. Quality Conformance Test Sequence - Connectors and Accessories

PRESSURE
EXAMINATION *CONTROL PROOF

TEST NO. OR TEST TEST PLUG RECEPTABLE COVERS

1 Examination of Product -- X X X

2 Insulation Resistance -- X X

3 Withstanding Voltage X X

4 Hydrostatic Pressure- 2-3 X X X
Stadc

5 Insulation Resistance -- X X

6 Examination of Product -- X X X

*Value as specified in requirement paragraphs.
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6. 5.1.4 DIELECTRIC WITHSTANDING VOLTAGE - Mated and unmnated connectors should be

tested in accordance with Method 3001 of MIL STD-1344. The applicable test voltage (1, 000 volts

for the size ;0 and 16 contacts, and 1900 volts for the size 12, 8, 4, 0 and 0000 contacts) should

be applied between all adjacent contacts and between all contact.. -knd the metal shell.

6.5. 1. 5 DURABILITY -- Counterl.prt connectors should be mated and unmated 100 times at a

-: rate of 50 + 25 cycles per hour with the plug coupling rings operated in a manner to-simulate

I actual service. Counterpart connectors should show no damage detr .meni .,l to the operation of

the connector as a result of the test.

6. 5.1.6 HYDROSTATIC PRESSURE-STAtIC -- The unmated-plugs and receptacles and-the mated

connector assemblies should be st ' ; .ted to a static hydrostatic pressure test. The tent assem-

blies-should be mounted to tne internal side of a pressure Vessel cover using the mounting method

ahown on- the applicable specification sheet. For the unmated connector tests, the face of the web

section should be exposed to,a test pressure equivalent one and one-half times the connector
operating pressure. The connectors should be tested in clean tap water. For the mated connector
and pressure proof cover tests; the plug shouldbe mated to the receptacle or the pressure proof

J cover to the plug or receptacle with the tools specified in the specification and held with the normal

'U locking device. The connector should be wired in accordance with the applicable specification.

Figure 6-1-is an example. The wiring and molding procedures as prescribed in the applicable

harness specification should be used to wire and mold the cable to the plug. The cable should be

end sealed using similar procedtres prescribed. The assembly should be tested one and one-

half times the operating pressure of the connector.

6. 5.1.7 THERMAL SHOCK -- Plugs, receptacles, pressure proof covers, andrconnectors

V - should be subjected to the thermal shock tests specified in Method 1003 or MIL-STD-1344. The

thermal shock test conditions noted in table 6-8 should be used. No damage detrimental to the

__ operation of the connector should be evident as a result~of this test.

Table 6-8. Thermal Shock.Test Conditions

STEP TEMPERATURE F TIME

" 1 -65 +0 1/2 hr/lb
Irv -9

2 +68_5 --

3 +165 +9 1/2 hr/lb

4 +68 +5 --
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Figure-6-1. Mated Connector Test Circuit
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6. 5. 1. I VIBRATION -- rated connectors and mated pressure proof covers shold be vibrated

in ai&ordance with Method 2005 of MIL-STD-1344. Mated contacts should be wired,;n series as

noted in the appliable specflication (see figure 6-1) and be connected with a suitable testing

circuit. Any voltage or current within the connector rating -should be applied throughout the

vibration test. The mated connector or mated pressure proof cover should-be held together by

the normal locking device. Cables should be supported on.a ,,ationary frame not closer than

eight inches from the connector. Mated cunnectors shouldnot be damaged as a result of -this test,

and there should be no loosening of parts. Counterpart connectors should remain in full engage-

ment and there should be no interruption of electrical- cntinuity longer than 10 milliseconds.

- -,, 6. 5. 1.9 SHOCK -- Mated connectors and mated pressure proof covers should be tested in

r accordance with Method 2004 of MIL-STD-1344. Three blows shall be applied in each direction

of the three major axes of the ,.onnectors. Receptacles should be mounted on the device or

carriage. For the mated connector tests, molded plugs -should be-engaged to the recepiacles and

held only by normal locking means. All contacts should-be wired in series as shown in the

applicable specification:(see figure 6-1) and the cabies or wire bundles-should be clamped to the

structures that move with the connectors. A minimum of eight inches of -cable should be un-

supported behind the rear of each connector. For the mated-pressure proof cover tests, the

covers should beinated to their respective plugs or-receptaclcs and mounted to the shock device

or carriage Tie coversshould beheld by the norial- locking device. Mated cunn clors should

not be damaged as a result-of these tests and there should-br' no locsening of parts. Counterpart

connectors should be retained ifuull engagement and there c:iould be no interruption of electrical

tcontinuity longer than 10 milliseconds.

6.5. 1. 10 HYDROSTAl IC PRESSURE-CYCLING -- The components slould be subjected to the
cycling tests of paragraph 6. 5. 1. 6 and 2000 cycles 6f pressure at the operating-pressure. A,

control circuit should be monitored by an electric counter which will indicate circuit damage
which may occur during the test. Insulation resistance readings should be measured before,

during, and following-every one hundred -pressure cycles, + 10 cycles. There should be no

evidence of mechanical damage, water leakage, or impaired electrical-properties with the plugs,

rec,_ptacles or mated connectors as a result of these tests.

V. 6, HARNESS TEST-REQUIREMENTS

Three series of-tests-are very important in the design and production of--DSV pressure proof

electrical harnesses. They are:

a. Design verification

b. Preprduction qualtfication and,

c. Production (quality as,., -. nce)

The-design verification tests prove the adequacy of the design. These tests are extensive and

justified in view of the critical nature of the- components being tested.
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The proppreduction tests indicate evidence of- the nmanufacturer's ability of fabricating the harnesses.

These testt allow the fabricator to be placed; on the Qialified lProducis List (QPL).

The production tests are conductedto assure the buyer of the quality of each harness purchased.

These tests are conducted.on each completed harness prior to shipment to the customer. I
The design-verification test-sequence should be conducted in accordance With table 69. The pre-

production test sequence should be conducted as shown in table 6-10 while the-productioi test

sequence should follow table 6-11.

6.6.1 HARNESS PERFORMANCE AND TEST REQUIREMENTS -- The following test and perfor-

mance-requirements should be used to deterinue the adequacyof a pressure proof harness as-

sembly used on DSV vehicles.

6.6. 1. 1 INSULATION RESISTANCE -- Harnesses should be insulation resistance tested in

accordance with Method 3003 of MIL-STD-1344. The resistance should be measured between all

contacts and between all ccntacU, ;.rd the meta! shell of the connector.

6.6. 1.2 CONTINUITY -- The wired harness assembly should be checked for continuity with a

standard circuit tester. There should be no evidence of open circuits as a result of this.test, and
r : it shoutld be verified that the conductors are connected in accordance with the applicable specifi- .

cation sheet.

6.6.1.3 DIELECTRIC WITHSTAND'ING VOLTAGE -- Harnesses should be tested in accordance

with Method 3001 of MIL-STD-1344. The-applicable teat voltage _(1, 000 volts for the size 20 and __

[ 16 contacts and 1,900 volts for the size 12, 8, 4, 0, and 0000 contacts) should be applied between

all contacts aid between all contacts and the metal shell of the connector.

6.6.1.4 BOND - BOOT TO CONNECTOR (NOr' 'TRUCTIVE) -- The connectors wired and

molded to each end of the harness should be nondestructively checked in accordance with figure

6-2 to assure a proper bond between the connector, the cable, and the molded boot. There should

be evidence of a tenatious bond between all the above noted components as-a result of probing at

90 degree Intervals along the circumference of:the 'molded boot.

6.6. 1. 5 CABLE FLEXING -- In this test, the wired and molded connectors on each end of the

harness should be loosely inserted between a pair of rollers -Isee figure 6-3) and should be sub-

jected to 90 degree bending in each direction at a rateof 12 to 14 complete cycles, 360 degrees to-
tal travel, per minute. The bonded joint-betweenithe boot and the cable-Jacket siould be l(cated1approximately at 45 degrees above the center line through the two rolls. The lower end of the e1
specimen samp should be designed to apply a uniform radial A
pressure io the core of the cable. The diameter of the- rollers should be 2 inches in diameter for
cables 3/4 inch in diameter and under 3-inches for 3/4 to 1-1/4 inch in diameter cables, and
5 inches for 1-1/4 to 2 inch diameter cables. The cables should be rotated 90 degrees inside the

clamp and the test should be-repeated. A complete test of a connector assembly-should consist of

two cycling tests of 100 cycles each. The-cable flexing test should be conducted-on each end of

the harness assembly. 6 -S--6-20



Table 6-9, Designx Verificition Sequence Testing of Harnesses

CONTROL HARNESS -V
TEST NO. TITLE TEST ASSEMBLY

1 Examiniation of Product -- X
2 Insulation Resistance -- X

4 Withstanding Voltage -- X

5 Bond - Boot to Connector -- x
(Nondestructive)

6 Cable Flexing 2-3 X
7 Hydrostatic Pressure4-tatic 2-3 X

8 Thermal Shock 2-3 X-
9 Hydrostatic Pressure-Cycling 2- X

10 Withstanding Voltage -- x

I 11 Insulation Resistan. °  
-- X

12 Bond - Boot to Connector X
(Destructive)

13 Egahiinatiori of Product -- X

i-62
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Table 6-10. Preproduction Qualification Test Sequence - Hlarnesces -

CONTROL HARNESS
TEST NO. TITLE T&,T ASSEMBLY

1 Examination of Product X

2 Insulation Resistance -- X

3 Continuity -- X _

4 Withstanding Voltage -- X

5 Bond - Boot to Connector (Nondestructive) -- X

6 Cable Flexing 2-3 X

7 Hydrost tic Pressure - Static 2-3 X

8 Thermal Shock 2-3 X

9 Withstanding Voltage X-

i0 Insulation Resistance -- X

11 Bond - Boot to Connector (Destructive) -- X
12 Examination of Product -- X

Table 6-il. Quality Conformance:Test Sequence - Harnesses

coNTROL HARNESS-
TEST NO. TITLE TEST ASSEMBLY I

1 I Examination of Product -- X
2 Insulation-Resistance -- X

I3 Continuity -- x

4 Withstaiding Voltage -- X

5 Hydrostatic Pressure - Static 2-3 X I
6 Insulatioii Resistance -- X

7 Examination of Product -- X
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6.6. . 6 HYDRCSTATIC PRESSURE-STATIC -- To conduct tie static -hydrostatic pressure test,

the harness assemblN shmild be .ated to a receptcle inounted to the Internledside of a pressure

-vessel. A pressure proof plug or rc,.eitacle cover (as applicable) should be mated to the other
-,"" m end of the harness. The hat ness ,,hvld be wired in accurdance withthe apicable Larness

clnta aer heTrcs nol e tt je adpolcalf Utimnesth
specification. Figure, 6-1 is an inxazlne. The i. ness asembly should be tested In a pressure

I vessel filled with cletttn-taip water. The hIrrness hould bo testedto-oae and one-half times tie

I operating pressure of the harness assemkil,ly as shown in table 6-12. rhere should bi no evidence

of water entry into the harness assembly as a i esuit ,if the pressure test; nur a deter ioration of

i:' gt electrical characterlsticswhich were ineusured prior to ile initiation of the test.

3. 6.1.7 THERMAL SHOCK -- Harnesses should be subjected to the thermal shock tests -specified

-in Method 1003 or MIL-STD-1344. Tile therinal shock test conditions noted in table 6-8 should be

used. Nu damage detrimental to the operation )f the harness should-be evident as a result of this

test.

6. 6. 1. 8 HYDROSTATIC PRESSURE - CYCLING -- The harness should-be subjected to tle hydro-

static pressure tests of paragraph 6. 6. 1. 6 and 2,000 cycles of pressure at the operating pressure

"-of the harness. A control circuit should be monitored by an electric counter which will indicate

circuit damage that may occur during the test. Insulation resistance readings should be measured

before, during, and following every one hundred cycles, t 10 cycles. There should'be no evidence

, of mechanical damage, water leakage, or impaired electrical properties with the harness assem-

blies-as a result of this test.

j 6-.6.1.9 BOND - BOOr TO CONNECTOR (DESTRUCTIVE) -- The molded boots of the connectors

-, - on each end of the harness shduld be subjected to a boot bond test as shown in figure 6-4. The

plug boot should be prepared as shown in the figure. The sliitcd.crtion ofthe molded boot is to

be pried back to obtain evidence of a properly bonded rubber to metal bond. Evidence of a properly

bonded interface should be noted.

1 6.7' PENETRATOR DESIGN CALCULATIONS

The folloving typical penetrator design calculations should be-prepared for any design under

development. In this case, the model used is the penetrator developed under the Deep Ocean

Technologny Program -(DOT) penetrator study. Formulas provided In this outline can be used-for3 most penetrator designs previously developed as well as penetrators to be designed in the future.

The following discussion is designed to present a procedure for predicting-stress-levels in out-3 board electrical penetrators. It is intended to serve as a general guide; -however, it mustbe

-remembered that, calculation of stress maghil'udes is as much a function of geometric configuration

as well as loading. Therefore, specific designs are chosen as examples and any deviations from

I the geometry as shown: could warrant changes in the calculation rnet,hods.

Thepenetrator analysis is-subdivided into two portions: The first-deals with computation of

stresses based on hydrostatic loading, and the second deals with stresses resulting from high

impact mechanical shock loads (MIL-S-901).

1- 6-25
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Table 6-12. Static Hydrostatic Prvssure Test Sched-ale

? .PRESSURE DEPTH

(psig) HOLD TIME CLASSIFI(WT1ON
STEP Low High (Minutes) (feet)

1- 0 20 5

2. 0 20 5

3 0 20 5

4 0 150 5

5 0 1,000 -5

6 0 2,000 5

71 2, 000 3,000- 5

8 3,000 5-000 5

9. 5,000 6, 000 5

10 5, 000 8, 000 5
11 8,oo 16 0, 000 5" ,

12. 10.000 12,000 5

13 12, 000 13, 600 24. hours 20. 30

6.-I
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In addition to the stres3 calculatiors discussed, consideration of deflections must also be made,

especially between close tolerance mating parts-and in Ixrticular for the members containing

the hermetic glass seals. Due to the low elastic modulas and high allowable woring strength of

the titanium alloy used in fabrication of these parts, large displacements at relatWely low str sses

can occdr. When one considers the mechanics of defornmatioi, of the web or header sections cc-a- j
taning the glass seals,itbecomes evident that deflection must Dc- miluimized in order to prevent

tensile failure of the glass. The greatest danger associated with this type- of failure is cracking

of the glass in a region of overstress; however, the crack can proodgate into areas of otherwise a
low stress resulting,in a -ndn-lalJzed material failure.

-Inoorder to cope with this possibility, deflection must-be considered as the limiting design factor.

Previous design-work employing stainless steel has undergone limited testing which resulted in

glassfailureat web-deflections slightly above 0. 002 inch. * Failure took the form of spalling

,(lateral chipping) which resulted.in seepage of the hydrostatic fluid through the glass seal.

As a result of this data, a maximum'allowable limit of 0. 0015'inch deflection has been chosen

as the-design criteria for-parts containing glass seals. The resultiig stresses corresponding to

the deflection are considerably less than the design value normally limiting the design.

6.7. 1 CRITICAL STRESS ZONE CALCULATIONS (ref. figure 6-5)

A. Bendihg stress of cover due to hydrostatic loading.

I) For a cover with free edge the maximum stress occurs at its center and is of
ef6, magnitude:; ) rgMpep 

= hydrostatic pressu - ]--- 6 pg-14 -r- (3, + 1) (psig)
page 194 Sma 8rt2  r = cover radiis (in.),

t = cover thickness (in.)

m^= Poisson ratio

-2) For a cover with fixed edge-the maximum stress- occurs at the edge and is:

Ref. 6, page 195 Sm= r2
• •4 t2

B. Shear stress' in the cover"due to hydrostatic loading.- yrsai lod unbalanced siurface area Ofcover

hydrotaticexposed to hydrostatic pressure

Ref. -7, -page-5- Fhl s- = .1 d~p d =diameter at-shear
• 1!4 -plane (in.)-.

shear area, As = =dt

Ss dp_
4 irdt 4t

0. 002 inch deflection corresponds to a fixed edge plate of nominal 1-3/4 inch diameter and 3/4

inch thickness. This was adjuisted using an empiricalcorrection factor equal to three.
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,I
C. Bearing stress-on cover seat due to hydrostatic loadhng. 

d t surface area of cover governed Ip
by diameter of outermost.- seal I

Fh] c = -- D D) D dia. of outermost &
seal. (in.-) j

bearing area total bearing area minus area of seal groove(s)
A2 2 2 2 2 2A , o_[DD -Di (D D (D3 -D ,

Ref. 7, page 5 S = -h-c Do = outside dia. (in;)
s Di = inside dia. (in.)

D1 =0. D. of outermost
.seal (in.)

D2  1 D. of outermost
seal-(in.)

D3 0. D. of inner seal
(in.)

D4 = I. D. of inner seal (in.)

D. Bending stress in junction box wall due to hydrostatic loading.

considering a thick wall vessel where thewall thickness is greater than 1-outer radius:

2r 2

Ref. 6, page 276 m _ p (at-the inner surface)
r0 -r r = outside radius (in.)

r= it)side radius (in.)

E. Bearing stress at mating surface between penetrator body and junction box due to hydro-

static- pressure and torque preload of coupling, ring.

The hydrostatic portion ofthe load is calculated using the same relation given in section-

C, above. The axial thrust due to torque preload on thecoupling ring must be added to

,the hydrostatic fraction. This-is:

Fi = 1 Where t = torque lb. - it.
2dd = nominalbr: -ad

Ref. 8, page 190 diameter (in.),
Fi =axial thrust (lb.)

The bearing area is computed by a-process similar to that shown in section C, above.

S Fh + F t
e Sc = AC --

F. Bending stress in penetrator body- wall due to hydrostatic loading.

see section V,- above.

G, H. -Combined-bending and shear stress (principal-and-maxinim shear stresses) in out-

board header insert due to hydrostatic loading.- jF~iure moeI

6-30
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The maximum bending stress is comxted by procedure outlined In section A-2,
and the shear stress is found using the procedure discussed in section B.
The principal or maximum normal stresses are:

S1i'.+()2 +- Where Sr is max bending
Re. 6, - 25 Ss stress and Ss is shear

SSr Si')2 2 stressS2  2 C(L Ss

The maximt,'m shear stress is:

Ref. 6, page 255 S +a8

J. Bearing stress at mating surface between penetrator body and outboard header insert seat

ite to hydrostatic loading. Failure-mode

U kProcedure similar to that outlined in section C.

K. Shear stress through penetrator body at outboard header insert seat due to hydrostatic

loading. [Failure mode

Procedure similar to that outlined in section B.

L. Bearing-stress at-mating face betwee,4 penetrator body and hull-insert due to hydrostaiic

loading and torque preload on penetrator retaining nut.

Procedure similar to-that outlined in section E.

M. Bending stress in penetrator body wall due to hydrostatic loading. tFailure model

Procedure similar to that outlinedlin section D.

N. Bending stress in inboard header Ansert due to hydrostatic loading. Failure mode

Srccedure similar to that outlined in section A-i.

0. Tensile stress in pen etrator shank at, tread relief due to hydrostatic loading and torque
preload on penetrator retaining nut. IFailure mode'

Calculate hydrostatic portion of axial load similar to section B and torque preload portion
of axial load as in section E. This additive load is resisted-by the tensile area, At:

A -A 2 2- Where do outside diameter (in.)t 4 0d ) di bdre diameter-opposite

St Total axial load thread relief. (in.)"
At

P. Shear stress on inboard'header insert due to hydrostatic loading. Failure modej

,Bi Procedure similar to that, tlined in section G.
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Shear stress in penetrator shank due to hydrostatic loading. Failure modej

Procedure similar to that outlined in section B.

R. Bearing stress at interface of penetrator shink and inboard header insert due to hydro-

static loading. I Failure model1

Procedure similar to that outlined in section C.

6.7.2 SHOCK LOAD CALCULATIONS --- Consideration of shock loads is made on the basis of A !

the load - weight relation shown in figures 6-6, 6-7 and 6-8. High impact shock loads create

stresses wherever two or more separate components are fastened or held together. The shock i
load can act in any direction causing tensile, compressive, shear or bending stresses- in the

adjacent parts depending on their gcometric interrelation.

Figure 6-5 designates zones where shock loads act and the resulting stresses must be evaluated.

These are depicted by -letters in lower case. The load acting on any component of the penetrator r

is calculated by multiplying the weighi of that part by the "G" load 6btained from figure 6-6

6-7 or 6-8; -the latter is a function of the component's weight. The critical zones for shock

loading-are as fol.ois:

a. Shear s;ress on cover threads due to high imp'act-shock load and torque preload on cover

thea;L
s G= .aco),(weight of cover)

S f (c ih ct torque preload (l4. -f.)

2 t d =nominal threaddia. (in.)
F 1

S0. 2(d)
Total axial (shear) load = L 9 + Fi

shear-area of cover thread, As ,
A s s

s eKnmax T [ O sE i nKmax p
Ref. 9, page 1143 Where n = number threaes per

inch = 1/pitch.-
L = thrpd engagirnentlength (in.)

4max -max. minor, d ia.
internal thread (in., 

Esmin mn. pitch dia.
I + F external thread (in.)

. '. 8, =-
s A

b. Shear stress on cap screws securing receptacle to junction box-due to high impact shock

load on connector and torque preload on cap screws.

= G's (weight of connetor)ILsj connector factor g limiting case
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I
L connectorL screw number of screws

12 t
i 0.2- d

Total axial load per cap screw =Ls screw F

shear area, A calculated in similar manner as that in section a.

Ls crew

s A5

C. Tensile stress in-cap screw securing receptacle to junction box due to high impact shock
T load on connector and torque preload on cap screws.

Total axial load same as- that calculated in section b.

Tensile area of capscrews is obtainable from machinist's handbook or can be calculated
from:

0 9743 2At 0.7854 (D -0.9743)
n

Ref. 9, page 1143 Where 4 = basic major dia. of-thread (in.)

n ="number-of threads per+L "-s rew +  F i -  incl,
;i' t A -

d. Shear stress in junction box -coupling ring retaining flange due to-high impact shock load
and torque preload on coupling ring.

L5  =nc. box ~(G's.) (junction box weight with connectors)Sjunc. box factor"

12"t
i , .0.2-d

Total axial load, Fs1 = LsJ + F.
t junc. box

Flange shear area, A = 7rdt
-Where d diameter of shear

L + F plane (in.)
junc. box t flange thickness (in.)Sa- As

e. Tensile stress in coupling ring cap screws due to high impact shock load and torque pre-
load on cap screws.

Shock load is identical to that calculated in section d,_ above.
La

shock load per screw = junc. box

12 t Where n = no. of screws in
Fi =F d 0" - coupling ring
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Li

and Total load per-screw, I Ju box +12

St nit Where At is tabulated or calculated by

the formula of section C, above.

f. Shear stress in coupling ring cap screws due to high impact shock load and torque preload I

on cap screws.

Total load on each screw is identical to that calculated in e.

Shear area is calculated by formula of section a. .

s"S

g. Shear itress in coupling ring thread due to high impact shock load and torque preload on

coWu;iJ4 -rng.
G's ( (junction box weight with

S factor connectors and coupling ring

12 t 'J
Fi = 0

Total load Fsj

-Shear area of thread (per-inch of engagement)
As = 3.1416K [0.5 +1 tan 14-1/20 (Es Kn m

K mx [. 5+ Pmin -nax)]

Ref. 9, page 1297

Symbols same'as in formula of section A.

** L +Fi

Ss A

h. Bearing stress at interface ofjunctionbbx and penetrator due to high impact shock load

and torque preload on coupling ring.

Shockload, Ls and prelomd Fi, same as that of section g.

Bearirg rrii edmfpdted bt-procescssi-ilar to that discussed in-section c.
S Ls* +Fi

c Ac

j. Bearing. stress at interface of jtnction box and adapter flange due to high impact shock

load and torque preload on adapter retaining nut.
shock load -' = G's (weight of adapter)

- factor) 'and retaining nut

6I-
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I

12J

F. L +F.
1 0. 2(1

total load F L F.

Ac computed by process outlined in section c.

L + F.

c A

k. Shear stress on adapter Aange due to high impact shock load and torqu o preload on adapter

retaining nut.

Total axial load same as section j.

Shear area, A computed as outlined in section b.

S s + F.
s A

s

1. Bearing stress at interface of junction box and adapter retaining nut due to high impact

shock load and torque preload on adapter retaining nut.

Total-axial load same as section j.

Bearing area computed by process outlined in section c.

L +F.
Sc 

c

m. Shearing stress on adapter thread due to high impact shock load and torque preload on
I adpterretaining nut.

dp.shock l6ad, L Gs ) (weight of adaptei)

12 t s  
factor

Fi = 0. d ; total load .= L+

Thread shear area A. is computed using formula insection a.

Ls + F•.S s = As-

n. Shearing stress on polarizing ring retaining nut due to high impact shock load and torque

preload on polarizing ring retaining nut.
sh"k-ld L =(- G's r) =wih of polarizing ring and_isshock load. s =factor outboard header insert

F. = ; total load, F. = s+F.
0. dt =

Thread shear area, A, computed using formula in section a;

S L +F
s A s
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o. Bearing stress at interface of outboard header insert and polarizing ring due to high

impact shock load and torque preload on polarizing ring retaining nut.

shock load, L = (weight of outboard)
s "factor header insert

Fi same as that of stction a.

Bearing area, A., calculated iy method similar to that outlined in section c.

L +F.
. S 1

c A c

P. Bearing stress at interface of penetrator and-outboard header insert due to high impact

shock and torque preload on polarizing ring retaining nut.

Shock load, L and preload F. are same as those calculated in sectionlh. J
Bearing area, Ac, calculated by method similar to that outlined in Section c.

L + F.
S s

c Ac

q. Bearing stress at interface of penetrator and hull-insert due to high impact shock load

and torque preload on penetrator retaining nut.

sokload, L (G's weight- of total penetrator less)shock loadL s  factor 'seal ring and retaining nut '12t
ri =

Total load, Fc] = L + F.

Bearing area, A. calculated by method similar to that outlined in section C.

L + F.:'. c  1 A

C A

r. Bearing- stress -at interface of spacer and inboard headee* insert-due to high impact shock

loading.(egh
L Gts ) weight of inboard)Ls " factor 'header insert "

.d 2  d2)
. bearing Ac =-(do- di Where do = outside dia. of

d. = inside dia. of

spacer (in.)

c A1
s. Bearing stress at interface of seal ring and-hull insert due to high impact shock and

torque preload-on retaining nut.

L same as that-calculated in section r, above.
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12 t
i l 0. 2 d 11

F! = L +F.FJt =s I

bearing area, As=- (do2 - di2)

Where d = outside dia. of seal
i ring

d. = inside dia. of contact
L +F. face of seal ring

S 1
.Sc As

SI
t. Shear stress on retaining nut thread due to high impact shock load and torque preload

on retaining nut.

Shock load and torque preload same as calculated in section q.

-Thread shear area, A.s, computed according to formula in section-g.

L +F.
Ss As

u. Bearing stress at interface of inboard heade.c-iasert and penetrator flange seat due to

'high impact shock load. Lt( G'sj weight of insulator and spacer
shock load, Ls (factor \assly and inboard header insert

Bearing area, Accompted using method similar to that of section c.

LS 5

c Ac
v. Shear stress in penetrator inboard-header insert flange due to high impact shock load.

Shock load, L same as that calculated in section u, above.

Shear area, As calculated using method outlined in section b.
S L

.. S = A
sI A

6.7.3 DEFLECTION CALCULATIONS -- The following formulas are for use in calculating7 " deflection for the condition of hydrostatic loading. Equivalent distributed loading due to high

impact Shock r6suilts in loading much ,less than that-produced by hydrostatic pressure; one need

Onot be concerned with deflection due to shock.

Sections: A & N

Deflection of simply supported flat circular plate:
pmax = (m- I.5m l 4 [C'F. (at center)
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Where A x max. pzaedeflection (in.)
max ** (i

lief. 6, page 194 p = hydrostatic pressure(psig) '

m = reciprocal of Poisson's
ratio

E = elastic modu!ts (lb. /in. 2)
r = radius of pl)ate (in.)
t = thickfiess of plate (in.)

C. F. = correction factor based on
empirical results for plates
containing compression
glass seals

Section: H

Deflection, of a-fixed edge flat circular plate:

max 3p -  C. F.1 (at center)] amax= - 16 Em 2  t3

Ref. 6, page 195 lJ

Section: D, F &M

Deflection of inner wall of a thick Wall cylinder. -

r. 2ro2
Ari = - p. -Where r. = radius of inner wall (in.)

ro - ri r = radius of outer waW(ifi.)
Ref. 6, page 276 - r

Deflection of-outer wall of a thick wall cylinder.

2 2
r r. + r

Ar 0- ( 1 : ) Where I-- Poisson's ratio

Ref. 6, page 276 r 0  r 1

6.8 CONNECTOR DESIGN CALCULATIONS .

The following typical connector design calculations should be prepared for any design under

development. In this case, the model used is the connector developed under the Deep Ocean

Technology Program (DOT) connector study. Formulas provided in this outline can be used for

most connector designs developed in past years as well as connectors of the future.

The following procedure is-the counterpart of that discussed previously for penetrators. All the

considerations, rules and-formulas governing the evaluation of stress iagnitudes inthe penetrator

also apply in generating the stress values for outboard connectors. The only variation is in the

application of the relations-= the consequence of geometric dissimilarity.

The analysis of the outboard connectors is also divided into two parts, -ai6 first dealing with

hydrostatic loading and the second with high impact shock (MIL-S-901).
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6.8.1 CRITICAL STRESS ZONE CALCULATIONS (ref. figure 6-9)

3 A. Bending- stress in plug, web due to hydrostatic loading.2

S =TP Where p =,hydrostatic press. (psig)
1flX r =radius (in. )

t = thickness (in.)

B. Shear stressin plugweb due to hydrostatic loading.
I j unbalanced surface area of web

hydrostatic low (exposed to hydrostatie-pr.ssure

shear force, Fhf = " d2 p; d= dia. at shear. planes 
4

shear. area, A 7rdt

Ref ,,7, page 5

A-B~~~~ Prhcpa noSa=nd

A-B Principal normal and maximum-shear stress in plug web asoa result of combined bending

ind shear stresses of A &-B, above.

The,'principal ,or maximum normal stresses are:

_=r 2 2 Where Sr is the maximum bendin
T 2 +tir s stress and Ss is the shear stress-

1 r r 22•2 = T

,Ref; , page 255

The maximum shear. stress is:

,sS 5Ja = +417+ Ss2

Ref. ,, page 255

C. Shear. stress in couplings ring-flange.due to hydrostatic loading.

OILProceduresimiar to that outlined in, section B, -above.

D. Bearingestress at mating surface between receptacle and plug coupling ring flange due to

hydrostatic 1oadlig ard torqu, preload on coupling ring.

hydrostaticliad, Fh = - 2 p- Where D = diameter of
c outermost seal(in.)

beAring area, Ac - 2-(Do2  Di 2 )

Where:-

Fhjc _o. smallest diameter of
=c A ring seal shoulder

-- Di largest, i'ceptacle bore-

iJ-39
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E. Bending stress of plug front shell wall due to hydrogtatic loading. FaPilure model

2r 2

Slax 2-P Where-r outside radius of shell
Tro2 r2 (in.)

ri = inside radius of shell

Ref. 6, page 276: (in.)

F. Shear stress, in receptacle O-ring groove wall due to hydrostatic loading jFailure modej

and torque preload on coupling ring.

axial thrust due to torque preload, F i  12t
axal hrus du 0.2 d

Ref. 8, page 190

hydrostatic load, Fh = 2 (d2 ) p

total load, Ft = Fi + Fh I

shear area, A = 7rdt, where t thickness of O-ring groovewall (in.) i

T. + Fh

I h.
Ss- A 'I

This calculation is made based or, the assumption that the entire load-is carried solely by

the annular portion of the receptacle face bounded by the O-ring groove outer (bottom)

diameter and the receptacle'bore diameter. fl

G. Bending~stress-lin receptacle wall due to hydrostatic loading.

,oceduresimilar to that outlined in section. 2E, above. B
H. Shear stress in receptacleweb due to'hydiostatic loading. IFailure mode l

hydrostatic load; Fh = M(d2 p Where, d = bore diameter -
h ) of receptacle

shear area, A 7rd (t); Where, d = same as above
st = web minimum

-Fh- thickness

S h

J. Bearing stress on receptacle 'seat due to hydrostatic loading and torque preload on

retaining screws.

hydrostatic load, Fh -V -(d) 2 (p) Where d = diameter ofT _ recp.-seal12t
sciew load, F 1 =

total screwload, F j n Fi  Where n = numbers of
i tscrews

(theoretically, the latter is not correct but-is calculated to yeild the largest bearing

load)
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total bearing load, Fj t Fh + n Fi

bearing area, A -f(D 2 _ D 2) (D 2  D, D2 L
Where Do = flange outside diameter (in.)

Di = bore dia. of hole for recp.
(in.)

D, = outside diameter of 0-ring
groove (in.)

1j. -inside diameter of 0-ring

Fh +nF. -groove (in.)

c  A

K. Shear stress on 0-ring groove wall due to hydrostatic loading. Failure model

hydrostatic load, Fh = --(do2 _ di2 p

Where, d = maximum bore dia. of seal
do minimum O-ring-groove

dia. of receptacle

shear area, A = Mr (t)s d Where di is same as above
t= thickness betiween back of

O-ring groove and end'of
S.*. =Fh- -receptacle.

s A

L. Bending stress-in receptacle.web due to hydrostatic loading. Iailure model

Procedure similar to that outlined in section A.

6.8.2 SHOCK LOAD CALCULATIONS -- Consideration of shock loads is made on the basis of

the load - weight relations shown in figures 6-6, 6-7, and 6-8. High impact shock-loads createV~Pstresses wherever two or more separate components are fastened or held together. The shock
load can act in any direction causing tensile, compressive, shear or bending stresses in the

adjacent parts depending on their geometric interrelation.

Figure 6-9 designates zones where shock loads act-and.the resulting stresses must be evaluated.

These are depicted by letters in lower case. The load acting dwanv component of'the-penetrator
is calculated by-multiplying-the weight of that part by the G load obtafiiedfrorn figure 6-6, 6-7,

or 6-8; the latter is a function of the component's weight. The critical zones for siockatdifig are

as follows:

a. Shear stress in plug coupling ring flange due to high impact shock load.

G f (weight of plug assembly)'

A = irdt Where d = diameter of shear plane-(i=.)
t-= flange thickness (in.)

S
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b. Bearilg stress at mating surface between receptacle and plug coupling ring flange due to

shock load and torque preload on coupling ring.
12 t

F. = 2
1 0.2 (d)

L same as that calculated in section a.

Ft = Fi + Ls

A =-same as that calculated in section D.
C

F. + L
Sc A

c. Shear stress on coupling ring thread (receptacle) due to high impact shock load and torque

preload on coupling ring.

total load Ft = same as that-of section b, above.

hear area, A 3. 1416 K n  5 + tan 14-1/20- K( (per inch of
s r r Amax P / min mad engagement)

Where, Kn = max. minor dia.,
max internal thread (in.)

.... Es i = min. pitch alia.,
eStrna-thread.(in.) -

Ref. 9, page 1297 Ft external thrdi.

S5 =-j
As

d. Tensile stress.in receptacle retaining screws due to high impact shock load and torque
preload on screws.

- ' 12 t
F V. -2d

L= G's ) (weight of connector ass'y)

Total axial load per screw:

Ft -L + F1  Where n =Total numl~r of screws 1
Tensile area of capscrews is obtainable from machinist's handbook or can be calculated

from:

Ref. 9, page 1143 At = 0.7854-(D 0.9743)2
It Where D = basic major diameter of

thread (in.)

F n = number of threads per inch-

Ft4
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e. Shear stress in receptacle retaining screw threads-due to high impact shock load and'
I torquepreload on screws.

Shear load, Ft = same as that calculated in section d.

.j Shear area, A. computed from formula given in section c, for th'ead size of screw.

t

S8  t
I s A s

f. Bearing stress on receptacle seat due to high impact shock load and torque preload on

retaining screws,

Shock load, L = same as that of section d.s

Total screwload, -see section J.

F nF. + L4 t I s

a Bearing area, A. = same as that of section J.
nF. + LsP '" c = Ac

6.8.3 DEFLECTION CALCULATIONS -- The following formulas are for use-in calculating,

deflection for the condition of hydrostatic-loading. Equivalentdistributed loading due to high
imPact Ah6k results in loading much less than that produced byhydrostatic pressure; one rieed

~not be~concerned with deflection due to shock.

U Section: A & L

'Deflection of a:fixed edge flat circular plate:

Lmax 3p (m2 - 1) r3 C. F.] (at'center)max =16Era t

Ref. 6, page 195

Section: E & G

Deflection of inner wall of a thick wall-cylinder.

E r 2 2 Where ri 
= radius of inner wall (in.)

r0 "r 1  ro = , radius o oter wall (in.)

Ref. 6, page 276

Deflection of outer wall -of a thick wall cylinder.
.2 2

r r. +r
2 --p

-E r0 2-r1 2

Where V Poisson's ratio

Ref. 6, .page 276
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6.9 HARNESS AND PENETRATOR INSTALLATION GUIDELINES

The fabrication, inspection-and test operations described inprevious sections are accomplished 3
in shop areas. They are relatively easy to preform with proper quality control- resulting. In
:sharp Contrast, the operations described in these paragraphs must be performed on the vehicle,

in crowded work areas. Proper quality control can only be achieved by enforcing the following I
three rules:

a. The work must be accomplished using specific procedures with no deviations allowed.
b. The components must be adequately protected from the environmenal hazards present

4uring installation and subsequent maintenance periods. .1

-c. Personnel performing the tasks must be familiar with the procedures and have manuals

available for reference, check-off lists are recommended.

6.9.1 HULL PENETRATOR INSTALLATION -- The following procedures are recommended for I
installing the electrical hull penetrators:

a. Check~he penetrator assembly in the shop to assure that the inspection tags indicate that

the penetrator has passed the electrical and mechanical tests prescribed. These .include

continuity, insulation resistance, withstanding voltage, hydrostatic pressure, and checks

of'the O-ring seal surfacesfor possible nicks and scratches.

b. The O-rings should be visually checked for danage.

c. Remove the protective caps from the outboard and inboard receptacles orithe~penetrator and,

checlkthe O-ring and 0.-ring seal surfaces for dirt, nicks and scrathcs. All 0-rings should

be coated with a thin film of lubricant-per MIL-L-4343. Replace the caps imimediately after

the insped ,n.

d. Repiace-the penetrator assembly in its shipping container.

e. Ship the penetrator assembly from the shcp to the vehicle. Provide the necessary instructions

t6 the shipping agent to assure no damige occurs in transit.

f. Remove the protective caps from the vehicle hullinserit into-which the penetrator will be j
placed. Inspect the seal surfaces for scratches, dents and foreign materil that could be

detrimental to the penetrator-to-hull seal. Replace the protective covers on the hull insert

until the actual penetrator installation Is accomplished.

g. Remove the penetrator from its shipping container, wipe it with a clean cloth, and remove

the protective receptacle cover frbmthe inboard end.

h. Wrap a fio_~rthe penetrator-thrcadoVto -prevent- damage to-the -threads or darnage-to the

hull seal, surfaces.

I. Visuallj inspect the penetrator primary seal O-ring. and assure that it is lubricated with, a

light film of lubricant.

j. Carefully place the O-ring on the penetrator body and install the penetrator into its hull.

-insi.rt hole. Be sure that it is properly polarized to the hull. (This installation muOt be

inspeqled and-signed by the installer and the-proper inspection agency who must also verify

that the O-ring is'the proper size, compound and cure date for the application.
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(1 4
k. Remove the protective tape from the inboard threads on the penetrator.

1. Visually inspect the penetrator secondary seal O-ring and assure that it is lubricated with

a light film of lubricant.
m. Cprefully place the O-ring on the penetrator body. (This installation mustbe inspected and

signed by the installer and the proper inspection agency who must also verify that the O-ring

Is the proper size, compound and cure date for the application).

n. FUit the seal ing and washer over the threads and into place. Assemble the retaining nut on
the penetrator threads, and torque it to its assigned value using the proper sized spanner

wrench torquing tool.

o, Replace the protective cap ou the inboard end of the penetrator until such a time that the

inboard harness-is plugged into the renetrator.

6.9.2 OUTBOARD HARNESS INSTALLATIN -- -the -following procedures are recommended for

installing the electrical hull penetrators.

a. Check the outboard harness assembly in the shop to assure that the inspection tags indicate

that the harness has passed the electrical and mechanical tests prescribed. These include

continuity, insulation resistance, withstanding voltage, hydrostatic pressure, and-checks
of the plug O-rings and seal surfaces for possible nicks and scratches.

b. Remove the protective caps from the plugs (or receptacles) on each end of the cable and

check the O-rings and O-ring seal surfaces for dirt, nicks and scratches. All O-rings

shouldbe coated with a thin.film of lubricant per MIL-L-4343. Replace the protective caps

immediately after inspection.
c. Replace the harness assembly in its original shipping, container.

d. Ship-the harness assembly from the shop to the vehicle. Provide the necessary instructions

to the shipping agent to assure no~damage occurs in transit.

e. Begin the installation at the elcetrical hull penetrator.

f. Remove the receptacle protective cap in the penetrator receptacle and visually inspect the

receptacle internals, O-ring and seal surface for cleanliness and nicks and scratches.

The O-ring should be appropriately lubricated.

g. Remove the-protactive cap on the harness plug and visually inspect the O-ring and seal
surfaces for cleanliness and -icks and scratches on the seal surface. 0-ring lubrication

should be evident.
,h. Mlate the plug assembly by- hand to the receptacle. Complete the operation with the appro-

priate pin type spanner wrench. This can be determined by lightly tapping the sparkqer

II handle with-a metal rod. Whenthe coupling ring 'is adequately tightened, the sound of the

tapping wIlF se sharply in pitch to a ping sound.

i. Arrange the.harness'in its protective device on or near %"e penetrator so it-attains a strain

free attitude exiting the penetrator. It may be necessary to temporarily tie or-band the

harness while the remainder of the-cable is secured.
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J. Run the harness in the proteLtIve and support devices provided. Attach the cable to the

support device in the manner prescribed. -Banding with plastic bands is-usually used here. I
The cables need not be banded to the device until the entire harness hus been run to theI
component at thle other~ end. After securing the harness, flex Ulic unsupported parts of thie
cable loop to be sure that the cable will not be forced into contact with surroundi36 structures
by the strong forces of water flow.

k. Remove the protective cap on the compop ent receptacle and visually- inspect the seal and

seal surfaces as described earlier.

I Remove the protective cap on the harness plug and visually inspect the seals and seal

surfaces.

m. Mate the plug to the receptacle in a similar -manner as described at the hull penetrator.

n. When all of the harnesses for a partioular penetrator are mated to their respective- compo- A
nents, the cables can be banded to the support devices.

o. Aifter all the- cables are banded to the support devices, the protective covers (if any) may be

attached to the supporting structure.

p. The following notes apply to the installation of a harness:

1. Never bend the cable tighter than the minimum bending radius prescribed in the

applicable harness specification.

2. When~removing a cable or harness from its shipping container (a reel, for example),

exercise extreme care to ensure that the cable is iot kinked or twisted.
3. Always unroll the cable-from a reel or coil since looping it or the sides will cause

harmful kinks.

4. Never usemechanical means, such as a rope or-chain fall to pull the cable taut.
5. Ensure that the cables-or harnesses are protected from mechanical damage at all

times, especially in areas where personnel are likely to step on or otherwise damage

the cable.

6. Be extremely careful in handling and bending cables in arctic type conditions. Check

the applicable cable specification for the allowable cable temperature range.

All electrical cables Iocated outboard of the submarine must be fully protected and supported;

The outboard harnesses on a submarine are generally protected and supported by cable pans,

angle bar, or the superstructure itself. The harnesses must be protected as they have arubber

jacket which is susceptible to damage-in service and at Installation. The cables are run In areas

where they can be easily damaged by weld flash, sharp protrusions, and personnel stepping qvx.
or.dropping objects on them. The topside area is so congested that personnel must us- existing.

foundations, equipment or other appendages to walk from one are~tr another. Therefore, all
outboard equipment must be rugged to-withstand the hazards of tools and personnel working in

these areas. The harnesses must also be protected and supported t6 withstand the hydrodynamic

sea forces during submerged and surface operations. Harnesses that are-not fully supported and
protected are subject to damage from hydrodynamic forces, to jacket wear and erosion by rubbing

against foundations or other simlar appendages.



6.9.3 INSPECTION AND) HANDLING 0-INGS -- -rings should be handled-with care like all

other gaskets. They. should be kept packaged until ready for inspection and assembly to prevent-

their getting damaged. All MIL-S PEC 0 -rings are delivered with the date-of manufacture stamped

3 -on theipackage. All 0-ring applications associated with connectors discussed in this manual are

STkTIC,.

3 0-rings, should be installed or removed with the use- of a., 0-ring tool- fabricated from semi-rigid

plastic. -(see figure 6-10) Xnives, picks and other sharp objects should not be used as they may

damage the 0-ring groove surface as well as the 0-ring.

II In the -outboard,electrical system, 0-rings are used t'o seal plugs to receptacles and penetrators

tc the hull. Regarding electrical connectors, a radial-0-ring gasket is located in the receptacle

j anda, flat dovetail, grooved O-ing is located-in the-plug. (see figure 6-11) The hull penetrator

O -rings, are located inboard and outboard of the hull ins-ert in triangular shaped grc.v;es - (see

figare,6-]12)

W The- connector 'and~the-penetrato 0-rings are provided with there items when purchased. The

-~ connector 0-rings: saiould not be installed until ready for service.-The plteg 0-ring is installed

foilowing thxe p !Igwiring and moldingsoperation just prior to pressure testing. The- 0-rings need

;not be replacedA following the tests .13Barring: daniagej the-0-ring should see long service in this

application (zt least five years).. The 0-rings should be lubricated with a very- thin film -of

!MILa-L-4343, lubricant prior to installation -The ring grooves must be free of dirt and other-

p foreign--particles to obtain the~desired seal. The 0-ring must-be visually examined before

_%V iibtaliatio~n-to~be suire~thatiit is free of ni~ks, dents -.r fats that -would imfpair sealing. M1L-STD-

4139 t-Visual-inspecJton guide~fortrubber 0-rings"l shouldbe used to -determine the adequacy of thefi -rings for-installation on a-vehicle. Following a number of years of service, the O-ring material

may-take on a pejrmanent set-and flatten-outlin the seal area. At this time, the 0-ring should be

replaced.

With regard -to, hepenetrator, the- 0-ring-is- compressed to a large~extent and, therefore, takesIIon a-,per .manent. set, more rvadily ihan in the -connectors. As hull watertight integrity is-affeicted

by thesAe eals,-news gaskets -should be provided each time the fitting is removed from its location

inthe-.,hull.

jf 6. 9; .. 1 STOCING AND ORDERING O-RINd! -- W.hen replacing an 0-ring, the 0-ring drawn

from Stock 3hould be carefully h andled'and visually inspected for defects. M[L-STD-413 aptly

shows the, major defects that might be found in 0-ring manufacture. AIL-STD-413 must be

referred to when lnspecting 0-rings. M'IL-STI)-177, "'Terms for Visible.:Defects oi-,hibber
Products, -itsthe-terms for the visible, defects of-rubber products and, can be of service when

rep(..:ting defects in the, manufacturer's prodUct.

Baiea'Y :tUeO-ring should be--sized in-accordance with the speclficatlcns, be free of excessive

flsh, back rind, dents, -depressions, flow linesi -bad fillings which cause dents- and- depressions,
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foreign materials and splits. To be recognized and appreciated, these defects mustbe viewed in
SML-STD-413, The 0-ring cross section dimensions can be checked with a micrometer.

O-rings are packaged in dated containers. Do not use O-rings that have a cure date greater than
~8 quarters.

Correct identification of an O-ring must include its dimea.ions and material. The size is specified

by the designation of-standard ARMY-NAVY (AN) or Military Standard (MS) drawing number.

These drawings show the dimensions to which each O-ring size must conform. For the watertight

co.nectors used on vehicles, AN6227, AN6230, or ARP568 drawings-are used where possible.3 O-rings of these sizes are stocked in shipyards and Navy installatiorq.

The O-ring material specified in these applications is a BUNA-N compound which conforms to

MIL-P- .5516, 'Class B and MIL-P-25732. The BUNA-N material provides satisfactory service

in a salt water environment. For qualified suppliers, see Qualified Products Listing, QPL-5516.

I 1 6.9.4 SPECIAL PRECAUTIONS FOR EXAMINING OUTBOARD HARNESSES AND HULL PENE-
TRATORS.

6.9.4. 1 PLUG HARNESS DISCONNECTION -- Before:discunnecting an outboard plug, ensure that

there is sufficient slack in the cable in front of the first cable clamp or fastener so'that the cable
'is not bent excessively- or twisted. If insufficient slack exists, unclamp or unhand the cable.to

Iprovide the necessary slack.

6.9.4.2 PROTECTING INSTALLED EXPOSED CABLES -- Do not open the-outboard cable pans

or remove protective cable covers unless absolutely necessary. If the cables are exposed, provide

temporary protection so that the cables ,will not-be damaged.

'6.9.4.3 PROTECTING REMOVED CakLF -E ; When removing outboard equipment, avoid dragging

the cable around sharp corners or edges and iavoid contact with barnacles as this can result in

damage to the cable jacket. Do not step on, or drop objects on the cables as this can result in

damage. Do not use the cables or plugs as handles to move attached equipment or as pointsto

fasten lifting slings to.

I6.9.4.4 PROTECTION OF SHORE POWER EQUIPMENT -- When shore power is secured and

the shore power cables are removed frcm the ship, make sure the shore power plgs-have their
protective caps in place.

6.9.4.5 DE-ENERGIZING CABLES BEFORE HANDLING -- Do not disconnect outboard cables

until it has been ascertained that the circuit has been de-energized. In certain circuit designs,

male pins on receptacles can be electrically hot when disconnected. This is particularly true of

the Electrical Hull Penetrators and Junction Boxes. In the vehicle maintenance manual thc circuits

Iin a given penetrator should be identified to inform personnel doing the work which circuits should

be de-energized.

1 6.9.4.6 CAPPING PLUGS AND RECEPTACLES -- Whenever an outboard cable harness is

disconnected, immediately place metal protective pressure caps on the plug and receptacle to
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1
prevent the entry of foreign material and possible damage. The use of metal or plastic dust caps

ie not considered a good practice bacause if left on during a mission, they could cause flooding.

Donot-discomiect cables unless necessary.

6.9.4.7 TESTING PRECAUTIONS -- Before meggering connected cable harnesses Pr test points

in the hull fitting terminal boxes, be sure the connected equipment can withstand the applied meg-

ger voltage. Generally speaking, it is advisable to disconnect the harnecs at both ends and obtain

insulation resistance readings. This will locate the fault, if any. The maintenance manual should

giVe detail Instructions for trouble shooting electrical penetrators and harnesses.

6.9.4.8 CLEANING CONTAMINATED PLUGS AND RECEPTACLES -- In the event the receptacle

or plug faces become contaminated by salt water or other foreign material, swab out the receptacle

or plug with distilled water, then dry it with dry nitrogen. Repeat the operation as necessary until

adequate insulation resiutance values are obtained.

6.9.4. P CONNECTOR REMATING PRECAUTIONS -- Caution must be exercised when mating plug

to receptacle connectors to ensure that the proper plug is mated to the proper receptacle. If they I]
are physically matched, but are electrically mismatcheA, damage to the equipment can result. If

attempts are made to mate the plugs to receptacles having nonstandard key orientations with a
component that has a standard key orientation, physical damage to the plug and/or receptacle can

result. These keyway deviations may not be readily discernable to the eye.

6. 9.4.10 SECURING EXCESS OUTBOARD-CABLES -- When replacing an outboard cable harness,

if cable slack exists; carefully coil this cable in a protected area in the ship's structur', where

it will not be exposed to excessive water turbulence and secure it with banding or othe. -specified

fasteners so that it Isadequately supported and-restrained. Do no sheepshank the cable or bend:

the cable back on itself. Conform to the minimum bend radius for the specific cable type.

6.9.4.11 REBANDING INSTRUCTIONS -- When rebanding cables, don6t tighten the bands

excessively so that they cut into or bunch tha cable jacket.

6.9.4.12 PRECAUTIONS FOR INBOARD END OF ELECTRICAL HULL PENETRATOR -- When

working on or around the inboard end of the electrical hull penetrator, use extreme care.- The

inboard end should be fitted with a protective cover immediately after penetrator installation to

protect against injury to contacts. Bent or broken pins cannot be replaced, and the entire pene-

trator will be lost if such damage-is incurred. it the penetrator has inboard pigtails in line-of
contacts, care must-be taken that the pigtalis are not damaged due to rough handling or care-

-lessness.

6.10 FUNCTIONAL FAILURE MODES AND EFFECTS ANALYSIS

A Failure Mode and Effects Analysis (FMEA) is an important tool for an engineer in the design

of a system and its component, It is a basic tool for evaluating a system or component and

improving its reliability. Use of an FMEA at the proper time during system development can

reveal design deficiencies which could require costly design modifications. An FMEA can also
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point out potentially hazardous conditions inthe design. One of the best uses for an FMEA is

during the formal design review period: It is at this time that appropriate engineering action can

be takers to correct-design deficiencies.

"Tt p Ourpose of the FMEA is to avoid costly modifications by ferreting out latent design and

operatiof.Atl-de ficiencies in early design and testing-phases uf component 'nd subsystem develop-I mont and to ensure a high level of achieved reliability before the-initation of quantity production.

An additional objectivo is the determination of the critical failure modes that have a serious

effect on the successful- completion of a mission and on the safety of he crew (and passengers)."

(reference 10)

An FMEA can best be prepared by a reliability -engineer in conjunction with a design engineer.
The reliability engineer should work closely with the applicable designers to benefit L'om their

knowledge of the systeni equipment. To lie an effective tool, the FMEA should be brief, and

distributed to cognizant engineering personnel for study before each design review and ensuing

design freeze.

"The identification of weaknesses in the design is not the end objective (in an FMEA). From the

analysis, we must determine corrective action to improve the desigi,. The FMEA can be used to

I assess the relative importance of the various weaknesses isolated to permit intelligent application

of effort (time and money) in selecting corrective action." (reference 11)

This section covers the following two areas of work:

a. A potential problem area analysis for the DSV electrical distribution system, and

Pb. A Functional Failure Modes and Effects Analysis for connectors, penetrators and junction
box es;

! The potential problem area analysis which follows, consis-ts of a logic block diagram (figure 6-13)

and a number of problem area tables (tables 6-13 through 6-28), covering- the various functions
from the inboard to outboard component.

The Functional Failure Mode and Effects Analysis contained in this section relates specifically

to the connectors, penetrators, and junction boxes discussed in this Handbook. Detail logic block

diagrams are included (figures 6-19 through 6-21) as well as a number of tables listing detail
-failure-modes (tables 6-29, through 6-32).

-Examination of the subsystem/component interface logic block diagram (figure 6-19) reveals that

certain components and areas are subjected to greater stresses-than-others during operational

use of a DSV. These components include the electrical hull penetrator, the outboard harnessf (cabling) assembly, and the outboard electrical/electronic equipment.

The FFMEA presented here is a first cut analysis. As component hardware is identified by

ithe designeO for a specific function, three additional columns should be added-to the FFMEA
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Ii
tables to provide criticality ratings, meantime-between-failure (MTBF) and meantime-to-repair/
restore. The latter two columns enable the user to identify the life cycles su~pport requirements L
for piressure proof deep submergency electrical connectors and penetrators, and to establish a

support program that will result in the least life cycle costs.

The FFMEA contained in this section relates to the following items:
a. The electrical connector plug and receptacle, figure 6-14;

b. The electrical hull penetrator, figures 6-15 and 6-17, and 6-18;
c. The outboard electrical junction box which may (or may not be mounted on the penetrator

body (see figure 6-16).

Figures 6-19 through 621 cover the detail logic block diagrams for these components, and

tables 6-29 through 6-32 are the simplified FFMEA listings.

6--5I
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Table 6-13. Inboard Cabling/Inboard Penetrator Plug (Interface)

Potential Problem Area Analysis

FAILURE MODE/CAUSE

INHERENT INDUCED

" I FAILURE MODE

IDENTIFICATION U

0 00)

I _ _ _ _ _ _ _ ," UO"

1. Improper crimp joint between socket contact and X X
inboard conductors

2. Open circuit between socket contact and conductor X

3. Insulation breakdown due to circuit overloading X

iI 4. Conductor insulation breakdown due to foreign X X XuI particles in insulator material

$6-1
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Table 6-14. Inboard (Penetrator) Plug

Potential Problem Area Analysis

FAILURE MODE/CAUSE

INHERENT INDUCED I
IDENTIFICATION - .. d

E
En cd.-

o

1. Insulation breakdown due to water/moisture entry X X X
into plug internals

2. Insulation breakdown due to foreign particles in X X X
insulator internals

3. Detachment of plug from penetrator due to explo- X X X
sion at plug/receptacle interface due to water
entry past plug seals (short circuit fault current)

4. Socket contacts not properly inserted in insulator X X X

5. Socket contacts not located in proper center lines X X

6. Open circuit due to damaged or missing socket X X X X X
contact-spring

7. Open circuit due to potting compound in socket X X X
contact

8. Out of tolerance plug shell dimensions X

6-74 ri
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Ii Table 6-15. Inboard Penetrator Plug/Inboard Penetrator Receptacle (Interface)

Potential P,,'oblem Area Analysis

I FAILURE MODE/CAUSE

INHERENT INDUCED

FAILURE MODE

IDENTIFICATION

fi 1. Coupling ring or receptacle threads damaged/ X
I improperly machined

S2. L<osening of coupling ring due to external shock/ XX
' Ivibration

S!3. Interface corrosion of plug shell/coupling ring/ X XX

," receptacle shell
4. Improperly located or sized plug shell key/b

receptacle shell keyway
i, ! 1 5. Improper/overage gasket material

j 6. Missing plug shell gasketX X

S7. Damaged plug shell gasket XX

8. Loss of plug/receptacle seal due to foreign X X
bparticles at interface

9. Short circuit due to foreign particles at plug X X
receptacle interface

0O. Open circuit due to oversize socket contactsXX

1. Open circuit due to undersize pin contacts X

S 1r2. Open circuit due to contaminants in socket cotact5. cavity

3. Open circuit due to missing/damaged socket X

! contact springs
4. Detachment of plug from receptacle due to explo- X XK, sion at plug/receptacle interface as a result of

water entry past plug seal (short circuit fault12 current) dLII 6-75



Table 6-16. Inboard Penetrator Receptacle 3
Potential Problem Are. Analysis I

FAILURE MODE/CAUSE

INHERENT INDUCED N
FAILURE MODE

IDENTIFICATION ' & I

1. Short circuit due to contamination of pin contact X X Xgasket

2. Insulation breakdown due to moisture accumulation X X X x
within receptacle

3. Improper mating due to pin contact gasket thick- X
ness over tolerance 3

4. Open circuit due to undersize diameter pin contact X

5. Pin contacts not located in proper centerline thus X

preventing proper plug mating

6. Bent pin contacts preventing proper mating with X X X
plugs I

7. Cracked or defective pin contact glass insulator X X X X X X

8. Improperly bonded pin contact gasket thus lower- X
ing insulation resistance

9. Contaminated/corroded pin contact plating causing X X
defective electrical contact

10. Out of tolerance receptacle shell dimensions x

11. Damaged/out of tolerance receptacle keyways X X X

12. Damaged receptacle seal surfaces X

! 13. Overloaded circuit leading to insulation breakdown X
of pin contact

14. Pin contact insulation breakdown due to contami- X
nated material

5. Fatigue/collapse of receptacle web section due to X X X
hydrostatic pressure
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I
I I. Table 6-16. (cont'd) i

Potential Problem Area Analysis

I FAILURE MODE/CAUSE

INHERENT INDUCED

FAILURE MODE

IDENTIFICATION E

16. Seawater entry into hull due to improper seal of X
pin contacts to web section (following failure of
primary conductor seals)

17. Improper or overage primary/secondary O-ring X X X'I material

18. Damaged primary/secondary receptacle - X X XI penetrator O-rings

19. Missing primary/secondary receptacle - X X
penetrator O-rings

20. Improper O-rings groove design X X X X

21. Loss of receptacle - penetrator seal due to
damaged O-ring seal surfaces and grooves.

22. Ccllapse of penetrator shell due to hydrostatic X X Xj pressure on web section

K I 6-77
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Tabel 6-17. Inboard Penetrator Receptacle/Penetrator Wiring (Interface)

Potential Problem Area Analysis

FAILURE MODE/CAUSE I
INhERENT INDUCED

FAILURE MODE

IDENTIFICATION -

. 11 4)U.

1. Improper crimp joint betveen wire and contact X X

2. Open circuit between wire and receptacle contact X X X

3. Conductor insulation breakdown due to foreign X X X
particles in insulator material

4. Insulation breakdown due to circuit overloading X

5. Contaminated/corroded contact plating X

6. Damaged/missing socket contact spring X X X X X

6f
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Table 6-18. Penetrator Wiring

Potential Problem Area Analysis

FAILURE MODE/CAUSE

INHERENT INDUCED

FAILURE MODE c I i
IDENTIFICATION E

I1. Conductor insulation breakdown due to currentX

overload conditions

2. Insulation breakdown due to contaminated potting X
X .materials

3. Potting material or pin contact insulation break- X X X
down due to moisture accumulation at web section
interfaces

4. Opea circuit due to unCersize diameter pin contact X
I 5. Open circuit due to missing or damaged socket X X X

contact springs

6. Damaged pin contact insulators X X X

7. Open circuit due to insulating material at pin- X X X
socket contact interface

8. Open circuit duie to use of oversize socket contact X X X

9. Open circuit due to improper crimp joint between X X
conductor and socket contact

10. Explosion in penetrator cavity as a result of water X X
I entry into cavity (short circuit fault current)

TD 6
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Table 6-19. Penetrator Wiring/Outboard Penetrator Receptacle (Interface)

Potential Problem Area Analysis

FAILURE MODE/CAUSE

"I INHERENT INDUCED

FAILURE MODE 4) .

IDENTIFICATION 
co

1. Improper crimp joint between wire and contact - X

2. Open circuit between wire and receptacle contact X X X

3. Conductor insulation breakdown due to circuit X
overloading

4
4. Conductor insulation breakdown due to foreign x X X

particles in insulator material

5. Contaminated/corroded contact plating X

6. Damaged/missing socket contact spring X X X X x

IL

1;1
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5 Table 6-20. Outboard Penetrator Receptacle

Potentlal Problem Area Analysis

AIUEMODE/CAUSE
INHERENT INDUCED

FAILURE MODE

IDENTIFICATION E

1. Withstanding voltage breakdown of pin contact X
insulation due to circuit overloading

2. Pin contact insulation breakdown due to contami- X
nated material

3. Open circuit due to undersize pin contact X

S4. Insulation breakdnwn due to water/moisture X X X

accumulation at pin contact web face

5. Insulation breakdown due to contaminated pin X X X X:1 contact face gasket

6. Pin contact gasket out of tolerance thickness X
preventing proper plug mating

7. Open circuit due to contaminated pin contact X
plating

8. Open circuit due to misaligned pin cont,,cts x

9. Insulation breakdown due to improperly bonded X X
pin contact gasket

10. Pin contact gasket insulation breakdown due to use X X1of improper cleaning solvents

11. Out of tolerance dimensions on penetrator shell x
(r,.eptacle) and polarizing ring

12. Undersize, oversize, or damaged receptacle X X X X
keyways preventing proper contact alignment

13. Fatigue/collapse of penetrator shell (receptacle) X X X

due to hydrostatic pressure

14. Seawater entry into penetrator internals due to
improper seal of pin contacts to shell - (following
failure of plug to receptacle seals)
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Table 6-21. Outboard Penetrator Receptacle/Penetrator (Interface) 3
Potential Problem Area Analysis

FAILURE MODE/CAUSE

INHERENT .,,INDUCED I

FAILURE MODEI

IDENTIFICATION

1. Damage of receptacle to penetrator fastening X X X X
mechanism due to external shock/vibration forces

2. Water leakage into penetrator due to loss or X X X X X
damage to receptacle-to-penetrator seals

3. Loss of receptacle to component seals due to X X X
contaminated or damaged O-ring seal surfaces
and grooves

4. Improper 0-ring groove design X

5. Missing primary - secondary receptacle to X X
penetrator O-rings

-6. Material incompatability of receptacle and X
penetrator shell II

7. Material incompatability of receptacle/penetrator X X X
shells with mounting screws

8. Fracture of receptacle shell mounting flange X X X X

9. Loosening of mounting screws caused by external X,
shock forces

10. Improper or overage primary/secondary O-ring X X X
materials

11. Detachment of receptacle from penetrator due to X X X X
explosion at rear face of receptacle due to short
circuit fault current

12. Detachment of receptacle from penetrator due to X X ,q
impact forces on connector assembly

6-82



p Table 6-22. Outboard Penetrator Receptacle/Outboard Penetrator Plug (Interfact)

Potential Problem Area Analysis

FAILURE MOP9/CAUSE

I INHERENT INDUCED

FAILURE MODE

IDENTIFICATION "

[I _,_____ __.-_

S.,,, 0 >

1. Detaehment of plug from receptacle due to explo- X X X
sion at plug/receptacle interface due to seawater
entry past primary and secondary seals (short
circuit fault current)

2. Loss of pin contact receptacle seals due to explo- X X X
sion at plug/receptacle interface due to seawater

- entry past primary and secondary seals (short
circuit fault current)

3. Bent pin contact preventing proper mating of X X X X
I receptacle and plug

4. Oversize thickness of pin contact gasket preventing X
proper matihg of plug to receptacle

5. Short circuit due to contamination of pin contact X X X
gasket

6. Open circuit due to oversize socket contact or x x
undersize pin contact

7. Open circuit due to potting compound or other X X XI Iforeign material inside socket contacts

8. Improper electrical contact due to contamination X
or corroded pin or socket contact

9. Fatigue and collapse of receptacle or plug shell X X

10. Deficient mating of plug-to-receptacle due to plug/ Xrreceptacle out of tolerance dimensions

11. Improper pivg-receptacle mating due to dislodged, X x
improper size or poorly aligned receptacle keys

12. Damaged, improperly located or sized keyway in X X Xj3 !plug shell preventing proper mating

6-83
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Table 6-22. (cont'd) 3

Potential Problem Area Analysis

FAILURE MODE/CAUSE 3 <
INHERENT INDUCED

FAILURE MODE - -

IDENTIFICATION E
->

13. Improper or overage primary/secondary O-ringmateial

14. Danmged primary/secondary O-ring gaskets X

15. Missing primary/seeonda.ry O-rings 1

16. Loss of Plug/receptacle sealdue to deformities of X XX
()-ringr grooves 1 .

S17. Loss 9f,plug/receptacte seal due to contaminated KO-ring surfaces

1i 8. Material incompatabllity of plug -Ind recepiacle X

shell interface

i 19. Material incomparability of coupoling ring/plug X
~shell/ieeptadle sh~ell

'2 0. Damaged threads in coupling ring or receptacle X X NX
i shell'

21. Exc ess4ive torque on coupling ring causing recep- X

__ _ _ __ _ _ __ _ _I

~tacle to be torn from mounting surface
2.Coupling ring/receptacle shell out of tolerance X

dimensions

14. Iamaged coupling ringeng e naproper plug X
matingal

25. Improgr size or damagedbackup rings preventing X X Xp rope r plug m a ting e n/rcn g s h ell X

-I-

26. Corrosion of plug /receptacle se i X
preventing proper mating

~6-84
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I ITable 0-23. COtboarde ietr lur and Component llug

Potential Problem Area An, ysis| I--
FAILURE MODE/CAUSE

JNIIERENT INDUCED

FAILURE. MODE r_-

IDENTIFIC:A ION

~Cd

1. Withstanding voltage breakdown of pin contact X
1 insulation due to circuit overloading

2, -Pin contact insulation breakdown due to contami- X
nated material

3. Open circuit due to undersize diameter pin contact X

4. Insulatiori breakdowndue to water/moisture X X X
accumulation at-pin contact web face

5. Insulation breakdown due to contaminated socket X X X X
contact insulators

6. Socket contact/pin contact out of alignment X

5 preventing proper mating

7. Open circuit due to contaminated contact plating X

£ 8. Oat of tolerance dimensions on receptacle shell X

9. Fatigue or- collapse of plug shell due to hydro- X X X
static pressure

10. Damaged, improperly located or sized keyway in X X X
in plug shell preventing proper mating

11. Plug shell damage in area of secondary X X X X
(receptacle) O-ring

12. Damage to plug thrust washer X X

13. Socket-contact not properly inserted in insulator X X

14. Seawater entry into plug - receptacle cavity due to X
improper seal of pin contacts to plug shell (follow-
ing seawater entry into rear of shell)

-15. Electrical insulator failure due to use of improper- X X
cleaning solvents

i6-85
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Table 6-24. Outboard Penetrator an- Coimlponcnt Plug/Outboard Cable (Interface)

PotentialProblenr Area Analysis

.1 FAILURE MODE/CAUSE

INHERENT- INDUCED

FAILURE MODE I
IDEiTIFICATION E C )

0 VI

-,1. Open circuit due to undersize diameter pin contact X -.

2. Open circuit due to missing or damaged socket X X X
contact spring

3. Open circuit due to contaminated socket contact at X X X k
pin contact interface

-4. Open circuit-due to improper crimp joint between X X
conductor and socket contact

:,:5. Open circit due to use of oversize socket contact

4 6. Insulation breakdown due to circuit overloading X

7. Insulation material breakdown due to us6 of X X X
contamina.ed-materials

8. Short circuit fault current due to water entry into X X X
rear of plug as a result of damaged cable jacket or
improper plug -boot bond to shell or jacket

9. Conductor fatigue in plug internals due to hydro- X X X
static pressure

10. Open circuit in conductors at socket contact inter- X
face due to nicked conductor strands-at assembly
(eventually caused by hydrostatic pressure)

- 11. Material imperfection/impurities in plug boot X X

12. Improper/poor bond of plug boot to plug shell X X X

1.Improper/poor bond of plug boot to cable X X

14. 1dncture leaks developing in plug boot due to X X X X
voids/compressible areas of boot materialA

15. Degradation of-physical properties of plug boot X X
material due to-seawater exposure

6-86
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A.ble 6-25. IPenetrator/1Pressurc Ifu II (Initerface)

SPotential Problem Area Analysis

FAILURE MODE/CAUSE

INIERENT -INDUCED)

I FAILURE-MODE -.--.

IDENTIrk'rATrON E

I 
Occ

1. Defective threads (machining) in penetrator X

. ! retaining nut/operator shell

2. Material incompatability at retaine, nut/peert X
~shell interface

S3. Penetrator shell/retainer nut/washer/seal ring X
°with-out of t;1erance dimensions-

4. Loosening of retainer nut.-caused by, external X X Xshock/;ibratio- forces

5. Penetrator retainer nut inctiire X X
6. Corrosion of pressure hull/penetrator shell due X

I to material incompatability
7. Washer fracture

8. Seal ring fracture X X

9. Impropero oroverage primary/secndary 0-ring X X X

material

10. Damaged prim.-y/secondary penetrator - X X X
pressure hull O-rings

11.. Missing primary/secondary penetrator - pressure x -IN hull O-rings

12. Loss of-penetrator - pressure hull seal due to X X
~1 contaminated 0-ring surfaces

13. Loss of penetrator - pressure-hull seal due to X X
damaged 0-ring seal surfaces and grooves

14. Improper O-ring groove design -X

:l 6-87



rable 6-25. (coutL,')

4. Potential Problem Area Analysis

FAILIW-'S MODE/CAUSE

INIIERENT- INDUCED

FAILURE XIODE - i '
IDENTIFICATION '

_j 0. _ f C --

15. Fracture of penetrator mounting flange X X X 'C

16. Detachment of penetrator from pre.,,sure hull due X X K :
to explosion at internal connectcr interface due I
to short circuit fault current

17. Detachment of penetrator shell from pressure X X
hull due to impact force on penetrator

6

6-88



'lktb!e 6-26. Ielne rator Junction HoxiPenetrator (Interface)

Potential Problem Aicrt Analysis

FAILURE MODE/CAUSE

INHERENT INDUCED

FAILURE -MODEF cii
IDENTIFICATION

1. Detachment iac re junction bo from penetrator f X X

toecupact oead lg

2. Detarihe.t of-junction box from-penetrator due X X
gto xploMoe at plug/receptacle interface due to

seaw:ater-entry past primary and secondary seal

(short circuit deult current)
S3. Bent. pin contact p,.event,.'ng, proper mating- of X X X X
~~rece;pt"acle and lug

" I4. Oversize thickness of pin contactgasket prev.ent-
:, ing proper mating.-of plug to receptacle

"5. Open circuit due to oversize socket contact and X X

-undersize diameter of pin contact

6. Improper mating of plug to receptacle due to X
plug/receptacle out of tolerance dimensions

.o '7. Improper junction box-penetrator mating de to
dislodged, iinpoper size or improperly aligned
keys and keyways

8. Improper or overage primary/secondary O-ring XX x
materials

9. Damaged primary/secondary O-rIng gaskets X X X

10. Misstng primary/secondary o-rings x X

11. Loss-of seals due to deformities of 0-ring grooves X X X X

12. Loss of O-ring seals due to contaminated 0-ring X X X
- suriaces

13. liproper O-ring groove design
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Tabel 6-26. (coiit'd)3

Potential Problem Area Analysis

YAJLUE MODE/CAUSE I
INHERENT INDUCED,

FAILURE MODE

IDENTIFICATION 
0 6C1

00

-P I

14. Material- ncompatability of junction box - X
penetritor - coupling ring interfaces

15. Coupling ring - penetrator hell out of tolerance X

dimensions

16. Loosening of coupling ring due to external shock - X X X x
vibration forces

6-90
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Table 6-27. Penetrator Junction Box

Potential Pi cbem Area Analysis

3 .. FAILURE MODE/CAUSF

F.LU R. MODE

1P*MNTWALzTAT10N L . L. U 0 :1%

tL Fracture/collapse of junction box cover due to X

hydrostatic pressure

2. Fracture/collapse of junction box cover due to X

S! material fatigue

3. Improper or overage primary/secondary O-ring X X X

material on cover'- receptacle seals

1 4. Damaged primary/secondary 0-rings on cover - X X X

receptacle seals

. 5. Missing primary/secondary O-rings on cover - X X

receptacle to penetrator interface seals

6. Loss of cover - receptacle seals due to damaged X X X

I I 0-ring seal surfaces and grooves

7. Improper 0-ring groove design X

8. Material incompatability of cover, receptacle, X

and junction box shell

J 9. Dimensions- out of tol ance on cover and junction X

box shell

10. Material incompatability of receptacle screws

with junction boxshell

- 1. -Detachment of junction box from-penetrator due X X

!to impact force

6-91
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Table 6-28. Penotrator Junictllon Box Wiring

Potential Problem Area Analysis

FAILUIRE MOD/CAUSE

INIlERNT INDUCED

FAILURE MODE

IDENTIFICATION E c

I. Conductor insulation breakdown due to current X
overload conditions

2. Insulation breakdown due to contaminated potting X
materials -

3. 1btting material or pin contact insulation break- X X X
down &e to moisture accumulation at web section
interface

4. Open circuit due to under size diameter pin X
contact

5. Open circuit due to missing or damaged socket X X X
contact springs

6. Iamaged pin contact insulators X X

7. Open circuit due to contaminating insulating X X X
material at pin - socket contact interface

8. Open circuit due to use of oversize socket contact X X X

9. Open circuit due to improper crimp joint between X X
conductor and socket contact

10. Explosion in penetrator cavity as a result of water X X
entry into cavity (short circuit fault current)

69
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APPENDIX I

_ 9L0SSARY

r --

_ For a better understanding of the terminology used in this report, the following ",lossary is

l presented. Rather than compiling one list of terms, the nomenclature is separated into three
i categories. The categories are:I1. ConnectorAPlug

1.2 Connector -Receptacle

- 1.3 Hull Penetrator

Accompanying each category at its close are drawings of a hypothetical component showing the

relative location of the parts and items described in the text. The components depicted are, for

j purposes of illustration only.
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1.1 CONNECTORPLUG

BARREL CHAMFER - Leveled edge on a terminal or socket contact which allows easier entry

of the conductor or a pin contact.

BRAIDED SHIELD - A flexible conductor or radiation shield in a cable made of woven or braided
assembly of fire wires.

BUSHING --An adapter used in a plug assem;'ly to rectice an entry hole to one of smaller diameter.

BUSHING RETAINING CAP - A-device used to secure a bushing in a plug shell.

COAXIAL - Conductors or contacts arranged concentrically.

CONDUCTOR - A wire-or combination of wires not insulated from one another, -suitable for
carrying a single electric current.

CONDUCTOR"BARREL - The portion of the terminal or contact which accommodates the conductor.

CONDUCTOR ENTRY CUTOUT - The portion of a right angle plug shell through which the insulated
conductors-pass into the assembled rear insulator cavity. j
CONDUCTOR'INSULATION -The dielectric portion of the insulated conductor whose function is to
isolate condactors- from -one another and'adjacent metallic parts.
CONTACT the condcu tive eleinzent in a connector which makes actual contact for the- purpose of I
transferring electrical energy.

CONTACT-RETAINER-CLIP - A-spring device usually-sui. ounding the-contact which locks the j
contact in the-insulator-bore.

COUPLING-RNG LOCKWIRE - A wire used to secure the coupling ring against uncoupling rotation.

COUPLING RiNG - A device fitted to the plug assembly wh,:h engages and-disengages the plug
with the receptacle.

COUPLING RING F3ANGE - The annular protrusion part of the plug shell against which the
coupling ring bears as it is engaged with the recepiaele.

COUPL RING SHOULDER- The innermost part of the coupling ring which bears on the shell-
coupling ring,flange.

COUPLING RING THRUST WASHER.- A thin annular bearing member fitted between the coupling
ring and the-molded plug/cablescal vhich facilitates rotation of the coupling ring in the processof unmating the connector.

DOVETAIL - The angular flange on the plug shell over which the primary seal fits and is-retained.

END CAP - A protective closure fitted to the axial rear opening of a right -angle plug shell.

END CAP RETAINING RING - The spring locking device used to secure the end cap to the plug I
shell.

ELECTRICAL-CABLE -An arrangenent-of insulated conductors bundled together and covered
with a jacket or sheath. The cable may contain shielding braids; and fillers to assure a round
cable cross section.

A-1-2
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ELECTRICAL CABLE JACKET - The outermost elastomeric or plastic protective covering of a
cable; also referred to as sheath

FRONT !NSULATOR - The dielectric-body containing an arrangement of axially bored'holes into
which the Contacts are fitted and retained.

INNiMR CONDUCTOR SOCKET CONTACT - The innermost contact of a coaxial contact plug.

INSPECTION HOLE - A small hole near the base of the contact conductor barrel which allows'1 Visual assurance that the conductor is fully seated in the barrel prior to joining.

INSULATION BARREL - The portion of the terminal-or contact which accommodates-the irsuated
conductor.

INSULATOR - A dielectric-,component of a connector which is used to insulate pin and socket
contacts.

INSULATOR BORE - The hole in the insulator into which the socket contact is assembled and
retained.

5 INSULATOR SEAL - A film of elastomeric compound used to cover thm spaces between the
. insulator bore and the conductor within to prevent flow of molding compound-through the bores

and into tWg socket contacts.

INSULATOR THRUST S.WOULDER-- A projecting surface on the front insulator which resists the
| axial load caused by hydos"tatic pressure actiig at the-rear face o6-the plug.

MOLDED PLUG TO CABLE SEAL (OR MOLDED BOOT) - The elastomeric or plastic sleeve
I molded onto a plugand cable assembly whose.pimaryfunction is to seal the junction against the

seawater environment.

1 OUTER CONDUCTOR - The outside concctor in a-c&rxlat cabie.

OUTER CONDUCTOR SLEEVE-- The cyndrical member which connects the outer conductor-to
* the cable and to the plug outer conductor spring contact.

I{ OUTER CONDUCTOR SPRING CONTACT - The outermost contact of a coxial plug usually of
multiple construction.

-PLUG - The male component of a connector set, the front part of which fits into the receptacle.

The enclosed contacts may be either pins or sockets. The plug is usually that portion of the
connecbr set which is affixed to the cable.

I PLUG SEAL ENTRY BEVEL .- A chamfered shoulder on the plug nose outer surface which provides
an-iesy entry into the receptacle O-ring secondary seal.

PLUG SHELL - The body of the plug which houses and properly, positions the insulator assembly
and associated wiring.

PLUG SHELL NOSE - That portion-of the plug shell forward of the bearing face which fits into theIplug cavity in the receptacle.

PLUG SHELL SHANK - That pertion of the plug shell to the rear of the coupling ring flange to
'which the molded phlg/cable seal is attached.

-POLARIZING KEYWAY - A slot in a-plugzshell-designed to accdmmodate tie mating receptacle
key. It provides proper-relative angular alignment of themating members-

A-l-3



PRIMARY SEAL* - The sealing element of a mated co6nector or penetrator which is normally

in contact with thcenvironmental medium against which it must seal.

PROTECTIVE-COVER - A non-pressure proof cover fitted to a plug or receptacle whose primary
function is to protect against mechanical damage and contamination by dirt, or other foreign
objects.

REAR INSULATOR - A dielectric bushing which also serves as a spacer to hold the front insulator
against the thrust -shoulder of the plug shell.

REAR INSULATOR CAVITY - The internal void of the rear insulator which accommodates the I
4 insulated conductors.

SHIELD CRIMP FERRULE (SHIELD CRIMP TERMINAL) - The metallic shells designed to be
uked in pairs, and of such size that one rests concentrically within the other. Applied one under
and one over the turned-back shield,- the shell- pair is crimp-locked to-the shield using a special
crimping tool.

SHRINKABLE TUBING INSULATION - A dielectric sleeving obtainable in a variety of sizes and i
materials. Upon exposure to heat the tubing is capable of shrinking radially up to half of its
original diameter. It is used primarily to cover conductor splices or junctions.

SOCKET - The bore or opening in the contact's front portion which accommodates the mating
pin contact.

SOCKET CONTACT -A contact having a female engagement end which-will accept a male pinco~act.

SPANNER WRENCH ENGAGEMENT HOLE - The hole into which the spanner wrench pin fits to
tighten or loosen the cou'pling ring. 1

*Primary seals are normally identified by a prefix which denotes the components being sealed
(e.g. cover to head primary seal). These are identified in the accompanying figures.jA-14
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1.2 CONNECTOR RECEPTACLE

CONTACT GASKET - A-cured dielectric sealant usually-poured into the base of the receptacle
cavity. Its purpose is manifold; however, its majorsignificance is in isolating the contact root
usually deficient in plating material and hermetic-seal from the environment.

CONTACT RELIEF - The front recess distance between the receptacle seal face and the front
-extremity of the contact.

CONTACT ROOT - The annular surface area of a pin ccntact in the immediate vicinity of the
hermetic glass seal.

COUPLING RING THREAD The exterrnal thread on the rece|.Zz icle which is engaged by the
coupling ring of the plug for purposes of mating and unmating the pair.

FRONT CAVITY - The void in the front part of the receptacle which accommodates the plug nose.

GLASS BEAD - The hollow cylinder glass preforms as it exists prior to the contact fusing
6pea tion.

HERMETIC GLASS SEAL - The compression sealed glass bead following the operation in which
it is fused to the-contactand the receptacle web or header insert.

LocKNUT - An internally threaded ring which screws into the rear portion of 2 locknut type
receptacle and secures it to a bulkhead bored to receive the assembly.

PIN CONTACT - A male- contacthavingan'engagement end thdt enters into a socket contact.

PROTECTIVE COV ER - Cf. "protective cover" in section 1. 1..

POLARIZING KEY - A projection inside the receptacle bore which engages a corresponding plug

keyway. Together they provide proper relative angular aliginment about.the-axis of the mating
connector set.

REAR CAVITY - The void volume inthe back side of a receptacle bounded-by the inner wall,
rear face of the web, and the rear surface of the receptacle;

RECEPTACLE - The female component of a connector set, the cavity of which accommodates the
plug shell nose. The receptacle is normally the fixed-member of the connector set; hard mounted
to a component.

RECEPTACLE REAR SURFACE - The extreme rear face of a receptacle.

RECEPTACLE SEAL FACE - The front surface of a receptacle which provides a seal surface for
a plug mounted sealing gasket.

RECEPTACLE SEAL-RING - An annular ring-which fits between thelocknut and parent member
(bulkhead, penetrator wall) and provides a seal surface for the connector/penetrator secondary
O-ring-gasket.

RECEPTACLE SHELL - The main portion of the receptacle which houses and protects the contact.

j A-I-8



I1 RECEPTACLE STYLE - The general configuration of a receptacle which better suits it to one
type of mounting than another. The various styles are:

a. Straight welded

b. Flange welded

c. In-linejd. Bolted mid-flange
e. Bolted end-flange

f. Locknut

g. Union

REMOVABLE HEADER INSERT ASSEMBLY - A circular disc: into which the pin contacts are
hermetically sealed. The header insert is the counterpart of the web in a receptacle of
integral construction.

SECONDARY SEAL* - The redundant sealing element of a mated connector which is normally4not in contact with the environmental medium and only sees service should the primary seal fail.

SOLDER *POT - A small cuplike vessel-at the rear extremity of a contact designed to accommodate
the stripped end of an insulated conductor and retain the mast of fused solder used in joining the
two.i TAILIECE- An adapter threaded tothe rear portion of a receptacle which increases its overall

length .-nd provides a larger bending surface.

WALL - That portion of a body or shell between the outside surface and the plug cavity or the4 outside surface.and the rear cavity.

A WEB - The po.-tion of the body that forms the cross member which retains the contacts. The web
is integral with the receptacle wall.

JI

V1
4

*Secondary iseals are normally identified by a prefix which denotes the components being sealed,
e. g., cover to head secondary seal. The various secondary seals are identified in the accompany-
ing figures.
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1.3 HULL PENETRATOR ASSEMBLY

DOUBLE ENDED PIN CONTACT - A pin contact having two male engagement ends.

GLAND NUT - A threaded member which, when tightened, compresses a rubber grommet type
seal assembly.

GROMMET - An elastorneric seal component usually containing hole(s) through its central portion
through which insulated conductors or cables pass and against which the seal is made.

GROMMET RETAINING PLATE - A disc situated on both front and rear face of a grommet seal
which tends to distribute the sealing thrust of the gland nut evenly over the grommet, and prevents
grommet extrusion into cavities which would allow seal loss.

HEADER INSERT THREADED RETAINER SLEEVE - A short cylindrical member having external
threads which screws into the penetrator body shank (front and/or rear). It serves as a- retainer
for the removable header insert.

HEADER POLARIZING- PIN - A key-type element situated on the header. It engages the corre-
sponding keyway or slot in the penetrator shell providing a contact arrangement with the plug
polarizing member also in the penetrator shell.

HULL INSERT - A structural member used to reinforce the hull plate in the immediate'vicinity
of a hole through the hull. It most often is a thick walled cylinder welded into the buli hole.

INBOARD AND OUTBOARD HEADER ASSEMBLY - (Cf. header assembly).

INBOARD/OUTBOARD PLUG ASSEMBLY - Cf. plug in section 1.1.

INNER CONTACT PIN - The innermost contact of a coaxial penetrator.

3 INSULATOR ASSEMBLY - A component fabricated from a dielectric material and housing contacts
3 (pin and/or socket) and conductors. Eucl of the-latter elements may or may not be removable

from the insulator body.

IDTERNAL WIRING - The group of insulated conductors which run from one junction to anotherIwithin the confines of the penetrator assembly.

.IUNCTION BX - A pressure proof device to which are mounted electrical connectorsi The

connectors are internally interconnected to provide circuit continuity.

JUNCTION BOX CAVITY - The space void within the jufction box shell.

JUNCTION BOX COVER - A sealed removable plate allowing, access to the internal wiring in the
junction box cavity.

;- : JUNCTION BOX COVER F1ASTENER - The componeit used to attach the cover to the junction box.

JUNCTION BOX SHELL - The portion of the junction box-assembly onto which the receptacles
_ -. , are mounted; it may be integral with or separable from the penetrator shell.

ON AXIS - With respect to the prinm-y axis of-the component under discussion.

PENPE''L.,TOR ASSEMBLY - A pressure proof device which is designed to allow the passage of
elect,-lcal circuits through the pressure hull of a vehicle. The penetrator seals and insulates the
connactors as they yass-through thepenetrator shell.
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PENETRATOR COMPENSATOR ASSEMBLY - A flexible elastameric membrane incorporated in
a liquid-filled penetrator assembly which allows the liquid to expand or contract due to pressure
and temperature effects of the seawater environment.

PENETRATOR LOCATING PIN - A projection usually mounted in the hull insert face which
engages a corresponding hole or groove-in the penetrator. Together they provide a fixed "on
axis" location of the penetrator with respect to the holo in the hull. They also prevent penetrator
rotation when mounting the -penetrator into the hull insert.

PENETRATOR OUTER CONTACT - The outmost annular shaped contact of a coaxial penetrator

PENETRATOR RETAINING NUT - The hrea4ded element wh.ch screws onto the end of the penetrator
body shank inside the pressure hull and secures the penetrator assembly against the hull insert.

PEN ETRATOR SEAL RING - An annular ring which fits between the penetrator retaiing nut
washer and the hull insert. It-provides a sealing surface for the penetrator body shink/insert
secondary 0-ring gasket.

PENETRATOR SHELL - The body portion of the penetrator assembles.

PENETRATOR SHELL NECK - A step in the penetrator body intended as a fail-safe measure. If
the outboard- portlon of the penetrator is, carried away, the shell neck provides a bearing surface
for a corresponding neck in the hull liner bore to-prevent the remainder of the shell from being
forced inboard causing catastrophic failure.

PENETRATOR SHELL SHOULDER - The flange near the top of the shank which bears against the
hull insert face.

I *PENETRATOR SHELL WALL T The portion of the penetrator shell between its outside surface
nd its bore surface.

PENETRATOR SPACER - A part-similar to the polarizing sleeve as defined below, but having no
J i plug keying facilities. A spacer cannot serve as a plug polarizing functfon and hence it is employed

inside the penetrator shank inboard plug Is used.

POL-AIW.UZING KEY - Cf. "key" in section 1.2.

POLARIZING KEYWAY - Cf. "keyway" in section 1.1.

PO.LARIZING SLEEVE - A hollow cylindrical spacer which keys to and bears against the removable
header insert. It Is in turn secured from axial movement by the header insert retaining ring. The[polarizhig sleeve has one or more polarizing keys on its inner surface.

POTTING - A dielectric material poured into a cavity to fill all interstices and cured in place.

PRESSURE PROOF COVER - A device which protects a penetrator, plug or receptacle against
1 full submergence depth pressures.

PRIMARY SEAL - Cf. "primary seal" section 1.1.

RECEPTACLE - Cf. "receptacle" section 1.2.

SECONDARY SEAL - Cf. "secondary sear' section 1. 2.

WASHER - A thin hollow disc which fits between the penetrator retaining nut and the-seal ring.
Its function is to reduce the tendency of seal ring rotation as the retain mt is tightened.
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Table A-2-1. Pertinent Military Material Specifications

NO. DESCRIPTION SPECIFICATION

I Molding, plastics, and molded plastic parts, MIL-M-14
thermosetting

2 Aluminum alloy die castings QQ-A-591

3 Aluminum alloy bar, rod and wire QQ-A-225

4 Aluminum alloy forging QQ-A-367

5 Solder, tin alloy; lead-tin alloy; and lead QQ-S-571
alloy

6 Steel bars, shapes and forgings - corrosion QQ-S-763
resisting

7 Plastic molding material and plastic molded MIL-P-19833
parts, gloss fiber filled diallyl phthalate
resin

8 Copper-beryllium alloy bar, rod, and wire QQ..C-530
(copper alloy No. 172)

9 Phosphor bronze bar, plates, rods sheets, etc. QQ-P-330

10 Rubber, silicone: low and high temperature ZZ-R-765
and tear resistant

11 Nickel-copper-aluminum alloy, wrought QQ-N-286
(K-Monel)

12 Rubber; synthetic, sheet molded, and MIL-R-6856
extruded, for aircraft applications

13 Bronze, aluminum, rod, flat products with QQ-B-679
finished edges (fiat wire, strip, and.bar)
shapes and forgings

14 Nickel-copper-alloy; bar, plate, rod, sheet, ..N-281
strip wire, forgings, and structural and
special shaped sections

15 Molding and potting compound, chemically MIL-M-24041
4cured, polyurethane (polyethes-based)

16 Brass, monal, rod, wire, shapes, etc. QQ-B-637

17 Polyamide (nylon) plastic rigid: molded parts, MIL-P-17091
rods and flats

18 Titamum and titanium alloy bars, forgings, and MIL-T-9047
forging stock

19 Bronze, nickel aluminum, rod, flat products MIL-B-24059
with finished edges, shapes and forgings
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Table A-2-2. Pertinent Military Electrical Cable Specifications

NO. DESCRIPTION SPECIFICATION

I Cable, cord, and wire, electrical shipboard use MIL-C-915

2 Cab'le, coaxial, for submarine use MIL-C-23020

3 Cable, electrical, underwater, seadrone lighting MIL-C-22929

4 Cable, electronic, tow, for submarine application MIL-C-23812

5 Cables, power, electrical, reduced diameter type, MIL-C-2194
Naval Shipboard

6 Cables, radio frequency, coaxialdual coaxial, MIL-C-17
twin conductor, and twin lead

7 Cable, electrical, special purpose, for MIL-C-24145
shipboard use

8 Cable, special purpose, electrical; general MIL-C-13777
specifications for
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NTable A-2-3. Pertinent Military Electrical Connector Specifications

NO. DESCRIPTION SPECIFICATION

i 1 Connector, electrical, AN type MIL-C-5015

2 Connector, electrical, circular miniature, MIL-C-26482
quick disconnect

3 Connectors, general purpose, electrical, MIL-C-26500
miniature, circular environmental resisting:1 200 C ambient temperature *

4 Connector, electrical, miniature, quick MIL-C-27599
disconnect (for weapons systems)
established reliability

5 Connectors, electrical, miniature, quick MIL-C-38999
disconnect, removable crimp type contacts,S.1 established reliability

6 Connector, electric, circular, high density, MIL-C-81511
quick disconnect, environment resisting

7 Connectors, electrical, waterproof, quick MIL-C-22992
disconnect, heavy duty type

8 Connector, electric, circular, environment MIL-C-83723
: I resisting, general specification for

9 Connectors, coaxial, radio frequency, general MIL-C-3901212~i specification for

10 Plugs, receptacle, cable assemblies, and hull MIL-C-24231
penetrations, pressure proof, 4000 SBM,
general specification for

11 Connector sets, electrical, hermetically MIL-C-22249
-i sealed, submarine

12 Connector sets, electrical, hermetically MIL-C-22539
sealed, submarine

13 Connector sets, electrical, deep submergence, MIL-C-24217
submarine
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Table A-2-4. U.S. Government Plating Specifications

NO. PLATING OR FINISH SPECIFICATION

I Gold MIL-G-45204

2 Copper MIL-C-14550

3 Silver QQ-S-365

4 Tin MIL-T-10727

5 Zinc QQ-Z-325

6 Rhodium MIL-R-46085

7 Chromium QQ-C-320

8 Aluminm (anodized) MIL-A-8625

91 Cadmium QQ-P-416

10 Nickel QQ-N-290

11 Nickel (electroless) MWL-C-26074

12 Stainless steel (passivated) QQ-P-35 and MIL-S-5002

13 Tin-lead MIL-T-10727

14 Stainless steel (oxidized) MIL-C-13924

15 Copper (black oxidized) MIL-F-495
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t I Table A-2-5. Pertinent Military Test Specifications

NO. DESCRIPTION SPECIFICATION

1 Test methods for electronic and electrical MIL-STD-202
component parts

2 Test methods for electrical connectors MIL-STD-1344

3 Standard general requirements for electronic MIL-STD-454

equipment

4 Methods of testing plastics FED-STD-406

5 Metal test method FED TEST METHOD 151

6 Calibration: system requirement MIL-C-45662

7 Surfaze roughness, wariness, and lay MIL-STD-10

8 Plastics, organic, general specification, L-P-406
test methods

9 Rubber, sampling and testing FED TEST METHOD 601

10 Mechanical vibrations of shipboard equipment MIL-STD-167
11 Shock tests, H. I. (high impact) shipboard MIL-S-901

machinery equipment and systems,
requirements for

12 NondestructIve testing requirements for metals MIL-STD-271

t 13 Envireamental test methods MIL-STD-810

A2
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Table A-2-6. Maximum Conductor Current Hating2

WIRE SIZE AMPERESI
(awg)

22 9

20 11

18 16

16 22

14

12 41

8 55

6 73

4 101

2 135

0 245

00 283

000 328

0000 380

NOTES: 1. Single conductor in free air, continuous loading

2. Conditions are established under a maximum
ambient temperature of 135 F and a maximum
conductor temperature of 212 F.
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Table A-2-7. Fractions of an Inch with Metric Equivalent

FRACTIONS OF DECIMALS MILLI- FRACTIONS OF DECIMALS MILLI-
AN INCH OL' AN INCH ?dETERS AN INCH OF AN INCH METERS

1/64 0.0156 0.397 33/64 0.5156 13.09.1 1/32 0.0313 0.794 17/32 0.5313 13.494

3/64 0.0469 1.191 35/64 0.5469 13.891

1/16 0,0625 1.588 1,/16 0.5625 14.288

5/64 0.0781 1.984 37/64 0.5781 14.684

3/32 0.0938 2.381 19/32 0.5938 15.081

7/64 0.1094 2.778 39/64 0.6094 15.478

1/8 0.11150 3.175 5/8 0.6250 15.875

9/64 0.1406 3.572 41/34 0.6406 16.272

5/32 0.1563 3.969 21/32 0.6563 16.669

11/64 0.1719 4.366 43/64 G.6719 17.066

3/16 0.1875 4.763 11/16 0.6875 17.463

13/64 0.2031 5.159 45/64 0.7031 17.059

7/32 0.2188 5.556 23/32 0.7188 18.256

15/64 0.234C 5.953 A7/64 '0.7344 18.653

-1/4 0.2500 6.350 3/4 0.7500 19.050

5 17/64 0.2656 6.747 49/64 0.7656' 19.447

9/32 0. 2813' 7.144 25/32 0.7813 19.844

1 19/64 0.2969 7.541 51/64 0.7969 20.241

5/16 0.3125 7.938 13/16 0.8125 20.638

21/64 -0.3281 8.334 53/64 0.8281 21.034

* 11/32 0.3438 8.731 27/32 0.8438 21.431

23/64 0.3594 9.128 55/64 0.8594 21.828

-3/8 0.3750 9.525 7/8 0.8750 22.225

25/64 0. 3906 9.922 57/64 0. 8906 22.622

13/32 0.4063 10.319 29/32 0.9063 23.019

27/64 0.4219 10.716 59/64 0.9219 23.416

j', 7/16 0.4375 11.113 15/16 0.9375 23.813

29/64 0.4531 11.509 61/64 0.9531 24.209

15/32 0.4688 11.906 31/32 0.9688 24.606

31/64 0.4844 12.303 63/64 0.9844 25. 003
: 1/2 0.5000 12.700 1.0000 25.400
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Table A-2-8. Unit Prefixes

hULTIPLES AND SUBMULTIPLES PREFIXES SYMBOLS

1 000 000 000 000 = 1012 tera T

1 0000000 = 10, giga G

1 000 000 = 106  mega M

1000 = 103 kilo k

100 = 102 hecto h

10 = 10 deka da

0.1 = 10"1  deci d

0.01 = I0 "2 centi c 1
• 0.001 = 10- 3  mill m

0.000 001 = 10-6 micro I
0. 000 000 001 = 10- 9  nano n

0.000 000 000 001 = 10 12  pico p

0.000 000 000 000 001 = 10-15 femto f

0. 000 000 000 000 000 001 = 10-18 atto a

A
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Table A-2-9. Nomenclature of Frequency Bands

BAND~ 1

NUMBER FREQUENCY RANGE METRIC SUBDIVISION ADJECTIVAL DESIGNATION

2 30 to 300 hertz Megametric waves ELF Extremely low frequency

] 3 300 to 3000 hertz VF Voice frequency

4 3 to 30 kilohertz Myriametric waves VLF Very-low frequency

5 30 to 300 kilohertz Kilometric waves LF Low frequency

6 300 to 3000 kilohertz Hectometric waves MF Medium frequency

7 3 to 30 megahertz Decametric waves HF High frequency

8 30 to 300 megahertz Metric waves VHF Very-high frequency

9 300 to 3000 megahertz Decimetric waves UHF Ultra-high frequency

10 3 to 30 gigahertz Centimetric waves SHF Super-high frequency

11 30 to 300 gigahertz Millimetric waves EHF Extremely high frequency

12 300 to 3000 gtgahert:. or Decimillimetric waves -

3 terahertz

NOTES: I "Band Number N" extends from 0. 3 x10N to 3WON hertz. The upper limit is included in
each band; the lower limit is excluded.
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Table A-2-10. Deep Submergence Tables

FEET 0 100 200 300 400 500 600 700 800 900

Fathoms 0 16.7 33.3 50.0 66.7 83.3 100.0 116.7 133.3 150.0

Meters 0 30.5 61.0 91.4 121.9 152.4 182.9 213.4 243.8 274.3

Pressure (decibars)' 0 30.8 61.6 94.4 123.2 154.2 105.1 216.1 247.2 278.3

Pressure (psi)2  0 44.4 89.0 133.6 178.3 223.1 268,0 312.9 358.0 403.1

FEET 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

Fathoms 166.7 183.3 200.0 216.7 233.3 250.0 266.7 283.3 300 316.7

Meters 304.b3 S35.3 365.8 396.2 426.7 457.2 487.7 518.2 548.6 579.1

Pressure (decibars) 309.0 340.3 371.6 402.9 434.5 465.9 497.4 528.8 560.3 592.3

Pressure(psi) 448.3 493.6 539.0 584.5 630.0 675.7 721.4 767.3 813.2 859.1

PRESSURE PRESSURE

FEET FATHOMS METERS (decibars) (psi)

2,000 333.3 610 614 890

3,000 500.0 %14 921 1,336

4,000 666.7 1,219 1,232 1,783

5,000 833.3 1, 524 1,542 2,231

6,000 1,000.0 1,829 1,851 2,680

7,000 1,166.7 2,134 2,161 3,129

8,000 1,333.3 2,438 2,472 3,580

9,000 1,500.0 2,743 2,783 4,031

10,000 1,666.7 3,048 3,095 4,483

11,000 1,833.3 3,353 3,407 4,936

12,000 2,000.0 3,658 3,720 5,390

13,000 2,166.7 3,962 4,033 5,845

14,000 2,333.3 4,267 4,345 6,300

15,000 2,500.0 4,572 4 :,59 6,757

16,000 2,666.7 4,877 4,974 7,214

17,000 2, 833.3 5,182 5,288 7,673

18,000 3,000.0 5,486 5,603 8,132

19,000 3,166.7 5,791 5,918 8,591

20,000 3,333.3 6,096 6,241 9,052

21,000 3,500.0 6,401 6, 555 9, 508

22,000 3,666.7 6,706 6,874- "9, 970

23,000 3,833.3 ,010 7,192 10,432
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Table A-2-10, (cont'd)

]PRESSURE PRESSURE
FEET FATHOMS METERS (decibars) (psi)

24,000 4,000.0 7,315 7,512 10,896

25,000 4,166.7 7,620 7,833 11,361

26,000 4,333.3 7,925 8, 154 11,827b 27,000 4,500.0 8,230 8,476 12,294

28, 000 4,666.7 8, 534 8,797 12,7603 29, 000 4, 833.3 8, 839 9, 120 13 228

30, 000 5, 000. 0 9, 144 9,443 13, 697
31,000 5,166.7 9,449 9,767 14,167

32,000 5,333.3 9,754 10,092 14,638
33,000 5,500.0 10,058 10,417 15,109
34, 000 5,666.7 10,363 10,742 15,581

35, 000 5,833.3 10,668 11, 069 16, 055

NOTES: 1. Salinity 35 o/oo, Temperature 0 C.,

2. Calculated with Formula: P= Dm 1.4559 + (D x 0.46 x 10- 5)

Where D Depth in Meters.
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Table A-2-11. Deep Submergence Tables

PRESSURI PREVURE

FEET FATHOMS METERS (decibars) (psi)

1,000 166.7 305 308 444

2,000 333.3 610 616 890

3,000 500.0 915 924 1,336

4,000 666.7 1,220 1,232 1,783

5,000 833.3 1,525 1,542 2,231

6,000 1,000.0 1,830 1,851 2,680

7,000 1,166.7 2,135 2,161 3,129

8,000 1,333.3 2,440 2, 472 3,580

9,000 1,500.0 2,745 2,783 4,031

10,000 1,666.7 3,050 3,095 4,483

1 11,000 1,833.3 3,355 3,407 4,936

12,000 2,000.0 3, 660 3,720 5,390

13,000 2,166.7 3,965 4, 033 5,845

14,000 2,333.3 4,270 4, 345 6,300

15,000 2,500.0 4, 575 4, 659 6,757

16, 000 2,666.7 4,880 4,974 7,214

1 17,000 2,833.3 5,185 5,288 7,673

18,000 3,000.0 5,490 5,603 8,132

19, 000 3, 166.7 5,795 5,918 8,592

j 20, 600 3,333.3 6,100 6,233 9,052

f NOTES: 1. Salinity 35 o/oo, Temperature 0 C.

K. 2. Calculated with Formula: P=Dm 1, 455 (Di x. 46x10"5 )

Where Dm = Depth in Meters.
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Table A-2-12. Relation Between Various Pressure Units

IN ONE

THERE DYNJ DECI- MILLI- ATM IN. HG. MM. HG.

ARE cm'F BAR BAR BAR PSI (stnd) (45 F) (45 F)

dyne on 5 68147 1.OJ3 36 13R3
dynes on 106 105 10 3 i 1 13

bars ic6 one 10-1 10- 6.8947 3.3862 1.3332
x10-2  1.0133 x10-2  x10O3

deci- i 101 one 10- 6.8947 1.0133 3.3862 1.3332
bars X10l x10 1  x1O-l x10 2

milli- 10-3  103  102 one 6.8947 1.0133 3.3862
bars x101  x103  XlO' 1. 3332

psi 1.4504 1.4504 1.4504 one 1.4697 4.9113 1.9337
XlO-5  X101  1.4504 x1lO 2  XlO' x10-1 xlo-2

atm 9.8687 9.8687 9 8667 9.8.6Q7 6 80 2 one 3.3418 1.3157
(stnd) x 7  xlO-1  x10- X10- x10X1- xl0-4 x10- '

in. Hg. 2.9531 2.9531 2.9631 2.9924 one 3.9371
(45 F) X1O-5 X10 1  2.9531 xlO-2  2.0361 x101 x1O- 2

(4.SF) 7.5008 7.50 8 7.5?O8 7.5028 5.1117 7.6 08 2.5400 one
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Table A-2-13. List of Manned Deep Submergence Vehicles

OPERATING
DEPTH

VEHICLE YEAR IN SERVICE (feet)

Bathysphere 1930 1,400

Bathysphere 1934 3,028

Benthoscope 1949 4,500

Trieste 1 1953 10,400
FNRS-3 1954 13,287

Diving Saucer 1960 1,000

Trieste I 1960 35, 800 I
Archimede 1962 31,320

Trieste IU 1964 Classified

Pisces 1 1966 2,500

Pisces II 1968 4,000

Deepstar 2000 1969 2,000

Deepstar 4000 1966 4,000

Deep Quest 1967 8, 000+

Benthoe V 1963 600

Star HI 1966 1,200

Star lU 1965 2,000

Asherah 1964 600

Alvin 1965 6, 900

Kurushio II 1960 650

Shelf Diver -

iDeep Diver 1966

DSRV 1969 3,500

Ben Franklin 1968 4,000

Aluminaut 1965 15,000

Dolphin 1968 Classified

N"R-1 1969 Classified

Suixmaray 1963 300

- Shirkai 1968 ----

Mesciscaph 1964 3,500

Cubmarine 1962 150

DOWB 1968 6, 500

Beaver Mk IV 1968 ----

DSRV 1971 3,500
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Table A-2-14. Units of Depth Measurement on Charts of Various Nations

EQUIVALENT IN UNITED
STATES' UNITS

NATION UNIT OF DEPTH MEASUREMENT (feet) (fathoms)

Argentina Braza 6.000 1.000

Australia Fathom 6.00 1.000

Belgium Metre 3.281 0.547

Brazil Metro 3.281 0.547

Canada Fathom 6.000 1.000

3 Chile Metro 3.281 0.547

Denmark Favn 6.176 1.029

Meter 3.281 0.547

Finland Metre 3.281 0.547

France Metre 3.281 0.547

Germany Meter 3.281 0.547

Great Britain Fathom 6.000 1.000

Greece Metre (Metpa) 3.281 0.547

Italy Metre 3.281 0.547

Japan Metre 3.281 0.547

Netherlands Vadem 5.905 0.984

Meter 3.281 0.547

J Norway Favn 6.176 1.029

Meter 3.281 0.547

Portugal Metro 3.281 0.547

Russia (USSR) Sazhen' 6.000 1.000

Metre 3.281 0.547

Thailand Metre 3.281 0.547

Spain Metro 3.281 0.547

Swzden Famn 5.844 0.974

Meter 3.281 0.547

Turkey Fathom (Kulac) 6.000 1.000

Uruguay Metro 3.281 0.547

Yugoslavia Metar 3.281 0.547
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